B\ v]o - ~J0]e



7 @ @rom"rr avey
»>®@ Ind. asortment

>3 Kandom fuson of gamefes
~@OMafe beo randon thaiyfduals

> @ Nulaton,

|

phenatypre. vorton

v

BEEEEE NN

\V =
enm/onmen/f
4¢r 0Nt Jewiahion
varialfen




Selection & Bvolution

NSNS s o

¥ Variation blw ﬁ'w'nﬂ orﬂamlrms exisls clue

o gendr'c and envivonmenta| fac.lc':r.c.

& * Genetic variation Aesulls due o +

9(7011:}13 ovey
2) Inclep endlant Assortment
{

N 3) Ranclom maﬁnﬁ biw individuails afa

E lven specles .
@/

4) Kandlom (fusion of ﬁame/é: duw'n? fertilicn-

fion -
§) Mulation




2 Jhe first four methods of ycneﬁc variation
are reaponsfb/c /br A(If’lufﬂl'ﬂﬁ alleles in o

popu(at?bn :

8.2 Mutation, howevey, inlvoduces new alleles

74
f'n a /Dof)u!atfon- Most of he time These

o
a”c!cs aye dr‘.radvantageow cand are not
?

[&)/7ansmitfed 16 The fulu?c. 3cncmffom-
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Continuous lVariation

* Variation mad be contlinuous 0r diseconfinuous
Continuous variation is Shown by lrarls That

" have o mnﬁe af values , such as , the hu'ghz

y 7 .
ﬁ fhe Wcraht

8,

€

’ small effecls on the phenolype -
auc m ffecls e ) enolype

a‘ Olﬁtmnt gencs have fhe same, of{&b

Different alleles al o srhgle. gene locuse

addtive effect on The Phenolype -




¥ /A Iarﬁc no- of genes mav have o Combrned

effect on a f)mh'cular )ohenolypfc tvait, these
genes are Known o /bofwencs.

gfnw’ronmmt has o Jr'gmﬁ‘cant' ;'M/)uc.t on
e /)hcno(ypc -
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Continuous variation — /Mot /cc?f‘wcs-i

* Mo distinct caféyonles

¥ Jends (o be quantitative

* Controlled by many genes

¥ J’frJnﬂly influenced by fhe envivonment -
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Discontinuous Variation

* Discontinuous Variation /s shown 6{7 fronTs

That have discrele values with no infermedioles

> Defferent alleles af o srngfc gene locus

ave /arac. e ftd} on fhe /bhmo!gpc *

Controlled bﬂ o ftw genes .
Uﬂaﬁrcﬁ'd éy envivonment -
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Discontinuous Variation — f%dﬁ? ﬁabﬁ}

¥ Distinct calc'?o yies
* Yencls (0 be 9uah?aﬂn

T Conlrolled by o /cwamcs
¥ Unaf/%c{éd by fhe

Cnvrvonment -
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Continuous Variation Discontinuous Variation

® No distinct catagories ® Distinct catagories

® Tends to be quantitative ® Tends to be qualitative

® Controlled by a lot of genes ¢ Controlled by a few genes

® Strongly influenced by the ® Unaffected by the environmen!

__environment



+ eniomant Affects e gene ezfrsslon)

c’ufnfua@ c{//e(ﬁ fhe
}?hcr‘?ﬂy/be

= U *

¥ Examples:
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@ /ow /?O
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Environmental Jmpact on thu{géc

a Fnvironmental 7‘&51513 are ')'tlf)t)mf/)/e for
in/fucncmﬂ fhe /Dhmo@:;c by a!fc?fny fhe
eéne expression -

) P

" Environment has o more SignifrcanC impact
grificant impa

Y polygenetic lrails -
Uﬁ

g Voriation in phenolype , Therefore ,resulls
ue. fo o complex inleraction blw fhe voriation

in ﬁ"‘”"[g/"' of he individuals £ fhe variation

in envivonment as shown by lhe expression

below:  p = Vg + Ve



o
Environmenta( Varialion

# Znampfcr af environmental varialion inclvele:
O A balanced oret a/ﬁ:c{mﬂ The hcﬁht and

We!'ght a/ an [ndiviclual in o /bo}ou/afmn-
)

) Kow /omﬁ'a//nmurc of oxwen (ausmﬁ

8
¢ 3 |
} BCs per mm o/ bloocl

Jhe colour of lhe flowers af Aydmnﬁcq:
©)
p(ant which allers with fhe /Df{ of he sorl.

acclimatisation which increases 1he no- of

Rutlric pH causes fhe f{amrs lo become

blue in colour, whereas. alkaline pH of The

soill woler causes fhe f!omr.r fo become




L
7ed 07 /)t'nk in colour- Chanﬁc in ,DH allers fhe

xofubilr'{g of the Aluminium 1ons which,
Ihctrca/‘(ér,mﬂucmcr 7, chanyc in The colours

of The flowers.
@.ﬁarker fur colour of [he exfremities of Ihe

famese cat enobles them lo conserve heat-

B

Y- The heat [oss fhrouah The exlremilies Is
szanﬁcant due o hrﬁh mrﬁtc area. o

volume ralro .

@El-

@.ffhe. ﬁrowm? shool of a /ofam‘ grows
lowards /r?hf ()oholbﬁolorlsm )
xJhe ﬁrowinj Hools af the f»/antﬁmw

lowards ﬁrawly / ﬁeol?%/of;cm )
o



pH of the soil will change the color of hydrangea flowers from
blue to pink




+ Environmental factors can influence the expression
of genetic traits.

