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CORE IDEA
(3) Energy and Equilibrium

RESPIRATION

= Respiration as an energy-rekeasing process .
» Agrobic Respiration
s Anagrobic Respiration

Learning Outcomes

Candidates should be gble to:

{f) outline the process of glycolysis, highlighting the location, raw m jals used and products
formed (knowledge of details of the intermediate cofnpoun d isomerisation is not

required) P
{(g)outline the processes of the link reaction and Krebs a&m@&_@:_ﬁg:m the location, raw
materials used and products formed {in terms of dehyd ation and decarboxylation)
(hyoutfine the process of oxidative phosphorylation 4 ing the role of oxygen and the
electron transport chain in aerobic respiration @ of complexes in the ETC are not
required)

(i) explain the production of a small yield of AFRP(Tom respiration in anaerobic conditions in
yeast and in mammalian muscle tissue .

) explain the significance of the formatie sthane! in yeast and lactate in mammals in the
regeneration of NAD p/

(Kinvestigate the effect of factors
temperature on the rate of respi

() outling chemiosmosis in phot@SyFithesis and respiration (names of complexes in the ETC
are not required). Use Emaﬁwmé_mamm gained in this section in rew situations or to solve related

2

problems. &,

‘as substrate concentration, type of substrate and

References . 0{

Main reference: %
o Campbellf Reece et al. (2015) Biology, 10" egition. Benjamin-Cummings Publishing Co.
« Raven, ohnson, Losos, Mason and Singer (2008). Biology, 8™ edition, McGraw-Hill.

* This handout is the effort of several Biology teachers at Ri. it has been and will continue to be
updated.
* Any content given in a double-lined box is for your information only.

Last updated by: Miss E. Tan, Mrs M. Tar, Miss & Chos, Miss M. Nah, MrwY Ngan 1
carousell.comiamafatunicomn '

Raffles Institution Hz2 Biclogy 2015-2049

(1) RESPIRATION - OVERVIEW

e Ytore

* Celiular respiration is defined as ‘the process by which chemical energy in prganic molecutes
is released by oxidation' i.e. it involves metabolic processes which aliow crganisms I¢ GREAIN
energy from orgaric molecules.

2 1635 1 electrms & hydrnes aoms
* Under this broad definitien, there are 2 main energy-producing pathways:
(1} aerobic respiration which acours in the presence of oxygen.

(2} anaerobic respiration which occurs in the absence of oxygen.

* Functions of respiration:

Respiration is an energy-releasing process. As ATP is the primary energy currency of the

cell, main function of respiration is production of ATP.

Some examples where ATP is required: ‘ﬁf

(1) (AU SEETEarraEtony beating of cilia (2.9, on cells lining traghen), beating of flageiia
(e.g. in sperm, bacteria) -~

TACTVEREAREEaHRDS substances into or out of calls (e.g. mea_n. pump in cell membranes

(3)_synthesis of substances mo_,m....a.ﬂﬁ..%m‘a%%?.m%ﬁoa v

e HERD
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wft v oF DGR Wt i ne o ek

L ney wwleming
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| trermerviomae %84 |ttt Wétiy |

Figure 1. Diagram of a mitochondrion
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(2) AEROBIC RESFIRATION . © Glycolysis very {4l eavEs §G gl o
o " ot Ao ired Py rvate. . .
= The first stage/of respiration invoives giycolysis - Glycolysis oceurs in cytosol

oxidation of glucose (6C) to form 2 pyruvate {3C). In
effect, a 6 carben sugar is spiit into two 3-carbon
sugars, {Glycolysis = splitting of sugar)

Jative-phosphoryiation invciving electron transport chain onigristag * It does not require O (it occurs whether or not O; is
present) and does not release CO,.

= Al 4 stages require many different enzymes.

» Firstly, it involves: injtial investment of 2 ATP
molecules —1 phosphate groups from each of the 2 ATP are used to phosphiarylate
Wy Ywest ewtaau?|  glucase to produce fructose 1 /B-bisphosphate. ~
N This phospheryiation activates the sugar, making it more reaefve"and committing it to
1. S0 \Yais of furaes ; ive charge to on glucose,
can proceed)

ne hence it is trapped
2T bep i AUGTRE —
Tty >
{wigs eigee 3
- Yot praovilint o, 7t ultimate goal of glycolysis is to produ
@v - - s e 75 ukhble 10 pasg (ATP) inhibits the enzyme, this is 4
Fransasstnmsncess i@l e R e s d §%@E? (altosteric inhibition). .
%« Mitochondrion B it floe n@:v « Conversely, PFK is stimulated P and ADP (allosteric activators). Thus,
Figure 2. Respiration summary. Grey boxes i stages of aerobic respiration. White boxes indicate substrates rate of glycolysis is reguiated ddbgrding to the energy demands of the cells.
and products, o%a (Note: Hexokinase catalyses of the first phosphate)

b [Suitability of ATP as an enargy source: | EEN
el Adgnine « “Universally used — all cells and crganisms i ﬁsaés.é)_qn@
f - use it a5 an energy source. gﬁ

= Solble; " highly mobilé and can be

) transported readily/ diffuses readily fo point
of heed.
& Ribbse » Easy interconversion: ADP + P; forms ATP,
07 B mB and ATP can be hydrolysed to ADP + P,

YEiS o,
HO- m_r.oum%, HO  OH leading to energy release. {zpmsiigntés (i~ > z:mua. uwm@_o__e. _.mnmnwnwo sugar ﬁﬂﬂomm 1,6-bisphos
5 o~ & . vereed wotiiein ADPY A ) phosph - glyceraldehyde-3-phosphate (G3P)
Figure 3. Structure of ATP. Loés of terminal s alsoknown a
phosphate group results in an ADP molecule, as

Cytosol

product
pexample of end product inhibition

o

J Ey mw
__-_ﬁmv bkttt Pomsgndy
Fructose 1,6-bisphosphate .§

2
Sx_aﬂ__ﬁw\, @\__ﬁmﬁa portn &)

friose phosphate (TF) and:

Adenoslne 5-monophosphate (AMP)

Adenosine 5"-tiphosphate {ADP) cocurs during the first stage of glyeolysis, Loss of » The 2 sugar phosphates (G3P and dihydroxyacatone) are isomers of each cther, and
- 2nd phosphate group will produse AMP. can be converted from one form to the other through the action of an isomerase. The
H>§=au3 5 mipposhae _>._,_u__ Note: ATP is a ribonucleotide. reaction mm,\oc_‘m formation of G3P, since it is constantly removed by the next step of
Feaviay, Teg prfition > 4 the reaction. B
- o enég Y
ooty vy B R S a2 s s
ceralde osphate
Gekvtay { vomptety tyrdotian ot4lucede) low ADP _ y yde-3-phosphate (G3P
o0 i o DP m ] srrss
= 1twHIP h .
[anawppty st | e Fructose 1,6-bisphosphate BB Dirveroxyacetone phosphate [ Olijg)
v Lyt D, 7 2 i anid ATP 1 FOUWE O G ( Sugan
: HTP 3y {oxigutioh by dehydroganationy~ PeRSS _
B e s .Jall. » Oxidation can be defined in 3 ways: thE &)
Copmputy el {a) Addition of oxygen

{b) Removal of hydrogen {dehydrogenation)

cardwaal wpdatanimniMess. Tan, Mrs M. Tan, Miss E. Choo, Miss M. Nah, Mr WY Ngan 3 kastiutpdatan b iisamcdien. Mrs M. Tan, Miss'E. Choo, Miss M. Nah, Mr WY Ngan 4
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{c) Removal of electrons

» During glycolysis, oxidation of respiratory subsirate occurs by dehydrogenation.

» The substrate G3P.is oxidised by dehydrogenation. At the same time, the goenzyme
NAD* is_reduced to _NADH {remember: cxidation must always be coupled to a
reduction). {for details about NAD", refer to pg 16}

» As this redox reaction is highly exergonic, energy released is used to add 3 second
phesphate group to G3P, forming 1,3-bisphosphoglycerate.

Qv kWY 2T
(orAsed) P IR NADH @4 regtox
6 - - nadov..

Glyceraldehyde-3-phosphate 1,3-bisphosphoglycerate
ﬁlﬁwwv.m..u._.._.._uh._u@}_lv ~Lo¥ ot I... .—ruf@|\
| Substratelevelphos) ihorylation; @

» Next, 1,3-bisphosphoglycerate is amnromﬁ:oé_mnma mﬂ%m:j the final product of
glycolysis, pyruvate. f

» The 2 phosphate groups on A.wlcwwvsomvsom_mnm.mﬁ are transferred by-enzymes to
2 ADF molecules, forming 2 ATP, ﬁmwww. "

oo ATP wx@; HADPATP
m

G -5 m

1,3-bisphosphoglycerate /A,Mw.@nm_.mwm phosphate Pyruvate
(GP)
» Since each G3P <_w_%._._u and 1-NADH, 2 G3P molecules. wilt yield 4 ATP
and 2 NADH.
» This process whe m: m_._N<3m ﬁm:ﬂmﬂm a phosphate group directly: from a
substrate. moleg .e. an organic molecule generated during the oxidation of
glucose) o “is known as substrate-fevel phosphorylation {as cpposed (o

oxfdative

Bhorylation, referto pg 10). [ refgrfepryt]

Considering ther2 TP expended earlier as an initial investment, there is a net gain of 2 ATP
and 2 NADH perglucose,

Overall equation for glycolysis would be:
 Glucose + 2 ADP + 2 P+ 2 NAD* > 2 pyruvate + 2 ATP + 2 NADH

Raffles Institution M2 Biolegy
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Glycolysis Flowchart

(D) - phosphate group

. Glyceraldehyde-3-pho
Since 2 ﬂ-— nwm_u__._. PPGAL)

‘ s i Slucose
m:am_ ATP investment

- Activation of glucose OATP Phosphofructokinase

- Commitment to (PFK}
giycelytic pathway

- Allosteric regulation by
PFK

alycolysis
2ATP PFK is an afiosteric
enzyme that is:
activated by ADP & AMP,
2ADP + Py inhibited by citrate (from
Krebs cycle) and ATP.

w--- ) Activity of PFK helps to
Fructose 1,6-bisphosphate | control mie of glycolysis.

Ly,

|

jw.ze
@69.39‘ ase B

.%M»m “+———¢ Dihydroxyacetone
phosphate

What happens to pyruvate at the end of glycolysis?
1) VF O vupiliide - eowatt  Lovgyted o et o Tttt @&%%w@
| @ ¥ 02 owilaay o e G790 WifesrondmTn Mte- NOFF Sha
i V1
W Aoy, Eséﬂﬂg — ik AT vt st

)

cardusdbrTtmhitatMiand. Tan, Mrs M. Tan, Miss . Choo, Miss b. Nah, Mr WY Ngan 5

molecules
of G3F: B
Energy from mm%nﬂ@« NAD*
) adds inorgani RI@
-Inorganic phosphate _usomvsm,m NADH
group added to G3P in
theprocess
£ Rrotess %@U_mv:omnrom_eﬁm_.ﬂm
»ﬂf ADP
- >.:u ﬁaa:nma c< 46 @
direct enzyme action
on the substrate ATP
ADP + phosphate group Glycerate phosphate. (GP)
from substrate -» ATP ADP
ATP
Pyruvate
Energy is transferred from 8003 to poAALE, fTeowd AOH
For each glucose molecule:
No. of ATP used up: 2
No. of ATP produced: &
Net ATP produced: 3, No. of NADH produced: &

Overall equation: GWiwe T3 AU+ afy taNApY—2 pVATE T AP+ afl RoR

Lassiaigshbatbits Sodr Mrs M. Tan, Miss £ Ghoo, Miss M. Nah, MrWY Ngan
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bevm dlrogrnanes &
decayteonyiases -
2.2 Link Reaction / Oxidative Decarboxylation 2.3 : Krebs Cycle \ e and e ﬁ.ﬂow 333
. . < f - : Krebs cycle occurs in
A fransport protein embedded in the a_ﬁoozc:n._:mw Link reaction oceurs in * mqwn%m_.wwﬂmw,ﬂﬁwmwwow:w::mmmrHﬁmmnmw.wu ritosheneral Jms_x
membrane ‘ranslocates pyruvate from  cytosol into mitochondrial matrb (1) Acetyl~CoA. (2C) enters the cycle by combining with 1
mitechondrion vigactive transp . - / oxaloacetate (4C} to form citrate (6C). D
@v Within matrX:-e yruvaté (3C) is decarboxylated. o.hk (2) Cifrate is|gecarboxyiated and dehydrogenated %o form @ (5
This involves removal of C from pyruvate, through the @ @ a-ketoglutarate (5C) and NADH.
joss of COy. * A decarboxylation step resulis in a loss of carbon in &
@ » Oxidation by dehydrogenation occurs, yielding NADH & the form of CO. This process involves oxidative %
and a 2C compound. % decarhoxylation. A 5 oqole Teplaty o @
(3) » This 2C compound combines with coenzyme A to form lema) (3} Oxaloacetate (4C) is regenerated. This involves
acetyl coenzyme A (acetyl CoA). @ + 1 decarboxylation step to yield 1.CO;
» Acetyl CoA moves on into Krebs cycle, which also takes « 3 dehvdrogenation steps, to vield 2_NADH, 1 FADH
place in mitochondrial matrix .ﬂf . (reduced Flavin Adenine Dinucleotide, another %&@/
ﬁ, coenzyme), and @i

* 1 substrate-leve| phosphorylation to yield 1 ATP n fwﬂh ,
"y

o il o
o e et

RI®

@ . Decarbo; n {@v i co. Cm,m\s_.csﬁx / ---
Oxidative NS W 20 / Z (Y
amﬁ.&oé.ﬁ:o: aiion by ) NAD* §§3&.v / dAle)
drogenation @sg& ! ’ . ﬁ%w.mdm 0<n_._w\
NADH : iric acid cycle TR
(3L tomeruids & 2&&& b = ms@ﬁ _.; ﬁ%gaaqgaz TCA cycle) QMV%WQ
guimise
Aftachment Coenzyme Al I
of CoA B oA | 4 chayioyy (T ®
] f
v -
v H 7 - . Z}
Note; Falty acids can aiso be used to Bh
I8 coa “ I produce acetyl CoA by a different { ggéﬁ%ﬁﬁé
RGO A ”.__. pathway. . Z>U_..m, X
L
Figure 4. Link reaction. Each pyruvate is converted to acetyl CoA, with production of one molecule of CCrand
NADH, ..
tatetitles of afyde .
A bt Ssx_ﬁusSi o | "W &r W, oF 0. of Figure 5. Krebs Cycle. It involves 3 main stages: (1) formation of citrate, (2) oxidation of the carbon
] kand predick No-OFATY | WA B | PabH. | cog substrate and (2) regeneration of oxaloacetate.
H Yy ot fluitsg > Apvaty | 2(uet) |2 - - | Note: Acids exist as salts in physiolcgical systems and their names end with —ate. Citric acid is
| thus refered to as citrate.
Lk &2?% -3 — a - * Since for 1 glucose molecule, glycolysis yields 2 pyruvate and hence 2 acetyl CoA, two
TLAGO ; 2R R . - 2 rounds of Krebs cycle are needed to completely axidise ons malecule of giucose.
: i - = All the 6 carbons in glucose are lost as 6 CO». For each 8C glucese malecule, 4 CO; are
Kroks O4the w it M AT - 2 [ 2 4 released through Krebs cyele while 2 GO, are released in link reaction.
Srﬁm_*m&mﬁﬂ«m«m_%mwmﬁ Tan, #rs M. Tan, z:wm_ E. Choo, Miss M. Nah, Mr WY Ngan 7 %M%#mm%m_%gﬁwmﬂm.%_ Mes M. Tan, Miss E. Choo, Miss M. Nah, Mr WY Ngan 2
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Product Nao. of molecules per No. of molecules per
acetyl CoA fed in glucose meleculs
COz
NADH
FADH:
ATP

Note: ATP produced in Krebs cycle is obtzined from subsirate-level phasphorylation.

Does Krebs cycie produce the bulk of the ATP from a glucose molecule?

Not ditecty PGS oF Ve eNEVEny voladied M Lroky oydle, G Actualy coried

m m e NADH ond FaOHa produiid. The wobife &fe Canigry (NADI 2 _
| FRDH,) with el rdudng pewsr il - ext s Poried -Ho e i
¢ ocom Arenlp ot cha, wWhele e Bulic st RTRMT generated
o
Q.xnnou_:mmanwm
+ Kicoingeide ademne diwiideptid [ NAD)
f
E%@.Tﬁnﬂmﬁgﬂﬁum Tan, Mrs M. Tan, Miss E. Choo, Miss M. Nah, Mr WY Ngan a
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2.4 : Oxidative Phosphorylation

\NADH and FADH, generated in previous processes (glycolysis, Link reaction and Krebs
cycle) will now take part in oxidative phosphorylation {refer to bg 12 for definition).

Oxidative phosphrylation oceurs in
inner mitochondrial membrane

—a series of foristae)

otroniggati

- Each slectron carrier has an energy level that is @ @
lower than the one preceding it

- The electron caniers: E Gig iclation:

thasesy (also referred to as: stake
enzyme complexes involved

Through .m_<oo_<mmm_ link reaction
carbohydrates, fats and proteins ar

» food such as

lectrons;):

F$which transport the high-energy

electrons from organic B,ﬁd transport chain in mitochondria.

» As electrons are pasged dthwn the electron transport chain, energy is released and
coupled to the 335%@ of ATP (under a process calfed Oxidative Phosphorylation,
referto pg 12).

ing, their’s|

ectron transport chain

F

' ; ] generated:-allowing them tolpick g mdre
il protons} from glycalysis, li

nk reaction and Krebs cycle.

e ) O OMCE. o BTe . B ond By AR eADRIA GO0

What are the components of oxidative phosphorylation?
A1 Fgw sheleCirons ditm e BEm flemigort oham PeARRIY MéTry

?a%ézéﬁﬁz?ai%qﬁ_?, Py
ey ?%g&ﬁé, o Wnirmie o Wt AN 5 gy

%qmon:.%m.mns%a Nk_ r ﬁwm_‘___mmm_.zm._:. Mrs M. Tan, Miss E. Choo, Miss M. Nakt, 2r WY Ngan 10
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Ly WO ERD N, “ SmBYand.
e AR o onrumeTEl
ARy varpvoy
Ly o E_V Wzs

MITOCHONDRIA
MATRIX

e Fo

reepied ol Pt € ?

Serit % < ﬁ;né:ka

= o 1 Pathway of 2es from NADH to
elgctron acceptor Oz !

-

Figure 6. OxEm_.“?m u%ogwﬂ_on involving electron transport chain

S W HO beptfon atalinf can b

. vy Mltpepnolent *t Edh other
N §w i&#s;& l&%&? ] §
m glycolysis, link reaction and Krebs cy A gv&m% otheres
i of electron fransport chain (i.e. first m_mRB_._ carrier become
n passes its electrons to the next carrier, and so on

i : Pathway of H*

gradient, generated by pumping of H* across, a biological membrane during
chemiosmnosis.

stored ._: H:m form of a uaﬂo: gradient across a membrane 18 feecta a:<m celluiar work
(e.g. ATP synthesis).

cardeshsRatsddn MissE- Tan, Mrs M. Tan, Miss E. Ghoo, Miss M. Nah, Mr Y Ngan "
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Nete:sHOsproduced this way is calied wdtabolic watar, which Is used by ammmn animals to
supplement their water needs. This step is catalysed by’

Although £ Oz Is equivalent {0 2 single O atom, the symbol Oz is deliberately used fo
emphasise that it is molecular oxygen, not the O atom, which is reduced o H;0.

Most of the electron carriers of the chain are grouped into 4 main protein complexes. But
only 3 complexes are represented in the above diagram.

_._._;nu_ﬂ._

*  90% of the ATP produced during mm_,ogo _.mm_uwmmos is produced <_mmmvn3_om._._..,_om_m.“,

_mnﬁazm to the chain, thereby

carriers 2>UI m:a ﬂ..pDIu 8 contk no:mu:
generating ATP.
Overall, presence of

] i atii%, contributing to the generation
of a proton u_.mn__m:, mn_ﬁf ner mitochondrial membrane,

= Electron transport chain mmq@w ?.o _Svonma E:Q_onm“

ithout the regeneration of these
cycle {the rest of the respiratory

n_‘oomm .% oc“a:oﬁvmmw_m,onoﬂ_scmmm.o_mi_v_.
!

In aerobic respiration,

relates to relates to

O reduced coenzyme molecules (j.e, z>_u_.._ O _additien g osphate reup to ADP to
_and FADE:) being reoxidised to NAD* orm ATP. This ATP synthesis is driven by

and FAD in the presence of Oz and with the electrochemical proton gradient.

energy released in the process:

Thus, ‘oxidative usomusoé_meo: is the process by which the exergonic reoxidation of NADH
and FADH: by oxygen is coupled to the formation of ATP, with an elecirochemical proton -
gradient as an intermediate.

F

E%%%%&m? Mrs 3. Tan, Miss E. Choo, Miss M. Nah, Mr WY Ngan 12
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O (3 ANAEROBIC RESPIRATION - /'
2.5 |ATP produced per glucose molecu . ' ’
5 o = What happen
v >
fon meeve fore

B This is because FADHz

I' down a smaller energy difference, and less

energy is released 1o pump (less) H* across the membrane What hiappens if NADH and FADH; remain reduced?

Summary on the nuraber of various products per glucose molecule:
€O, ATP NADH FADHz
MWMWWM%O: % NTm.\t &«M‘N — - = How do some cells continue to produce ATP? o~
ok seact T 3 T i f oxygen, anaerobic «mwu_ﬂmw_%m::»umwm_w ,ﬂ_.ﬂ.mw.w fmo&w.
Sub-total LC02 48P VS Y 2FRDH > % : & ysis,
o~ ;
Oxidative phosphorylation From NAD, ™
KRB0 | |34 .
- _unoﬁy H: e - "
lu@du =4 (1) alcohol fermentation
Total >ﬁuv@ff kXS (2) lactic acid fermentation
PN Since oxygen

because mitochondrial membrane{sxifipermeable to the NADH generated by glycolysis. .
Electrons and protons of NAD M_W_ummmma to either NAD* or FAD inside mitochondrion via .
a shuttle system. If passed to , then cnly 2 AT will be produced instead of 3.

£

- e
Note: Depending on cell type, less than v%ﬂ.m.v per glucose molecule may be produced. Thig is

= For gvery glucose mole: _@/a .
» 2 ATPin gl 3is + 2 ATP in Krebs cycle are formed through substrate-fevel

phosphoryiation. .
» 10 NABR_And 2 FADH; enter electron transport chain to produce 34 ATP via

OXi phosphoerylation.
» Ind5tal a potential 34 + 2 + 2 = 38 ATP are generated (i.e. 38 moles of ATP are
generated from 1 mele of glucose).

n order for glycolysis to confinue, NAD" needs to be regeneratad.
lactic  acid wm:doamﬂ_.o: include processes that recycle NAD*

=  Oxidative phosphorylation thus, contributes to a whopping 90% of the fotal ATP generated.

[ Vi izl ] (e M M
, milecuie ; : :
P oy FRDHh- Wyl ¥VAEL) m :
U X 2 2 NPDH

Lanbugaiatachberriats Bofen, Mrs M. Tan, Miss E, Chao, Miss M. Nah, Mr WY Ngan 14
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3.1 n>_no:o_ fermentation

llowing _glycolysis,

athianaiacetaldehiye

while removing H* from Z>UI o ﬂw,“o:d Z>U+. 2 odded

* Alcohol fermentation occurs in yeast and certain bacteria. It is used in wine and beer

. mg.da
production, through anaerobic action of yeast. e

mm_..mmm = ) iR

Figure 8. Lactic acid fermentation, This involves both glycolysis (top} followe by lactic acid fermentation

_..Wm..im,.wn.“ &f.ﬁf {bottam) ,m.,f
] yCOl <|m"m K Note: Onlyi : igevare produced duringff5s ] , compared taf38:
m—————— produced duringzaerabierespiratisn
24DP+2P  2ATP ,ﬁa .
\ (3¢ accumlate @&Wﬁuﬁm faster:tha

~
Glucose — - - u.fll -———— J&«WI » IZPynater X
wf [S bm mxnmmmzm iactic acid accumulae: S ﬂWdcm gventually sets in.

T To-0t @had tn

" As with mﬁ:m:o_\mﬂm& still contains a large pa

HREthanall

Figure 7. Alcohol fermentation. _%mm glycolysis (top) to procuce 2 ATP, and subseguent reduction of . i id fermentation is used _.@@&m and yoghurt praduction, through anaercbic action
ethanal (boftom) to regeneral AD*is fed back inte glycolysis so that ATP production in glycolysis of certain bacteria and fungi.
can continue. Ethanol and oomwm e end products. %q

& &

dy#pf.

ﬁ,@é
@

<

o

nd is reduced to becomeila Srd/lactate. NAD*

Ratalyses the reaction,

7 (unlike in alcohol

cardREh UBPatsS kG Mizg 5 Tam Mrs M. Tan, Miss E. Choo, Miss M. Nah, MrWY Ngan 15 _.nw#mm&mmmm—mmq@mm_mamm? Mrs 8. Tan, Miss B Chea, Miss M. Nah, Mr WY Ngan 16
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® awater effvimey &33“4%? V1 6teps

(4)° Other substrates used in respiration

Apart from m_coomm
These enter the respiratory cycle at various points. Zo”m that amino acids are dq rst nmmE_:mnm

{amino group is removed) before the remaining acid enters the cycle:

Amino Sugars Glycerol Fatty
acids h acids
Glycolysis ﬂ
Glucose @
f

| :

G3PITP

Huﬁ,r—_vmﬂm %Mwa

¥

{ dteoringyt P& NH

Occurs in
mitochondria

IIVE RIS
coenzyme molecules nz>U§ and _u>9 by Oy i is coupled to the formation of ATP, with an
electrochemi

enzyme transfers a urowu_._mﬁm group directly from a substrate molecule to ADP to form
ATP.

cartstkaRmoiamBiatitioo®. Tan, Mrs M. Tan, Miss E. Choo, Miss M. Nah, MrWY Ngan 17
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KEYWORDS include
Processes Molecules Organelles
chemiosmosis ATP cristae
electron transport chain ATP synthase cytosol
glycolysis carbon dioxide ratrix
Krebs cycle electrons (and protons) mitechondria
link reaction final electron acceptor

| lysis NADY FALD

oxidation by dehvdrogenation NADH / FADHz
oxidative phosphorylation - oxygen f molecular oxygen
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of ageing in our cells. @
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o

TRUE OR FALSE? H
1

O Glycolysis produces 4 ATP. wm/ H
O The mitochondrion is the organefie where all qmmu_ﬂ@ i
[ During respiration, Oz is reduced to form GOz, !
[ Through respiration, chemical energy in org .@w& is converted to heat energy !
+ energy stored in the form of ATP N H

O Weter formed during respiration is cafle ng__n water, H
O Microcrganisms such as yeast o out anaerobic respiration; large _
mammals such a5 humans cannot, !

O Proteins and fats can aiso be 0 produce energy through respiration. Howaver, they first H
need to be converted to glu lucese is the primary Bmumﬁmﬁoé substrate, 1

3 Oxygenisa n_og_m..mamma — while we need it to respire and produce ATP, # is also a cause “
m
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CORE IDEA
(3} Energy and Equilibrium

PHOTOSYNTHESIS

Content

+ The need for energy in fiving organisms.

« Photosynthesis as an energy-trapping process.
Learning Outcomes:

Candidates should he able to:

{a) ldentify components of chloroplasis and mitoshondri
drawings, phcotomicrographs and electron microg) .

{b)} Explain the absorption and action spectra of p ynthetic pigments.

{c} With reference to the chloroplast structur dmm e and explain how light energy is harnessed
and converted inte chamical energy duri m/ ight-dependent reactions of photasynthesis.

{d) Outline the three phases of the Calvin in C3 plants; (i) CO: fixation, {il) PGA reduction and
{iii) ribulose bisphosphate (RUBP} r ration, indigating the roles of rubisco, ATP and reduced
NADP in these processes that ulti [y aliow synthesis of sugars.

(e) Discuss limiting factors in photgsynthesis and carry out investigations on the effect of imiting
factors such as temperature, intensity and carbon dioxide concentration on the rate of

photosynthesis.
{f) Outline chemiosmosis i tosynthesis (names of compiexes in the ETC are not required).

Use the knowledge m@m@ﬁ: this section in new situations or to solve refated problems.

P

References:
=  Reece, J. B., Urry, L. A, Cain, M. L., Wasserman, S. A., Minorsky, P. V., & Jackson, R. B.
(2011). Campbell Biokogy (Sth ed.). San Francisco: Pearson Benjamin Cummings.
= Garrett, R. H., & Grisham, C. M. (2010). Bicchemistry (4th ed.). Belment, CA: Brooks/Cole,
Cengage Leaming.

* This handout is the effort of several Biology teachers at Ri {Yr 5-6). It has and wiil continue

to be updated.
* Any information given in a double-lined box is for your information only.
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_: Introduction

. OamzmSm derive all their metabolic energy heeds in this world from the sun, Censumers such
a¢ camivores and herbivores get their energy uitimately from producers and producers in tum
derive their m_._m_.m< from the sun by the process called photosynthesis,

ounds:;:a form that we can
ded for the synthesis

of other organic col proteins, lipids and nucleic acids.

s Energy is needed for many processes in the living organism:

1. Drive chemical reactions e.g. metabolic processes, reguiation of internai environment such
as maittaining body temperature,

2. Active transport systems e.g. nerve action, absorption .@i
3. Synthesize new material (i.e. anabolism) e.g. growth @%&

4, Muscular confraction e.g. locomation, blood circulation ¢

5. Reproduction - ,ﬂf

« An autofroph is an organism that makes oamﬂw@oguo::um from simple molecules.
Photoautotrophs are abie to convert light energy mical energy, which can be used fo
drive the above-mentioned processes.

s The table below summarizes the various. ‘of nuirition that different types of organisms

1S

adopt. %Mmf
Eneorgy source - ﬁ N _ .

Carbon Sooren o__m:@ Chemotrophic) Light {(Phototrophic)

. m_:om:no»_.ou_.:n- (Photocautotrophic)
_ﬂuhmvﬁn M.Mw; Afﬁrw.;:é_:m bacteria that fead | e.g. green plants, blue-green

op d6n NOz such as nitrobacter algae (cyanobacteria)

2 {Chemoheterotrophic)

oqums_n A {Photoheterotrophic)

Eanmqoc.o %&O =g BmBBMMmm"M_:_%_ and most 2.g. non-sulfur purple bacteria

; e N e LT T R T h&&&%&uﬂ
@sgx -
« Photochemical :"mé_._mﬂmc ener Fixing atmospheric carbon in the form of GO,
y by :_:mo sugaf mol sing the high energy

from visible Jight is canverted into high
wma._mn_ﬁ es mMa ATE. These

intérmediaies and ATP from light-dependent

procu TEEY T dve the reaction.
reactions in §m next stage of This will continue to take place so long as the
photosynthesis.
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en described as a ‘Universal energy’ curr

‘ency’ The reason
; because of its small size. ATP can easily
release its energy via a sl mu_m m»mv reaction — hydrolysis. It is invelved in diverse reactions and it
can easily be reformed from ADP and B; according to demand.

« Biochemistry of photosynthesis:

A simplified equation:

Ligh
6C0O2 + 6H20 :Imﬂm%v CgH1206 + 602
BuashEed  prodngg,
From the equation, you can see that COYis fixed nto' on: ¢ molecules while O i& iberatéd as

Bysproduct: (A by-product is an incidental or secondary product made in the manufacture or
m§§mm_w of something else.) Thus the composition of our atmosphere is influenced by

photosynthesis.
N

« in summary, the light-dependent and the lightindependent _,meﬂ@o_omE"m in unison, as
shown in the following diagram: ﬁ”s

s ion::Photosynthesis makes both carbon and m:mﬁ< available to | _:u..‘
organisms and produces oxygen in the atmosphere, which is vital for all aerobic forms of life.

Last uptated by: My Prhabagaran, Mrs Yeo YT, M= Eva Her, Mr erek Tan and Ms Michstle Nah 4
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_E Location of photosynthesis

mm; Leaf Organ for photos Emmmwm

Nucleus Chloroplast m

T
, b

Palisade mesophyll
v 3 Y s 65 WY

ot S T
s

@ s Lol SF

C Spongy mesophyll

\% eas_ss%s?
N JE@

B
The leaf is 2n organ adapted for A e
pr A+ Lower epidermis

photosynthesis with its large (e
surface area to intercept tight. b 7
G @mz Storna allows COz 1o enter leaves

Figure 1; dmﬂfﬂ@m:ﬁmﬁmoa of a leaf

%wws 57as many’
lisade mesophyil cells are also:gloseriia:

: e EErph ViSHIESHY can move via i
saptirs 3 This applies to both spongy as well as pafisade meso

streaming is the circutar flow of cytoplasm, involving the cytoskeleton, that speeds up the
distribution of materials within cells,)

\b\\cmy:mzmlfl.f,l

ZSy U T L
P s P epidermis " i i) ™y 8
] '] 4 i HEH M ”
[ ' [ i I MM N H
L3 L 8 Palisade [ M) + 1 o
AR e LI JLEE] L] 40 ¢
L3N] [ v [ mesophyll 5y HE HEH H
t " 1 ¥ + M “ [ [ 4 0 ¢
[ [ 8 " t_ 0] Lls a 0
¢ 88 [ A I g =5

£ :
. . .

Figure 2: Light scattering in a leaf
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1 2.2 Chioropiagt; The site of photosynthesis H
i

A uroBﬂiEﬁﬁ cetll

fzoﬂm” double membrane =7

starch grains
{may be present)

granum

e NG

: EM of a chloropldSh

Sy
:mf% Figure 3: Structure of Chloroplast

» ' Chidroplastis a piasfid containir:

hatosyiithetic pigments. ~E1C
* Chloroplast envelope {double membrane) separates the inside of th chloroplast and the
cantents of the cell {cytoplasm).

« The inner membrane enclose:

those required fol

- : [Ty E\S@ ‘
» The sframa, in tum, surrounds a third membranaus compartment, the!thylakoi

AT FsmbranouS Sacss, it x\%@i. y
» Photosynthetic pigments such as chlorophyll and carotenoids are located _zﬁ:m thylakoids.

» [Stacks of thylakoicrsacsfo
{plural)
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_8 Light-dependent reaction

i T i I
450 500 5 750 nm

Shorter wavelength Lenger wavelength

Higher energy Lower energy

mm%ﬂfo electromagnetic mumﬂ_..:_..;

+ The sun radiates the full 5 mo@? of electromagnetic energy but the atmosphere mR.m EA@ a
selective window that al o&ﬂdﬁmmzm light through but screens out most of the other radiation.

« \When light meets matter, it may be reflected, transmitted or abserbed.

+ Since leaves appear green, we can infer that net all the sm<m_m.:ﬂzm of .sm&_m light are
absorbed by the leaves. Leaves appear green because green fight is transmitted or reflected
off their surface. ]
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e

ALOLET

BiEBiare a class offdctessory pigments s, g. carotene and xm:ﬁ:onvq:m. Other
rect 3 u:oﬂomﬁﬁ_._m&m thi

axyg
oleculesthatiare am:mmac tothe o ll. They also maa colour
ich telp in dispersal

8 frults m:a nos..ma

CH3 in chiorophyll 2
CHO in chisrophyll &

| Porphyrin ring; light-absorbing
' *head” of molecule
(Note: Mg atom at center)

*y
retigns of proteins inside thylakoid

ibranes of chioroplasts
ﬁ@ |
Figure 5: w.W.Wﬁ_.o of n_.._cno_..._._e.__ molecule

ote: H atoms are not shown)
+ The ability of a pigment to mumﬁ. rious wavelengths of _mm_,_w can be measured by an
instrument called siife]o

Etiopiafonteter: A spectrophotometer is a device that directs beams
of light of n_mm_.ma wavele| “through a solution of pigment and’ieasiires ihe; fraction of
stheight i length:

N
{Adefitional informatian) (
Chlerophyll’s similar mmaom_ouﬂ: probably makes # easy for the body to use. Scientists
have found chiorop 0 have anti-oxidant, anti-inflammatory and wound-healing potential,
mﬁ
CcH CHs
CH =4 CHy
CH,
n_..mu ﬁ_um..n
wo
=0 mio
& &
Chlorophyli Irot-protoperphyrin IX (Haem)
Last updated by: Mr Prhabagaran, Mrs Yeo YT, Ms Eva Hor, Mr Derak Tan and Ms Michelle Nah -
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« A graph plotting,
ggtriim! (Fig.

effectiveness of different wavelengths in ﬂ_BQmsﬁ %Mw_&._._ .Pmﬂ el x. ES.@\.\.&%J aad
. Lo = lof 02 rpteaded

1 B - usig ans syrnge
T Chlorophyil &

B o} R \ colour RI®

v o
400 By @%o 600 ,éoﬂ 700  Wavelengthy nm

Figure &: 00:.&%6 the absorption and action spectrums of photosynthetic pigments

« Comparing the absorption spectrum of ghlorophyll a (which is the only Emuzma that v_m<.m a
direct role in photosynthesis) with the action spectrum, you should notice that the action

match the

spectrum is_similar (wavelengths of peaks and trough) but does nof exact|
absorption spectrum for chiarophyll a.

usaom<:5mm_

mwmo&mm t ns oav_d._
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* Chlorophyli molecules do not work in isolation. They gluster together to form a functional unit
called aiphotogistiéfihi Photosystems located on theithvial gid-me nbranerof the chloroplast.
o

Phoiosysieim m._ﬁo_sb
A

m.....ﬂu:

Thylekold membrane

{omeaibwall a,b,
ertemeris)

Figure 7: How a vroﬂc% harvests fight

.Eo@mq surrounded by a number of light-hafiesting:

(Fig. 7
o The reaction center is a prot

and a molecule cailed the: _fﬁf

o Each fight harvesting ooﬁm\w consists of pigment molecules (chlorophyil 2, chicrophyll b,
carotenoids) bound to ar proteins, The variety of pigments allow light to be harvested
ovar a wider range o%_m:mnzm

Q

»  The thylakoid mem _UMM populated by two types of v_._o»nmqmﬁma u:

Orphotosystsm that cooperate in the
(They are named tnthe order of their q_m8<mJ&

‘o Thetwo @_._oﬁomv.mﬁmam function mmnam:ﬂ

ORLEINSIPE8E:: which is the special chloraphyll a :._o_mn:mm in PS II's reaction center. [t is
s :mn._ma because ; most effectiveiBREBI R htEEWaTEISR

s P700 and P&80 are aciually identical o:_oqoug._: ao_mo:_mm It is their asscciation with different
proteins in the thylakeid membrane that affects the electron distdbution in the chlorophyil
molecutes and accounts for the sfight differences in light-absorbing  properties.

*

R is the TredoniHantT foute::

Last updated by: Mr Prhabagaran, Mrs Yeo YT, Ms Eva Hor, Mr Derek Tan and Ms Michelle Nah 10
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.um_.ﬁ farton ot et Elaction 3 unstalle, fmothe elgdror
VT B - R
ot dnotecuies L TERs | et pieeeed
m&%ﬁ oty moletutes | EXeR GNEEYT felenicd gmm_ %
Raffos Institution - ghagitegl 1o Hz Bislogy (Studert) 1% VBAGy &2 to 2016-2019
wrhey ) SRR Jnefte-
HBEHISES i (6 BRSTORRANORT] ) t

i OV €l inserotém
Lt (a u_._o&oh_ Wﬁh&ﬂ&ﬁ packet of energy @@v
'srelectrons

s an electron t6 &R Orb

i 1o 1t5 ‘e ¥iitedistate (i.. the photon boost:
of higher potential energy). {Fig. 8)°
o Different pigments absorb ont
iament.bas & unidye absorption spectrum,

Znd the electron cannof remain
ack to the ground state orbita
- )

excited for long. When the excited
Hergyis: ( as heaf & flupeesana

Photon is ab Wma by an excitable electron
that Bofmwwﬁs a higher energy orbital

The electron may. ..mfo ground level by emitiing

a less energetic on of higher wavelength. Thus,
heat and fluorescence is given off

The electron may be
accepted by an electron
acceptor molecule.

Figure 8: Interactions hetween light and atoms or molecules
............................................................ PRt GPRRONARANE D
Q If an isolated solution of chiorophyll was exposed o the same UV light, fluorescence
s seen. However, no fluorescence is observed for a chioroplast extract, containing a simifar
concentration of chiorophyli, when placed under the same conditions. Explain why.

» o encited elecwon - Copiired o4t @RMATY

cedthyy I € oy prdent M
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«  Location of reaction; thylaksidmembrans (Fig. 9)
+ Irnthe non-cyclic light-dependent reaction, light drives the synthesis of:

5 NADP* stands

i nicotinamide
o itis aigo:g f

‘acting as &

» The key to this energy transformation is the flow of electrons through the photosystems and
ather molecular components builk inta the thylakoid membrane.

T,
Thylakoid membranes are the site fﬁosgmum:ama
reactions of phofosynthesis. Embe in these membranes are
1) PS1and!l N

2) electron transport chain;

-
3) enzymes e.g, ATP W%Qw

Figure 9: Site of light-dependent récfion in the chloroplast

* The non-cydlic light dependent reaction H“.N%NMV@S“

o PSH

o PSI1 @

Enezgy of eleclrons

1]
Figure 10: How nen-cyclic light-dependent reaction generates ATP and NADPH

Note: You need not know the compaonerits of the 2 electron transport chains

Last updated by: Mr Prhabagaran, Mrs Yeoe YT, Ms Eva Hor, Mr Derek Tan and Ms Michelle Nah 12
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J.uaoucmg,\mn_éz at P§ :m_u ig. 10}

@ Thistaxgifst sigctien’is captured by theip
excited electron eﬁ P&80) needs to be replaced.

Fhotolysis ows\m m%.,_u 10)

T

@ >:m=n<3md_~a$m.32mz_@§ogo m_mnqo:m gosﬁwomma _mﬂmwza m:oxém:mﬁoaq
in the presence of ight. @

e.f@

Hz0) -3 267+ 2H* + 120,

the primary slectron acceptor. The oxygen atom |
atom, forming 1@7 which is released as gyt

(Also refer to Fig. 13) %f

Mﬂu Electron Transport from PS Il fo ﬁ..wl%aww 10}

e H* remains in the thylakoid spage.

passesfrom the primary electron acceptor ofiB
Sttfon »..m:mnoa chain between PS 11 and PS | is Emam upof a
; SREEFoheEativiy: A series of redox {reduction-
as m_mn:o:w are transferred down the chain from one electron

,mm:mm of ‘electron carriers
oxjdation) reactions take p
carrier to the next.

As the excited el fwmzm_m down the electron transport o:m_: W ich consi
carriers of progr FEr
{refer to sectigh 377 for details). This way of synth
—ﬂsoﬂovsomm:%_mnm@

B omemwsy AP from BOPYCT:

Last updated by: Mr Prhabagaran, Mrs Yeo YT, Ms Eva Hor, Mr Derek Tan and Ms Michelle Nah 13
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' Light harvesting at PS [i{Fig, 10)
T e
. Mearwhile, light energy has been relayed via pigment molecules to the PS | reaction center,
mxo;_:m an electron of one of the two P700 chlorophyll a molecules. This electron is captured by
the primary electron moomRo_. in P8 |, thus creating an electron “hole” in P700.

Fig. 10)

e passed from PS I's primary electron m@%n@.. down afssc :
{Note that this electron transport chaj made up of different
noanonm:ﬁ noaum:wa with the first electron transport chain and s formed:here uniike

thefirst) - m foolt PV FVngioctron,

Q The. electrons are finaj g
catalyzed by the enzyme/NAL

Z>.D_Uo+ 2e~+ HY, ,_,u_uI
gtor: ._.:%&m ction takes place in the stroma’™

Zb_uvI it will provide the reducing power for the
synthesis of sugar In the next mﬁmn moﬂom§§mm_m the light-independent reaction (e
Calvin cycle). (See Section 3.3, mf

LW /

3 P S oﬁ@

\, ¢ %.%

-
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+ ltwas mentioned earlier that as the excited electron fravel down the electron transport chain with
electron acceptors of progressively lower energy levels. The energy lost is coupled to the
formation of ATP.

+ This process is called v_..oﬂo%sowgoq_m:o: and it involves th
radient to drive the synthigsis 'of ATP from ADP and P (inorganic usowv:mﬂmv

« Definition of u:o_ﬁon_._own:oimﬁo

@ The photoexcited electron from P700 iscag he pior which
then passes on the electron to the dhis? n electron

“hole” in P700 is created. i H.W et rpor %@&. BTl

. : 2 To Calvin cycle

AN
{2,) The loss of excitation energ

left in P700, complating the-ciiete. = 93?3%3%5193

(Light-independent
rezction)

Thylakoid *202 Al
membrane ,ﬁ,@

T @. RJC®
Figura 12: Emi...nmmwm%i reactions and chemiosmosis: The organization of the thylakoid membrane

ETC = Electron transport chain

i closmonnel gr__&ﬁ

H7 no 3@
AT 20

ATP. This is because, th
& AT A NADEH, Cyclic mz‘

the thylakold’space.which serves as the H* (proton) reservoir, In
»_.__m way, the electron transport chain fransforms redox energy to a proton-motive force,
fpraion Gradhing
concentration gradient (across
ynthase: (also called stalked

. @ {ehemicsmosisoceurs when H?_(protans) diffuse down

the thylakoid membrané back into the stroma) vi
particles).

ticr §§§§s§§.
.ﬂm M&&iﬂmﬁ Ty S%ﬁ gﬁw G0tS paised Ao th #1 gre, metvnd

o W 2N ETC, view g FAXD . WAYA i o0 4aigh- Whee fire/

AR

A B AL -Eutetr freter VL

¥in the process.

Elect o_._mB_om_ m«oﬂoz mqmn_m
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N : e lowering of H- fons
_{protons) in the siroma coupled with the accumulation of H ons in 1& ViAo EF5

ensures that the stéepness of the gradient is maintaingd.

Q. What would happen to the pH of the thylakoid space and stroma if you shine light at
chioroplasts? What would happen if the lights are turned off?

_Dniny Wt pit v WlAborel ppace, drops-ond vl of SOVAA gveAded
~Tors O fons Y pednt ponigotEhed.

wnethimital 4TS aption.
QA voh.moz\ disrupts the 5mamroﬁ membrane & renders it permeablego H* lons. Would ATP

synthesis be affected?

<
V. Phe %g_gg Wamarant 3 %Se_i@ %@a et

5&%%% Mnd tytaid sprce: Taug, afeh
: Iy ]

il ause
— A sy tagre wonld g nof
Tavonss e, ATP Syiiage. =2

Q: If ATP can be generated through the light
both chloroplasts and mitochondria?

~ KIP poduced Ly pnotop infion m Al clORPLAsts 35 oviy)
i e s Colin cudle LERPRAAL B3F) D 03P |
Uadzelantiy Wil d so FSERE Pugeg v § v KBAAIT Cenpbunds
~ Tty WOy AT SHlib, nteds to e prodired Shoivih respivattnang
e 0. OO A B DB 801 00T gy oF the e ]
Summary of the light-d ent reactions: mé. .3.3592%.#1@5 i.-rlmﬁo_\&,m -

Components and/or
reactions involved

PS I§, PS | and both
electron transport chains
Reaction catalysed by
NADP+ reductase;
NADP*+ 2e~+ H*
>NADPH

Outcome

Type of agﬂw@r

Generates ATP through chemiosmaosis

« Foms NADPH when electrons are
finally transferred to NADP*

Non-cyclic light-dependent
reaction (non-cyclic

photophosphorylation)

H20 » 2o+ 2H" + %0,
(Splitting of water during
photolysis)

Generates elecirons to be used to fill the
electron *hole” in the reaction centre in
PSil

Produces Oz as a byproduct

Generates H* (protons) to maintain high
H* conceniration in thylzakoid space

Cyclic light-dependent
reaction (gyclic
photophosphorylation)

P$ t and the 1% electron
transport chain

Generates ATP through chemiosmosis
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3.8 Variegation
= Absence of n:__...z.ou_.mm» or pigments causes a sector of a leaf or stem to have white patches or
have patehes with different, often lighter, colours. This condition is termed variegation.

+ The zones where chloroplasts are not present are zones where no photosynthesis occurs, hence
a variegated leaf has a lower potential to fix carbon dioxide into sugars, and as a resulf, a
variegated piant also tends {0 grow more slowly,

Tv Light-independent reaction (Calvin cycle)

*»  Location of reaction§trsiiaiof chloroplast (Fig. 13)

The stroma centains the enzymes that
catalyse the reactions in Calvin ¢

S Ri®

Figure 13: Stroma: The wﬂm@:m:ﬂ independent reaction

» Prerequisites for reaction to ecour: produels 5 light dependent reaction > NATEH andATP:
« Other requirement for reaction to pedt 2

¢ Calvin cycle is a pathway tha

; ces:carbon ‘dio¥ide o produce. carbohydrates. Calvin, the
sclentist, used the isotope 14

face the Eiochemicat pathway of carbon fixation,
Note: Radioisotopes are, QMW: used as radioactive tracers to trace the sequence of products
formed in a pathway. ﬁ@

[ttt I LT O
-Q.Is the.oxygen. released during photosynthesis otiginated from carbon dioxide or water?
Do you know how scientists found the answer?

* The Calvin cycle invalves 3 major steps: Carbon fixation, reduction, and RuBP regeneration

Last updated hy: #r Prhabagaran, Mrs Yeo YT, Me Eva Hor, Mr Dergk Tan and Ms Michelie Nah 18
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3730

* inorganic COz | is
3C0:2 H:noaoﬂm»ma _:ﬁo wsw_u GQ oyEovalen
The enzyme that catalyses the reaction is RuBP
carboxylaseloxygenase (RuBisCO).

[} = one carbon
@ phosphate group

I moomunoa enables Calvin cycle
the continued cycling ight-independent
of the Calvin cycle. (Light SW.U
The reactions are reaction) Rf.
complex but itis Rl
basically %
5 G3P >3 RuBP o
via a series of steps wf.@
driven by 3 ATP.
mmr P
f@ -Il 3 ,fchmi produit ) -
TR S Lok b MITG0Ned
oy DephaE G Y proclict
fov Conboingdraity his is the i ..m.n sugar formed, It is the starting peint
ByritheeTs for the synthesis of glucose. 2 GIP are neeted for

Figure 14: The Calvin oﬁ ight-independent reaction) showing 3 CCz being fixed to form 1 G3F

O

CoipterTediataithat
ecule of

o Glycerate phosphate (GP), a 3C 8_._._vo::a is the fi

ct of v_._oﬁowv_.:»:mm_m. This 3C-

‘Gompound has 2 Sthernames:
1. phosphoglyceric acid (PGA)

2. 3-phosphoglycerate {acids exists as salts in physiological systems and their names
end with —ate)

P (both are products
of non-cyclic ight- amnm:am:ﬁ ﬂmmﬂ_onu

Last updated by: Mr Prhabagaran, irs Yeo YT, Ms Eva Hoy, Mr Derck Tan and Ms Michelis Nah . 19
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o YGP Sdliced (daingdlections) - to form another 3C compound, .u?oo..mamsﬁ?w.
~Rphosphate: mm_uv ‘B3P has 2 other names:

1. phosphoglyceraldehyde (PGAL)
2 triose phosphate (TP)

o INADPH S Gets oxidizad:toNADPY, white ﬁv.@.m....&_.d.,.m.mm ;om (Pyis aiso released).

glucose, sucrose or m.»mqo:

* CEERREE Al e ERABEIFig. 14)
o .Omv has to be used to regenerate RuBP which is the CO: acceptor.
“Eimpleciles of G3Pita 3C molecute; total 15C) used to Tegener

total 15C) f@
o 3 ATP from the light-dependent reaction is also used in Smﬁ@mnmaﬂ_on step.
fﬁ

GUBP (a 5C molecule;

R ek

o For the net synthesis of 1 molecule of G3P for 8%3386 synthesis, 3 molecules of CG.
have to be fixed. ¢

o G3P molecules are neaded for the *onsmgo__%ﬂnowm molecules.

o Since G3P is used for RuBP rege n and formation of glucose molecules, it is
considered as both an intermediate afthaproduct.

o Depending on the iype of m_co%n_ma formed: a~glucose polymerizes to form starch
white f-glucose polymerizes ZAWY% cellulose.

|||||||||||||||||||||||||||||||| @w e e i e B Y P 8 420

Q: Thus, to produce T G3P etermine how much of each reactant is needed?
COz 4 28 4 NADPH: L

Q. Hence bafance Q@&ﬁm and determine how much of each reactant is needed 1o generate
one glucose molecule (6C): Hint: Start with the regeneration 6F RuUBP.

cox: BK1Lzh ATP: %x1=l§  NADPHM: §X3E\V

Q. More ATP is used in total than NADPH. How does the cell cope with this?

B 40T Platto PUSSPROWIATCA,

Review Q. What is/are the. 3__8 o.n Zhb.vI mzn_ b.:u in the light- Sn_mbm:nm:» reaction?

Last updated by: Mr Prhabagaran, Mnt Yeo YT, Mg Eva Hor, Mr Darek Tan and Ms Michelle Nah 20
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Q. Compare light-dependent and light-independent reactions in photosynthesis,

Photosynthesis
Features Light-dependent reaction Light-independent reaction

Location of reaction
in chioroplasts

Reactions involved
zproducts of; htidependent _,mmﬁe_m@fz‘»o_uz ANdATR: %ﬂ/

S
I n-and (3} _.mmm _ FMJ

. FIRg rates:NADP? and:ADE for :c zation in the light de; .%MM; reaction. Reactants ,ﬁwﬁ

« Neither reaction alone can make sugar from GO, The st integrates the two stages of 0 .fwa
photosynthesis. =
- . MV R R Useful products @,
Light-dependent reaction . L} . Light-independent reaction - - »m,@a
Al
By-products %V
O
Figure 15: Summary of photosynthesis
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M &) Investigating the limiting factors of photosynthesis _

5.1 Terminalogy

u:oﬁomu\nﬁ_._mm_m
under the N
conditions of the
experiment

Rate of pholosynthesis
{arhiirary unis)

Availabiiity of factor A

fight, then S is the I ht saturation point.

o llumination on a clear man:.:mwm day is about 100 000 lux whereas the _63 saturation for
photosynihesis Is reached at about 10 000 lux (1 tenth).

Exce :Q shaded plants, light :*m_._w_a_ is. not, nommally, a major Nm
_mmo chlorephyll; muﬁmam that Tive in areas of high light intensities naﬁmﬂ

o Apart from light intensity,stights gt
affect photosynthesis.
Last spdated hy: Mr Prhakagaran, Mrs Yeo YT, Ms Eva Hor, Mr Derek Tan and Ms Wichells Nab 23
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o The atmospheric concentration of 00» is between 0.03% - 0.04%, which is far below the
optimum conceniration of between 0.1% - 0.5%.

Temperature
e

entzand to a larger extentHight independent reactions are
; temperature will affect the rate of photosynthesis,

ohrE _,&B\n y 58’ lip ot abols 357
i @,ﬁ»_ﬁé. Ve m:mkswm start ﬁo denaturs 3 rate of vsoﬁam<:§mm_m falls.

R e

O».no:nm_._ﬁ_.m _._ @émms»mm function of x:w_mnov

Beyond 40°C, the

leaf cloge (Fig. 1)
ring the leaf and GO,
ciosynthesis.

a 3C (GP) and 2C (glycolate)
es and mitochondria where it is
rates no ATP).

o ._.Em occurs on bright, _._o_.. o_a. n_mzm 0: m:a_.. amw_m the stornat

Se& 4477 restricting water loss. This inevitably results in reduced GO
concentration plummets, while Oz concentration builds up

o Oxygenase function of Rubisco causes RUBP to be s _%

compound. The 2C compound is exported to the per
broken down into GOy, (i.e. photorespiration® s___.__

eoter to check 3@5.__.6@ to draw the collected bubhbles, of
M::mﬂﬂ%%:ﬁmﬂfﬂ%? . Aﬂ evolved gas along the tube so that the length
fm@f can be measured against the scale.
A water scteen is used Trapped mﬂﬁ ®Fras
to prevent ...waﬁg energy _ @ " SRR
from warming up the LS o Capillary tube
water bath. - S filled with water
)i e SRR O E G
j ;
W ?_351 Tiny] by i = Funnel to Graduated scale; can calculate the vol.
sk THUOT | NN | cetoh buboies oﬁmﬁ_ﬂ evolved. stional enath
'ol. = cross-sectional area x fen
= ; : L]
- x
A,I Sw 7 * Water plant (Elodea); When photosynthesizing, it releases

) — { Oz from the cut'end of the stem. Any adjustmient of the
: manipulated variable (e.g. a change of light intensity),
T should be followed by a short peried {e.g. 5 min) of
- N i | acclimatization to allow the plant to re-adjust before any
5 further measurement is to be taken,

Light source: If light intensity is Bicarbonate solution is a souree of COz of known concentration.
te be manipulated variable then The concentration may ke varied if [G02] is to be the manipulated
the light may be moved to a variable, or should be fixed at about 5x optimum [CO3] i it is o be
knewn distance from the plant a controlied variable but not a limiting factor. {HCOx] should not be
{light intensity « 1/d% 00 high to alter pH significantly, 2HCOs 2 COs % + CO» + HO

Water bath is used sc that temperature can be the manipuiated variable.

RJC®
Figure 17: Investigation on how the 3 main external factors affect the rate of photosynthesis
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Q. In the above investigation (Fig. 17), what is the measurable gquantity and dependent

’
t
:

RAY
variable? e

b Wttt iyt Ve o4

'
'
'
]
'
]
1
'
1
1
L

= ___mm? O evolved/ min
at 2 known térhperature, £ °C

Rate of photosynthesis =

When carrying out an experiment on how a certain _mammu%noq affects the rate of

photosynthesis, ﬂ.ﬂd

dependent variable (i.e. rate of
ived. Demonstrate that you have

» Explain in detail how the independent variable can aff:
photosynthesis) and relate this to the volume H ot
understood the biochemistry behind u:o”owwﬁ»_._mm_mﬁmmw,

» [dentify all the factors to be kept constant and op "(controlled variables) and the factors to be
manipulated. Explain how all these variables argdept constant.

+
» Describe how you measure the measty; oWB:m:zQ and how you camry out the experiment.
Explain how the dependent variable is ted,

+ Include controi(s} @
+ What graph would you Emmm:ﬁﬂwga. hat would you expect? (Fig. 18)

gde to plants as they photosynthesise (i, take in CO. and give out ), and
respire {i.e. take in Oz and give out CO;) at the same fime

« Photosynthesis can occur at a faster rate than respiration at some points in time and vice versa.
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O outputiunit time

Lhotosynihesis
asier than

respiration Net §
gain in sugars

Compensation period: Time taken {o reach aoaum:mmﬁw@

. ; B
Figure 18: Light response curve for _u:o__.o%mmmm
&
6) Links e
M 7S ]
The topic of photosynthesis is relevant to the follow ics and featning outcomes in the A leval
Biology syllabus, B
Topic The :..;Mﬁmet_._oﬁomzirmmmm (Teachers’ comments)
1, | Cell Structure and Structure-to-fufictional roles of the chloroplast in camying out
Function photosy| i/ The membrane of the chloropiast play two important
roles: 1 fare sites where enzymes and electron carriers are located;

2) the. egmbranes act as bartiers to the movement of H* jons and only
all e flow of such ions through the ATP synthase.

ﬁ symbiotic theory that proposes the existence of the double
\ mbrane organelles e.g. chloroplast and mitochendrion. Bvidence
supporting this theory that these organelles have prokaryotic origins are
as follows: (1} contain circular DNA just like bacteria (a prokaryote) and
thus--can--replicate - independertly -of the- nucleus (2)- contain- 708"
ribosomes unfike the 80S ribosomes found in eukaryote cyloplasm and
endoplasmic reticululum (3) some antibiotics e.q. chioramphenical
hinder prefein synthesis of chloroplast and mitochondria but not that of
the eukaryotic celi (4) their sizes are roughly the same as bacteria,

2. |Enzymes Photosynthesis involves enzyme-catalyzed reactions. The concepts
related to the action of enzymes and the effects of temperature, pH,
enzyme concentration and substrate concentration should also apply to
phictosynthesis.

s,
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3. |Cellufar Physiclogy |Photosynthesis and respiration occurs at the same time during
and Biochemistry daytime in plants and they are reversible chemical reactions of each
{Respiration) cther. Thus, it is important to understand the connections between the

two processes (le. the intermediate compounds that link
photosynthesis and respiration as well as the gaseous exchange that
occurs between the chloroplast and mitochondrion).
Photosynthesis and respiration produce ATP. Think about what is the
difference between ATP synthesis in these two processes,

_ 7) Keywords

Chloroplast envelope
Stroma

Thylakeid space
Granum/grana
Photosynthetic pigments
Accessory pigments
Chlorophyll a
Chlorophyll ©
Garotenoids

Action spectrum
Absorpfion spactrum

H*/protons
Proton gradient ﬁ.mwf
Proton-motive *oamg
MNon-cyciic phg phorylation
Cyclic _u:,wﬁmmw, phorylation
s
%@@amumznmﬂm reaction/Calvin cycle
W»f arbon fixation
,ﬂﬂwy Ribulose bisphosphate
@@ RuBisCO
B

ﬁﬂm« Glycerate phosphate (GP)/

@ Phosphoglycerate (PGA)
Photoactivation @@ Glyceraldehyde-3-phesphate (G3P)Y
Light dependent _,mmo:omw@ Phosphoglyceraidehyde (PGALY
Photon %@v Triose phosphate (TF}
ATP A Reduction
Phetosystem Regeneration of RuBP

Primary electren accepior
Reaction centre

Photolysis Limiting factor

NADPH/reduced NADP* Photorespiration

Coenzyme Compensation point

Electron Transport Chain

ATP synthase

chemiosmosis

L.ast updated by: Mr Prhabagaran, Mrs Yeo YT, Ms Eva Hor, Mr Derek ‘Tan and Ms Michelle Nah 27

careusell, comfamafatunicom

carcusell.com/famafatunicem




Raffles Institution. H2 Biolo: 20182018 —
oy Raffles Institution Hz Blology . 2018218

CAME: T GROUP: TABLE OF CONTENTS :
GORE IDEA (A) Common Terms and Labefling Conventions ................. e e v 3
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+ imeraction between loci ﬁ%{ 2. Dihybrid inheritance ............... ﬁ% - 14
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2. incomplete dominanca and OO%BEm:o%:..:........... et et et 20
(u) explzin the terms: focus, allele, o.oﬂ..@ L recessive, codominant, incomplete dominancs,
homozygous, heterozygous, p, mn@.mm« genotype and linkage. 3. Lethalalbieles ... . -y
(v) explain how genes are inherit one generation to the next via the germ cells or gametes. . i
(W) explain how genotypa is qm:.w@,yo phenotype, (@) Pedigree Analysis ........... e, 24
(%) use genetic &m.mss._m to $8lwe problems in dihybrid crosses, including those involving (H) Linked Genes 2

crdominance, multiple alieles, sex linkage, autosomal linkage and epistasis.

{y) use genetic diagrams vlve problems involving test crosses.

{z) explain the meanfiighof the terms finkage and crossing-cver and explain the effect of linkage and
crosaing-over ofT 4¥ phenotypic ratios from dihybrid crosses.

{bb)} explain how the énvironment may affect the phenotype (including how diet affects the differentiation of
honey bees and how temperature affects fur colour of Himalayan rabbits).

{Note: For epistasis and problem-solving involving epistasis, piease refer to Part Il of the notes.)
Use knowledge gained in this section in new siluations or fo solve related problems.
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= Hoh Yin Kiong (2003). Longman A-Level Course in Biolagy, Vol. 1.
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* This handout is the effort of several Blology teachers at RI{Yr 5-6). It has and will continue to be

updated.
= Any information given in a double-lined box is for your information only.
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M) COMMONTERMS AND HABELLING CONVENTIONS” : . B
LOZu Explain the terms, locus, allele, dominant, recessive, cotdominant, incomplete dominance,
homozygous, heterozygous, phenotype and genotype.

[y Common terms used

Term Explanation

A diploid organism (2n) has 2 sets of chro
| s, chromosomes are ‘simila

Homelogous chromoscmes have the same genes that det |
corresponding loci. e.g. biood group, kair colour. However, thg’genek may be of different
alleles which give rise to different observed trait (phenotypé), ¢.g. blocd group A, B, O

and black/brunetie hair calour R
. ot
(Note: Refer to Mitosis notes for more details.} - %,
[N &Wﬂ
I3 LB &

Gene A .mm:m is an orderad sequence of DNA _.EW ctides located at a particular locus on a

R

particuiar chromoseme that encodes a functionat product i.e. a protein or RNA

molecuie. mff

An allele is one of a number of:al ve forms of a.gene, éach possessing a unique
nucleotide sequence, only ong’ Twinich can cccur ata given locus. The n_.&m_.w:n@m in
the nuclectide sequences ¢ m@ alleles, when translated may produce a different gene
product which result in <mﬁf observed fraits.

Alleles are usual ﬁ:ﬁa by the same letter of the alphabet with upper case for
dominant m__m_mmfma gilower case for recessive alleles e.g. Aora.

The diploid tion in which th I
osaao%m areddentical; AA or aa.

given:locyson a pair of homologous

The bid condition in which th ‘a givertlocus on & pair of homologous

Alleles of the
same gene

~“Homozygous dominant alleles

Different gens loci

" iHeterozygous alieles

““Homozygous recessive alleles

Homologous
chromosomes

carousell.comfiamafatunicomn
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Genotype refers to the ‘combination of  alleles,: situzted on homologous
chromosomes at corresponding loci {such as "Aa", "az" or "AA"), The genotype
determines a specific trait of an organism. The genetic characteristics are passed to
cffspringfinherited from parenis via the alisles.

Phenotype refers to the characteristic {trait) of an organism that is expressed or
observed. These characteristics (irait). arise_ from. the interaction - betwéen’ the
genotype (i.e. the alleles on the homologous chromosomes) aniddhie environment
in which the organism develops. The environment may alier the appearance of the
oA orgarism.

For example, while Himalayan rabhits can proeduce black fur, the Black fur is only
produced on parts of the body that are cool enough. Heat from other warmer parts of
the body result ir white fur {Page &).

Dominant allele The allele that shows its phenotype re less of whether it is homozygous or
0O bt i U heierazygous, In cases involving heterozygotes, it is 5& € expression ofthe
fgene prodiigtiof the dominant allele masks the effect of gén product expressed by the

[ZI P other (recessive} allele. E.g. black pigment vs colour! igment = black pigment,

Recessive allele The allele that shows its phenotype only in the mﬁmmom of another identical recessive
( a ) o altele (homozygous recessive). In cases invol ﬁw.rm»m_.owe@o,mm_ The effect ofthe gene
P 8453& o ssive allele sked by the effect of the gene product

i llele,
dof BAPYERS: Oy u expressed by the dominant allele mf@

TS rent_dominant alleles/8f the same gene|are bothsexpressed and
(> 2 Frenviyfes) tinflueniceTthe  phenoylype: | iewesults i @ hetérozygote’s phenotype that is
’ different from the phenotype both homozygote giving rise to‘more than two
{possibie phenotypes: m.mm%rr, I* and 1° of the human ABO blood group system are
codominant. ;
(dRvionr of eﬁmrs;s);m %&n 20900 :2.: ..m
ete! The situation in whighsthe Bhenotype of heterozygotes is intermediate between the
HafEe ,mvymaoqnww‘.o.m._.zﬁ% ls homozygots for either allele: (from Campbell)
‘Cross The mating % organisms,
F1 generation The o@w@w of the crossing arising from the parental generation, Recessive alleles are
{First filial) not mm%ﬁmmmmn_ in the Fy generation if both parents are komozygous.
F; generation The~ offspring preduced by crossing two Fy organisms, Homozygous recessive
(Second filial} - - individualy can be expected to ool Tt the Fa If the Fygéneration was heterozygats.