Example:

Siamese cats
and Himalayan
rabbits are
darker in color
where body
heat is lost to
the
environment.
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ﬁM" Wallace Z@E’;{# Malural Selection
and Zvolution

*Darwin € Wallace made important obseyv-
ations /ocm'nent o nalural Selection & evolu-

O fion -These observations were:

%
'OJ'ﬁanrlsms /DTOdHCC*L morvre aﬁ(cf:rm(r/ fhan are
O
necded (0 n})/ace Them
b,

@-J’Va!dra( Po/ou(atr'om,hawevcr, leridd o dema-

= sfable n size -

e Jheve exis(s ﬁend?t vaviation bjw oryamrms

af lthe same specres -




Jhe foﬂowfny decluefions were made u.rrinﬁv

These obsewalions: jrcmp,fmn }

AcCsourtes

« Jhere 15 .slrﬁmle ﬁ? exrls/c'bcc)(m:'ch (s
why Pap;{aﬂgm semoun slable in Size de.s/)?ff:
B eiv /bofc'nt:a( o over reproluce

MNalural selection aclk on ﬁencﬁc varialim

o select for Those orﬁamlrm: that haye

Bl/avourable characlerictics..

e Stueh oryam':ms have advanm?eou.r allefec

which enables fhem T aclapt befler lo

envivonmental condiions -



The Theory of Evolution by Natural
Selection

5 Key Observations Inferences Selection

Theory of Natural

&) In each generation,
populations produce more
p//) offspring than there are
adults
& Populations do not _1  Individuals within a
continue to grow in size. population compete for =
{D resources
Over time the population
{ Food & many other changes as advantageous
resources are limited. = — heritable characteristics
p become more commaon
generation after generation.
Individuals within all Some individuals will inherit
J populations vary. characteristics that give

them a better chance of
surviving & reproducing

®

Ma ny variations are
heritable.




)
&
o ad /Z/V’q_f
< Clec A
Y V Mtﬁ%ﬁ \L > gﬂ@
E e ]
Charfc )
dllee
[y

Ovey ome




Outtine The Kole of.Na/u ral &mcmn in Evolulion

NSNS e et P NN

¥ Malural Selection. acls on vorriations bjw The

ofgamlsms within o fcy)ufattbn-

&' Despile The polential s overproduce,
aa/)u!at/bn af he orﬁanr;:m: 4emains fauﬁh’y

880 nclant
{
> 3 Orgamkmx hat have advan?ajeous alleles

gm: belle adoyoléd fo Survive g 47>radm:c-

¥ Jhis leads To an increase in fhe f"‘?“e”‘]

of the advan[uﬁcous alleles -




+ Selection of [hese advantuacau.c allefes /s

due o selection pressures, such as, enviyonm-

entul /E‘ldo-n :

as-

%Orﬁam‘sm: that hawe advantaﬁeaur alleles

)

!
-

&

il (o survive.

Over time the chanﬁe in allele ﬁqueny

av [ead (o an evo!uﬁonaw chah?.: g even

Ymation 0f @ new gpecres (Speccatienm)
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Outline Whg varialion is important in naluial
seleclion

X Yavialion blw orya nitms of a pcy)u/affan
sesulls cue lo dt}'?'erenb allele s af fhe 3ene..

1¢ well as environmenlal ﬁ:ldiin' It /s due b

G

comp/ex mleraction Yw fhe ﬁeno(gpc of an

individual ¢ ils envivonment - Variation in

2L

hwafy;ot is ﬁ{'w.n bﬁ The expression, -

Vp= Vg + Vg
JrOr?am‘:ms that have oo /)henofy])'e confer-
red b Y advantaﬁeour alleles are beffer able

o sunwive fb(towmﬁ /he Sfr@ﬁle for exisfence




* Orﬁam;fm.r that have o /Dhcnolgpc conferved
bﬂ disadvan tm?eau: alleles aye less /f'tefy lo

sumvive & therefoye die-
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(a) Stabilizing selection

Population
after natural
selection
Original
population

| (b) Directional selection

Population after
natural selection

Original
population

(c) Diversifying selection

Original
population

Population after
natural selection

Robins typically lay four eggs,
an example of stabilizing
selection. Larger clutches may
result in malnourished chicks,
while smaller clutches may
result in no viable offspring.

Light-colored peppered moths
are better camouflaged against a
pristine environment; likewise,
dark-colored peppered moths
are better camouflaged against a
sooty environment. Thus, as the
Industrial Revolution progressed
In nineteenth-century England,
the color of the moth population
shifted from light to dark, an
example of directional selection.

In a hyphothetical population,
gray and Himalayan (gray and
white) rabbits are better able to
blend with a rocky environment
than white rabbits, resulting in
diversifying selection.
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7 ams fjf Nalural Selection
« Stabyly Lw‘ng §election
* Drrecfional Jelection
* Disyu pfive Selechion

@“Sfabf(t;ﬁhﬂ Selection
E- A Popu(ﬁbbn cxPur'&ncu .:fnbr'!ricrh? selec-
ﬁon l'f fhe celection Ffe:.rurer aet on the

{

),

phenO@prb exlremes (6 make the inlermed:

aﬁ: phcnolgpc move common -

¥ mepfes o/- .cfubih'.cmg selection -
* Aivth wcfaht in bables

. Hcfﬁht of [rees

* Sickle cell anaemra



seleclion agamnst
both exlremes

joopufaﬁon C;f{é,r

selecliory
N orfamaf
popu lation
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Divectional Selection
x» A /oo})u(aﬁon experiences divectional selec-

fion /'f the Selection Pre.rrure. ocls on one
phenolypic exlreme theveofies changing the
)
- 0s¢ common. ﬁhwo@pe :

s , .

= Divectional selection occurs erfher Oue fo
{
)

an inlroduction of a new allele 0R due (o

B rew envivonmentaaf ﬁlclor |

» Znamples of drrectional selection:
* Antibiotic sesistance fdue Ts a new allele)

* Indushrial mdamkm(duc b & new

environmentul fac!br)



Jelection agamst
one exlréeme

/)opumﬁ'on aﬂér

selecliorv
N

Orf'ar'nal
po U [ation
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Dis ruptive Sefeclion
', i PoPuIatmn ex/)crrénce: dr'.rm,oﬂm seleclion

when The Jdccnbnf!re:.m*rc acls on [he

inTfermediale thogpc b moake the pheno-

& _ _
rvp:c exlremes more common -
0o

oh Eno mplec of d:'nupﬁvfc selection are ryore

Jelection agamst
both exlremes

-

/)opulaﬂbn lefé.r

selecliory

Oﬂalhﬂl‘
po u fation



! .Q‘Et!e &l Anaemia ( cfabféic,«‘}ij )