Self-fertilisation Crossing of an organism with itself, This term Is used for plants but not animals. Seif-
fertilisation over many generations ¢an produce a pure line.

& When an organism is homozygous for the traits concerned.

The tybical Genctpe found in a natural popiilaion of that species. Whils this term is
much used by Drosophila geneticists, It is best aveided.

Test cross Cross between an individual of urknown genotype or a heterozygote to a homozygous
recessive individual (tester). Offspring ratios are used 1o deduce the genatype of te

g@@ relationships of s heterozygous loci.

Linkage Two or more genes on same chromosome that do not assort.independently in meiosis

and are thus inherited together. Genes closer together less fikely fo cross-over and
exchange alleles betwesh fioimoiogous chromosomes;
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[2)  How alleles shouid be labelled
(a) Alleles ars usually represented with upper case for dominant allele and lower case letter for recessive
allele.

The choice of the letter can be based on the mutant trait, .g. D {all) and d (dwarf). Or can also be
chosen to represent the dominant allele, e.g. R {round seed} and r (wrinkled seed).

'l s P A0 g fetteria M
dvoid upper and lower case versions which are difficult to distinguish when
handwritten, e.9. ¢, 0, §, 4, v, w, xand y.

(b}  When there are muitiple alieles of the same gene, the gene shoukd be allocated an uppercase letter
and each allele an appropriate superscript.
For example:
Representation of the different alleles for human blood groups where:
I represents the gene
A, B and o represent alleles
The alleles are therefore indicated as 14, 1° and I° (note that the mcumﬁm@ ‘o’ is lowercase to denote

it is a recessive allele for blood group O). @
(c} ] { Sinkage) the sex chromesomes XX and A%Wca always be indicated and the
feleariat Tecessive allgles of particular genes should dicated by appropriate &fipe B
uppercase and lowercase letters. RN
For example: u%‘@,
In the transmission of haemophili designate: male carrier.

lenctes a normal male anc a haemophiic male.

{d) For genes with codominant m__m_mm, a &ﬂimﬁﬁ@m letter of the alphabet will be added as a superscript.

For example:
ABO blocd group system in humans j
1* and IP are codominant, @

{B)

LO2v, w Explain how genoi finked to phencfype and how genes are inherited from one generation te
the next via the g ells or gamefes.

o

ar"orga
o o

pe of

ies The genotype Jétén observed.

L iwprested W powrloten & towsoRpton -4

« While the genotype is the genetic information, phenotype is the expression of that information that resuits
in a trait that can be observed. For example, in the case of seed shape In pea plants, the genotypes RR
and Rr will result in planis that preduce round seeds (phenotype). The genotype r will resultin plants that
produce wrinkled seeds (phenotype).

*  As learnt previously {DNA and Genomics), nucleotide sequences determine gene products, such as
proteins. The link between genctype and phenctype s closely tied to the Central Dogma.

For example, in the inheritance of coat colour in raice. The presence of the dominant allele (B) results in black
fur while the presence of 2 copies of the recessive allele (b) results in white fur.

A AL Arpa el
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The diagram below shows how the genotype Bb determines the observed phenotype.

el s T T P,

Allele B Allele b
Genotype (nucteotide sequence is {nuclectide sequence is
different from Allete b) different from Allele B)

B AR LLLELL DPTTT AL L L T TR P TP PP P R

BRsErEion

h\ﬁmsm_md_.o: . %

Protein - Functional Enzyme

Tuuvuinens

H
=,

_ Protein - Non-functional Enzyme

Functional enzyme that catalyses the Non-functional @I«W that ls unable to
formation of a black pigment. catalyse ﬁsm@r n of 3 black pigment.

s

PRAAcRidERE.

T T T T P PP A SE—

EiarsrRENLANARMEARARS PR

CETT L e P P T

+ The phenciype of @naia:m_ is determined by the combination of alletes (genotype)

* Phenotypic variation may result from the:j

. ofntent M dify 1 Y for e.9. a shortage or lack of food or
necessary nutrients such as mineral safts or vitamins will lead to reduce growth in size or mass and
uomm_vE :wﬁ_._» of individuals. Lack of vitamins may alse lead to serious health problems such as
deficiency in vitamin A results in night blindness.

A SRR

Eag. m_wzmz.w._xm:.u::_.mm,..eu_xcv is ary autosomal (non-sex linked) recessive geneatic disorder characterised
by a deficiency in the enzyme phenylalanine hydroxyiase. This enzyme is necessary fo metabolise the
amino acid phenylalanine to the amino acid tyrosine. When phenylalanine hydroxylase is deficient,
phenrylalanine accumulates and is converted into a toxic substance.

Left untreated, this condition causes problems with brain development, leading to progressive mentat
retardation and seizures, However, PKU is one of the few genetic diseases that can be controlled by
iet low in phenylalanine.is very effectiVestreatment illustrating how an environmental factor
such as diet can be manipulated to modify the resutant phenotype of a particular genotype.

W DT Tar M Lo M




Rafiles Institution HZ Biology 2018-2018

+ Envircnment may trigger or switch on certain genes which are always present in the genome:

£.g. ternperature affects the coat colour of Himalayan rabbits. The Himalayan rabbit has a white
body with black ears, nose, fest and tail. Only in parts of the bedy that are cool enough, eg. the
extremities, does black fur grow. This is because heat (from the body) prevents the deveiopment of
the black pigment. If the fur on the back is shaved and an ice-pack is fixed on the rabbit's back, leftin
position for weeks and kept coid, black hair begins to develop beneath the ice-pack.

Ien pack

The application of an ice pack to a region of msmﬁ%m«
results in Black hair growing back Instead of z.ﬁ%ﬂm_ !
whidte colom - 4y

Fig. 2 Effect of cold on Himalayan %Eq colowr,

rmination, which means the sex of their
g the middle third of their incubation period.
ove 34.5°C, the offspring wili be female. Males

£.g. Nile crocodifes have temperature-dependent se

hatchlings is determined by the average temperatul

If the temperature inside the nest is beiow 31.7°C Ww
O

can only be bom if the temperature is within th W range.
. Aw,
(o) Nt o

E.g. The human skin contains mela s which are melanin-producing cells located in the bottorn
layer of the skin's epidermis. Wi m:W%o%a to UV light more melanings are produced. The color of the
metanin is dark and it absorbs blocks the VLB light from passing the skin iayer, More exposure
to UV light results in darker g8t skin.

{cliEHotBRanGE o

E.g. Wavelength t and duration of light exposure may affect flowering, growth and germination of
seads of the P ¥l.ong-day plant flowers when the day length exceeds their critical photoperiod.
These plants typically flower in the northem hemispherz during late spring or early summer as days
are getting longer. Conversely, short-day plants flowar when the day fengths are less than their critical
photopericd.

« Environment effect is usually greater on polygenes. Polygenic inheritance occurs when one
characteristic is controlled by two or more genes. Examples of human polygenic inheritance are height,
skin colour an ight. The frequency of the phenotypes of these traits generally follows a normal
confinuous variation distribution pattern,

« Environment may induce mutation affecting phenotype such as over exposure to UV jight may cause
chramosomal damage that friggers skin cancer. Chemicals such as asbestos and carcinogens in
cigarette smoke may cause cancer cells formation. :

{d)fEEod SR HHe

£.g. Larvae of honey bees fed with royal jelly become queen bees capable of reproducing and living
a long time. But female larvae fed with warker jelly have slower development and become worker
bees which are sterile and short-lived,

carouseil.comsiamafatunicorn
Lastipdated byz Mdi

S NS Yeo YT, M Derek T
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(D) MONOHYBRID CROSSES AND THE LAW OF SEGREGATION

* Gregor Mendel conductedicrosses betwesn pure-breéding plantswhich had different characteristics ..
purple flowers vs white fiowers.

[1) Monohybrid crosses B

Genetic crosses that studies the inheritance of ONE characlsristic contr

by & sirigle gefie.

How Mendel made hybrids:

1. First he snipped off the anthers (male part of the flower with the pofien} while still immature to
prevent "selfing",

2 Then he dusted the stigma with pollen taken from the desired male parent.

3. Finally, he tied bags over the flowers to keep out ary stray pollen.

4. In this way, Mende! was abie to control the parentage of each generation

Crossing of two varieties = hybridisation.
* The example mentioned above, between pure-breeding plants with pu i i
| i , befy . mle flowers vs white flowers, is a
monochybrid cross, as it tracks the inheritance of a single characteristic, in this case, flower coiour.

+ The pure-breeding parents are the P (for parental} generation, their hybrid offspring are the F; (for first
filial) generation.

+  Allowing the F hybrids fo setf-pellinate preduces an F: {second filial} generation.
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TlEweBreeding . L s ,Nm&o o
I g ORSES, | nn o dotrrty e AMste)
.r%,‘_,wi@\qsn_ @E@ A _o«m MH,Wﬂm frigvtyiet YTy
F, Frmtianion | IV . ) - s\@\m\—éﬁxﬂﬂs\
.ﬁ?wvﬁ%v : R a “w 1 ”....m.mﬂ ; A Fux _nu\v
Fig. 4 _Monohybrid |\ s gg) ALY/ © il evens
cross: Mendel's flower- : - ..3__. : . 4_‘ T
colour experiment  “Frav ¢t P oy
o e . C e
| o
: had white
. . ) o o PN Aowipr hz._.@snwem 5
I Dvtln rewente ove) purt e AT [ el Sy L)
Results {refer to Pagé 11 for the menohybrid genetic cross): Tﬁéw L S@f Jomeertn FLAGM)

— In Fy generation, piants produced only purple flowers. (No _w_._ dwers.)
~  White flower ¢harasteristic = recessive, since the trait did nefappear in the phenctype though the

allele was present. {The F1 plants are heterozygotes.) .
9/.‘.7@.._%.:55@_.3 plant,

nis t

60

in additicn to flower colour, Mendel alsc studied 7 p, ; contrasting characteristics and the results of
the experimental crosses are shown in the table b ;
RN
Charatteristic Parental mmmmm@,nm F, appearance Ratio
(Dominant} | (Recessive) | (Dominant) {Recessive)
S

1. Length of stem Tal. ffmgw Owant 787 277 26411

2. Shape of seed Roy *| Wrinkled 5474 1850 291:1

3. Colour of seed Y Graen 6022 2001 3.01:1

4. Shape of pod d Constricted gg2 299 2.95:1

5. Golour of pod en Yellow 428 152 2.82:1

6 Colour of fiower €3 Purple White 705 224 31511

7. Position of 39%@{ Axial Terminal 651 207 3141

Total @ 14949 5010 298:1
In all cases, the ratio of the dominant to recessive characteristics in the Fzgeneration was approximately
3:1.

Lastupeated by

Mendel's conglusions:
Parental stocks were true-breeding, so the purple variety must have two purple “factors”, and the

white variaty, two white “factors” (the parental stocks are homozygous for the trait).

We now call the “facters” determining characteristics on regions of chromosomes = GENES,
Each pollen grain and egg has one flower colour gene, so the plant formed by fertlisation has two coples

of the flower colour gene,
This gene may be ope of two distinct types of ALLELES. One aliele, P, is for purple; the other one, p', is

for white.

carousell.comfamafatunicom
- Gross: MrsYeo YT, Mr.Derek Tan; Mr. LowCM -
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» diploid plant may have 2 of the same or 2 different alleles.

n organism having a pair of identical alleles for a character is homozygous e.g. true-breeding pea ol
for purple flowers H.v_uu and frue-breeding pea plant with white flowers A%v.v. ¢ © pea plant
The purple Fy hybrids with non-matehing alleles (Pp’) are heterozygous.

ﬁ:m _.Mﬁm_.onv.moﬁmw one allele may mask the presence of another.

erefore, the allele that ghows itself in the phenotype is the dominant ali i

e ptore, the allsie fn ele. The allele that is masked
The mw_m_m P is dominant aver w‘. So a plant heterozygous for the flower colour gene with Pp’ is purple.
Allele P is expressed resulting in purple flower. Allele p* for white flower is magked.

Phenotype = organisms’ appearance e.g. purple flowers
Genotype = genetic makeup e.g. PP ar Pp’ or p'p’

GENOTYPE

. PHENOTYPE

PP
?E.:o.nxmn:&.

{heterozygous)

..?ﬂ%ﬁ«monmv
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_M Genetic representation of the monohybrid cross
The Genetic Diagram

D
purple flowers (deminart) d refg’ Esvr.ah

rwhite (recessive)

Parental phenotype Purple flowers X White flowers J @, Porents

PP X PP
Parental genctype (2n} DEA\— +me E&Qv
Meiosis

(&) oo gametey
Gaetes((n)| @ ° ALWRYS

% oivele npimet2s]

Fertilisaticn
Pp’
Purple flowsrs % Show €QuHIT afton
F1 phenotype Purple flowers X Purple aoé% @ DL SRR 0,
F1 genotype (2n) Pp’ X {vamst winty FL of

Meicsis rrerds e pare

© Storved dasoer FLs
Gametes (n) @ . %. @J Shew gamgdes %J.
Fertifisation ¥ Arie e %@ | N

+ ey

-

Fz genotypes

To note:

« All gametes need to be circled
+ Phenotypes shvays need to be finked to genotypes either in the Punnett square or in the ratio
outcomes of the cross
« Impottant ratios in complete dominance manchybrid cross:
- eg.PpXPp-3:1 (dominant phenotype : recessive phenotype)
- PpXpp->1:1 seetest cross below
- PP X Pp/pp 2 All dominant phenotype

carousell.comfiamafatunicom o
Lipdated B M S Cross, Mis Yeb, YT, Mr Derek Tan, Mr Low CN:

2018-2018

voralleles for eachtrait: separateduring the formation of
“The Law of Segregation ensures that a parent with two copies of each gene can pass on either allele,
y Azoﬁm This ig not the same as the Law of Independent Assortment that you will learn later.)

haploid cells

S ./Szﬁ/v
\Eaa@sh\v @ Haploid sclls

chromosomes \, cach carrying

separa o:nuun_ao_.nwn
/ @ original pair
Homolegaus chromosomes .}.‘ann%sl'

. @%f U

{ezch ChromMosome appoars

as a pair of chromastids
Fig.6 _Mendel’s Law of Sedreqation of alleles A and a during the seps
chromosome in meiosis aﬂi

prophase I?

carrying the alleles A and a}

o7 _

+ Designed to reveal the genotype of an organism »:%Eﬁ the dominant trait e.g. purple flowers.
s 2 possible genotypes for purple flawers: %y
- PP (homozygous dominant) or W/@

the parent is :oBONqu:
genetic diagram. fk

Let P represents the allele for purple flowers (dominant)

p’ represents the alisle for white (recessive)
Parental phenotype Purple i X White flowers
Parental genotype (2n) X pp’
Meiosis
Gametes (n) @ °
Fertilisation
Fy Genciype

F1 Phenotype

carpusell.comfiamafatunicom




H2 Biology { o At Py 2018-2018

g be/
by pladiade
Purple flowers X White flowers {ns Hruy W Bin
X PP comnd) (2
[t
_— ehly
Meiosis o
3 ] LAy
Gametes (n) e i_.lli,.i ﬂwmnmmm
1l 1, Y ke
Fertilisation 7 W ~ % Gergmnsvsud
el hY o] Tsﬂ\
1 s Lt iy
F, genotypes ]Nllbllw&”\l m,wﬂ,ﬁmmm.mn\..v

F1 phenotypic ratio purpl

opvegtey AR frofivion Soened

{Conciasiont) /= Wy i NAE T O3S} VA
Parent producing purple flowers x roducing white flowefs, Felewiinemt Wyw  Geynetss
+  If EfpHSH D

Bwers, Umﬂﬂzn producing uﬂm_m flowers iszh
I

. GG White: o parent

S Lied wlev & JEgh gropy
, ?m. Lot amdl s+om eolov

-(E)

Ll
_ N o o .
LO2Zx Use genetic diagrams to solve problems in %a crasses, including Eomm.m:e.o_s_._m codominance, .
incomplete dominance, multiple alleles, sex _w.._mmwa tesomat linkage and epistasis

endent AsscrimeALstates that the Tl

dépendently ORSSER Bther This is becaus .
ogous pairs of chropaSeme align randomly on either side of the metaphase plate during
hase |

Lot
nment of 8ach :%ocm pair is independent of gther homelogous pairs .

+ Mendel's Law of Indep:

+ This gives rise to ._:m,mv@%m@_ﬂz:ma types (new combination of alleles in the gametes) as shown in the

il
figure below. 5 ATy e ]
- ’ . 25
U o SN e g
e A8
\Ilui\\tliul!
JE— Pyr
i..!l{f!..fu.ll.glll -
i m he
a j
N Suy
abdaserse - n:..ow__omwaﬁ may line up on the equatoriel _:.ww”_ﬂ “”uoq
oy x I spincle eithos as shown above or as belw,; - ganistes ind
m BrieRftn 1his Is Independent asscriment hateine 2
i
Fra—
“Two pairs of homologous = e m‘w
chromosomes bearing the -
sllales A, a, B, b as spen 2757
Auring prophase |

Fig.7_. Mendels principle of independent assortrment of alleles A, a, B and b desctibed in te
separation of homolegous chromosome which oceurs during meiosis

Bacwmm_b@:_._mﬂ:m.ﬂizwnua
Last updated by: Mdm'S Cr

- rs Yo YT, MF: Derek Tan;:Mr Low G 2 17

_ Gametes (n)

i Fy phenotyp

¢ Fq phenotype
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[2)  Dihybrid inheritance ]
Genetic crosses that studies the inheritance of TWO different characterishics controlled by TWO different gene.
* Mendelalso performed experiments with plants that differed in two characters - i.e. he performed dihybrid

crosses. The purpose of this experiment was to see if the two traits were inherited independently.

.gm:am_cwmavmmm:mvm?Boonsoﬂ wrinkled) and pea cotyledon colour (yellow or green) as the
characteristics,

* Yellow is dominant {Y) and green is recessive ).
+ Round is dominant {(R) and wrinkled is recessive ().

* True breeding plants with yellow-round seeds {YYRR) were crossed with true bresding plant with green-
wrinkled seeds {y'y'rr).

“ Q. Will seed colour and seed shape be transmitted from parents to offspring as a package, or are _,
% they inherited independently from each other? _

Let: Y represents the allele for yeliow seed {(deminant) -
Yy’ represents the allele for green seed (recessive)
R represents the allele for round seed (dominant)

¥ represents the allele for wrinkled seed (recessive) s@
Parental phenotype Yellow and round seed X Green any a&,y_ﬁ_ma seed
Parental genctype (2n) YYRR X d@ﬁ.
Meiosis ,ﬁﬁ

Fertilisation ;
F1 genotype (2n) H

Yellow and round mm@mW X Yeliow and round seed
YyRr @@f X YyRr

N Gametes

F: genotype (2n
Meiosis

Gametes (n) @
Fertilisation )

@ YYRR YYRr YYRR Yy'Rr
Yellow-round Yellow-round Yellow-round -} Yellow-rotnd
YYRr YyYmr Yy'Rr Yy'r
Gametes Yellow-round Yellow-wrinkled | Yellow-round | Yellow-wrinkled
@ Yy'RR Yy'Rr L YYRR: ¥YRF
Yellow-round Yeliow-round Green-tound Green-round
@ Yy'Rr Yy'r CyWRE
Yellow-round Yellow-wrinkled | Greén-round
F2 genotypes YYRR YYRr YY'RR YyRr YYm Yy, YYRR ¥'y'Rr vy
Fz phenotypic ratio round: Faellowswrinkled TGk g
Phenotypic frequency Yellow-round 9/18,
Yellow-wrinkled 3/16
Green-round 316
Green-wrinkled 116
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1 Whait msspundoreily

Conclusi

les for seed shape i.e. whether Y or y is inherited in offspring is

bugnotAenne an - SO TR gk eees

) segregate independently?

Let: Y represents the allele for yellow seed {dominant)
¥ represents the allele for green seed {recessive}
R represents the aflele for round seed (dominant)
r represents the allele for wrinkled seed (recessive)

Parental phenctype Yellow and round seed X Green a| inkled seed
Parental genotype (2n) YYRR X T

e N
Meiosis wami @
Gametes (n) .ﬁf

Eertilisation @e

F1 genotype (2n YyRr
_...“ wsmzw%umﬁ ) /MW@ and round seed
Fy selfing ﬁm&
_u“ phenotype Yeliow and _.%mma X Yellow msu round seed
Fy genctype {2n} ,ﬁfwa X Yy'Rr
Meiosis ;
Gametes {n) }@ @
. o
Fartifisation @@ Gamctes
YYRR
Gametes e Yefiow-round
Yy'Rr
. Yellow-round
F: genotypes YYRR YY'Rr Yy'Rr a'dis
—~— A —
Fz phenotypic ratio 3 Yellow-round 1 Green- wrinkled
Phenotypic frequency Yellow-round a

Green-wrinkied VA

If the alleles for seed colour and seed shape do NOT segregate independsntly, then F2 phenctypic ratio of
3:1 is the same as that obtained in a monohybrid cress. 2y Wven nlieAe arg foving

o e e §z§

mnd, avy Gyl Ay N
nmacmm_ﬁ.oaa.a‘mzﬁ.a.ea.o.oﬂ:. ) L ) ) )
LastUpdated By-hdm & Cross) Mrs:Yeo YT Mr Dersk Tan,
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Q. Usually tomato plants have purple stems, but in some varieties the purple pigment is
migsing and the stem are green. Most tomato plants have ‘cut’ leaves, but some have so-
called ‘potato’ leaves.

The table below shows the numbers and phenotypes of offspring, resulting from two
separate crosses of tomato plants.

Number and phenotype of offspring
Parental phenotypes Purple Purple Green Greern
stem cut stem stem cut stem
leaves potato le potato
x 354 0 . 367 0
green stem, potato leaves f.@
{1i} purple stem, cut leaves j{
x £93 mf@ 0 0
green stem, cut leaves N

&

a. Which atleles are dominant? Explain.

_u.Umn:nmﬁ:muwocmu_mumzoa.ummqoﬂﬁm u@% m:oqowmmwsm.._nmmv
Use: Gfg for the dominant and recessive aileles resp ««% for stem colour
LA for the dominant and recessive alleles respéctiyély for leaf shape,

£

|
! ]
! |
i i
" |
i 1
| [
! |
| i
1 [
1 I
| I
t |
| |
_ feaves 0 leaves 1
_ (i) purple stem, cut leaves [ !
1
| |
| |
| I
[ t
| |
|
1 ]
1 I
| |
1 |
! |
| “
! 1

lest Tnipe

Note:
« Analyse the phenotypic
cross ratios to deduce. {epved

oross (i) . S s e
Offspring traits for stem colour Purple : Green
Offspring ratio 1 : 1

Parental genotype

Omm_uﬂ_:u trait for _w% type
Offspring ratio

Parental genotype

Purple stem cut ieaves = Ggll
Green stem patato leaves = ggll
carousel comfiamafatunicom

vastupdatsd by M Crosed NiEs Yoo Y, M Bierelc Tar M7 Low CM
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Onomm if o

Ommnmm_,m traits for leaf Q_um Cut
. Offspring ratio 3

Parental genotype , i

All Purple
All Purple

6o x o

Parent with purple stem cut leaves = GGLI 719/
Parent with green stem cut leaves = ggt |
Prwentshive’ 2 LoPiLs % camw s@@

et e B e e o e T <
Q True-| fes that have _o=u wings m.uw.m dark bodies are mated m.vwmmn_:_ flies with- |
m_..o: wings and tan vou_om fiave: longwings anditan %
mate and produce: -

mmﬂ:._ozm N
32 darik, long
28 nmz. short

-
|
I
w
1
1
i
!
i
H
i

Parental phenotype ro@. g, dark body X Short wing, tan body
Parental genotype (2n) LLit X 7T

Meiosis «%w

Gametes (n) @ @
Fertilisation -

Fy genotype

_u“ w:msw‘%vm Long wing tan body

F self )

F1 phenotype Long wing, tan body X Long wing, tan body
F1 genotype (2n) LITt X LITt

Meiosis

wen OOOO ©OOOO

carousell.comfamafatunicom .
Lastupdated by Mdm'S Cross, Mrs Yeo YT, Mr Derek Tan;
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Ferilisation A R wke/ » P
[ mﬂu Garpetes {
LLTT LLTt LT LITt
@ Long wing, Long wing, tan | Long wing, Long wing,
tan body body tan body tan body
LLTE LLtt LT LIt
@ Long wing, Long wing, dark | Long wing, Long wing,
fan body body tan body dark body
Gametes uTT LTt T It
@ Long wing, Long wing, tan | Short wing, Short wing,
tan body body tan body :
LITt Litt T
@ Long wing, Long wing, dark 1 Short wing;
fan body body tan _uo%
F2 genotypes LT L i I,
F2 phenotype Lorg wing, Long wing, Short wing, %mwn wing,
] Tan body Dark _uo% Tan bedy @m% bocy
F2 phenotypic ratio 9

3
ki I Y77 I géig--l-;--,-J
m Q. Whatis ﬁ_._m result of nsﬁgm the flies with the mm% LITt? “ .
|
I

032y Use genefic diagrams to solve problems involving H@? 528,
._.mwﬂ cross — Cross with an individual expressing the h onwmo:m recessive {raits for both characters

i.e. LITt X lite, fﬁ
Parental phenotype Long wing, tan body, X Short wing, dark body
Parental genctype (2n) LITt @ X gt
Meiosis
Gametes (n) @
Fertilisation
| @ )
Tt it
@ Long wing, dark | shert wing, short wing,
' body tan body dark body
Phenotypic ratio 1 : 1 : 1 : 1 .
To note: _

Important ratios in complete dominance dihybrid cross

ot for both umzmm are crossed
t ommvznm vzm:oﬁgo ratio

idual Reterozygotéfor both genes
"> offspring phenctypic rati :

SB:mm__ comiiamafatunicom
3 Cross, Hirs Yeo: NT; M Dersl TS Mr Low Cht-
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{E): " QTHER ALLELIC'INTERACTION:

1) Multiple aileles (LO2x)

s Condi y
yaallelesof which any jwo may occupy the same focus on homologous chromosomes.

tion where

Example 1:  Control of ABO bleod group in humans

1. Inhefitance of blood group in humans is controlled by autosomat gene.
2. Blood group with gene locus represented by the symbol | with 3 afleles: 14,18 and 1°.

3. P and 1P are dominant te I°. .

4, 1 and 1B are codominant (which means that both alleles are equaily expressed in the phenciype).

Genotype Phenotype Gienotype Phenotype
190 Typs O {B|C Type B
|A° Type A [ . TypeB
A Type A A8 25> Type AB

s

» Red blood csil (RBC) membranes contain surface muc;

which act as antigens. They react with antibodies call
« |* and B are alleles for agglutinogen A and B respg
» 19 does not specify for any aggiutinogen. 5 » .
= A person with blood group A has mum_cm:omm@ n RBC membranes but agglutinin B (anti-B)

in plasma. . %

Blood group .
AB A and %Em:ommam“ no agglufinins
Q Btinogens: anti-A and anti-B
B B aggiutinogens; anti-A
A | Arahglutinogens; anti-B

« Application to biood ﬂm.@/wmo:., . o _
The recipient's bio ﬂm@.ﬁ not have agglutiming which will cause agglutination of the donor's

RBC. ) o
It does not m if donors biood plasma has agglutinins which .s..m__ react s.._.E recipient’s
agghutinoge cause donors plasma is diluted during transfusicn into recipient so the

agglutinatifnzactivity is negligible.

Wonetaginie § Digeid Rertos

Aax fa 3¢
bn x o q@«.s&uw ix1

B xaa (ugooss) M agmnert it
RaBl x ha b

Mirs Yéo YT, Mr Dérek Tan, Mr Low O -
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Example 2: Coat colour of rabbit
A multiple allele system determines coat colour in the rabbit. There are four alleles of the ¢ gene — wild
type C {brown), chinchilla ¢ (silvery gray), Himaiayan ¢ (white with black extremities such as ears, fest,
nose and tail) and aibinc ¢.
The wild type allele called agouti is completely dominant over the other three alileles; the chinchilla allele
is partially dominant over Himalayan and albino alleles, and the himalayan allele is completely dominant
over albino. The dominance relations can be summarized as:

Cre¥>cl>e
Pair of alleles can be combined with each other to make six different kinds of heterozygotes.

2) grEGe

In Mendel's pea crosses, the Fy offspri
showed complete dominance over theBiiver i.e. the gene product of the dominant aliele masked the recessive
allele. In such cases, the pher s of the heterozygote and the dominant homozygote are not
distinguishable. In the case of ﬁ@; lete dominance and codominance however, neither allele is completely

dominant, @

For both codominance %..m incomplete dominance, since neither allele is completely dominant, the
characteristic (e.g. colour of petals) shiculd be represented with & capital lettét and thé dileles indicated by the
appropriate superseript capital letter {(e.g. CF for red petals and CWfor white petals).

« Example: Flower colour in snapdragons {(Anfimhinum majus)

+ Since neither aflele is completely dominant, instead of using uppercase and lowercase letters, the ledter C
with a superscript to indicate an allele for flower colour is used. C® for red and CY for white.

» Crossing homozygotes for red and white flowers yields Fy heterozygous offspring with pink flowers. Seffing
of the ___MA hybrids produces Fz offspring with a phenotypic ratio of one red to two pink to one white (i.e. 1 red
1 2 pink : 1 white).

« The intermediate pink phenotype, results from flowers of the heterozygotes having less red pigment than
the red homozygotes.

s COTOUSElL COMABmatatunicony . e
Lastupdated. by -Mem'S' Cross; Mr& Yes Y, Mr Derek: Tar; MF Cow T
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Parental phenctypes Pure-breeding red X Pure-breeding white

snapdragons snapdragons
Parental genotypes CRCR X Wi
Meiosis
Gametes @
Feriilisation
Fr genoiypes CRCW
F1 phenotypes All pink heterczygotes
Selfing CRCW X CRCW
Meiosis
B e 006
Fertilisation " .

RR Ry W

F2 genctypes CRC CRC! CRG m‘

F2 phenotypic ratio 1 Red : 2 Pink : @azmm

s

codBrminance, both alleles of a gene are &4aany; @ﬁ in the phenatype of a heterozygote.
Hence, the two alleles affect the phenclype in sep nd distinguishable ways. The lack of an

intermediate phenotype distinguishes codominance § ncomplete dominance,

mxm:._u*m._" .wrmc_ooam_d_._vw_..mﬁmam: % :m..m.»w:a_m._mooaoa_:ma.
Four blood groups womm:owmf,_ ,AB and ©

L
« iIndividuals with the Type AB blood groupTrave two codominant alleles each cading for a specific molecule
located on the surface of red blood cells, i A and B antigen. it is important to note that the AB phenotype
is not intermediate between the enotype and the B phenotype. In fact individuals with the AB

phenotype have both antigen their surface. This distinguishes codominance from incomplate
dominance. %
Respective genctype - a@
Pe ith 1M and IM° genotype are Type A.
£ with 168 aind (F1° geriotype are Type B.
Pebple with IM® are Type AB.
People with [°I° are Type Q.
Parental Male with Type A X Female with Type B
phenctypes Blood group biood group
Parental [Ae X I*®
~genotypes
Melosis
Gametes
Fertilisation
F1 genotypes A8
F1 phenotypes All progeny are type AB blood group with both A and B antigens
. carpusell.comfiamafatunicorn :
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To note:
» Codominance results in more than two iraits for a particuiar gene
¢ The effects of beth alleles can be detected in the phenotype of heterozygote
» Important ratio in codominant monchybrid cross:
When heterazygote cross with heterozygote e.g. I8 X 4B > 1412 - 2 |48 BRS 121

—

liie that calises-deathif organisiiiis Homozygous-forthat allel
s Those carmrying these alleles are disadvantaged through impaired biochemical or physical functioning.

Example: In n_.__.nxmm._m‘ Dominant allele (C) in chickens is respensible for profound developmerital
changes that result in aberrant forms ealled ‘ereepers’. These birds have short, crooked legs.
Homozygous genotype (CC) is lethal.

Let G represent allele for creeper chicken,
Let ¢’ represent allele for normal chicken

Parental Creeper
phenotypes

Parental Cc
genotypes

Meiosis

Gametes

Fertilisation @

JMMf * Gametes

Ga @ mﬂw ,. @ »
‘Aw@ @ Umw.w n_.MMvmq

o © & oo

3 Creeper Normal
Offspring cC Cc' Ce' c'c'
genotypes
Oifspring Creeper Creeper Mormal
phenoctypes o -
Offspring phenotypic
ratie

tio-rEblaces;

eviation ffoi the standard Mendelianiratios indicates that the gene of interest may be a lethal gene.

Lasfupastes. Soﬁmﬁ@mﬁ_mﬁqﬁag«mu N, Mr Dersk-Tan: e Low CM?: 5
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ooy Suted —3 Yeflod st a@%@»ﬁ.* e Ve

_lm... m,_m_mm‘_lr."aml_.muﬂm mqmvrow_o_.mn fur, known as agouti. Some mice have <m=9..< fur.
Crossing yellow mice produces offspring in the ratio of 2 yellow: 1 agouti
M 24

I
i
|
_H Show the cross between two yellow mice in the space below. Which is the dominant aliele?
I
L

Let A represent allele for yeliow fur (dominant)
Let a represent allele for agouti fur (recessive)

Parental Yeilow fur X Yellow fur
phenotypes
Parental Aa X Aa
genotypes
Meiosis
Gametes @ @ @Wﬂﬁﬁ @
Af« -
Fertilisation . Gametes
0] ©)
D
Gametes @ i AA Aa
P Dies Yellow fur
S Aa aa
Yellow fur Agouti fur
Offspring -
(Genotypes Aa aa
Phenotypes Yellow fur Agouti fur
—_
T
Phenatypic 2 H 1
ratio

carousell.com/izynafatunicom . i e e
Last updated by; Mdm S Cross, Mrs Yeo YT, Mr Déreic Tan, Mr Low SM R

Raffles Institution H2 Biology 2018-2018

{Gy-+ PEDIGREE ANALYSIS -

Note: You need to be able to interpret pedigree charts.

A pedigree is a diagram of family relationships that uses symbeols to represent people and lines to represent
genetic relationships. These diagrams make it easier to visualise relationships within families, particularly farge
extended families. Pedigrees are often used to determine the mode of inheritance (dominant, recessive, etc)
of genetic diseases. A sample pedigree is below,

Emumu_m_‘mm_mnumﬂmmﬂmv_.mmm:wam_mmmsaown_mmﬂmuammmdﬁ *mam_m%_moﬁmw __.mmmoo_._am&:mm:._mmmmsa
female represent mating. Verical lines extending downward ¥ a couple represent their children,

Subsequent generations are therefore written underneath the ﬁ@«m generations and the oldest individuals
are found 21 the top of the pedigree. @

If the purpose of a pedigree is to analyse the pattemn of ip

nce of a particular trait, it is customary to shade
the symbol representing alf individuals that possass ff

in the pedigres above, the grandparents had ildren, a son and a daughter. The son had the trait in
question. One of his four children {male) also, he trait.

O
&

m R e L me e 4 e e e e e
ss; Mrs Yeo YT, Mt Derek Tan; Mriow.CM:
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(HY: © LINKED GENES:: . oo oo

Fl 5 gents o) iy dany/ MWD . |
LO2z Explain the meaning of the terms linkage and crossing-over and explain the effect of linkage and
crossing-over on the phenotypic ratios from dihybrig crosses, 00 {Bliter f B wiiede m,v

b 4o Wase, veforend to

shi . :
o th ] P s Fhpnotnpes dre 4
Wity (5 D itk WnoV HOY  pesult of Owleigy Bl Wit
.w.:w.m do E_x @:ﬁ%&mﬁﬂ% wm,__mnm:nmﬂ assortment Am”wmm NOT show 9:3:3:1 for dihybrid inheritance), and
a variety of ratios are produced. ooy f thtmce -

Example: In fruit fly, Drosophila, the genes for body colour and wing lengthyare fnked.
If we assume that the genes are pte i :o‘o_qﬁ.wﬁ
the two genes as they are very close o one anacther), the g'would occur:

S

between

Let: ) ﬁ )
G represent grey body {dominant) Tee ﬁw nwas allowed to _.,E%ﬂ._ .
g represent black body (recessive) F, plithajipes greybody,Tongwing % grey body. long wing
L represent long wing (dominant) wf
| represent vestigial wing (recessive) % o} 4 ob bs
3 3 i X black body. vestighal
Partng! phenotypes Erey body,long wing s.““m by, m FR—— .
G 46 " x Lt 41 14 81
FParensat genorypes () *
% AMelosis
L L fa 1 !
® %&@ysu seivtcs
Mefosit @
@{ Gametes ()
Comeres ()
Random feriilisatlon
Random fortliisation © ¢ ¢ ¢ 3 ¢ .
Fageantypes (2)
Gy ez
Le 4L Lo &1 14 ¢l 14 %1
. genolypes (2}
L { R —— L —
Fy phenotypes 3 grey body, Ihinck body,
ors wing: gl
F\ phtratyges all heterozygous grey body, long-wingsd offpeing rg wing: vestigial wing

carousell.comfiamafatunicom . . L TR
Lastupdated by: My S:Cross| Mrs:Yeo YT, Mr Derek Tan, MF Law CM 77
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(21 Crossing over ]
w o w w b w w meﬂ
4 m
rE Hr R Hr LR
& 4] )
T Nochiasma 2 Cenfral chiasma 3 Chiasma at 4 Chiasma at
upper end tower eng

separation of fwo linked genes

Em w w m w
Gameles m & :
mm r @@ B A
WR wr WR wr
No separation No separation No separation
of the two ganas of the two gehes  of the two genes

+ However, recombiration does not always occur all thy € and even if it does oceur, the chiasma has to

e

« When crossing over occurs, recombinants may be %

form at the precise location te disrupt the linkage
+ Crossing over takes place quite regularly but a
between the twe genes

in.the diagram above, the chiasma has to accur
of the two-uenes:on-the-

ig i ‘af'crossing ) ing.
. together in a chrom mﬁw tend to be inherited together as one linkage group.

Example: T. H. Morgan’s expe ._.mw%.w: Drosophila
Parents; grey, leng izmmﬂ.@m ozygous) X black, vestigial wings (homozygous)

If this = z %& cross involving completely linked (no crossing over) genes,

the expectédoffspring phenotypic ratio is 1 gray, lon wings: 1 black, vestigial wings.
If crossing over occurs randomly by chance, expected offspring phenotypic ratio is

1 grev. long wings: 1 black, vestigial wings: 1 grey. vestigial win s: 1 black, long wings

ooy CArOusell comfamafatunicom e o e e L
Last Lipdates: IS Cross; Mrs Yeo YT, Mr-Derek Tan Mr Low &
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Hawever if the following occurs: o To note:

{where G — grey, g — black, L — normal wings, 1 — vestigial wings) «  When the offspring phenctypic ratio of theitest cioss deviates from the usual Mendelian ratios (such as
1:1:1:1 in the wing length/bedy co

saroral ooy body, Stack body, recombinant types, this indicate

parerta o vastigial wings . .?m further the distance between the two linked genes, the greater the chance of grossing over thus the
higher the percertage of recombinant offspring.

Parental N ! ¥ 8
genotype % Test your understanding:
Lt ! ! e iR N —D
: If genes are on separate
chromosomes
gamates AT a B b A
A — &
Parental Recombinant . @
Gt g gt 9 " 9T 9
Fy genctype @a Gametes of Fy
L A ] L, individual with
o ﬁMNW» o < bo. genotype AaBb
body, bodiy, BI :
F1 phenatypes _o“w.i.sm.m vestiglat <wm..1._mmuﬂ.m_ g;w.um _ow..m i_amw
. 41.5% 41, 8.5% 8.5%
& §+§i. @é&ﬁr&ésé Fms aimlpA Gremes o
Experimental resuits obtained W;? ed ) Es 9A_B_:34_bb:3aabB_: ,_mma%f AABB : 2AaBb : aabb A_B_:aabb:A_bb:aab_
Observed : % re win 995%‘ fro .ﬁdzu (FixFi) @ 3 N Devi
offspring phenotypes ammtwﬁ A4 black vesigial wings (41%) Parental phenotypes @ : aviates from ©:3:3:1
{out of 2,300) * 2086 grey, vestigial winds i )
@@ 185 black, long wings (3%) Recombinant phenctyses Pisipuitnd 1:1:1:1 @@f Giiates from
s .
s Thelarger &r of parental phenotypes to recombinant phenotypes Indicate that parental @”{ 1 -
genes w%@ ed, therefore: ﬁ% _Fu o howe
s To note: _555;@ et ™ VTND YIRS
re on the same chromesome and s For linked genmes, draw ‘stick’ ) . i ke, @e& r . . |
L diagrams Lanack @@@ :
. Mmm:mwmmwmﬂm %»_nx. diagrams must % ~ - do ﬁdsﬂ RHEOA
1
Tncepending Ty

are on the same chromoscme.

t gt &

i ; ; mﬁe%m ARV } [ sumy, %&%v
« As mentioned, most breeding experiments involving autosomal linkage produce larger numbers of parental
phenotypes in comparison to recombinant phenctypes. The 2 parental phenatypes will be in approximately
equal numbers (e.g. 965 grey, long wings and 944 black, vestigial wings — refer to example on Page 24)
and the 2 recombinart phenotypes will be in approximately equaf numbers (e.g. 206 grey, vestigial wings
and 185 black, long wings) as weil.
« The number of recombinants depends on the proximity of the linked genes,
« If two genes are close together on a chromosome, the chances of them being separated by a cross-over

are smaller than if they were far apart.

_ cafou i.m_._.ﬁ,ﬂ,za
{ sist updatsd: by MdmiS ¢
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(3)

SEX DETERMINATION

Human cells: 23 pairs of chromosomes — 22 pairs are described as autosomal {non-sex) chromosomes
and 1 pair as sex chromosomes.
Females: 2 identical sex chromosome:
Maies: 1X and 1Y chromosome -
carry Y chromosome.

- all eggs carry the X chromosome.
50% of spermms carry X chromosome and 50%

Function of Y chromosome varies with different organism.
— In human, it controls the differentiation of testes from undifferertiated gonads of developing
ambryo. The Y chromosome carries very faw genes - genetically inert,
— The Y chromosome carrigs the SRY (sex-determining region Y) gene. This gene codes for a
transcription factor, TDF (testis-determining factor), which induces the development of testes.
The testes produce testosterone which then initiates the development of male sexual

charatieristics. .
Sex Chromosome Abhormalities £ ™, ~
Genotype Gender Syndrome & Physical Traits
XXY, XXYY, XXXY | Male | Kiinefelter syndrome | Sterifih. ) small’  testicles,  breast
enldfiément
XYY Male XXY syndrome L NofTal male traits
pis] Female Tumer syndrom @\%mx organs do not mature at
=% radolescence, sterility, short stature
XXX Female ._.q_m03<%iﬁa Tall stature, learning disabilities, limited
fertility

development - appears as a tightly coile ly staining body attached to the inside of the nuclear

aw‘ @g
_:wm:._m_mBm:,_am_m.o:momc‘_m?‘c% nsﬂ%ﬁmw mmmmmom<m_<.m35ao,a:,.<QOmﬂ_<.=._mn_va.o:H
membrane - Barr body. {refer to OrganSafion and Control of Prokaryotic and Eukaryotic Genome 1I).

1

Sex determination of some other ﬂﬂwymamu
Organism

. Drosaphila &a@
2. Grasshoppers, oon%mmm X0 XX
3. Birds (including pouliry) ZZz AW

@ Wale Female
P x

(gimilar to mammals)

{single copy of X in the male)

Lastupdated by: Mdm.S Cross. MrsYeo YT, Mr: Derek Ta
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noa-homelogous portion
of the X chramosome

hemologous portion
of the sex chromosoimes

+ Characteristics determined by genes carred on the non-
therefore appear in males even if they are re
sthe'recessivaialicle):
+ Hence, these characteristics are sex-linked.
»  Sexlinked characteristics can be detected by their unigue pattern of inheritance.
1. the male offspring will only obtain these features frem their mothers e
2. daughters get their sex-linked features from both parents »mwf

O Norma Female

.ﬂ%ﬂ NormaiMale ]
XMWV Hemophifiac vale

]
[red ] mv
Leopcld Beztrice Helera

© Carier Female

g %rav Ererelar:

i | Nicholas {1

1 ¥ictoria

2 Edward Vit
3 Irene, .

4 GeorgeV
5 George Wl
6 Margaret
7 Vicloria

& Alfcngo il
9 Juan

alt wmmmmmwzm”wa

Edward 14
1% Aniig 15
Sarah 16

14

Fig.12 The family tree of Queen Victoria showing the inheritance of sex-linked disease haemophiliz

e, CEOUSEIL COMViamatatun o
ﬁmmwuzuqmﬁwamwmn.ﬁaﬁrmﬁxo_ﬁmnmwﬂs_ﬁ%moxﬁ Mr.Dereki T

2098-2013
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Example 1 rla 2SS
The following genotypes and phenotypes can occur.

Let X" represents the female
X represents.th

et

Y represents ma zawmmgomo I
Genotype Phenotype o
XHxn Normal female nmm_.:mm ammnm "M_M_Wm
X Nosmal female (carrier) %
XMy Normal male pherdype.
Xy Haemophilia male

Parental phenotypes narmal female (carrier) X :onjmp male

Parental genotypes (2n} XHxh X x5y

26182018

d clotting (domirant)
(recessive)

L

Meiosis .me
Gametes (n @ @ - @ @
(r} ﬁﬂf
S
oo
Fertilisation & Gametes
@y XHYH X1y
normal female | Normal male
Gametes %ﬂi
@ﬁ @ KHxh XY
s Normat female | Haemophiliac
: RN {carrier) male
7 o ki Hyh :J\
Cffspring genotypes nna%& xXHy XX X
Offspring phenotypes &y al .._.._wmss.u_u iac
male

s
Oifspring vsm:oﬂm_.o
ratio 1 : 1 : 1

carousell.com/izmafatunicom
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Example 2: TReéd-gréen;colarblingnass < sexinked,

Let:  XP represents the female chromosemes camying the normal allele for colour vision (dominant)
camying the allele for colour blindness (recessive)

X® represents the female chromoso

& condition

Y represents male@ GE0me

Genotype Phenotype

XBxR Normal fermale

XBx Normal female {carrier)

XBY Normal male

XY Colour-blind male
Cross 1
Parental phenotypes normal female X colour-blind male
Parental genotypes (2n) XX X Xy

Meiosis

Gametes {n)

&
&0

Fertiisation =7 Gametes
& O
S
& XEXP xBY
Normai female | Normal male
Gametes
Fo¢ XBY
Normal female | MNormal male
(carrier)
Offspring genotypes (2n) XBY XY
Offspring phenotypes nermal normal
male male
Offspring phenotypic %f@
ratio @@ 2 1 1
Cross-2
Parental phenciypes normal female {carrier) X nermal male
Parental genotypes (2n} XBYh X xXBY
Meiosis
Ganetes B ® O
Fertilisation Garmeles

S

9

XEXE XY
normal female Normal male
Gametes
XBXP Xy
Normal female Colour blind
{carrier) male

miiamafatuni ) ) ) ]
1dm £ Grose, Mrs.-Yeo YT, Nir Dergl Tan, Mr bow CM
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s The recessive gene causing colour blindness is exchanged from one sex to the other at each generation,
This means that the father passes it to his daughters, who become camiers. The daughters may in turn

H2 Eiology
Offspring genotypes (2n)  XBXP XBY XBXb Xy
Offspring phenotypes normal nomal nermal colour-
female maie female blind
{carrier) male
Offspring phenotypic
ratio 1 : 1 : 1 T K

pass it to their sons, who wili be colour-blind,

+ Colour blind females can only arise from a cross between a colour-blind carrier female and a colour blind

male,

Note:

|
|

] the parents? Show the genetic diagram.

You need to know that haemophilia and colour blindness are sex-linked and recessive

conditions.

Male always jnhetit X_chromosome from mother thus the X-linked disease since his Y

iedh ehie. alles w&

chromosome is from his father.

Y

Hint: Determine if the fernale is homozygous or amum.&uﬁo:&f oo & BANE .wﬁ a

Let

Last TRRYTSU B RIBRREEREES, Mrs Yoo ¥ Mr Dereld Tan, Mr tow €8 5130,

R represent allele for red colour Eu:.._:m_._m%f@ vﬁt@gi@éﬁ

r represent allele for white eye colour () ive)
XX represent female chromosomes ..fmw
XY represent male oraﬁomoamw%w

Parentai phenotypes :Dmﬁmmmwmam_m (carrier) X normal male

Parental genctypes (2n) mw& * XRXr X XRY

@,@
& & ©® 0

Meiosis
Gametes (n) ﬂ%f@
O

Fertilisation

etes
e X Xy
Red Eye Red Eye
female male
Gametes @ XRXT XY
Red Eye White eye
female {carrier) male
Offspring genotypes (2n) XBXR xRy XEXY Xy
Offspring phenotypes red eys red eve red eye white eye
fernale male female male
{carrier)
Offspring phenotypic

ratic 1 : 1 : 1 : 1

2018-2018

L | ete frwriiores,
| nitede~ Foed eyes
¢ Bathar tns Vel ee” AAY

33

|
| Q. A male and female fly, each with red eyes, are mated. All femdle:progeny have red eyes, haif !

of the males have red eyes, and half of the males have whiteyés. What are the genotypes of '

2 separate crosses are conducted using th

For exampie:

H2 Blology 20182018

particular cHatacteristi¢is sex-linked: Jn a reciprocal cross,
e same characteristic but the sexes are reversed.

e e
e e—

Cross 1 : A frue-breeding red-eved female crossed with white-eyed male
Cross 2 Atrue-breeding white-eyed female crossed with red-eyed male

To illustrate this,

Let: x”h represents the female chromosome camying the normal allele for red eye (dominant)
X' represents the female chromosome carrying the ailele for white eye {recessive)

Y represents male chromosome
Gepotype
YR
b 4

xRy
XY

O_.,o.mw.

u:nsoﬁﬁ w P
Red-eyed female fm,f
Red-eyed female . E@
White-eyed female JM@

Red-eyed male )
f%

White-eyed malg

<2

““Parental phenctypes Red-eyed fem @q X Whit
Parental genatypes (2n) XRXR % X _mﬂwv.ma el ’
Meiosis /@v
Gametes (n) ) @ @

Fertilisation
% Gametes
O ) O
L XRX X®Y
@ Red-eyed Red-eyed
Gametes female ‘male
XRXT xXrY
Red-eyed Red-eyed
female male
Offspring genotypes (2n)  XRXT XRXF XRy XFY
Offspring phenotypes Red-eyed Red-eyed Red-eyed Red-Eyed
female female male male
Offspring phenotypic
ratio 1 1 '

Last ipcl e B8f SMAASPENEREArS. Yed YT, WF Dok Tan M Low CNF




Raffles Institution H2 Biotegy 2618-2018

‘Farental phenotypes White-eved famale X Red-eyed male

Parental genotypes (2n) XOXE X XRY
Meiosis
Gametes (n) @ @ a @
Fertilisation Gamotes
@ XX XY
Red-eyed White-eyed
Gametes female male
@ XRXE Y
Red-eyed ,_m,/ White-eyed
female 4 male
of@
Offspring genotypes (2n)  X®X' XRXT XY
Cffspring phenolypes Red-eyed Red-eyed f te-eyed  White-Eyed
female female mf ale male |
Offspring phenotypic aﬁﬂy
ratic
214@ o<§5 cox~Mizd 3_%%353

J&a Prtr s OMEETWLON n (Pl

Analysing the phenotype of the ommnm:m en fe to determine if the characteristic is sex-linked, In cross

1 where a trug-breeding red-eyed female ¢ @ with white-eyed male, all male and females are red-eyed. In

cross 2 where true-breeding i:nm.mﬁ@hm« crossed with red-eyed male, all females are red-eyed whereas
all majes are white eyed. e

&

at the eye colour is sexdinked as the phenotypic frequencies of the

The phenotypic frequencies sho
" ki . e characteristic is not sex-linked, the results of the raciprocal cross will be

reciprocal crosses are differe

the same. ,mi
@@

carousell.com/izmafatunicom
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Sinale gene disorders
Autosomal dominant Prevalence Description
{approximate)

Huntington's disease 1in 13000 Huntington's Disease {HD) is a nervous degeneration.
Onset of iliness in early middle age and death within 10
years,

Achondroplasia (lethal 1in 26000 I a form of dwarfism, All are genetically heterczygous as

gene) homazygous condition is lethal

Treacher Coliing 1 in 50000 Characterized by craniofacial deformities and absence of

syndrome cheekbones

Progenia (Hutchinson— 1 in & million Is an exiremely rare genetic disease wherein symptoms

Gilford syndrome) resembling aspects of aging are manifested at an early
age. Due to the mulation of gene LMNA resulis in
preducing an altered protein prelamin A. Thus meking the
nuclear enveicpe unstable and progressively damages
the nucleus, making nm% Hkely to die prematurely.
Live to mid-teens or ea nties.

=
Autosomal recessive Prevalence Description aff&
{approximate) .ﬁf

Sickle cell anemia 1in 625 Distorted ragd™bipod cells biock capillaries causing a
cessati . biood supply results in severe haemolytic
anaemi onset in infancy.

Cystic fibrosis 1in 2000 Itis %%mmnmn by ebnommal transport of chloride and
moammw AcToss an munsm__:a leading tc thick, viscous
QW Stions, Results in poor growth frequent chest

ctions, and coughing or shorthess of breath,

Tay-Sachs disease 1in 3000 Tt causes a progressive deterioration of mental and

physical abilties that commences around six months of
age and usually resuits in death by the age of four.

Phenylketonaria

1in 12000 [

e

A mutation in the gene for the hepatic enzyme
phenylakanine  hydroxylase  (PAM rendering it
nonfunctional. When PAH al is reduced,
phenylalanine accumulates and is convered into
phenylpyruvate. Untreated PKU can lead %o mental
retardation, seizures, and other serious medicai
problems.

Severe Combined
Immunodeficiency
(SCID)

500000

I3 a genelic digorder in which both "arms” (B cellsand T

- celis) of the immune system are impaired due to a defect
1 in_ohe of several possible genhes,. Victims are extremely

vilnerable to infectious diseases and need to stay in a
sterile environment e.g. the boy in the hubble.

Cockayne syndrome 1 in 100000 fs characterized by growth failure, impaired development
of the nervous systemt abnormal sensitivity to sunlight
(photosensitivity), and premature ageing. The underying
disorder is a defect in a DNA repair mechanism

Y-dinked recessive Prevalence Description

{approximate)

Duchene Muscular 1 in 7000 A progressive neurcmuscular disorder and Is muscle

Dystrophy weakness associgted with muscle wasting with the
voluntary muscles

Haemophilia 1in 12000 Haemophilia tmpairs the body's ability to controi blood

clotting or coagulation, which is used {o siop bleeding
when a blood vessel is broken, Can lead to excessive
biood kst and death,
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Key words

dominant

recessive

homozygous

heterozygous

test cross

reciprocal ¢ross

parental phenotypes

recombinant phenotypes

mask the effect of the recessive allele
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CORE IDEA
(2) GENETICS & INHERITANCE

GENETIC BASIS FOR
VARIATION (Il)

Content o
)

* Interactions between laci ” @
Learning Outcomes ﬁ%
Candidates should be able to: %«M@

(aa) describe the interaction between loci (epistas) d predict phenotypic ratios in problems
involving epistasis (knowledge of the expecte io for various types of epistasis is not required;
focus of this section is on problem mo_ﬂaf@

(cc)  explain the difference between geneti i&tion that is continuous (many, additive genés control
a characteristic) and genetic vart that is discontinuous (one or a few genes control a
characteristic} @

{dd) use the chi-squared test to mm@w significance of differences between cbserved and expected

.

results. Jf

Use the knowledge gained in %&o: in new situations or to solve refated problems.
T,

}{

“Yag?
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«  Griffiths, Wesster, Lewontin and Carmoll, INTRODUCTION TO GENETIC ANALYSIS, §™ Edition

* This handout is the effort of several Biclogy teachers at Rl (Yr 5-6). It has and will

continue to be updated.

**Any information given in a double-lined box is for your information only.
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L.earning Cutcome (LO) (cg] . ] . |
(ce) explain the difference between genetic variation that is continuous (many, additive genes confrol 2
characteristic} and genetic variation that is am.,moo:z:cccm {one or a few genes control a characteristic) tantinuoss variation sof
vatiation in the height of adutt male 7
humans; the results cluster quit
. Di inuous and Continuous Variation Clasely around one value, and show 40 F
A. Discont a mrmal distribution (in this type of E)
distribution the mean, median and gl
mode vaties coiticide); for =
convenience i plotting, the heights =
P are grouped into 13 whltrary E @r
. groups, each covering a height =
range of 2 am 0F .
40 v g
rercemtar & oé&&.@%%?vy»&)ﬁ mww«%
populalion g aﬂﬁfc g .(%\A?\A/Rbﬂéa\)%«)
1 . Heights (in 2 con-bg
” P :
20 \;)Wf Figure 2, Example of continuous variation - height of adult Hg_ﬁﬁwnmnm
L KNMM& Features: me”V
10 @. * Differences are sfight and phenotypic differences <®.M®v:m a continuum in gradations. No
s ) m«y distinct groupings are formed. @v
Figynd ) e
o continuous (discrete) variation showing the * There is & range of phenotypes for one n_._mamoﬁ@_o 2.9, human exhibit continuous variation in
Becentage of individuals in a population with N a .ﬁ«
. height, waight and eye colour,
ur different (discrete) bicod types . o . o @
» Continuoys varigtion of guantitative va .Mu usually indicates polygenic inheritance, where
there is an additive effect of twe or mo; ually many) genes on a single phenotypic character.
= Polygenic inheritance will result in *shape normal distribution curve (unbroken range of
Features: phenotypes) where intermediate types are more common than extreme phenotypes.

R - henatypas. * Phenotypes are affected by jfonmental factors. For example, exposure te sun, also affects
There are dis Rhenatyp " the skin-colour phenotype argipéke the graph smocth rather than a step-like histogram.
= Generally caused by n%ﬁ alleles of a single (few) gene(s). .

= Their phenotypic e; ion in many cases are unaffected by environmental conditions. .4, }V
bliood groups in QO system - A, B, AB or O; green and yeliow peas; wrinkled and smooth

peas. .m?
<

§§ émgamsum k)

= Ty - IS TA TV (VP e T
eontedd by dig algporTt gh%zdm %ﬁ%@% o
o Al Wane Voot e

ad v eviNedymeact,
Grerasmtty whartfosied ¥ ﬁc%?sbm\%%@,aﬂo songamal oFSHRGAR
Apaneinent o partes fh@ihcty P
v tpmne Aot
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Wiay be non-heritable (e g, sunbum in a fight-skinined
Individual} o hertable fe.g. skin colour in dilferent races).
The second type, which result from genetic changes, are the
most significant In evolution. :

L MR TATIOTNS %
Mutation is any changa in the sbuclure of the amount ,4
DNA I 35 organism.

po GENY

t—— A gene of poinkmutalion occurs at a single locus
or 2 chromasame - most commonly by defetion,
additionar substifution of 2 nucleotide base.
Examples are sickle cefl anaemta,
phenylketonuria and cystic fibrosis.

|—— A thange in dirgmosome stfaciure occus when
a substantial portion of & chromasom [s altered,
For example, (i-du-chat syndrome esufts from
deletion of a part of human chromosome 5, and a
foxin: of while blood cell cancer lollows

focation of a portlon of ch yme 8 o
chromosome 4.

— Anecploldy typically the foss or galn &f a single
3 results fom non-disjumction 1
which chromasomes faff to separate at anaphase
of mefass. The best known exatnples ate Dovn's
syndrome (extra chromosome 21}, Kilnefelter's
syndrore (male with extea X chramosome) and
Tumer’s syndrome (female witl one fewer X
chromosome),

——  Polyploldy ithe presence of additional whole sefs
of chromosomes most commonty occis whea
cne or both gametes Is diploid, forming a
pelyploid on fertiiization. Polyplofdy is rare In
animals, but there are many tmportant examples
in plants, eg. bananas are tiploid, and tetraploid

= JLILES S 2 EA B N S B et L B R

e

8

b

EEEE
i £
HOGESY 203gay

& =

Variation is e basis of evolution,

Diacondlatous varlation occus when a characleristic is
efther present or absent {the two extremes) and there are no
Intermediate farms.

Such vattafions do nol g,

give nommal %
distribation curves bul 2
barchats arecften 2
wsed to Hlustrate the §
distribution of 2 3

particular
charactesisic in 2
population,

fxamples are human bifood groups fn the ABQ syster {0, A,
2 of AB), basic {ingerprint foss dloop, whorl or arch) and
tongue-roliing {can or canncd).

Acharacterlstic which shows discontinuots vatiation is
narmally controfled by a singlz gene - there may be two o
more alleles of this gene.

Conlinuous variation cccurs when there 5 2 gradalion
between pe extreme and the other of some given
characteristic —zll individuals exhibit the chamcteristic bt lo
diflering extents. @

diswibution is plotied
forsuch a
characleristic a
gormal o Gabssian )z
[P distribution is

il a lrequency §
z

i T 18

SHEren
s the average number of such a group (i.e. the
f Individuals divided by the number af groups),

e made ithe mest common of the groups and the median
jis the central vahie of a set of values.

Inmatoes are fanger and richer i vitamin C.

Sexual or genetic recombination is a most polent lotce In
evolution, since it reshuliles genes into new combinatioas. It
may Involve

#ree assoriment tn gamete formallon
erossing over during melosis
random fuston duslsg zygote formation.

Typical examples are height, mass, fiapdspan, of number of
{eaves ora plant.

Charclesistics which show continugus varation are
controlled by the comblned effect ol 3 number of genes,

cailed pol and are therelare polygenit X
Poiyg Polyg
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Genetic Basis for Variatfon (II} (2 Blology) 2018 = 2019

(am) describe the interaction between lodl {epistasis) and predict phenotypic ratios in problems involving
epistasie (knowledge of the expected ratio for various types of mv_mﬂwmnam _wrmlﬂsuoﬁ required; focus of this
section Is on problem salving) P Lood

BT C B
B. Epistasis

" ==
1. Definition of epistasis interndtn et %.. Fone loth

Epistasis is a form of gene inferaction in which a gene at one locus alters the phenotypic expressicn of a
gene at a second locus.

«  The gene whose phenotyne is expressed is said to be epistatfe, while the gene whose phenotype
altered or suppressed is said to be hypostatic.

= Epistasis shoukd not be confused with dominance, which is an interaction between alleles at the

same gene locus. .ﬂwf
= Epistatic allsles can be efther dominant or recessive and each ngives a different modified
dihybrid ratio. N

o A recessive epistatic allele hides the phenotypic effgttsof alleles of the other gene when
the recessive epistatic allele is present in the home2yaous condition,

o A dominant epistatic allele hides the phenp
itis present in the homozygous or hetero

of aifeles of the other gene when
cendition.
= |n epistasis, we will observe deviation from 1 ratio in different combination (e.g. 9:3:4,

S:7)

2. Example 1: Comb types of chicken (9:3:§ . yatio) — ihis is not the same as the usual dikybrid ratiof

Aus nSQS.dE?M

FRaose

The first case of two different genes interacting to affect a single irait was discovered by William Bateson
and Reginald Punoett in 1908 while they were investigating the inheritance of comb rmorphology in
chickens. In their studies, Bateson crossed a Wyandotte breed having 2 rose comb with 2 Brahma breed
having a pea comb. All Fy offspring had walnut comb,

When these F+ cffspring were mated to each other, the F; generation consisted of chickens with four types
of combs in the following phenotype ratio: 9 walnut : 3 rose : 3 pea : 1 single. - m\ﬁ.m.Tﬁ.u.i

The Fy differed from both parents and twe new phenotypes not seen in the parents appeared in the Fz. How
can thig resuit be explained? The first clue is the Fz ratic. We havé seen this ratio before when the Fr from a
dihybrid cross is selfed (or inter-mated). This observation suggests that two genes may control the
phenotype of the comb,

Last updated by: Ms Eva Hor, Mrs Wong SH, Mr Ganison R., Mr Derak Tan
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Parental phenotype foge comb X pea comb
Parental genotype RRp'p’ PP
Gameles e °
F1 genotype Rrep'
F1 phenotype All Walnut (new phenotype)
Setfcross of F1 generation RrPp’ X RrPp'
Fz

me'p’

pea single
F2 genotypes IR _P, : 3mP_: 1rmp'p’
Fz phenciypic ratio : 3pea 1 singe

A 9:3:3:1 ratio is'obtained in %mzmm&o: when the F1 generation is heterg;

3 ’ 1 zygous and these genes
m.mmon _=um.nm_._am3_<. Hawe) important difference here is that we have four distinct omnmno_.mom fora
single trajt. Based on -3:3:1 ratio, Batesoh and Punnett reasonsd that = single trait {comb

morphclogy) was aﬂm:@, by twao genes.
4 Lopistoar)
‘R {rose’comb) is dowiihant 6 r - fppned s
P (pea comb) is dominant to p’ agepes 9 n Provets

R and P (walhut comb) are codominant
P’ produces  single comb navmet el

Phenotypes Genotypes
Wainut RP
Rose R.pp
Pea P
T

IMPORTANT! This case study is a very special case of gene interaction, It should not by

] h ; . e confused
with the diliybrid ratio of 9:3:3:1 for a F; generation from the selfi i
earlier Mendelian Genetics I lectures., i g of Fy that you learnt in the

In dik _...._.E _.m.:om we are referring to 2 genes. each controlling 1 trait whilst in Example 1 above, we
are geating with 2 genes controlling only 4 frait (e.a. comb-shape).

Last updated by: Ms Eva Har, Mrs Wong SH, Mr Ganigon R, Mr Dorek Tan
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334t

Ratescn and Punnett discoverad another unexpected gene interaction. They crossed two
difarent varieties of white-flowered plants. All the Fy plants had purple flowers. When plants
from tie F1 generation were aliowed to self fertilise, the Fz generation gave a phenotypic
ratio of 9 purple flowers to 7 white flowers. Explain the resuits.

@

Parental phenotype White X White
Parental genotype cep'p ¢'c’PP
Melosis e °
Gametes (n)
F1 genotype CoPY (| gnifle heteramgote)
F1 phenotype All pumple
Self-cross of Fr generation Cc’Ppt X Co'Pp! ﬂ@
Fertilisation o produce Fz . ﬂqw@
] @@ @
b
cePP cepp mm@, Cepp CoPp'
° Pumple Puml @ Purple Purple
e CCPp' Lepp Co'Pp’ Co'p'p’
Furple .f Purple White
Co'PP ﬁf{ 'Pp - PP e Pp
e Purple wa%w Purple : <<s_,".m. White
Ooﬁﬁ.fwi Cepp i cc'Pp' .. c¢c'p'p
° Pl White | White White
I.W..wk
F2 genotypes ﬁv@ 9C P_: 3¢ pp: 3c'eP_: 1 o_o_lvuu.

—

Fz vamzoa%o 9 Purple H 7 white

Biochemical pathway

Epistasis often occurs when two (or more) proteins are part of an enzymalic pathway. In this example, &
coleuriess precursor moleculs go through a pathway involving 2 different enzymes in order to produce the
purpie pigment.

Gene C codes for a functional enzyme C, which converts the colourle: recursor into a colouriess
intermediate. The homozygous recessive alleles (¢’e”) result in absence of functional enzyme C {either the
enzyme is not produced or the enzyme produced is non-functional}. Gene P codes for enzyme P, which
converts the colourless intermediate into the purple pigment. Homozygous recessive allele (p'p’) results in
absence of functional enzyme F.