2. Indushio Afe/anfsm (direclidnal)
3. Anifhlolc resltance (di%ectBnal)
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Sickle Cell Anaemio. (St bi(f'sfn(c/ felection)
a )’nfumcy of- this sickle cell allele /s Vcry
h:'ah in Some Paﬂi of lhe worfel eq-Zast

nea -

NG

7 50/ carriers and 14}, homozygous sickle

Iy cll allele -

{
, N/ /oar& of lhe worle where matario s

und....

o0

'Pt.o/)(c who are throz.yﬁou.r for fhe sickle

cell altele are less h'l:e!y lo .ruﬂ'tr senous

atfack of malaris -



.
* Jn o study, L out of 100 chilclren who dred.

from malaria are normal hom ozyiok; -
x here are (wo .S/‘m?)j seleclion /D?eume.r

acﬁhj on 7he sfckle cell afleles s

- . :
- Selection aﬁa:mt people who are homazyﬁ'

Al for lhe sickle cell allele (dre clue o anaemig)
8

W - Oelection aﬁam.c(‘ Those who are homazyﬂou:

?

Eor e normal allele (die due o malaria)

a
.»/fdc'.rozyﬁo(é.: have, .s‘lraﬁg selechive advanfnﬁc

¥ Malariew 1s fhe environmenta/ fadEr,-Caurfhi

both olleles (0 2emain in fhe popu lation -



% Places with no malario omy have gelection

aﬁam:t Peof(e, with homozmou.r srckle cell
allele, +hus the 45" allefe Is almost removed

i [rom the pupulation -
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Original
population

Population after
natural selection

Light-colored peppered moths
are better camouflaged against a
pristine environment; likewise,
dark-colored peppered moths
are better camouflaged against a
sooty environment. Thus, as the
Industrial Revolution progressed
in nineteenth-century England,
the color of the moth population
shifted from light to dark, an
example of directional selection.




Industial Melanism, ( Direclional Szkcﬁbn)

* Pcﬁocmd mofh Bisfon Befalurio 1s a nfiht
fld fnﬁ mofh -

* J¢ Spends the day mﬁn@ on fhe branches of

8 [rees ,50 it Aeltes on mmouﬂaﬁe, lo b profect it

from ingect eafmﬁ birds which hunt 6;,; :rght'

In UK, until Ihe year 1849, all specimens of

is moth collecfed are %cckfed mofhs (pafc.

ol

wmgs wilh dark markings )

¥JIn 1849, 4 black (malanic ) mofh wae caught'

near Monchesfey -




xJhe numbers of black moths increased oframa-

ﬁca((y In Some areas -
¥ Jhe .rpccfded mofh remains fhe more common

& in a/hcw/)uﬂ of lhe coqn{;y ,

Whe drffrrmce In black and .ya.kled ﬁ)rmg
8,
o/ The moth is caused by o single gene .
e

Oy Jhe normal .r/:acck/cc/ colourmﬁ s /Dmduced
a receseive allele af fhis (?ene, c,while the

black colour /s /omduccc/ 6v the clominant

allefe C




2 Jhe selection /Dressure. catmhg fhe chan,c.q‘

allele frciucncv in Induslniaal areas was /arcda-
Hon 6(4 birols .
a Mete C (black) is more ﬁcqumt neary

Eidwfwa( areols -

I8)fllele c (speckled) is more common in, non-
<
?

ndusfrial areas.

LJ =
In areas wrth unpo!!ul?:d ary ,/ree branches

are often covered with 3rcy-bmwn£ green

lichen (here speckled mofhs are very well

camouﬂc?c d)



> [Towevey, lichens. f"ﬂgus é ﬂnm alﬁac. Qre
vaU sensitive o /bo/lufunli such as sulfur
dioxicle -

* So lrees in these areas have less Iichen .

Hence fhe bark af fhese [rees aﬁcardarkcr

and here dark mofhs are beffes can‘wﬁaﬁcd

i

Changes in envizonmental faclors affect (he

=W ey

my/ikelthood of an allele Surwvmi in o popula-

fion -
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How does antibiotic resistance occur?

High number of bacleria Anfibsotics ki Tha reastant bactens now Baclona can even transior
A few ol them are resistant bacteria cousing the llincas, have prelermed conditiona to their drug-resislance o othor
fo nn'lihuliv:ndur as waoll o8 good bacteria growe and tnko over, bacloria, cauaing mons
prolecting the body problerm.

{t?rml—ﬂf_'wu from infection.




Utibiotic Resistance [Diveclional Selection)

x We wrll use /)cm'cr'ﬂm as an erampfc-

2 JJ Someone fakes /oem'd{fm o /7eal buclerral

infection . baclesiow which are sensitive fo

G

Yoeniciliin die-

Jhere may be one oy more dividual

N S '@
e ]

oclerion with /oem'cr'fh'n sesistant allele -

» Jor e ﬂaphy/ocaccu.r /oroduce. Penicillinase

B

which inactivales Pepicillin -




y Since baclexio have onI7 one cqaﬂ o/cach,

gene., so anz baclexium /oo.rmsrhi This allele

will be resistant N /oem'cr'(/rh-
» Jhese dividual boclerioe will havci selecé-

e advanmie-
2 Jhe bacleria. wifhou€ fhrs allele will be

~ OIQ N &g

illed -

?

@ Vhose resislant [ /ocm'cr'ﬂm can sumive ¢

qL/Jraducc :

* Iﬁy u.rmi antibiotics, we c.hange. e envin-

nmental f&dof: That exert o. selection pressure

on bocleyia -




& :Antibiotic resistant alleles cy'lén occuy on

74
5 /)/a.fmrd.r -

Plasmids can be /J'&mﬁned even lo cliffere-

nt J/)c cres -

E
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foanpeR Eerger kotlenecle cftect

N/

¥ d{c@g n allele /44—%%87 Cue

P a CHPANCE crent.