If an individuai is homozygous for either recessive allele {genclype c'c’ or p'p’) it will not make any
functional epzyme C ar enzyme P, respectively. When either of these enzymes is missing, purple pigment
cannct be made and the flower remains white.

Last updated by: Ms Eva Hor, Mrs Wong SH, Wr Ganison R,, Mr Derelc Tan
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This is shown in the diagram below:

v o s St bl forpafiovany il

mmHm ¢ \ mmHm P .\

: WMM”M”W m...|~§..mfmf| _Mﬁw__...ﬂ_h_nmwnwm i!_.m.%}mw.lllv Purple pigment
- C.. f.
Genotype Flower Colour Enzyme Activities
C.- P purple pioment produced; flowers colored functicna! enzymes C and P
O\ﬂ_ﬂ 119 purple pigment produced; flowers white enzyme P ngifunctional
o,od ml no purple pigment produced: flowers white m:ﬂ.BDAWVo?E:QE:m_
cc z.? no purple pigment produced; flowers white m_._w&mem and P non-functicnal
Tvpe of Epistasis %
Since mnmoqv.a o.o.. :ﬁmxm the phenctypic expression of Pip _m%/ﬁ say that
genotype ¢'c’ is epistatic over PP or Pp', CR

genotype c'c’ is epistatic over the P/p’ locus,

Genotype pp' also masks the phenotypic expressio o@ locus, we say that:
genotype p'p' is epistatic over CC or Cc', Omﬁf,

genotype p'p' is epistatic over the C/¢’ locus, %@

This s an example of recessive epigtasis. @

@
Coy'p s §§=@&y§§c s o0y

okt -5 g, Ponefel oiteces of e, Cotiele) vt s

=9t _
_7p¥ T EPRED weeC - (ce]ee)

Co'R ey fner ey IINE A CEY

72 ColVY) > T/ PuneTD st The TR T sefan

5 et wigs MUY
5 gm\w T %ﬁ% Vel w' ﬁ—w%r Q,Wﬁ/q)w
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A, Example 3: Coat colour inheritance in Labrador retrievers. Awnﬁ%«_ov

Coat eolour inheritance in Labrador retrievers is determined by two genes. Twe alleles B Genotype B h

and b, of a pigment gene, determine i) black and (i) brown, respectively, Another i e Pi

gene, C allows colour deposition In the coat and ¢'c’ prevents deposition, resulting in . .ﬁ Genatype € igment deposited + Black

{iii) the gold/yellow phenctype . Enzyme B ) —

i recursar  ——ee——-—-..p Black pigment

Pure bred black Labradors (CCBR) were mated with goid Labradors (c’c’bb). The Genotype o'

offspring were all black. The black Labradors that are heterozygous for both genes Pi "

{Ce’Bh) were mated. What will be the expecied phenotype of the Fz generation? Show i Geno bb igment ot deposited Gold

your answer in a genetic diagram in the space below. : Pigment deposited —— Brown

Enzyme b Genotype G_
Precursor » Brown pi t
Parental phenotype Black X :
: Genotype c'c’
Parental genotype CCBB Pigment not deposited -«—» Gald
Meiosis ° &Mf :
Gametes (n) _ St i e i v et e %.%r e e
F1 gerotype Ce'Bb - Genotype Fur Color | Gene Actions *, ﬁ. 2
S
F1 phenctype All blay i Oi ml Riade _uqmmm_._om. cf C m__m_.m aflows pigment d am.m,wwo: and hence, allows the
Self-cross of Fr generation Co'Bh @ phenotypic expression of the B alleteo fesult in a black fur coat.
e o

Fenilisation to produce Fz é Olwr Brow Presence of C allsie sllows pig eposition and hence, allows for

the phenotypic expression of

le to result in a brown fur coat.

Gametes o_o_ . ¢’c’ genotype does not @n_@«:ma deposition and hence, prevents
e ° @ 9&& the phenotypic mxﬁm.%é the B allele,
in ] P ol . .
_ ) G _o ¢’¢' genotype dogsybtallow pigment deposition and hence, prevents
e Cc'BB Cc'Bb 0 r Qia__ the phenotypic sion of the b allele. P
Biack | BlECK e oy
° Cc'Bb ] Ce'bb Type of Epistasis
i . . L -
- w_mou,,ﬂ.,.i - m:ﬁﬁﬁ%w This case of epistasis is riot caused ﬁﬂ/mjonx in a pathway leading to dark pigment, Geld/yellow dogs can
BB J— : make w_mn.x. or cas.._._ pigment, as e seen in thelr nose and lips. The ¢'c’ genotype does not allow for
e the nmﬂomao_._ of pigment in b < this case, the epistatic gene is "developmentally downstream’: the
i~y ] Gold e Gold...... dominant allele C must be pre fore pigment can be deposited.
&% CoBb bb M c'o'Bb c o gehb This is a case of . The 0'¢" genolype is epistatic over the ke locus.,
7 3 Black il Brown. B0l Gold @
- Fz genotypes 9C B, : w'mlw_u“ 3¢¢’B_: 1c¢’c’bb
—
F2 phenotypic ratio 9 Black / 3 Brown ! 4 Golden

Biochemigal pathway

Allele B codes for enzyme B which produces black pigmentation. Alleie b codes for enzyme b which
sroduces brown pigmentation. A separate gene, C allows colour deposition in the coat and ¢'¢’ prevents
depesition, resulting in the gold phenotype.

08" B- Way Sy ‘S.ieie_ﬁ@ ne siglidl
Byt 3 Pnotgyts oectEol S oireles ST ween
RS = wasled ! by g o e (g C) '
= ot WS day evstgply SVRETOn 0F g Bl ieena
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5. Examnple 4: Kernel colour in wheat (15t1 ratio)

A pure line wheat plant with a coloured kernel (genotype = AABB) is crossad 10 plant with white kernels

(genotype = aabb). All Fy offepring had coloured kemel, When the resuling By plants were selfed, the
offspring gave a ratio of 15 coloured kernels: 1 white kernel. Explain the results.

Parental phenotype Coloured X White
Parentz! genotype AABE aabb
Meiosis e °
Gametes (n)

Fs genotype AaBb

Fq phenotype Al coloured

Self-cross of Fy genaeration’ AaBb X AaBb @
Fertilisation o produce Fz suwmf

Gametes e e @fﬁ °
ARBB AABD Mndse | AaBb
e Coloured Coloured ﬁ Coloured
AABD : 5 L Aamb i
e Coloured | =nGoleulagemns: . Coloured |
AaBB /wvn b
e Colaured oloured_.. i Coloured .

aaBB
T Bt

sxmnColoured

e paBb %  Asbb aaBb aubb
Oo_cﬁWﬂ - m Colouragy Coloured. .. white
2
F2 genotypes % SA_B_: 3A_bb: 3aaB_ : 1 aabb
Fz usmzoﬁéw% 15 Coloured : 1 white
Biocnemical pathway

~ For this type of pathway a functional enzyme A or B can produce a product from @ commen precursor.
The product gives colour to the wheat kernel, Therefore, only cne dominant allele at either of the two loct is
required to generate the praduct.

Genotype A_

|

A
i Pr Enzyme » Product

Znzyme B

!

Genotype B_,

13
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carousell.com/amafatunicom

Raffles Institution Genetic Basis for Variatior: (H) (H2 Biclogy} 2048 - 2019

7 Genotype Kernal Phenotype | Enzymatic Activities i

9a B tiwund fvnds | Funcitenl Srbimes i kB
5 % 3Abh | ofeend Kool | RAORUA S4MING k vy
W) 3aa8 logvuved, ket | et ) B vy

I doabb vy CMAS | herew  Gnivmed A ¥ aovefucons\ |

If we surm the three n_mmqm:ﬁ genotypes that will produce a coloured kemel we can see that we can achieve
a ._m_. 1 ratio, Because either of the genes can previde the coloured phenctype; this interaction is also called
dupficate gene acfion.

in this case, it is duplicate dominant epistasis.

The A_ genotype is epistatic over the B/b locus and the B_ genctype is epistatic Qmmﬁm Afa locus.

<
B Ve § aal_. Wassmmir (it a5 h R_ %@

e vty R vE- Ve pReme Qo &
ﬂ%%s? L_ﬁ\?n WS AN thpresTV &@%@i B, lons
= B epltam we Bl e & B

N
N

el @.&\m? iotaA,
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6, Example 5: Fruit colour in squash (12:3:1 ratio)

Al the first gene locus, white is dominant 1o coloured, and the gene symbols are W=white and w'=celoured.
This recessive allele must be expressed before the specific allele determining colour at a second locus is
expressed. At the second gene locus, yellow is dominant to green, and the symbels used are Geyellow,
grgreen,

Biochemical Pathways

mmnsﬁum W_ Ganotype G_
Inhibitor W s_d_%n_u_. G
Precursor |

Note: Inhihltor blocks the step ' «m“i
:d

Genotype W_

v

Inhibitor W p «. o

Precursor

Genotype ww'

.

No inhibitor W

Precursor

Coioured )
Qm__o.w@
T

Ganotype ww Genotype gg
v =0 4
hio inhiitor W w(qon._ocqma No inhigitor G
Precursor I (yellow)

When 2 white squash plaé th genotype Ww' Gy are selfed, a modification of the dihybrid 9:3:3:1 ratio will
be produced. The fol able provides a biochemical explanation for the 12:3:1 ratio.
Genotype | { Rmdit Color Gene Actions
S = .
IW G _ White fomilnaine W AIRE  masks the _u:m_.,o@Numo
e q_gmﬂ_ﬂsﬁ\ 43W gg White expression of the tm,ﬁcm (o G alidle g &S@Sﬁ&é
et
tolaes pomvated A WwG Yellow allows for phenotypic expression of the
forfpvitn -
1 wwag Green allows for the phenotypic expression of
Type of Epjstasis

Since W_ masks the expression of G/g locus, the W_ genotype is epistatic over the G/g locus

This is a case of _clrvineut PAROAS
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7. Example 6 White Leghorn chicken.
It the case of White Leghom chickens (genotype CCIl and White WWyandott i rey!
both breeds have white feathers because the C allele i 4 ph S nthons foenatyoe ol

. . 4 .A 'S necessary for coloured feathers, but the I aliele
White Leghoms Is a dominant inhibitor of feather colouration.  The £ generation of a dihybrid uMmH

beotween these breeds has the genolype Co'li, which is expressed as white feathers because of the

inhibitory effacts of ihe f afiele. Predict the phenolypic ratio of the F; gensrati e di;
ovpinis Yo st o 2 G on. Use & genetic diagram to

Pt Fbatry e Wk x _%@Q
ey Grstigp 2228 o'
wRAVETS nsted (n) @ @

H Uy Ch ﬁ%@

# ggﬁ.&ﬁd A %G ﬂ %)MW&
Coli x (g bin
AL ﬁmw@ B
By’ %
&
wvves | €D [ © | W@
T ccIx wamw% CeTt
®) CcLi (3 P eeT
&) (0T LT Tt

Tl s L' o' T / ¢
Qﬁﬁ@

i

F2. opphehpiT CATD 8C_1_:3Ch: 3T el

3 Prentic o (3wt : 3 colowred
Y , Aot o C
C-1- W %mqp 5,4 L Aele gvediuced ova mlnilatoy
Fov- 10 W TTREoN.
Ll btvmured € oy, alineg - prducRon T cdivied, Pati,

,‘r mlé.s, 7?5‘%/\
! g, et Fosul vy WU Tootnds, T
VUL , A7 Wkt windertol for oal VPR
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2018 - 2014

Figure 5. Overview of possible ratios for epistasis

9 AR 2A,_bb 3 2aB_ aabb

AABE AABb AzBB AzBb|AAbb Asbb | |zaB8 aaBb ||aabb
1 2 2 4 1 2 4 2 1

Possible ratios due to epistasis

HU\\\\N\\\\

s

AL 1] 1234

Unmuodified ratic
9:3:3:1

Modified ¥ ratios

10:3:3

N

Each of the boxes represents 3
ratio of 12:3:1, there are two 4

respectively Qom_mn_.ﬁq for a
with 3 units fer mzoﬁzm&%
phenotype. @

# Dihybrid ratio

indicate lethal s rather than epistasis.

[T e

icular phenotype. For example, in the epistatic
“shaded boxes representing 9 units and 3 units
al'of 12) for a particular phenotype, one striped box
otype and finally one white box with 1 unit for the third

p to 16. A ratio of 9:3:3 = 15, is less than 16 and will likely

= brvnmsnrt eFETRAT
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Learning Qutcome (LO) (dd

(dd) use the chi-squared test io test the significance of differences between observed and expected
Tesults,

C. Statisties

1. The Chi-square Test

The chi-square or ‘gocdness of fit" test is used when a sample result needs to be compared to expected
results or a known ratio.

= For example, #, according to Mendei's laws, you expect 100 of 200 offspring from a cross o be
male but the actual observed number was 80 males, then you might want to know about the
"goodness to fit' between the observed and expected resuits.

= \Were the deviations (differences between cbserved and expected) the _.mm_._z of chance, or were
they due to other factors?

« How much deviatioh can occur before you, the investigator, can congl
than chance is at work, causing the chserved to differ from the mxm_mam

.pmmmﬂ:um:»_zocacﬁxzqs.scé”c.. A@Mﬁ
= carry out @ chi-square test, which involves 6 steps and X,mwv

s determine whether the differance in results between @m@awm_dma and expected results is due
solely to chance, wW&!

mn something other

in the exams. You must know how to use the
formula groperly, 1.e. carry out the correct mathem: erations denoted by the symbols in the formula.

Therefore you need to know the meaning of the .%_m

313& dgpred v e

5_:1\ % )2 This i M n:@_.mncma formula which you need to use to calculate the chi-

You will be given the following formula and a c_.;.mn%h

squ alue (7).

g V@HSRG: 0 = chserved value, E = expacted value
%n@ﬁ?
df=n—-1 .ﬁ You will zlso need to calkeulate the %mﬁmm of freedom (df) .
where n = the number of classes, usually phenotybes.

> Uty 0-9)1E fov
STEPS it g%ﬁs%égﬂag

Step 1:  List the expected phenotypic ratio.

Step 2:  State the null hypothesis (H)). [ =¥

Step 3:  Calculate the y? value,

Step4:  Determine the degrees of freedom (df).

Step5: Determine "p”, using the of and ? value to check against the chi-square table.
Step 6:  Reject or do not reject Ho. Draw your conclusion.
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Exannple 1

A homozygous white f{lowered, long-stemmed tobacco plant, Micotians m.ﬂs_.m was crossed with a
homozygous pink fiowered, short-stemmed plant. The F1 generation :mn._ white flowers and long stems.
When the Fi generation was crossed with recessive fester stock, the following progeny were obtained:

51 white flowered, long-stermmed plants,
46 white flowered, short-stemmed plants,
49 pirk flowered, long-stemmed plants,
44 pinked floweted, short-stemmed plants,
{a) Stale using suitable symbols,
N Genotype of F1 generation

Genotypes of four phenotypes in the progeny of backcross

-

Let: W= white aliele, W' = pink allele, @@
L =long-stemmed afiele, | = short-stemmed allele @mwwy

Genotype of F1 generation: Ww'LI mfmmmw«/wy
Genotypes of the four progeny of backcross (test cross): @

White flowered, long-stemmed plants: %E

White flowered, short-stemmed plants: .JMWV ]

Pink flowered, long-stemmed plants: whw'Ll

Pink flowered, shert-stemmed pla % whwil

<

(&) Do the resufis indicate that ﬂWMnmmmﬁ:om of the genes for flower colour and stem length follow
Mendel's laws? Explain, usi test to support your answer.

zﬂiwy - 2
ﬁ%f@ e FOZEN

<
Distribution of
degrees probability, p
af
freedom 010 005 002 00l 0001
Vibere 1 271 384 541 664 1083
O = ohserved value; 2 451 599 782 921 1382
E = expected value; 3 625 T8 985 1135 1627
% = sum of 3 778 949 1167 1328 1847
e i p> oo
VM+ ovnkiy > Wyamn erelanlgizh
" ol gied ML T
gy o,
> diftgronse betvgeh
ey
enyeofos, bevie®:
ek Gyrt. 19
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Step 1: List the expected phenotypic ratio
The expected phenotype ratio of the Fy generation test-crossed is:

1 White flowered, long-stemmed plants: 1 White flowered, shart-stemmed plants: 1 Pink flowered,
long-stemmed plants: 1 Pink flowered, short-stemmead plants

Step 2: State the null hypethesis {Hy)

Ho. There is no significant difference between the axpected and observed values. Any difference is
due to chance alone,

Step : Calculate the ¢* value
Total number of offspring = 51 + 46 + 49 + 44 = 190

Expected frequency = 190+ 4 = 47.5 %%Wy
(since we expect equal numbers of offspring for each ciass of u:mmo_%
Obsérved EX| <3 ]
erv pected .
Fs phenotype frequency (0) ?ma:m:of@ O-EPIE
white flowered, long-stemmed plants 51 No= 8 | (s1475p a7 0258
white flowered, short-stermmed J _
iiod 46 %ﬁ@.w (46-47.5) + 47.5= 0.0474
pink flowared, long-stemmed plants 49 & 7 VV 47.5 (4947 B) « 47 5= 0.0474
pinked flowered, short-stemmed B ) _
ants A 475 (44-47 5} = 47 5= 0.258

=061 Z ﬁw@wg - o-f 1
Step 4: Determine the degrees of m%i {df)
df=nm1=d4-1=3 % (where i = number of classes)

Step 5: Determine ..v:_@m.ﬁ_m dfand 3? value to check against the chi-square table
The 32 <m_cmmb.mj (which is less than 6,25)

Looking up the columns, 0804 Mv o P
the p’ value is mare than 0,10 as :?@ ns wV ]
peoll b dhat rofgt, el
z hyyriee s
Step 6: Reject or do not reject He, Draw your conclusion. nWJv T nﬁ 3@)31,%,\

mm:omuvo.._os.!n:mmm«mmnm_.?u_._uvPommﬁm.xu“@m_oﬂ significance, we do not reject the
null hypothesis ——

(The probabllity Is very high that any difference is due to chance)

There is no significanf difference between the observed and expected offspring. Any difference
i$ due to chance.

(Note; Lack of evidence against a hypothesis is not evidence for It so you do not accept Hp. So you
conclude that you do net have enough evidence to reject the null hypothesis).

20
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What if 2t level of significance of 5%, p < 0.057

»  We would reject the null hypothesis and conclude the difference between observed and
expected results is not due to chance alone.

«  Then the results indicate that the inheritance of the genes for flower colour and stem length do not
follew Mendel's laws, Some other factor could have contributed to the difference between the
ohaerved and expacted values.

Example 2
The colour of wild mice is agouli white mice lacking the black band in each hair are yeflow. In 1305, a
genaticist reported that he had been unable fo get homozygous yefiow mice.

A rumber of gensticists then pooled their data on the results of crosses betwean yellow mice and found that
out of a total of 1598 progeny, 1063 were yellow and 535 agouti. individual litters tend to he sraller than
normal.

— O L lefiay 4eines

1. \What js the expected phenclypic ratio of the offspring for a cross invol %o yellow parents?
(Step 1: List the expected phenotype ratio) N
Al s lopay—Etl

Step 2: State the null hypothesis (M)

Hy:. Thers is no significant difference batween pected and observed ratios and any difference
is due to chance alone, @v g
.

3
Step 3: Caleulate the 3* value %f

.
Fur colour Oumm.e@n?{ Expected (E) (O-E)? (O-B)NE
Yellow jo83 Gt | 11983 By 2 | 1538025 15.31%
535, Nt 3065 5O | 18360.25 45.958
xwim.waiﬂ T g1.277 A bi-3
518

z
Step 4: Oﬁmaﬁ.:%_.%m degrees of freedom (df)
dE=n-s =)

Step 5: Determine “p”, using the dof , and y2 value to check against the chi-square tabie
pav.tm
ancw D& 0TS, ot L L R
L A (0
sy difteroine
re dwy o tMAMKL)
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Step 6: Reject or do not reject Ho. Draw your conclusion.

Practice Question 3

Different inbrad fines of chickens show pronounced diffferences in mortality following infectionr with
. ! e
doses of two different straing of the bacterium Salmonelia fyphimurium. v ¢ sl

5.: an q‘ae..mwﬁ._.m_m:.on 3.3 the inherftance of resistance, a serfes of crosses was rmed Detween two
inbred lines of White Leghom chickens, one lfine resistant to infection bacterium and ona

m_._mqmﬁ_.”_zm, The resulls of infecting newly hafched chicks of each inbred fity ¢ of the cross between a
susceplible male and a resistant female, are shown in Table 2.1. K m.m

Table 2.1 @

*‘ MorSily) % chicks affected
Line of chickens WWNW: of 3. typhimurium
\ﬁm‘wv F93 Swindon
Resistant \ww N 40.0 0.0
Susceptible R 100.0 35.7
Cross between susceptible .ﬁmza 45.0 0.0
resistant female (F1 3&1&:%

It is thought that resistance to S. ?c__:._ﬁwgm controffed by a single gens.

@

a) L Qms.o. mE.B.w._u” symbols; @E a genetic diagram fo show how resistance fo S. fyphimurium
(Swindon strain) Sn%amﬁmu in the cross shown in Tabie 2.1. [3]

&
o
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i Predict the ratic of resistant fo susceptible chicks resulting from crosses between the following
birds,  [31

Suscepiible parent x F1 hybrid
Resistant parent x F1 hybrid
Fi hyhrid x F+ hybrid

. Suggest two reasons for the differences in the rasistance of the chicks fo the two different strains of
S, yphimurium shown in Table 2.1. [2]

ected with equal doses of
of & resistant male and z
erium, cnly 3 died. in both

When 20 chicks from crossing a susceptible male end a resistant fornale were.4i
strain FO8 of S, typhimurium, 9 died, but when 19 chicks from the reciprocai #
susceptible female were infected with equal doses of the same strairy
cases, 8 chicks (40%) were expected to die.

h) i State two reasons why the observed results of such Xﬂ% may be different from expected

resufts. [2f
>
&
&

.
i Use the chi-square (%) test, and the nch%@wgmc ies, o find the probability of the results of the

reciprocal cross (resisfant male an ptible female) departing significantly by chance from
expectation, Show your working. @

o

xirest .
NMHMAQIN‘UN Distribution of 32
E degrees probability, p
o

Sreedom 010  0.05 0.02 0.0i 0.001

1 271 384 541 6.64 1083
2 461 559 732 921 1382
3 625 732 984 1135 1627
4 778 949 1L 1328 1847

da n_mmﬂ
: number of classes

n
o] : observed valve
E : expected value

yE= probabifity = 4
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{Step 3)
Fur colour Observed (O) Expected (E) (Q-E)? {O-E}E
Survived
Died
(Step 4)
of =
(Step 5)
Probability ﬁﬁf
o
i, Stale the conclusion that can be drawn from your calculation of %
(Step &)
4

Last updated by: Ms Eva Hor, Mrs Wong SH, Mr Ganison R, Mr Darek Tan

carausel.com/famafatunicom




WO BB L0 ||9SN0IED

WCoUNJERUIBIALCS [ SSNCIED

UeL yedor] A Y UOSINED N "HS BUoM SIN “I0H A3 S £ pojepdn 358

5T

B N9 I Y UosueD I ‘He Buopy SIW JoH eag s SAq peteptn 1527

92

LCISNOUDD INOA M) "0 J0slad Jou op 10 jsley 5 delg

P or « = probability
N

PANLE OF QUL FOUANR DISTRIDLTION

hZ'L"""xz e

055 1A N T TES 020 0,10 005 0005 D.08 N B - C}
o - [
1| om ;9; o.a’f‘asv a.o’saa 2.0 000353 0.7 Qothz Wiz 208 3 smh iz 603 7879 mdez| 4
2 | 0,010 6,02 X o.Mt 0446 »rio bhos G990 TLME Aded 921 10.W7 A5t 2
3 |t u.ns o.'lus G216 1,005 Bgh2 6.2t 7AT 9.8 9.2:64; 17,%3 9283 16.208] 3
§ oo 02y oA obeh 5649 5089 7.732 5488 143 11,608 13,277 14.BSc 1BAEs) G
5|0k 0.5% 07R. 051 a3 728y 523 Tnom 12832 %0 18,06 16750 20.07) 5
S| 0% 0dR 1OFB 12w 3070 B.s58 104685 2592 thuahg 15033 160w LSS eaher| 4
7098 (ﬁ L 3.0 ebm 2.7 o5y 16,013 16632 18,475 o29H 2hae2) 7
B it 2,032 2y o5 17030 13, 13,507 $7.595 18,168 20.090 21.955 26,125 8
9] 1735 2,088 & 2,700 fg”“ 12,2k2 1h,GBR 16,919 10.023 19.679 21666 23.589 ZpByr) 9
10| 2,45 2.5 308 N h.8a% i 45.0kz 15,957 B.307 20,403 21,161 Z5.200 25,88 20,580 | 10
1| 8605 3.5 1.509 3018 4.6¥8 12,275 1R.673 21,820 NG 225 2.757 26k N
| 3.0 a.s'n A7 khOh IOh, '{ 45,822 B89 21026 as.m 2h05h 26217 28.300 32509 2
13 | 3.565 W07 G765 5O thz 4.5 s 10,812 22,382 2h.36 2nA7R 27.688, 25010 0l 43
| hOP5  A660 BJSER S.629 2407 T 151 L 2105 2au6dn 6. 1;3 26,893 29,401 3t.p9 23] B
15 | 4,60 59 5565 .62 10.307 ¥ 307 an B8 20,250 D078 mLboy 3Rb97 | 1S
16 | sz 5612 4.61h  6.508 195 204 28,845 24,633 Je. Wby 2| W
12 1 5490 6ACE 7.5 Kssb 700 161 30,191 20 z 408 35138 Goumal ¥
18 | §.253 .05 3.90& 234 y2,057 22.760 3.6 R, M Bo5 6. k2upz] 1
19 | 6840 S.ﬁ)} 3567 Bu907 13.716 R A L 3zBs 33687 36,197 38,082 AxARof 99
20 | 743h  B260 9,237 9. 10,831 1A WIS 25,038 204 $e10 B0 3500 3R.Be 3%.597 bS.N15] 20
2t | Aok B, 4,915 10283 1,591 45240 1zhhs 26571 2.0 1,3 !a?g 5. W32 ko he.pav | 21
73 | B.bh3 9.3; 100600 1gihz 12:;?;8 M1 1638k 27001 30,51? %%‘f 2 3?.?53 Zg.aﬁ kE.:lgﬁ 288 | e
4 260 10,19 10295 TLEH 1091 Wil oty Shiee 20y 33 076 53,563 41,638 a1 2| 2
9 10,85 11.292 172401 g B: 15.6% 10.062 23,95 ﬁ;gg 0.270 42,900 k5558 5l ipm -2
25 10,0 154 12,697 13020 RN 15473 1RASD 30.675 3?.652 & 1,556 Wh,37h bE.g2E R.E20] 25
26 |13.360 12,198 13403 3840 15,370 12282 19,820 31,795 B8 2.6 5,62 WB.200 SRy 26
29 | 008 12,87 .z 4 ;y&} 15,151 1BV 2005 32,992 3? 74 0-115 "ﬁ" o 4é.563 bﬁsfs 55,476 | &7
28 | 12,461 13,55 14.B47 5. 1h,928 18,939 3% 027 3?.916 41,537 Kh.h6F 18,295 So.993 Shufon{ b
25 {1342t 1255 1557 A7 1”08 59,768 22, ng 33.139 9.007 42,557 hd,722 46 49,588 2% SRR
30 {13,787 1h.95y 8306 .71 18493 20599 23 2% ho2me WL 46979 Wb 0892 I.6R .03 Do
o |2opo6 22,160 23838 2433 26,500 29,03t ?.ﬁs b7,269 51,805 55739 P2 G036 63,601 66,766 Ao 4D
50 127,991 Fmor NhESh 3233 N.7EE 37,680 Anlhe 3BaI6h 63167 6nG0S zt. 20 g.ﬁ‘r} g.‘lﬁb 29\500 86,6611 30
50 |35.535 37.hB5 35,600 ho.4B2 43,188 U653 T0.6AT 6B ?'! 397 T2 '}.295 550 1,95 09.607 | 60
gg k3, b5z [2.851 3.7 LY SRR 29.395 7.HE B pz 90,3 9 96,388 100,525 10’1.215 142317 KD
51,171 S5.538 5.213 SAAES 60391 éhavB 69,207 9OMhOF US.IPA 101,380 106.629 105,045 112,520 116,321 12h B34 1 do
90 |2 506 61790 Gu.63 EmEG 69,126 732 T a5k 1o7. 5 115105 116,735 119.648 124,116 128,239 137.205 ] 40
o Bl i 25 B BB BB o B VD 1aert 1374k 15,007 0170 1upin | 130
2 7 g %
wonae 0 0 b . 3 3 53 ¥
Toomm B B0 & o o= 3
TTTTT © GO = @ 0 w 2 =@ B n® =
wNoar e e BT a i 3 5328 Do F
1= s on
Fegey ¢ 22 5§ €% g3p 2 z58 2 iR 8
Eogas g gw ga Mo 882 a4n® efs 5 3z %
dgss3 g Bz S¥ mo 8Zg 0 " Zg8 X L9 =
55RBS & @ gd o, 883 gl = a Z8@ 5 FF o
“l';;f-@g w2 ﬁ'%@“ <5 0h g%a & ] m‘ﬂ_g“’ @ @
ding 2 0d™ME Bf.ooe 885 ERQ g ERC
LEgse s oz NE B 35 853 g gk = 3g 3
Fegeg 3 3Ch m"% TP g @ o 588 o a5 3
@, | 59 oL 9 3 a o =3 ®3
5 B%3 4 8 = 3% o ) g2 49 7
a o A2 2 7B T & < 0 =G 03 =
= R & > 2 = o LI =1 [ .
o W o @ ; o = R[N 3g ¢
< 7 — oC ; y 8 2 AL 3
n ® T @ §_ w0 il 48 5 g Ro
g2 & = EZ &’fg u fo, T
T 2 o Q= ¢ =y R
5 =28 Q 4 - g =2 =
ISR ') 2 7 @ i i 3
& gp & 2 8 f5 g
Cc = oo
5 Bz g8 3 | 2 5
8 @ 5 2R g ’:/fl A 3 8 3
1 o B = i s L) < ik
2 Eg w % 5 e ]
& 55 2B 5 g ? z
8 ge g8 £ = .
3 ® 85 8 ﬁ N
2 @ g® g & iL’)
5 3 ol F i 8
- 4 Fle 3 @
o £ I8, éf 5
ﬂ : 4F & P e 8§
& 3 e F E *{é‘a 3
£ ik =z )
= <] = 8 + @ R
g -3 [T B W
2. [ N \ f
g’ a Lo [S] f:) ,f,z.
& [ o 98 =
" g
P 25
5 &
o &
8
§

& P | weam )

2610LIBLY 0} PEAL OU S 5811 "SUCHE(RSIED IO} 11 SN PUR N0 S J2IISIll O) MO MOUY O} POSU NOA .,
‘sncelids JnoA up uopsank Aug 1oj IO BLWES UBA "e' sonsust o) pele|el ALESSS0SU LON 115911, 8U 4w,

AMBENY 3y AU Bk sy 7 FILIPHLZ

UopmMBSU| SelEY

(ABojoia ZH) 1) uoneweA 104 SISTY onausD

6LOZ — 8102

UCHRIRSY] SeHEY

{ABojorg Zi {11} ueneMEA £O) SISEE Jn8UeD

GLOT - 8102

synaad | &
ndanes RN

ISR, MDUNBVDI Tk




Raffles [nstitution Genatic Basis for Vaslation () (M2 Biclogy}

Exampie 1

The height of 4 maies and 4 females were measured and tabulated below.
Find out if there is a significant differance in height between the males and females.

Height of Helght of
males/cm | femalesicm
1 169 160
2 171 164
3 172 166
4 182 172

Step 1:

State the Ho: There is no significant difference between the means of the 2 samples.

Step 2 Calcuiate X (the mean of the 2 heights)

.ﬁf
Height of Height of
mgles/om | femalesfom

169 160 ,f@
71 164 O
X

172 166

EN (AT NIE

182 172

Mean | ¥=1785 | Xx=185.5 %
N

Step 3: Caloulate MUT..;H% (for males and E:ﬁ%
Sy

Height of Iméao &S =y _=2
malesicm | female Nwwﬁ (=-% (z-7%)
o for males for females
2 2
! i6g NN M% (168-173.5) (160-155.5)
2 2
2 A 7 R (71-175.8) | (164-185.5)
3 166 z 7
(172-175.5) | (166-165.5)
2 2
4 2 (182-173.5) | (172-165.5)
Mean 165.5 M =101 =75

Step 4: Determine nqand nz (number of observations) (for males and females)

For males; nr=4
For females: n2=4

Step &: Calculate s: and sz. (the standard deviaticn for males and females)

=
& formales = u =580 52 for females = ‘q =5

Step 8: Calculate v (the degree of freedom)

v EmEnz—2
=4a4-2
=6
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Step 7: Caloulate t vaiue

|173.5-165.5

t= L 2.09
5802 g2
N o4 %

Step 8: Determine °p", using the v and t value to chack against the t distribubion tahle
TABLE B 7 Distribntion Critical Valnes

- TAIL PROEABILITY #
& 25 20 A5 .30 05 025 07 01 A0S 0025 A01 .00Ds

LOGE 037G 1963 V¥ GFA IATI 1589 3LE2  &3.66 1273 183 Sues
816 1061 1385 1386 2920 4303 4440 6965 9925 1445 .33 360
3482 43 5841 745 1021 122

1
2

3| 763 PR 12 LG9 2333 2182
4

3 -

BN

oBaBIY IS
e nu: co:a__._um that ?m nﬁm..m.._nm _:

Steps tigSt, o [ y*-test
List the expected +
phenotypic ratio @nmcm@ we are just comparing 2
eans) =Y
State the null :%o?m@@ Ne sig. diff. between mearns: of; m . _uagxmm_._ cheerved 8.}
(Ho) e reamplest (%, = Fq) axumﬂmn
Calculate the siatistic”™ Calculate s for both samples Y " Calculate xm value
B compute tstatictic
‘Detennine df - & =+ ng df=n-
5 10 \owmméﬁ_gm ina RS ,vsmaoaa.ﬁ qroups;i
mm_.:v_m 2. how many times you n_.m. no. of categaries of
take the measurement to obtain phenotypes)
the mean value)
Cetermine “p* t-distribution table 2 disfribution table
Reject (or do not reject) (At:5%level of significancef:
He p>0.05 > difference not significant > do not reject Ho
h p<0.05 > difference is significant = reject Mo
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CORE IDEA
(2) Genetics & Inheritance

MOLECULAR BIOLOGY
TECHNIQUES

] DNA Analysis and Genomics
Leamning Qutcomes
Candidates should be able to:
() Describe the principles and procedures of these molecular techniques:

i. polymerase chain reaction (including its advantages and =@&_oz£u
gel electrophoresis; and ﬁv
Southem blotting and nucleic acid hybridisation. %

S
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A. Molecuiar Technigues

1. Polymerase Chain Reaction (PCR
What is PCR?

Polymerase Chain Reaction.(FCR).is a technique that allows amplification (maki i
—nain ~eachon. (F Implif n:(making many co

a specified, segment of DNA initroi(in a test tube). plication:¢ ¢ Y copies)

= Amplifying DNA through PCR has extensive applications such as in basic research, hurman

genefics tesfing and forensics.

Mw_m ﬂ.mm M_Lm.ww_m”.ﬁﬂ_m m:_v.. sq.h.m< o ﬁmxw many copies of CNA was to insert the DNA pieces into
e desired one from many different coloni i i

e y nt colonies growing on a plate {this takes
In 1985, Kary Mullis (shown right) invented a precise and radical new method of selacti

3 ! ng and

amplifying a section of DNA — the PCR which takes less than a few hours to ooan_mﬁm The

revelation came to this sceentric character during a late night drive with his glrifriend.

roken.

umw._mﬂmﬁn.mmw?.i.% high terdberatures s hydn
ot N / 9 T ydrogen bonds

2. DNA replication:
= DNA primers (not RNA primersl) are need

Oligonucleotide :
‘primers .

(ol = ghorty ™

> the sequence at ¥ ends
f both strands of target DNA sequence’ Two'different: primers’ are
needed during PCR; ‘each one ‘complementary ant able to bind o the 3
ends of each template strand of DNA double helix.

m_“ o e ..4 5

 Tempate
DNA

strands /

SITARARNETESENNENSTITAED,

Region to be ampfified

“reannealing to each other again).’
* The primers become part of the amplified segments.

Last upd: by: Mrs Seb
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= A thermostable {resistant to denaturation at high temperatures): DMA: .=
meraseisolated from a thermophific prokaryote iving in hot springs,
Ki us aquaticus (Taqg).

» Enzyme is stable at 95°C and works optimally at 72°C.

Taq polymerase -

Beoxyribonucleo | » dATP, dTTP, dCTP and dGTP are {he substrates for DNA replication.
side {Fro vaCibstrotes)

triphosphates
{dNTPs) o
Buffer L) 2+ is g cofactor? o proper DNA polymerase function.

containing Mg?

Protocol:

1. Place all the compenants into a PCR tube; and place the tube into the thermocycier (Fig. 1).
Run a standard programme that inveives heating the tube to different temperatures for different
periods of time, Entire process is now fully automated. .ﬂﬁf

PCR reaction
tube

€. Why is it important for

g block tire: reeetion tuba to be thin-
walled?

More effective heat ransfer

JPG %lf
Figure 1: The thermocycler has a h g block (inset} whose temperature and duration of
heating can be programmed _uzu@ . The many welis in the heating block enable severaj
reactions to run simultaneously. . § 4
2. Steps during PCR: “ﬁfo
The following three steps _%M constitute 1 gycle, The cycle is then repeated (Figs. 2, 3).
y N a4
| Detatlgh" Pl
ﬁw& heat treatment {up toi g and separate the two
n@:am of the DNA double helix. Thig mxvmmmm the bases for complementary
LBase pairing required in steps 2.2nd 3. LAY Ag-n oamples
Coofing of the DNA (e 45C] in presence of &l ;
flows their specifi igtoicomplementary sequences at the
3 cach of the template DNA strand, -2 wirst wmimidle- 5 joo A | LT
Tag polymerase: synthesisesthe confplementary:DNA sirand by catalysing |
the formaticn of phosphodiester bonds between dNTPs at an optimum 725C. {hiafemen -
Chain extension occurs from 3* end of DNA primer which provides free 3 OH \orige;
group required by Taqg polymerase, J

| Cafactors are additional non-protein substances required by some enzymes for catalytic activity, Cofactors san be 1)
inorganic ions that are metal jone such as Ca®, Mg™; 2) Organit coenzymes such as NAD or 3) prosthetic groups such

as haem in cytochrome oxidase or haemoglobln
Last updated by: Wrs Sel i Nair, Mts Magdalens Tan, Mrs Wong Sook Hui and Miss isichelle Nab
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3. Each cycle results in a doubling in number of DNA molecuies baing replicated. cycles will
yield 20 molecuies of target DNA, The amount of desired sequence hence increases
exponentially. .

Cm:.m_z 25-30 cycles are run, resulting in the eventual synthesis of millions of copies of the
desired fragment.

42
wbhin

Target sequence

i

dabudeb b bode bt don

SRS - - M,
g Hu§§§&n%m§aaq @f%/

T
QUL LU L,
PETTTTITTT T T e

GFETTTYTTrTTIN

F

©

g 5 ¥
£s j__.&
Wm | W
E_S4TTE

&
DNAsequence of
interest {in boid}

™

parate HNA siands
by denatwstion

wwlmlll.w

e
o 895G
2
)
g

Fzgel S
Jd

B4°CH

1% tycle

@fi Timetmin

Eigure N..@ﬂnim behind Polymerase Chain Reaction (PCR)

Y

Fantr oppebl ot nguafn WVE Pranalipes
Too e (ileg ~—dop Ay waptaltd ™ A
(o prodlredry "o
. ) T, poiridartse

Q- Why js. the discovery of Tag poilymerase a breaidhrough? \What would vou do if you have only
nonmal DNA polymerase?
When first devefoped, PCR was slow and laborious because a crucial enzyme for the process,
DNA polymerase, was denatured at high temperature and had to be replaced after each cycle.

However Ihe introduction of the thermostable enzyme, Tag DNA polymerase revolutionized P
so that the technique could be fully automated. g i R
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=] = 3 S @
g < % ¥ = primer”
a <C w muu M L .ﬂf P
— - lﬁ
1% gycle 2r cycle w@
e N
Progression in time RN .

Figure 3: Process of PCR showing exponential amplification farget DNA molecule. 4 copies of
target DNA molecules are produced at the end of 2 PCR Qn_mm.,&/n

Number of copies of target D .@moc_mm =2
{n = number of &ygies)

Advantages of PCR . %

As an analytical tool, PCR has several ad
éd? The number of copies of

moﬁ.vnm.._.:m_,maoﬁm_n_._mm_.:ocagqammwmn_mmncm:om
increases exponentially even mo@%’ﬂe jow gopies of starting material.

] iy a few hol & re required to generate enough amplified DNA col
multiple steps of cloning wiich need at least a week. The techrigue i ¥
thermocycler. PCR is m.ﬁmnam:_m:» way taiE and

mpared to the
ited within the

& astand efficient:

Applications of t@@:

Field Use Details

Clinical Pre-natal Fetal oells can be removed irom amniotic fluid and DNA cbtained
diagnosis | screening from the celis is subjected to PCR even before the phenotype is
for certain | expressed. A gene of interest can be amplified through PCR and

genetic subsequently sequenced to detect disease-causing mutations. Such

diseases genetic screening enables couples to assess risks of their unborn
children, eg. cystic fibrosis.

Early PCR can detect presence of the HIY genome within a patient at very

detection of | early stages of infection, before symptoms &ppear, when only a few

infection thousand blood cefls in @ patient are infected with the virus. This

provides physicians a head-start in treaiment of the disease.

Forensic | [dentificaion | Minute traces of DNA in organic matter e.g. hair, semen, blood, can
analysis of suspecis | be amplified to suficiently large amounts to be analysed. This helps
) 1o identify suspects by matching with DNA found on crime scenes.
Evolution | Study Fragments of DNA found in prehisteric specimens can be amplified
evolutionary | for further study. DNA sequences from both living and extinct
relatedness | organisms can be gompared to determine evolutionary relationships.

1 ast updated by Mrs i Nalr, Mrs. W Tan, Mys Wong Seok Hul and Miss Michelle Nah
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Limitations of PCR

Feaiure
Tag polymeraseflackss
5.pr ;

Limitations
“Tag polymerase cannot check and/or remove an incorrectly
incorporated base.

e, Wil ARy T Al
m....onm“. ooncz.iu eay in the PCR reaction will get compounded
with mm.n: replication cycle and all daughter molecules resulting
from this 2arly error will be exponentially affected.

| Synthesis of PCR primers | Success of PCR requires. knowledge: of - sequences: flanking
‘depaiids " on | iequenice | {afdetragion to be-amplified. e B
information  from  target | Wit Pavier = ay ol ) 22%/“%.59&&45%«,%

region If thetfian SoUEncesTof 4 géne of inteTest are unknawn, no
proper primers can be synthesised to manwﬂ.ﬁrm target DNA
sequence. If primers are designed _:coqﬁﬂg. ne amplification
occurs / wrong DNA fragmeni(s) may am_v @. ied.

. 2
of :DNA | DNA fragments to be amplified are limjted to about 3 kb?.
Further increase in length get sequence decreases
efficiency of amplification. Thi e Hecause the polymerase tends
to ‘fall off the DNA templst 2 chain extension is complete.
N
| amplification of | it is possible to ooa%wm a fresh PCR reaction with minute
nant DN amounts of contarni DNA due to poor laboratory skills. Such
unwanted DNA .ﬂ&mg@m may be amplified to significant
amounts, alongside the target DNA sequences.

. et

Q: Why is proof-reading aotivity from 3 ,Q and not & fo 37
It takes place only after the nuclebiides has been added ini the 3" end of the extending chain.
Correcfion (removal of wrongly-in Crated nuclectide) can fake place in the reverse otentation.

Q: Would an error occurialy earier ar later during PCR be worse?
Early. Errors oceurn v will get compounded with each replication cycle and all daughter
molfecules resulting from this early error will be affected.

- is it omm._.u_.m to amplify an entire eukaryote or even prokarvotic genome using PCR?
No. Genomic DNA is too large fo be amplified entirely by PCR.

2 Kb or kitobase is & measurement of the iength of a DNARNA molecule, 1kb is the iength of 1,000 nuclectides.
Last updated by: Mrs Setvamani Nair, Mrs Magdalena Tan, Mrs Weng Seok Hul and Miss ¥ichelie Nah
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Gel electropho
theirGlecutr

Agarose gel elecirophoresis : )
Agarose ge! electrophoresis separates DNA based on size,

Principte (Fig. 4):

1. Electrophoresis is the movement of charged malecules
in an electric field. .
2, Biological molecules such as DNA, RNA and proteins
exist in solution as electrically-chan
given-pH. For exampleiDRATS D
due to phosphate groups of
backbone. .
3. When placed in an electric field, :mumnzm:..n:mam.ma
DNA melecuies will move away from the negati
electrede (cathode} and j e
B o oo SR E 5o ) 1
4. >M%M%W. polysaccharide derived ioa mmmsfw,...
that forms a gel when heated and dissolved in ag ..&_...u
Hotne- o tpewese T sl ;

ones. Therefore, Shortel
towards the positive electrod

e Fer Taf

ol LG tIAL. b
fonger fragments. (/722 L bt
6. DNA fagments of diffordnt o1 T arateh i

Protocol:

1. A slab of aga) el is placed in a buffer solution
which allows sgiduction of electricily fo generate an
electric field {Figs. 4, 5). The gel has been pre-cast
with litfle indentations sailed wells at one end of the
gel slab, using an apparatus called a comb. DNA
samples are loaded intc these wells. Each well
corresponds to one lana.

2. Prior to loading, the DR

ectrophoresis,

3. As DNA is invisible to the nzked eye, the 2 loading dyes help tolRiBHiHoR

1 SBhN
Thdmsout

o g ra arates nds. Smillast
¥ gl S s rors ot

2613-2019

SHEIE according to

gt YR pdfs

{a) Standard electrophoresle

DNA migrates towerds the:
ancds, but litls ssparation
into size cloasas oosurs

&) Gal slectrophoresls.
ONA, loaded inte

awsll cutout of
:..n pel mz Buffer

|l

Figure 4: Principles of agarose m.m_
electophoresis. (a) When placed in 2 electric
field, negatively-charged DNA molecules move
fowards the anode. (b) The meshwork of
polymer fibers of the agarose gel impedes this
movement, affecting larger fragments more than
shorter ones, This resuifs in the separation of
DNA fragments based on size.

Voo dive - hmalfbe-

yeswhich also travel along in the gei just like the DNA sample does during

electrophoresis (Fig. 8). Usually, the dark blue dye corresponds to 100 bp, .é:.__m the light blue

dye comesponds to 1100 bp,

TV Canpongd T

WERRA " e Wt
foss
Last updated by: Mrs So i Nair, Mrs Magdalene Tan, Mrs Wong Seok Hui and Miss Michells Nah
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- If ] was running a gel containing fragments of &

elecirophoresis?
Stop it bafore the dark biue band runs out of the gel

; What is fhe use of the fight blue band then?

it Is for you to gauge the positions of larger fragments and afiow You to estimale when to stop
electrophoresis.

Py

. Usually ag g4 wqmmm loaded into the well of first or the last lane of the gel. The DNA tadder

is X 5 nown. sizes; which act as aT8fafardsthas Tanbe
comparediwithiragment ot inknoWn SEES T the sample. -
5. "When the current is tumed on, the negatively-charged DNA fragments migrate out of the well

into the agarose. DNA is attracted towards the positive electrode {anode} due to negative
charges on its sugar phosphate backbone.

8. The meshwork of polymer fibers that makes up agarose gel impe %ﬁ_oiwam:ﬂ of the
longer DNA fragments more than shorter ones. Therefore, shol ﬂ NA fragments will
migrate towards the positive electrode at a higher rate than lon agments,

7. The fragments of different sizes in the DNA sample separate ‘suth the gel based on their
different rates of migration, If the amount of the fragments is enough, these are seen as

discrete bands on the gel after staining. Each band 83% DNA molecules of the same
fength. # hiiarngg Bt Limdg 4o DYVR @, fggen o P fordey

5. Before loading dye reaches end of the gel, the current j AUV e A V6

.mi,mnm_.émam._uz.»cm:nmi__wm

9. TosNSIAIBEINE BERASY gel slab is next stained BRETE usually efhidit
bromide (a carcinogen). When the gel isiplEE:
revealed as the dye bound to th NAToGrEsEE:

10. It is possible to aiter the resslution of the ge| ,af rying the concentration of agarose used. The
higher the concentration, the befter i fution Le. even fragments with very small
differences in size can be separated.

@@ \_,ﬁm.?é;lb A resaturtion.
(fwv‘?

n of the band relative to bands of the DNA ladder)

il

(a) fragment size (by comparing

{b) amount of DNA {Naot; lF'an accurate measure. Amount of DNA may be reflected through the

. intensity in which the band fluoresces, and may be translated to thickness of band on 2D gel diagrams.
e.g. on Fig 7, the e band on the jadder fluoresces more in comparison fo the band on lane 1,
Thus, ohe can ind et here is a greater amount of DNA on the ladder than on lare 1.)

Results from gel electrophoresis can be used to analyse and verify DNA fragments such as PCR
preducts and restriction fragmants {Fig. 7).

Figure 7: Verification of DNA fragments
{in this case, PCR products} on agarose
gel. DNA fragmentis always move away
frem the wells with the larger fragments
moving the slowest and hence, found
nearest the well. The smalflest fragments
move fastest and are hence found furthest
from the well.

adder PCR fragmenis
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e Figure 5: Priiciples of gel m_mn.:.ouroaw_m
Agarose gel cast as a siab b A micropipette is used to load the DNA sample
into the wells. It is able to load minute samples

Wells for loading measured in microlitres.

Transparent electrophoresis
gel box

Buffer
solution
DNA bands visible only
after suitable freatment

R

Figure 6: Patterns on gel slab during mm/ er electrophorasis

9 %:_Sq

4 wreaane gel slab. A heavy weight is stacked right on top of the paper
BV toweis. (Fig. 8) oo

+ igration of
>, cading dyve
%@r?ﬁ%& e
|
Direction of 9 .
Elecitrophoresig /
movemnent %
of DNA »/«.,
fragments ﬁfwy
- I;.wlﬁliﬁﬂ e
Q: DNA moves frof %MAJ%S +ve
siectrode ?ﬂE\ . &) Remove gel slab and
v_m loaded into wells together with soak in DNA staining
. _oma._._m dye. The loading dye: dye e.g. ethidium
> v is dense; helps DNA sample sink into bromide
well

« contains 2 loading dyes to help monitor
progress of electrophoresis (since DNA
bands are not visible)

-.-.’

it
m-!ll‘" — L |

DNA ladder, molecular markers of known H H .

fragment sizes, acis as a standard for which to ._Im Jp—

compare unknown fragment sizes in the sample s N

in kilobase-pairs. fren] \m ===

@ Bands become visible after treatment with Nmi:m dye and
ilumination under UV light, Intensity and thickness of bands
reflect amount of DNA,

{.ast updated by: Mrs | Mair, Mrs Magtlatens Tan, Mrs Wong Seok Hui and Miss Michelle Nab
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3. Southern Blotting — a nucleic acid hybridisation technique used in RFLP analysis

Southem blotting, which is, typically carried outiHEREE ‘igtrophiorssis
detect fragments no:ﬁm_:_sm pe

Is a technigue cmma to
eotide’sequences within a sample of DNA,

oo L 36 TSy defelf W

Protocol:
@ _._mué.
1. After the DNA sample s amplified by PCR or cut by restriction  Nitroceliulose weigrt (
enzymes, the DNA fragments are separated by elecirophoresis. membrane (btot} ;

2. The gel slab containing the DNA fragments mm u_mnmu on top of an @mm_
absorbent spenge in a tray of:alkal luiose.;

smgmbrane:and a stack of paper towels are v“memo_ oh top of %m@m \_
uo.ﬁm

The absarbent paper Ss.m_w g_,mé 5@

@ DNA transfer (Blotting)
re 81 Transfer ta DNA
agrments from gel slab to
_.__qoom__:_owm membrane

in the mm_aaﬂc
B >.,:§m m_ mz._m gdrawi

UZ) binds %o the membrane in mxmﬂ_< 9 same om_n_o: mmﬁ (protocol, step 2).
were in the gel. ko bgoh R
@ The_nitrocellufose membrane is removed maa:_sn:umﬁa@.ﬁﬁ a:radioactive single-stranded

w A:.probe- which is .complementary in mma:mmﬁ% part. of :the- target- sequence:: DNA
fragments containing this part of the larget se will hybridise to the probe by
complementary:base-pairing (Fig. ). AT L e W TR,
After hybridisation, membrane s washed to ce any c:sv.._u:%mma probes,

T BT performed by placing 3 mpver the membrane. The radioactivity
of the bound uavmm exposes the fiim fo m: _ammm ooﬂmmvo:a_:m_ to the bands that have
hybridised to the probe, @

[Fere] o =D
G Immm N sasi
@ ag, redivecthe
Appiy to ii%g% label {)
ofr &t hgaivge gel

== Sy ] o
mwm ‘ mol.wl
EEC| M

@ll_ 4@,_. Dansturs In afiall

Hybridize o

numobilzead

m Apply asitrecelniosa targel DA
<F nylon memnkeane

Transter DNA

Figure 9: Southern blotting
is used to detect speciic
nuclectide  sequences in
DNA  fragments with that
have been separated
3 according to size by gel
P electrophoresis. 10
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E. Restriction Enzymes

4. Origin of restriction enzymes

= In nature, restriction enzymes are produced by bacteria.
= Each enzyme is named after the bacterium from which it originates. e.g. The enzyme EcoRi

comes from E. coff.

2. Restriction enzymes as tools for cutting DNA

j ormpereliy o dn

* Restriction enzymes / restriction endonucleases belong t8” a group “of enzymeas called
znucleases:which:break:phosphodiester.bonds: that link

= Restriction enzymes recognise and bind toispesi =

Testriction:sitesin deuble-stranded DNA, and:cte&ies sHosplicdiesterhb
stHNdS OiheDNAD (4o Fvim et Fogments %@&

*  Most restriction sites are about 4 or & bases Jong and are um_m‘ﬂgﬁw; ic, i.e. the sequences

Priched bttty LA e vt o o

when't2ad from 5715 3' on both sirands are

Example of a restriction site (fill in the blanks): )ﬂf
| GIAT A

-
y-| Tl | TIAE@]-5

Frodiiced when restriction g es leave a staggered cut resulting in single

forT Rydrogan bonds: m,:.a.u.m....._..w&.d%wdav_m_.:ozﬁé
fermentary single-stranded stretches on other DNA

o -Blint ends?
%& wh riction enzymes make a:simple-cut:across Hoth strands at'a
R ws

wSingle:point™;
@pP ctign of blunt ends
THTWPASGSCoTIN-N- Al -NEN-A-G C-T-N-ti-
=N=-NtT-C-G-AtN-N~ zzzz:._.zn__ W|>|212|
Restriction ‘N =A, G, O orT Blunt ends
sites ’
Production of sticky ends
“NNJE-A-AT-T-GIN-N- _foonl EN-N-E| AT r=g=eme
=N~ NAG=T=T = A~ A= GHN~N- N-N-C-T=T=p=#y| G-N-N-!
Sticky ends

Figure 10: Ends produced by cuts with &,4032 restriction enzyme
{a) Alul producing blunt ends (b) EcoR] producting sticky ends
FOWLS F (/ WnAlepd 1
g-tah

et AL
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3. Natural Funetign of Restriction Enrvmes

* Baclerla produce resiriclion enzymes as o ‘@8féhse mechanien — theyicleave:foreign: -

DNA‘mglecoies:(from sources such as bacteriophage)i @.ﬁ.:nu.nm.:ﬁmnﬂ?m.wm.mi,mmﬁ &

= Whan a bacteriophage infects a bacterium, it first injects its DNA info the bacterium,
Q_m.ms_._m the phage DNA prevents the phage from replicating, conferring the bacterium with
resistance to bacteriophage infaction, AR W

= Theshatiari Wit BINATs not cleaved because it is ‘methylated: at the restriction sitel
that aie recognised by lis own restriction enzyme, (Fig. 11) wierpe

o Methylation; (a} Restrietion of phage DNA
Methylase adds  methyl
groups (-CHs} to adenine or
cytosine residues in the DNA
sequence that constitutes th

restriction site, This

Phaga injects INA

#\ into a bacterivm
H

Resttiction Phage DNA
endonucleases bind  is cleaved
tothephage DNA  and inactivated

on enzytme will be
unable to recognise and to  ®) Basterial DN, cleaved
cleave the DNA,
wf@»

Therefore, methylation
=prof AaliDNAfrom

M\ Restriction endonucleases
cannot bind to the recognition

sequence
Recognition sequences
&;&5 are methylated

1. e
et igure. 11: Function of restrictfon enzymes in a
- bacteriutrn
B (8) Phage DNA"is cleaved (b) Bacterial DNA
T y ﬂﬁ b (A 7B @ protacted due fo a_wg.mmmv: OM ﬂwﬂq_momoﬂ_mm;wm.
b= Tgpe s
if./nz;?ii @4?‘9& ﬁs.». ﬁ-hg@
- m.f .«m;_.? zvu
b
ik lagnond®
T T W FTEAY vt g )

n "
\ wa@® M0 sy
= %mﬁeﬁw smg.wmiv w W

S
L, W v = e W0
G G 7 3 bandd
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C. Restriction Fragment Length Polymorphism

1. Introduction

= DNA polymorphism refers to differences in DNA sequences in homologous regions
among different individuaign (e1Mg) DV nen-todmg DT
= In general, DNA at & partioffar_chromosomat locus differ either in
rint et ity
When genomic DNA is digested by restriction enzymes and separated by ge!
electrophorasis,

1, the presence of a single nucleotide polymorphisms (SNPs, pronounced ‘snips’)
which is due to a difference in single base-pair in the homologous regiens of different
individuals
< results in the
produces fragments o

s from different indivig

2. the presence of variable number tandem repeats 7 TRs) in the homologous

regions of different individuals
2 preduces fragments © %.

dividuals

s digested by restrictia

pattern ‘among individuals when their genomic

= _Restriction Fragment Length Polymorphism nm hence refers to th
separated by gel alactrophoresis. @

— it (9 n ONE vepteT e

1. The vast majority of S rs in non-coding regions of the genome, but some occur in
coding regions as wel ich can lead to genetic diseases in humans.
e.g. sicklecell anagpijahs due to point mutation

2. These single % ide mutations alter the DNA seguence recognised by a restriction
enzyme.
Single nuclectide polymerphisms (SNPs) can hence lead to different number of restriction

fragments in different individuals.

3. RFLP analysis can thus be used to distinguish between SNPs and detect diseases directiy.
» The single nuckeatide substitution is the disease-causing mutation and oceurs within the
coding region.
e.g. in sickle-cell anaemia, the disease-causing mutation ocours at restriction site for Afst
within the p-globin gene, (Fig. 12) .
o Inthe disease allele, this Ms#i restriction site is efiminated.
o Inthe normai aliele, this s restriction site is retained.

Last updated by: Mrs Sah si Nair, Mrs Tan, Mrs Wong Seck Hui.and Miss Michelle Nah
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Normal CCTNAGG Restriciion enzyme recognition site for Adsfil, where N
A-type DNA mm>2.q+on Tepresents any nuclsotide
Mt oufs hera
RIIC
in m_nx_m coli anaemiz, one of the tecognition sites within the
w ¥ f-glohin gEne s changed due to a poist Bammo:. ffstll no
Sickis-cafl mutation  COINIGG %mequwwonn_mﬁ the sile and no restricion of ONA tekes
resutts in S-type DRA mm%»mﬁ -
Mefll no longer cut here:
S-type DNA with SRR ot
wstil restriction ste Koy: stt I}
hp um riction site

e )
r‘l\lJ\I\. B-giobin gene
DNA next to g-gichin gene DNA next to p-globin gape

a8
e
| Add st festriction enzymes ta cut the genomly Difggmples ~
ey
FRTaEn i — ) E—
Size and number of fragments generated ﬁ%ﬁ@m DNA differs from A-dype

P

NS
m__Wwamnﬁ generated for &WMWM genotypes S, AS and AA using
the restrictionh enzyme
ER Hefr il

o5 HS
e A

>

: E.l@ EB— AT
Figure 12: The vmm®.m using RFLP to detect the sickle cell anemia allele.
2
Protocel: a@
.\
LMiethod=1{Fig. 13a) [ t Method 2\(Fig. 13b)
Genomic DNA from an individual with sickle cell anaemia and a narmal individual are isclated.
1. Digest witGrastretivn ensyrmas Vsl 1, ConduckECH
Different-sized restriction fragments are By designing primers that flank the
produced houndaries of the -globin gene
2. Run gel electrophoresis to separate DNA | 2. Digest with restriction enzyme, Mstl
fragments Different-sized restriction fragmenis are
produced
3.5858 B8 and  nucleic  acid | 3. Run gERGICCLophOTOsIE®
hybridisation using a specific radicactive Vigualise bands by adding ethidium
single-stranded probe that complementary bromide, and view under UV light.

to past of the f-globin gene.
Visualise bands via autoradiography.

4, Analysis of resuits {banding patterns)

Nota: Both methods are similar, the 1% method uses specific radicactive probe {complementary to -globin
gene) to detect the relevant bands, whereas in the 27" method, probes are not needed, as PCR primer allows
only for the target sequence (B-giobin gene) to be amplified.
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Mormal Disease  Mormal Disease
Msill restriction sites.
genomic —
r DNA samples e ve it
| 1 and gel site] Au,auzm\rnw
Mutation destroys one: m electrophoresis
e S N ey
H
H
m —_
5! r\l/\ll\..
— Lt frone’s
_ RV P
. it leetiveent
Probed ragion Xe ! be
Southem blot g +o

| electrophar
Gel electophores )

Figure 13a} Method 1 - RFLP can be used for detection of mmn_n%% anaemia. In order to detect

discrete bands in the smear, Southemn blotting must be carried out, AM/

o

[—1] A

A F@ Gt v 28 ) % ol sloctiophorests
PCR DNA Péimer poir Jw@ l
= B W

@M ° M éws.humhﬁnw:ﬂ%acﬁaﬂwﬁ
2 T
ﬁ@ TR Yorosent,

5

Normal Disease
¥i-

—I ——

T AL

.w ——

Figure 13b} Method 2 - RFLP can be used for detection of sickle-cell anaemia. Using PCR primers o

zeom in on the desired Jocus (B-globin gene).
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1. No two humans {(except identical twins} bave exactly the same genome.
2. Discovery of DNA polymorphisms has led to the development of DNA fingerprinting {a.ka.
DNA typing / profiting) techniques which have mgjor applications in: .
. forensic science and
. paternity testing.
3. Tandem repeats of & parficular DNA sequence cccur in varying numbers in different

individuals ~ discriminating enough to generate a unique genetic profile/ DNA fingerprint for
each individual (Fig 14, Fig 15).

Restiction sites
recognised by BamHl
" frr,rr

At this focus, the chrmpSome has &
tandermly repeal uence ATTAC that
QCours three 4 2 row.
mf@v@
%ﬁ? fnder repagls
AC |

aTTAciATTACkTTAClATTACATT

Al the sama locus, the chremosome from
individusi B alsc hes the tandemly
repaated sequence ATTAC, but repeated
four times,

@ Both digested
Digested genomic DNA Ples are run with Bamtdl
twough gel elactrophom®e=Upon Southem

wb.o&nn.muﬁmaa ﬁﬁwawsw Amm.vmvm_.m
observed in __._%&@ and B for the locus
under  study, @ 8 result of DNA
polymonphism.

A B

ATVAC|ATTACIATTACIATTAC|ATTACE
BB rag nerated from

Southam biot results
Figure 14: DNA polymorphism In terms of fandem repeats cah result in different restriction
fragments. Geromes from 2 individuals A and B, are cut using BamHI. The 2 individuals differ in the number
of tandem repeats (of the sequence ATTAC) at a paricular locus en chromosome #1. As a result of the
larger number of tandetn repeats present, individuzl B generates a longer restriction fragment which travels a
shorter distance down the gel during electrophoresis. The 2 different-sized fragments are detected using the
same probe whick has a sequence complementary to segments of both fragments e.g. ATTAC.
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4. Since the number of repeats of 2 particular sequence is heritable, if the banding patierns of two KEYWORDS _
" DNA samples are very similar, it means that they are from two very ciosely-related individuals. Taq polymerase Restriction enzyms
«  The probability of 2 individuals having the exact same banding pattern i infinitesimally Anneal » Restriction sttes
small: there is a calculated probability of 1/ 575 willion that two persons will have the same OOBv_mam:*mQ base pairing Palindromic
NA fingerprint. . . Negatively-charged DNA Sticky ends
DNA fingerp! f I Radioactive prode Phasphodiester bonds .
. Autoradiography
Protocol: i @ DNAis obizlned trom
I e aoswﬂ_ﬂ.ﬁ-m ﬂnﬂs Anpendix
- P i i H i 1he al &r,
{Note: Methed is similar to the 2 methods mentioned in i _ﬂw.mumamnﬂﬁ_ﬁmm. APpendix
pg 14)  tieDNAiscutin
: fragmers with &
Method 1: ' restriction enzjime. Standard,
» Digest with restriction enzyme(s) that cut on DA molecury
efther side of a tandem repeat loci, ; e N
= Separation of resiricion fragments by gel |
glectrophoresis osct @ @g,s%,m,,
» Followed by Sn:_umanm._ with radioactive probes ; Samte il of Verson 1
for tandem repeats (Fig. 15), _ . @ v
= visualise via autoradivgraphy. : ﬁﬁy Varsion 2
OR ﬁww. Version2
L Yok, B
Method 2 . . . @ e
= Design multiple PCR primer pairs which anneal & e
% f :nmaﬁﬂ N ’
to the .zm:_.ﬂsm mmn:m_.—nw of different ta . @ Smutnern blot prepared SNP {pronounced "saip”) stands for Single Nuclaotids v°_<393§.m s are single-nucleotide substitutions of one base for
ﬂm—ummﬂm loci. 2, @: * from the gal. another. Bach SNP location in the genome can have up to four oﬂ‘ one for each nucleolide, A, C, Gand T, Notall single-
= Amplfification of multiple tandem repeal loci. fw , nucleotide u._n“mmw are BNPs, though. To be classified as-a ﬂﬁw? or more versions of a sequence must 8ach be prasent in at least
= Separation of products by gel electroph . , cne percent {1%) of the general population. .ﬂ&
» Stain with ethidium bromide and vis under TR SNPs oceur fhroughout the human gencme - about o ry 300 nucleotide base pairs. This translates to about 10 milion SNPs
LV light. % within the 3-billion-nucleotide human genome. G
ﬁyo SHPs and disease-causing mutations: Not /the samet
1f you know what 2 point mutation Is, then iption of a SNF might scund similar. True, both are single-nucleotide differences In
% 2 INA sequenca, but SNPs should not _um@ d with disease-causing mutations. There are some differences:
@ sl o b if P.h 7 st pe present in one percert £1%) of the generatl populatio
.&af 3 Second, most disease~caus] onz ocour within a gene's coding or regulatory ragions and affect the: funclicn of the protein
@v = E encoded by the gere, 8N necessarlly located within genes, znd (hey do not always affect the way a proteln functions. .
] " . =+ !
Figure 15: RFLP used in paternity testing. A ww_a Wwﬂﬂ“w.-_nmm | =~ ‘U\ -.[i. BNPs are divided-into two-main categores:
i he chromosoma is targeted >
%vmﬂw_wo_w___uﬂ_. mon..“mmﬂ._ fhe b i i 1. Linked SNPs (also called Indicative SNPs) do not reside within genes and de not affeet protein function. Neverthelass, they do
L analys:s. ® Evessprobe Fiter Wit corespond to & paricular diug response or te the sk for geting 2 certain disease.
W%ﬂ%wn bouad BRA = 2. Causative SNPs (simliiarto disease.causing mulations) affect the way a protein functions, comrslating with a disease or influencing
Mnmamwmﬁ orobe g 2 person's response to medication. Causative SNPs come in two forms:
onfiter. s i. Coding SNPs, lncated within the coding region of 2 gene, change tha amino gcid sequence of the gene's protein product.
e | % Non-coding SNPs, iocated within the gene's regulatory sequences, change the level of gene expression and, therefore,
ﬂ how much RNA and protein is producad. '
Autoradlogram s ® i
@ ‘prepatad. The banding k-
pattarn for each sample ﬁ
z.

it
ol
il
eid
o
Stndard “mndard
Mother Aliaged faiher
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CORE IDEA
(3} Energy and Equilibrium

HOMEOSTASIS &
ENDOCRINE CONTROL

Content
+ Homeostasis
+ Hormonal control

«  Celluar responses to signals A&\MJ
(p) Qutline how insulin and glucagon regulate the concentration of bloog e through the respective
tyrosine kinase receptor and G-protein linked receptor, E.Ww
"
Hae
£,
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Part 1. Introduction

In Hcm._..om__c_mﬂ organisms where different parts of the body perform different functions, it is important to
transmit information between these differant body parts so that the body functions can be well co-ordinated
and carried out efficiently,

Communication is essential to ensure:

{a).co-ordination between organs — one organ should facilitate the function of another so that the organism
can function as a whole in response to changes

(b} compasition of the internal :envirenment is_maintained 2t a narow, optimum range to support the
functioning of the body cells

(c) organs will not under-work or over-work toiminimise energy wastage

There are two major internat communication systems (Figure 1) nefvolis systen and endogcrine system.
These two systems detect any changes known as stimuli in the external or internal environment, and co-
ordinate appropriate response. Both systems can function independently or inteact with each other to carry
out certain physiclogical processes, including homeocstasis.