¥ Aandom /71‘53&55

¥ non-drrectomod




& 65/’45??% DRFT =5 founder Eprecr

Original Population




Parent Bottleneck Surviving
population (drastic reduction individuals generation
in population)




o
GENETIC DRIFT -

 Qenetic dvift is defined as o change in
allele ﬁcyumcy fThat occurs due [o chance-

x (enelic dﬂ’ﬂ“ umaﬂv occurs when asmall

" oup of s7ganisms are fcgregot(éd frama,

A79e fopu(ab'on-

Vhis small g70up of 1ganisme is more

fkelv o have Qlleles which are dgﬂ%rmt

from a (argey population -
*<Jhis change in allele fyequencv in a small

isolaled population is lermed as Foundey

Effect.
s



x* q@eﬁz dn?t /m] alko occar Que
fo a Dbotthe neck lffféd’ -

O10]- ~ 0] N\ g
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Founder EFffect vs Bottleneck Effect

Maore Information Online WWW.DIFFERENCEBETWEEN.COM

(; _ —

/ Founder effect is a Bottleneck effect is a
phenomenon that | phenomenon that
causes genetic drift due - causes genetic drift due

DEFINITION to splitting off a small  to the contraction of the
group from the main population into a small
population to establish size as a result of a
a colony natural disaster
., S
Due to the separation Due to the destruction
CAUSE of a small group of of most of the
individuals from a individuals of a
larger population and population by natural
colonization disasters
INVOLVEMENT '
OF NATURAL Not inveived Arises due to natural

DISASTERS - disasters
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0: C'om/)qn & Comhast the processes of Nalural

J’elcch'onﬁ benetic Drift 7
SIMILARITIES :

x Both involve a Chanye in allele flequcnc
» Bofh may leacl o euoluﬂanary chanﬁec-

- FFERENCES

@ aliral Selection Genetie Drift
&

- alura | Selecion * Qencetic daft may
e 7ales [o select for |select for advantageou

: .
- vanta?mu: Mlleles | o7 disadvantageous

alleles .
* Nalyral Selection r's

*Genetic dﬂfl‘ Is Non -
a direcled ¢ non-random divectiona/ ¢ vandom
/JTOG: £s - P?OCH 4

* Nalura/ Selectron » Genefic dvift does not
involves adapfal':'an involves adapfatrbn-




&
7
&
O
{

>
&

¥ selechén /b>uswf exe il 770}7@2(
¥ /o Stleet /’UY fide ar cire o bengft

o human.




L
ﬂrﬁﬁ'cra( Selection

. Aﬁﬁt{a{ Selechion i's a /bwocass in Whichhumans

exerl The selecfion Pmure, (o select ]’Eﬂ fra1Ts
that are of benefils Jo humans .

.ﬁrh[ rcio| selecfion involves selective brecdrnﬂ
which can be Summarised as below :

a) Parenls with oesrrable (Tails aze selecled

£ inlerbred -

olo]- ~ o]e N g

b)dﬁ’/:rmﬂ That hoave deumbie.ﬁa!wer are

again selecled & inlerbred -
¢) Jhis (s @caf-?c/ ove¥ many ?dnuahbm lo

ﬁcn‘ Mﬁom;s‘m: with ﬁm‘mble characleristics.



.
x Srtificial selection has been commonl y used
lo breed caltfe I produce sfyains with:
a) Hr'ahcr milk gfe/ds
b) Grealey meat pradudrbn
C) ﬂ:‘ﬂher Docjhl"y -
g Artificial selection is 7c.f/;)on.sib!e for decmaﬂhj

8 cnetic mn'aa'an,mcremmﬂ Aomozryosf'@ E

O
Q deregfed «:rﬁf@ o surrive

cue 1D teffucesf Clolgglal

/ff’inr:cs.

), % .
nbrcedmﬂ dcpre.rmm .
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» The cha{(enﬁc: That o selective breedey /ﬁccs

can be summavised Qs :
a) The slow growth rale of .cdcch'mly bred

Mgumfs.ms until lh-cy reach thesy molure Size-

) :(ong ?f.ffdf?bﬂ pearods -

) Nhe no - of orﬁam'smr /oroduced is small -

~ OO N &g

) 0rgo|m'smc fhat are beller adqpfcd (o

?

@:nw'ronmcnta/ conditions are gelecled ﬁnf

buedrhﬂ Qenes that increase the .rmbf'(ﬂ?‘ of

an orﬂam&m, I Survive In @r'ven envizonmenta/

conditions are known as fhe 6ad<3mmd

76”6'5 -



X l?rogen” /Em‘nﬁ re/trs lo The Te:h‘nﬂ o[ smch'vciy
bredl Jffs/)'rfna ]61 sex- imiled [rails ,Such as »
milK gfc{d (o sefect fox the /rarcnt with fhe

more desrrable fca(ﬁre -

&
7
&
O
<

>
&
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O: Znlist [Re dfﬁ% rences biw Alalural .Sdec.trbn,s’

Arificial Selection?

MNaliral Selection

- Jhe selection Prcssum

fnyis exerfed 6 a The enviyo-

ment -

I8Y-JSelecls for alleles that
7 of benefit v (he

@”'ﬂ aniems -
@

« Slow Prace Yy

» Increaces 3cne.ﬂ'c,
ranalon
. Increasec throz.yﬁo-

Jirtificial Selection
« Jhe selection Pre:sum

is exerfed 6& human
bu’nﬂs-

oJelecls for alleles that
ave of benefit 5 huma-

ns .

. ?a;t process

* Decrepset 3endti:.
ranalon

. Decreasec hdfrozygo-

s.:'(y

s.f'fy



Nalural Selection lrtificial Selection

 Promoles oufbvecdrh7 « Promoles mbrecdm?
enhancement ( Hybrid depression:
Vigor)- h:‘gh growth
L 7ale ® high repmducfr'-

ve rale -

BEERNC




forn) Of
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r n¢
/03 h‘?f"ﬁsg
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Hardy - ‘vkmberﬂ equilibrivm

If there are only 2 allefes
for a trait in & PoPulation, then:

- 9-1

F-:!unr i
fegessivéaliele

Ha.rcly - M:mbera equilibriom

If there are only 2 alleles
for o trait in & PoPuloation,then:

+2 + _1

fﬂ HMJ!-F f“ "Mj"F fu unij#'

hom “.25""-'5 heterazygous homezyaous

dominan recessive
uunfurc t"'"”ﬂ b jenotype

" %

PorPle is dominant 1o Pink




.
HARDY~- WEINBERG PRINCIPLE

¥ Jhe Havdy- Wa’nbaﬂ principle (s used for
caicu{aﬁm, e 9enolg}x % allele frequencies
in o large mno{om{y mating populalion-
O, Giiven That o Phc.nolgpc [7act is oleleymined

4 Iwo alleles, o. dominant allefe (B).and a
O

W ecessive allele (b)7he fproporfion of fese

S'//eles in & population will always addl upl

ayc.i.

2 0] The fre.?uenty of* the dominant allele /s
3ive.n bH p and the frequmuf of the rececstve
alfele s ﬂw'rcn by §s P+ < 1



x Qiven That o phe.nalgpc X oniy dd&rmmedby
a dominant ¢ a secessive allefe , (e onlv
possible 8eno{U/:ves n o po/oufa(fon are:

a) BB - homozrgous dominant

& b) Bb~ heleozygous

% .
b-h

¢) b 0rmozyQous 7ecessive

O P 1 ndwviduals with h (y]
ProPo on of ndividuals with lhe genolync
58 will be egua!lﬁ/ox'o;/o’.

@ o Pa-opombn of mdividuals with Ihe gcnolg' pe

bb will be egual lo 2::9.-_?2.




» ProPorﬁon of individuale with lhe 9enogpc Bb
will be equal o [pr?) ) {ir/)} ZP?/ .
(The value 2pg, indicales fhat fhe dominant

B llele and aecessive allele can be mhexiled

a:om eifhey /)mcnt)

* Jhe proportion of all fhe ﬁenolaﬁc_s in

= /)o/oufatrbn will oclel up o { as 0r'ucn by

me fo ﬂowmi exl:)m'ubn :

/D’flpq-r?h 1




bﬂfhc Ha‘rdy- Ww‘nbng /‘eru'/.)lc anly aP/Jhk.r ff:

" ) :h& POPu{ﬂﬁon s /arge -

& < e g
Q‘ he maﬁng 1 70ndom-

<
)

2 Jhe freq uenty of- allefes & e 3eno{8pcs

can be olefesmined if Ihe Jproportion of organ

isms wifh [he Aececsive /Dhmofy]x 1§ ﬁzifen'




% o he Hmdaj- Wcmbai /m'ncrplc 1s not suita-
ble r'f:
o) Vhe /)opufaﬂ'on s small-
Jhe maﬁng Is non-random
&
Jhere I's o mr"ﬁmtr'on of arganfsm: inlo
out of a popu/aﬁon which may alley allele

B frcquen Y

d).), fhere 1s o selection pressure acfmj against

o parficular Phe.nf)lgpc -
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2 Scientists have found very little evolutionary change in populations of two Australian songbirds,
m the zebra finch, Taeniopygia guttata castanotis, and the budgerigar, Melopsittacus undulatus.
<

(a) Describe the process of ewlulmn by natural selection.

r

r’a'dﬁ/f‘t 2Zexls.. heditn /mm . Qe
............. /ﬁy o}'jamsms Tl have. advon/o J‘t’%
.............. Qi af

X _fhece oY dﬂf:f»’?} e cm/ 2Eh
> X trereby “ch

O]




() The Hardy-Weinberg principle is used to calculate allele, genotype and phenotype
frequencies in populations.

*  Abreeder of birds keeps a population of 86 budgerigars in one enclosed area.
*  Two distinct phenotypes are present, blue feathers and green leathers.
* [eather colour is controlled by one gene:

G is the allele for green feathers

g is the allele for blue feathers.
«  Only 17 of the budgerigars have blue feathers.

(i) The Hardy—Weinberg equations are shown in Fig. 2.2.

p+qg=1

PP+2pq+ =1

Fig. 2.2

Calculate the number of heterozygous individuals in the population.

Show your working. ?1;_ f?/% = (/98
g = e = 04
pigsi =) jpeEomses

0. heferoy Idy_s )%.-‘d & .-?-/J?KQ-S = 2('3'59(0;;')-:
? 7 number = ...... CI/’G? ............................................. [3] §

(ii) The Hardy-Weinberg principle cannot be applied to all populations.

0~ ~0 oN|g

State two conditions when the Hardy-Weinberg principle cannot be applied.




3

An investigation was carried out into the population of a species of vole in one area of the USA.
The population was sampled during the first two weeks of August between 1983 and 2004. Traps
for catching small mammals were placed at equal dislances along the same parallel line transects.
Each year, the number of voles caught per 1000 traps was recorded. —— _—

Fig. 3.1 shows the results.

80T

7ot HE

60—}

number 90711
of voles
caught 40—

per 1000 NS JEEEEY
raps  30{rHHH

Fig. 3.1

...........................................................................

2 paps.. . uwere &
mseats 0 T




&)
%
&
O

¢

2|0

(b) Over the period of the study, it was found that 8 out of every 50 voles in this population had
black fur, whilst all the other voles had brown fur.

Fur colour in voles is controlled by a single gene, A/a. Voles with black fur have the
genoltype aa.

The Hardy-Weinberg principle states that:

p+q=1
PP+2pq+q° =1

p = the frequency of the dominant allele

g = the frequency of the recessive allele

Use the Hardy-Weinberg principle to calculate the expected number of voles heterozygous
for fur colour that were recorded in 1997,

Give your answer to the nearest whole number.

93: 3‘@ =0-K
-
’9+Z;I = pP=0<
:%x &0
=2 (0-6)(0%) x60

no- of hefernyy ous vores
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Speaatin,
W]

% e
.S'}Jccra tton rty'm' lo [he evolulion uf new/ ¢ ptcn'e.c
O ouulhha due To Atfroduch've isolation .