-
N
This section focuses on how the endocrine systern mediates these imm..%o:m with the environment in

maintaining homeostasis. @

Cr
Pineal gland %WWW:
- Sping cord
Pituitary glang.
IS sz
/ Musarlocitane ous— /4
Parathyroid glands ] ﬁm [ee— _.wum.mu»a
Thyrold glarids i ﬁ
Thymas =] =
! Madan neve.——) h f\ A =
Uighpogasric-— \-ﬁ i
1A

i

g

§
=
[

2

B

1}

=
|

Placenta (in famale
during pregnancy}

Testis {in male)

Figure 1. Two major communication systems in human — the endoerine (left} and nervous (right) systems
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Part 2. Homeostasis

A, The Interna] Environment .
» In complex multicellular organisms, most living celis of the body are not directly mxu.omma to the external

environment. They are bathed in @ liquid intemal environment known 2

»  No matter how remote a cell is from the external envirenment, it can make life-sustaining exchanges with its
surrcunding interstitial fluid,

»  Components of the internal environment which are homeostatically regulated and kept constant
{a) chemical constituents e.g. ions, giucose
(b) pH
{c) temperature
{d} volume and pressure
{e) water potential (concentration of water, salt and other electrolytes)
) concentration of respiratory gasss e.g. Oz and COz
Extraceliyglar fhuid

e
Coff  intoretitisl Buid  Plasma

ooy
yosset

4 i it Figure 3. Independent exchange of small water-soluble
s, ﬂ”m_.: S_.mn:_wrm bstances b plasma in hloot vessels and cells
P ’ via Interstitial fluid.

Figure 2. Extracelular fluld consists
flusd, which fillg the spaces be
fiuid portion of the blood. @

t may affect the temperature, pH, concentration of the metabolites

efc in the Tiitérnal entdigdnment.

= What is Homeostasis?
Homeostasis is th

<

o ltinvolves:
are to be maintained.

Question

\What are the consequences of disruptions in homeosiasis?
- 1] otV Can (el F0 Hrall X dertl,
By Mowared Tom permary | WDy ong” et ey wes 3
P lrany BoW poritg.
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doered by thesh ory parametatisntity: that it serves to

regulate,
E.g. in the contrel of biood glucose level, the sectetion of hormone (glucagon and insulin) involved in
the control of bloed glucese level is triggered by changes in the blood glucose level.

2.
» Negative feedback is a corective / regulatory mechanism in which a:stimulus, as a result of a change
in parameter/ a deviation from the set point, triggers a response, o - -
T -
. is in the opposite direction to the stimuius, and itopp
n counteéract the“change.
. dbackicontioildop:
L
Negative Feedback (Bl OOQ_M%_C cose)
LY
&
w
Figure 4 Components %oanﬁnan control system/negative feedback loop
= The response/output hn:m:mmws ndition} serves as a negative feedback to the receptor for monitoring
of any displacement :o_@ set/reference point that is caused by the stimulus,
¥ Continuous maonitorin he parameter by the receptor produces continuous adjustments of the output
which keep the par: v fluctuating around the normiset point.
= Negative feedback is associated with increasing stability of the system because the disturbance triggers
a sequence of events to'res Hacktonomilsetpoin
1 Hemeostasis is a dynamic process: it works by constantly making adjustments to compensate for
fluctuations of output. Thus it is more accurate to describe such system as steady sfate or dynamic
equilibrium.
o E.g. when a parameter {e.g. glucose concentration in blood) increases above the set point, the
corractive mechanism will act to cause that parameter to decrease and return to set point.
Last updated by Dr A Ng, Mrs Yoo YT, Mr Low CM F3

carousell.comfamafatunicom




Raffles Institution H2 Biclogy 2018-201%

Part 3. Endocrine system
The endocring system is a collection offéfidecrineglandsie.g. pituitary, hypothalarmus, adrenal, pancreas) that
maintaing homeosiasis viaislow:and:long-termicontrolusing chemical signals knewn asBSrmones:::

A. Hormones

ormanes are responsible for many processes such ag growih and develepment, metabolism, homeostasis
and reproductior,

= Homones have the following characteristics (Figure 5):
o Jgecretedirectiyinitablodd by ductless endocrine gland (a duct is Ike a tube).
o fransported by blond to exert its effect at a specific.targetsiter(on targetcalls). oWVl intanTong
-small-qoartity, Riliastiing

(a) Receptor

)

Secreting cefl

Target cell

Mot a target cell (no receptors) kA
Figure 5. (2) Only target cells with specific receptors ¢an respan rmone, Spacific ¥ %
{b) Hormones travel via blood vessels from the cefis it Is produced/secreted to the target cefls &
target cells. A/y&
)

pateme s ulemie:
Specific:celliresponsesthrough cell
.

* The effects of harmones on their target om@ be complex:

o hormones aregextraceliular; chemic engers:fhat bring abol
signaling (refer to Cell Signallin, 5 dha

re).

o hormone has a SeHATETHEHARLEN: lewrs it to e precisely inti raceptor riolasiasion the target
cells. This explains why h es are €hecific fora particular target cell. &
. . .‘ S s ey gn&
o asingle hormene is ifferentresponsesifrom ﬁm hovimne

{1) differant target 1 tissues,
or even from{_j
(2} the same tissue but at different stages of development.

* Hormones are small, soluble organic molecules that can be classified into 3 main classes:
{a) peptides/proteins, composed of amino acids
{b) amines, derivatives of 2 single type of.amino acid_

» "Endocrine gland has these features
{a)ductlesss: Ladrstmesf totns Tﬁ? V95 akn dulty)
() secrete hormones directly into the blood circulation to be brought to their target site.
i Lot S W01 Civifar

_%M@ SLoviton teqic .

(¢} endocrine glands aregupportedby,

Last updatod by Dr A Ng, Mrs Yeo YT, Mr Low CM NN 5
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Question
Can you say ehdocrine glands excrete hormones?
No:excrete means to-gliminate waste. Secrete means toproduce a.Usefyl substance.

Exfracellular Capillaries
fiuld ;
Direction
ofblood  ~»2R
flow %mew
Yy
b
Hemone m
2 THomone

Aw}wa producing cells
Figure 6. An endocrire gland consists of a cluster of horrnone secretory &%Umnnma within a network of blood capillaries.

hcreas.

o constitute only 1-1.5% of the mass of human [
secrete digestive enzymes. The pancreas is endacrine and exoctine gland.

o ' each cluster of islet of Langerhans has a p on of
(2) alphaccells which secrete hormonefgigagon:-

tas. The rest of pancreas is exocrine tissue which

(h¥:beta-cells which secrete ho

(@) L f%w (b}

sifne s 2 dayre -,
- (ot
utalls o .

¥ Bata cells

nroducs insiin al
e islets of
W Alpha cells Langerhans

Figure 7. (a) Pantreatic tissue (b)
Histology of a section of pancreas.

Acini praduce digastive

enzymes which are released The boxed region shows one islet
inta intestine via pancreatic of Langerhans.
duct

Question
What happen o hormones after they have exerted their effects?

Voo wwer degpode o, Toy Wpmes L pxoreted i wtves
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Part 4. Control of blood glucose concentration
= Human biood giucose needs to be controlled:

o energy must be constantly available for cell metabolism yat dietary fusl intake is infermittent, not
continuous.

o as aresult, excess energy must be stored for use during fasting periods between meals. Stored energy
fills in the gap between meals.
» Human blood glucose level is regulated by 2 hormones secreted from islets of Langerhans of pancreas
{a) insulin from the beta cells and
{b) glucagon from the alpha cells.

* Insulin and giucagon act in an antagonistic fashion. Their actions on metabalism oppose each other. it is
the ratio of their concentrations thatis actually more critical in the regulation of blood glucose concentration

than thelr actlial évels.

@nm:m esp. muscle

lis take up glucosa &

L’ S8 it a5 ensrdy source
of convert it ta giycagen

Beta cells of isets of langerhans
refease insulin into bicod.

onverts glucose to°

Sleod glutoss levals decline
10 set point. Stimulus calling
for insulin diminishes.

Stimuus:

Glucose & :

absorbed
fallowing a meal

Stemulust

1 Cells use up
glicose hetween
1 . meals.

Blocd glucose lavsls incrazse
ta sat point. Stimulus cailing
fur glucagen diminishes.

/gmq converls .._

glycegente .wmc
stops giypcoge
synthesis,

"Alpha celis of mm_mﬂm of
iangerhans refease
glucagon inte blood.

iy

Figure 8. Regulation: of bload glucese concentration by insulit and glucagon
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%:..w:_:._, %Eoon glucose concentration
« “"TH& fiormone INsUlin was isolated from animal sources in pure encugh form or synthesised via recombinant
DNA, techriology for administration and with dramatic _4m.mm<5m effects,
= Deficiency of insulin wit result it Type 1 diabetes meliitus in which there is :<vm_.m_<oma_m (abnormally
elevated blood glucose concentration), Symptoms include glucese excretion in the urine as kidneys are
unable fo reabsorb all the glucose.

Role of insulin
in reguiating

blood glucose
concentration

o]

Beta cells in response will secrete more insulin (signal} by exocytosis into the
blocdstream,

<] _:m:__: will Um qm:mnonmn via the circulatory system to its target H_mm:m%@nm__m

£ . .
Smic vesicles {in muscle,
the cell membrane. Thus

[e}

for instance, one of the responses is Em Em_o: of
m".u__uomm and liver cell} containing glucose z.m:muoﬁmmm
with more glucose fransporters on the cell &mim_.msm resulting In increased

_ums._mmc__.a\ of these cells to m_coowm.

FerSE: clempelisythus

Q 2 _ A _ ‘ .. : Gt &

opid

. m,? 31 Gluesat enters
, N
&y Lefe A/ @méig nacEDIOE
S gccoe chennel | Figure 11. Insult
- n
TS (.,\.w.u.z.. _ hormone-receptor
y »/m)fco / e interaction leads to
B ? \ increase in uptake of
AR | J glucose via glucose
\ N L ! ¥ = channel! transporter from
’ w 22.;..“‘ +hR 3 ; " the blood Into its target
/\ 5 3 Rissoue E cells {liver celis.and
Ry 3 ‘arget-cal & s ol e IUBCE celis).
AT /,,w
¥ .
70
o Responises in the effectors {muscle, liver cell} due to Insulin:
(& increases glucose intake by tissues (by increasing glucose transporters at the
plasma membrana of target cells)
(b) increases glycolysis (oxidation of glucose)
(¢) increases glycogenesis (synthesis of glycogen from glucose), mainly in Tiver and
muscles
(d) reduces free fatty acids release and increase lipid synthesis
(&) increases transport of amine acids into cells and pretein synthesis
(f} decreases gluconeogenesis (synthesis of glucose from non-sugar carbon
substrates such as pyruvate, lactate, 2mino acids etc).
Last updated by Dr A Rg, Mrs Yeo YT, Mr Low CM 8

carouseli.com/amafatunicorn



Raffies Institution H2 Biolegy 2013-2018 Raffles Institution H2 Bictogy 20182019

STMULUS RECEPTOR SIGNAL EFFECTOR RESPONSE CHANGED
o Asthe blood glucose concentration decreases to return to its set point around 90mg/dL CONDITIQN
via negative feedback mechanism, the ocutput also serves as a negative feedback to e NEGAT]
the beta cells of islets of Langerhans in pancreas to decrease insulin secrefion, 0 U IVE FEEDBACK -o----mocvnoooe !
o -Insulin secretion returns to nermal when set point {normat blood glucose concentration) m glucose m
is restored. ! uptake i
: H
A Blood gl -
Question A g@&ﬂ%h thorf Gotberted puijnywed gﬂﬂmm»ﬁwwh —*{ 5 cells i mﬂuﬂmﬂﬁnﬂﬂ -
4 Is it correct to say insulingonverts excess glucose to glycogen? ¢o”ts > 90 mgfdl falls
2P s B S Farcomren |
. & 3.«35 -+ glycogenesis

I i rel
AR G
Vg S«Sm_ﬁ\wﬂg Moy ﬁé&hﬁ? Restore to namal blood ghucose 4+—
blood glucose concentration congantration {s )
e AT
irris A peptidé hormone that is synthesized and secreled from mmu:mﬁﬁ;ﬂfoﬂ the islets of Langerhans ,,mm. d

of the pancreas when the giucose level in the blood is low (hypoglycem mm

Role of glucagon | o When blood glucose concentrat Attt , the Blood glucose Blood glucess ._
in regulating displacement is detected by ,wﬁ of rm:mmﬂzm:m in umgnﬂmmm (re mﬁo concentration concentration
blood glucose and, control genter). 90 mg/dl.
concentration o This usually happens between amﬁmwr after exercise (i.e. an increase in metabolic

demand).

o Alphacells in ﬂmwvo:mm wil \@m more m_cnmmoz into bicodstream.

i
o Glucagon will incréase biood glucose concentration by stimulating enzymes for :
(a) glyco lysis (breakdown of glycogen to glucose)
(b) glug ogenesis
(c) u@wmoi_._ of lipids in adipose tissues

o %v ood glucose concentration increases to return to its set vo_:ﬁ 80 my/dL, this serves
'a negative feedback to alpha cells of isfets of Langerhans in pancreas to decrease
_commo: secration.

Question
What is the order of metaboalic fuel usage in the body?
Proteinffat/giucose/glycogen
- Bl vk ety
2. By @éﬁ
3. Bt (pande) SV TEETATY)

4. Gyeteind (f0st)

Last updated by Dt A Ng, irs Yee ¥T, My Low CM 9 Last updated by Dr A Ng, Mrs Yeo YT, Mr Low CM 10
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CORE IDEAS
{3) Energy and Equilibrium

CELL SIGNALLING

An overview of cell signalling and communication
+ Signal reception and the initiation of transduction
+ Signal ransduction pathways
« Cellular responses to signals

Learning Qutcomes

Candidates should be able to: ﬁf
{(m) Outline the main stages of cell signalling: \.%«

i. ligand-receptar interaction A

ii. signal transduction (phosphorylation cascade and signal ampfifi

. cellular response (change in gene expression) N

{knowledge of intracellular receptors is not required) %

-

(n) Explain the roles and nature of second messengers (incl @mﬁmn AMP)
{o) Explain the role of kinases and phosphatases in mmm:mﬁﬁ?_an&on

{p} Outline how insulin and glucagen regulate 9%36@8 of blood glucose through the respective
tyrosine kinase receptor and G-protein _._:xm,f dceptor. (The outline should be limited to describing
how the ligand induces a conformati change in a membrane-bound recepter to trigger

downstream signalling pathways that (Eligit physiological changes in blood glucose concentration.

Details of different second mes: and specific kinases acfivated in the pathway are not

required.) @

1 The Gell and Biomolecules o&@
{0} desariba the molecular strutre of the following proteins and explain kow the structure of each protein

relates to the function
. G-protein finked roeefisr

N
(signalling)

Use the knowledge gained in this section in new situations or to solve related problems.

References
+ Reece ef al., Campbell Biology, 9" edition

Sherwood, Fundamental of Human Physiology, 4% edition

Alberts ef al., Molecular Biology of The Cell, 4% edition

Brooker ef al,, Biology, McGraw-Hil

Green, Stout and Taylor, Biological Science Vol. 1 and 2, 3¢ edition

Clegg, C.J. and Mackean, D.G. {2000). Advanced Biology: Principles and Applications. 2™ edition.

John Murray.

« Raven and Johnson, Biology, 6% edi

.- 4"

* This handout is the effort of several Biology teachers at RI(Yr 5-6). It has and wili continue to be updated,
~Any information given in a double-fined box is for your information only

Last updated by Mr Low CM, Mrs Yeo YT
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: Ligand-receptor
interaction

Celt Signalling (H2 Biology) Year 6 2013

= Invoives SHiHdGEBITIGdRE (sianal molecule) to a specifichlit
bindinig site-of protein receptor to form aligand-receptor cofitpiex:
ing site i ciurally'conipléementary to the ligand.

= Signal transduction pathway is mediated by intraceltular

= Multiple steps in a signal transduction

Binding of ligand to protein recepior causes z céhformational:

@i the protein receptor which inifiates signal transduction,

= In signal transduction, theSigial‘isiconverted to a form that can
bring about wspecific:cellilarraspsiige; Transduction can oceur in
a single step, or in a series of multiple steps in a signal transduction
pathway.

signalling proteins such as kinases (that carry out phosphorylation),
or small molecules and ions such as cAMP ﬁmma ary messengers).

way resulfs in an
amplification of the signal with each mcv@ nt step,

-

S

» Cellular response occurs thr

Pspecific changes .in cellular
jpriient {2.g. gehe expression) by
e requlatory proieins, icn channels,
athiway, parts of cytoskeieton.

funetion, metabolism, or deyels
wiargeting protetns such ag=ge
components of a metabolie

5

Fig. 1¢. Overview of siages of cell signalling. %MWQ

*Ligand — a molecule that binds specificg ancther molecule, usually a receptor

*Signal transduction - a seres of RMMV which signals are conveyed into the target cell where they
are transformed into a callular nmmﬁ { 1

® "~

: Quiside cell | extracellular:
% _W_mﬂwn_t Ligand- rm@mza.mmomnﬂoq interaction
receptor {Reception)
Cell membrana m}wy.uv Receptor - complex
N ~ tetieacedll 2k SRl s
7 ¥ . o
— No. of activated -~ =10 _ rr
U-gu\ \\v/ 2
Inside celt / A, | No.of £ =100 Inside cefl /
intraceliutar: \I/ intracellular
i (b} Signal
pees O [eo ] o
paitway > Lo ‘@_H& JAET—
O AW e
{b) Signal lificati J.W&SP.T\?Q
) ) N pt
(a1} Signal transduction begins with ) ignal ampiification occurs
conformation change in intracellular every step with an increase in the

domain of receptor,

number of activated moleculas &t

Callular each step.
Igame 3

Fig. 1d. Cell signalling highlighting signal transduction Zrthsignal amplification, Receptor shown is located on a

cell membrane.

l.ast updated by Mr Low CM, Mrs Yeo YT
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Part B. Stages of cell signalling 1l

_..Oe.aOc”__:ma._mammnmﬁm@mmoﬁom__mﬁamasmw.
i _mmmua-mmomnﬂo::ﬂmﬂ.m&n: S
ii. signal transduction (phospherylation cascade and signal ampification)

. cellular response (change in gene expressien)

i ok

nsmitters:and-small melecules (e.g.
igand:hinding’ site’ of the specific”

(W7 %i@

pécific; structurally: complementary: protein
£,
e

.,x
xmnmﬁ»o..mmauaﬁmmnmﬁmﬁsmﬁmzaﬁﬂm:ma:nmﬁszmmmm@mo::m @W_w_ molecule into a cellular
response.

{nvalging G W e BALREY
*» Binding of the ligand to its specific receptor will rasuit in theiactivation, hereceptorprotein, yiplpiued

ﬁ%g O | TEW Threds)
i, XTI T .zs%

LagEptor,

* Ligands are also known as extracellular chemicals/ fifs¥ messangerf signal.
= Reception involves binding of a specific ligand to a
receptorte form ligand-recepior complex.

SO gy M st Speoire

ligand inappropriate

for receptor Ligand fits weil

inte receptor

Pt
Fig. 2. Receptors bind anljto ligands that can fit into them. Only

? one of the cells responds to the chemical messenger.
The receptor-shownris located on-a cell membrane.

m_‘%o types M__* recepters can be found in the bedy, depending on their location in a cell:
i) intracellulay receptors (not in sylabus giu... E ..?HW\‘ _msi .

- are located in cytoplasm arinrceus v\;o.&gag ey~

- hind to small and/er hydrophobic/ non-polar signal molecules (e.g. steroid hormones)

that can
diffuse through the hydrophabi Lo T

(ii): cell surface receptors:(focus of syllabus
- are located an plasma merbrane.
- shind:tocErgesand/orifdrophilisi

phiosphoipid bilz, _

e fransmembrane proteing that span cell membrane.

- signal molecule binds te ligand-binding site in the extracelldar domain {Domains mﬂ%
n...n_.m@wmvnﬂ&oi..m Tetural unitsiin o protelfi). Binding induces a conformational change n the
intraceliular domain. -

bthainfidinanss et

olar signal moleculas which cannot diffuse readily across the

Last updated by Mr Low CM, Mrs Yeo YT

carousell.com/izmafatunicorm




Raffles institution Cell Stgnalling (H2 Biology) Yoar 6 2019 . Ra

e .ﬁw_.%m_%__..:m {H2 Biology) Year 6 2019
:

types of call surface receptors:

a3 FEcEptors (e.g. glucagon receptor) o
geptary (e.g. receptor tyrosine kinase) such as  insulin receptor
i channels {see Part C/ other receptors)

~ there are three

gnal fransduction refers {o the series of changes in cellular proteins that m..osﬁmn.m...miqmnn__:_mq..n.cm.smnm_
¢ spacific intraceliulariresponse: The function of a signal transduction pathway is to change the
behaviour of & cell,

= Recipient target cells can be iocated near to the signaliing cells or at seme distances away in the body. *  Signal transduction pathway starts after reseption that brings about g

(a} activating receptor profeins

Outside ¢ell (extracelular fluid) - 1. In the previous stage, a signal molecule binds o the ligand-binding site of receptor protein. This
— Ugand- Extracellular now causes a conformational change in the intracellular domain of receptor protein. it
S tinding ste W domain QSss& loids f activates the receptor protein, enabling it to interact with other cellular molecules. }
FATW Transmembrane {hddd i+ 2. the syllabus will focus on two main types of cell surface receptors:
IRSINI Ay VIS Y domain ®§ i G-protein-coupled receptors d
Intraceliular . il. enzymatic receptors
: .ﬂf uﬂ domain Lemfryn T %&.ﬂ/ ]
émy ohosogr o by (b} activating other relay proteins which involves: €y -
inside mm_%o; vt 39 1. Multiple steps process « i
Fi f 2 cell surface receptor - activated receptor factivatesi‘afiothisr: relay: protein, éj.m%wmﬂ?m»mm another relay protein
) _M.VWV cture of a cal ptar. molecule and so ongy final:protein that produces: -activated:
S B sigrst that is polar andior - involving specific molecular interactions.
.ﬂ ( _uﬂamg:gnnmm.cmn throuih ﬁmfb&dﬂmfw @f@
Fig. 3. Receplors are defined by location. Recepfors can be 2. Phosphorylation cascade _@. .
located on the cell surface membrane or in the interior of the aw_ﬁf@ - A phosphorylation cascade is a sequence of Q@ where:ofie enzyie:phospharylates anofher,
causing a chain reaction leading to the nw&%oa\_mﬁ_o: of thousands of proteins o -
Intracellular receptors - Phosphorylation and amv:omuzoénwﬂﬁ are ways of changing these proieins and they .
« intracelluiar receptors may be located in the involve the addition or removal of ph te groups respectively
cytoptasm or in the nucleus. D The stercld oo o
pancss through tho 3. Signal amplification ﬁ@ ) o .
*= They are bound by small, hydropl piaama mombrane. - mmm:.ﬂmu _:oﬂmmmw%h% JsJ§ o_m.ma of proteins that make up a cell or the activities of cellular N
molecules that can easily diffuse mo@ ] protains. e S R VT S il e— TR N
hydrophobic core of the uﬁ@ olipid © Testosteront bines . . 4 ‘Lgim.? . g@\
bilayer to enter the target nm_% 182 racaptor protoin {0) Explain the role of kinases m:n%muwmﬁmmm in signal amplification
n the cytoptasm, . F
« Upon activation, recepto ¥ function as acfivatiog il 2.1_Phosphorylation cascide hasa WM, ?555%28 Q%W
franscription factors or, regulators (e.g. T

receptors for steroj rmones such as

= Many proteins are Smo@ hen they are initially synthesised and require medification after synthesis for
estrogen and progesterone).

activation. In_ other cases, & protein may. require..modification. for deactivation.  Phosphorylation-

€3 The hanngne dephosphorylation of proteins is a widespread post-translational modification for controlling protein
* Signal ftransduction is usually a i-step el el furiction (See Organisation and Control of Prokaryotic and Eukaryotic Genome).
rocess: binding of signal molecule causes and Binds to specific f
4 nformational change that allows the genes, * Phosphorylation or dephosphorylation involves the addition or removal of phosphate groups, respectively.
a co g kot r re
receptor protein  to  funclion as a

o Most proteins areiactivatéd’ ¥:shosphorylation and-deactivated by:dephosphorylation. In other cases, .
transcription factor. "

3 The beund protein the reverse oceurs.
o No signal amplificaticn is involved. stimulates the i
s RS © 2 enzymes are involved in the processes are kinase and phosphatase.

i. ; Kinaseis an enzyme which adds phosphaté grou m-ATP tothe:proteinphtEphorylation).

€ The mRNA is ii. 3 fs an enzyme that‘temoivés? phosphate’gicups:from:proteinssiby hydrolysis
transiated into a dephosphoryiation). This action is directly opposite to that of kinase.
specific protein. i
: M g :
Fig . 5. Signal transduction via an intracellular receptor. i?ﬁ&.m\
- Last updated by Mr Low CM, rs Yeo YT ] , E s
Last updatad by Mr Low CM, ¥rs Yoo Y7 s Tiprmee T e L A e ﬁ kury 3&5{ By, :
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o Phosphorylation may directly alter activity of an enzyme, e.g., by pramoting 2 conformational change.
Protein kinase that has been phosphorylated becomes active. i then adds a _u:_um_urmﬁ group to the 2.2 Signal amplification ; wgmt& ArrenTa.
next protein kinase in line, activating it. The sequence of evenis is known as phosphorylation cascade. 1al amp iy

ducesalarge:number of dn‘intracelltia fediater frofi o relatively smalt number.

= The phosphorylation cascade is an example of a multi-step signal transduction pathway. In every step of
this pathway, signal amplification occurs (see section 2.2 below). .

o When a few of the molecules in a pathway transmit the signal to multiple molecules of the next ’
component in the series, the result can be alarger numbisr:of. activated:molecuies:at the end of the
pathway.

o Protein Kinases are usually invoived as when these enzymes are activated, they cataiysed the

serine phosphorylation of several other specific proteing in the next siep thus activating these proteins,

side chain

o [kach step increases the proportion of the molecule, In other words, asm
signal-moleciiles. can produce azdarge cellular response:in a signal :m:%ma“._u&o_._ pathway. Starting
with 1 signalling molecule, one ce receptor can irigger the vaucﬁm 108 copies of the fing/

praduct, b ortad, esi?ﬁ G, e L? ocinintest ﬁﬂ? &NM%?

number of extraceliular .

oadtve Lot o ) Lo—BiCH Nl
a0 o Conversely, protein phosphatades serve to termirlate the amnoﬁm& itigted by receptor activation of
@V protein kinases. 5 -
Flg. 6. Protein kinase and protein phoshatase catalyse _u:o%w% and dephosphorylation respecively Slanaling pathuia PRt | g Humber of: Vhat is the basis of signal amplification?
: o - . - ules X
" activated 1 W .W m% w*sa Egﬂgg\g Q.SQSS;.#

o

duboplortpt
@m%& RUSWE G A)
i VN oAl el
0jzcilaa

Ol ansteltled >
P

w
Ay e SIZANS -£o %ﬂﬁiﬂ&\
CeAyliv padpongRs-
¢. With reference te Fig.5 which transduction
step/s does not result in signal amplification?
Explain.

24 Prarson Coseane vx

Fig. 5. Figure showing the number of activated molecules at each
sten of the signal transduction pathway,

Fig. 7. A typical phosphorylation cascade containing 3 different protein kinases (numbered 1 to 3).

Last updatad by Mr Low CM, Mrs Yeo YT 7 tast updated by Mr Low C, Mrs Yeo YT 8
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Ratfles Institution g {Hz Biclogy)

3 ce an appropriate cellular response in the cells, such as:

v Geria expregsion - up regulation of gene or glown regulation-of-gene

thu lation for actvation/inhibiton of enzymes Comedorlic] cutath e Frodes)
cytoskelaton:such as mwmmsvz. of microtubules for movement of vesicles to plasma

membrane € e-h- Cnfraction of-udiele UL
i" " Guestion” T T T T T :
Even thoLigh the ligand ang receptor may be the same, different responses may be elicited from different
cells, Why?

Fedrfc et

Signaling
molecule-

Fig. 6. Specificity of cell mmozww_%
The 4 cells Tespond to the sappg sighal molecule in different ways.

Celis A, 8 and C all use 5% receptor protein for the signal molecule (represented by a 1riangle}; differences in other
proteins account for their d Fing responses,

Gell B - 2 pathway triggered by a single kind of signal diverges to produce 2 responses.

Celt G - 2 pathways riggered by separate signals {represented by a friangle ard a circle} converge to moduiate a single
response.

Cell D - same signal molecule recognises a different receptor molecule which iransduces the signal via a different

pathway, producing a different celiular response.

af responses :
ifferentresponses;to thes

crease permeability to glucose, and stimulate conversion of glucose
insulin will inhibit breakdown of triglycerides.
{b)same:cells can have thetsimegsponse togifferght Signals’ nelvevipdpes

o g iver cells can be stimulated by both] glucagon and\epinephringhto mokilise glicose. These
different sighals act by the same transduction pathway to Efmulate the breakdown and inhibit the

synthesis of giysogen.

o .m.m. in
ta glycogen.

In adipese cells,

Last upgtated by Mr Low GM, Mrs Yeo YT
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& B S R S ﬁ%m
4. Termination of Cellular Response *
= Cellular respenses can be terminated / re ulated at 2 peints:
(a) reception
_\:.ﬂnma protein

Coated

o g
previ

) Fig. 7. Endocylosis

M%mzu-_.mnmuﬁ_. complex.

i) .
ny of the intracefiular signa!
the'signal.

o Production ofiphiitorsithiat by the ligand-receptorcomplex a
proteins in the signal transduction pathway to:prevent fransductibe

S

prmm———— R i

Mbmmm.mo: ,

i Why is it important to remove a bound ligand after a cellular resgH has been triggerad?
& o {Tyand, Qs
oA Ty (eadld 0 et celle ERPThees

— g e |
mcazgsﬂ@sé Ao S vemoved, e

...................... T

5. Advantages of the signal trans ion stage are:

15EBiat foliee o @v " i@%esﬁ%f@
« only a smaf number of signal

ules needed to solicit a large response from cell

lognind, 40 Cef Al ot B ot ey |

wdiBecause 1 signal molecule (Sgand)eamtHgg
HEESHENSEE:

B diver cell Smmma increase GLUT 4 fransperters at cell membrane to increase
glucose uptake from Blood, resuits in activation of enzymes for increased ghicogenesis, giycolysis and
decreased ghiconecgenesis.

3gREtesmutiplrErkpR s orrenolstions
- Several steps in the signalling pathway can bejrequlzied and dontroligd] E.g. activation/ inactivation of G
protein, activation of adenyl cyclase and amountt produced. This will eventually regulate the

ceftular response of the pathway.

p&h&ﬁmﬁ@mﬁm&ﬁg because the apecific signal molecute (ligand) binds to a specific receptor (ref. to specific
conformation) to elicit specific reaction via specific pathway in each cefl type;

5. Abilty of a type of sicnal molecule ligand) to SESrnateEEtvatoR Brmandifeentealls.simul !
- E.g. insulin molecules carried by the blood stream bind to receptors of several target cells such as |

muscie ahd adipose cell triggering cellular responses from these cells.

iver,

Last updatad by Mr Low CM, Mrs Yeo YT 10
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muslettpon binding to cell surface receptor

Raffies [nstitution
8. Ability of a signal molecu!
cNitiEitthe-nped domn

Enhancud

Shucoss

Teansport tlll]m..ﬂ...-ﬂ ans
A J P

[ o f 3}

y//aan
4

NN

“psiy .\”._dzw Fprot

N T QY
Glycogen Bynthosia Pretel %
mmﬁﬁwww {0 the receptor leads to phosphorylation and

i pathways. Eventually leading to several cellular
brane, protein synthesis and gene exprassion,

FIG. 8. Sch tic repr tation of lin signaling. Insulin (1)
activation of different relay molecules of different signal trans
responses such as glycogen synthesis, increased GLUTA at cel

Last updated by Mr Low CM, Mrs Yeo YT
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(3] -Outline -how-insulin .and- glucagon regulate the -concentration of bicod glucose through-the respective
tyrosing kinase receptor and G-protein linked receptor. i o
{0): Describe the molesular strictirs of the following proteins and explain how the structure of each protein
relates to the function it playsy - -
iit. G-protein linked receptor

PART C Types of receptors:

gif-Cople i

* The G protein system is the largest category of receptor type In animal cells. Examples of figands that bind

to GPCRs: glucagon, adrenaline. N
9 2 o tungly wendeeut iy

* & protein system comprises of 3 components ~ G protein-coupled receptor, G protein and another
protein (usually an enzyme),

e
* G Protein-Coupled Receptors (GPCRs): IR T e 4
o GPCRs consist of a single polypeptide that Is EXTRACELLULAR Protein dnase A n_amm.gmmv
folde 0 z:glebul rtiary protein, RLUID" ﬂ?,.ugavsegmnnn.ﬁa..” inding sita .
o is a Asmembi proteifis(which snakes SR : )

through the mernbrang es),
o It consists of ;7 ahelices” connected by thres
infraceliular and three extraceliular peptide foops.
o {t has an extraceliular N-terminus, and an
intracedlular Ctemainus (cooy
o has an extracellular Tigand-binding site that
binds to specific hydrophilic ligands including @9
hormones like glucagon, adrenaline/epinephrine. .amvf
o The intracelular domain/cytoplasmic side _ of o
GPCR has a:G:protein: binding:site’ that m__f
s

binding of a G protein complex. S
N TR ;
= G proteins: @ aﬂaﬁﬁmonu_ﬁ“ﬂ%ﬂ inase
y 100 5i
o are found on the cytoplasmi @ of the PRaspne :
membrane, o0 o B, b C ftewime
o are heterotrimeric complexas up of alpha Fig. 9. Structure of a G protein-coupled receptor. This

(a), beta (8) and gamma {y) e is one of 3 components in the G protein system.

o are GTP-binding proteins ine nucteotides).

state-— b to

~ béupi to

o has intrinsic. GTPase  activity (capable of
hydrolysing GTP to GDP).

= Signal transduefion system:
The foliowing steps show how a chemical signal activates
the entire G protein systemn.
(a) G protein system.in inactive form
In the 'shsence of extraceliuiar signal” molecule
specific. for the receptor;. afi- 3 proteing are in. inactive

form. mwaianmﬂ_,an,
Inactive G protein has a GDP molecule bound to it, {5 G protain syote SRR S0l e ?&3%.(3&3“
Fig. 10a. The G protein system in inactive form. ™
Last updatad by Mr Low CM, Mrs Yeo YT 12
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n

(b} G protein system in action
{1) When the signal molecue binds fo rzoeptor, the copter m”a._.s._a.as,_a SR Le * | Actlutia {n) Explain the roles and nature of second messengers (including cyclic AMP)

nanges:conformation:in such a way that
aninactive:G:prok
{(2) A molecule of i

P on the inactive =% feiflzsioisiale
cth G protein-coupled receptors (GPCR) and recaptor tyrosine kinase (RTK)-initiated pathways involve

second massengers,

displages
G protein. This Gtfivatesdh

{3) The active G protein n_mmonﬁ.mﬁmm..a_.o_s.%m.u,qmm,mvaq. a £ : e
and moves:along:the-cyloplasmic.side. of the cell EA o A Active G proteln ¥ . .
membrane. I mﬁm%%_sa H = The extracellular signal molecule/ ligand that binds to the membrane receptor is a pathway's first
(4} it hinds to and activates fhe enzyme which m_.__e - messenger.
(5) triggers the next step In'the pathway. leading to {t G-proteln cystem in action TesRe . N ) . e
callular responses. Fig. 10b. The G protein system when activated Many signalling pathways also ._:<o_<m small:non-protein; water-soluble molecules or jons, cafled second
”.“,..En.m“.m..mmmm_,m.,q hey help_io, activate cellular proteins. Not all components of signal-transduction pathways
are proteins, PRSIV - SO

{c) G protein system returns to inactive form

Due to intrinsic GTPase activity of the G protein, it | Questi ,
catalyses;hydrolysis of its- GFPrto: GDP: refurning: the { What %m: the characteristics of second that enable t ion eff m
- Gproteir Ve state ! nd messengers that enable to function effectively in the cytoplasm? !
Once inactivated, G protel aciates  from the m Tonad) % wiirmiwlags —7 teneliwy .mwsm#oﬁ YOt fia mﬁw@ e oo - b

enzyme and becomes available for reuse.” ™
Al 3 proteins remain aiteched to the plasma

membrane.
0c. Return to inactive G protein = Second messengers in G proteincoupled :
@ receptors/ GPCR-initiated pathways:
o Once G protein is activated, it can activate 2 enzymes in m%m.m_ nal transduction pathway:
(a) adenylyl cyclase o GAMP
o catalyses conversion of ATP fo cAMP m%&mé messenger) which triggers a series of + cAMP are produced by breakdown of
piachemical events within the cell to bri gﬁ the response dicated by the signal molecule (see ATP by activated adenylyl cyclase
Part C). _‘ﬁ/ ¢ Signal molecule is the 1 messenger, '
(b) phospholipase G (not in syllabus). % which activates & G-protein-coupl
@ receptor, which activates a mummmq?
........ Mmmmmmmmeomo—sammommsassomsssemssssmmmsososeeesmT G-protain,

m.v.qnam._:..oo._._ummn
] i

Question
When a signal binds fo the recepipr of the G protein system, can inactive G protein becomss active by |
phosphorylating its GDP to @ ﬂ_m

No. Wndtver & pet LA AR kv Exchowidnvg GOF varin OTE N O.N.. .
....... PPITCRL 1 (o) S——————— LS

-phosphorylation: cas leading to
cellular responses (see Part E).

€ Pasion Sutanatian,tocy

PINEREARY

_u.nm_. 11, cAMP is the second messenger in = G-protein
sigralling system.

BIOR = Qupetumn = tedawgy)
q&o.gwd
) ‘
iy
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o Ca*
Acts as second massenger that initiates some cellular responses by binding to czlmodulin {a

cytoplasmic protein). Normal cyicsclic Ca* concentrations are usuaily low. Many signalling molecules,
e.g neurotransmitiers and hormones induce responses in their target cefls via signal transduction
patihways that increase the cytosclic congentration of Ca2*,

o IP; (Inesital trisphohsphate), DAG (diacylglycerol) are 2% messenger molecuie, which are formed by
hydrolysis of PIP; {phosphatidylinositol 4,4-bisphosphate) by phopholipase ¢ (Fig. 12)

Leimeit of .}
. A nanou_mma_m
C reficulum.

" {comraction, searetion)

Resp in cell
metabolign, transport) Cytasol

Fig. 12. Phospholipase C catal ﬁya..mﬂmmoa of phosphatidyfinositol-4, 5-biphosphate (PIP:) to diacylglycerol (DAG)
and inositel triphosphate (1Pa) of which serves as a second messenger. DAG remains in the membrane and
activates protein kinase C. | ves into cytosol and triggers the release of Ca®* from the endoplasmic reficulum. Ca?
as second messenger by bifding to calmodulin to activate a protein kinase.

Question
What happens if the second messenger 2.g9. cAMP remains in the cell?

Ceftulan adletnies douwniream v cHIVIP ottt totrtinas bo e a(vERz ok,

SOV edPrnider YABAY POTIFT aben oHjowt Hre ndiey %g
taghe(ule, to Hhe receptoy.
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; ; _ﬂ _u Notyat
; a @ bah\u% aclvated
- 1o
&y :
~ O OOO Protein kinase

GTP G protein

,;w,.
O,QO Q@., OO C—enzyme
S

ﬂ.wm 13. >_.:uwmomgo_._ at many steps ultimately oam_..& a large response by the cell.

inding of one signal melecule to one cell e receptor. (2) Activation of man i i

| : 2 y G profein molecules, each of which
mm»?mﬁm a :._o_mo:_n Oﬁmn‘ma._v._ S_.o_.mmm (3}.8181ding an enormous production of cAMP {4). Ezch cAMP molecule in »__:.:
will activate 2 protein kinase (5), which oshorylate and thereby activate several cepies of a specific enzyme (B)
Each of those enzymes can then catalyge any chemical reactions (7). ’

A
| Question m@w .....................................................................

Suggest a benefit of ha all 3 proteins in the G-protein system attached to plasma membrane,

Toueroyg Je s TG of yveininafl 10 IUeg, ol g o, vitation

Question
Expiain why the GTPase activity of the G protein Is important in regulating the ceflular response to an
external simulus.

Last updatad by Mr Low CM, Mrs Yeo YT 16
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Types of receptors? ginase(REEn

« Some call surface receptors that bind to exiraceliular ligands either act as enzymes ﬁ_..m.amm_ém of are
linked to enzymes. These enzymes are necessary to activate a cellular response.

Coll Signalliag (H2 Biology) Year§ 2019

i i i i . The
» Receptor Tyrosine Kinase {(RTK) is @ group of gell surface qmmmuno_, that also functions as an enzyme.
Mﬁouwbm«:_.o pait of the receptor has a tyrosine kinase which phosphorylates the amino acid residues
tyrosine, RTKs thus, have intinsic kinase activity. )
[4 protein kinase is a class of enzyme that adds phosphate groups from ATP to proteins.]

» Examples of ligands that bind to xﬂxu@._ama._m_ growth factor.

= Abnormal RTKs that function even in the absence of signalling molecules are connected with many types
of cancer.

»  RTKs exist as 2 separate subunits cras a finked dimer:
(i} RTKs with 2 individual subunits (Fig. 14A)
e.g. insufin recept

Upon binding s . %gaé
1o ligardd

—

{iiy RTK that exists mﬁﬁ:.ﬁa dimer {Fig. 148}

304 Semvin Grmmen v

fig. 15. Recaptor tyrosing kinase system. Step 1 is reception, step 218 dimerization, step .m Is cross phosphoryiation
of the dimer subunit tyrosine resicues and step 4 is activation of relay proteins that bind 1o the phosphorylated
tyrosine residues leading to signal transduction pathways and resulting with cellular responses.

Liast updated by Mr Low CM, Mrs Yeo ¥r . 17
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Signal transduction mechanism:
As expacted, before the signal molecule binds, the inactive receptor exists as in
linked df o )
(Ty When the specific signalfigand molecule binds to.complementary:-extraceliular ligand-binding: site’
of a specific receptor at the plasma membrane, o

idual subunits or as a

(2) it causes the.dim
{for receptors that

jon of & rdimer where the two receptor subunits assemble into a pair
‘a8 separate subunits before figand binding).

(3) Gonformational s change:in:the: intracelular ‘domain’ of receptor results in activation of intdnsic
tyrosine kinase
» Intrinsic kinase activity of each subunit in the intracellular domain, obtains phosphate groups from
ATP, “Grogssphosphorylates the tyrosine residues on the other subunit (autophosphorylation).
in other words, the receptor subunits phosphorylate each other.

Steps 1 & 3 = effect of signal molecule on receptor is dimerisation and us%_mgo?

{(4) Now the receptor is fully activated, the RTK is recognised by mumm% ay proteins which bind to the
phosphorylated tyrosine residues and in the process are thel s activated. The relay proteins
are activated: by binding or via phospherylation by the RTK.
> One RTK dimer may activate- 10 or more differe @mnm__c_mﬂ relay proteins simultansously

triggering many different signal fransduction pathwaysand cellular responses (see part B 2.1/
phospharylation and 2.2/ amplification), RTK %W%V ates different signal transduction pathways

atonce.
s

Part D. Othérreceptors
*There are three main types of cell surface recadtors:
(@) G-protein-coupled receptors (e.g. gluca
(b} enzymatic receptors (2.9, chvﬁa;ﬁmy kinase)
{c) chemically-gated ion charnels ff °
?@

« i chemically-gated ien n:m::mmmuw ot

o the receptor proteins usu, 50 serve as an ion channel in the
cell membrane. ,ﬁ.

o when the receptor %,\mﬁa by binding of a chemical ligand
(e.g. neurctransmitters), the receptor changes conformation.. This
resulis in the opening or closing of ion channels to allow / prevent
ions to pass through.

o flow of ions across celf membrane resuits in a temporary change in
membrane potential, which can affect the activity of other
membrane proteins (such as voltage-gated channels). In this way.
a ceffular response is triggered.

} Fig. 16. Binding of ligand (1} triggers the opening of the ion channel (2). When
the ligand dissociates, the channel closes (3}.
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j Part E. Specific examples of Cell Signalling

-protein signallin
1. Glucagen and G-prote g g Slucagon

Adrenaline

(B ) (o)
E %v %@ Glycogen ,ﬁm_‘fwy

ATP ADP h
PYG )
ey Jugs
ATP ADP
C
I
Glurco! hosphate
Fig. 17. The m_nnmm&fmﬂ:m_:ﬂm pathway

he tslets of Langerhans in the pancreas, in response
lls to promote glycogen breakdown and to encourage
ing is an increase in blood glizcose levels.

Glucagon is a hormone which is released, from a cel
fo low blood glucose levels. it acts mainly o:‘_
gtucose synthesis. The net effect of glucagon

Ligand — receptor interaction @ ) .
._ The glucagon receptor on the cell /J“m of liver cells is a G-protein coupled receptor (GFCR).

extracelluiar binding domain which is complementary to the shape of

H CR has two domai .
« This GP ding domain which is coupled to a G-protsin.

glucagon and an intracellul

5
nal Transduction @v

i tor, conformational changes
binding of glucagon fo the extracellular domain of the glucagon recepior,
) Mo..%%__”. :_mzﬂ_._mmi:.mnm_:wm« domain of the w_,m:mamag,mum receptor leading to the replacement of a GDP
malecule with a GTP molecule on the G protein, thus activating it.

» The activated G protein activates the next enzyme in the cascade, adenylyl cyclase. The activated adenylyl
cyclase will then convert intraceliular ATP into cAMP.

» This results in an increase in cAMP Jevels which alsc serves to amplify the glucagon signal.

i i in ki ich i dent protein kinase. Activated PKA
P will then activate protein kinase A (PKA) which is a cAMP-depen L
: w_‘pﬂ_.,hﬁ?smn?mﬁmm phosphorylase kinase, which, in tum, phosphorylates glycogen phosphorylase, converting
it into the active form.

+ The activated PKA will aiso inactivate glycogen synthase enzyme.

L.ast updated by Mr Low CM, Mrs Yeo YT
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Cellular Response

» The activated glycogen phosphorylase will function to catalyze the breakdown of glyeogen to produce

glucose-1-phosphate, The glucose-1-phosphate will be converted into glucose within the cell before it is
released into the bloodstream.

Coll Signalling (H2 Biology) Year & 2019

Since the activated PKA will inactivate glycogen synthase, glycogen production will be inhibited as = resuit,

2. Insulin and RTK signaliing

Insulin is the major hormone controlling critical energy functions such as glucose and lipid metabolism. Insulin
functions t¢ increase the permeability of muscie and liver cells o increase glucose uptake. It aiso stimulates
glycogenesis, lipid and protein metabolism as well as many other cellular metabolic activities, The net effect of
insulin signalling is to decrease the blood glucose ievels,

Ligand - Receptor interaction

The insulin receptor is aRTK:that exists as: n.mrf

dimer.-Insulin binds to the extracellutar domain eﬁ, Glucssa Ghucosn
a conformational change in the intraceliular domair. _ @ Transpoter

Sigpal Transduction c

* This change in conformation of the intracellutar
domain leads fo ihe cross-phosphorylation of the

specific tyrosine residues on the receptor. ; | Trsston
¢ The activated insufin receptor tyrosine kinases can o ek 7O,

phosphorylate and recruit different intracellular sighal %f

proteins which can activate different infraceflular ,

pathways, .ﬂw@v Modigr  Phogphoryloion  Oter

0»33._,2_ astoda Stgnals
Cellular response %«,

Cellular responses of insulin  include indy of

dlycegen synthesis via activated glycegen syrithase and

stimulation of glucose uptake in acmn_%w@a adipose o Al
tissues via translocaton of vesicles coffAifing GLUT4 I il
transporters to the plasma membran )

&)
N
@@

Fig. 18. Insulin signalling pathway

b Fig. 19, Translocation of vesicles containing glucose
transporters, GLUT- in response to the Insulin signal,

Last updated by Mr Low CM, Mrs Yeo YT
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Part F. Link

Cell Signalling and Cancer
Cangcer may result from defects in eritical signalling molecules that regulate many cell properties, including cell
prefiferation, differentiation and survival.

Oncogenes are profo-oncogenes that are mutated or abnormally expressed during cancer devetopment.
Oncoproteins, the product of the expression of the oncogenes, are in many cases, signal transduction proteins
that normally function in the reguiation of celiular proliferation.

Examples of signalling molecules that can beceme oncogenic span the entire signal transduction pathway. E.qg.
Ligands {growth factors), receptors, adapter and effector molecules and transcription factors.

S
)

One of the most common iniracefiular signaling pathways triggered ITKs is known as the mitogen-
activated protein (MAP) kinase cascade. The pathway starts with, fhéxdctivation of Ras, a small G protein
anchored to the plasma membrane. In its inactive state, Ras is bo GDP. However, the activated tyrosine
residues on the RTK will in turn activate an adaptor protein. Thisydetivated adaptor protein cause Ras 1o
bind to GTP in place of GDP and become active. R
Next, the GTP-bound Ras activates other intracellular Qm:m@m@ﬁqﬂ&: in the MAP kinase cascade. Then, the
final enzyme in the signal transduction pathway n:amuscﬁ s transeription reguiators, leading to a change in
gene expression levels including the cyclin D geng. clin D gene stimulates the progression of the cell
wignal moleenic wa cycle into the $ phase and through the remainder of
the cell cydle,

Ras protein signa athwa

Fig. 19. Ras protein signalling pathway.

& TRANSMISSION . X
actiested reoapror gl OF SIGNAL A mutstion in the Ras gene can result in the Ras
Tyrozine kinese " . . N .
\ma w / @ protein becoming oncagenic. This mutation causes
RO i the Ras protein 1o lose its ability to convert GTP to
GDP, thereby Inactivating the protein once the signal
has been transmitted. T| . the Ras protein remains in the active state even with no extracellulzr signal
molecule binding to the receptor. The Ras protein then sends continuous signals to keep the cell cycle

rurning with no checks and balances. The result is excessive cell proliferation and cancer.
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[1. INTRODUCTION TO STEM CELLS ]

* In order for a multicellutar organism to function properly, it must diversify cell types, confrol their
production, and eliminate aged/damaged cells.
Differentiation is a process by which a less specialised cell develops tissue-specific adaptation
that enables it to become a more specizlised celi type. '
»  Many differentiated cell types have limited Iife spans. Disease can also lead to their loss.
Sincsidifferentiated celis do not-usually divide, their supply must be replenished in some
ways.

»  Stem celis
» "“are a group of undifferentiated* and unspecialised” cells that are canable of self- renewal*
throygh mitosis.
+ can differentiate into various specialised celt types with specialised functions upon
stimulation by the appropriate molecular signals™.
« supply all the differentiated cefls that construct tissues and organs from a fertilised egg. In
adults, stem cells also replenish wormn out or damaged 8__@

= Therefore, stem cells are important in development, cell generation and repair.

&wv@

Amg i
o Speclalise ﬁm tiated and have tissue-specific structures that
allow them to be adapted to perf nique roles.
o E.g. of specialised cells ﬂ:o-:n._wf blood cells, musele celis and nerve cells. (Fig. 1}
o Stem cells are undifferentia d unspecialised cells. This means that they do not have
any tissue-specific mQ@qmm (e.g. haemogiobin, myosin) for them to perform tissue-
specific functions. @ :

Donries ** REUFONG KMWQ Asntemingl | Red Blood Cells

A smeoth muscle call

Serwani'e calls
Aoxon Wiyelin sheain
Hudeus  hitp:/training.seer.cancer.govimodule_ hitp:fimages.medicinenet comfimages  ipHivww dkimages. comidiscover/
anatomy/imagesdillu_neuron.jpg Mustrations/icod_calis.jpg previews/768/49702.JPG

Figure 1: Examples of specialised cells. Nerve cell with voltage-gated ion channets and synapltic knobs. Adulf red
blood cells with haemoglobin and no nucleus. Smooth muscle cell with extensive actin and myosin filaments. These
structures help them perform their issue-specific roles.
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{b) can undergo I
o Astemecellis amnmum o* di :m m:a renewing itself many times by mitosis,
o There 2 possible types of cell division;
@} symmetrical division (Fig. 2)
> The stem cell divides to produce 2 daughter stem cells that possess the same
developmental and ditferentiation potential as the parent cell.

» Both daughter stem cells have same characteristics as the parentai cell {e.g. shape,

behaviour, responses to molecular sighals etg),
» This enlarges the population of undifferentiated cells, maintains a pool of stem
cells for further division,

Fig. 2)
> .?m stem cell divides to produce 1 daughter siem cell that is identical to the
parental stem cell and 1 progenitor’ daughter cell.
> Asymmetrical division cccurs when the stem cell is stimulated by molecular
signals™ for differentiation.
> Hence the stern cell divides to preduce:
1. 1 daughter stem cell - to ensure a oa_._m»m o_ of gtem celis
2. 1 progenitor daughter cell - to increase- . ew population of specialised
cells in a specific tissue. The progeriitr daughter cell is only capable of
differentiating into related specialjs
E.g. pregenitor daughter cell i
can only differentiate into v
blood cells etc.} (Fig.-3). TH

such as red blood cells. %

ﬂovo_mﬁ_o (blood-forming) stem cells
[&"blood cells {2.g. white blood cells, red
plenishes cells that have a finite life span,

_.ﬁy ,
H H ,
H |
A Asymmetrical division w
Progenit L,
ba daughier ool i
P+ - c——— i H
O PNE--T
> > Y
H 1
i
PRIV B 1 b m
Tl s /o m
GRS, k. @ H
' !
1 Daughter Daughter |
L ostemgell . _ stemeall 4

Figure 2: Asymmetrical and symmetrical divisions. In both scenatios, proliferation of cells {seen as an increase
in number from 1 to Z cells) occur, Developmental potential is maintained (where at least 1 of the daughter celisis a
stem cell). Stimulus fer each remains unclear,

1 Progenitor daughter cell fs a partially specialised cell whose potential fate is more restricted that the stem cel! and can specialise into
2 smaller subset of celf types.
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Q: What happens if a stem cell division resufted in two progenitor cells all the fime?

g@g will o Jonegyn bop setfrmanal & AU s cotls it overtigliny

B cell @ Self-renewing hematopoletic stem cell
/ \@U vy Spastoicied oell,
T cel g

cell @;ﬁ.@ * Myelaid Eon.%;oﬂ call  tHn ™) oﬂ.we_\?).*gg
Lymphoid ¥ reforyed| SPegTAITed

. progentor cell oS

Natural killer cel @ /
,@ Red blood ceils
Neutophil B = ] éw/f

Rasophil @

Eosinophil %

f@f

4« E
ﬁ Platelet preducer cell

Morocyt RW

%

. L]
Figura 3: Hematopotatic stem cells gives rise to m% of speciali: : it
Pt o s Pt 88 5 pecialised cells (e.9.: B cell, red bicod cell) butis

& ok

(<) are able 8 ,,,m.mr* to pl e specialised cells upon receiving appropriate molecuia

signals
<] ._.mmmmfo_mnc_ma m_m ,wa iteh some genes on, and others off. T

mm3@n=_m @ ”ﬂmzmo_._uﬁ_o:ﬁmqﬁoam_,osazmﬂoa:o§o:mm8__om__ mﬁ:m_m
propetties of n ouring cells,

O

DSSH.mSm QHM@Q bmgmmanammm:oﬂmowmﬂmﬂnm:maa.m specialised celi? What
accounts for the difference in characteristics?

s g@geéj_ﬁ & St ooy Lt wye OWIIRRS)
o ,_ o} dberpacien)
A pOuiTt
@ Suggest how stem cells are abie to differentiate info specialised cells upon receiving

molecular signals such ormones or growlh factors.
1 ; sion:of specific

es-that result in synthesis of

IS SUESSp e nwwcﬁm.,mm that mamu__m Smwm specialised cefls to perform certain functions,
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1.2 Type of Stem_Cells and their Differentiation Potentiat

In mammals, stem cells are commonly categorised according to their developmental stage and
their ahility to differsntiate,

Type of Stem
Ceil/
Differentiation
Potential

Characteristics Examples and Sources

Has the ability to'gliferentiate™ into all'of thies, Bpgoticstencell” that is derived
scell: s..that make up an organism | from a fertilised eqg, zygote.
including extra-embryonic tissue* such as
placenta®, which nourishes the embryo.

e

m<_m multiple cellular divisions, has the abifity
wenammrsee Tty give rise to an entire organism,

Totipotent' cells are said to be also
pluripotent and mulfipotent”. ﬁ.
e

Cells that are ‘pFoduced: E_E_?

Has the ability to differentiate” inte all A mbryonic stem cells* (ES) are
:.,m nm: types that make up an oa% derived from cells of:jnppericel]
ryoricissie” s w@., ] of :blastocyst’: (200-300
cells) at about 4 to 5 days post

fertitisation. (see Fig. 4)

Pluripotent

| tissues such as the placentz’is required for
foetal nourishment m%ﬁ elopment,

Pluripotent* o Qﬂm aglso said to be
Ecimoumaﬁo

'

Has the dbiltty towdifferentiate™into-several: !
.”,G_H%wguwm ‘but far fewer types than eells; which are found primarily in
ﬁm@:u&ma embryonic stem cell, ibongimarrow, can differentiate to
A%V all type of blood cells, including
M_, red blood cells, white blood cells,
SRS * and platelets, but not other cell
Muitipctent types such as kidney cells.

F——————

5

MNeural 1
differentiate into nerve cells and
neural suppoert cells called glial
cells.
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1.3 Source of Stem Cells for Research and Thera

*  Two types of stem cells are commonly studied and used in stem cell research - embryonic stem

cells (ES cells) and adult siem cells.

nkyakic stem velis (ES elE)

o After fertilisation, the early embryo (no longer called a zygote after first division) moves
down the falloplan tubs. As the embryo moves to the uferus, it divides by mitosis.

o After day 4/5 following fertilisation, a ball of calls (consist of 200-300 cells) known as

Shlastocyst s formed (Fig. 4).
. R
Teagutend Uterus
T T mﬁ”_%s.mogd
Day2 Day3 Bla
Day 1 S cm< 4
wmm_,_onmm s
ube PR T
B 2 cells 4 nm:mf st
Zygote Morufa
Fertilization
Day ¢
(o)
Ovulated
secondary
oocyte

a@ Endometrium
Figure 4: Stages of development of faftiliSed egy in human female. It evertually develops inte a foetus.

¢

: er cell mass, trophoblast and blastocyst cavity.

o Thegitineg) ﬁmﬁih f the blastocyst will eventually develop into the foetus while
op into placenta and other supporting tissues. The ikner cell mass
an entire, intact organism. The trophobtast which gives rise to the
placenta @ .Eoon_:m tissues (these are critical for development of the foetus) must
also he nt. (Fig. 5A)

Cells frem
trophoblast

2
%
5oL
Blastocyst Embryanic
Stem Cells Embryo Placenta

mm.._a §A: The inner cell mass by itself cannot form the whole organism as the embryo eannot
survive without the placenta.

o Therefore cells of the inner cell mass are not tetipotent, but pluripotent.
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o For stem ceil studies, embryonic stem cells* have to be isolated #.o:._ inner cell mass
of blastocyst*, which are subsequently cultured in the laboratory. (Fig. 5B, 86)

Fertifized
ey . Merula
Blastoc Inner ceil mass develops intc foetus

Trophoblast develops inte placenta and other

supporting tissue

Blastocyst cavity contains fluid and chermicals

Inper cofl mass for cellutar differentiation
0:@1: the iab for blotechnology

Figure 5B: A blastocyst is made up of 3 parts. it is the inne ass that is used to generate siem cells needed
for science researeh,

A
5
&

G

&
A5
(w,,
i

Cardincmuscle )
Figure &; Various types of specialised cells can be derived from pluripotent mﬁs cells; taken from inner
cell mass of a blastooyst. hitpfww.stemecelresearchfoundation.orgAfhatsNew/Pluripotent htm
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o As the embryo continues to divide by mitosis, its cells become increasingly specialised.

o Embryonic stem cells*prolferate® and: differentiatell into aduft_stem cells* (e.g
blood/haematopoietic stem cells, neural stem cells).

o These aduit stem cells are found in different tissues of the organizm after embryonic
development,

o They are found in small numbers {1 in 10,000 — 15,000) in diverse tissues such as bone
marrow, blood, comea and retina, teeth, intesfine, #ver, muscies, nervous system and
brain, pancreas and skin. (These properties can make them difficult to harvest e.g. some
organs are legs accessible than others).

o Adult stem celis are multipotent and therefore can only differentiate into several related
specialised cell types.

clalised cells'for growth.and developmenit;and
ls that are iost due to celf death and injury.

Q: Adult stem celfs are found only in adults — true or false?

Em.isfgse%sézﬁg?tuq _s.; &wﬂma
R L O

Q: What is the differenfiation potential of umbilical cord mﬁﬁﬁ@mv

volip oo colls .
! &

1.4 Embryonic Stem Ce|| I

‘U = self renewal

Hematopoietic mn:%%ﬁg cell is multipotent  Self renewing adult stem cells are muitipotent

Ol ¥

Bk
Cther types of progenitor cells

¥ N ooy

Hematopoietic progenitor cell

&

Ret Blood White Blood Specialised, differentiated cells
Cells Calls @ « @ ﬁ
Muscle Nerve Bone Other Tissues

Figure 7: Adult stem cell differentiation process s simitar to embryonic stem cells, except that the variety
of specialised cells generated is smaller. E.g. A hematopoietic stem cell can generate a variety of biood cells,
but not nerve cells or other types of cells. This is because adult stem cells are not pluripotent, but multipotent,
Pragenitor cells are more differenttated than stem cells and cannot renew themselves,
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“The diagram in Fig. 7 shows that progenitor cells are early Gescendants of stem cells, .cs__xm s0me
sources which consider them to be the same as adult stem cells, the International Society for Stem
Cell Research (ISSCR) defined them differentty:

“A& progenitor cell, often confused with stem cafl, is an early descendant of & mum.a cefl that can only
differentiate, but it cannct renew itself anymore. in confrast a stem celf can renew itself ﬁ_sm.xm. more stem
cells by cell division) oritcan differentiate (divide and with mm% cell o._ns.m_.on._ evoive more and more into different
types of colls). A progenitor cell is offen more limited in the kinds of cells it can bacome than & mum.s cell. .ES.
some can be still be multipotent) In scientific terms, It is said that progeniter cells are more differenfiated
than stem cells.”

! Yes. They are located in %

Q: Do plants have stem cells?

Last updated by Mrs G Khoo, Mrs Yeo YT, Low ©M, Mdm $ Cross and Mr Ngan WY g

canousell.com/iamafatunicom

Raffles Institution H2 Biology 2018-2018

2. Normal functions of stem cells in a living organism.

=  Normal functions of stem cells in a living organism are:
(@) -geff-renewalto ensure a constant pool of stem cells,
rovwith and developmient®,
{¢) gifferentiate®into specialised celis* o regenerate*ireplace cells that are Jost due to cell
death and injury.

= Stem cells found in a juvenile or adult znimal is usually muitipotent adult stem cells.
»  The following tissues and organs in a human shows specific examples of the functions of adult

stem cells: 6 7prd oyt hagmatop ekt
2.1 Blood/haematopoietic sterny ceil in the bone marrow

» Blood is a tissue. it contains many different types of specialised celis, each of which has a

different function: (Fig. 3} ey

(8) red blood cells — transport oxygen %yf

(b) various types of white blood cells (e.g. lymphocytes, Bo:o%l fight infection
(¢} platelets — blood clotting af

O

= On average, the life span of red blood cells and white b .Wom_*m are about 112 days and 34
days, respectively. Haematopoietic stem cells consta liferate and differentiate into various
specialised blood cell types to replace the blood, jost through normal cell death. This
maintains the immune and transpert function of

2.2 Neural stems cells in central
brain, spinal cord. nerves etc,

Coli Linoagy

)
&s Solf ranewing
stemcolis
nervous

ifferentiate
cells (called
Eatly
progenitorceis

= Neural sfem cells from our
system (CNS) can proliferatelgn
intc both neurons and sup
glial ceils) to replace thos; died {Fig. &).

= The discovery of nej @WB cells in mammals
brings hope to § of neurodegenerative
diseases like P .,333 disease.

= Ageing appears to slow dowrihe proliferation
of neural stem cells.

Figure & Progenitor cells are intermediates from
stem cells -they are not capable of self-renewal but will
an to evenfually yield specialised cells.
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[ 3. Treatments involving stem cells ]

*  Multipotent and self-renewing nature ¢f adult stem cells has been harnessed to provide Emﬁm.nv*
and treatment to a range of diseases. The use of embryonic stem celis remains controversial,
Stem cell therapy has general advantages:
(a) ( ure of adult stem celis el

B(hence repeated stem cell

* Two general approaches to stem cell therapies;

3.1 Stern cell transplant in:n

17 These abnormal
the bone marrow andiprevent:

- frequently;

il . dieellsy
o The treatment of choice ‘a bone marrow :mﬁﬁchomm:n mmo:._ celi #m._._mvmm:ﬂ The
patient is first iradiated to réfiibueialexisting heEmatopoistic'éalls and white blood cells

from the body.

‘ ) Ttoithe
treatment thus gesl mfv ; 3 .
the stem cells will replicat ensure adSoNS{ERtE PO
differentiate into the 61_% od cells, without the need for repeated transplants,

D S
N Haematonoietic
. Hemel) Stem cells multiplied

6 —==

A healthy donor's
bone marrow

1 Transplant into

Inside the patient the patient

rocyt Mycsaid  Mukipotent Plurpotent
{ Eo.x_nME namanmgq stem coll nmmnm,
ce

Figure 9: Stem cells from a healthy donor. The stem cells, are first cultured in vitro to Increase their numbers.
If successful, they produce a large number of red and white blood cefis, to help the patient recover,
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(b) Neural stem cell transplant for neurglogical disorders
© Many neurological disorders such as Parkinson’s disease and multiple scletosis are
caused by damage to neurones and nervous tissues,

o Stem cell therapy involvesintradi n.mmw._n..smm_.m._..mﬂma.u.nm__m..iﬁ.a.mamm,ma,ﬁ_.mmcmm: the

hope that the introduced aduli neural stem cells wi |3 ferate:and differentiate into
NBUTon or rervous fissue type that is destroyed/ damaged.

o This strategy is ogether with gene therapy to treat genetic diseases,

o Itinvolvesremoving stem’cells fro ‘thepatient, genetically modifying the genome of the

ells using gene therapy techniques to .jnseft: al. Futictional allele®. and. then

introducing:ricdified steicalls Backinto the pati : c

o The genstically modified stem cells are capable of self-renewal, and thus will proliferate to
form more genetically modified stem ce tha ntain.the therapeutic gene. These

genetically modified st Bs will:différentiate into specialised 'calfiuhich: ]

disea § ,ﬁf
is often used to treat blood genetic disorders. 4
\36

=

uff&
Cloned gene Viral ...mono_.wfm@y
Y

o
from Voo Orssihﬁa%@si%
Virst R @%ﬂf

n}mvfow

a irus infect booe marow cofls
have been remaved from the

lent and cultured.

& Inject onginoorsd
colls into patient,

Figure 10: Stem cells (fabelled as bone marrow cefis) from a patient can
be removed and geneticaliy modified, before introducing It into the
patient. This method takes advantage of the stem cell's ability to keep dividing
and to differentiate into the specialised cells needsd by the patient. A virus
that cannot cause disease is used to deliver the therapeutic gene.
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Other uses of stem cell research?

Ability of stem celis to seif-renew extensively and to differentiate into specialised cells put them on
the frontiine of developmental biology? and regenerative medicine. Their unique properties are
central to early development, which is when fissues are farmed, and they are also required in the
maintenance of the tissues in an adult.

Currently, search for melecular signals that cause stem cells to differentiate into specific cell types
is an active area of research. This will ailow us to understand the complex signaling events that
occur during humyan development, and also if ohe can conirol and direct stem celt differentiation in
a faboratory.

Why is the study of stem cells controversial?
Controversy does not lie with use of adult stem cells but embryonic stem cells. Harvest of embryonic
stem cells involves usage and destruction of human embryo. Such techniques are considerad by
some 1o violate the sanctity of lfe and are tantamount to murder. ‘m%/

O

What are the latest updates in stem cell research?
It was once believed that an adult stem cell can only produce
where the stem cell is found, However, recent evidence rep

: sed cell types of the tissue
plasticity® of adult stem cells.

in an experiment, the population of hematapoistic cell ._w%w(iocmm had been depleted by irradiation.
When neural stem cells were injected info its bo rrow, the neural stem cells develop into
hematopoietic cells. These results suggest
(a) importance of signaling cues from phy; ibiggical environment in determining type of cell an
adult stem cell will differentiate into.) e same with embryonic stem cells.
{b) possibility to circumvent any mﬁzom.ww@ cemns in using embryos.
() that using stem cells from an st patient will avoid any immune rejection because the
transplanted celis are from 1 sfient himsel,

Researchers are also a._moo<m1vm1%cﬁ tumeurs can arise from cancer stem cells. These cancer stem
cells (CSCs) divide and proli & to sustain the growth of the tumour. It is believed that despite the
clonal origin of many can 2 commoar: characteristic of primary tumors is cellular heterogeneity?,
which is probably the r Sulfiof differentiation of these cancer stem cells.

Conventichal n:ma@ rapy destroys differentiated or differentiating cells, which farm the bulk of the
wmour. These c&lls"are unable to generate new cancer cells because of their differentiated nature.
However the surviving population of cancer stem cells, which exhibits self-renewal property of stem
cells could cause a relapss of the disease.

Some believed that cancer stem cells arise from malfunctioned adult stemn cells, Future cancer
therapies wili have to target these CSCs.

Recently scientists have been abile to induce adult somatic cells to develop pluripotency through the
“forced” expression of specific genes. These are calied Induced pluripotent stem cells or iPS cells or
iPSCs. They are similar to natural pluripotent stem cells, such as embryonic stem (ES) cells, in many
respects, such as the expression of certain stem cell genes and proteins but the full extent of their
relationship to natural pluripotent stem cells is st being assessed.

2 pavelopmantal biolagy is the study of the process by which organisms grow and deveiop.
3 A phenomenon used to describe a call that is capable of becoming a specialised cel! type of a differant fissue.
4 Existence of different type of celis, 4 oppased to just one kind i.e, clones
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T.-. Ethical implications of application of stem cells

Intreduction to Bioethics

Ethics is a field of study that lcoks at the moral basis of human behavior ("Why do we act as we do?”)
and atternpts 1o determine the best course of action in the face of conflicting choices (*How do we
deside what to do when people disagres about a complex issue?”’). It is a key comnponent of living
within: a society in a clvilised way,

Binethics is a subfield of ethics that explores ethical questions related to the life sciences. Bivethical
analysis helps people make decisions about their behavior and about policy guestions that
governments, organisations, and communities must face when they consider how best to use new
biomediczl knowledge and innovations. Examples are:

“How should we decide who receives organ transplants?” or, “Should a terminally m,__ patient
ba allowed to end his/her life with physician-prescribed medication?”

Principles of Bioethics ..m%f

This sets the foundation for the Principles of Bioethics: Respect mgﬁwﬁmozma Maximise
Benefits/ Minimise Harms, and Justice %

1. Respect for Persons (Respecting the inherent worth of an i %_ and their autonomy)
mmm_uo._ﬁ .n.o_. Persons emphasizes the inherent worth an it of each individual, and acknowledges a
person’s right to make his oF her own choices, It means %% ating people as a means to an end.

2, __smx._.._.:_“mm Benefits/Minimise Harms {Beneficencedfaimaleficence-non-harming / inflicting least harm)
Maximising Benefits and Minimising Harms.a¢lé.fow we can de the most good and the least amount
of ham. It considers how one would a:monWM@v Others and act in their best interests, while “doing no

. @ﬂ.@

3. Justice (8eing Fair) o~

Justice Ssm_umﬂ how we can t e le fairly and equitably, It involves the sharing of resources, risks,
and costs according to what is * 0 each person.

g

In mnn&o: to the vw_aﬁn%mwomﬁﬁ introduced here, ethicists use & number of different ethical
perspectives and theorj efend their positions, including:
« Moral Rules and

+ Virues
« Quicomes @

Care
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Argument for using embryonhic stem cells e —
(&) Embryonic stem cells can:pof ly.treat a wide range of diseases as they have the potential to grow

{v) Discuss the ethical implications of the application of stem cells in research and medical “indefiniiely in.a:laboratory environment and can differentiate into almost alt types of bodily tissue,
applications and how human induced pluripotent stem cells (iPSCs) overcome some of these Treatments that have been proposed include treatment for physical trauma, degenerative conditions
issues {procedural details of how iP5Cs are formed are not required). {e.g. Parkinson's disease), and genetic diseases (in combination with gene therapy).

Ethical Considerations Regarding Stem Cell Research

Potential use of stem cells in thera, {b) Embryos are nct eguivalent to human life:

I. Adult stem celi )
Adult stern cells are obtained directly from the organ or fissue in which they are found. They can be used to

investigate questions around cell differentiation that are specific to a certain tissue. Adult stem cells have ® ‘w_gaa.om are'nat conscious. cannst feel and camiot mwcézm.o&u._.am the ,,&ogw. .
provided many different therapies for ilinesses such as Parkinson's disease, leukamia, multiple sclerosis, iupus, . mm.ﬁonwﬁ__ﬂ mﬁ a cluster of human celis that have not differentiated Into distinct organ fissue,
sickie-cell anemia, and heart damage. Currently there are some effective treatments that use adult stem celis making cells of the inner o.mm_ mass no more "human™ than a mx__.._ cell,
from donors but these treatments cary a risk that donated cells will be rejected. +  Some believe fife only begins when the heartbeat develops {during the fifth week of pregnancy)
However, adult stem celis are also limited to differentiating into different cell types of their tissue of origin. or when the brain begins developing (at 54 days after conception).

{c} There s legislation on the period when ES celis can be extracted.

Il Embryonic stem cell Eg: Current UK fegislation does not allow use of embryes that are more than 14 days oid. Ir fact, ES

Embryonic stem cells {ES cell) are pluripctent and have the ability to differentiate into any type of cell except cells are obtained earlier from blastacyst (between 3-8 days after ﬁma_mmm,ww@m.

the extra embryonic tissues (e.g. placentz). They are used in the develop f medical treatments for a . . . #

wide range ow\ congitions. ._.mmmq_“.msa that :m<w been proposed includE™dFeatment for physical trauma, (d} More than a third of zygotes do not implant after conception. Thus, fargore embryos are lost dug to
degenerative conditions {¢.g. Parkinson’s disease), and genetic dise gombination with gene theapy). chance than are proposed to be used for embrycnic stem cell regeard

Further treatments using ES cells could potentially be developed due-ig-fieir abiity to repair extensive tissue

damage and develop organs to replace those lost in injury or disezgg (e

Surplus embryos created via in vitro fertility treatments are ummw@mu. or stored for leng periods of
time, long past their viable storage Jife. These can be use Sreating new stem cell lines for research

mfﬂ% | which would ciherwise be destroved. ¢, @

@; ® _nmﬁma of destroying new human embryos to maﬂ@:ms stem cell lines, there are existing stem
himan:beingsas it has the potential to become one. cell fines that can te used. %

L

Argument against using embryonic stem celis

They believe that embryonic stem cell rege siolates the sanctity of ife and is tantarnount to murder.

5

{b) Some chject to extracting stem cells & fﬂym: embryo to make replacement body cells is treating the Embryonic stem cell vs Adult stem cell \.Mff
embryo as just a source of spare mbryonic stem cell research takes a purely utifitarian view of _ - _ Embryonic stemicells . _Aduit stem eells
the embryo, Dfferentiation ability “Pliirifictent; cabable of becoming any JMuitikctenttypically ohly give s 16 the
cell In 3 #-cells of the tissue in which they are
{c) Jusgtice o extra found.
- iEdiang sties:invelved: Thus adult _
make greater aédvances if more monay and resources were Role in body X 2 Tolireplace; specific: cells in the body

which die throughout Tife due to wear
and tear or injury and disease.

channeled intoy ead of embryonic stem cell research.
- As embryo m cell research i
treatable, ses.

d

<€,
Sources w@. nised IVF embritswhich have been | Bone marrow, muscles and skin; and
- few (if any) examples of G donated, or embryos created for the | from the fetus, umbilical cord, placenta
ﬁ«ﬂg,&&ﬁmmm and amniotic fluid.

I stat Advaniages inresearch and | = Embryonic stem cells make up a [«  If taken from the patient's own body
uch as the profouncly disabled or | {herapy development m_m:_.mnm.:ﬂ proportion of @ for use in therapies, cells would be

pify
, and unknown long-term health effects

-eBhsiarations compared with using

() Unnecessary becausédzilternative techniquesssiichas adtilt §fam ¢ens; from sources such as umbilica]

Aplely- than adult stem cells, embryonic stem cells.
cord blood, have aiteady produced sorme results, resuifing In a constant supply of ES
cells.
{h) Donaticn and consent - Far those people involved in donating eggs, embryos or tssues, there are . n_czuo”mam%nmﬂmmqm %swamwmmmm%. |
issues of informed consent, understanding of research aims and privacy. i y

“Celltyperingtng: body;- potentially
allowing them to treat & wider
range of diseases.
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[ Disadvantages in reseasch
and therapy development

Adult stem cells

in the laboratory have only been
identified for a few tissue stem cell

Alternatives to using human embryos
I, Somatic Celi Nuclear Transfer (SCNT)

continues to develop into & blastocyst

Some reasons for being ethical:
« Stem celi lines matched to persons wi

» This ‘therapeutic cloning’ makes cell

Somatic body ceil with desired genes

remove

O

Egg cell

Fig. 1 The SCNT method of transferring the chromosomes from the nucleus of a sormatic cell fo the
enucleated oocyteledq)

ethically controversial,

Arqument that it is unethical:

(by SCNT also raises ethial concems regal
(¢} Furthermore, SCNT is a cloning techniq

SCNT thus opens the door not only to d

hefp In understanding the davelopment of Emmmwmmmﬂ

qmgmnmam%@
they are genetically matched for a patient. a%f

e Nucleus

donor human being, As there are widespresad ethical an

ith specific dise

'S

The somatic @w

i i ! ' ich stemn cells could be
Somatic cell nuclear replacement is a method that makes ‘cloned’ embryos from which s 1 cells .
produced. In SCNT, the nucleus of the fertilised oocyte is removed and the _.W.amrmvcm of a recipient's sematic
cell (e.g. skin cell) is transferred into the muc..u_mmwmn_ oocyte.

competent cytoplasm and the oocyte (egy) with the denor nucleus mﬁ%

lis is reprogrammed by the
ving and forms @ morula that

a

&

m%mw@m: serve as in vifro models of diseases o

creen potential new therapies.

ie as the body should net reject them since

Nugleus introduced info

N
% anucieated egg

d

rding the expl

" However, creating human SCNT stem cell lines has not only been scientifically impossibie to date but is also

(a) Unlike embryos from IVE that are created in surplus, the generation of mBg...Om through mﬂz._. Involves
the deliberate craation of early human fife for the express purpose of destroying and using it
oitation and endangerment of egg donors.

ue: the embryos created will have a genome identical with some

loned embryos

d safety cbjections to reproductive human cloning,
bt to the birth of cloned human children,

Il Use of animal oocytes to create SCNT lines using human DNA
Because of the shortage of human oocytes for SCNT research, scme scientists wish to use nonhuman oocytes

{e.g. from cow} to derive lines Lsing huinan nuclear DNA. These so-called *oytoplasmic hybrid embryos” raise
a number of ethical concerns.

Argqument that it is unethical:
(a} As animal DNA is present in the mitochondria of the oocyte, the presence of human and animal DNA
is partly human and partly cow / a human animal,
(b) Others view such research as an inappropriate crossing of species barriers, which should be an
immutable part of natural design.
{c) Some are concerned that there ray be atterpts to implant these embryos for reproductive purposes.

NB: pts {d) to (g) from Arqument against using embryonic stem gelis {nct ethical) also apply here and SCNT
pius (h) for SCNT.

Argument that it is ethical:
{a) The shortage of donated human eggs was holding up stem cell research and potential reatments as it

woulkd be unethical not to use cybrids to relieve, human suffering / e.g. di 5 such as Parkinson's
disease; 4

(&) the amount of nen-human DNA is very smai/negligible | ,E@

{c) protocol limits keeping ‘embryo’ to 14 days {io guard against abuse) ¢ cannot develop inte a whole
organism | N

{d) provides a more ethical alternative {o the use of embryonic stel lis from humans ;

(€) eygs can be harvested repeatedly from the animal donor { . ooW) 50 the process can be repeated to
eventually provide many more stem cells. o humans, s embryonic stem celis is more Jimited;
ﬂ

-,
&

(f) ovurn has bovine/other arimal proteins which are msgﬁ would be rejected at implantation ;

PN
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Potential solution to cvercome some of’ z@m issues

Induced pluripotent stem cells are

tent stem cell that can be generated directly from adult
somatic cells (e.g. skin cells). Th

ht-cell € tHerefore indicad o pecome plaripotent. The iPSC
’s lab in 2006 that the introduction of four specific genes

technology was

ionesred by Shinyd Y

P
i

e nvirtually the same way.as em ncell

Induced pluripotent slel s are parhaps the most prominent altemative source of stem cells proposed for
therapy and research. T offers several advantages:

(a) 'Since:iPSCs.¢an be derived: directly from adult tissues, it does not generate or destroy any hurnan
embryos.

(b} iPSCs can be easily procured from any type of adul/specialised somatic cell {e.g. skin cell) without
risk to the doner,

{c) Incontrast to ES cells extracted from human embryos, iPSCs derived from a patient's own cefls would
open the possibiiity of generating lots of patient-specific cells, whichwill not be rejected by the immune
systern.upon transplantation. -

(d) Further, it also allows the generation of pluripotent stem cell nes from patients with inherited diseases,
in order to betier understand why the diseases develop and use in persenalised drug discovery efforts.

(e) An additional reproductive technology that may be enabled by IPSCs is the generation of sex cells
(sperm and eggs) for treating infertility.
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Possible problems
¢ Low efficiency: in general, the conversion fo iPSCs has been incredibly fow. For exampie, the rate at
which somatic celis were reprogrammed into IPSCs in was 0.01-0,1%,
+ Genefic modification of adut cells to obtaln IPSCEYEEAISEancer by overaxpression of proto
cheogenes or switching off of iumour suppresser genes. i
+  There arassthical concerme: e.. lack of consent, long term unexpected consequences) related to the
creation of embryos and children from IPSC-derived sex cells.

Sumtnary

Ethical complications are related to the means of procuring stem cells (e.9. techniques involving the destruction
aof human embryos), human cloning and the exploitation of embryo and egg donors, Alternative methods of
obtaining stem cells need to be discussed along with scientific challenges to ensure that stem cell research is
carried out in an ethically appropriate manner. The use of iPSCs still appears {0 overcome many ethical issues
and provides viable solutions related to stem cell research,

A set of four key questions that can be used to clarify i there is an ethical problem:

2. What are the relevant facts?
3. Who or what could be affected by the decision? , @
4. VWhat are the relevant ethical considerations? N

-respect for persons zf.
@,@.

1. What is the sthical question? .ﬁf

-minimizing harms while maximizing benefits,

fairness wfﬁ

-authenticity, responsibility/stewardship, 559.%«
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CORE IDEA
(4) Biological Evolution

EVOLUTION 1

» The concept of the species
= The neo-Darwinian revolution
= Variation, natural selection and evolution

Learning Qutcomes

Candidates should be able to:

(a) Explain why variation (as a result of mutation, meiosis and sexual reproduction) is important in
natural selection =

(b) Explain, with examples, how environmental factors act as forces of n

{c) Explain the role of natural selection in evolution

{d} Explain why the population is the smallest unit that can evolve '

{f) Define biological evolution as descent with modification and.gxplain the link between micro-
evolution and macro-evolution SN

(h) Explain the various concepts of the species (biological;egol
phylogenetic concepts) N

(i} Explain how new species are formed with re: moﬁ to geographical isolation(allopatric
speciation) and behavioural or physiological isglation within the same geographical location
{(sympatric speciation) ok ]

al selection

cal, morpholagical, genetic and

{/se the knowledge gained in this section in

References
= ReeceJ etal (2017) Omauﬂ,. 2(1-Biology (9" ed). Pearson Education.
= Brock R., Widmaier E., Grihain L. and Stifing P, (2008) Biology. McGraw-Hill.

el

» Enger E., Ross F. and Bajléry D. (2007) Concepts In Biology (12" ed). McGraw-Hiil.
*» Hoh Y.K. (2003} Adevel course in Biology - Core Syliabus. Longman.
= Raven P., Johnsen.G., Losos K., Mason J. and Singer 8. (2008} Biology, McGraw-Hill.

= Green N., Stotit, @, Taylor D. and Soper R. (1998) Biological Science 2, Cambridge
University Press!

*This handout is the effort of several Biology teachers at Rl {Yr 5-6). it has and will continue
to be updated.
**Any information given in a double-lined box is for your information only.
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It's {evolutionary history) one of the great dramas in the history of Earth”
David F, Attenborough (Borm: 1924)
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English naturalist

A. Darwin’s Theory of Natural Selection, Neo-

Darwinism and Evolution

LO:

{f) Define biclogical evolution as descent with modification and explain the link befween micro-
evolution and macro-evolution

Darwin’s ldeas
+  Charles Darwin's ideas were published in "On the Origin of Species by Means of Natural Selection
or the Preservation of Favourad Races in the Struggle for Life" in 1859.

»  Darwin used concept of natural selection to expiain variation he cbserved within and between
species. Adaptations, which conferred survival advantages in a given envirenment, dominate a
population, all else being egual.

Natural Selection A mRld1Er oS
= MNatural selection is a process in which individuals that: have certai herited fraits tend:to:
~gurvive ahd réproduce:athigher ratesithan;other individuals. Lo Saal gég.sn&,/z\

QACLREs

»  Organisms with most favorable adaptations out-compete othef organisms | mu.o.c_mmon and
displace them, so only the fittest survive and reproduce i.e.\differential reproduction will occur.
So, when natural selection takes place over the course ofmdny genérations, it caf change the
basic attributes of originai population of organisms. .

Neo-Darwinism
»  Darwin never knew or mentioned anything abbutigenes, alleles of mutations.

» Neo-Darwinism is theory of evolution n:mﬁmm. esents a combination of Darwir’s theory in terms of
natural selection with modern uovc_mmm.b genetics. 1t supports natural selection as the major

process that account for wmo_ommom_y%é_ﬁmos.

oSy,
. shnmed = prapoion o ALY ok 0 vy
Evolution ?.,Ewwmﬂws “ M Ao fzﬁaﬁu
= Broadly, evolutionis:definedtas descent with modification from.a. common:ancestor.
_ 1. Medification: Evclutigidnly oceurs when there are ichang allele:frequency: within &

population over ﬁwﬂ,mfﬁh_ﬂm_m #mn:m:&lmmBmmwcﬂmomn:mnnmmoﬁmsamzmm_om:_ncmm_.m__m
of a gene withip-the’population, Fig. 1a}

2. Descent Evoiution involves passing on of thesd heritable genetic chen

S griecation: ; S T

3. Comrmon ancestor: Present day species are related through a common prehistoric ancestor
that have thanged and adapted over time. Therefore, all species come from preexisting

species.

= Evalution can be divided into
1. i microevolution -
&' ehange in alléle frequency withiria population;or species over:shorter perfods:of:time. It

~doesnot give o:anew:species:
_e.g...antibiotic resistance in bacteria, pigmentaticn of peppered meth QRNE gﬁ.&
2. . macroevolution | PoRes
"."is gradual changes in ailele frequencies usually over:longer:periods: of:time and Bm@
eventually give fise to #new species. The defining featurs of macroevolution is'Speciation
e.g.: Darwin’s Galapagos finches where new species of finches arise from an ancesTrartrwh
fromn South America: mammals and birds diverged from reptiles
Last updated by: Mdm $ Cross, Mr A Ghan, and Mrs § Nair 2
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« Microevoiution and macroevolution are fundamentally identical processes on a different time
scale. Both are caused by 5 agents of evoluticnary change (see next section).

“Microevolution” [ Miaeroevolution.:
Scale of changes in W@ﬁm Sealei iarge scale:
% P
Time petiod ew generations ions)of

Q generations
Levei of changes I & popuiation/aispecies - (#Atabavedevelorspecies:
Formation of a new [sNofmewspediesis formed sNew species is formed
species
Similarity between Descendant is of the®aictype” | Descendants ar ¢
ancestors and as ancestor antestors as ew species have
descendants emerged s,
Evidence 33@%@ From datg Such as .mmm__ records

N -

o

G %f
&
) S
# Generation #1

Allele frequenc

G —Green 420=07
g —Yellowpoe'= 620=0.3

&

Intermediates

=
=2
£
[=]
2
g
8
=

.
] Generation #2 ER et ol % ;
J3 Allele frequencies ) ’ .
G- Green pod = 10/20=0.5 e (GIDRUOILAION e

& g —Yellow pod = 1020 =05

Fig. 1a, Changes in allele frequencies over
time. This is an example of microevelution.

Fig. 1b. Macroevolution vs microevolution.
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B. 5 Agents of Evolutionary Change

The 5 agents of evolutionary change are {1) natural selection, (2) disruption of gene flow, (3) genetic
4 drift, (4) nonrandom mating and (5) mutation.
+ W dNTWIE v forvowraisle SR tho owe. abiecied {0/

. . 2 gpreditiv FYaporitnL N VIke . 2oy
First: Natural selection - _sa?:sss_hfﬁs§§S<ss_@ .,.«sﬁ sé§+§ apenst ——3
= Natural selection results in survival of individuals with most favourable adaptations / inherited

ff tial d e SUcCess jna

charagteristics, to a particuSF enviranment. This restits in differen

Mq%wﬂqm} population and, over many generations, can change the bagIC at
n i

AR AT
{a) Explain why variation (as a result of mutation, meiosis and sexual reproduction) is important in
natura) selection (Refer to pt. 4 of the 7 features}
{c) Explain the role of natural selection in evolution. (Refer to all 7 features)

How natural selection may bring about evolution

. #
(15 Qe il
» Allorganisms =S [aylnin s T fspingt This om;_m.w% an-exponential increase
in size of any population, if all offspring survive. @Mf

(2)Copstancy.oLumbers] o

-
Despite iendency towards overpopulation, Boﬁ@c_mgo:m remain rejatively stable in

of offspring will die

/f
. On ihe basis of points 1 and 2, i % Is of a species_constantly struggie to survive
» SEBTEELHIE Eif h as food, soil nutrients, water, mates, habitats; and
impose a limit on their number.

logical, physioiogical, biochernical and genetic differences.

s It isthe ra %rial for natural selection 1o act on, If not for variation, selection would not
be possible &5 there would be.no_Gifferences between individuals of 2 population,

« Variations arise spontaneously and are not dictated by the need of organisms to survive
batter in environment. Some variants are less adapted (due to presence of unfavourable
alleles) to survive in an environment compared to others. Other variants are better adapted
to survive. :

« Varlation helps to_ensure perpetuation of spedies and hence

extinction when environment chan

Meiysismapdiseearare protic] with the random fusion of male and female gametas,
is afemniicant source of vanation) A mating pair can give rise to coffspring that are
extremely varied, 1his 1S in CORTFEET to asexual reproduction where the offspring are
genetically identical to the parent.

« Meiosis and random fusion of gametes however et walleles:to the popufation

gene poct. They merely reshufile existing alieles m?ozm. dividuals, resulting in

uard species from

Last updated by: Mim S Cross, Mr A Chan, and M#s S Nair 4
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. Ts:nm:o:m. froém,..m_.. introduce new alleles| and
alleles are introduced, there will bel new phen

(6} Survival of the fittest b

* When enviro

(V1210 2

Poptvirovs

M it . c favoured by the
ZnereNT?S  environment, The traits help them adapt better 1o the Bew envireament.

+ Organisms which survive get a chance to prodice  Yiable and fecfile.offepring.

* Any cause that reduces reproductive success in a proportion of a pepulation is called

selection pressure.
\.r.].\l.l!.lrrrrlnlll\\a

ose which survive breed to produce offspring similar to themseives.
B determined by favourable allet re more ikely to be

« For evolution to take place, the characteristics involved \%.
ff\

-

fle those _mnx_:.m “the
tics, and hence favourable genotypes

accumulate over time:

+ Over hundreds and thousands of
species may form. In organisms
species can be formed ﬂm_m»?mﬁ.@ er.

%IMIEF
@@Q of o bytrsreg { utinanalachve
g reoldrtve/ efteCri-of wasthiyne

. Lot

3) faf. 4o wvtrenaginiel 0L ﬁ

@@, 4 ventoititvs \ed fo Pornationt of Yiead plleles vt
W veniotiey W ot

ferations spanning about 200,000 vears, a new
very short generation time such as bacteria, new

scts-of- ot fene )
elos

# MY A vn

5)- wseiigy gve (N pepgange 1
- ndhppen Avisk albert ot Ay
Vondne Furpen of graweted

“gm\%ﬂa.b»@\&k\ Q_ !
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$ome individuals
born happen to
have longer necks,
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Fig. 2. Parwin's theory.
There is variation in neck length
population of ancester giraffes.#Food

with:langer necks are' more kely

“Ae-suivive’ and' reproduce, passing on
*| their genes for long necks fo the next
generation. Succeeding  generafions
show an overall increase in number of
individuals with longer necks. Over time,
a new species arose,

longer-necked individuals
are more successhul,
perhaps because they
;i ganfeed ontallertroes,.
pass therlong-neck,
1 irait'on 1o their offspeing,

wﬁ;ﬁ. 3. Natural selection on Darwin’s

T
h Baak finches.
.m_.%v..w Graph record shows average beak size
from aff the finches captured over the
Megiem years.
groung finch The medium ground finch, Geospiz

fortis, feed preferentizlly on 7si
vfender seeds produced in abundance in’
wet“years)” During droughts, plants
produced few seeds and all available
smaller, soffer seeds were quickly
eaten, =leavingbehind “larger,  harder

E g ]
= seeds: The number of small-beaked
g finches  declined  correspondingly.
] Number of ‘larger birds - with+ mere
I powerful. beaks: which- can.feed. on the
@ at larger,” harder: seeds increases. at fthe
same time.
187 1568 1882 [t
Year -
Last updated by: Mdm S Cross, Mr A Chan, and Mrs S Nair [
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« Natural selection can affect frequericy of a heritable trait in a population in 3 different ways,
depending on which phenotypes are favoured (Fig. 4.):

m.mm_mnmo:,.

: menﬁOﬁm_.mm_mo"m.os
* Phenotype atone-extreiiie’
repeatedly gelacted:fol

= Favours what are initially
relatively rare individ

= Favours individuals on both
extremes of & phenotypic

» Onee the new mean
phenctype coincides with
new optimum environmental
canditions, stabilising
selection takes over,

fange.

Possible to result in
polymorphism, where two or
more forms are found in one
species,

» Favours more common
Intermediate VEMaITEn a

uovcﬂmﬂ_o:.

Does not promate
evolutionary change but
maintain phenotypic stability
with a population over time.

Raffles Institution Hz Biology 2018 -2019

LO:
{B) Explain, with examples, how environmental factors act as forces of natural selection

Examples of how environmental factors act as forces of natural selection.
» Selection pressure: Environmental factors, biotic and abiofic, acting upon survival and

reproductive success of members of a population,
[Biotic factors: living elements of environment such as prey, predators;
abiotlc factors: non-living elements of environment such as soil, pH, climate efc.]

»  Two variefies Qﬂ Umnvmwma.q_ow_.‘_m (Biston betufaria) exists naturally (Fig. 5)= lighter form (white with

‘plask spotsy and melanic form (black'with white spots). The black form arese from a spontansous
muftation.

“INoie: s incorract to imply that industrialisation caused melanic form of peppered moth to

appear.)

N N . . . . . = Before 1848, there was a greater proportion of lighter form. They were) __-omaoc:muma from
Hm_.m ﬂ.w Nrﬂ%ﬂmm_uwmw%wmz mm_mmﬂﬂﬂw%wmﬂm_wmwmﬂoz m%u.mmo. m%@ﬂﬂwm%%m..«wﬁ: _predators on light coloured, lichen-covered tree barks. The __u:,w :3 had a-selective
moth has selective advantage | selected for in dry grasslands and %Emz optimum birth advantageand were_better adapted to the environment. Im:om mnm.”mm_mﬂma”.._“o_sm:m
in polluted areas. Dark colour is | whereas those with dark broad are at a selective ircreased in frequency.
due to a melanic aflele, whose | bands are favoured in areas uvantage. Stightly . .
frequency increases in the with leaf fitter. WA iNcreased mortality works = With thedpdustiial revoll o1, he m:<_3:3m2 osmsmmn Liche : Um_.x of trees, v.m_nm poliution:
population. @M@n I against extremes of birth weight -sensitive, werel Killed e and soot from i .
S in humans. barks appear darker. “of: ibleand-easyiprey to:birds:skighter

={Orms -of ‘moths were  selected  agains!
hewever, were well camouflaged, selected for an

= Hence individuals wihifavourabie charaet likely:
compared io individuals with c:mm<ocﬁw * characteristics, Alleles that confer favourable
characteristics are passed on the next @ ation.

m%”. individuals predeminate over lighter ones is known as

¢t o fong Haog slnA® Torm miete/

%%m VIRV mranitvn

Mw@types of moths is due to:selection pressure: exerted by predatory

asily spot lighter form of moths,

1

Types o.

moameuo_uo.mo:

Sty

=  Human-induced change in whicl
“Uindustrial melahis: w o

»  Change in humbers of th
“birds which can row m

Number of individuals Number of individuals

s&an_wﬂwﬂz%! L5 P e SM .
:smf%w.ﬁ T e oA %ﬁé% Aw ,
Cade
Mg vertolst
Eg,ﬁ
ware .«mﬁmﬂ
SR T @3;& i g
\ Fig. 4 yaﬁg pteriandiih o
@ Show selection pressure working against om:m_z phenotypes
Predrtonl & e, _felelHTn predfinke

Fig. 5. Variation in the forms of peppered moth.

ISty st pfuphced SAVAL
X ubnAndve MLl ¥
Biston betularia typica (ighter form) has selective advantage in non-poliuted areas compared to

. B. betuiaria carbonaria {melanic form). Tiis is a case of directional select

tast updated by: Mdm S Cross, Mr A Chan, and Mrs S Nair 7
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Ant cs are widely cmma o mﬂmm» a_mmmmmm caused by bacterial pathogens. Antibiotic resisiance
refers te ability of a microorganism to withstand effects of an antibiotic.

= Antibiotics kill most non-resisiant bacteria. Thu
when antibiotics zre added to the envirohment.

c ave & selective advantageiiipresence of antibiotics. They
mﬁ ,vmﬂ mamuﬁma to the environment as they contain %ﬁﬂuﬁwﬂ«.ﬂnﬁﬂ ﬁ:&. are selected:

sforand more likely to:survive: and:reproduce; passin
subsequent generations. Frequency of anti i

2> New antibiotics will
w anfibiotics will have

.pressure by anti _ounm cen _mmn ﬂo Uﬂm<m_m:om 9« m:u_u_c"_o, .me“mﬁm:” by
now have o be developed to eliminate these resistant bacteria. In fagf;
to be continuously developed as newly-resistant bacteria keep ms%‘w._ B

Switable, However docfors insist we
dpuiation, Explain how s0?

Ve q?s%aﬁﬁ BBreS

Q. Antibiofics are essentfal in combating bacterial infection. Their use Js,
cornplete our course tg prevent development of antibiotic Bmﬁﬁ:o.m in

Population of
bacteria including

normal and @
<

resistant bacteria

L,

Antibiotics added % ® & a.:an_c_:o_o&
kill most of ﬁ:m = ‘cephalosporins
normal cma%%, EF 2o g i
- -
=
| . aminoglycoside
E & .
25 10 oo e st it e
— ) 25 -
Registant bacterfia = ® - . Carbapenems
are selected for, O it s i SRy T T e T polymying
thus they become 2000 2002 2004 2006 2008 010 2012
maore common. A:_ﬂnvanﬁn:vwhuﬂncﬂﬂg coll, KisEsndia paurionti, onane
) Fig. 7. Worldwide spread of
D normal bacterium 2z dead bacterum resistance to common antibiotics.
s resistant bacterium
Fig. 6. Selection of antibiotic
resistant bacteria.
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Tterieveediner’ @b@aém%m
mmnoza _u_m.._._ tion of Gene flow  wieylereed?) Goouvy .
Gene flow s transferof alleles from one population'to
nother: This is achieved through to movement of fertile
individuais or their gametes.

E.g.. An animal arriving from a different population may
bring in new alleles, pollen grains blown across vast
distances will fertilise plants of destination population.

= Gene flow depends on geographical proximity, mebility
of individuals, number of individuals involved, extent of 10 red
interbreeding and environmental harshness. In nature,
individuals commonly migrate into or out of a locality.

. ._uouc_mﬂ_omm that mix their mm:m...voo_.m *ﬂme._maz tend to
have similar allele frequencies.

®  On the other hand;idisruption to gene fiow: caniresult in’ diffe 5 i al oum frequencies

.63 in two populations over time (see Part D: speciation). .
lido & ting gt
Third: mm:mﬂ_?m Hw_“ﬁ,
o:m: e in allele frequency due to

‘which m__m_m m:mw up lost from the
original gene poal is an’ ‘indiscrimiriate;
“random;: m<m:m “This is different from

«variation:in populati

ommmm m__m_wm

Founder effect and Botfienack éfféct”
illustrate how genetic drift can affect
allele frequency.

Fig. 9. Genetic drift

Frequency of alleles A and 2 are modified in the
population of moths because enly & sample of moths
produces offspring by chance events.

L.ast updated by: Mdr $ Cross, Mr A Chan, and Mrs S Nair 10
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sraflo
.%ﬂ_ sundy,

(1) Founder effect (Fig. 10) 7 BWAILAD » of ol unl 3 Sesorts_anasta| Popuiat &

ot g Fow, vandom individuats from a larger poputation became pioneers of a newly

isclated population and are not likely to carry all the alieles present in the
sourceforiginal population.

Hz Biolegy 2018~ 2049

ferisialy rsmalliand: feproductively isolated: If there is
ithin this pioneer population, rare dlleles may gEomemore

'3 Amish community descended from & few founding individuals in 18" gentury;
Darwin's finches on mmwmnmmom descended from the distart mainland South American
A

finches.
v popniife -

10 red 3 red

Y
20 blue 1 blua _‘ﬂm. 10 Founder &.@Lv
J.‘fg

S0Pk Lohong O thtAS e
Anchopuiation resulls in the

horookal ih a random nature.

iy unfavourable environmental osm_._mm?é;;g.u

: & effect (Fig. 11) -8l id MANATH
G cdtastrophicievent-leading to a“drasti 1

~reduction pf aflele frequencies and even @ ey
‘e.g. Ursease epidemic, a natural disasterora

o Thefew;randomesurviving indivi
original pre-catastrophe populatio
iindersrepresented among the
gy Elropean bison were hy

rebounded to thousands, m@ s variation has been lest,

onstitute & random genefic sample of the., y
S18§ Tay beover-represented o

]
ssm:ogs‘_ﬁ\‘s 2 N J Iniuipeedie
- = et
gﬁw in a«;ﬁ L
g Aletes tF BT
‘ 3 popmlate- N sl
20 blue 2 blue 3 ,QS?\“

10 red 3 red _»Qud
2

—_umm.__._.won_m:mor effect _ Ofgnal .5, Bottnesking ... Surviving

pop event populsticn

Discuss if the foflowing are examples of genstic it )

A globa! pandemic wipes out 80% of cheelah .uonsmu_.o:‘& N
Hunters hunfing mink, for their fur, resuiting in the decimation of their popufation. 1
Cheatahs hunting Thomson's gazelie. N

The warming of the ocean resulting in bleaching of caral reefs.

Seasonal fu epidemic resutting in mm%F%&m fatalities. N

Singaporeans setting up home in Kazakhstan. N

Singaporeans setting up heme a deserted istand,

>0

N,k LN

Last updated by: Ndm § Cross, Mr A Chan, and Mrs § Nair 1
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o Fourth: Nonrandom mating
» In many natural populations, individuals: preferentially’ choose mates. Random mixing of
~ gametes in natural populations therefore does not oceur.

e

‘e.0.: presence of one or mofe inherited phenotype Tmproves chances of successful mating.
This is also x:oi@% This allele may then be more prominent in the next

Motortin gereration, ==

-

ﬁsﬁe«. Artificial selection, where humans seiect the breeding pair, is a type of nonsandom maiing.
Fifth: Mutation

A mutation is a _..mano_...m,.ogm_.".mm.w:.”.m:..oﬂmm:m.ma.w ONA"
and areia:source: of new alléles:

Mutatlon creates
yariatiox

= For mutations to have an impact on evolution, it must
ogeur in gametes,

Q. What happens if mutalions ccour in somatic (ron-
gametic) calis?

Wit/ kTS gy 0t wlawied & M
N 0L, ERBWUAT Rptinr TS

= Mutation rates are generally very low, odds of a g
mutating are in the order of 1 in 100,000 geng
generation. Alithough mutations ak a particylar gene

locus are raregZcumilative impact of m S at all loci over long periods of time can be
¢ significant:: PN

Pavaurabie muzations

\\ ! mert Ekely to survive

Fig. 12. Mutation

= Mutation #s unique amengst all the, me%wnﬁ of evolutionary change in that it is the only one
that results in:formationof :ﬂﬁ&mﬁm 1t doesn’t act directly on allele frequencies,

*

»  (Once a mutation genera &JW.@E aliete, evolutionary forces like natural selection ¢an take
over and change the ail usncies.

»  putations that are @Jocm are likely to confer a selective disadvantage. If mutations confer
a selective mae.ms , such individuals survive and produce a dispropartionate number of
offspring. The Mytated ailele thus becomes more common.

Last updated by: Mdim $ Cross, Mr A Chan, and iilrs S Nair 12
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In Summary:

Populations evolve, not individual o

There are & agents of evolutionary change. The: first h..wm&uwm.ﬁ:.mf_.m, selection, disruption of
gene flow, genetic drift and non-random mating) result in.gchangss in‘aliele frequencies

“Natural selection’is one of the: most powerful drivers 6f evolufionary change. It requires

variation within a population and is influenced by the organism’s interaction with environment.

‘Bisruption of agne-flow involves isolating populations through various-isolating mechanisms

(to be discussed later). This allows isclated populations to evolve independently and over time,
allele frequencies of the isolated populations will change, This concept is key to explaining
speciation.’

Genetic “drift takes irto account urpredictable, -random events’ that changes allele .

frequencies.

Non-random mating takes into account mate selection which can SH_mWaom evolution,

Mutations are an importart component for speciation fo take E% isthe:only one of the 5

‘agents-that leads to'formation:of new alleles. 4@.”&

Changes in allele frequency alone cannot result in sped . Two populations need to have
sufficient genetic differences before they can be noam% a Separate species.

?
&

+

LO:

(d) Expiain why the population is the ﬁﬁmwﬂn unit that can evolve,

A7

= A population is a group of

T

m:%mw&:mh,“m_.._&qmn_.ﬁ_m.‘”cmuaummauu»o“ “speciesrand sharing a

common geographic area, 3"

*  Evolution is a Smmm.m@y

Fgenerations:; @

* Long-term effects of natural selection are at the level of gene and population rather than the
individual. The survivors interbreed, thereby passing on favourable alleles 1o the next generation.

Over time, these individuals contribute fo allele frequencies cham
population. :Time: (beyond: the: lifespari o' an individual):
frequéncy changes: Allele frequency carmior
in:a population:; Lt Mchathiag)  SPwRE B -

— T

= Whilst natural sefection occurs through interactions between individual organisms and their
environment, it is the: collective-genetic response of the popiifation that determines survival of
the species and formation of new species.

= Hence a population is the smallest unit that can evolve.

Last updated by: Mdn: S Cross, Mr A Chan, and Mrs S Nair 13
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C. Concept of the Species

LO:

(k) Expiain the various concepts of the species (biological, ecological, morphological, genetic and
phylogenetic concepts)

kel

Species
concept

NB: For most purposes, including your exams, biclogical species concept is usad, _.52
Vi

Biological

A species is aigroupiof: organisms: capabie’ of interbreeding and' produtcing fertile,

.mm._m offspring.and aré*réproduictively isolated from otfigr such groups.

3 venTh vepodubtiye, &

‘E_\?_m_..»m,_m_%ﬂ 6,@

Organisms can be studied to see if they can interbreed and produce fertite, viable
offspring.

Limitations:

Definition cannot be applied to

s,
() asexuslly reproducing crpanisms and extingt species ,muimw bresding behavior

cannot be observed in nature. -~

() some plants - twe different plant species can radtgiahd give rise to viable hybrid

offspring that are potentially fertile as they are capa ¥ polyploidy (see autopolyploidy

in pg 24}. Polyploidy is rare in animais. g
95N

£

hangestinyalléle: frequenciesiin a population overasuecessive:

Genetic

A species is a group of genetically'comp ni%mzﬁqwqmmnwum organisms in a natural
population that is genetically-isolated i er such groups:-Organisms in a species
have sufficient similarity in their DN sequences and share same number of
chromosomes, N @e

ff

Focus on genetic isolation Bﬂ@ than reproductive isolation distinguishes Genetic
Species Concept from m_.o%_ Species Concept.

‘Genetic-isclation ﬂmwﬁﬁmm 2 genomes diverge to the point that they are'genstically
‘distirictzand: mgo_cm.@ pendently-of each other, e.g. genetic changes that lead to
behavicural change® or changes in such as pheromones and odours associated with
species reco

Gm:mmo _.Awmmzo: :._mimimm:ﬂmo«_goﬂmm:mvoo_m_.:zmﬁcﬂm_uovc_mmo:.loéme.mﬁfsm

2 sisted, sPcies are mated on rare occasions, fertile viable offspring may still be
.possible..Thers. are instances where a species has achievedigenetic.isolation: but not
reproductivé isolation.

e.g. Two related species, grizzly bear and polar bear are genetically isolated. They have
distinctive morpholagy, mating behavior and habitat preference. As the environment
‘warms, grizzly bears mave rorth, bringing them into contact with polar bears. In 2008,
hybrids (known as pizzly / grotar bears) with characteristics intermediate between
grizzly and polar bears came into the spotlight.

Genetic isolation is achieved as these 2 species have genefically determined
mechanisms in place to minimise breeding but reproductive isolztion has not been
achieved because if fertiisation occurs, fertile offsprAng is stifl possible. |n this case,
grizzly bear and polar bear are genetically isolated but it turns out they are not
reproductively isolated.

Tworeproductively isolated species; however, will always be genetically isclated:”

Last updated by: Mdm S Cross, Mr A Chan, and Mrs S Nair 14
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Techriology required te study DNA sequences is relati

Advantage:
Genetic data from mitochondrial and nuciear DNA fo identify species can be
unambiguous in amaco_:m evoluti onary _,m_mno:m:ﬁw

Limitation:

Ecological

A'species is a group of organisms sharing.same-ecologicatniche: “1
Hz_a:m Both the place where an organism lives and ifs interactions with the environment [i.e. roles that an
organism plays in its habitat (predator, prey, pimary producer or consusmer, decomposer ).

Advantage:
Every organism has & niche hence identity of a species is unambiguous.

Limitations:
() eGannotbe-appliedtounrelated.species that-oscupy.similar. niches

(i) Many animals are elusive and determining niches o@%nmw_am.ooam:a_:m and

e.g. striped possurn, a marsupial mammal from Australia and aye-aye a placental
mammal from Madagascar.

difficult.

Marpheiogical
-

A species is a group
-features.

Advantage: ﬁs@
Rvery nﬂmm:_,m.y@ s morphological features that can be easily studied.
E_..._n.m»_o

(i) some organisms may beiguperfici

m@mwﬂy._msﬁw%smnam similarbody ‘shape-and-other structurat

&

ffi @ﬂm sletermine-degreerof .differencesthat is required to indicate separate
species as well as awhat@strlictural: eatures “ShoLE e ised to  distinguish the
differances.

Iy:sirilar: but havedifferent:evolutionary: origing:

e.g. marsupiai mole #o_.: Austrafia and _o_momﬂm_ mole from Africa.

Marsupial “mole” © Placental mole

Last updated by: Mdm S Cross, Mr A Chan, and Mrs S Nair 15
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Phylogenetic | A species is gmallest. group, of organisms
‘that-share a mostrecent common-ancestor

and can be distinguished from other such

groups. Phylogenetic s_mﬁoé of a,species can A = «

be obtained E.. comparing _._o:_o_omocm

those of other organisms. W
* A phylogenatic ¥
tree, also known
25 a phylogeny, This nede
is a diagram that represents most
me_ﬁ%ﬂwm% o recent common
descentof | Advantages: ancestor of mumemm
different species | oy wavnids...mistakenly--classifying-organisms based - on- superficial Eowu:o_om_nm
from & commen o
ancestor. wsimilarifiés as the characteristics that are compared @Eg based on common

ancestryl homelogy.
morphological, fossil evidence, hybridisation (m
of a species.
concept of a species cannoct.
&\v
Limitations:
Accuracy of phylogenetic tree is Aﬁﬂ%ma on availa

source data. If for instance, DN was not used
be that reliable.

£,
(iy to determine phylogeny, genetic, DNA mop:m:om,&/wsﬁo acid sequences,

studies are conducted, so

phylogenetic conoept of species potentially vﬂmw@a most accurate representation

{iii) prevides accurate historical m:ﬁoﬁam»_o%nmn_mﬁ_oz history that biological

ility, diversity and accuracy of
, the phylogenetic tree may not

@g
m%mv*
N
O
&
i
¢
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D. Speciation

~w How geographical Is n can lead to speciation:

LO:{j} Explain how new species are formed with respect to geographical isclation {allopatric Example 1: Porkfish . » .
speciation) and behavioural or physiological isolation within the same geographical = An ancestral fish population was spiit into two
location (sympatric speciation) sub-poptlations by formation of Isthmus of
Panama about 3.% million years ago.
= Speciation |z & process by which'dne or more new species arise from’ g pieviously. existing
-~ Species... « This oW
R between the bwo mc_u.uo_uc_m
= A tferm often used in the discussion of speciation is gene flow.
Gene flow is the transfer of alleles from one population to another, due to the movement of fertile = The divided m:w._..._ovgmﬁ_.o:m wers mxvomma to
swj.._acm_w or thell gametes. If members of a population migrate and interbreed with members of 5 and  thus
er pepulation 2, gene flow has occured. ?}e% o £y
o legts 1o Albriece, Spoamt@ A %m%@ﬁ%d Snce th " ihin th
« “Disruption:of gene:flowsisifequired; for-speciation:tozoccir: and foccurs via sisolating:: » Since fthere was variation within the

¥ characteristics were wmm, .u.w. Omwquw:wnm_ Mo_wﬁn onnﬂn_wa due to
mzn :_..qm<o_._qmu_m characteristics |10 a-on OF 8 DTIer, e Istnmus of Panama.

smechanisms (e.g.\gecgraphical isolation, Umwmsoc..m_ isolation and v:v.m_omom_nm_ isolation). *

b
» Speciation can oceur in two main ways - m__ovm»_u\n s %%m:o mpatric speciation s_rwq_m wm_mnnmn_ against resuiting in changes in mwf&
(Fig.14.). Both depend on disruption of gene flow between _uovc_mﬁ_ the existing species via aliele frequencies %
an isolating _,_._m.m:m:_ma. N HAEpEndSHEy within ead Sub-population i.e. different
T genetic changes ?o:._ accumulation Om mutations, as welhas changes in zllele frequencies
Allopatric speciation “ 1atie through genetic drift and natural sefection occurred witfil™éach sub-poputation. :
A populatiort in"one geographic area A nouc_mm@.a. o:m geographic area .
o ) @ ¢ 53 o tves * Srations, each sub-population became
_smauma areggeoaraphically-isolated-due to | Me Jersare not umomﬁvz_nm vvﬁo_m&m‘n_ . and

a ‘physical-barrier: For example, geologic |

changes, Iike the formation of a deep canyon [\&oh

atrie m:._m..umm that
tes a subset of a population from the remainder

over time, will result in mmom:mv:ﬁm_z._mommﬁm_m the population in the same area. For example, « The Caribbean porkfish (Anisotremus vi us) is found in Caribbean sea, whereas Panamic
sub-populaticns. @ some birds in a population may develop a new bird porkfish {Anisofremus taeniatus) is 8@&: Pacific ocean (Fig.15.).
@ call and only mate amengst themseives,

S0 4 ’
/w FGene flowisidisrpted: Example 2: Finches pmwy
« An ancestral population nﬂ\a%«é_: s finches strayed from the South American mainland of

ﬁ = : Ecuador to one of the O%Wﬁ..\m‘%m Istands. They then colonised other islands/parts of the
¥y changes onn.._:._:m ‘independently | islands. ﬁu
2_5_: each sub- population. ie. different-genetic:
Jzehanges.from accumulation of mutations, as well » The mcw-vonc_mg@m_ﬁ geographically isolated in various islands/parts of the islands and

ons, as well as|as changes in allele frequencies through genetic

hot Sﬁmﬂuqmm%ew_m ce gene flow was disrupted.
changes in allele frequencies through genetic | drift and natural selection occurred within each sub-

drift and natural selection occurred within each | population. » The divided populations were exposed to different environments in the different islands and
sub-population. L . were under different selection pressures,
Qver {ime snew:species form. Over time, new:species form. ' » Bince there was variation within the populations, favourable characteristics were selected
Table 2. Comparison between allopatric speciation and sympatrie speciation. for and unfavourable characteristics were selected against resulting in changes in allele
Prnge sttt o Sndvoneesth freguencies.

T GOV S

+  Thus evolutionary changes occurred independently within each sub-population i.e. different
genetic changes from accumulation of mutations, as well as. changes in allele frequencies
fhrough genetic drift and natural selection cccurred within each sub-population.

= Over hundreds and thousands of successive generations, each sub-popuiation became

Allopatric speci ﬁaﬁo%o&ésw figd Sympatric speciation genstically distinct species. These species are reproductively isolated and unable to
Fig. 14. Allopatric speciation and sympatric speciation. interbreed to form fertile, viable offspring.
Last updated by: Mdm S Cross, Mr A Chan, and Mrs $ Nair 7 Last updated by: Mdm S Cross, Mr A Chan, and Mrs § Nair 18
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® d._m:m are now at _.mmﬂ 13 species of A.,_.sosmm on the Galdpagos Islands, mmnv m:ﬁm a different e her oo aividuals of diferent sub-populations existing
niche on different islands/parts of the isiands. islands generally favour speciation as they are n the same geoaraphical area is not possible, due to unique physiology {intemal functions)
_gaographical_isclated from the mainland (disrupting gene flew), and have different geograp P ' que physiology -
environmental conditions. - \ )

. This kind of evolutionary pattern in which there is a rapid increase in the number of species
produced from & commoen ancestor upen introduction info new envirenments is known as

= How physiological isolation could have led o speciation
Example: Palms
« An ancestral palm grew on Lord Howe Island off the coast of Australia.

1, An angestrat

species fiies
fram maintand + The island ha pessn close proximity to each other - older volcanic soil and younger
o colatize calcareous s
nd, y . " o :
ane isia When the palms that nermally grew on volcanic soil started to grow on calcareous soil, flowering
CALPAGOS ISLANDS T e fime difference may have arisen as a physiological response to growing on a different soil.
. 2 ¥he an " This prevented interbreading between the two sub-populations of palms growing in the two
& specias spreads types of soil although they were in close proximity (Fig. 12, 20.).
; .0. z P .. % to clfferent ¢ .ﬁw@
T o slands. % Thisgisruptio uited in evolutionary changesiobcurring independently

- within each sub~ population. i.e. different genetic changes fro umuiation of mutations,
g e a5 well as changes in allele frequencies through genetic &.ﬂ.@a natural selection occurred

within each sub-population.
3. Populations on PoP wﬂ@
differant istands . P s . & ; .
evolva 1o become + Since there was variafion within the population, urable characteristics were selected

.*. different species. for and unfavourable characteristics were selec ainst in the 2 different environments.
f% et e e » Over hundreds and thousands of suc @um:mazozm each sub-population became
Fig. 16. Ancestrat Izt / N - - - genetically distinct species, Howea fo Jaia and Howea beimoreana {Fig. 21). These two
ig. 16. An population of finches % Fig. 17. Adaptive radiation on island species are reproductively isolated gand’unable to interbreed to form fertile, viable
migrated from the South American @ archipelagoes. offsprin
mainland to Galdpages Isiands. onsp g @
: @ w&g%ﬂ%glﬂ.%&n
° ry ackiie g‘%%«s
Sw:sgsa % %Mf botiar in basic calcareous suils
s Coctus  Small g oo "
- i & pedtium % m_.ﬁ:i Mﬂmx Wu-&mu.n: M_h%.q pockar ) N
§ il G. seandens C. parvulus C. paaper &, paliidos
At "o, s
ing!
ettt asy e 3 gy
magial SSA
(Aevnpfineg
i Sl )
)y ol .
’ VST Fig. 19. Lord Howe Island is north
o %ghﬁo i east of Sydney, Australia

prefdaeed from mahling,
WAt Al ensss
Ty 0 v

%ﬂ%, ?m..r«?.ﬂw Fig. 18. . Adaptive radiation on island archipelagoes
Common ancestor from Seuth American arataland

»oll
A" Earty owering semwon 4 \ EES_SR. ‘

Fig. 20. Palms growing in calcareous soii have an early flowering season
while palms growing in volcanic soil have a late flowering season (left).
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Fig. 21. The two sister species of palms that
formed on Lord Howe: Howea forsteriana (left)
and H. beimoreans (ght), The former, also
known as Kentia Palm, is grown throughout
the world as an omamental plant H
belmoreans (right) has more an upright,
recurved leaves.

= The behavioural difference serves as a reproductive barrier, thereby blocking gene flow betwesn
sub-poputation existing in the same area.

» How behavioral iscfation could have led to speciation .ﬁ@
Example: Eastern & Western Meadowlark @
= In an ancestral population of meadowlar

..m..,-L
betwean the two salls and tended § preters i embe i 53 &4

= This disruption of gene flow resulted in evg| %mé changes occurring independently
within 2ach sub-population. i.e. different ge anges from accumulation of mutations, as
well as changes in  allele frequencies 5_.2; genetic drift and natural selegtion occurred

within each sub-population. @&ﬂx

» Over hundreds and thousands amw_._nnmwm?m generations each sub-pepulation became
genetically distinct species, e meadowlark (Sturneffa magna) and westem meadowlark
(Sturnella neglecta) (Fig. 22, se two species are reproductively isolated and unable to

interbreed to form fertile, le offspring.

» Their differences in sdfigs enable meadowlarks to recognise potential mates as members of
their own species gyarthough both species are nearly identical in shape, colouration and habitat
and their ranges dygrlap in the central United States.

Fig. 22. Similarity between
different  species.  Eastern
meadowlark (Stumella magna,
lefty and wesfern meadowlark
(Sturnella negiects, right} have
similar body shapes and
() Westers : : colorations. ] .

maadowlari However interspecies mating

(Etamtity paate) dees not ocour due to differences
T in their songs. For many years
they were thought {0 be the same
spacies. When biologists
discovered that Western
meadowlark was & different
species, it was given the species
rame neglects to refiect the long
delay in its recognition.

BB 7ons of overlap

Last updated by: Mdm S Cross, Mr A Chan, and Mrs § Nair il
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Q. Has speciation cectirred in scenario A or scenaria B? Explain.
Bi yyedtvrtmn s OR_%& Swsmsé k- . s «
#a P a Fyiate ertfons WLt up Agdi oMY
?%g .?53 %m\,lm—@_.ﬂ..si@ h§~ a%@%? o %

The populztions become slicpatie. R nog&g%

Mthid Ak
Scenatio A Scenhario B
geographical
barrier

Populations become Populations becore sympatric
sympatricagaln and again but dg _._aimaﬂwg.é
interbreed, .

O

Reproductiye barriers (can lead to sympatric speciation) X%ﬁw
: é:lof agreproductive:barriar can lead to:sympatfic speciation: (Table.1). This is
ecause the teproductive barrier (e.g. a new bird call) can w&u a subset of the population from
the rest of the population. The resulting two m:?uoW@nm ¢an then undergo evolutionary

changes independently of each other and so after ma nerations form iwo different species in
the same geographical area. \nﬂf

e {ION
* Reproductive barriers m_mo% differedn @@&83&5 interbreeding, that is, they keep
different species: reproductivel m‘.mmo"m»mn%&

* Reproductive barriers can be classifie @ (Fig, 23). .
(1}:prezygotic mechanism {prevents mating or fertilisation)
(2} postzygotic:mechanism-{cau ygote fatality or prevents hybrids from developing into fertile
adulis).

ke 2ygote mortality.
i Ferilizalion oecurs, but

different habftats, \
Mechanical lsofation, §,  ZYSOI® does ot sunive,

Genitalia behwvoen 3
“Temporat tsolntlan
Spocic: roprocune at differsnl | Soreies BT Uneulaba \
2085003 O dtorsht Nnos ’ f Hybrid sterility
of day. ; i
§ Hybrid survives but 15 starite
*  Gamate isolation m &nd eannot reprogucs,
Biehaviorat Isolation i oo cathotieath or
(R animat spectas, courtship |, Terdiee egg. / #oitness
hahavior difers. or nividuels. 4 7 Hybed is feriile, bt Fp bk
raspond 16 difforent songs, calls, [ { hasreducet fhnoss.

gharommonas, of otber signate, m. i
; ;
i If
5 ;

Speties 2

Fig. 23. Prezygotic and postzygotic reproductive barriers. The barriers prevent interbreeding between species
1and 2.
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Appendix
[Not required in syliabus]
in reproductive barriers and novel fertile offsprin

Unreduced gamete with
6 chromosomes

Karyotype of Lygote
parent specles / {autopolyploid)
\1‘_@ i Oftspring with
- Melatic polyplaid
01 error karyotypes may
./r....lb. be viable and
g seff-fertile
Tetraploid
Unreduced gameta with
6 chromosomes
Coppa Lo
o

N,

om the same species.

Autopolypleidy in plants.
An organism that has more than two sets of chromosomes, but all sets are der
For example, if a nondisjunction in production of gemetes by either mitosig o eiosis, results in diploid
gametes. If these plants self-ferfilize, offspring would have four sets moscmes, they would be
tetraploids. These tetrapioids would be able to mate with other ﬁmauho&y if they mated with either of the
diploid parent species the offspring would be triploid, and would be mﬁ.&é & to impaired meiosis of unpaired
chromosomes. Such as instantaneous special genetic eventwo!

would isolate gene pools of mutant tetrapleids from diploid umﬁm%o

broduce a postzygotic barrier, which
ulation.

Allopolyploidy in plants. A hybrid of two different species is usually sterile because its chromosores are
not homelogous and cannot pair during mefosis. However, such a hybrid may be able to repreduce asexually.
The diagram traces one mechanism that can produce fertile hybrids (allopclyploids) as new species. This
example is an exception to the rule where macroevelution can only occur over a long period of time. In this
case a new species can arise after 2 generations through chance events.

KEYWORDS

Some of the key words you should know include:
alleles reproductive isolation
gene flow selection pressures
geographically isolated variation
interbreeding viable, fertile offspring
natural selection
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CORE IDEA
(4) Biclogical Evolution

EVOLUTION 2

Content
+ Bvidence of evolution
» Classification

L.earning Ouicomes

Candidates should be able to:

{e) Explain how genetic vartation (including recessive alleles) may be peeserved in a natural
population ﬁ

(9) Explain how evidence based on homologies identified in Eoﬁ ical data (molecular
homologies) and the fossil record (anatomical homologies); @m er with bicgeography,
supports Darwin's theory of evolution NS

(i) Define biolegical classification as the organisation of specie rding to shared characteristics
and describe how evolutionary relationship is establish ﬁ

(k) Define phylogeny as the organisation of species to shoW ir evolutionary relationships

(I} Explain the importance of the use of genome nces in reconstructing phylogenetic
relationships and state the advantages of mal methods, including multiple sequence
alignment (nucleotide and amino acid), in n_ﬂmf fiig organisms,

Use the knowledge gained in this section in ﬁ@u&ncmmoam or fo solve related problems.

O

References: Wy
* Reeceefal, (2011). Biclogy, dition.
+  Kenneth V Kardeng, An in; QeuEhion to Biclogical Evolution, 2 Edition.
*  Mark Ridley, Evolution, mﬁﬁm iton.
= Taylor, Green et al, 5 ﬂ@ af Science 2, 3 Edition
* _Understanding méﬁmo ._htipi/fevolution. berkeley.edu/

i

s e T el L S

The Tiktaalik is a transitional fossil that shows an evolutionary link between fish
and four-legged land animals (amphibians, reptiles, birds and mammals). Itis
evidence of evolution.

hittp:Hevolution.berkelay.edufevolibrarvinews/060501 tiktaalik

* This handout is the effort of several Biclogy teachers at RI(Yr 5-6). It has and will continue to
be updated.
**Any information given in a double-lined box is for your information only.

Last updated by: Mr Sanison, R, Mr Ariff Chan & Dr, Adrian Loo 1
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_ A. Classification

LO:
(i} Define biological classification as the organisation of species according to shared
characteristics and describe how evolutionary refationship is established

(k) Define phylogeny as the arganisation of sp to show their evolutionary relationships

» Biological classification or taxonomy is the organisation of species according to shared
characteristics. I involves naming, identification and classifying o_.m&._m_:w.

Nomengclature {namin \e.ﬁwf
»  Common names like cat, bear etc. can be ambiguous because ﬁ:wﬁw@m many species of each of
these organisms. Scientific rames however, avoid ambiguity. ﬁi

Each species has a 2-part Latin name, or mm.cmmuamm_.umqmmw.v

)
e.g. Homo sapiens ﬁmf
I]llll‘.z‘]llll
[ - T 5 -
Homa is genus (plural: genera). sapiens is;spe lural: species).

Firstletier is capitalized. Flrst letter i pitalized. Dicerorhinus sumatrensis,
— Sumatran rhincceros

2) When asked to name a species, you %AM write binomial name with both the genus and the
species.

3) Whenhandwritten, the binomial
and the species, i.e. Hoine sapigns

- !\ + 0] . . - -

When printed in books %@Wama using computers, the binomial name is #aficized and not
underlined, i.e. Homo mmm_.wwm

= The person who nﬁ@v with the Binomial system was Carolus Linnasus, a Swedish Biclogist,
and physician. He%irst published this system in his book Systema Nafurae in the Netherands in

for humans s tindertined with a'space.in between the genus

Identification

= The traditional Linnagan classification of living things locked mostly at morphologies/physical
structures. E.g. the leaf arrangement of a plant, shape of limbs and appendages, teeth and bone
arrangements ete.

«  With the advent of molecular methods, DNA and amine acid sequence analysis, and DNA
barcoding is now being used to tag and identify individual species.

Classification into taxonomic groups
» Once you can ideniify an organism based on certzin traits mentioned above, you can organise
them into groups according to'shared characteristics.