€

>

E
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* Species fs dcﬁncd as o group of orﬁanfsms

G

%
&

O

€

that have similas rnorph@loﬁfcaf ,ph”:r'oloaftﬂl,

b iochemica and behavidyal fa!dre: ¢ possess
lhe abilily o inleybyeed s procluce frﬁh’,

aﬂ?pw'ngs, Al organisms o/‘ he same .t/acu'cr

BEE

are xze/woduc,f:'ue!y tsolafed




% ﬂwﬂhofogﬁa{ ]f:afrfre.r Ac/cr: lo The sTruelu-

7al 0r analomical fw!u?es of an organiem.

wahoh.ﬁfcu( ﬁa/ui'e: are fhe eosrest woy

b..o/- a.csemha similariGes hlw orﬁam'sms :

4

&

8,
¢

Phﬁr‘a{ogfccﬂ fealures dcfcrr o (he normal

nch’om'nj of fﬁc-badv ) for examp le, muscle

?

[®)onliaetion enzyme tafafg_cf.d reactions,

newvous communicallons = Aormonal sysfe—rhs

are all part of e physio(oﬁy of an 07g0-

nism-




¥ Biochemical fcaluves 6:ft7 o (he Sequence
6f amino auds in )DOIH /Dcprf'de‘s ¥ fhe sequence

G

of' nucleoticles 'n nuclerc aad-Qrealey the
simila n'(il" blw the amino aeid Sequences flor
he nucleotide seguences the more 4decent

are The anceslors 0f fwo oy more .spcuég .

O]~ o]e s

B 8ehavioral fealures sefer To theiy brec.dm7

seasons g muﬁnﬁ behaviouy -




.
v Jhe most imporant fcalua’c which df'shng-

Uishes owﬂan;a-m; of drﬂeren't SFcaies s
fhers faf?u ve lo inleybreed (o fmduce. fcrﬁ!c,
off.symng-ﬂhls not ¢asy, howevey, lo delerm-

N €5

iine ;‘f!ﬁo 07ganisms can inlerbreed Io

produce ]Qvﬁ'/e aﬂif/)rmg due B foﬂowfn7

reaLons :

EHEEXE

f)Orgamlrms may be of (he some sex.

) \‘fheﬂ may be dead -

3) The male ¥ female re./)roducﬁut ovpan
may be rhcom/botbfblc-

4) he br'o/ogf:rli may not have fime or reso-

urces o cmrU oul mlE"Jbreedmg*



* Zvolution of new Spectes Aesulls due fo
A«c})roducﬁf/e isolation - Re/m}d uctive fsofat‘(ry

mechanisms mqy be subclivided inTo Two

ol- - ole B

road ca(c'ﬁon‘ec:
Prc-?.yﬁoﬁ'c, Sso!an'nﬂ Mechanizm

) Post-aygoh'c Bsomfr'nﬂ Mechanism




/0_9 7-Zygonc







&
7
&
O
<

>
[&]

(D ge?w#hw/@/)ﬁﬁﬁ’
@ NMethanteal [olatfey,
@ Beha irfourral [brrmy

@ Tempoed [ latn




Prezygotic Isolation Mechanisms

Habitat Isolation
7/

. F i

N

Temporal Isolation




A isolation NO

Do they
encounter

one another
in nature? YES

Habitat Do they
breed at the

same time of
year and day? |YES

Temporal Are they

isolation N0 attracted to
each other? YES

Behavioral pi:asit:;ﬂ
isolation NO able to mate? —lvss

Will their
Mechanical sperm and

isolation NO egg make a
zygote? YES

Successful
formation of
a zygote

Gametic
isolation NO




8) Pae - 2ygotic Iso lqz‘mﬁ Mechamsm

X P.;c-zyﬁoﬁc agofqt;'nﬂ Mechanisms involve:
1) Behavioral 9solation - where orpaNisMS
fail (6 inlerbreed dlue Mo dﬁtrencer in

W]
Zd 'heiy maﬁnﬂ behaviouy - D:aam'.rms, such qe
&
I8y certain Species of birds have courf.sh;l'o riluals

<
M which may olley {cadthg Io behavioral (so-

Elaﬁon-

i) Vemporal 150 lotton - which refers B failure
fo inlerbreed olue o different b)'eedm?

SeAcons .



lij Mechanical Isolation - which vesulls due 5
b‘) :am/)atfbf(f‘h{ q’ male & female »J::lpmduchi/e

arﬂam -
oy, Zcoiogrraf 07 flabitat Jsolation - which
{
W 7esulls due o oh'ﬁtrence: in the envisonmenia(

@ fadév.r In which the [wo ordamlrmx Survive -




&
4
&
O
<

>
(=

@/@m 917?}-: ,776»‘6 o dirce
b

mifpsls
© /@//)rm[ /mr/”ab"/@
©, Hibrl sertlly




b) Post-2ygotic Jsolo hhgduc chanism:
vV

x Dost ~2ygotic 9Jo/at:'na Mechanisms involve:
i) Jailure of (he 2 yicﬂE lo divide 6y milpsis
O ji) Hybrid (/nvfabf{:'!9 - Which refers It The
E/nabf(f'@ of he hbbwd o survive for loo /org
fﬁ) Hvbﬁd SfeTn'h'lg -which refers lo habn'd
Eber’nﬁ viable but unable To form gomeles

w‘a meiosss -




horse

Usually mules cannol reproduce.
It an offspring does result,
it cannot reproduce.




¥ Pre-zygotic ond/om Post -2ypotic 3.10/&!?)73
Mechanisms may [ead o evolution of a

new species from an oziginal group of
O prganisms within a. population in the follow
: 5 NniIsMs F P fo w
S ‘ni (wod Nays-.
O
) In ihe Prcsmce of‘ 1} ﬂeaﬁra/bhf‘cal borrier.
) phenomenon  lexmed as ﬂllofd'lw'c, Jpec:tm'on
BY)In the absence of- o feographical barries-
& phenomenon lexmed qs Jympam‘c Sﬁw'a-

Hon -
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L
lopaTric S /Decr'aifon :

x Jllof)a?wb Speciation Acfm lo evolution of
new Speces in /he /)Tea'cnce of Qa ﬁeoyraph:t--
al] borvier, such as, a mountain oy a rive

O.slrveam -

a C}caamphfca/ barriey separales the ozgani-

o
Mms wiThin o Populatlbn Such That These
)

=p7gonisms are exposed 1 different envivo-

Y mental conditions

% nThese environmental conditions evert

olifferent selection pressures which overtime

(eprdls Tp o Sf'gnq"}'canl Chanﬂc in the allele

frc?uenc.l'e: :




x Where is no gene flow blw these organisms
5¢Paraf5d by wﬁdﬂﬁraphrcal barriey-
* Overtime this can lead o evolution of new

cpecies olue o fadure of These o7ganITms lo

inlevbreed [o /'/D)'oduce l/t?h/e, off.fp'ym?