= Closely related organisms are grouped together in the same taxon,

Last updated by: Mr Gandson. R, Mr Atiff Chan & Dr. Adrian Loo 2
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» A taxon consists of a group of organisms at a particular level. The assumption is that the more
homologies two organisms share, the closer they must be in evolutionary distance. » |n order to see where each species stands in relation to other species, we need to present the

«  Linnaeus thersfore grouped crganisms into a hierarchy of increasingly inclusive categories. Of organisms in a branching evolutionary tree or phylogram.

course guring his time, he used mostly morphological characteristics to determine their

grouping. et 1 Ve Phylogeny,
. ; west W s
e.g ; human beings Tt + A phylogeny is;organisation of species to show their.evolutionary refationship. This is
[ Taxon usually presented in the form of a phylogenetic tree /evolutionary tree /cladogram
Domain: »~ Eukarya Most recently-added taxcn. {phylogeny /phylogram. (Fig. 2)
Kingdom: Animalia | In Linnaean classification, this is the largest and most inclusive grouping; « The underlying principle of a phylogenetic tree is that species are related by descent from
consists of grouping of phyla. common ancestry. Aébranich pointinode of & phylogenetic tree represents the divergence of
Phylum: Chordata | Consists of grouping of classes. stwd species from a ‘common ancestor.
Class: Mammalia | Consists of grouping of orders
Order, __ Primates | Consists of grouping of famities DESCENDENTS =» ¢ 2 3 & eXtQet 5 i
Family. _ Hominidae | Gonsists of grouping of related genera RECENT] Fig. 2 shows a
Genus:__Homo Consists of arouping of related species This node represents the m_m__w. _omm_._m%o ﬂ.m. e &
Species:  sapiens To specify an organism, the binpmial name should:bg used. most recent common ° _.om ﬂn e mmm_mm.m
F thugive & afcestor of 1,2,3,8 4 / Aﬁmﬁﬁwm: e ance
lenEt mOiusty W g n ¥ neage from which the
S e YA -2 m@é% i) ?&@\aﬁv\w . ANCESTRAL :zm.pmmlm o PAST,. L[} "descendants 1-4 arise from.
Species: Fig. 1. Features of E...AW.._. classification “€— ANCESTOR %
Pahern pards It is hi i ﬁwwv « Understanding a phylegeny is like reading a family tre wa root of the tree represents the
Genus: m-mﬁ%dmnﬂﬁm__ 'od are qrouped into the same ancestral lineage, and the fips of the branches repreg descendants of that ancestor. As
Panthera mw_._:m ..um_qN foch in furn _mw %«vocumﬁ __.‘_.#o 5 more you move from the root to the tips, you are movin wnm ard in fime.
il M inclusive, r category, the family Fefidae and so + When alineage splits (i.e.a m_uwnm.mmos event o %v A_.uﬁ_. 3), itis represented as branching
on. on a phylogeny. When a speciation event o , a single ancestyal lineage or common
X @, ancestor gives rise fo two (sometimes m ﬁ/ ghter lineages.
Carnivora Bil | nomenciature o/, Fia. 3 sh fatl "
thir key feature of Linnaean ciassification is the use % ._."‘_mm. mamwmmﬂ:_..mm_ ﬂ:mmﬂmn_mm ‘._....m Moﬂm
Mammalia he binomial name to identify a species. [n this case rise to two dau Hmmm:mvm_ o5 g
@ e Leopard {common _._mmn._mv is more precisely named e 5P o_,»% EVENT ¢ ges.
Phylum: »Wm.ea Panthera pardus (scientific name) where the genus N SZM s :
o:onﬁ@ name is followed by the species name. € A LINEAGE ?ﬂ“,ﬂ% )
. ® fooke T F
. 2 Understanding ﬁrw_ommsmmop%. > ydngt: ﬂa% i
: Prindens o recs ke ot b
@ ! ! : + Phylogenetic ﬁ«wmw,m,._m e use ofshomologous:characters te group species into clades (or
@ : branches). Homofogous characters are‘phéndtypic-and genetic similarities due to-shared
.ancestry. - b )

« Molecular and apaforical dats incliding fossil” récords are’ used toinfer “evolutionary
refationships. (We will explore these in the next section.)

«  We naed to be careful with the use of morphological or physical resemblances to determine if
two organisms are refated. it does not mean that when two organisms resemble each other,
they are necessarily closely related. E.g. the Marsupial mole and the Placental mole resemble
gach other physically and functionaly but are from different ancestral lineages.

« In determining phylogeny we look out for homelogous structures with shared ancestry.

+ An example of a homologous character is the pentadactyl limb. (Fig. 4) { has a basic
structure of 5 digits, and limb bones that have evolved to become different structures such as
the flipper of a dolphin, the wing of a bat and the human hand. These struciures are
homologous as they are derived from a cornmon ancestor. Modification of the basic
structure allowed for different functions and appearances.

Advantages of Linnaean classification

1. Mierarchical classification is a systematic way of grouping organisms. A newly discovered
species can bewasilyicategorised:and:named::
2. The binomial nemenclature provides an accurate identity to each species. it is far more
sprecise:to identify & species using its binomial nomenclature than its common name. For
example a single species Carica papaya may have several common names like papaya, paw
paw, depending on language and ethnicity of the person referring fo it.

Disadvantages of Linnaean classification

1, Based on Linnaean classification, we. netinferthe:evolutionary:relationships between
members of each category. We also,cannot teli-how distdntly related one’species.is. to.
sanother and the name does not tell us the evolutionary history of that species.
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Forelimb of Human

Flipper of
Dolphin

The fiipper of a dolphin is homologous to
the forelimb of a person even though '
they may serve different functions
swimming and grasping.

* Two different species thatwdotnot:sha

ecent.common-ancestor:can:indepe

zevolversimilar-traits as a result of:zhavingto-adapt-to:similar:environments-or ecological
niches. This process is called.convergent-evolution:-

* Thespectorat:fins. of the shark, ichthyosaur and dolphin, superficially+gsemble each other.

({Fig.5) The selection pressure posed by a need to swim fast in a wat fiedia, rasulted in the

struc that come-from:different ancestors resembling eag er. This is an example

of an atialogotis'stricture: Closer examination of the internalst re of the fin reveals their

from a mammalian forelimb,

ke v_,ohma_o:&ﬁ”w& thefins of the' shark are made

« The danger of using analogous structures is that inct species are wrongly placed as
being closely related.

shark ichthyosaur Fig. 5 Show convergent

; evolution. The shark is
tlosely related to the fish, the
Ichthyosaur to a reptile and a
dolphin to a mammal, yet they

appear outwardly similar.

marmsal

cortilage connects s
fin. rays to fish body- .m.._, ray

Flipper of Bolphin

Al g
Pactorel Fin of Fish

Fig.6 Analogous structures
The pecteral fin of a fish is analogous to the flipper of 2 dolphin (analogous structures usually have
evolved to serve similar functions through convergent evolution)
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red ancestral character is a character that originated in an zncestor and is shared

cendants,

+ A shared-derived character is a unique character of the group but not found in the
ancestors. oy WEEY BNORREIVS ottvin dedSTemclantg

s Al vertebrates share the ancestral character of having a backbone but members of the
vertebrates distinguish themselves from the commen ancestor with their derived
characters which their descendants will possess. Hair is a shared derived character unique
to mammals but is not found in their ancestors or their descendants like turtle, salamander,
tuna, and lamprey. (Fig. 7)

Lancelet N\w Fig. 7 Shared derived characfers that are used
as an cutgroup as a reference point for the tree
Tuna %& backbone but has a notochaord which is
Vertabra) m considered & precyrsor to the backbone:
Four walking legs | Turtle é &0&

aozoaﬁcaan:uomzﬁ ﬁo_._aaua nomo:chﬂmu:ﬁowma.ow <m;mc_,mﬁmm.e.m‘
5_. animals with backbores. The lancelet is used
L
as it is considered an early lineage close to the
veriebrates but not within it. It does not have 2
Hisrged zwe ﬁwf;%o
o
Amniatic egg m raovm&.
_Im_.,

Phylogenetic trees reveal relatedness of species.
+  Two living species are closely:related it

«o.the:present;-and more distantly _.m%ﬁ@.,
g

Fnost recent common ancestor lived close
eir mest recent common ancestor lived in the
ing is thus related to every other, it is just a matier

more distant past. Technically every I
of degree.
Q. With reference to Fig. 7, is tung :@ fosely related to the lamprey or salameander? Explain your

answer. fﬂ.
wandey a5 T TRERE A Mary, VT sl VBSOS et Inineree]
w@_ﬁm Al chnpEt wane. AW e eVCeaToY i i prggy
with vt watin.

ow long ago a species diverged from a corimon ancestor.
ay show a timeline and the point: from which species have diverged
ancesior, Each branch length is drawn proportional to the amount of

Phylogenetic trees may ﬁm.. i!

.>u3<_umm:mmn¢
from their co ﬂw

Q: When did the common ancestor of the mouse
and man starfed to diverge?

655 T g ovgls

@ Mark with an "X" the position of the most recant
common  ancestor of the chicken, human and
mouse. .

petbames ol & o
a. degyree oF
witeed.
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LAY *They can be used to- cotnpare’ species: so morpheiogically - indistinguishable- dus to
Yo QA - Gorivérieiit evolution or are veryelodely related: Fownok tn miegovoAS B
*On the other hand,:refnotely yslatéd organisms such as.bacterig, rcamqmm:a sunflower
can also be compared beca v:share Some proteins: siichas.¢ytochrome ¢.
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LO:

() Explain the importance of the use of genome sequences in reconstructing phylogenetic
relationships and state the advantages of maolecular methods, including multiple sequence
alignment {(nuclectide and aminc acid), in clagsifying organisms.

Zﬁn__}zﬁé.:og.:_:._._._._j.uoiwooxw_._m;.g.amﬁuooxnmmnoammmﬁmnu»mmmm
PR 2 RV — Prsttin, =2 P e -

P LA

. Al khown life is based on:ucleic acids thus studies involving any types of taxa can use DNA
sequence data. Although amino acid sequences are still used today, DNA has now become by
far the predominant molecule since it yields more phylogenetic information than protein. RNA
tmolecules such as ribosomal RNA can be used, but RNA being easiy degraded, are harder to
handle than DNA or protein. R ynasnin Brfpl  bgwipod Ve 2AL

Q. Why dees DNA yietd more info than amino acid sequences?

G MfEples M DN foquover Y nit g
ot Al ot agidl Eeranus At N Eemmm 4y gempoivt o e ONR
oty of A0 qotcerdis ~ ety mﬁﬁﬁ%m.w@.mo “t

« Spécies diverge as changes occur in nucleotide bases and mc_ummncmm_ﬁn ¢ acid seguences,
with each spacies acquiring its own set of genetic changes: Evolitionamgshanges are captured
in-the genetic sequences; Thus, we would predict that species. z%m..o_o.mm? related:-have
more similar; nuclestide: sequences in their nucleic acids a e Qreater number of similar
amino acid sequences in their preteins than do distantly re pacies. .
« Nucleotide and amino acid seguence databases are lating at an increasing rate
because of recent advances in molecular biciagy. Mole hylogenetics have led to extensive
revision of the classification of all life-forms. @, ~mvgl) S et |5 8%%_”
S by o ek ot - BINTTHSIE poad)
dvantages:and importance of molecular (p tide and amine acid sequences} p.sppmndims
¢ methods in ¢lassi e ing their phylogendtic relationships:esmvwyng vt

*They are objective. Mol “character states are. unambiguoiisaE A, C, G and T are
easily recegnisable and not be confused with another whereas some morphological
characters, such as % ased on the shape of a structure, can be iess easy to-distinguish
because of overiaps aiefween different chasacter states. A sl HimBeity | ,} drfirenad,
O *They are quantitdtive: Molecular data are eas converted:to rlimerical form znd hence
are amenable to'mathematical and statistical analysis and hence computation. The degree

of relatedniess-can be inferred and-quantified by calculating-the’ nucleotide differences siwndvire

between species.

*Changes in the nucleotide sequences. accumulate over time with clockwork regularity, We

can thus estimate the timé of speciation of modem to ancient species.

8. Some molecular differences may not be reflected as a difference in the morphological
character and hence may not be picked up by morphological analysis. €.g. @ nucieotide
difference in the third base of & codon, or intron. o

7. While; small genetic: differences, may result in‘major-phenctypic: differences.’In such
instances, vast differences in morphology can exaggerate the evolutionary distance between
two species but not in the case of molecular methods. e.g. in snakes, the loss of forelimbs and
elongation of the body, both radical changes in body form, are due to mutations in several Hox
genes that affect the expression of body patiens and limb formation.

8. Offers'alarge:set'of charactersiio be studied relatively quickly. Each nucleotide position

can be considered a character with 4 character states, A, C, G and ¥, and erganisms have

(-,—r\
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millions - billiens of nucleotide positions. There are limited morphological characters that can
be mﬂca.wm@. e.g number of segmentis, number of legs, shape of thorax elc.

9. Amino acid sequences for many proteins and nucleotide sequences for a rapidly increasing
number of genomes can be accessed from electronic databases and used for comparative
study and classification. No physical specitmen is required unlike in morphological analysis
lssue E.mnam.mwmv ty to a physical specimen is no fonger an issue. ’

10: Both living and dead tissue: may be used so long as the DNA or protein remains intact and

~ g .&c» you do :o». even need an entire specimen. Depending on what morphology you are studying
g&zﬁﬁag you sometimes naed the enfire spacimen or a specific part of the specimen. e.g. skuli, am:ﬁ_.o_.._.
céw. (dental organisation) Semetimes living specimens are needed as some morphological

—pow% vordl  structures that you are studying, such as the eye, are difficult to preserve, The animal may be

Tredln very m_cm?m or are endangered, further compounding the problem of obtaining specimens.
However if they feft traces such as hair or shed skin behind, you can still study their DNA
seguences.

awind an-evolutionary tree.using-molecularhomolog!

Py }
.«mwmn:_m_. data. The most
uences or amino-acid

» One can draw an evolutionary tree of a group of arganisms usin
common way in this day and age is to use' homologous DNA

' sequences;’
N
N
rgim

a) GChoosing a gene that is common to the groups .o?ﬁm isms being compared and is
derived from a common ancestor — g _._o:_o_omophm@ ne. Examples of such genes are
cyiochrome C gene and ribosomal DNA.

b) ..>=._u=.?_=m and sequencing the gene. Thi ves amplifying the gene from the different
organisms by PCR and then sequencim A,,w NA, The forward and reverse primers are
am,m_msma such that they amplify homaol w_.._ genes from different species. e.g. {Fig. 9) the
primers below ars complementary ﬁo.@m., lanking regions of the insulin gene in the rat and

i

:E_,_m:um;o:._wwuﬂ:@o:_wm_.:u_._ :m_._m:mm:m._:ﬁ:._momwmm:wcm._:_wﬁ:m:
gene being compared. orologous

Rat chrotmosome % ) Fig. 8

reverse priney

& NS

Human chromosome
reverse primer

<

-3

farward primer

C

foryward primer, .

c)- Seguence m_mm_.__._.,m:n.. 'The DNA sequences are aligned and a computer programme then
S_m.awﬁmm how many differences there are between therm and converts the alignment data into
a distance matrix. The alignment isn't always that straightforward as shown below, with gaps
represenfing deleted nucleotides, .

Example of a multiple alignment

Species 1 AG G C C A A GCGATAGTCTOGGT

Spacies 2 A G G C G A AGACATACGCT G A M m
Species 3 A G G CCAAGACATAGZGT CTSEGTCC
Speries 4 A G G C A A AGACATACLCCT & A CC

Things to note in a multiple alignment:
1. The .mUo<m alignment shows a segment of homologous genes sequenced from 4
species,

Last updated by: Mr Ganison. R, Mr Ariff Chan & Dr. Adrian Loo 8
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2. Each column is referred to as a nuclectide position {or amiro acid position if it's an
amino acid seguence alighment)

3. Conserved positions have the same nucleotides and variable positions {marked with
an asterisk*) indicate a difference in the nucleotides at that position for the different
species. -

4, _nwm3 the multiple alignments, the differences or similarities among the species can be
generated and be sometimes used to draw the phylogenetic tree. Below are some of
the forms of the matrix gensrated from an alignment. -

Distance matrix

SN ClrSallyvorates-
- 05005 | B.20
- |oi0jgos

- 0.15 1

2

du] L M) -

= The evolutionary distance in the distance mairix is expressed %@&w number of nucleotide
differences per nucleotide site for each sequence pair. For g wawmm. sequences 1 and 2 are
20 nucleotides in length and have three differences, ponding to an evolutionary
difference of 3/20 = 0.15 Bl nunwlid = wievey vy 1At

Q. in the space below, draw a phylogenetic free of the A«% based on the above malrices

c gw%aﬁw: S
ciadtd 2 fvA b
medtors imin%\sns@

chacle .

d) Qm-,_.m._.mm:m_ the evolutiongpyrtree. The programme than computes the differences between

each species from {he afidafient and generates the tree.

* Fig. 10 shows mg%qumzﬁ of haemoglobin beta chain amino acid sequences a.on.._ a
variety of speci e alignment is used to calculate the molecular distances each species
is from the othersBased on differences in the amino acid sequences. The relationships among
the species are visualized in the form of a tree (phylogram} {Fig. 11). [distance matrix not
shown],

<5 -] -] b

Frowrtrtuad
Fiocleodr o156
Hprpnf 197
Flip-aickies 1196
Golliar14?
Spldeshloniny 145
Hisepe G
PR 6
Cow'f-14Z
Deec1-148

Cully 1196
Laeorey/ 149
Sea-Cyeynbec i153
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Cow

Pig
Fig. 11 shows a phylogenetic tree based on molecylar homology. This tree explicitly represents number of
nuclectide differences through its branch. aﬁmw.s_“eg &% 1 tpvlehn Ay S

o -0 of g . PRI

o of molecular phylogen mm»m»;n_ of mitocho|
LHvoehvdiba g, .
Why use mitochondrial:DNA? (you need\to appreciate thd advantages using mtONA)

+  Unlike nudlear alleles are regrranged in the procesg-afrecombination between
. matemal and paternal chromosomes, therelis usually no: stich #Earrangement of alleles in
~:MONA-from’ parent to .onhﬂmmﬁ_%\..._.-cm changes“in’ DNAN&Equence. is- solely dus to
“ actumulation of mutationg & Forowe Wadlea fronn, o)

ate, making it useful for stildying
y related. It accumulates mutations

. This_is_important. when_comparing

d species that are closely related: After
10w ut the degree of relatedness-This

fstantly related species. p¥w(® (hnnet

the evolutionary relationships of organisms that are
at the rate of approximately one every 3,5
populations within a species and for cgrpari
all, there must be'discemible:differences for
feature in fact works against studies m_.zo_.&/

RN

Vi niaiimd
Mitochendrial Eve > i
» Phylogeny using the Bnoososnz% has been used to frace the evolution of the earliest
maternal line. .

+ Mitochondrial Eve is defined-asthe waman who is the most recent common ancestor of
the maternal lineage Aamaﬁm. eal) of all living humans,

+ As the mothers egg aoﬁ s the cytoplasm including the mitochondria, while the father's
sperm contributes e nucleus, all mitochondrial DNA {mtDNA) is passed on from
mother to childreef both sexes. The line can be traced back all the way to Mitochondrial
Eve.

+ Using SNP Smﬂ%mﬂ that are highly polymorphic, scientists coukd use mtDNA seguence

© analysis data to sort popllations into mére or less related groups, forming the phylogenetic
tree,

+ By looking at the number of mutations which have accumulated in different branches ,@
of this tree, and locking at which geographical regions have the widest range of least
related branches, the region where Mitochondrial Eve fived can be proposed. (Fig. 12)

+ This means that the origin of our common ancestors which was Africa,had;

o The greatest variety of lineages, L0a, LOk, LOd, L1, L2, L3, M& N
o And the greatest degree of nucleotide differences. So if you compare L0z and N,
you will see many differences in their mtDNA. |

» This is because the common ancestor had a longer time to accumulate those differences
as compared to human lineages in Australia. ,
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Fig. 12 “Out of Africa”

miDNA

The maternallineage may Tace back to a
single female, such as Mitochondrial Eve.
This is done by tracing the evolution of the
mitochondrial genome sequence in @
phylogenetic tree. By studying the fineages
throughout the world, the place that showed
the widest range of least related ineages was
in Africa. This must have been the origin of

10» Lok LO4 k1 12 13 W N| Mmodem humzns,

Fig. 13 Through
random drift or
selection the maternal-
lingage will trace bask
%ﬁ:m_m female,

h as Mitochondrial
sz. In this example all
humans descended
from one famale while

=i

e The male counterpart is
the Y-chromosomal
Adam, the most recent
common ancesior of the
paternal fineage
(patrilineal) of humans.
Only males inherit the Y

2L

SN

3

. @’X_n
]

chromosome. noos -

. ] ther maternal |

s Of course, this Eve and MMM mmn,w;m %&_._Q._:mm
Adam  were  not | o7 o~

equivalent to the biblical
characters and were by

=
Eesd
=
=
.
ESEG
=
=g

no means the only Y
people alive at that time: they were S @.ﬂ:m individuals who carried the ancestral
mitochondrial DNA and Y chremosom t gave rige to all the mitechondrial DNAs andY

o:_.oaomoswmimxmmnm:om”oo_m% A@wn .._ﬂma_uoﬂm_.._mm*mzmn:ou_.oaccmma:mnﬁ::v_,oxm:
line to people living today. (Fig. 13y

« The mitochondrial DNA and mwowdomoam studies appear to provide strong evidence in
support of the Out of Afri hebry. Rather than evolving in parallel throughout the world,
as suggested by the mulgireional hypothesis, Out of Africa states that Homo saplens is
likely to have originate “East Africa, with members of this species then moving into the
rest of the Old Wo @ Bund 100,000 years ago, displacing the descendants of Homo
erectus that they ,Wbcam_.ma.

Fal

o

| B, Evidence of Evolution

LO:

(g) Explain how evidence based on homologies identified in biochemical data (molecutar
homologies) and the fossil record {anatomical homologies), together with biogeography,
supports Darwin’s theory of evolution

Recal, Homology refers to similarity inherfied fromr a common ancestor uniike analogy which
refers to similarity due to convergent evolution.

« Organisms with anatomical homology havelinorphologica Structures: such as bone,
organs and gross structural features that are derived from a common ancestor.
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s Homologous structures represent variations on a structural theme that was present in their
sommon ancestor. Characteristics present in an ancestral organism are aitered (by natural
selection) in its descendants over fime as they face different environmental conditions.

« Hence aithough hemologous structures are derived from a common ancestor, they may serve
different functions & may superficially look very different but retains a common
underlying similarity. Examples of anatomical homology are;

pentidactyl(five-digit

» Tetrapods are the group of veriebrates with four legs. Amphibians, reptiles, birds, and
mammals are tetrapods. In the case of birds and mammals like bats, the forelegs have been
modified for a new function — wings for flight.

» They occupy a wide variety of environments, and use their limbs for many differing functions.

Humerus

Metacarpals <j
Phalanges

Human

DN Pt e, W,

Fig. 14. Different E:nzﬂmmﬁ.w similar underlying foreimb anatomy.

s The forelimbs of humans, 3@3_3 and bats show the same arrangement of bones from
the shoulder te the tips ofth® digits, even though these:appendages have very different
functions: lifting, walki wimming and flying and don't resemble each other.

« Such striking anatorsisal homoiogy would be highly unlikely if these structures had arisen from

scratch in each w@ s.

= There is no cléapTunctional or environmental reason to explain why all these animals
should_need..a five-digit: Father. than.three- - seven-. or. more- digit-limb. Yet.all.modem
tetrapods have such limbs, while fossii fetrapods that possess six-, seven-, and eight-digit
__Manﬁémﬂm found in the Devanian period but their lineage did not continue as they became
extinct.

+ There is however clear functional reason to explain the different morphology. An ariiculate
hand to grasp, a hydradynamic fin to swim and a broad flexible wing to fly.

= In this example we can clsady see evidence that natural selection:had resulted in the
adaptive variations’ of the basic structural theme' {the pentadactyl limb) to suit their

-.specialised functions and that it was a modification of the five-digit forelimb of the

common ancestor which they all descended from.

.../.,,mm:m._m_mﬂEoEqmmm:wm:mﬂo:\__om_ﬁmmncﬂmm?m:mmmﬂu_m_ m.#:o*:_‘@m.o:rm#vﬂmmcamu
+ They are typically .nnm.m..._mqmnm..mu.o_o_:me_ or rudimentary. They may have lost some or all
of their functional roles that they played in ancestral organisms.
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» Organisms having vestigial structures ghare a common ancestry with organisms in which
the structure is still functional as they are homelogous structures.

» —~THE EXISEENCE Of VEstyial STuctires can e SHFbuted 1 hahges iH the environment and
“behaviour patterns of the organism in question.

In a changed environment, the structuré may:no'longer be: béneficial for the organism's
survival, (e.g. legs for walking will not benefit @ whale in water. Fig. 15) and hence the
likelihood that the future offspring will inherit the “normal” form decreases.

= This is because all:stiuctures has a.cost inferms:of devélopment; maintenance; burden of

weight; ‘andare ‘also” a risk: of disease, (e.g. infection, cancer) thus contributing some
-selective. pressurefor fhe-removal-of parts that do not contribute to the organism’s fitness.

« In other instances the structure actually bacomes detrimental to the organism (e.g. the eyes
of a mole can become infected in a subterranean lifestyle).

‘ancestor;

Fig. 15 Vestigial Features

(a) Whales svolved from terrestrial-
ancastors with four legs. But in
whales, the hips and hindlimbs are
reduced {o small bones with ne
function. (b) Snakes evolved from
lizards with four legs. But in primitive
snakes, the remnants of hindlimbs
persist (forelimbs are absent). {c)

The human appendix is a vestigial s Fomur

structure, reduced from the cecum

of primate ancesters, which was @;mi_a },@mﬁi nmx_s_a@
involved in digestion of significant Cecum

plant material.

Source: Ar Introduction to Biological
Evolution. Kerneth V. Kardong 2™
Edition

@ Snajo Human (850 ey Woolly monkery (60 om)
Aa s @
% the collective record of changes to the anatomy or biological
development asveflected in the fossilized remains of organisms gver geociogical time. The
anatomy and morphology of living species are compared with the fossil record to trace their
origin.

How fossils form

+ When aquatic and terrestrial organisms swept into the seas and swamps die, they settle to
the bottom together with sediments (sand and mud) from land. Deposits pile up and compress
the older sediments below into rock, Sedimentary rocks are therefore, a rich source of fossils.

+ New layers of sediment cover older ones and compress them into superimposed layers of
rock called strata. Erosion will reveal buried strata.

¢ Organic substances of dead organisms decay rapidly but parts rich in minerals such as shalls,
bores and teeth remain as fossils. Minerals in water may alsc seep into tissues of dead
organisms and replace their organic material. These minerals subsequently crystailize forming
a cast in the shape of the organism.

AANCAAY ?3
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» There are other ways of fossilisation such as encasement in tar or amber or preservation in
acidic bogs,

Fossils are relics or impressions of extinct organisms preserved in rock.

+ While most fossils only preserve the resilient siructures of an organism such as its bone
anatomy, some well-preserved specimens actually preserve other anatomical structures such
as feathers, hair, skin texture and even skin pigmentation.

« Each stratum contzins its own unique group of fossil species.

* Radioactive dating techniques allow us to place these strata and fossils they bear in a
chronclogical sequence.

» Succession of organisms is shown as you progress up the kayers. Deeper sirata contain older
erganisms that are usually simpler in morphology.......oo

+ We can see in fossils how homologous structures have been modified: through time
(descent with modification).

= As we look at many examples of fossi evidence, we
in time, there s an 'ordered sequ f progression. Each spacie
and related ancestor through! deseent: with: modification: Thig.
support for evefutionary deductions based on homologies. N )

* A study of fossil evidence showed that fish arose first as th ared in the deeper strata,
followed by amphibians, then reptiles and finally EmSQ@ﬂwgmu_Q which appeared in the

_ N

receded by a logical
mpelling’ evidence in

uppet strata.

= Fossil evidence reflects the anatomical milestones @ in evolutionary development.

» I species indeed arose spontaneousty and not ﬂ:myr h descent with modification from pre-
existing organisms, then that ordered mmn_am:o%g ‘ogression in fossil record would not hold.,

Yet we find no evidence of this. .

wﬂ@v
(&) Anatory of madam forse euggests order of suolstien ﬁﬁwf Fig. 16 {2} Anatomical analysis of
wast m s emptias o] msgsm,%f Varme | medern  forms  indicates  that
o mﬂh amphibians  and  reptiles  are
ot = evolutionary intermediate betwean
i I e W — i ikl fish and marnmals. This order fits with
@ (&) the geological succession of the

major vertebrate groups. The width of
each group indicates the diversity of

iR y the group at that time. Fossils found
Torory Biras 1, Mammais in the deepest strata wers fishes and
Grotooaous | as we move Up the layers, we begin
Jumagle B to see amphiblans, followed by
Tdnosle +mq.rﬂwmn Y Lo fepliles and then mammizls,
Patirayivanie |
——— < moeoam T L
oﬁu;uz.nysaﬂ_ﬁ:ﬁ AR

PR Wedtha bassaed onnunibdrg of known gansia

Siudan  fimhos .
Ordovickan ¥

Example 1 The Evolution of Horses as seen through the fossil record

* One on the best studied examples of evolutionary change is based on an almost complete
fossil record of the horse and its ancestors,

» The earliest form of the horse were small {the size of dogs), with short legs and broad feet.
These species vceurred in wooded habitats and probably browsed on leaves and herbs and
escaped predators by dodging through the forest vegetation.
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The evolution to workhorses of today involved increase in size, lengthening of limbs, toe
reduction and increase in tooth size. (Fig. 17) 5

Mugh of the horse evolution occurred wherz large areas of land changed from dense forest
to open grasslands. The.increase in size and changes in foot structure allowed horses to
escape predators and travel great distances: in. search: of food. Changes in horse teeth
are consistent with a shift in diet from fender leaves to grasses that need more chewing.
The Equus descended through a series of speciation episodes that included several adaptive
radiations, not all of which led to large, one-toed, grazing horses of today. Some branches like
the Anchitherium were dead-end branches that became extinct.

It was only when grasslands became widespread and there was a heed to escape predators
that there was a strong selection for grazers that could run faster. This led to the only
surviving genus of today, the Equus,

in summary:

1.

Topyright © 2008 Pateton Educatan, Ine. st Al rlghts resecved,

The extensive fossh record for horses supporis the theory of progressive change of
homologous structures such as forelimbs and teeth. {descent wi odification}

2. The driving force of this change is natural selection where ?m_.mi s a heed fo escape
predation and a change in diet due to changing mziﬁo:_..._w:n@@

-

Fig. 17 Showing the forelimb bone arrangement as well as the teeth of the various horse genus
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Fig. 18 shows one of the
Archaeopleryx fossils,
Since the 1990s many
more genera of nen-avian
feathered dinosaurs were
unearthed. in 2011, mo..:@@
excellent samples of _ﬁ\@
preserved feathers we
discovered-encased in
amber, Eniti
suggests that some of
these feathers were used
for insulation and not flight
but they could be the
precursors to fight
feathers.
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Transitional fossils are any. fossilised remains of a life form that exhibits traits common to
hoth an ancestral group and its derived descendant group.
Unlike the largely complste fossil record of the horses, many other fossil records are
incomplete for some of the following reasons.

a. You need specialised conditions for fossilisation to eccur

b. Dead organisms decompose rapidly and even bones get consumed for their calcium

¢. Soft-bedied organisms do not fossilise easily

d. Only a fraction of fossiis have been discovered
This lack of continuous fossils in the record, especially of transitional fossils, is a major
limitation in tracing the descent of biological groups. This is especially important when the
descendant group is sharply differentiated by gross anatomy and mode of living from
the ancestral group. Such “missing” fossils are often called the “missing link.”
It is a matter of time before such “missing links" are uncovered. They support evolutionary
deductions best as they iliustrate an evolutionary transition betweer the two forms. They
provide evidence for descent with modification. \Wmff

i)
Example 2 Archaeopteryx 5%@

<

The most farmous of the missing links is the oldest known hird, Archaeopteryx that lived 165
million years age. &Mw%

This specimen is an intermediate between birds inosaurs,

Features like a reptile — possession of teeth, a by ; link it fo carnivorous dinosaurs. Thus
the Archaeopleryx linked birds and dinosaurs cmmon ancestor.

Features like a hird - It has feathers [ike a E@v one structure that suggest that it walked on
its hind legs ke most birds de. wwf

Archaeopteryx raveals a pattem com seen in transitional fossils — it exhibits some traits
like their ancestors and others i ir descendants.

analysis
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Example 3 Tiktaalik roseae the “Fishapod”™
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s In 2005 fossils of Tikfaalik roseae was discovered by Daeschler, Shubin mqn_.._m:_n._:m.
« Tiktaalik lluminates the steps that ied to the evolution of tetrapods. Tiktaalk is an axample of
a transitional fossil animal between fishes & fetrapods. It provides strong evidence that fish

are the ancestors to modem tefrapods.

Fig. 18 Evolufionary change n

the tetrapod lineage, showing a ]
transitional form. This figure 3
shows twe early fetrapod o

ancestors, a Devonian fish and the
transitional form Tiktaalik roseas,
as well as one of their descendants,
an early amphibian. An analysis of
the fossils show that 7. roseas, also
known as a fishaped, had both fish
and amphibian characteristics, so it
probably was able o survive brief
periods out of the watar?
k.\\\.‘I||“||||\'|.|I.."

Mo of years ago (mya}
@
3

+ It was similar to its fish ancestors as it .mu%: gills & scales.
is'as it had
of its head, fike a crocedile

= [t was similar to its tetrapod descen
a broad skull with eye mounted
a mobile neck @

Bt

P rrad@d-brtg
fresnyiee,
BT

Sxpanded fve acthal Py

S nAVE vepsatuc,
75 sitiede,

- 3

Flat boad,
Bys5 On {op

Tiktaalic

s
) lerfion |

129 Bﬂﬂ.ﬁw\ ‘_é\won\W/Jw.w\Wm\/m\

ORY edter | Sl
s)

&

an interlacking rib cage sugBesiifg it had lungs. N . ]
pectoral fins which revealelthe beginnings of a primitive wrist and five finger-tike bones.

i.e., one of the mm«:mﬂmv ds of the pentadacty! timb.

« These appendages .mmwm have allowed 7. roseae peek its head above shallow waters o lock

for prey. This wo
« Thus, the stud

an advantage in the marshy floodplains of the Devonian period.
ossi record allows us to ses the evolution of species through the

modification of homologous structures from a common ancestor to the present
descendant through a series of transitional forms.

EAAA

s Thus, it is likely that:

same genetic language of DNA and RNA, and the:genetic.code is ..
ol 7 in DNA codes for "UUU™ in mRNA, which codes for

& i’ organisms, as.diverse.as.shrimp, humans, bacteria and tulips.
species descended from comingn:aficestors:that used:this coc
has been maintained and transmitted through all branches of the evolutionary treesince its

origin in some exiremely early (and successful) organism. If orgamisms had indeed not
descended from a common ancestor, there is no reason why Emv..m:o:_a all share the same
genetic code. To date, no cther code has been found in any organism.
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* When scientists examined DNA and amino acid sequences, similarities known as molecular
-~ homologies can be seen even in organisms as dissimilar as humans and bacteria indicating
that they shared a very distant common ancestor,
¢ When looking for molecular homologies, homolagous genes (or their proteins) of different
organisms are being compared. Examples of homologous genes used are cytochrome c
<ggnes, ribosomat genes etc, typically genes important e ough that every organism BossEses”
them, e G Y mwﬁ%&@%@ W@Wmﬁ 2 i
s Just like anatomical homoiogies,an “ancestral”'gene wolld::be modified in terms of
nucleotide sequence over many generafions. The more closely related the species, the fewer
differences they have. Similarly, a higher degree of differences in nucleotide sequences would
imply a more distant relationship.
« Earller in page 8, we compared the molecular homology of DNA of various organisms and
determined their relatednass. Here we will use an example using amino acid sequences.

2018-201¢

Parcontwgen of
' amlno aettain tho|
Short amfdoncld soquence within the ps3 prsteln . . wiiole p53 protein
. . that ore [dentical |
. N to humen pi% i
Hyman (Momo saplars) Val Fra Ser Gin Lys Thr Tyr Gin Giy Ser Tyr Gly PhaArg Lau 8ly Photo His §¢ @ 100 '
FiheRin mankey (MACACS mUiae) ﬁ?fosrﬁ:....?.zwmemﬁ?mﬁ?égggggwqi % ;
Brosn mankoy {Coepihocur aattops) Vol Pea Sor &in Lys The Tyr Hi Gly Sor Tyr Gly P A Lo Gly Ptu s Ser Gly T 95
Rabbit (Cvyciotagus cuniculig) Val Pro Sar &in Lys Thr Tye His Gly Asn Tyt Gly Pheies Lou Glly P Dot Sor Gly Thr o
Dog (Crnds (amillerts) Vai ProSerPra Ls The Tyr Pro Gly The Tys Gly Phe Asg Lou Gy Pty Hia Ser Gly Thr ap
Chicken {Gaitue gafus) V&l Pro Ser Tar Gl Azp Tyr Gly 3§1§§§§<ﬁ@$§$§§§ 55
Chatiel callsh (feabme puiciotus)  Val Pro Val The SerAsp Tyr Pro Gly LaukeussnPhe ThrLoG s Phe@in G Sar Ser Gly 48
Europea fioundor {Pintichthys fasus) Vel Pro Vil Val TheAzp Tyr Pro owﬂ:?m_«ﬁ\w,fz.ixzm_:ﬁmzquq 45 i
Conge putier s (Tetmadon mivrus)  Vai Pro Vat The Theasp Tyr Pro Gly Glu Tyr Ly Ang PhoGin Lys Sor Gly Yhe 41 m
Fig. 20 shows a comparison of short amino acid mma%s\:si the p53 protein from nine different animals.
This figure compares a short region of the p53 M%é uppressor profein which plays a role in preventing
cancet.
Amino acids are represented by three-letter abpredigtions, Certain amino acids in the sequences are identical
to those in the human sequence (e.g. valin profing in the first twe positions),
The numbers in tha right column indicatithgfercentage of amine acids within the whole P53 protein that is
identical with the human p&3 protei is 363 amino acids in length. For example, 95% of the amino
acids, or 373 out of 393, are ider; etween the p53 sequence found in humans and that in Rhesus
moenkeys, Y
Amino acids in other species @ﬁ«m identical fo humans are in lighter print.
« The sequences ! the two monkeys are closest to humans, followed by the two other
mammal mumom%w% and dog). The three fish sequences are least similar to the human
sequence but terid to be similar to sach other.
+ The figure ilustrates that;
1. Certain homologous genes are found in a diverse array of species such as mammals,
birds and fish, This suggests common ancestry.
2, The sequences ies tend to be more similar to each other than
they are to distantly related species. —
* Molecular homology reinforces earlier studies on evolutionary relationships based on
morpholagical siructures and fossil data,
In summary:
* Homologies (anatomicat and molecular) provide evidence of common ancestry and
descent with modification which is what Darwin’s theory of natural selection suggests,
» The different types of homology show that they were linked te a common ancestor but
developed into different forms as the result of natural selection.
Last updated by: Mr Ganison. R, Mr Ariff Chan & Dr. Adrlan Loo 138
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« The discontinuous distribution of org

2018-2018

8 ‘present geographic’ distribution: ‘of ‘organisms’ is called
bicgeography. It supports the evolutionary deductions based on homelogies.
Plant and animal species aré'discontinuousiy distribited throughout the world. Elephants
occur in Africa and Asia but not North or South America. Ecological factors alone cannot
acoount for this discontinuous distribution. This was demonstrated when rabbits, that are not
naturally occurring in Australia, were brought over by colonists. The rabbits thrived in their new
habitat and their numbsrs subsequently exploded.

The: study:-of e .nmmn...m:

i ms is based on the concept of species
Ui givéihiared and then spreading (dispersing)’ outwards from:that! point.{ce .
“origin)}:The extent of the dispersal will depend on the success of the organism, the efficiency
of the dispersal mechanism and the existence-of natural. barriers such. as oceans, mountain
rafiges and Geserts. Z5 BarYiUa fo Wi o

Alfred Russel Wallace and his conterporaries studied the %ﬂ_.._u%ﬂmﬁ of flora and fauna in
various paris of the world and based on the distinctive asso ts of fauna and flora,
hiogeographic realms were recognised, wherein each co! today sports its defining
complement of species. (Fig. 21) .NV

Bicgeographic realms support the evolutionary am&_f ns of descent from a common
ancestor as the related species that evolved from mon ancestor are more or less
confined to their geographical area. You dor't segiditerent elephant spacies in America for

itfamfiss = 87
andemics = 2.
) B

Fig. 21 Biogeographic Realms Continental land areas support characteristic assortments of
plarts and animals, which in turn define six biogeographic realms. The number of mammalian
families is indicated, along with the numer of endemic families.

The Galapages lslands are situated in the Pacific Ocean, almost 1200km west of Ecuador
and form n archipelago. These islands were formed by volcanic activity which thrust them up
above sea level, so that they have never had any direct geographical links with any iand
mass. Plant spacies must have arrived on the istand by wind dispersal as seeds while birds,
bats and flying insects would have fewer problems of dispersal to these istands. Animals
without the ability to fly probably drifted in as passengers on floating debris.

When Darwin arrived at the Galapagos Islands, he was drawn to the variation among the
finches (a bird).

Last updated by: Mr Ganisor. R, Wir Atiff Chan & Dr. Adrian Loo R 19

canpusell.com/iamafatunicom

_Galapagos islands but came from™a _noaao:..mznowﬂ.w

Raffles Institution H2 Biology 2018.2019

There were 13 distinct species of finches, with diverse adapti
There C X diverse adaptive features. What he found
intriguing was that the-finches-on.Galapagos: bore a'similarity with the finches from the

“South:Americat €oast despite the vast differences in'habitats: The Galapagos Islands are

moQ M:a rocky and the nearest part of South America is humid and has a lush tropical rain
fest.
Um:s: concluded m._mﬂm group of ancestral finches from the mainland colonised the
islands. Immm n:m<:o:q_m:ma, and the inevitable competition produced by increase in numbers,
and Em m<m_umg.__€ of vacant ecological niches, favoured occupation of niches by thase
organisms showing the appropriate adaptive variations:
This phenomenon of rapid diversification into a multitude of new forms, filling the di
environmental niches, is called adaptive radiation. +filing the different
Incidentally, Barwin also visited yet another group of volcanic islands, the Ca

,D } y pe Verde Islands,
off s_.mm.ﬂ >w_...am‘ #:mn _.mm..w_.:_o_ma the Galapagos in ¢limate, soil and size. Yet the inhabitants
are nothing like the inhabitants of Gatapagos but resembled African species.
Bingeography explains why two islands with similar environmenis in different parts of the world
are populated not by closely reiated species but rather by totaliy-different species that
_.mwm_.:u_m Eamm of the nearest mainiand, the centre of origin. omf
._.:m. n_m».:_u:_uo_.. of finches support the evolutionary ction of descent with
modification from a common ancestor because the finch spécigs didn't emerge from the
+the: mainland which then

evolved into the different species ob the m_d_..,_um._mmo.x{

However there are instances where 4

Continentat drift is the slow 33@3@ f the Earth's continents relative to each other over

time as a result of movement of Emm.w on which the continents fioat.
A T years ago, -+had a single supercontinent called Pangaea. (Fig. 22) Over
time, the landmass started to(Zplit to give rise to smaller continents. Fle- 22

+ Ag continents drift apa mmw< will affect the migratory patterns and hence distribution of

organisms. .
Our understanding olution and continental drift can be used to predict i
) i where fi
different groups @ anisms might be found. {Fig. 23) P re fosslls of
Last updated by: Mr Ganison. R, Mr Ariff Chan & Dr. Adrian Loo 20
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Fig. 22 The continents have moved over
the surface of the globe through geological
time. The position of the main continents
since the Permean pericd is showsn in the
figure on the right.

Geologists, who discovered that the

L . "~ PERNIAN " TmAsSe
movement of tectonic plates in the earth’s 225 millon ot 540 200 miTion yoacz g

crusts causes the migration of continents,
later confirmed the continental drift
hypothesis.

Many biogeographical observations can
be explained by the splitting or colliding of
landmasses.

PHEGENT OAY

Fig. 23 Wegener, the person who
in 1915 proposed the jdea of
continental drift found that the
digtributions of fossils of several
organisms supported his theory
that the continents were once
joined  together.  Conversely,
continental drift can be used to

ﬁa..p i3 of the fn Glossoplteris.

} Fosgiremaing ofthe explain how spacies that spread
* frosiraater septie Masossums, out from one focation ended up in
different continents.
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South America

a} Relative positions of mcc?m:om_ Afica and
Australia during eary of continental drift,

M a .v\mw - @ indicating proximity, oﬁw s where lungfish may
N

have originated.

\. b) Present &mﬁ% of species of lungfish,

navsVuEQ Protopreres Neoreratecke

* Related species are normally distributed within a ﬂm%@fﬁ in the case of the lungfish, they

are found on different continents, How did this o

» Neoceratodus today is found only in >cm=m=ma..ffo<<m<m_.. fossils of this genus and other
flungfish relatives have been found almo: a@wéam in Mesozoie strata, indicating that this
group once had a much wider distributio %ﬁm being possible because the landmasses were
connected in the past.

* Hence from the study of biogeogra; nd fossil record), it can be seen that the lungfish had
a common ancestor that disper: tom a centre of origin when the continents were still
merged. However due to finental drift, these ancestors of the lungfish become
geographically separated tarted to diverge and evolve through allopatric speciation,

In summary:

Bgeography suppotts the theory of evolution, you need to be able to see
raphical digtribution of species, extinct or extant (stilt existing), and
link this pattern f0 an evolutionary concept such as descent from 2 common ancestor,

| C. Preservation of Genetic Variation

LO:

(e} Explain how genetic variation (including recessive alleles) may be preserved in a natural
population

nfn.m.....m..nwmﬁfmom delefion or-addition of 2 nucieotide that changes the tripiet

; Cid: Mutations in non-coding regions such as the promoter &
enhancer can result in phenotypic variation as well.
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cﬁﬁ_mo.:m.% Wty tain pEng Wtk ene )

a)-Poiyploidy. - when more than 2 homeologous sefs of chromosomes are present e.g. : Balancing select|
triploids: 3n, tetraploid: 4n. [ :
b) -Anglploidy: - when a particular chromosome is over-represented or under- « Balancing selection oceurs when natural selection maintains two or more alieles at a locus
“represented e.g. Trisory 21( resulting in Down syndrome in humans) Balancing selection ¢an arise by the heferozygotes having a selective advantage, as in Em.
¢) Pelétion - when a segment of a chromosame is missing e.g. a deletion in chromosome case of sickle cell anemia — heterozygote advantage. It can also arise through ﬁ__,mn_._m:&‘.
number 5 resulting In Cri-du-chat syndrome dependent selection, where fitness depends ont how common an allele is.

d) Dupiication - when an extra segment of a chromoesome is present.
e} ‘Inversioni- when a chromosome segment is detached, flipped around 180 degrees and

i} Heterozvgote Advantage (¢.d: sicklecell anaemia)
hitoittwww,omil. goviseitechrasourcasiHuman_Genome/pastersichromosome/mbb.shta

reattached to.ihe rest of the chromosome Bttpsiciie.bwh.hrarvard, i, i
f) Translgcation - when a segment from one chromosome is defached & reattached to a ticite.bnvh harverd adumaleria, sickie il
different chromosome. Therafore linkage relationships are altered. «  When individuals who are heterozygous at a particular locus have m_._..uwﬁ._. fithess than both

kinds of homozygotes (i.e., homozygous dominant and hormozygous recessive), they exhibit
. :*.) heterozygote advantage. Heterozygote advantage is seen in sickle cell anaemia.
dependent assortment & separation of. shomologous - chromosomes  during
metaphase | & anaphase | respectively. )
+ Independent assortment & separation of sister chromatids metaphase H and
anaphase Il respectively. ) @
3 resuits In gametes with numerous combinations of _.:mﬁmam_.m%m &mal chromosomes.

s of :o.%m chromosomes resulis in
0

d o 7 Fig. 25
: {om fusion: of gametes adds to the varie enotypes. Different genotypes will result Left: Sickled calls and normal cells, Right:
in different phenotypes and these will act 38 il materials for natural selection to act on. Sickled celis can biock bload fiow to organs
. R and damage them

N

-2 How: : M.
population:: @ « There are two beta globin alleles | tant for the inheritance of sickle cell anaemia: HbA and
. @ N - ’ . HbS. Individuals with two norm bA alleles (HbAHbA) have normal haemoglobin, and
. Natural selection tends to redugigenetic variation by culling unfavourable phenotypes. therefore normal RBCs. Those,with two mutant HbS alleies (HbSHDS) develop sickle cell
« VWhat prevents natural select m removing unfavourable alleles (including some recessive anaemia. Refer to _c_‘ms‘ocm@mm for details.

alleles)? The tendency for, m@&o:m_ and stabilizing selection to reduce variation is countered
by mechanisms that presesve or restore it.
A. Diploidy/ Hetergzygote Protection

8. Balancing

e

utant emoglobin DNA
i [ -

. thownret D Wop e
bt

2 d wil oy @%ss\_
: bt
« Most eukaryotes are dipioid, and a considerable amount of genetic variation is hidden from
selection in the form of recessive aileles. Recessive alleles that are less favourable than
their dominant counterparts or even harmful in the current environment can, persist
uals where the dominant allele masks -

Fig. 26 Left: Mutant adult haemoglobin
sequence (HbS) and normal sequence. Note:
the normal codon carn also be GAG due to the

because they are propagated in heterozygous ind
| because they are b eI Z¥9 ° degeneracy of the cods. .
the effect of t : ) . 3 A Top left: A normal HbA protein, the red box
» - Nattiral selection ohfiactsion phenotypes, Recessive alleles are ex| an ﬂ H shows where the glutamic acid is located Top
only when an individual carries 2 copies of this allele (i.e. ous recessive CHy Ho— ﬁ_ulmm right: 2 HbS protein molecules ciumping
s HeterozygoteP giecy Uge pool of alieles that might not be favou ed under the ﬁ_“E [ 3 together.
n..mm,m.a.mgaao:m but some of which could:bring:new: refits when:the environment Ezlﬁw HpN—C—CO0H The R-group of glutamic acid contains & ‘
hanges. _Eooom | carboxylic acid and hence makes its R-group :
¥ H polar while the R-group of valine contzins a '
J— valine methyl group and hence makes its R-group ¢
non-polar and hence hydrophobic :
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) msaa._ S .mum Sleoe mmw _.MN Showing the formation of
e o The mutation results in a
3 Inothar: cach carrlas conformational change in the

relecule such that the hydrophobic
patch and groove are exposed, This
conformational change makes it
possible for the meolecules to
crystallise to form fibers as the

Expesed Moleculos crystollkcn

hydrophobic paich of one molecule

Thydrophobic Into a fiber copacity . "
reglon 10 cary xygen s fits into the hydrophobic groove of

another. These fibers digtort the
shape of the red blocd cell resulting
in the characteristics sickle shape

L X N ]

+ The precise mechanism in which hetero

e Ip& where malana is prevalg

» Those who are heterozygous for the sickle cell allele (HbAHDS) proguce both normal and

abnormal haemoglobin. Heterozygous indjviduals. are usually heal ut they may suffer
some.symptoms of sickie- cell-anaemia’ under canditions of low b, o oxygen; such as high
elevation. Heterczygous {HhAHbLS) individuals are said to be 3 "or exhibit sickie cell
trait. 27 Bt o walporn -

“Héterozytiote sdvantage oocurs: in regions: of &ud
by chiils and fever, vomiting, and severe headaches:
is caused by a profozoan parasite (Plasmoditim falc

the Anopheles mosquito.

) that is transmitted to humans by
genotype confers protection/survival
advantage against malaria is unknown. A nutripgr of factors are likely involved. When malarial
parasites invade the red blood cell, their metshblism lowers the oxygen-tension-within the red
blood cells that contain defective haempéibbin causing it to sickle and be destroyed together
with the parasites. The crystallizationy alsa damages-the-parasites in the cell.
individuals with the HbAHDBS. gencivpe do.not develop

sickle cell anaemia and at the mﬁm
able {0 survive and dut malaria-infected regions. Therefore;;BOTH: the:HbA:and
~HbS: alleles of the ‘emain:in the: population:. Thus, the HLBS c :

- survival advantage on peghl® who have one copy of the allele, and the btherwise harmful HbS
m_gm_m_.wq.:m_,ma_.m.“a @:m ._.J*wmuou:_mm%mﬁua_mmezm:#mn:m:n%

s+ HbSHbBS homozy have sickie cell anaemia, which usually results in early death,
« Compared to &L FbS  heterczygotes, people with the HbAHbDA genotype (normal

haemoglobin) have a greater risk of dying from malaria.
Sickle

N 1 Sickle Ceil Fig. 28 Schematic representation of the effect of the
arma Trait Disease  sickie cell haemoglobin gene on survival in endemic
malarial areas.

People with narmal haemoglobin (left of the diagram) are
susceptible to death from malaria.

People with sickle cell disease (right of the diagram) are
susceptible to death from the somplications of sickle cell
disease.

Paople with sickle cell trait, who have one aliele for HbA and
cne allele for MBS, have a greater chance of surviving
malaria and do not suffer adverse consequences from the
HbLS allzle,

s The frequency of the HbS allele in malaria-infected regions of Africa is 16%. The sickle cell

allele is also widespread in the Mediterranean and other areas where malaria is or used to be

L.ast updated by: Mr Ganisen. R, Mr Ariff Ghan & Dr, Adrian Laa 25
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a major threat o life. In contrast, the HbS allele frequency is only 4% in the United States,
where malaria has been virtually eliminated,

Fig. 29 showing distribution of
malaria in Southern Eurcpe, Asia
and Africa.

Fig. 30 showing distribution gFsickle-cell aflele
within the same area. The Sarker the shaded ares,
the greater the percen, @M« people carrying the
allele, Note the 8@_@4 to the map in Fig. 34

N

percentage HbS

W v BB s
214 B 46
B2 5 34

@%@v

ime have'less chiance of contracting malaria, They are o ved

I %v
* Acommon misstaiement is that malaria s ﬁm@oﬂ sickle cell disease. Thisis nottrue. In areas
where there is no endemic malaria, a persprwith sickle call disease is at an extreme survival
disadvantage because of the ravage®.&f the disease process. This means that a negative
selection exists for sickle cell disease Jinstead we should state that sickle cell trait (i.e., the
heterozygous condition) is &d forin regions of endemic malaria.

uency:-dependerit sele

« In ?m.n._nmimw‘mmumnam 8a tion, the fitness (hence selective advantage) of the phenotype
depends on how ¢ n it is.

+ In Lake .m.mumnﬁm_wmﬁﬁ Africa, the scale-eafing fish (Perissodus microfepis) exhibits such
frequency-dependéht selection. These fish attack other fish from behind, darting in to remove
afew scales fromdhe fiank of their prey. These fish are either “left-mouthed” or “right-mouthed”.
The right mouthed-allele is"dominant to-the left-mouthed allele: ~The left-miouthied fish
always attacks the prey’s right side because its mouth twists to the left and vice-versa for the

right-mouthed fish,

rds-itself against mmmn.x.#osu_ismﬁm%n phenctype oﬂmnm_m..mmz:.m.mws is' most
he lake." So from year to year; selection favours:whichever mouth phenotype

onis least common: As a resuit the frequency of left-mouthed and right-mouthed fish escillates

o<mmn5m.,m:a frequency-dependent selection keeps the frequiency of each phenotype close

Last updated by: Mr Ganlson. R, Nir Ariff Chan & Dr. Adrian Loo 26
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Fig. 31 Frequency dependent selection in scale-
eating fish. A study by Japanese scientists show that
tne frequency of left-mouthed individuals rises and falls
in a regular manner {as shown by the trend fing). At
each of the three time periods when phenofypes of
vreeding adults were assessed, adults that reproduced
{shown by the crosses # ) had the opposite phenciype
Y of what was common in the population, Thus it showed
MURCA) that the right-mouthed individuals were favoured by
selection when left-mouthed individuals were more
commen, and vice versa.

Last updatad by: Mr Ganison. R, Mr Ari¢f Chan & Dr. Adrian Loo 27 M
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EXTENSION TOPIC A:

INFECTIOUS DISEASES

Learning outcome:

a. Describe the specific (adaptive) and non-specific (innate) immune systems including
active and passive, natural and acquired immunity.

b. Outine the roles of B iymphocytes, T lymphocytes, antigen-presenting cells and
memory cells in specific primary and secondary immune responses.

¢. Explain the relationship of the molecular structure of antibodies to their functions,
using IgG as an example.

d. Explain how genetic recombination during deveiopment ﬂmmc_ﬂmﬁﬁ?:m of different
antibody molecules (including somatic recombination, h mutation and class
switching}. .f

e. Discuss how vaccination can control disease (e.g. i eradication of small pox),
fimited %o vaccination stimulates immunity willfls’ causing the disease and
vaccination of a high enough proportion of Sm»f ulation can break the disease
transmission cycie. @V.

f. Discuss the benefits and risks of vaccinatiofi:

g. Explain how viruses, including infiuen WMW@ HIV, cause diseases in humans through
the disruption of host tissue and fupgtions (e.g. HIV and T helper cells, influenza and
epithelial cells of the respiratory

h. Explain the mode of trapsrifigfon and infection of bacterial pathogens, using
Mycobacterium tubercufosiges an example.

i.  Describe the modes o@%m: of antibiotics, including penicillin, on basteria.

References; %&Q

1. Murphy _A_s@@wﬂma. M Waiport (Eds.) Janeway’s Imerunobiology. 8" Edition.

2. Judith Owen, Jenni Punt, Sharon Stranford. Kuby Immunclogy, 7" Edition.

3. Pommerville, Jeffrey C. Alcamo’s Fundamentals of Microbiology: Body Systems.
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1. Introduction
“Hnfection’is the pre
the Ww,mo:. ofthe:cells

ts:host;-as well as

« Pathogens are microorganisms invading the body to cause diseases. The 5 classes of
pathogens are viruses, bacteria, fungi, protazoa and worms.

«-Intracellilar pathogens {2.9. viruses, certain bacteria) invade cells, where they utilise the
metabolic machinery {e.g. protein synthesis) of the host cells to replicate within it.

o Estracelillar pathogens (e.9. certain bacteria) divide’outsidé ‘célls in the tissue fluid or
blood. o

« - Antigens are substances that induce an immune response as they are recagnised by
“[cells ol thg immune  system mna_.m.:_ odies;|/An antigen can be a foreign protein,
TarBohydrate, lipid or nucleic adid. amf

+ _One pathogen has many different components that can be re ised by cells of the
immune syster 1.2. many different antigens. E.g. a amﬁmnzim{ ens can be found on
its cell wall and flagetiori, a virus's antigens <an be found 09@ ral glycoprotein.

tibodies usually
a single’ antigi

w10t bind to the entire antigen
i.that binds fo the -hinding
is also known as an antigenic

Figure 1. An antigen has many epitopes. (Source: Campbell's Biology, Chapter 43, 8%
Edition}

« Immunology is the study of the body's defense against infection at cellular and molecular
levels. The Tollowing are the questions we would address in this topic:
» How does the body prevent pathogens from entering the body?
» When infection occurs, how does the body eliminate the pathogen?
» How does the immune system protect the body by develeping long-lasting
immunity to many pathogens encourtered?

Last updated: Dr Alice Tan, Miss Micheile Nah, Mr Derek Tan
carousell, comfamafatunicom
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¥ ¥
Non-spedific (Innate) Speclfic (Adaptve)
immune Systermn tramune System
Anatomical Cellutar Cellutar Humoral
Barriers Component Campenent Compoenent

_ummcqm. N” __._._.Bcﬂm systemn is typically divided inte two categories, innate and adaptive. Both
have distinctions but are not mutually exclusive.

+ The non-specific (innate) immune system has anatomical features that function as
barriers to infection.

» “Humoral® comes from the ferm, humour, which means body ao%ﬁ “humoral® refers

to molecules found in extracellular fluid such as secreted antib i

. 0y
. Enzocns the innate and adaptive immune systems have amm_ynﬂ characteristics, there is
interplay _.umgmm: these two systems. Components o Sndte immune system influence
the adaptive immune system and vice versa. Sectig 1 elow intreduces some of these

components. @

i
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2. Components of the Immune System

« Most celig 0¥ the imimune system are derived from haemapoietic stem celis and develop
through the process of -differentiation- into functionally mature blood cells of different
lineages. {See Figure 3a) ’

Hematopoietic
stem cell

& locyte-
ns..h_..._n_.-.nﬁn progenttor

Eosinophil
progenitor

Eosinophit

% .
Dendritic cell

mQﬁ Erythroid progenitor
Figure 3a. Haefnatbpoietic stem cell differentiates to either myeloid progeritor cell or
iymphoid progenitor cell.  Progenitor cells cannot seif-renew and are committed to a
pacticular cell lineage. (Source: Kuby Immunology 7% Edition)

¢ Cellular components of jnnate immuni ) .
> Comprises of phagocytes, cells capable of engulfing pathogens via phagocytesis
(See section 3}
»  Macrophages and monocytes )

Monoeytes circulating in the blood matures into macrophages that resides
within the tissues.

endritic cells

Resides within tissues.
»  Neutrophils
—~Cifgulatés irrthie bloodstream, and migrates to sites of infection.

Y

Last updated: Dr Alice Tan, Miss Michelle Nah, Mr Derek Tan 5
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» Cells involved in adapfive immunity
> Comprises of lymphocytes {See section 5)
* T lymphocytes (T cells}
= and B lymphocytes (B celis).

¥ lLymphocytes can be classified into: (See Figure 35)
1. naive cells,
2, effector cells
3. and memory cells. . . R ) .
* . Naive cells: have not encountered the specific’ antigen that they are
-programmed to respond to. E.g. naive T cells and naive B cells
* Effector cells’have been activated by anfigen’ presenting’ cells {ARCs) or
antigens and ready te function in an immune response, E.g. Melper T cells,
. tytotoxic T cells, plasma cells
* - Memory cells are generated following primary response to antigen. They are
lymphocytes that mediate a secondary response fo mcvm@:mﬁ encounters
with the antigen. E.g. memory B cells and memory T oo_mﬂf

Proliferatifn® /3 Ditfergntiation

,mrg Froliferation  Differentiation
s
) Q@

Figure 3b. r«.:..w:ooﬁm@.ﬂw.mm classified into naive cells, sffector cells and memory cells.

S

« B cellsiand T are’ derived: from stem: cells.in-the. bone marrow. Mowever, T calls
*and.B cells develdp through the process. of differentiation in different locations.... .... .

» When these stem calls remain in the bone marrow, they differentiate into B cells.
(For additional info about what happens during the development of B cefls, see
secfion 6B1.)

» When these stem cells migrate to the thymus, they differentiate into T celle.
Thymus s an organ located between the lungs. T cells eventually differentiate into
two types of T.cells:
= “Helper T cells {also known as CD4+ T cells)..
= Cytotoxic T cells (also known as CD&+ T cells).

* Bocels and T cells that finally enter the blood circulation have unique or specific cell
surface receptors that bind and respond to foreign anfigens.

* Humoral compenents of adaptive immunity (See section 58)

» Comprises of antibodies, also known as immunogiobulins.
» Antibodies are proteins are secreted by plasma cells.

TasbupaatasBE At Tanoiiss Michells Nah, Mr Derek Tan 5]
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ite-Cize Summary .
Vihat are fhe components involved the non-specific and specific immune systems?

- Phagooytes sech

2% macrophages. - helper T cell (Ty celly : m%mm
dendrticcolsean | macrophage antibo

act a5 andlgens ﬁ.ﬁi
presenting colls

eytotaxic T call {1,

n,om&._zn ou: pr
f@

Overview of Immune Response %%ﬁx

+

@@@

:E.u.._nc Innate fdﬁﬁn_bnu_ﬂim [ [ of F
mnuom.:a immune Response: _uh.n._w_qﬂu:. = activation of - and B calls
inflamemation by » ariibdy-madiated response Generates
p .m. ¢ sen " cell-mediated response Immunological Memory
- g {See Seation 7)
(S Section 3) a 9 (Soe Section 5) '
%

&

Lastindatard: D) 2t Alle. Tan, Miss Michelle Nah, ¥Mr Derek Tan
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3. Non=Spesific

(Late) Adaptive Immune Response: | | Ramoval of Pathegens

Antigen-
. fon of T-and B colls
by APC “ antibody-mediated rasponse Camaratet
after >96h cell-mediated rasp togicat Memory
i (See Saction 7}
{See Section 3) nmmw Section 4) {Ser Sectlon 5
Pathogens acidic pH &
Firstine of defense B anti-microbial proteins

N

penetrates che
of the barriers

Second line of
defense of innate
immunity

releases cytokines

& ehemokin f.« g
@DP% Macrophage

Dendritic cell

degratiation of
ingested pathugen

Figure 4. Overview of the innate immune responses. (Modified: Kuby-Immunology 7%
Edition) Additional information: Cytokine is a small protein secreted by a cell that affects the
behavior of other cells. Chemokine is a small chemcattractant protein that stimulates the
migration and activation of cells such as phagoeytic cells and lymphocytes.
G el

Anrta vk e e owiny AN ?2% oS Sonaten)
s The 3o3|m_umo_m ic (jnngte) immune system is the first fine of defense upon exposure to a

pathogen. ygenithat breaches the anatomical bartier (e.g. skin is the first line of

defense of __._zmﬁm immunity) will be greeted by cells of innate immunity (e.g. macrophage

is the second line of defense of innate immunity).

Lomtreiitededinméitaifoooliss Michefie Nah, Mr Derek Tan 8
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« This response to an encounter with a pathogen occurs’ rapidly::The first line of host
defense is immediate as it consists of mechanisms that are:ready to kill:and resist an
invader &t any time. ’

> Macrophages are always present under the skin and other tissues to function as
“guards” against any pathogen that has penetrated the anatomical barrier.

evaginetions callad
preudopodia

Q .

w-iﬁs_-.snﬂi. .l\

?na-awvwnnnac!a\fﬁ

E
lysozome

)

= Innate immunity §not:épecific toiany:pathegen and has:ii

nesof defense of innate immunity (anatomical barriers to infection): {See Figure 4)

> Includes'physieglrandichemicalbamiersto prevent the entry.of pathogéns.

> Physical barriers include: ) o
e EL jayers such aSiSKin: " _p suFiod Hha revtus § Sy e St
A ng the respiratory tract and gastrointestinal tract. Aty it
asisdlivar and’tears: wash away potential invading
attachment,

NCIUCE: —vmgge, 1T MASEPrnder v prefintyon o fiame.-

| substances:in secretions to kill these microopganisms.

For example,:lysozyme is an antibacterial protein aves glycosidic

bonds of peptidoglycans in cell walls of bacteria, leadi lysis.

Lysosomal enzymes
Higest enptored waterisl

. FEEEPH. i —~
For example, “low=pH:iin stomach causes turation of proteins in
pathogens. 5@@.&7& h

+ Some pathogens may have evolved strategies to p ate the epithelial ¢ell barrier, or
wounds may have disrupted the epithelial layer to, pathogens to enter the body. The
second line of defense occurs to Kill the pa n, and thus prevent multiplication of

pathogen within the body. . ) )
>

« ¥Second:line.of defense of innate immu deingy ¥ livinate }?oaog:q
>aeliulaczcompenentss of 5:@ immunity comprises of :phagoeytes  such as
macrophages, dendritic c8lisand neutrophils, » ¢xy. Mpuhg~
> Wheri pathogens breza aprier, Phagocytes residing in tissues, &.g.
COG T : cpathdgens’ via’

:'phagecytosis.
"= Macroph
mm%.oﬁfm e
» Macropha: [so ticeinflammation’ by secreting signaling profeins e.qg.
nﬁo_n._:m% chemokines. (retedlat® .P.Rga;ers%.\?&iu ?«Fsd &V&l m

= Signaling proteins such as cytokines and chemokines results in increased vait-ofs
permeability of blood vessels, to recriit neltrophils from binod to the site of s ved rasg

m:mmoﬁ_.o:.ﬂwmmbn_.mcﬁmms + ..J
»  Inflammatory response is characterized by heat, pain, redness and swelling.

E&E&E&l : S
PO O pethrpeg ovne dpumnge W
rning {gidgwt vtng Pretepon vt ;
_."E | =2 Torepanf ?es& “
é% ?§§ ‘o |

IMmune respons:

gt Teovn i T T
et wosas?
2 i) Wrerodd Gty —
Last updated: Dr Alice Tah. Miss Michella Nah, Mr Darek Tan ] M
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Although we have anatomical barriers to prevent entry of pathogens, pathogens may
enter the body through wounds. What happens whan pathogens penetrate the anatomical
barrier?

Functions of
non-specibc :...:mﬁv Immunity
i ,_.. ¥
Pravent antry of pathegen Kill pathogen W ﬁ Actvate specific (adaptive} immunity .f

:os.u.—w :Qs_q,—‘

Anatomical
Banters

Ne entty of pathogen

macrophage
2 s

Pathogen hydrolysed m:w:: GeR and use its MHC protains
o rt peplides of pathogen for

- %53& J%% «—. outcome

‘Activation of calls of specific (adaptive)
irmune system e.g, T-helper iymphocyte

- (Sae saction 5}
N

\
%v

(Rapid} Innate {Late) Adaptive Resp 1 of Pathogens
Exposura Immune Response: + acbvalion of T- and B cells
o + inflraimation « antibody-mediated response Generates
P « phag » cell-madizied resparse immunological Memuory
st (See Section 7)
(See ancﬂ& w (Seo Seclion 4) (Sea Sgufion 5)

» Antigen prese
. called| MTACT
“presenting: cell (APC)E
naive T ¢ells and thus mngmco: of these ._. cells to effector cells.
 Naive cgjls have not encountered the specific antigen hat they are programmed
to respond fo.
3 Fffactor celis have been activated by APCs or antigens and ready to function in an
immune response

ion is Em...

« Antigen-presenting cells (APCs) are a specialised group ¢ of
“andzprocessi(cut up’): them: | __ﬁo -Shi eplides’ befors; presenting

e APC is a link between the innate and adaptive immune systems. Macrophages and
dendritic cells are APCs,

Last updated: Dr Alice Tan, Miss Michefie Nah, Mr Derek Tan 11
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+ Role of macrophages and dendritic cells as antigen-presenting cells (APCs) in
antigen presentation: (Foflow the numbering on Figure 6}
(1) After an APC engulf the pathogen by phagecyiosis, it can process (‘cut up’)
ma_@msm from the surface of the pathagen into short peptides.
= Antigens:.on _umﬁzommz are processed into short pepfides’ inside  the
‘phagolysoscme (formed by fusion of phagosome and lysosome).
... ... Note; Phagolysosome is not shown in Figure 8.
{2)'Peptides’ of antigens bind-to MHC- protein inside endoplasmic reticulum (ER) to
form:peptide:MHG _.%_mx
(3), Peptide:MHC complex is fransported to the” ceil surface membrane’ of APC via
“vesicles:
{4) The antigens of pathogen on the cell surface membrane of APC are ready for
presantation to naive T cells. This is possible because the artigen of pathogen
on MHC protein is complementary conformation to the TCR., (See Figure 7)

anfigetr binding site /
peptide-fragment binding site

@ .Pa_mm:ﬁﬁmm:n:m om__
TTARCY

Figure 6. The expression of antigen on MHGC protein at the calf surface :._m:._cwmmm of APC.

« The peptides of antigens must be bound to MHC proteins in order to be recognised by
FCR of naive T cells. {See Figures 7 and 9)

LashnaaietiNistanddins Michelle Nah, My Derek Tan
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‘The epiopes of an The antigen must be ._._,_m.muzov.m.ﬁzo._.m is TCR with a
antigenrecognised by processed into'short  now a short peptide complementary
T eell receptors {FCR)  peptides by enzyme  binds to MHC protein oo.io:.am.noa to the
are often buried: S i ARG, forming pepfide:MHC epitope hinds fo the
B complex.
ide:MHC -
antigen of pathogen vmw“.n._rix
peptide (epfiope)

= =

2
©

\%3)

5
72
«of
mﬂmo.vm of
antigen

y

gl
SN

peptide:MHT
complex

Janeway

" Upon naive T cell activation
¢ 5 that are read
Figure 8 and section 5A). .

> Clonal expansion occurs when a single

> Cytokines & rleukin{IL):are
the immune system to aid in celf

Dendritic cel
P

’s Immunology 8" Edition)

g.interleukin:

@Azﬁwmﬁwrwwﬂo:
% S
i

&f@

peptide-MHC

cally identical daughter cells.
iing molecules released by certain cells of

during T cell

Effecior
Teell  Teels

Figure 8. Dendritic cell acts as APC fo display antigen on MHC protein fo naive T
cell. (Modified: Cellular and Molecuiar immunciogy, Abul K. Abbas)
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5 Specific

T PR R

(Rapid} Innate
B,

* « Inflammation
+ phagecytosis

Immnological Memery)
{Soe Seution 7)

{Seo Section 3) {Sor Sectlon @) {Sse Sacticn §)

= When pathogens evade the non-specific (innate) immune response, the specific
(adaptive) immune response begins.

+ The innate and adaptive immune responses make up an integrated host defense system
where cells e.g. APC link the two immune systems. Innate immune response sets the
scene for the induction of adaptive immene response which requires a few days to
establish.

» Adaptive immune response involves the activation of T cells and w.ﬁ,_p,o: of B cells with
the eventual production of specific cytotoxic T cells and m:zg&@ clear the infection.

Immunity consists of om:émm% immune’ response: and
ﬁ,m:m_.a about by T cells. This
ens by killing ceils that contain

> Cell-mediated immune response is medi
response will protect against intracelluiar
these pathogens. (See section 54)

» Humoral responge is mediated/brough about by the antibodies that are secreted
By prastna cells. This response willfoitect against extrace pathagens and
toxins secreted cﬁvmﬁommam intore

fracellular space. (See section 58)

ety RSN T ! o/
+ Cellular components of mn_mv»?w* ”@ comnprises of ,_..u.ﬂ._vznnﬁmw@a

> Tceells ~ant BTt e
. Um<m_¢%wam:ﬁ fro _I.f eéfn Q#_W@“w._. cells ooeur in the thymus.
= Each T cell hy specific type of T cell receptors on its cell surface that can
nd to a specific antigen.
>Beells [l al ey
= Deve rt from stem cells to B cells occur in the bone marrow,
» Ea cell has a specific type of B cell receptor on its cell surface that can
retognise and bind to specific antigen.
¥»- B-cell-receptor-is-structurally -different- from-T-cell receptor, B-cell receptor-also
binds to a different epitope of an antigen from T cell receptor.

= Humoral components of adaptive immunity comprises of antibodies. Antibodies are also
known as immunoglobulins {ig). .
D B oy T NERVENT cRlls >

+ Cytokines e.g. interleukin (IL) are signaling molectles released by certain cells of the
immune system to aid in cell communication :Cytokines. produced- during: adaptive
immunity are involved in the lonal expansion and* differentiation” of activated

lymphocytes. : e
rergs M&.Egu
» Key characteristics of adaptive immunity are: Tewls Tl

> high lavel of specificity for a particular pathogen
> shows memory (i.e. remembers the particular pathogen that previously invaded
the body and responds more quickly to the re-exposure to the same pathogen)

Last updated: Dr Alica Tan, Miss Michella Nah, Mr Derek Tan 14
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%@4 >_.=_mo=&vm§omm=
O P .nsnmnn i Am_\m,mu.u:.
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o S G
MHC _u_d”m_.. )
o Beel A‘ oﬁ:omm omnv_“_m_%o_.p _ mwie
racognisol ool Antigen uptake by APC, )
an.wm!m«_ﬁm_mm% of processed and ﬂ_m.mnum Erlngroyions.
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Figure 9. Overview of how nalve cells become activated to induce adaptive immune
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BA. Role of T Cells in Specific (or Adapfive) Immunity
« Recall from Secfion 4 and Figure 6 thai antigen-presenting cells (APCs) e.g.
macrophages and dendnitic cells are phagogytic cells that:
engulf pathogens and process (‘cut up’} the antigens from the surface of the
pathogen into ,_wson peptides -
peptides of antigens are bound to _s:m"v proteins to form peptide: MMC complex
peptide:MHC complex at the v.n_..‘m__ surface membrane of APC
APC presenting the short peptides from antigen to nafve T cells for recognition

« Only the naive: T, cell with: T cell receptor (TCR) that is ooav_mamsﬂa.._: conformation
‘.16 the peptide displayed on MHC protein on APC cari bind,

» After antigen presentation, the specific naive T cell becomes, activated.to undergo clonal
“gxpansion (i.e. a single cell stimulated to undergo proliferation fo: s [arge numbers
of genetically identicat daughter cefis) and-differentiation into N...‘“ r-cells: (See Figure
10) ) -
% Cytotoxic T cells (cell mediated response) .f
> Helper T cells (bridge to humoral response) Aﬂ,
> Memory T cells fmmunological memory. Seg mmww..o 7)

ﬁ

displayed epitope recogaised
by specific T celi receptor

Nalve T cel) @Eﬁm: APC L
@ epitope (short peptide) of activation;
--anggenon MHC of APC effector Teells

Figure 10. APCs are required for T cell activation to form effector T cells. The antigen has to
be processed into short peptides and the epifope displayed on MHC protein, before the
complementary T cell receptor on the surface of T cells ¢an recognise and bind, (Modified:
Cellular and Molecular Immunology, Abul K. Abbas)

Role of Cytotoxic T cells in Cell-mediated Immune Response

« Cytotoxic T cells kill:infected: target cells:i.g the cells infected by the intracellular
pathogens. e.g. viruses and some bacteria that multiply I the. cytoplasm of host cells.
This'prevents: the réproduction:of-the: intracellular pathogens.

» Cytotoxic T cells can recognise these infected target cells because these target
cells display the short peptides from antigen of pathogen presented on MHC.

Last updled: Dr Allie Tan, Miss Micheile Nek, hr Derek: Tan 16
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¥ The T cell receptar is complementary in shape to the peptide:MHC complex found i
on the target cells. (See Figure 17). Specific T cell receptor binds to the Role of Helper T cells in Humoral Response
> w%ﬂﬁﬂ%ﬂﬂmw%wwwmm?w_.ﬁ.wm.” viris that i still in the circuiation {i.2. has not » Helper T cells activate specific B cells-to make antibodies for humoral response. (See

Figure 9 and Figure 13)

penetrated its host cell} will be mediated by antibodies. » Helper T cells do not directly participate in destrustion of pathogens.

» Cytotoxic T cells can also kill tumour cells. * How da heiper T cells activate specific B cells? (See Figure 13)

> Helper T cell with specific T cell receptor binds to the peptide:MHC complex on

\ siona! expansion cell surface membrane of B cells.
3 & ditferentiation » This specific Helper T cell secretes cytokines that stimulate B calls to undergo
clonal expansion and differentiation.
Kiling of
infected calls

%ﬂ.,,_%% kil same antigen that biggersd = After camying out their respective functions, at least 80% of these effector cells die by ’
< f« clonal expansion & differentiation apoptosis and the rest differentiate to memory T cells.
infected coll axpressing > Memory cells are generated following primary respense to antigen. They are long-
lived lymphoeytes that mediate a secondary response to subSaquent encounters
with the antigen. (See section 7) >
TCR {complementary in conformation) \

A
bolp A SLEVERE Gptbovas, Stvanete | v
2 gt o e wsied e

T Tkt i | (omad Sofectma

)f

.aun .Hz ?ﬂ%«iﬁi lﬂﬂm\J\ﬂm\QOﬂ.ﬁ%ﬂ\ t)P\ »MA%

el tast Wos & Teoelf regepfov” Q)
%m: gt 7 S§2§§+s% to i4g Qf ,

PP el s N C compley

o &d target cells by releasing: (See Figure 12) ﬂﬂw’
dules which makes pores in the infected cells cell &

S &

@m:a activate enzymes involved in .ﬁo@{

N

antiger from virtus | pepiide:MHG
MEHE compiex

&,
S

Lesiymestedriapiigedan.diiss Michele Nah, Mr Derak Tan 7 LERSOH EAMIRRRERBISONNS s Michelle Nah, Mr Derek Tan 18



Raffles Institution Hz Blology 2018-2019

5B. Role of B Cells in Specific (or Adaptive) Immunity
« 2 processes are required to activate B cells:
1) antigen that binds to the specific B cell receptor
2) Helper T cell with specific T cell receptor that binds to the peptide:MHC complex
on ceil surface membrane of B cells

. . ) R=La  Helper T cél
Beell
cel ﬁm_wu,wsq : ® Cipopll i.,%?gv
Sl >nn<m»mn Bitell mﬁﬁwﬁo
cow I

LN 95+..wq@5
Lol nf.gi

@ Antibodies _.mnumw.d._mm and bind

foWV,a antigens of pathogen

Figure 13. Helper T cells arg -nc:,.ma to stimulate activation of B cells to proliferate and
differentiate into antibody: eting plasma cells. (Part of Figure 9)

+ B cell activation %MNW.D%& 13
(1) Each Bggll has one m_umo_m ¢ type of B cell receptor (BCR) on its cell surface that
can recognise an epitope and bind to the specific antigen. When a B cell
encounters the antigen with epitope that is complementary to its BCR, antigen
_binding occurs.
{2):The: BER: 3@2:2 with' the beund-antigen are endocytosed into. Msm‘m cell. The
“ anhtigenis processed inta short peptides’and attached to MEC proteins.
{3) The peptide:MHC complexes are transported to the cell surface membrane of B
cell where the peptide is recognised by antigen-specific helper T cell. (Recall that
antigen-specific helper T cells are derived from activation of naive T cells
through antigen presentation discussed in secfiorr 5A.)
The interaction between helper T cell and B cell, stimulate. cytokine secrefion
from helper T calt. In turm, these gytokines: mnm_..ﬂmm the antiger-specific. B.cell to
‘undergo cloral éxpansion.and differentiatiori into éffector calls:
2 m:zso%.mmoﬂmﬁ_so plasma’celis’
» memory-B:cells:

4

(o

Last updated: Dr Alice Tan, Miss Michelle Nah, Mr Derek Tan 12
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« Each B cell has one specific type of B cell receptor (BCR) that can recognise specific
antigens of a pathogen. The BCR has antigen-binding sites that can only bind
complementary epitepe of the antigen. (See feft of Figure 14)

B cel receptor Antibody

Figure 14. Upon B cell
activation
with the hedp from Helper T cell,
=8 Boeell a_mm_.mﬂﬁﬁmm to antibody-
o)
ofi
. __._ s::..o_,m_ qmmuonmm the antibodies secreted by pla ,m\,nw_m protect-the body against
B athogens and toxins: secreted by umﬁam%o extracellular space.

en-hinding sites” of the antibody

dnce Umwe@m: BCR m_.a the mmnﬂmﬁma

secretling u_mmz._m om__

o The: m:emmm,c_an_sm 'sites Em BCR: and the,

antibody fies in their constant’ amuo: o._“ he:
(Class switching will be discussed Jater ine

he clearance an %a&oz of pathogens in the following ways e.g.
ation'fo prevent . (See Figure 17)

cafid bind to-the antigens on'the pathogen or bacterial
& pathogen or foxin from attaching te specific host cell

%o:_o»m phagoceytosis. (See Figure 18)

= Oumo:. Hion i Em pracess of :n__:m of ma_von_mm tothe antigens: on

ab no;_o: of the m:aco&. binds to ﬁm mnmoq. [+ m%mm: while the Fc
portion-of the-antibody-binds-te the Fe-receptor-on-the-phagocyte-to-promote
phagocytosis. (See Figure 16 for jocation of Fab and Fc of an antibody).

,m.oa{g@_\_mab &s\\%% 4

6. Types of Immunity (oo W wore nofreealdR oy fhaniy Vq

» The type of immunity described so far occurs during the course of an infection when an
immune -response. to-antigens- activates-lymphocytes -and-antibocies -are preduced -by
plasma cells of the infected individual. This is known as active immunity,

. gﬂ_vo&mm can alse be produced by another individual and transferred to the recipient
without the participation of the recipient's immune system. E.g. transfer of IgG antibodies
from mother fo fetus across the placenta. This is known as passive immunity.

Last upgatad: Dr Alice Tan, Miss Michelle Nah, Mr Derek Tan 20
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+ The table below shows the differences between active immunity and passive immunity.

> t without the participation of
the recipient's immune system.

E.g. (1} Fetus receives igG antibodies
from mothér through transfer across
the placenta.

(2) Newborn receives antibodies such
as lgA from moiber through the breast

production |/ IS oW i
in response to antigel
naturally or artificially

Antbody | Anfibodies are praduced’ TAntibodies are ‘transferred’ to the |

Duration | immunity conferred is :
since memory-cells-are formed in
the individual after primary immune
response to antigen.

+ Immunity is also classified into natural and artificial immunity. ﬁﬁf

« The table below shows an overview of the 4 different ty| f immunity and their
corresponding examples.
i

g @MM?@ immunity

Active Immunity

Natural | Active, natural
immunity immunity

V alus receives
% antibodies
through placents
« newbom
recaives
antiboties from
breast milk

infected by pathoge
ta stimulate mem
cells production

Artificial
immunity

AN
e

Passive, artifictal
imeunity !
A AT Sk ¢
b ot T o
receive anti-serum
with antibodies
from ancther host

cells production

l.ast updated: Dr Afice Tan, Miss Michslle Nah, Mr Darek Tan
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ﬂ? \\.ﬁﬂr\sgﬂ%_
7. Antibodies (or(immunsglobilins) "

= Antibodies belong to a family of globular proteins called immunoglobulins (1g). They are
secrefed by plasma cells to mediate the clearance and destruction of pathogens in a
variety of ways (Discussed in section 58).

. .Em_,m are 5 different types (or classes) of antibodies, IgG, IgM, igA, IgD and IgE. (See
Figure 15) 1gG is the predominart antibody in blood serum.,

IgG lght IgA igh IgE
Secreted < < D
forms of ig
£
Heavy chain { gamma chain | mu chain alpha chain a@@ hain | epsilon chain |
Piaid
Light chain kappa chain or _m_jonmw.mw%:
<
No, of KNG
 antigen 2 10 N 2 2
binding sites ;@
™

Figure 15. Different types (or classes) of HS_AM.,a obulins.

*» Recali: each'B cell has one spacific \Jm B cell receptor (BCR) on its cell surface that
can 68@.23 an epitope and E:ﬁ ¢ specific antigen.
> This means that each m/”%.dn:omm only one type of heavy chain and one type

of light chain.
2

- 2
7A. Structure of Ig r iImmunoglobulin G)
* (g3 is a globular py with quaternary structure, (See Figure 16)
» Consist: polypeptide chains (2 identical heavy chains and 2 identical light

chaing), s

: i uwwm witha: heavy-chain;-heid: fogether-by. disulfide bonds and
..wo:%oe.m_m:ﬁ._sﬁm_,moso:m e.g. hydrogen bonds, hydrophobic: interactions, ionic
ONGS. oo ) e

> .._.:m.. 2'heavy chains are'linked by disuifide bonds and non-covalent interactions.
D mmms light chain is divided into 2 regions, the variable (Vi) region and constant (Cy
region.
> Each light chain is folded into its specific tertiary structure to form part of the
antigen-binding.site of antibody.
> Tertiary structure is maintained by disulfide bonds and non-covalent interactions.
¥ The 3D corformation of the light chain is determined by its primary structure.
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« Each heavy chain is divided into 2 regions, the variable (Vi) region and constant (Cw)
region.
3- Each heavy chain is folded info its specific tertiary structure to form part of the
antigen-binding site of antibody.
» Tertiary structure is maintained by disulfide bonds and non-covalent interactions.
% The 3D conformation of the heavy chain is determined by its primary structure.

e In the quaternary structura, one:Vy and one Vi are brought together to form an antigen-
bindihg: site::(See Figure 16)
S Heavy chain and ght chain are covalently linked by disulfide bonds at. the
_constant:regions of both chains. P T T
» The antigen-binding site is specific {0 bind ic a complementary epitope of an
antigen.
> Each antibody has 2 identical antigen-hinding sites.

4 Fa (fragment

Eab {fragment: of: ..m:m.m..mm.gzm._,_._uv { portions an
gion, which is a

grystallisable) porticn. . Fab and Fc portions are joined at theshinges,
short sequience of amino acid residues. (See Figure 16)
% This hinge region enables the antibody molecule to be.f) o Flexibility at the
hinge region allows Fab portion to adopt a wide rang€ gf‘angle, thus allowing
antibody to bind to antigens that are spaced at <mnmﬁmy istances apart.

rti bindi - @
al wau_..?“«. ng veriable region of Fu\:%iu Faries §

// / | :%é%.:.\v @, rﬁ&mﬁw\. o

Fab variable region
of ligtitéhaini
constant ragion
of lightchair:
Fe constant ragion
JW of heavy chain
Figure 16. Struct 1gG. Fab {for fragments of antigen-binding), Fc (for fragment
crystallisable}

e Each 1g& has 2 Fab (fragment of antigen-binding) portions and 1 Fc (fragment
crystallisable) portions. (See Figure 16)
>¢Falivportion of the antibody contains antigen-binding site terbind:to:-epitope-of-
antigeri’ Thus, Fab allows antibody to bind to and prevent the pathogen or toxin
from aitaching to host cell receptor. This is known asineutralisation of pathogen
or toxin. (See Figure 17)
$ After antibodies bind to a pathogen, /Fe portion of these antibodies hinds:to- the
Ec:-teceptor on the phagocyte to promiotephagocytosis, This is known as
opsonisation:

Last updated: Dr Alice Tan, Miss Michells Nah, Mr Derek Tan 23
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Without antibody With antibody
@ Microbe entry across epithelial barrier .. } .
Microbe Antibody blocks
t @ pefietration of microbe
: through epithellal barrier |

mﬁw:@_ﬁ_ a
barrier cells

. infection of cell by microbe

-] " Antibody blocks |-
host cell | binding-of microbe and |
receptor that :
microhe’s
receptor
attaches

@ Pathologic effect of toxin %

Cell surace
receplor.
for toxin

| Antibady blocks bindlng of |

Toxin toxin to celluiar receptor

s

Feof [pG

Fab of IgG binds specilic
antigen of pathagen

A

Tﬁwﬁoﬂﬁ.ﬂ Fis recaptor - ) p e
Figure 18. Opsonisation by antibodies to promotz phagocytosis to destroy the pathogen.

T~ F
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7B. Generation of Vast Repertoire of Antibodies
« Chromosomal locations of Ig genes in human:

> Heavy chain gene locus is on chromosome 14,

> Kappa (k) light chain gene locus is on chromosome 2;

» Lambda {A) light chain gene locus is on chromasame 22,

+ A heavy chain gene contzins:

> V¥ (variable) gene segments,

¥ D (diversity) gene segments,

> J (joining) gene segments,

¥ and C (constant) gene segments.
» A light chain gene contains:

¥ V (variable) gene segments,

¥* J (joining) gene segments,

» and C (constant) gene segments,

+ The multiple gene segments contribute to the vast number of :3@%&: gene and
light chain gene diversities. (See mechanism in section 681) @@f

)
\ light-chain locus Af
L3 T 12 w2 L V,~30 K (5%} ﬁ@n (=%

}

¥ fight-chain locus

L% L2 V2 (3 Va3

chromosome 14

Figure 19. immunoglobulin {| @w«w and light ¢hain gene loci

+ Given that the :cacm%mé and light chains that can be produced by human is more
than the number of the entire human genome, what mechanism(s) could lead to
this? The:mgchal for génerating: rsity

mbination (or VDJ recombination) (See section 687)+
¥ somatic hypermutation (See section 682)

> combinatorial pairing of heavy and light chains

> class switching (See section 683)

Last updated: Dr Alice Tan, Miss Michebe Nah, Mr Derek Tan 25
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7B1. Somatic Recombination {or V(D}J Recombination)
¢ Somatic recombination is a type of DNA rearrangement where DNA sequences that
are initially separated from one another are’ brought-together: by enzymatic removal of
~intervening sequencas followed by rejoining of sequences.”
¥ The somatic recombination is more commonly knowr as V(D) recombination.
» Enzymes are required for somatic recombination,
T reedvwanG BT, Enivneg”
+ The multiple V, D and J gene segrments allow for the generation of many possible distinct
antibody molecules, each with unique antigen binding sites. The table below illustrates
the estimated number of possibilities:

Estimated no. of Estimated no. of Estimated no. lambda
heavy chain kappa (k) light chain (A) light chain
segments segments segments

W 40 40 30

D 24 - -

4 5 5 L 4
No. of possible 5750 200 R 120
combinations {40 x 24 x 6) {40 % 5) \sm.w (30x 4)

fm@
As a result, the estimated number of possible :mmé._ﬁz%m that can be generated is
(5760 x 200) + (5760 x 120) = 1.84 x 10° N%

loping B ce d T cells. In this lecture notes, the
firgiE slopmentinthe-bonemarrow:™

= Somatic recombination ccours in
focus is onssomaticreconibin

devel

» The process of VDJ recombination at @wﬁ chain gene locus involves random
rearrangement of one V gene segmentdog D gene segment and ore J gene segment
to form a single Vi2J exon,

> The rearranged VD) exon %nm for the variable region of heavy chain {Vu).
> How are different variable-rbgion sequences generated at heavy chain gene
locus? (See Figure 200&* 77 .
()} ‘Rearranger f one D gene segment to.one-J-gene segment forms
_BJrearramggment... o T
{2)- .mmmﬂﬂ%oi of one V gene segment fo.the D.J rearrangementforms

viJ ngement,
[B cuif i | @,\%, H
Inewarard —7 N s asan Y
freetl 0|

|- EeITT, elevalgingrt oo
2. Heawy” dhonk gt Uandd
P eliaiviaa ) ﬁsgd
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N

Genm-line

DA

Inmmatire

completed VDJ
8-Cell DNA -1 recombination
Qo
n_.w Bmz> H

Nugleoplasm
Cyloplasm

RMNA

Immature B-Cell
mature mRNA

whth spacific

E
A
=
..m Heavy chain of IgM
=%
\ aa. sequenca

transcription.oceus:-{See Figure 20).

i contains the VDJ exon and the, constant segments. ._.sm pres
grgoes' RNA:splicing-so'that; VDJ 'exon'and Gyt are-joined:

tufe mMRNA codes for a i heavy chain that has a speciic Vi Ammm Figure

unigue Vy, (variable region of

heavy chain) generated from
VDJ recombination

e,
Cut {constant mu)
region of
heavy chain

Figure 21. Shaded parts show heavy chain of
g
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« The process of VJ recombination at Ig light chain gene locus involves random
rearrangement of one V gene segment and one J gene segment o form a single VJ
axon.

> The rearrangad VJ exon will code for the variable region of light chain (Vi)
¥ Unlike the heavy chain gene locus, light chain gene loci does not have D gene
segmenis.
> How are different <mnm§m-qmm_os wmn:m:omm generated at heavy chain gene
locus? (See Figure 22):.
{1) Rearrangement o* one V gene mmn:.mza to one-J gene segment forms
VJ rearrangsment.
Note: Figure 22 shows the k fight chain gene locus at chromesome 2.

A 5
Gem-iine
DNA
<
2
[
“Bame_.m completed VJ
B-cell DNA recombination
v
M
Frnmiature B-Gall

ﬂMﬁ i RNA splicing

RNA
(&

& .
Nucleoplasm % . {VA-C joining)
il

N i
Cytoplasm @@v ) Nuclear membrane
Immature B-Call
iatire mRNA
W
A Translation
s Specific «
= chain protein @
v Vit S

Figure 22. Production of k (kappa) light chair of immature B cell
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» After VJ recombination, transcription oceurs. {See Figure 22):
(2) The pre-mRNA undergoes RNA splicing so that the VI exon and the Ck
light chain constant segmerit are joined.
(3) The mature mRNA codes for a k light chain that has a specific Vi. {See
Figure 23)

unigue V_ {variable region cf light chain}
generated from VJ recombination

Cxk (constant kappa) region of light chain
OR

CA (constant lambda) region of light chain

Figure 23. Shaded parts show light chain of an immunoglobulin.

«:B. cell ‘developme

odifférentiates to form /B¢

*» The process is as follows: &N o
Rearrangement of the heavy chain mmﬁm locus by % recombination

“

Rearrangement of the light chain mm@m locts atic recombination

Formation of B cell with mum%»@. cell receptor

&
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Additional Information:

Somatic recombination during B cell development in bone marrow

Stem cell @ @ Immature B celi
@ = = @U (e crain (2 § SbRon
a in ER cell surface
BCR — o - -
.H.__ uu;mmw _lzomé chain locus Bm:ﬂ:mu:..a:ﬂ w VDdJ rearranged v Bu:.m:mmnf_
fightehiain Joeus | [ Vi (ofkor )
@ rearrangement rearanged
_ O-Jrasm mﬁv Vb roam W & K chains expressed

.@ productive rearrangement

—

.@ non-productive rearrangement

Figure 24. The sequence of events of somalic édtombination during B cell development in
the bone mamrow. (Modified: Janeway’s _wawumo_omq 8™ Edition)
e .
+ The sequence of events of somatiefacombination during B cell development that begins
in the bone marrow with ste x_.me_ZQ form immature B cell (See Figtire 24):
(1}  Stem cell that _.m% cell development will begin with heavy chain gene locus
{on chromosome 34) rearrangement by somatic recombination.
o) mmm:.m:mm%«a of a D gene segment to & J gene seament forms DJ
rearrany _@o for heavy chain gene locus. This occurs on both maternal and
pater wwﬂoaomoaﬁ 14.
(3) mmm_.ﬁmam:_m:” of a V gene segment to the DJ rearrangement forms VDJ
rearrangement-for-heavy chain gene locus:

» If a particular rearrangement on a chromasome 14 fails to produce a
functional VDJ exon (ie. known as a non-productive rearrangement),
another attempt at rearrangement on the other homologous chromosome
oCcurs.

* A cell is only allowed to progress to the next stage when a productive
rearrangement of the heavy chain gene locus has been achieved.

= If both attempts are non-productive rearrangements, the.cell undergoes
apoptosis.

(4) After successful VDJ rearrangement for heavy chain gene locus, B cell
development continues with light chain gene locus rearrangement by scmatic
recombination.
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(5) Rearrangerent of a V gene segment to the J gene segment forms W4
rearrangement for light chain gene locus.
= |f rearrangement of x light chain gene locus is can produce a functional VJ
exon (i.e. known as a productive rearrangement), rearrangement of A light
chain gene locus is prevented.
= If rearangement of k light chain gene locus is a non-productive
rearrangement, rearrangement of A light chain gene losus begins.
« If both attempts of x and A light chain gene loci are non-productive
rearrangements, the celi undesgoes apoplosis.
(6) Both successful VDJ and VJ rearrangements will lead to expression of igM
on the cell surface membrane, This cefl is now known as immature B cell.

e Naive mature B cells (i.e. has not encountered the particular antigen that is
complementary to its binding site) continues to express IgM on the cell surface
membrane. Upon activation, the nalve B cell becomes effector (or activated) B cell and
class switching occurs {See section §83). The effector B cell expresses 1gG that has the

same variable regions but different Cu regions.
N
O3
i
7B2. Somatic Hypermutation O
« Somatic hypermutation is a rrtom’ point mutation ,awyam.m:m:@nn,(u..._fammo: of

jght chain gene'locus. "
the variable regions (Vi and Vi)

heavy chain gene locus and the'rearranged VJ ‘regi
» Thus, somatic hypermutation further divers

of the antibody for antigen binding.

> it is called "hypermutation” because i

-

) dursaf a ‘much:higherrateicompared to ™
the normal:rate’of mutation. /f

diBIEBIE (i.e. after mature B cells have
hat their B cell receptors {BCRs) can recoghise
lace outside the bane marrow.

« Somatic hypermutation occurs only
been activated by the specific anti
and bind). The process therefore takes

_om_m.aniao..ﬂo:m_ expansion, and some of these B
SWhypermiitation: As a result, each of these B cells with a
‘amino acid difference in the YaTFANIBIFEGIBASIOf the Iy chains

es:of BCR on the cell

brane (i.e..¢hanges i’ antigen-binding:
surface membra ’

7 o AUl it i AL 7 TS
> Some p mutations result in the B cells expressing 9 on their cell

surface membrane.
> Soma peint mutations result in the B cells mxnammmnue_m on their
cell surface membrane. - el
» By using somatic hypermutation to maka changes in the antigen-binding sites of the ArfFperevctii]
'BCR, BCR can be “fine-tuned” to have higher affinity.for its specific antige ,“, These:B:
“callsithat-express higher affinity. BOR: on-their cefl’'surface- membrarie’ are selected for
“dlohakexpansion and differentiation  This is known as-affinity inaturation: P chanith
> These B cells differentiate into antibody-secreting plasma cells. The antibodies  feCfTON.
secreted by these plasma cells will have high binding affinities for the specific
antigen.
» The antigen-binding sites of the BCR and the antigen-binding sites of the antibody
secreted from plasma cell are the same.
3 The difference between BCR and the secreted antibody lies in their constant
region of heavy chains due to an event, class switching.

« Activated B cells'd
cells can undergo ‘somg
mutation will acquire Sff
on the cell surface.f

A W efeity constarbpeima —
7B3. Class Switching i

« There are 5 different types or ¢lasses of antibodies, 1gG, lgM, IgA, 1gD and IgE. {See

Figure 15) lgG is the predominant antibody in blood serun.
¥ Different ¢lass of antibedy contzains different constant-region of heavy chain.

Class switching occurs only on activated B cells, Unlike somatic recombination (or V(D)J
recombination), class switching cccurs in the presence of antigen.
> Class switching is the process of an’ individual: B cell: switching 1o synthesise
different .class ‘of antibody. e.g. from IgM to IgG. The process is induced by
o%naﬂ_.mm. {small signaling molecules) released from helper T cells during B cell
activation.

Definition of ¢lass switching — DNA rearrangement .at the constant gene segment of
the Ig-heavy chain. gene.locus.. .
¥ The variable region of the heavy chain (Vi) that was.ppeviously generafed
during VDJ recombination in B cell development remains unéhanged.
> Before class switching, a B cell with V4 DNA linked to o@ﬁ: chain of constant
region of heavy chain), produced IgM antibodies. N
¥ During class switching, DNA rearrangement occurs: .ﬂmy
the Vi DNA becomes linked to another consta Q,Wt s
chain) of the heavy chain (Cyq) gene locus.
» Resuling in a B cell that synthesizes 1gG an ©s.
» Only the:constant region: of -the heavy., n: {Cu) .of antibody changes, from
IgM o IgG, due to the change of C mm:ﬂ@ama from Gy to Cv.

WA

egment (e.g. Gy gamma

+ Therefore, class switching aliows for exp S5i5n of antibodies that have the same antigen

specificity {as Vi remains unchanged) ave different function (See Figure 15) (due fo
different type of Cu).

@Wrﬁ

"\
v
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8. immunological Memory

+ Apart from activating the lymphocytes to rid the host of pathogens, the establishment of a
population of lymphocytes i.e. memory celis to protect against reinfection is also a
consequence of adaptive immunity.

¢ Immunelogical memory is established o ensure a rapid re-induction of antigen-specific
antibody on subsequent encounters with the game pathogen, thus providing long-tasting
protection against it

¢ Immune responses are classified as primary immune response and secondary
immune response.

ceurs on the first-occasion the body encaunters a new
» The characleristios are : (See Figure 28).........  oowo
‘lag period:(~3:t0.6 days) befween encountering antigen and
production’ of :antibody: Lag period reflects the maw uired for clonal

expansion (via cell division) and differentiation of n cells to effector T
cells and naive B cells to plasma cells. ” @
+ Gradual increase in antibody concentration, soy

Lower peak concentration of antibodies -, er response.

of the memory T an mf,.. s and their differentiation into effector T cells and
plasma.cells respect

<
Rox
o

Last updated: Dr Alice Tan, Miss Michelle Nah, Mr Derek Tan
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antibody concentration in serum
{(arbitrary units)

Days atter 15t ekposure
Time mawmamww weeks/moniths/years)

> |ag time bafore
antibody A production 14|
£

= Lag time before
antibody B production

mmucamm. Oo.:nm:#mzo_.. oﬁmmE %.JMWMUQ% mo__og:m_U:.Bmém:ammoo_._%é
exposure to antigens. (Modified: I%q Anatomy and Physiolegy, Elaine Marieb)

- 585&% is the intentional »ﬁﬁ_m:.mmo.m_ ofan ‘.w_..n.mum:.,.:.mcm__w a harmiess form of a
pathogen in order 3...5n:o®.”...nmn.ﬁn. adaptive immune:response that protects the
individual zgainst ater w%:m to the pathogen due to production of memory cells.

9, Vaccination @@

» Vaccination

artificial active immunity since the immune response is
activated

iclally: introducinigantigens: info::the; body-to initiate primary
se..(See.Figure 26) .
» Vaccination. uses the: property. of immunological memory to provide long-lasting
-protection against infectious diseases.
> When exposed to the actual pathogen, the memory cells trigger a secondary
imimiune response that is faster and stronger. (See Figures 27 & 28)

Last updated: Dr Alice Tan, Miss Michelle Nah, My Denek Tan
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» The following events occurs after subsequent expesure to the pathogen :
(1) The virulent pathegen enters the vaceinated individual,
(2) memory T and B cells will quickly recognize the antigen of the pathogen.
(3) memory T and B ceils rapidly undergo cional expansion and

TP Yatoke

. gr weaken .__..Mﬁﬁ sms (4) Diiferentiate into effector T cells and antibody-secrating plasma cells.
S :. m. m._.m oF Yiruses m:.u‘_ . (5) These plasma cells produce a high concentration of antibodies which prevent
Y e further infection by :

» copsonisation/aggiutination of the pathogen
» neutrafising the virus or toxins

éwmst@n,mmﬁommn
Surface artigen

[ Socandary respoise | orprd t-
‘ L ACwmmy

@ Induces adaptive immune response

o

_ A SORCEE
o b m,f Lo .E‘émmxmsmn:m
%ﬁ ’ pathogen

Figure 26, Evi hat happen after vaccination.

« The events that happen after, fmmmma; (See Figure 26): o .
(1} A person is va _ﬁ against a specific disease. Thevaccine contains antigens

““from the patho efer to pg 37 for types of vaccines)
(2) The modifie fogen:is-nolonger ablesto caiise disease, but it can still retain
immunog flect (ie. ability to elfick immune response) because a

chara surface antigen of the. pathogen is still retained and can be
recognisell by antigen presenting cells.

Adaptive. immune-responss. 0CCUrs. Naive B and T lymphocytes are activated to Figure 27. Vaccination can-prevent-disease by generating a-rapid and more intense
become effector lymphocytes. imeune response.

The B:lymphocyte with the specific BCR that is complementary in shape to the

antigen undergoes: clinaliéxpansion: by dividing repeatedly by mitosis to form

genetically identical B lymphocytes which differentiate to become either

« .-merofy Beellsor
« antibody-secreling’plasma celisi+

(3

—r

4

L)

« Vactination results in generation of immunclogical memory. Subsequent exposura to the
pathogen results in a faster and stronger immune response. (See Figure 27)
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> _:mﬁzm:o: nvolves kiling the pathogenic bacteria or vitus: with chemicals, heat or :
radiation. ’
» Examples include rabies msa hepatitis vaccines, .
> Advantages:.. . :
» “Will not revert to the <_a_m§ form.and cause a_mmmmm :
* Usually donot require; refrigeration, and it can be easily stored and
transported” in"a freeze-dried form. This makes inactivated vaccine
agcessible to people in less accessible locations.
*> Disadvantages: )
= May' eficit. weaker immune response, thus may need-several doses (i.e. i
booster shots) to maintain protection.
2 o Aregeps §

ey??ﬁ.‘.a,.,g&%
V Toxoid is a n“._mﬂ_nm_a. modified toxin from pathogenic bacteria such that it is no
longer:toxic but is still to mrhune response:
» Used when bacterial toxin is the main cause of iliness. <mﬁ_@m=o: with foxoid .
.50 L : . e s induces production of ant-oxoid antibodies which can b e bacterial toxins
0 7 14 21 0 701 Oy 2t and neutralise the toxins.

Days after vaccination Days after a ifection > Examples include fetanus and cholera toxoeid _...moo_.amma.f@ :

» Advantage: ﬁw/\
» Does not contain any pathogens thus Swﬁfv_o risk o* ,.m<mn_:m 1o virulent

antlbody concentration in serum
(arbitrary units)

Time interval ﬁ@ eeks/manthsfyears)

4 - form,
€ w”mc_ﬁw woh__w,m: ton > Disadvantage: wfmwwr i
* May elicit:weaker: immune: Emn%jcm may need several doses (ie. .
booster shots) to mainta Eoﬁm
Figure 28. Concentration of serum ma_ca ing vaccination (primary response) and = Limited use when: cmg%m_ _m the main cause of iliness but not all ’
infection by virulent pathogen ﬁmmnczam_.mf osure). (Modified: Human Anatomy and pathogenic bacteria prod
Physiology, Elaine Marieh) Af %f
'9) .

* A vaccine is a preparation of _a@ommz_o material used to induce immunity against
pathogenic organisms. Three oof vaceines exist, they are ; ‘W/my*

. Enetraty womemy X7,

i. Live, attenuated <mno_@

Inactivated <moo_.:mw¢®

Toxoid vaccine

& .

) > >nm:cﬂ_Mx efers 1o weakening of the pathogenic Dacieria or virus by making it @@ :
less virulent, i.e. a modified pathogen that is net capable of causing disease. ;

> Examples include BCG {against tuberculosis), measies and typhoid vaccines. .

> Advantages: :

TR TATWS, attehuated vaccine is the closest thing to'a pathogen BAcountered.in !

a natural infection. It noam_zw a range of antigens that will-elicit: a: mqo_..m.

> mema,.mammmw.

= Possibility of their reversion:to:the:virulent-form:by mutation and can cause
disease.
» Need to be refrigerated fo stay viable and potent.
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9A. Benefits and Risks of Vaccination

Benefits | ]
» Vaccination Eoﬁmnﬁ individuals: against; diseases thus
» preventing deaths due to diseases.
3 preventing long-term disabilities such as infertility, deafness and blindness due to
the diseases
» reducing human sufiering
» reducing health care cost due io costs of treatments

« Vaccine can increase herd: _33:35 If a large number individuals in a population are
vaccinated and are immune to an infectious agent, fewer susceptible individual wil
contract the disease. Transmission.of the disease within the population is prevented.

ﬁg agent pacsss freely from contaglous {o su
Figure 29 showing the effects of vacgifati h on improving herd immunity and reducing
infection in the population.

Numbet of Golniries Reparting Gatik

-

1360 1968 1978 1974 10 Ly
‘Year

Figure 30 showing the effects of vaccination on the number of smallpox cases reported.

Last updated: Dr Alice Tan, Miss Michelle Nah, Mr Derek Tan 39
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Risks
Risks associated with the use of vaccines inglude.:.

Anrtigens used in some vaccines may.cause aliergy reactions,

Some <moo=._mm may cause c:amm__.ma_m m_n_m mmmﬁwawm&%mﬂﬁﬁﬂuﬂg«

. mxnwmm_<m <mnn=.,mﬁ_o= may _.macom the m#mﬂzm_._mwm of c._m immune m«mﬁma fo
respond to new infections,

¢
« Live, attenuated vaccines may: revert to.virulent forms and cause diseasz.
-
-

10. Pathogens and Diseases

= Pathogens are microorganisms that invade the body to cause diseases. The 5 classes of
pathogens are viruses, bacteria, fungi, protozoa and worms.

* Not all microorganisms are pathogenic, i.e. disease-causing. Only a small propertion of
microorganisms cause diseases. ﬁmf

« The table below shows some examples of pathogen maa %&wmmmm the pathogen

causes. &MW@»
Name of pathogen Type of pathogen 3%, [}Name of disease
influenza virus virus ¢ £ | influenza
human immuncdeficiency virus | virus @ .~ | acquired immunodeficiency
{HIV} P\ syndrome {(AIDS)
dengue fever virus ViITUS %, dengue fever
Mycobactarium tuberculosis bactedund” tuberculosis
Plasmodiumn Falciparium protezgah malaria

Shnlbrh %:?

+ Pathogens of all classes must h pecialised mechanisms for crossing cellular and
biochemicai barriers of their ommfm_dm:_mam and for evading destruction by the host
innate and adapiive immu Sponses. Pathogens can then replicate using host
resources. @

-_:mammmmm@w?@ _u @Jﬂm@ o::m_umn_..omm:amcnm_; Em” _va_:jm::o”sm:o:jm_
 function of host,. @%

» Aldisease.is ﬁﬁma as an.infectious, when it is-caused: by a pathogen, and able fo be
" transmitted from ‘one host to. another.

* Many of the symptoms and signs that are associated with infectious diseases are direct
manifestations of the hest's immune responses in action. E.g. Swelling and redness at
the site of infection and the production of pus (mainly dead white blood cells) in bacterial
infection are due to inflammation and recruitment of phagocytes to destroy the bacteria.

Last updated; Dr Alice Tan, Miss Michella Nah, Mr Derek Tan 4G
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10A. Pathogenicity oﬁ zm:m:Nm <_:._m
s Target cells:

- of the .‘mmv__‘mﬁos_. ract::
> Virus binds to the sialic acid ﬂmomu»oﬂ found on the epithelial cell membrane.

Mode of transmission:
> droplets of moisture from lungs of infected persens or from infected hird droppings

« Mode of replication:
> referto Virus lecture notes

s The disease;
PoVIrUS: settlesion:the. mucous: menibrane; lining the nose, pharynx, trachea and

‘”.zmcEB__.._&.,mmm enzyme on the surface of the viruses helps them to penstrate.the
mucoproteins in the mucus fayer. The mucoproteins are m:ﬁ%ﬁ ins in nature.

> Haemagglitinin, a glycoprotein on the viral envelope; bin s'sidlic acid: ‘receptors:
an cell surface membrane cof the epitheliat celi lining the atory tract. .

» \irus penetrates into these host cells. Once Insider virus replicates within
them. {for details, refer to Virus lecture notes) wM/

>

_amﬁmamvnsm_“m_om_mmm«mammqnv.ma.ws_w _mmw m:._:._mzoum:a»:mg:q:u
of dead epithelial cells in the airways. Th se the symptoms e.g. tunning
nose and moB»nE.. throat.

:Javer: om @‘s_ﬁ_“ replication: can make the
ibla m snmé mﬁmnm _:wmnao_._m leading fo
diseases ___6 _u:m_.__..._o:_m which ca tal

« Treatment: %&

> Treatment usually _:ccE n_ rest and the administration of aspirin or
paracstamol o glleviat oms such as headaches and fever.
:@ d

> Antibiotics’ are some iinistered to {reat secondary: bacterial:infection’like
pneumonia.

3 In highly susce __.a_sacm_m such as elderly and young childran, antisviral

a_.cmm such as
owm:m frade name Tamiflu) and zanamivir (frade name Relenza) are
nded. These drugs are neuraminidase inhibitors that are designed to
release of virions from the infected cells and thus prevent subsequent
mvama of the virus in the body.
*  amantadine and rimantadine are designed fo block a viral ion channel (M2
protein) and prevent the virus from infecting cells.

« Vaceination

> <moo_:mﬁ_ozw “against influenza are aiso sometimes administered. The | influgnza:

nd’ inactivated virus’ from the . three: most common

> The virus strains used to 3&6 the vaccine varies from year to year, and between
the northern and southem hemisphere.

Last updated: Dr Alice Tan, Miss Michelle Nah, Mr Derek Tan
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10B. vmﬂromm:_n_q 2 I_<
+ Target cells:
¥ Helper T celis and Bdeu:mmmm of the immune system
> Virus binds to the CD4 receptor found on the host cell membrane.

» Mode of transmission:
> unprotected sexual contact with infected individuals
¥ by exposure fo infected blood and blood products.
¥ vertical transmission from mother to child either via the placenta, childbirth or
during breastfeeding,

+ Mode of replication:
> refer to Virus lecture notes

+ The disease;
» Pritnary targets are macrophages and helper T cells.
¥ The HIV virus contain gp120 which has a very strong affini
a surface protein of helper T cells. @
o

..mo and binds to CD4,

> HIV then replicates in the helper T cells

> As the number of HIV virus increases (shown b
plasma), virus infects more and more helper T ca

¥ Helper T cells count (shown by CD4+ T lymy eyte count) decreases as they are

destroyed. @W

RNA copies per mi of

Ve
[-]
Brasely o 1od s9]dosy VRt AT

IXEREEE R

3y
-]
g

3

o

Ch4* T Lymphocyte Count {eeflg/mm?)

7 -
o 3 6 ¢ @ Y 31 z 3 4 5§ 6 7 8 9 8 u

Waeks Years

Time course of HIV infection: CD4 Y cell count in celfs per uL blood (in bl
vs copies of HIVRNA per mi blood plasma (in red) peryL blgod (in blue}

Figure 31 showing the HIV viral load and CD4+ T lymphocyte over time.

]

3 -

> Logs of :m_vmﬂ _mmam to s,ﬁm_an immuneresponses and the individual
becomes increasing| susceptible to opportUnistic diseases.

> Death Usualiy results from wmnomnmé infections.

¥ The macrophages may survive HIV infection (because they are not lysed by the
virus) and may thus act as reservoirs.

» The virus mutatesata very high rate:during replication resulting i in altered proteins

~ o the “sirface of “the viris' In this way, the virus prevents recognition and
elimination: by the immune system allowing it to evolve rapidly within the body.
Lashapstatesd-Hplisadamddiss Michella Nah, Mr Derek Tan 42
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« Treatment: .. .. ....... ...
» 24 appraved retroviral: drugs:which can be used fo treat HIV infection. These uoms_wwwwomms_n_q of Mycobacterium tuberculosis ,_
include : o - . , . L ! o
. : s » Mycobacterium tuberculosis (M. tuberculosis) which-is an. obligate” aerobe.
_.me.mamaﬁ ranscriptase infibitors, Obligate asrobe is a microorganism that requires oxygen for survival and growth.
ELU\_# Without "oxygen, aercbic respiration cannot occur and obligate aerobe cannot
survive. . .
» » M. tubercuiosis has cell walls that contain.mycolic acids that
i = enable the bacterium to:grow ingide macrophages:
= make the bacterium’more resistant to chemical damage and dehydration
= [imit the effectiveness of comman hydrophilic antibiotics.

Ny
= protease inhibitors,

« Target organ:
mw/\mf_\g B, ;\m.. w » Primary infection is usually in the lungs fo cause pulmonary tuberculosis (TB).
J\r ry s ® 3 Other parts of the body e.g. kidneys, spine can also be infected to cause
— extrapulmonary tuberculosis (TB).

» infegrase inhibitors and
= entry inhibitors.

+ Mode of transmission: %
» The bacteria are transmitted from person to person in @u.mw rosol droplets when
. i an infected person with the active TE disease mpm,mwmm or coughs and an
» The first three enzyme, inhibitors work.by.inhibiting : 2Nz Jnus, uninfected person inhales the droplets. @
praventing: replication of the viras:and subsequencey iom.of the: > Thus, tuberculosis is an gdirbome disease. ﬁ&
as g provirus, fs » TB spreads rapidly among people living in overctbwded conditions.
> Entry: inhibitors work by blocking interaction ERicen the gp120 and CD4 or the mf
co-receptor, or by preventing fusion of th | and host cell membranes, thus + The disease: QW\V

blocking entry of HIV into the cells. i ) » The minimum infectious dose for lung igfegtion is around 10 bacterial cells.
3 Due to the high rates of virus productjafis,and mutation rate of the virus, freatment » Once inside the lungs, alveolar magsFiphages phagocytose the bacteria and form
of HIV infection generally includes‘gdimistration of 3 agents in combination (also phagosomes containing M. tube _._.Wﬁ 5. (See Figure 32)
known a ‘cocktall’ of drugs). S ed treatment resutts in suppression of viral ..%e
replication, dramatically incre: life expectancy of HiV-infected individuals.

Blood capiliary >n—2§n&=..ﬁm.én_..umn

Alveolar walls

Enguifed bac}

b_ﬁo_%nourmm@

Figure 32. Alveoli of the lung contain macrophages that phagocytose M.
tubercuosis that reach the alveoli. (Modified: Microbiotogy An Infroduction 8"
Edition)

> Inside the phagosome, M. tubercufosis inhibits- the fusion of the phagosome. with
lysosomes. No phagolysosome is formed and no lysesomat enzymes are available
to kill the bacteria.

> M, tuberculosis survives and continues to multiply insidé the macrophages. (See
Figure 33)
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activated macrophages
not successful in
destroying bacteria

Figure 33. M. fuberculosis can survive m:a :E_n__u_< in Bmo_,ou:mmmm and more
macrophages are brought to the infected alveolus.

» Phagoscme containing M. {uberculosis may fuse with lysosome to form
phagolysosome. The thick waxy mycolic acid cell wall protect it from the reactive
oxygen specifies and acids from the lysesome. The amﬁmnc&%_‘oa:om inside
the macrophage and eventually kil it. ﬁ«: e

» Macrophages, dendritic cells and lymphocytes fo mﬂm@o a to-wall-off and:

“isolate'the: M. tuberculosis and infecta an_.on:mmm b éventually leads fo the

%oa._mﬁ_o: f mEcm_.Qm

formed., Gmm Figure m& At thecenier of
oceurs, Gell death by necrosis, unlike apo
‘mémbrarie’and releasing of cell content to,

outer layer of tubergle
tubercle cavity

bacteria multiplyi
outside macropha

Figure %&M}» the center of tubercle macrophages die, releasing M. tuberculosis

into the cavity, Foved e 1 3

> The disease may be drrested at this stage m:o_ emain _mﬂmﬁ" *Q mm<m_,m_ years.
People with this' laten:

r ..,_.:_m results in development of a Uﬂonca_ e cough
mﬁ.mm aerosel spread of infectious bacteria. (See Figure 35)

Last updated: Dr Alice Tan, Miss WMichelle Nah, Mr Derek Tan 45
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Rupture of
bronchiole wall

Figure 35, Tubercle ruptures, releasing M. tubercuiosis into H:m _uﬂo:o?omm and
thus disseminating throughout the lungs and inte the circutatory and lymphatic
systems.

» The lungs will be progressively -destroyed by the formation of om<=_mm due.to.the
“rupture of tubercies. e
> 1B Is often ﬁsm. first opportunistic infection to strike I_< ive people. HIV
infection: may- reactivate’ dormant infections: of: M. Eu@ is which may have
been present in the person from childhood, If the HIV- ﬁ,am;e,\m person is previously
uninfested by M. tubercufosis, hefshe will be more A«ﬁmﬂ_zm to infection by the

bacteria, ,mv
* Treatment ﬁ@v
> About 6 months of daily treatment with m%w_ameos of at least two antibiotics. if
the patient stops taking the prescribed antibiotics before the complete course, or if
a dose is skipped, the TB infection ecome resistant to the antibiotics. This is
potentially serious as it can be diffidultto treat and wil require a longer course of

treatment. AM#
* A combination of antibioties’is used during treatment to minimise the sk of
developing resistance t antibiotics, and also to achieve an additive effact

against the bacteri
e ism of action wg ibiotics used for TB treatment:
_.__.au. . nthesis: of mycolic acids that is used to form mycobacterial

ofic RNA polymerase. L omotovry
st vnde) paas prstans

in W@ s RNA, synthesis during transeription e.g. antibiotic interferes

@

* Vaccination
> Bacillus Calmette-Guérin (BCG) vaccine, is prepared from a strain of attenuated
live Mycobacteriurn bovis, a bovine Eum_.o:_om_m baciltus, It is often used to prevent

the spread of TB among children.

such as cerfain fungi
acteria by disrupting the

1e growth -or binary fission of

: m_. mng_oﬁ_n is one that is able to kil bacteria-when the bacteria are in
the process of undergoing cell division by binary fission.

> Question: Why antibiotics can inhibit or kill bacterial cells but have litte or no effect
or human cells?

Last updated; Dr Allce Tan, Miss Michella Nuh, Mr Derek Tan
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 Answer  effective antibiotic specifically disrupts the metabolism of the disease- > Penicillin i Iy effecti N o . )
causing bacteria but not the metabelism of mammalian host fissues because enicillin is only effective when bacterium is growing or making new cedl wail.

Eo aryoticiand:ed aryol _.m,fmm ‘différant metabel ‘machineries’e.g. different
ribosomal subunits. @

cytoplasm of bacterial cell

Question: Why antibictics cannot be used to treat viral diseases?

-_Answer. Antibiotics. do.not affect viruses as 3 'k cell Structure m:u :mm no”

_.:mnm_oo__ma “of it ownito-be “disrupted by anti ofics Viruses use metabolic g
mag! antibiotics and can continue their
viral reproductive cycles.

VV v

2O

Nm transpeptidase

» 3 Sm_oﬂ rokaryotic:metabolic-pathways that antibiotics usually disrupt: peptidoglycan
wall synthesis cell wall
i Protein mzsm..mm_m (fransiation):;

nnamm.__nxmn

new peptidoglycan 3@% tetrapeptides

(1) As new monomers are linked to existing rows of peplidoglycan during bacterial

cefl wall synthesis, transpeptidase enzymes cataly formation of cross«links

¢ cmm_amm: peptlides that are attached fo_N-acetylm ic acid_(NAM) residues of
e of the adjacent chain. These cross-links gives peptid its high tensile strength.

unaom__,nmz.nm__.s.mz.._m best target for m_%.@m as peptidoglycan is absent in mf.

hurnan cebis. 5 i

> Plactam antibictics, such as Penicilin ¢&%% Figurs 36) inhibits bacterial cell wall @ \u@ . Gytoplasm of bacterial cel

synthesis i.e. disrupts um_umaominmmf esis. ) . f«. o
AN A

transpeptidase
bound to
penicillin

e

.ﬁ@mﬂma :nm

Figure @ ructure of um:_o__"_: a B-lactam antibiotics. Members of B-lactam ] o I
antibiofics are characterised by their four-membered, nitrogen containing -lactam newly synthesized ne cross-link formed when-
cross-ink ~trangpeptidage afa inhibited

ring structure. N . '
{(2) Penicilin binds to transpsptidase enzymes to inhibit the formation of cross- .

links between adjacent chains, weakening bacterial cell wall of dividing bacterial

% What is the action of penicillin on bacteria? (Ses Figure 37) cells.
» During growth of bacleria 5@. bacterium.remodels. the peptidoglycan csll )
wall by: Emm_A., do cross-iirks between ‘peptidoglycar: chains: An |
reforms
_ ing p E
-acts.as m.noaumgm,\m nh
fransp Emm See Figurg 37.(1) for. #m:%mnen.mu& :
= As a result, there is Hnhibition to"the ‘fermation: of ‘cross-links:-between
adjacent chain
="' Bactsr es weakene When bacteria takes in water by
osmosis, the _nnqmmw& urg ﬁmwmﬁ mmm_zﬂ the weakened cell wall
causes the bacteria fo swellland:
Last updatest; Dr Alice Tan, Miss Michelle Nah, Mr Derek Tan 47 Last updated: Dr Alie Tan, Miss Michefle Nah, Mr Derek Tan 48
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@ cytoplasm of bacterial cell
transpeptida:

bound to
penicillits

Figure 37. A series of diagrams to illustrate the bactericidal gect of penicillin. ,ﬂi

{3} Osmotic: @m_m happens to dividing bacterial ceils m__._om @wf cell wall synthesis
is inhibited. . @

the initiator tRNA cannot bind to t 4l subunit. ./
> {Tedragycline % blocks aminoac from attaching to the A site of bacteriad Jmmﬂ !
ribosome. @ @

Growing, polypeptide

Enlormarpherdeci Ml,o
Erindisto 505 portion and inhibits
formiation of peptide bond) @

ey 2
i sulth atachmant of &Wu

2RNA fo mRNAribosame comypi A@WQ

T i s
g

tmnglocationamovement of
sibosorms alang mRNA)

Stenpto Direction of .
@ ]

bt ol Sbazo i
Baw_ammwm”ﬁaanz»af - e I
read incorrectly) w&wﬁaﬂin 1

Figure 38. showing the mechanism of actions of varicus antibiotics that disrupt protein )
synthesis, :

“prevanting transcription:

Last updated: Dr Alice Tan, Miss Michelie Nah, Mr Derek Tan 49 ;
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EXTENSION TOPIC B
Tahle of Contents i
IMPACT OF CLIMATE S |
A)  What Are Greenhouse Gases 3
CHANGE ON 2 ot w
C) Greenhouse Gases Due To Anthropogenic Effect 4
>z — g>rm >Z U : v r>z — m 2} Increase In Globat Surface Temperatures Due To Increase In Greenhouse <] _
Gas Emissions
Learning Outcomes 3) Human Activities And The mznz.mmm.«m In Greenhouse Gas Emissions .
A) Global Greenhouse Gas Emissions By Various Sectars g -
Candidates shou!d be able to: %%/ B) Burning Of Fossil Fuels To Provide Energy %Aﬂww 10
. o . ) ! C) Clearing Of Forests AN 13 A
(@) Identify and explain the human activities over the last few centuries ve contributed to climate D) Food Choices ﬁa@
change through increased emission of greenhouse gases (limite Oz and methane) including .ffi 4 R
burning of fossil fuels linked o increasing energy usage, cleai of forests and food choices A@a .
(increasing consurmption of meat). .ﬁ( 4) Effect Of Greenhouse Gas Emissions On Climate C! amv )
(b) Explain the effect of climate change as a result of mam_ﬁ@ gas emissions, including the melting A} Melting OFf lce Sheets, Polar lce Caps And Glacj ulfing In The Rise Of 16
of polar ice caps, rising sea levels, stress on fresh upplies, heat waves and heavy rains, Sea Levels )
death of coral reefs, migration of fishes and Sm%/ d release of greenhouse gases in frozen 8} Heatwaves And Heavy Rainfall - @« 18 .
organic matter. . C) Stress On Freshwater Supplies .ﬂﬂf 19
{c) Explain how climate change affects plant di %o: {vertical and latitude) 2nd plant adapiations, D) Release Of Greenhouse Gases In F 2, rganic Mztter 2
inciuding merphelogy and physiclogy.
(d) Discuss the consequences of global %u_@. of increased enviroamental stress resulting from 5} Impact Of Cl @
climate change, including the eff plants and animals of increased temperature and more ) >v_u Effect OW_MW te W#M__._d ge On Emﬁ. nimais And Man . '
extreme weather conditions. } B mmmﬂ of Q..Smﬁm O:m_..mm AO:@ fology Of Plants And Animals 24 :
o A e N i
(e) Explain how temperature ¢ % impact insects, inctuding increased temperature leading to Ov Effect OF 0__3Mm Orm:m. t_mn.n _u_mﬁ._._u:ﬁ_o: And Animal Migration 31
increased metabolism and 5 rraw temperaturs tolerance of insects. _uv ; @ or imate Lhar Biodiversity 36
(f} Outline the life cycle of @m aegypli as an example of a fypical mosqulto vector. ) Impact O:Emﬁ@ & On Global Food Supply 43
(g) Qutline the am<.m_o ﬁ of ﬁ_,mm dengue a._m.mmmm in s_._am:m. m_.._n_:asu :omﬁ.um.nzamm: interactions, 8} Mosquite Vector Af @mzm_:m
human mnmnmqum the virus; pathogen virulence, transmission and drug fesistance. A) Life Cycie des aegypt! s
{(h) Explain how gielzal warming affects the spread of mosquito-borme infectious diseases, including
rataria and dengue, beyond the tropics. B) Development Of Dengue In Humans 51
(i} Discuss the effects of increased environmental stress {including increased temperatures and more 1
extreme weather conditions) as a result of giobat climate change, on habitats, organisms, food i
chains and niche cccupation. ;
()} Discuss how climate change affects the rich biodiversity of the tropics including the potential loss of -
this rich reservoir for biemedicines and genetic diversity for food. ,
Use the knowledge gained in this section in new situations or to solve related problems.
* This handout is the effort of several Biology teachers at Rl (Yr 5-6). It has and will ,
continue to be updated. A
*Any information given in a double-lined box is for your information only. :
|
Last updated by: Ms Eva Hor, M Low CM, Mrs Wong SH and Ms Emelina Choo 1 _
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1) INTRODUGTION

e <ol Dy vave:

= A greenhouse gas (GHG) is a gas:that both absorbs and:erits radiation in the infrared qmw_a e:

When present in the atmosphere, these gases trap radiation: in:the form of heat, causing a
warming process called the grséfihouse effect:

* Some concenfration of greenhouse gases in the atmosphere is normal, and necessary for life
on Earth. It is also normal for the concentrations of these gases to fluctuate over time.

+ The greenhouse gases in the Earth's atmosphere keep the average temperature of the Earth
at 15°C, whereas without the greenhouse effect the average temperature wouid be a frosty -

18°C. . @T& “

B. Greenhouse effect ﬁs_., . %

+ The greenhouse effect is a natural process by which heat radiated from Earttys surface is
trapped by greenhouse gases.

« Solar radiation is of very short wavelength predominating in the yisible or ultraviolet spectrum.
Some of this radiation is reflected by the atmosphere back info space while about half of it is
abserbed by Earth’s surface and warms it.

Last updated by: Ms Eva Hor, br Low CM, Mrs Wong SH and Ms Emeline Choo
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e The Earth's greenhouse effect maintains Earth's surface at a life-sustaining temperature and
human activiies producing greenhouse gases enhances the greenhouse effect, causing
global warming,

) m:mﬁ.x. it ; 197 Radiofing From Eantiv's Surface ™)

diztes heat Into the atmosphere. Some heat is absorbed by
greenhouse gases like carbon d and then radiated to space (). Some heat makes its way to
space directly (B}. Some heat is d by greenhouse gases and then radiated back towards the
Earth's surfaca (C). With may on dioxide in the atmosphere due to human activities, more heat will
be trapped by greennouse { warming the planet more significantly.

B

€. Greenhouse uﬁm due to anthropogenic effect (human activity)

The Earth's surface, warmed cﬁsmmc

» Greenhouse gases inciude water vapour, carbon dioxide, methane, nitrous oxide, and
fluorinated gases.

* Industralisation and development has increased the amount of greenhouse gases, ie carbon
dicxide, methane, nitrous oxide, and fluorinated gases, cortributing to the warming of the
aimosphere.

Last updated by: Ms Eva Hor, Mr Low CM, Mrs Wong SH and Ms Emeline Choo
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_‘ Greenhouse Gas Global Warming Potential How long it stays in the
{GWP) atmosphere
Carbon dioxide (COz) 1 Between 50 to thousands of
years
Methane 28-38 About 12 years
Nitrous pxide 266-298 About 114 years
Fiuorinated gases Range from a few hundred to Thousands of years
23000

* Global Warming Potential (GWP} is a measure of how much:heal a substance can trapin the
- atmosphere ovér a period: of 100 years{'as compared to an equivalent amount of COz.

(CO» has 3 GWP of 1 by definition.) o T

* GWP is used to compare the global warming impact of different greenhouse gases. The larger

the GWP, the more that a given gas warms the

The Tize of gach place of the pin seprasants the amount of warming that each gaz i+
carrenthy cinciing fn the stmasphere 25 8 result of erissions from peaple’s activities,
Soorm? Iersaigengntal Pane su Clarte Changs, FIRY: Aragsivest Regert (2064)-

arth compared o CO; ove)

at time period.

"\

Last updatad by: Ms Eva Hor, Mr Low &M, rs Wong SH and Ms Emeline Choe
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2) INCREASE IN GLOBAL SURFACE TEMPERATURES DUE TO INCREASE IN GREENHOUSE

GAS EMISSIONS

» Anthropogenic greenhouse gas emissions have increased since the pre-industrial era, driven
largely by economic and population growth. This has led to atmospheric concentrations of
carbon dioxide and methane that are unprecedented in at least the last 800,000 years,

Concantreilona o! Creanhouse Gones tom O o 2005

A0 2000
1m0
e Corbon Diosode (GO}
& b = othonn (GH) . Jteoo
EL e NiIrOUS Qi {NG)
H
=
g

Average greenhouse gas concentrations from Year @. 005. Significant rise in greenhouse gas
concentrations is seen from around 1850 to current w@

s
X
» The Earth's surface temperature follows g'siindar increasing trend in recent times.

Departra from
k¢ rago

Temperature from 1000 to beyond 2000 in the northern hemisphere, Graph shows & general upward trend in
temperature at the Earth’s surface in recent imes.