W)
7
&
O
<
>
&
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¥« NO T’W (e’ Y/
Loacer
x Matn mednnion

NMefope enet
[ 70n-a f‘?/flthb ﬂ)

v
lecds o




2y ymgqtn'c S /:ec:'attbn:
« Symportric Speciaition sefere To Mie evolution.
of & hew species in fhe absence of geogra-

phical borrier -

G

SympcaTn‘c cha'atl'on most commonly
esulls due lo P"Q{medj"

Poiyplmdy s he phenomenon of haw’nﬂ
ore Than & sels of chromosomes within the

cell, such as, 3n {77{'/3-’0:& ] anel 4n [mﬁaplw#

@p

*PoW)lm'dy usually vesulls due o merotic

errovs, Such as ,Non -cligjunction .




-
S fofypof‘dj exiels in lwo different forms:

a) Aulo PofUp/md— in which The mulfiple sels
of chromosomes are from the same Speciies

L ' - :
X uch a.cell (s leymed as an aulo }aolyplmd

ef/ - ﬁufopolwpiofd organisms are sferfe be-
&

O ause the chvomosomes fail 1 pair cgpdu:rmj
iopha.rc ( of Meiosis /-

D Parent Zygute
Cell :
® // —-— (autopolyploid)

/ = \ =

il . T E \L\\ 2

2n=6

Diploid

Tetraploid




x A meotic enor in o oliplord owpanism
mav lead 1o fofhﬂaﬁan of dq)!ofd 6qme]€:

7athey than haplord gomefes -
o) .
4°] wo such diploid fameles fuse o{urmi

Ry T (lisation. /€ may lead o foymation of a

W aplord zy 50/5 which wlll eventually formv
@ ftﬁapio:d arﬁam'.sm-

X nJThese Iaﬁa/a!a:'ds will not be able o inler breed
wifh thery dr‘fJIDid parenls and thus form oL new

speces of orgam‘:m: -




b) Jﬂfo/)o Iyp/m‘d ~-In which the mu (fiple sels
of chvomosomes come frow lwo dlifferent

species - ﬁf!aPOIUprds maybc ffm'lc because

O Ihe homologous chromosomes may paiy up

amm? Pra})hasc/ 0 f-VMerau'r (.

Unreduced gamete Unreduced gamete
), with 4 chromosomes with 7 chromosomes
}by _'-"""""-..___‘_ Hybrid with Viable fertile hybeid

Meiotic error: (ff b i (bt {:@ (allopolyploid)

chromosome
apecies A number not
2Zn=4 reduced from
@ 2nto

(s

45 Normal gamete ,,.f"f Normal gamete
o= ~— n=13 : n=3
Species B

2n=6
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Comparicon using amino acd sequence -

¥ Anceskal e lationship of 079 ANIsMS of difftrent

species can be defermined by fookmﬁ ol the

omino acrd seguences of imporfan t /Jrofem.tf

NG

such as, Cgfb chrome C.
s

Cglbchmme C s amiflochondrial /om?&n

present om The Crisfae o[ the mi'lochondrion.

his ;no?cr'n 15 used in osxidative /Ma.tphory—

lation & is therefore ecsential in fhe produ-

ction of eneryy via aerobic vespiration.




Morecuar DIFFERENCES BETWEEN SPECIES

P o W W A e

x Similarities in the amino aud sequences of

proleins ¢ the nucleottde sequences of ONA

can be usecl lo deleymine The anceslral relati-
&

amhfp blw organisms of different species-.
&
i:th yrea/&r lhe Similavi'tiec blw amino accel

nucleoticle Sequences blw g1ganisms of

different species the more recent is fhely
P

common oncesloy ond the mpre d:zfeﬂ aclafed

<
<&

'”75/ ave.




L
xThe amino ool Jeiuc.nce. of (grochmmc. c
can be coempared in humans, mice § vals [o

olelexmine Thery ancesﬁg -
* Resulls of (he comparison are hr'ghh'@hféd

AR

SN &

) he prolein contains (04 amino acids in

o
i Three .cpccm-
}Mf’ca & rals have on e&'ac—ll(j Similory

mr'no oucl seguence -
¢) Mumans differ in 9 out of 104 amino
eercls -

ol) These 9 amino acids, however. howe (groups

that are Simrlay in halure o e Eqraups "



mice and rals -

» Resulls a/ This comparison are fhercfore :
a) Mice and rals share a yecent common

anceslor -

| b) Humany are more dalcfan'tly velaled lo

mice & rals -

)
7
&
O

{

>
&




&
7
&
O
<

>
[&]

O A s
< %’)}'ﬁﬂ
C?acjp,!(




milochondyiotl DNA Sequence:

x Mifochondria. are inheviled from the mother.
* Milochondrial ONVA differs from nuctear

DNA /n [he fvﬂowfnﬂ a.rpcdi :

éj Milschondrial DNA 1S cireuloy -

) Milochondrial DINA is devoid of hislone
TUthr ¢ Is therefore more prone fo mutations
8, £ike nueleay DNA milochondrial DNA Is
@daubfc shvandecl -

 Varcations tn milo chondrial DNA can only

result due (o mutations since civeular dNA

cannok underﬁo cm.rrni ovey & independent

assortment -



¥ Other than fhe absence of hislime profeins
which increase the hicelihood of mifochondyial

G

© N

ONA mutation, fraducfron of reactive oxygen

pecies within The mifochondrio may also

slal o

utale milochondrial dNA -

DNn is actumed o be 'mUﬁhy consfant:

The rale of mutation within mifschondria/




*~hic phenomenon can be used 15 (rdce bock

the first human which gave vise [o (he

G

evolution of e modern humans -

¥ J»’hfs hy/)ﬂfha;_r Of ml(‘.kfﬂj bock human

- ~ o] )

ances!ﬁ/ based on milochondrial ONA /s the

o

oleculay Clock Hw)ufhml:







q

% bread wheat- = Iihcum aeckyum (6n)
wld hard grass x W efrkorn wheat

(2n=1%) (2n =)
Al \,/{I v BB
) B
J/hybnﬁ%dﬁbn*

Fatle h jérfd (2n=1%)