Last updated hy: Ms Eva Hor, Mr Low CM, Mrs Wong SH and Ms Emeline Choo
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+ The increase in greenhouse gas emissions that has been detected throughout the climate
system is likely to be the dominant cause of the chserved warming. This has been attributed
to the increase in atmospheric carbon dioxide levels resulfing in enhanced (or anthropogenic)

greenhouse effect. 3) HUMAN ACTIVITIES AND THE INCREASE IN THE GREENHOUSE GAS EMISSIONS

@ ®) A. Global Greenhouse Gas Emissions by Various Sectors

200
Link between COq
and temperature

1085

180,000 years mmo.B present day 490 —r

— €0, concentration ~——Global Temperawsne Ancroaly
in awmosphere 04
giobal Empéarature 250

. Temperature
HOO&H,: atmosphere

CO2 {ppm)
1
i

g

Glabal Temparature Anomaly {* C)

global tamperature ¥ 4
<o of List e age ]

300 - 102
¥ T ¥ T ] T T T H
160,000 80,000 presen|
years ago day. %
280 04

(8} Link between COzlevels and temperaturg
both graphs. {b) The relationship betweer C

160 000 years age to present is evident from the simil
els and the increase in the global temperature anomaly is visible in

the increasing trend of both graphs. Th levels were measured in Antarctica from 1900 to 1980 and in Mauna " yMW . .

Loa from: 1860 to present day. The g mperature anomaly is calculated as 2 difference betwesn the combined W_M._.w_um.m m_,mm_:”m:mm gas ma_mm_o@ also be broken dawn by the economic activities that lead

averaae temperature over alobal _mﬁmw ocean surfaces and the 20" centurv averaae of 14.8°C. < their production. f@

@ + Electricity and :mm»W, %nmo: (25% of 2010 global greenhouse gas emissions):
ﬂ% The burning of m.Mo%wsmEnm_ gas, and oil for electricity and heat is the largest single source of
@ global greenhol gas emissions.
+ Industry (21% of 2010 global greenhouse gas emissions);
Greenhouse gas emissions from industry primarily involve fossit fusts burned on-site at
faciiities for energy.
This sector also includes emissions from chemical, metallurgical, and mineral fransformation
processes not associated with energy consumption and emissions from waste management
activities. (Nate: Emissions from indusirial electicily use are exciuded and are instead coversd in the Eleciricity
and Heat Froduction sector)
Last updated by: Ms Eva Hor, Mr Low CM, Mrs Wong SH and Ms Emeline Choo 7 Iast updated by: Ms Eva Hor, Mr Low CM, Mrs Worng SH and Ms Ematine Ghoo 8
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Agriculture, Forestry, and Other Land Use (24% of 2010 global greenhouse gas
emissions):

Greenhouse gas emissions from this sector come mastly from agriculture (cultivation of crops
and livestock) and deforestation.

This 24% estimate does not include the CO: that ecosystems remove from the atmasphere by
sequestering carbon in biomass, dead organic matter, and soils, which offset approximately
20% of emissions from this sector,

Transportation (14% of 2010 global greenhouse gas emissions):

Greenhouse gas emissions from this sector primarily involve fossil fuels burned for road, rail,
air, and marine transportation. Almost all (95%) of the world’s transportation energy comes
from petraleum based fuels, largely gasoline and diesel. %ﬁf

Buildings (6% of 2010 global greenhouse gas emissions): @@Mf

Greenhouse gas emissions from this sector arise from o:wmﬂmw.mae. generation and buming
fuels for heat in bulldings or cooking in homes.

(Note: Emissions from electriclly use in buildings are excluded mm.m_ ipBtead covered in the Electricity and Heat
Production sector.) 2,

issions):

Other Energy {(10% of 2010 global greenhouse

This source of greenhouse gas emissions
are not directly associated with electricity
processing, and fransportation. @

N

efsio all emissions from the Energy sector which
eat production, such as fuel extraction, refining,

Qverall, burning of fossil fuels for electsieity, transportation and industry, as well as in agriculture
result in the bulk of greenhouse issions.

Last updated by: Ms Eva Hor, Mr Low CM, Mrs Wong SH and Ms Emeline Choo
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Burning of fossil fuels to provide energy

.ﬂsm.ﬂsmm: hurnan activity that emits greenhouse gases, especially GOz, is the combustion of
fossil fuels (coal, natural gas, and oif).

Among the many human activities that produce greenhouse gases, the use of energy
represents by far the largest source of emissions.

emissions, mostly COz account for the Jaraest share of global greenhouse gas emissions,

* OSm..w. inGluda farge-scale biomass buming, po ndecay, peal decay, indiract N20 emissicns from
non-agricuifural emissions of NQu ard Nis, wast se of solvents.

)

+ Fossil fuel is usually burnt for the q%m purposes:

Electricity and heating {25 pe 6f total global greenhouse gas in 2000)
o The combustion

] ssil fuels to generate electricily (for homes, business and
industry) is the,

single source of greenhouse gas emissions.

o The mawmm% m_.mmsr.o_.._wm gases produced is dependent on the type of fossil fuel
used ‘o genérate electricity. As coal is the most carbon-intensive fossil fuel, It resulis in

more CO; emission.compared to. oil .or natural gas in order to produce a given arsount
of electricity.

o Generation of electricity and heat worldwide relies heavily on coal, the most carbon-
intensive fossil fuel.

G
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ii.  Transportationr (14% of total global greenhouse gas emi $'in 2000)

o The combustion of fossil fuels such as ga
goods is the fourth largest source of greea

e and diesel to transport people and
[r5e gas emissions.

o Fortransport, the fast emissions mﬂ%mm driven by emissions from the road sector.
(CO2 emissions increased by 8 ince 1990 and accounted for three quarters of
transport emissions in 2013.) @

mﬁPaWNf»

)

Fig, 10: Diagram showing CO.
CC2 emisslons from road are driving the growth of transport emissions.

Last updated by: s Eva Hor, Mr Low CM, Wirs Wong SH and Ms Emaling Choo 1M
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iii.  Industry
o Many industrial processes emit greenhouse gases through fossil fuel combustion.

o Several processes that do not involve combustion can also preduce GO, emissions
through chemical reactions, fore.g.:

1. production and consumption of mineral preducts such as cement
2. production of mefals such as iron and steel
3. production of chemicals

o_3o3mm5@%_.:m:n_Samnm_.muﬁoo_.:mmmdz._so_._néam :o_.:mom_.osn:maa
development. %

o_uwwv:ma:m@_.o,i_,_o*.m_nm_dmme.mmo:ammoﬁm:mﬂme.9@ %.@@y ﬁ:mcmmoxommm_Em_m
remains unchanged due to the increased demand of %«. supply.

o Coal has a heavy carbon content per unit of
gas, coal is nearly twice as emission infensive

gy released. Compared to natural
iverage.

(Aithough coal represented 298% of the saaﬁm%mnama\ enerngy supply in 2013, it accounted
for 46% of the giobal CO: emissions.) @, &

(Giohally, coal combustion generate: Mfwmammw share of COz emissions, although oil remains
the Iargest snergy sowrce.) ™

Pomantehars . 5,2

~ Other Includes nuclear, hiydro, geothermal,sofar, tids, wind, biofuels and waste,

o Many industrialised nations turning to more efficient fuel use or alternative sources of
fuel are to curb their carbon dioxide emissions, emissions have increased markedly in
many of the newly industrialising countries.

o While petroleum reserves are limited, there are still hundreds of years of coal reserves
which woukd fili the growing energy demand of developing countries,

Last updated by: Ms Eva Hor, Nr Low GM, Mrs Wong SH and Ms Emeline Choo 12
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GC. Clearing of forests
The fink between trees, deforestation and giobal warrning

« Tress convert the COz in the air fo Oq, through the process of photosynthesis. The more n.mmm_
the less'COz in:thie afmosphere;and: the _,_._o_‘m.on.w.”

« Some of the CO; absorbed by plants is stored as organic material throughout their lifetime.
Soils can also store GOz, depending.on.how the soil is Smnmmma This' stofagé’ 6f carbon in
plants and soils is called:bit it ; i
takes CO, out of the atmosphere, it is also called m green s

» The role of irees is made more important by the increase in COz emissions due 1o human
activities.
(in the United States overall, since 1990, land use, land-use change, &
resulted in more removal of COz from the almosphere than emisslons. Bg

stry activities have
of this, the land use,

c:n_mﬁc_&mn Emﬁm:ommma vmmzmzam

(organic mo__mv st

& and other uses results in @ rapid.-
_umm»_m:u fires, leading to increased

N4
e In summary, tlearing of forests and ,%Mw.dswm and draining of waterlegged peatlands
decrease amount of CO; sinks j The subsequent decomposition and buming of
biomass from-the cleared forests eases more mﬂmms_..ocmm gases. Thus overall, clearing of
forests results in significant i _mqmli greenhouse gas emissions.

« Anthropogenic land-use activj me and changes in land use (e. g., conversion of forest lands
and grasslands to Q,ozm@. d pasture) result in changes in these natural fluxes.

o
%

o] _um,aoqmﬂm&: increases CO; emission, while afforesiation can reverse the effect of
deforestation by creating "sinks of CO2"

For exampie:

o Conversion to agriculture can result in production of non-CO, emissions such has CH.
from livestock and rice cultivation and N,O from manure storage and agricultural soils

dptmestintizn B
bttt $hnse
fpvostat o .
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D. Food choices

* Most studies atiribute 10 to 35 percent of all global greenhouse gas emissions to agriculture.

o With economic development, industrial style agriculture repiaced traditional small-scale
farming. The increased efficiency of industrial agriculture has also led to reduced prices for
maryy of our daily products. It helped fo reliably nourish large populations, and tumed a food
that was an occasional meal - meat - inie an affordable, every day product for many.

« The growth in per capita meat consumption is sfrongly linked to increasing levels of income in
many countries of the world.

e
_w ——
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: e
@ ™
¢ ° n - % = n % w0

ﬁwwwﬂﬂn_ﬁ Inesme (Thousand current USS, 2010)
Fig. 12: Dia

o
+ Coupled with @_ocm_ w n population growth, global meat consumption also increased

accordingly.
@@

Meat supply

. Population
= \\\ .R.li\t.ﬂnﬁa 4

A
l/

N
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» Sources of greenhouse gas emissions from raising livestock

2018~ 20118

I.  Enteric fermentation

digestive process by
which carbohydrates are
brroken down by
microorganisms into
simple molecules for
absorption into the
bloodstream of an animal

Source of greenhouse gas How is the greenhouse gas Which greenhouse gas is
produced? : produced?
i s Enteric fermentationisa |« Methane

il. Nitrogencus fertilisers

« Application of chemical
nitrogenous fertilisers to
increase production of
animal feed for livestock

* Nitrous oxide

-

¢ Production of chemical ,ﬁw/w Carbon dioxide and
nifrogenous *m:amm_.ﬂpfv nitrous oxide
i, Manure « Stored manure fr " |e Methane
livestock
+ Application.f + Nitrous oxide
fertiliset’s,’
iv. Deforestation and + Decompgsition of carbon | » Carbon dioxide and
conversion of grasstand m%um:inz humus nitrous oxide
into agricultural land
Yo

» Beef produces the highest Wwﬁracmm gas emissions in comparison to other products such

as pork, poultry and milk«Efissions from beef amounts to 20 times that of wheat. Thus it is
more “climate efficienj~}esproduce protein from vegetable sources rather than from animal
sources, &f

o Changesin %: diet may be a practical tool to reduce greenhouse gas emissions.

o Substantial reductiors in meat consumption in developed countries and consirained
growth in demand in developing ceuntries would necessary to keep greenhouse emissions
from rising.

Last updated by: M= Eva Hor, Mr Low CM, Mrs Wong SH and Ms Emeline Choo
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4) EFFECT OF GREENHOUSE GAS EMISSIONS ON CLIMATE CHANGE

#:Ai Melting of jce sheets, polarice caps.and glaciers-resulting in the rise of sea levels

8.0

-
85 4

&0
T8
7.0
6.5 -
[:£1]
55 |
50

Extent (milflon squars kilometars)

4.5

Natkaal Snow and foo Data Cenfes

4.0

AN

N
* Global warming has resulted in the J%m levels due to;

m.mm_m.,..m;mm.m_oi_v.v mmwﬁ:m. nm;_w.a:mﬁoﬁmmn_&,moaoﬁémﬁmq. 5 Emonmm:mg_dcm:
the' malting of the: uo% caps.

The world's two @_. ice sheets ~ Greenland and Antarctica — contain about 75% of the
world’s fresh , enough to raise the sea level by over 75 metres, if all the ice were
returmed to ”ﬂm\woomm_.a.

it b e 00 Lelpr 1o
retlety cmdradTv Jrewn

v bt SRR-EpaLe
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“Thermal expansion cccurs when the dcedin fehieratings

-up-the acéan start fo’ move’ mare vigorously. This rM expansion of water, iricreasing

the overall volume of the ccean, causing a rise in e sea levels.
» Other effects from meliing of the Greenland any retic ice sheets, glaciers and polar ice
caps (land ice):

N
“frash: water: As glaciers retreat, this resource is
des may also be triggered by glacial meit.

o . Loss of fresh water resource:
b IS:59rve as anl important:soy
lost and fioods, avalanches, or |

Rise in sea levels impact *since almost 50% of the world’s population lives close to

the seashore.
2
= Melting of land ice vs M@Jﬁm

o Meiting of se mww.mw::_mxm land ice) does not result in any increase in sea Jevel, as sea ice
-already displecks water.

o Melting of sea ice affects marine animals, such as seals, polar bears, and fish, depend on
sea ice. With a loss of sea ice, these animals will lose access to their feeding grounds for
long periods, which-wifl make it difficult for these populations ic be sustained.

Last updated by: Ms Eva Hor, Mr Low CM, Mrs Wong SH and Mg Emeline Choo 7
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. B Heatwaves and heavy rainfall

+» How global warming results in change in weather:

Rise in temperature and wanmer air

¥

Greater m<mvu.igo: from land and water into atmosphere

More water vapour in the air

v

Increased: precipitation i.e. more rain and show.
{Do note that this increase in precipitation is nof spread evenly a
Some places will get less precipitation due to shifts in air and onmm.ﬁ?ﬂmm:w. This
results in change in global weather umnmam.@

O

s Impact of climate change on weather: %

o Overall amount of precipitation increases, but the &.K.._vwfa::on of precipitation around the
world is uneven. %%V

o Rainfall is likely to increase in the tropi
dry subtropies.

-_:nﬂmmmmn_.«wmn_cm: m@_:ﬁm:mﬁ oj.mm%m__n_.on:omm_.soa_oo__czo:m:n:mm
erosion and mm&ﬂ%&: due to runoff

.S_.mﬂm?_uogm %m m_._a"osm_,émﬁmﬁncm_i_mxm_w_no._:nammwim._:mmé.
precipitation,
- _:nﬂmmw&,«mnmw of flooding in urban areas.
» Eiffect om\wo_.mmmm rainfall in the subtropics:
- Increase areas of the planet affected by drought
o Increases in temperature will affect the amount and duration of snow cover which wifl in
tum affect the: timing: of ice’ melting” and” water flowing " into waterways, impacting
groundwater recharge.’ -

o The-number of frost days-is-expected to decrease at high latitudes, increasing the-growing
season, thus increasing food production for the high Iatitudes.

o Heatwaves are expected to become mere frequent as average terperatures rise
. _%.ﬂmmmm:mz. intense and frequent heat-waves. could cause more heat-related deaths,
particularly amongst the elderly, chrenically ill and very yourg.

Last updated by: Ms Eva Hor, Mr Low CM, Mrs Weng SH and bz Emeline Choo 18
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»  Conversely, the occurrence of cold-related deaths is expected to fall,
o Stronger storms and hurricanes
«  Hurricanes and other tropical stonns get Em:..@_._maz from wasm odean water” As the

top layer of the.ocean gets warmer, hurricanes and other? tropical’ storms™ grow
mﬁo:mmn with faster winds and heavier .-

Stress onfreshwater supplies:

s Freshwater supplies are scarce. The vast majority of the Earth's water resources are salt
water, with only 2.5% being fresh water. Approximately 70% of the fresh water available on
the planet is frozen in the ice sheets of Antarctica and Greenland | the remaining 30%
(equal to only 0.7% of fotal water) available for consumption, _umwﬁ his remaining 0.7%,
roughly 87% is allocated to agricultural purposes. . @

"

« With climate change, scartity of freshwater is expected to w@ an increasing:

1. mﬂacaasmﬁmq nmu_m:o: f@v

Am_mmnumq by change in pracipitation patiern=
Shorter duration of rainfall combined,
transpiration from the earth’s fand st

:Q.mmm@n_ sum of evaporation and piant
affects the replenishment of groundwater

negatively. oo
* In some areas with less rainfall, ‘there will be increased: pumping of groundwater for
-Antigation.

@/Wﬁ

2. ._ummn_._m.m: water quality %

<affected by chang @Eﬁﬁﬁ%ﬁ: pattem>
= Inaresas with sed precipitation:

- There s_%w_um a corresponding:increase. in runoff. The water carries larger levels of
- sediment-and eontaminanis’and are flushed info waterways and drinking reservolrs,

* In areas with drought:
- Groundwater reserves may be depleted.
- Theuresidual-water that remains is often of infarior quality. This is a result of the
jeakage of saline or contaminated water from land surface, or adjacent water bodies
that are-contaminated:

- Decreased. Emn_n_»mae: and E_._om resulis in & higher conceniration of pollution.and
aﬁ:mzﬁm in'the water.

Last updated by: Ma Eva Hor, Mr Low CM, Mrs Wong SH and Ms Emelina Choo
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- High-level of nutrients tends to an increase load of micrabes in waterways and
drinking-water reservoirs.

<affected by increase in femperature>
*  Increase in water femperatures can lead to:

- 2 bloom in microbial populations in freshwater supplies

- reduce the amount of dissolved oxygen in the water

The health of a body of water is dependent upon its ability to effectively self-purify
through biodegradation, which is hindered when there is a reduced amount of
dissolved oxygen.

<affected by increase in sea level>

s For coastal populations, water quality is affected by salinisatio gm thcreased quantities
of salt in water supplies. A rse in sea levels will incre _u_mﬁmm_* concentrations in
groundwater .and esfuaries, extending areas of mm_msﬁ% ‘decreasing” freshwater

. availability: ﬁ.ﬁf

East upidated by: Ms Eva Hor, Mr Low CM, Mrs Wong SH and Ms Emeline Choo
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“Dui Release of greenhouse gases in frozen organic matts

« ‘. Permiafiost refers to a-layer of soil or.rock that is frozen all year round: Piants can still grow in
the soil af the surface (active layer), which is not frozen during warmer parts of the year.

mmer and freezes again during the
ntly frozen layer of soil, Beneath the

permafrost or scattered among the permafrost sections of unfrozen soll and rock.

s Permafrost is found throughout much of . ‘America, Scandinavia, Russia and China.

R Gontinuous Comammon s T e e

Eig. 47 Distribution of parmatrost

Last updated by: Ms Eva Hor, Mr Low CM, Mys Wong SH and Ms Emeline Choo
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= Pemmafrost stores an immense amount of carbon and methane, twice as much carbon as
confained in the aimosphere. [n a waming environment, pemmafrost is expected to degrade,
and these gases which have been in storage will be released.

Seupre: At Chmate
Irrpact Assassmont (ACIA). 2004
Tmpacts 6F 3 Wanming Arctie,

Expected changes in Artic temperature by 2090 and its effect on the parmafrost boundary. Solid lines depict
current permafrost boundary. Dashed line Is the projected permafrost boundary by 2080,

Last updated by: Ms Eva Hor, Mr Low G, Mrs Wong SH and s Emaling Chod
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» Carbon stored in permafrost

o A third of the Earth's soil carkon is found in the permafrost of the Arctic, where the soil
carbon is stored in frozen organic matter,

o Impact of climate change on carbon in permafrost
1. Thawing of permafrost

¥ the high northemn latitudes warm significantly, :permafrost will thaw, allowing the
organic: matter: within' the: permafrost to' decompose. The decomposition will release
carborn inta the atmosphere. -

2. Faster rate of decomposition of organic matter

Decomposition of organic matter already happens withir the %_m@mn As the aclive
layer thaws each summer, some organic matter decompoges® Under normal ¢limate
conditions (l.e. & cold .arctic. region);: the: decomposs .@_ _very_slow. But as air
temperature increases and the ground warms, this pr will speed up. Jrn\oe

0
+ Methane stored in the permafrost .mf@»

%

o Methane exist in the form of methane :z&@ww which is methane gas frozen into ice
struciures, They are formed at cold temp es and under high beneath layers of frozen

permafrost. /f
o Impact of climate change on methade,h permafrost:

1. Thawing of permafrost »ﬁ%» Jse methane

,,_.,,_._.,m: u@.ﬁm@aﬂ.;.% methane:can: be released directly into the atmosphere or it
can be broken ao@ o carbon dioxide by bacteria which will then be released.

2. Increase Ba.%e synthesis of methane
If areas ofthawed permafrost exist between frozen layers of penmafrost,‘microbl

“ activities: can’ continue: even: during the winter, 107 Greate hiéw methane-from organic
material.

last updated by: Ms Eva Hor, Mr Low GM, Mrs Wong $H and Ms Emeline Choo
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5) IMPACT OF GLIMATE CHANGE ON PLANTS, ANIMALS & MAN

Plants and animals require specific environmental conditions—such as the right temperature,
maisture, and light levels—in order to thrive. Even small changes in environmental parameters
can affect the reproduction and survival of a species.

A. Effect of Climate Change on Physiology of Plants & Animals

* Alterations of GOz concentration, temperature and rain cycles can directly affect the biological
processes such as photosynthiesis, respiration, growth and composition of plant tissues.

¢ - Water. availability- is a major rate limiting factor for plant growth. Under drought conditions
and/gr high temperatures, plants iend to experience . water stress, and undergo
physiological and morphological changes::
N

- Teduction of water content and turgor, cell expansion slows aos@ ceases
-« alteration in level of photosynthetic pigment {reduction or :?mm..um:m:ﬁaa
- rapid decrease in the amount of Rubisce which leads ﬁ& r amounts of carbon fixation

- increasing the ratio of roots to shoots; developing e roots in order to access more
water, reducing leaf number and leaf area to lo

- stomatal closure

- number of stomata per leaf decreases m/”

As such; photosynihetic:raies. de %M:a plant growth is retarded. Under prolonged
drought, many plants .n.mu.._wn_.mnﬂ..“ e,
.iﬂ +

ce franspiration

‘thin cell wall

.@@

epiderna cell

stoma

chioroplast nugdeus
quard cejl
gl high pressure} ouard celt
Hlacdd/lew pressure)
Storma CGpen Stoma Closed

Fig. 18: The opening and closing of stomata controlled by turgidity of guard cells.
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Carbon dloxide epters, while water and Fig. 20: Stomata allow carbon dioxide in, .
oxygen extr, thigugh & leaf's siomata. but they also let precious water escape. Fig. 22: Effect of temperature on ,
plants.
Stomata closure is one of the first The average rate of enzymatic
events in plants response to water reactions increases two-fold with
deficiency. This limits  gaseous S e et o o e i
exchange through stomata, reduces ﬁ temperature aw _ 450 ﬁow most i
transpiration and armests  carbon enzymes), Beyond the optimum ’
assimilafion that takes place during 3 Erzyma gy ) temperature,  enzymes  are
photosynthesis. 5 7 eaphator imeversibly denatured, and plant
2 5 seersa eftect of e shess on
Although CO: assimilation and net . S : b
uzoamw_.nwmmmm decreases dug fo NN planis is the retardation of growth,
stomatal closure, the attainment of low : ~oN !
transpiration rate and prevention of N .
water losses from<jdaves & a good PR, wﬁﬂwg .
- N

- Indicates high
atmospheric

trade-off for m_@%m in exchange of
arowth. - @
&
o
@, Fig. 21: Correlation between

\ stomata number, carbon
dioxide level and temperature.

Typically, plant fossils with

carbon dioxide) came from
times of high  global

E T R —

+ Plents - native’ to.- dry/hot” Environments have certal

characteristics that allow them fo-survive better:-

R

o

&
%sgommﬂ_ or physiclogical

o Morphological characteristics of leaf that helps %a@ loss of water

= Leaf has smali‘'surface area to:volure _.m%f

4

[ .ﬂ:mox.s.mv.a cuticle and epidermis ;

creates a region of
evapeoration and w

umidify at the stomata opening, reducing the likelihood of
55 through transpiration

awm_amﬂ.ﬁ many stomata (ow carbon
ﬂﬂx_mwcm_mdmmawmﬁ»“ﬁmmm_ﬂ » ‘Stomata only present on co#@ urface of leaf: .

o . ! . . .. e . . . RS . M

fossils with few siomata (igh = “Sunken”:stomata-— ﬂw found in" grocves and often surrounded by hair: this :

cee. temperatures. &
(@) .
o dened ¢pidenic
indlcates Palizade -
high global
temperature.
Kylern !
Phivem .
Vein !
Parenchyma Thickened Towrr Sunkeih stomptal ¢
epidarmis chaabers i
Fig. 23: (a) Transverse section (ts.) of a xerophyte (plant adapted to five in dry conditions) leaf. (b} 4
Tissue diagram of leaf {t.s} M
= Some plants like the marram grass have developed leaves that can curl / roll up in .
response to the amount of water available. They have “hinge ¢ells” / bulliform cells ;
that allow the leaves to roll up on dry days and to unroli on wet days,
Mw Last updated by: Ms Eva Hor, Mr Low CM, Mrs Wong SH and Ms Emeline Choo 25 Last updated by: Ms Eva Hor, Mr Low G, Mrs Wong SH and Ms Emelins Ghoo 26 o

&

carousell,com/iamafatunicom carcusell.com/iamafatunicom




g o o

Rafites Institutlon Hz2 Biclogy 2018 - 2019
Hinge cell - ¢nables
Jeaf to roli
Fig. 24: (a) Transverse 5 (t.s.) of a marram grass leaf. (b) Tissue diagram of marram grass.

A

%d
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o Physiclogical characteristics of plants in dry environments:

Fig. 25: Differant methods of carbon

N ..
ir stomata for most of the day. This reduces the
in the cell, Oxygen is a competitive inhibitor for
ditions of © Jow.< CO; - and - high™ O, concentration,
where - RuBisCO " fixes Q. instead of CO. Rate of
as a result.

n in G, Ca and CAM plants.

= Plants in dry. environments: clo
-concentration:: of: carbon” diogit
RuBisCO. Hence under
photorespiration oo
photosyntheasis is o

= Plants o<mao%@_o_dzm3 by varying their metheds of carbon fixation:

- InCs &%ﬁ.ﬁmaon.mxm:om.mzu Calyin: cycle takes place in different cells.
CO. nverted 10 a 4C compound by an enzyme that does not bind 0. The 4C
compound is then sequestered to a deeper tissue layer where less oxygen is
present. CO; can then be released and can enter the Calvin cycle without
competition from oxygen.

< In CAM plants, carbon fixation occurs at pight. CO: is converted to a 4C
compound which release CO; for Calvin cycle in the day. This allows stomata to
remain close in the day and open only at night.

» Global warming can also affect the _,m._uan:ﬁmo: of plants:

o High temperatures at flowering time reduce pollen. viability in cersais - it has been found
that rising femperatures cause a loss of pollen viability in maize.

o Deviation from optimal temperature disrupts flowering process and affects seed
production in plants as well (e.g. rice and wheat}.

Last updated by: Wis Eva Hor, Mr Low CM, Mrs Wong SH and Ms Emeline Choo
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* Change in body size of animals

o Bergmannh's rule states that, “in warm-blooded animals, races from warm regions are
smaller than races from cold regions”.

i.e/body sizs bétbme smallerin.resporise to geniéral warming-and-farger with cooling.
o The larger surface areas relative to volume of smaller body sizes serve as efficient heat

dissipaters in warm climates, while small body surface area relative: to:volume may help in
~heat conservation:in cold climates.

« Changes in temperature affects insects’ metaboiism

o The body temperature of ectotherms fluctuates with environme: temperatures, and
basic physiclogical functions such as locomotion, growth, and _.%_wc&os are strongly
influenced by environmental temperature. @@

o Growth and development are fuelled by metabolism. gm%ﬁ rate is the consequence of
many differant biological reactions; temperature g s metabolism through its
effects on rates of these enzyme-catalysed Eoo@%@@ reactions.

X

Change in tempemture

20 i Fig. 26: Global changes in
5 a 2 temperature  and i metabolic
s ’ w rates of insects since 1960.

g e a) Changes in mean temperature
M 10 \ g - {B-year averages) for Arclic, North

0.\0 ,.m {emperate, South temperate and
m o8 £ ., tropical regions.
k- e TN z 4 b) Predicted absolute changes in
m. of BRRENT_ 3 5 £ 4 X metabolic rates by geographical
& Y % region.

05
1880 1990 2000 200 1980 1900 2000 2090
Yout @ Yaor

& nctic @ Nothiemp B Teopicst X Soath temperate

a In ectothel @mm of both somatic growth and ontogenetic development increase
with increasing temperature. Therefore, the time to maturity is shorter at higher
temperatures. :
(A 10°C increase in ftemperature results in approximately 2.5-fold increase in
developmental rate)

o The majority of ectotherms grow slower but mature at a larger body size in colder
environments. Cold environments aliow ectotherms to reach a relatively large body size by
prolonging growth and delaying reproduction.

Ectotherms: cold-blooded species such as insects and reptiles

Somatic growth: physical development of orgariisnt during adolescence.

Ontogenetic development development of organism from time of fertifisation of the egg to the
organism's mature form.

l.ast updatad by: Ms Eva Hor, Mr Low CM, Mrs Woeng SH and Mg Emeline Choo
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= Insects have a harrow temperature tolerance

o The difference betwsen an organism’s thermal optimum and #s current climate
temperature is known as the thermal safety margin.

o Forinsect mv.@.ﬂmm. thermal safety margins increase sharply with latitude.
o Insects in tropic environments:

= Species living in:tropic:environments-(e.g. Acyrthosiphon pisum) that are already
close to their physiological optimum have-smail thermal safety margins. Thus, even
small amounts of warming will likely decrease performance, as fropical insects will
thus approach near-lethal temperatures much fasier.

= z_m_ué species also have small dispersal ranges which %m./mmmmw their risk of
extinction’through small charges in habitat or environment, )
.«ig,@
L
thermal safety margins. Their
ysiclogical optimal, and thus have

o Insects in temperate environments:

=  Species living in températe; environments: hav
- environmenis are on average cooler than
broader thermal tolerance: i

= Warming may enhance the fitness m«%ﬂm in termperate,environments:
. X

- Increase in temperature ¢4
performance, T

se initizl increases in popuiation growth rates and

-

Smm&m wilbnot all die out fike they do fow. Since spring
f50 eMerge evén earlier. With-summer lasting longer, the

in the ehvironment for longer than before.

- With warmer wint
starts earlier, th

O (S
o 024
=4 .
o~
© &
g g
o= m .
g T
2 1B &
= 08 ._..uu
Z 8.6 8
03 o Clun O <027 -
0.0 T
410 © 10 203040 3
Temperature (°C) 60S 40S 205 0 20N 40N GOM
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Fig. 27: Fitness curves for representative insect taxa from temperate (A) and tropical {B) lecations, and (C) the

predicted change in filness because of dlimate waming for all insect species studied as a function of latitude.

Fitness curves A and B are derived fram measured Intrinsic population growth rates versus temperature for 38

species. At mid o high [afitudes, populstion growth rates are predicted to increase, indicating enhanced

popuiation fitness because of waming. In the tropics (i.e. low latitude), however, rates of population growth are
Last ulgxpected to decrease by up to 20%, implying that warming will substantially reduce fitness.
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« Changes in timings of seasonal life cycle events with climate change

o Many species take their cues about when to migrate, flower, nest or mate from seasonal
changes in temperature, precipitation and daylight.

o Glabal warming is corfusing these sighals ~ the changes in the climate forca wildlife to
affer life.cycle.and seasonat events. For example:

- American flowering plants fke columbines and wild geraniums are blooming earies
than before.

- Nerth American Fowlers toads are breeding six days earlier than they did a decade
ago.

- Increased wamth also advances the onset of insect life cycles for the many species
that use thermal cues io match the fiming of life history events with the changing
seasons

- Tree swallows (Tachycineta bicolor) are nesting and laying %m?@@m earlier.

- Birds are migrating and arriving at their nesting grounds m@msu in North America,
one speties of hummingbird has ceased to migrate. ., ¢

- Marmots are ending thelr hibemations about three

years ago. «AMM,

earlier than they did 30

er species in their scosysterm or with

+ Changes like these can lead to mismatches in @x@:n.gﬂ migration;” breeding and food -

availability - species might get out of synch witl

other natural events. 4%,

B. Effect of Climate Change on Plant Emiwﬂmo: and Animai Migration

d plant populations are projected to gradually shift
rthern latitudes where temperatures are cooler in

mental eonditions.

As giobal nm_.:vmﬂmﬁcﬂmm rise, both ani
upward to higher elevations. and-fowarr
ordar to stay within their ideal ran &n

ltifuga m

Fig. 28: Change jn alttude of the zones of vegetation belts in the Columbian Andes of South America due
to global warming, where each zone was about 1200 meires lower during the last glaciat period as
compared fo present day. The average tempsrature drops as altitude increases, -~ 0.55°C per 100m.
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« Eg. The American pika shifting to higher aftitudes

Fig. 28: The American pika, 2 small mammal that fives on
Western mountaintops. # has adapted fo e in mountainous
areas that rarely get above freezing and can die when exposed to
lemperatures as mild as 28 6°C. As global warming increases
average temperatures, the
and higher altiudes to find the folerable alpine temperatures it
calls home. Unlike many wildife species that are shiting their
ranges north in response to changing climate, the pika and other
alpine animais may socn run out of places {o go.

= Trapped at the top, alpine wildlife is vulbersble to several of globalwarming's damaging
effects, including vegetation changes, the invasion of new v_.mn_muowa and pests, reduced
winter snowpack and increases in extreme weather events. ‘)

XS

Shift towards northern latitudes ﬁ@

£
» Forests can.be.classed into three different % according fo latitude - tropical, temperate
and boreal forests. /Mf

. __.._ terms of migration latitude-wise, boreal forests could shift into the tundra, while being
displaced by temperate forests and grasslands. The fate of fropical forests is uncertain, but
some fufure climate sceharios indicate possible large losses.

Last updated by: Ms Eva Hor, Mr Low CM, Mrs Wong SH and Ms Emeline Choo 32
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Fig. 31:
Northeast
northward, The range of spruceffir,
maple, elm/ash/cottonwood forests
are shrinking and being replaced
by oak/hickory forest in most of the
region, anmd by lobloliyfshortieaf
pine forest in the southermmost
areas. Maps of the Northeast USA
show the distribution of severat
types of frees under the current
conditions, a lower emissiohs
scenario, and a higher ernissions
scenario. Under current conditions,
there is a wide variety of trees in
forests across the Northeast.

Under the lower emissions scenario, the hap becomes predominately Mapl ¢ Beech and Birch, with
a significant portion of Oak and Mickory. The Spruce and Fir disappeaf, fetely from the map.
Under the higher emissions scenario, only northern New York, New _.ﬁmmw ire, Vermonit and Maine
have Maple, Beech and Birch trees. Qak and Hickory dominate rge majority of the region,
Under both the lower and higher emissions scenatio, the map o%umnmmm shows that there will
be significantly le: [versity than the curent conditions. ﬁ%fe

Where forests will gain or [ose ground depel m@w the regional characteristics of their
environment, including wate

" fast the species can mjarate. = !

Higher Emibsions
Scamgria

Lower Emissisns
Seonaric

UsSA shiftin

Compared ‘o’ animats; plants’ are %mmnmiml and, thus, may be in greater risk of
1

being affected by;changes. in.the:cji “condition. The rate of climate change is likely to
exceed the migration rates of 3@ plant species.

The repltacement of gosms&/wwvmn_mm by locally rare species may require decades, and
extinctions: may : OCCUr, ﬁbm: plant species cannof migrate fast enough o escape the

consequences of o_ma%mzmm.

mm.mmamooaao &z_u_oqam __wmﬁ:mnmaim__Boox._:uw._am_._QOm_.o_._:msamnsm<mm»mma__<
moved farther néfthyand are now found regularly in New England and Canada.

Many marine species have certain temperature ranges at which they can survive. The
warming of the Atlanfic Qcean is causing many fish species to shift north towards cooler
waters so they can live within their temperature range.

\}.uguﬂum

Hortward

Digtriadioe L3 {mdos)

£ & .uvg 38 8B

Fig. 32: The ranges of marine species have

Enchbar mpresanta s famby of speciss shifted northward as waters have warmed,
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aitability and rature, and one other crucial factar — how -

Impact of Temperature Changes on Distribution of Insects

o With the wamer climate, many specles including insects would migrate northward or
expand their range so as to remain within their femperature tolerance ranges,

o Ecologists have already documented a shift towards the north in many species of insects.
For instance, two-thirds of 35 butterfly species assessed in Europe shifted theit ranges
northwards by 35-240 km.

Fig. 33: The northem range
of the Scoty Copper
butterfly ended in Austria,
but if can now be found in
Estonia where it had never

cmm%a: before.

fore, because of

obal  warming, some
species of insects would
adapt by migrating. Inability
of insects to adapt to the
warmmer temperatures could
lead to extinction, or a sharp
drop in total papulation,

Global Warming & Spread oﬁf%w@&n?vow:o Disease beyond the Tropics and aftitude

+« Temperature is an im u@; factor in the spread of malaria and other mosquito-bormne

diseases. .JVV

\_.Sﬁ_ﬁ._:ﬂmm mﬁwaum_.mﬁ_.mmn Eom.nr;ommgmﬁomaam_mnm.nm:mcmﬁmf.mﬂm:aoﬁmﬂ
tropical di have expanded their ranges:towards the northem latitudss.

L

. moesquito. borne diseases.like mataria and dengue fever may become increasingly -

- common in more northerly regions

2. "Increased temperatures and: precipitafion can also increase abundance of mosquitoes
and result infaster disease transmission.

Using dengue fever as an example:
o Mosquito vector, Aedes aegypt, lives and breeds in moist tropical regiens;

o With globa warming, the duration for development/life cycle of mosquite from first
instar to emergence is shorter; :

o As an increase in temperature increases their metabolic processes by increasing
rates of enzyme-catalysed reactions;

Last updated ky: Ms Eva Hor, Mr Low CM, Mrs Wong SH and Ms Emetine Choo
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o resulting in faster: development’ rate_and. decreasing the’ fength. of: reproductive
‘ycles:and stimulating hatehing of eggs;

o  More mosquitoes result in.greater fransmission of dengue fever,

o Increased temperature also results in shorier exdrinsic incubation period as virus
can reproduce faster in mosquito vector,

o Global warming could result in more rainfall in certain aress creating more pools of
- stagnant, water for mosquito breeding (ORA less rainfalt in some areas so less
standing water for mosquitoes to breed);

Seasonal pattern:

o Hotter summer months resulis in an increase ioamsommmw dengue fever in
summer; @%

&
Geographical pattern:

o Global warming results in temperate regi ecoming warmer, such that
conditions become more suited for the mzﬁﬁh@v edes mosquitoes;

de so they spread to new areas

ogomnc:omwi__ﬁ:mao,\mﬁor._ms @4
expanding their distribution; A«m&.

altitudes becoming warmer, thus mostuitoes
igher up the mountain;

Fig. 34: Projected dengue transmission in Nerth Amarica with rising temperatures. Althotigh dengue is most
commeon in tropical regions, with warmer climate, mosquite vectors would be present for a larger portion of the
year in North America and the incidence of dengue would Tikely increases there as well. This figurs depicts the
number of weeks of the year potential dengue transmission in various North America cities with the current
termperature (vellow), with 2°C warming (light orange) and with 4°C warming (dark crange).
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Ancther example: malaria

2] .Em mosguito vecior of the malaria parasite, Anopheles mosquito, thrives in regions
with warm temperatures, humid conditions, and high rainfall.

o Warm mm_._.._vmﬂmn:_.mm are also required for malaria parasites to complete their growth
cycle within the Anopheles mosquitces.

3 With global warming, malaria also may expand into new regicns.

% Uistiibution, represents medrmum extent of the distibution of the __
it Malarta parasite. For 2050, areas within the curment maximum ’
haa been excuded from the map, ;
The seenario ls baged on the high sconario from the HadCM2 sxperimant.

Soures: Regers. Randolph. The Global Spread of Mafaria in & Fuliirs,
Warmer World, Sclonce {2000 1763-1766).

_n_m.um“_u_ amum.wmaoﬂsm_m:m_uwmomaacmﬁoo_wamnmnzmumm.m_oum_smasm:ms..__m__os
malaria to,gpread into new areas,

C. Impact of Climate Change on Biodiversi

mmom_?mase is the variabifity among living organisms from all sources, including terrestrial,
maring, and other aquatic ecosystems and the ecological complexes of which they are part.

What if organisms are unable to adapt or migrate in response to climate change?
+ Problems migrating organisms may face:
~ Some migrating species will find that they must compete with ather native spesies for food
and cther resources.
- There may also be'new predators the migrating species have to deal with — and will be
unahble to, since they have not fully adapted to the region.
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« Net only predators, but possible’ exposure’ 1o new:forms. of disease may inhibit the
effectiveness of their migration.

- Inabiiity to adapt to these changes could severely impede the species’ migration.

. However, moving into new areas may put these species into competition with other
species over food and other resources. These shifts can also cause ecolegical disruptions
as pradators become separated from their prey.

« Approximately 20 — 30% of plant and animal species assessed so far are likely to be at
increased risk of extinction if globai average temperature increases by more than 2.7-4.5F
(PCO).

« Wildiife that already five at high altitudes or latitudes, such as the American pika or polar bears
in the Arctic, may find themselves with nowhere to go.

o Eg. Polar bears in the Artics
As climate change melts sea ice, the U.S. Geological Survey projests that two thirds of

=3
s

3

polar bears will disappear by 2050

Fig. 36: The Arclic food web is complex. The loss of gea ice can ultimately affect the entire food web, from
algas and plankton to fish to mammals. The melting of sea ice due to increased temperatures in the Arctic
leads te deglines in the abundance of ice algae which thrive in nutrient-fich pockets in the ice, These algae
are eaten by zoopiankton, which are in tum eaten by Arctic cod, an important food source for many marine
animals, including seals. As seals are eaten by polar bears, declines in sea algae can contrbute to declines
in polar bear populations
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o Reef-building corals are marine invertebrates
found in shallow, clear, tropical oceans. These
corals have a calcium carbomate skeleton
which helps to build up the reef.

o Zooxanthellae are a group of unicellular algae
from the genus Symbiodinium that live within &
corats.

o The symbictic refationship between algae and
coral: Fi R ching

temperatures. @mf
»  Algae photosynthesise, producing chemical energy / ,qqofm the corals.

sunlight.

«  Ajgze protect absorb light energy, protecting m%«m from the harmful effects of
W

= Nitrogenous waste from corals serve as nmwﬂ@nmw for algae.
¢ The relationship is described as 35:«%0 since it is beneficial to both coral and
Zooxanthellae, sw%f

o Corals are sensitive to tempera changes and increases in water temperatures can
place stress on them, &f@

o Extended perods of m_m<@im3vmﬂm§.mm can disrupt the symbictic ralationship between
corals and Nooxmna% causing Zooxanihellae to leave the corals. This results in coral
blezching. @

{Without Nooxmmwu lag, the calcium carbonate skelefon of corals appears white because
Nooxmﬂ_._m__@zm corals their calor.)

o With acidification of the ocean due to increased GOz emission, calcification rates of corals
decrease and the growth of coral reefs are reduced.

o The loss of coral reefs will reduce habitats for many other marine organisms, disrupting
the marine ecosystem.
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matically affects CORAL REEF ECOSYSTEMS

+ [Eg. Salmon
Warmer water temperatures may affect the lifecycle of salmon and increase the likelihood of
disease. Combined with other cimate impacts, these effects are projected to lead to large
declines in saltmon populations.

. EmeRET- -
o len

A SEr- s =
Fig. 38; Effects of climate change on coral reef ecotystems. @
1. A warmming ocear: causes thermal stress that contributes to coral bl @m. 2. Sea leve! rise: causes
increases in sedimentation that can lead to the smothering of coral, 3 @umm in storm patterns: leads to
stronger and more frequent storms that can cause the dest &Wﬂ of coral reefs. 4. Changes in

pre tion: increased runoff of freshwater, sediment, and langd- poliutanis contribute to algal blooms

and cause murky water conditions that reduce light. 5. et ocesn currents: leads to changes in N

connectivity and temperature regimes that contribute fo | food for corals and hampers dispersal of ; : i M_n_m_s

coral larvae. 6. Ocean acidification (a result of in m@ﬁcmx causes a reduction in pH ievels which 3 3 salimente burn

decreases coral growth and structural integrity. M«y@ ' EArEy faster ; b3 1o Spant
%ﬁ Fig. 39: Higher temperatures are likely to M,m water temperatures, which could be harmful {o

salmon during spawning, incubation m% ng stages of their life cycle.

1 glaciers resuited in reduced stream flaws in summer and
Lijke salmon and trout lowers when water levels in rivers and
Mews bears to snap at spawning salmon more easily.

%in summer makes it more difficult for salmon to return to spawning
uvenile fish o reach the ocean,

o Warmer stream temperature lowers the cardiovascular capacity of salmon, and the fish
may become more vulnerable to disease and predators, causing high numbers of deaths
at temperatures at or above 22°C,

o Intense spring floods can also wash away salmon eggs laid in stream beds.

© While other species can migrate to cooler waters, salmens usually return to their native
rivers to spawn.

. , Mrs Wong SH and Ms Emsline Cheo 39
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- 2:Over: @ quarter-of all pharmaceutical products: come: from rainforest: produce — they have - Approximately 80% of the foods ; 0 P
provided treatments for diseases like leukemia, glaucoma, malaria, Hodgskin's disease, PP Iy 80% We eat come from the tropical rainforest in some way.
snake bites, along with breast, cervical and testicular cancer, and are presently used in These include avocados, coconuts, squash, yams, bananas, plantains, mangoes,
research for a possible treatment for AIDS. pineapple, citrus fruits, chocolate, vanilla, ginger, peppercorns and cinnamon. Some other

foods grown in the rainforest alse include nuts, coffee, tea, rice and com.

Fig. 40: Cacao tres Fig.#1: o Genetic diversity in.crop production is vital fo the sustainability of a food source, Without
with cocoa beans. Curare vines. consistent mutation, and genetic variation within the population, a species cannot continue
The cocoa tree is a Curare is used to thrive in the face of disease or pestilence.

tropical tree native to in medicine as

South America. a mustle ) (The impact of biodiversity loss on food production is Visible in that from 1981 fo 2002, nearly 44
Cocoa butter _.m_mx.ma mma in milliorr combined tons of wheat, barlsy and com had been reduced fro wond's foed supplies
obtzined can be used Parkinson's due to climate change.) _ﬂy

in medicine for disease. @

creams and @

suppositories.

Chocolate is also
made from cocoa.

ig. 42 Calophyilum lanigerum var -
austrocoriaceum. Calanclide A, a complex natural
product, is obtzined from the bark and latex of
Calophyllum lanigerum var austrocoriaceum. It is now
undergoing clinical frials for the treatment of HiV
infection. When extracts of this plant was discovered 1o
show good antiviral activity towards HIV, researchers
retumed fo the original site where the tree was found in
ihe island of Bomeo in the Malaysian State of Sarawak.
However, the tree was gene, cut down for firewood or
building purposes. Fortunately, an intense search jed to
additional samples located in the Singapore Botaric
Garden - the British had planted several collected
specimens over a century ago. Medical research
narrowly escaped a major scientific joss.
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D. Impact of Climate Change on Global Food Sy

Climate change affects agriculture in & number of ways - through changes in average
temperatures, rainfall, and climate extremes (e.g. heat waves), changes in pests and diseases,
atmospheric carbon dioxide, nutritional quality of some foods and changes in sea level.

Impact of Climate Change on Crops

+ The effects of climate change on crops are unevenly distributed across the world. In
mid- to high-lafitude regions, moderate warming benefits crop and pasture vields, but even
slight warming decreases yields in seasonally dry and low-latitude regions.

Polar

AT TN
gé
=

e

Polar

Fig. 43: lllustration of low, mid and high latitudes, % as tropical, terperate and poler regions. Earth has three

main climate zones ~ tropical, temperate and polariThe tropics are regions found near the equator and the climate

is hot and wet all year, The temperate p.mm_osﬁ,.N warm summers and cool winters. The polar regions have cold
o

and dry climates, with Jong and dark §._._£

@ — Lo Global warming

@ : m_r.?aia
| ] !

_ .ﬂ_@ ! : i o,

_ a8 2%

B 3'C

Rain-fed crops in low latitude
countries (e.g. Africa and
Latin America) are near their
maximuem temperature
{olerance. As such, their
yields for major cereals are
likely to fall sharply for even
small temperature increases.

Micko-high letitude wheat

MicHo-tigh latituce maize

Low fatitude wheat

Low Tutitude: sice:

However, effects on crops in

northem/ southern  latifudes

. e ; o may be positive or negative.
S0 A0 B 20 0 O W W Marginal increases in
Crange In yleld (%) temperature  in  temperate

regions or regions of higher

altitude may benefit leafy

Fig. 44; Prejected changes in srop yield at different |atitudes with global vegetable production as the

Low latituce maize

WaITning. temperature moves towards
the optimum for seed
germination.
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Global warming can reduce crop yield.

o Water is essential for plant growth. Too much or toc litle water at any particular growth
stage reduces yieki potential.

o With droughts occurming more frequently because of global warming and 80% of world

agriculture being rain-fed, changes in the amount and pattemn of precipitation and
evaporation will significantly slow down global crop developrent and reduce yield.

o eg. rice & wheat

Awe * Rice spikelets that are exposed to
temperatures of more thdfix35°C for about 5

L - i .
__“_...n.__Tﬁ.s days during the flow period are sterile

and set no seed, ._.@ duces grain yield.

Lemma = Sterlity is m@mfymn by poor anther
am:.mnm:nﬁmy. low polten production, and

hence @:Eﬁc@m of germinating pollen

stece grain the stigma (Matsui ef al., 2000,
- 2084 *Frasad ef al., 2008).

Pedical f
N

Fig. 45: Arice spikefet’s the floral %

unit of rice plants, @.,wy

G

-

o For some temperate cere ops (e.g. winter wheat), a pericd of low winter temperature to
initiate or accelerate thesliowering process is required.

o With global warmj w flower bud initiation results and this ultimately reduces the
yield of the crops:

e

«  Global warming.can alter the patterns of weeds, plant. pests and pathogens,

Because of higher temperatures and humidity, there could be an increased pressure from
insects and diseasa vectors,
. X Ty, i repvottt (Tan
« Insect pests and weeds'may. survive or even reproduce more often each year if cold
winters no longer keep them in check,

« " New pests may also invade each region as temperaturs and humidity conditions change.
Lower-latitude pests may move to” higher iatitudes. This would cause new problems for
crops previously unexposed fo these species.
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« Global warming can lead to toss of arabie fand.’

o The warmer atmospheric temperatures are expected to lead to a more vigorous
hydroiogical eyele, including more extreme rainfall events.
o High precipitation and flooding can resulf in submergence and soil erosion that destroys

vegetable plots, resulting in yisld reduction.

o Eg. High temperatures and water logging can lower yield of canola

Fiy. 46: Effect of water logging on yield of Rossitte R r&u_a_&\m
canola plants.

1

The amount of yield loss will depend on the o
growth stage at the time of water logging, the

duration of water icgging and the temperature. 80
Water loqaing for seven days at the rosette — ﬁ.wwa & /

growth stage can reducg plant heighf, while

decrease with three days or more of flooding.
Water logging for three days or more during
flowering reduces the number of pods per
branch as well as seeds per pod. Higher
temperaiure during water logaing reduces plant

Yield (% of chieck)
8
1

%

individual seed weight and_oil content.

temperatures combined with water logding " ; :
increases the defrimental effects on a o 3 ” "
yield.

ﬂq@ Water Logying {days)

Arable land: land capable of being mmww_&n and used to grow crops.

Hydrological cycle: oo:m:co%oommw by which waferis circufated throughout the Earth and its
atmosphere; water passes ﬁ%voﬂ in the atmosphere through precipitation upon fand or water surfaces
and ultimately back into thee

o
4

sphere as a result of evaporation and transpiration.

« Global fisheries catches were increasingly dominated by warm-water species as a resul! of
fish migrating fowards the poles in response to rising ocean temperatures. In the tropics,
climate change meant fewer marine species and reduced cziches, with serious impfications
for food el

» World's oosans are gradually becoming more acidic.due to increases in atmospheric carbon
dioxide {(COg) ievels.

« Extreme ocean temperatures and ocean acidification place ‘cordl resfs=—the foundations of
many of the world's fisheries—at risk. Acidity could harm shelifish by weakening their shelis:
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impact of Climate Change on Livestock

Higher temperatures can cause heat stress in animals.

For instance, when cattle are under heat stress, farmers can expect their livestock to have:
- reduced grazing time (because animals might be seeking shade)
- reduced feed intake
- increase in body temperature
- increased sweating and panting
- weight loss

o Qver time, heat stress can' increase vulnerability to disease, reduce fertility, and reduce
milk preduction. -

o Higher summer temperatures can lead to increase in ?mﬂ.oox

’ ring
transportation, e
- .f.tW!M
L

Fig. 47: Hol, fiesian cow and calf. A change in
re aver the hot dry period and z
tumber of axireme days will both likely
&5 in dairy production. In dairy cows, heat
uces the amount of milk, produced

Fia. 48: Shelter from the sun provided for cattle at a
feedlot. Beef cattle in feediots subject to heat stress can

.mxum_.mm:ow reduced health and a reduction in_growth
influencing the amaunt of beef produst sent to market

Higher temperatures can affect the food availability of livestock.

Higher temperatures can cause drought, resulting in the loss of pasture grazing land for
livestock. For animals that rely on grain, desline in crop production yields due to drought could
also become a problem.
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6) MOSQUITO VECTOR & DENGUE

+ The main vector of dengue virus is the most  Ae. gegypl, as dengue virus is ransmitted
between humans through the bite of infected femaie' As.: aegypti mosqitoes.

+ Dengue cannct be spread direclly from one person to another directly. Mosquitoes are
necessary for the transmission of the dengue virus. The dengue virus is thus spread through a
humsarn-to-mosquito-to-human ¢ycle of transmission,

+ infected mosquitoes can continue fransmitting the dengue virus to healthy people for the rest
of their life spans, generally a two to three week period under natural conditions.

TN

Aedes mosquite’

WMM. 49: Dengue transmission.
)

sk in highly populated ragions with rainy seasons where there
e. asgypliwith a high degree of contact between the mosquitoes

» Dengue poses the greald
are large populatic

and humans.
@@.
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A. Life Cycle of Aedes ae

Ae. aegypliis a holometabolous insect, meaning that it goes through a compiete metamorphosis
with an egg, larva, pupa, and adult stage. The adult #ife span can range from two weeks to a
month depending en environmental conditions.

e of Ae. aegypti.

Fig. %&@

Female mosquitoes lay their eggs on ﬁm mner, wet walls of containers with water. Larvae hatch
from eggs (picture 1, inset} when water inundates the eggs as a result of rains or the addition of
water by people. %

_:ﬁ:mﬁo__os;:mamzm.ﬁm %m% ﬁumﬂcmmmws;_:mmao:Bmoﬂooamamawmaanm&n_.__mﬁmo_.mmao
matter, shedding their siing three times to be able to grow from first to fourth instars (not shown in
diagram; an instar to the developmental stage of an arthropod, e.g. insects, between
moults untl sexua! is reached).

When the larva has acquired enough energy and size and is in the fourth instar, metamorphosis is
triggered, changing the larva info a pupa (picture 3).

Pupae do not feed; they just change in form until the body of the adult, flying mosquito is formed.
Then, the newly formed adult emerges from the water after breaking the pupal skin (picture 4,
inset).

The entire life cycle lasts 8-10 days at room temperature, depending on the leve! of feeding. Thus,

there s an aquatic phase (Jarvae, pupae) and a terrestrial phase (eggs, adults) in the Ae. aegypti
life cycle.
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Egg stage

« After taking a blood meal, the female Ae. aegypli mosquito produce on average 100 to 200
eggs per batch. The female can produce up to five batches on eggs during a lifetime. The
number of eggs is dependent on the size of the blood meal.

e Eggs are laid on damp surfaces in areas likely to temporaily flood (e.g. tree holes and
man-made containers like barrels, drums, jars, pots, buckets, vases, tins, tyres, discarded
bottles etc). Egas will most often be placed at varying distances above the water line.

» Laid eggs can survive for very long periods in a dry / dessicated state, often for more
than a year. However, they hatch within one to two days in water.

2 This means that even if all larvae, pupae, and adults were eliminated at some point in
time, re-population wili occur as soon as the eggs in the cont are flooded with
water. This makes the contral of the Ae. aegypti mosquite a vepddifficult task,

B (Y e
Fig. 51: Ae. aegypti eggs. ~imm

gosm.maooe.“oammzaoéa a@x
shaped. Q

Larval stage @@

o  After the eggs hatc! %&WMWVEmm feed on organic particulate matter in the water, such as algae
and other iﬂomm@ Brganisms.

» Most of the _méﬁ_mﬂmmm is spent at the water surface, although they will swim to the bottom of
the container if disturbed or when feeding. Ae. aegyptilarvae breathe oxygen through a
posteriorly located siphon, which is held above the water surface while the rest of the body
hangs vertically.

» Larval development is temperature dependent.
o The larvae passes through four instars / larval stages, spending a short amount of ime
in the first three, and up to three days in the fourth instar (Fig. ). Fourth instar larvae are
approximately 8mm long.

o [Iftemperatures are cool, Ag. aegypti can remain in the larval stage for months so long as
the water supply is sufficient. The larva generally takes about four days to develop into a

pupa,

Last updated by: Ms Eva Hor, Mr Low GM, Mrs Wong 5H and Ms Emeling Choo

carousell.com/fiamafatunicom

49

Raffles Institution Hz Biology 2018 - 2019

Fig. 53: Larvae of Ae. aegypli. Fig. 84: Fourth instar larvae of Ae. aegypti.

Pupal stage . y eﬂf
o

o>mm23mqoc:3§mﬂnEm_mD.mmmRmaEm_u:_um_..#mmm.mxmﬂ m_mﬂmm.:_" .
also aquatic. %@E m_oummmmm_m

o,
* Pupae do not feed and take approximately two days aﬁ@m_ov into a fully developed adult
mosquito. wfﬂmw
Adul stage %f
WO

o Adults emerge from pupal stage after days by ingesting air to expand the abdomen,
thus splitting open the pupal case erging head first.

o._._._«mmamv.mmnm_é..mﬁmam_m Bammﬁs :mmﬁmwm:mumoon_Smmr:Em_:me.mmmmm:a":m&.o_m
begins again. ,fe "

)

20 m

Fig. 55! Pupae stage. Emerging adutt, " Fig. 57: Emerged adult

Fig. &
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B. Development of Denaue in Humans

How does the immune system defeat the dengue virus?
» When an infected mosquito feeds on a pesson, it’injécts’ e dengue’ virus into: the
-bioodstream.” The virus infects nearby skin cells called keratinocytes, the most common cell » Despite infecting immune cells and spreading throughout the body, the immune system has
type in the skin. The dengue virus also infects and.replicates:inside:a type of dendritic_cell in additional defenses to fight the virus,
the skin, called the! Langerthanisic

* The infected cells produce and secrete small proteins catled interferons that are part of a large

« Infected I angerhan celis secrete cytokines to help limit the spread of the infaction. group of proteins called cytokines. Interferons activate both the innate and adaptive immune
system defenses. They help the immune system recognize dengue-infected cells and help
+ Infecied Langerhan cells also travel from the infection site in the skin fo the lymph nedes and protect uninfected cells from infection.

display dengue viral antigens on their surface. The displayed antigens activate the innate

immune respense by. activating menocytes ardimacrophages to fight the virus, « Under the adaptive immune response:
« Nomally, monocytes and macrophages ingest and destroy pathogens, but instead of o B cells produce antibodies called IgM and IgG that ate released in the blood and lymph
destroying the dengue virus, they are now targsted and iriected wqﬁ%m & fiid, where they specifically recognize and neutralise the dengue ef articles.
« As the infected menocytes and macrophages travel through the, _%ﬂmo system, the dengue o Cytotoxic T cells recognize and kill the cells that are inf with the dengue virus,
virus spreads throughout the body and infects more cefls. include cefls in the lymph SN
nodes and bone marraw, macrophages in both the mu_m@w% d liver, and monocytes in the %
bload. w%f s ﬂ%w@
+ The spread and increase of the virus results in'virémig: a condition in which there is a high i : IgG
level of dengue vitus i the bloodsfream. % :
Fig. 58: Dengue Viral Infection /fnﬁ R

{a) A person is infected with the dengue vifu
when an infected mosquito bites the um@_

Skin noculation by insect

skin.

{b) The dengue virus infects th awm\w:m:m ;F
celis, atype of dendritic cell in n. ]
{c) The infected Langerha s produce
interferons to help limit the 2gntinuous spread
ted Langerhans
cells fravel to the nodes carmying
viruses, which infei bre cells. The spread
of the denhgue ffus'Tesuits in viremia, which
is a high level of the virus in the bloodstream.
Te fight the infection, the immune system
produces antibodies to neutralize the dengue
viral particles, and the complement system is
activated fo help the antibodies and white

Efertion of skdn dendritic colls

Viral load detected y RT-PCR

<

Antibodies quantified by ELISA

Days

@@%E:w&

e Fig. 59: Immune Response to Den: :
Infection of iymph node An infected person experiences the acute symptoms of deng en there is a high level
of the virus in the bloodstream. As the immune respense fights the dengue infection, the
person’s B cells begin preducing IgM and igG antibodies that are released in the blood and
lyrhph fiuid, where they recognize and neutralize the dengue virus and viral molecules. The

blood celis remove the virus. The immune Neutralizing Antibodies immune response eliminates the virus, leading to recovery.
response also includes cytotoxic T cells Viramia - Complement
(lymphocytes), which recognize and kil Cytotoxic T iymphocyios

infected cells.

Langerhans cell: a type of dendritic cell. Langerhans celis detect invading pathogens and display antigens
from the pathogens on their surface. These calls then migrate to the lymph nodes and
alert the immune systern to trigger the immune response because a pathogen is in the
bedy.
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* The simplest and most direct way in
which antibodies can  protect from
pathogens or their toxic products is by
binding to them and thereby blocking
their access to cells thef they might infect -
or  dastroy. This is  known Hocked avtachmest
as neutralisation and is important for T} Stesie Incerference
profection against bacterial toxins and @ wﬂnﬁmﬂﬂ”ﬂ:
against pathogens such as viuses, Nk
which can thus be prevented from
entering celfs and replicating.

Fig. 60. Antibodies can block virus infection in
a number of ways. They may interfere with
virion binding to receptors, block uptake into
celis, prevent uncoating of the genomes in
endosomes, or cause aggregation of virus
particles.

Secondary Dengue Infections
fwf
The dengue seratypes: %f

+ Dengue infections are caused by %_omma related viruses named DEN-1, DEN-2, DEN-3,
and DEN-4, These four <._Em&w talled serotypes because each has different interactions
with the antibodies in human @ serum.

* The four dengue s_.:mmwﬂmwm.@w__.::mﬂ — they share approximately §5% of their genomes — but
even within a singl @oﬁum_ there is some genetic variation. Despite these variations,
infection with amom%vmsm dengue serotypes results in the same disease and range of clinical
sympftoms. @

Severe Dengue:

« After recovering from a first dengue infection, a person is sl susceptible to future dengue
infections. This is because the memory cells only provide immunity from re-infection with the
dengue serotype that caused the first infection.

« Infection with the dengue virus can also cause a disease known as severe dengue, such as

Dengue Hemarrhagic Fever (DHF) and Dengue Shock Syndrome, which is more serious than
dengue fever,
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Severe am:mcm s.mm heen observed to occur frequently with secondary dengue infection.
m:vmmn_mm:ﬂ infections with a different serotype can put individuals at a greater risk for severe
dengue ilinesses than those who have not been previously infected.

Fig. 61: Mild and Severe Symptoms of De /f/y DF can somelimes laad fo severe dengue. DHF
is characterised by increased vascular pillly, decrease in blood velume in the body and
abnormal biood clotting mechanisms. derate DHF cases, all symptoms abate after fever
subsides. However, in severe cases, tient's condition deteriorates after a few days of fever;
blood pressure can drop to dangetqus Tevels, causing shock ~ DSS, DSS is also characterised by
Nnrsom blocd on the skin and larger patches of blood under the

ours.

Fig. §2: Generalised
time course of events
associated with
dengue fever, DHF
and DSS. The
incubation period
before the
development of signs
of infections generaily
ranges from 4to 7
days.

When a person

infected with a second dengue serotype,-antibodies. from-the first infection
actually-help. &S HOnRL:INe irst ame

rus.infect host-celis mare efficientty, thus incréasing viremia.
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ANTIBODY-DEPENDENT ENHANCED (ADE} IMMUNITY
Dangie Infacts by stinching to a cefl that then enguls the virus In 3 vacuela vis thdocytosks. The virus rearranges Iks coat proteins to bindto
The vacuole membrane, refeaig ihs copsid and gencme Intotbe ‘whtere 5 rap 2o packaged Iito newly made virions €).
The fnectect call also triggers an bmrmune resction £ that includes the of T celis that vy cytokines and
B cefls that generate antibodiés, These antibodies ara specitie Tor thve Infecting vinss, aad bind and cover dengué’s coat €. When this happans,
macrophiges and monocytes clezr the virusirom the bicodstraam by binding to 2nd engulfing the anthody-coated viruses—which cnno
longerescopsthe endocytic vacunie~~ond destroying them €.

Wiena peson s Infectad with 2 ditferent dengure virs type i, meemory  cefis creoted Guring the first nfection spring inte action G,
Tiooding the tlood with antth pechficio the Airst bype. These antibedies, however, may not bindto the new type as well @
As 3 resull, when the partially- coated viriens are taken wp by matrophages and monoqytas, they can escaps the endocytic vacucle, Infecting
and replicating within these Immune cells €.

Raffles Ingtittition Hz2 Blology 2018 - 2019

. Uc..im a mmno_._n.m:,q.mnzo: with dengue, the cytotoxic T cells produced by the immune systemn
provide only partial _:wscaé against the new dengue serotype.
Virgira)
= The.gytotoxic'}: cells do.not effectively clear the virus from the body, and they release excess
" quantities of molecules called cytokines.

In _._pzsm_ guantifies, oﬁowm:mm. help the Immune response; however, in high quantities,
.cytekines can produce serious inflammation and tissue damage such as leakage from the

capilfaries; possibly contributing to the development of severe dengue diseases.

INITIAL INFECTION

%434%@
.@Sé
v ivifo
APyt
Fig. 63: Antibsdy-dependent enhancement of dengue infection

« Antibody (Ab)-dependent enhancement! of infection oceurs when pre-sxisting atibodies

present in the body from a primary (first) dengue vires (DENV) infection bind o an infecting |

DENV particle during a subsequent infection with a different dengue serotype. The

antibodies from the primary infection cannot neutralize the virus. The outcome is an

"increase:in:the’oveérall replication’cf the virus and a higherrisk of severe dengue.’ r——y

Fig. 65: Role of inflammation [n an immune response.
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+ Part of the normal inflammatory response is to allow for vasodiiation to reduce blocd flow and
to increase vascular permeability to allow for white blood cells to enter the tissue.

nilarnmation'is linksd to the development of severe dengue.

o Emﬂwﬁnqmmmma <mmocmmqum§mmu_._.n<_§mmm_mmmmo* u_mmzm/*_.oa ﬁ:mg.ag_m”on«mﬂma
can dause fluids to collect in body cavities,

o Another symptom ..mmmmé..m Emm&:mu In some cases, stomach and intestinal bleeding
can cause geath. Patients with severe dengue have a tendency to bruise easi

_
A Py wga%%?%?c
o ._.:m@mm of plasma and protein kan cause the patient to experience a condition called

mmrnn@ Patients in shock showSigns of & failure."The lack of bloed circulation

causés the patient to have cold, clammy, biuish skin. Their blood pressure and pulse

may alse be undetectable. ol preernre
@xssﬁb&ﬁ@
)
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