’ daubfr'»}; of The cAYomocome 7.
V duefo mm—a’{ﬁmrﬁbﬁ 57

wild emmer whedft wpyj ass
AABB (4n=28) CC (2n=1)

N L
AB C

N
J,/;’jb ndlsafpn*

Skerlte hybayl (2n - 21)
AB

olol- ~ olo N\ g

T —

oowb/ £y f;f fhe
Y Cchroymoome ny ¥

Brewd whesT (= 42)

-ﬂ-'-_-—___-*

AABBCC
o



The following diagram summarises the evolution of modern bread wheat :

wild hard grass (diploid, 2n = 14) x wild einkorn wheat (diploid, 2n =14)

sterile hybrid (diploid, 2n= 14)
chromosome number doubles l

wild emmer wheal (tetraploid, 4n= 28) x wild goat grass (diploid,2n = 14)

sterile hybrid (triploid, 2n= 21)
chromosome number doubles l

bread wheat (hexaploid, 6n = 42)




¥ hh /vff/d

¥ aiteae neserant

X plank chodld (raw fo 1te Some  helht
art the (ame Hme

db " 0
.. p f,f h %a{ ?F7 Qﬁ/ 7 honad (K‘M/ﬂ?{‘
% - fhe kemelk
45 G @)
0 @ g
) e 0
E
Sfferfzrey
@lel
bref
AUAL t‘lﬁ/f( wobre f)(afi}.r
4«?@@0’{ olex 7 Sl
T jm 2rabang j jmrqﬁdw
ﬁyéﬂd maize



Parent 1 Parent 2

repeatedly inbred | Line 1 repeatedly inbred | Line 2
and selected | very uniform and selected | very uniform
ir many generations | low yield for many generations | low yield

hybrid
from cross between Line 1 and Line 2

very uniform
hybrid vigour so high yield
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EXTINCTION

P N NN N

x Exfinction chm o e absence of Mﬁam:rms

from nalural or artificial habitals -

¥ Macs extinction mftrs (0 eradrication of

é:ﬁamkrm df mulfiple Specles af he same

mec¢-

O e
¥ Eutinction ma‘y vesult due o ene or moye

é’ lhe fnﬂow.fnﬁ faclors -
By Ciimatic Change.:
ir') Co-m/gc,ﬁh‘on i 0rganisms fhat ore belley
adapted [o (he envivonment.
it} Human Activities., such as,fobitat Deslru-
¢ fion -»)erulfr'nﬂ due lo deforesfation # land



Aeclamation -
iv) Polifical reasonsg

V) Commercia/ retisons

Vi) The unwf/!m?nc:s of [he Inlesnational

W) Oryaniza'llbm b fake measurec [p recluce

O
>
E

f”tﬁﬂf hun t‘mﬁ /poachmﬂ ) of en dangered

orﬁamsm:




N
xZhe Inlenational Union for the Consevvartion
of Naluve (IVEN) has o Red Zist which includes
all (e extinct organisms Jhis Red Zist is
ﬂ"‘ wing da y by dav-

G

% Climatic chanﬁer b= compefition fur Surviv/

were The main veasons for Mass extinctions

In fhe pa.ﬂ' *CurrenHU +human activilies are

o]0l ~ o

Jhe most significant 7eason which may lead

lo mass extinction in the fulure

* Jtigh profile organism. such as, Giant
Pandos g Black Rhinos are more oifficult o



conseyve due [o /Dofrbtal g commercral reasons.
as compaved o Low profile 07gaNisms Such ag
Sfugs-

x IUCN (s fherefore fargeting ils efforls o con-
seyve low pyofile 0vganisms which may hove
a grealey success - Conservation of these low
}n'af 1le organisms is equally important: in

lhe conseyvalion of Ihe Eco;wfm .

&),
%
&
E
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4 Maize is an important food crop that has been improved both by selective breeding and by genetic
modification.

m (a) Outline how selective breeding has been used to improve maize.

y KT8 Pt 0. el
_%;tmﬂ’&m’(ﬂ

X Inbred . wepealfcdly. puey.. mMony.

'S .{...ﬁm.,ﬁ/aﬁ%ﬁm j ]
fw_?hyf?/qﬂgom"zﬁq{("y

........ qesfanee.......




&)
Z
&
O
<

>

O
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(b) Fig. 4.1 shows part of a maize cob. The cob is made up of many individual seeds called
kernels. Each kernel resulls from a separate fertilisation of a male and a female gamete.
Some kernels are yellow and some are purple.

o I spurple kernel
yellow kernel, .

Fig. 4.1

Name the type of variation shown in Fig. 4.1, Suggest a genetic explanation for this pattern of
variation in colour.
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Modern varieties of wheat have developed from numerous hybridisation events between
different species of wild grasses. Fig. 4.1 shows some of the possible steps that are believed

to have been involved in the development of bread wheat, Triticum aestivum.

The letters A, B and C represent three different sets of seven chromosomes.

einkorn
Triticum urartu

14 chromosomes
AA

emmer wheat
Triticum turgidum

28 chromosomes
AABB

goat grass 1
Aegilops spelloides

14 chromosomes

BB

hybridisation and doubling
of chromosome number

goat grass 2
Aegilops tauschii

14 chromosomes
ccC

hybridisation and doubling
of chromosome number

bread wheat
Triticum aestivum

42 chromosomes

Fig. 4.1

(a) Complete Fig. 4.1 by writing letters to represent the sets of chromosomes in bread

wheat.

Write your answer on Fig. 4.1. [1]




(b) Explain why hybridisation between emmer wheat and goat grass 2 would have produced
a sterile hybrid, if doubling of chromosome number had not occurred.
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(c) With reference to Fig. 4.1, suggest why Triticum wurartu and Triticum turgidum are
classified as different species. (m (4‘,})

(d) Triticum turgidum emerged as a new species without being geographically isolated from
Triticumn urartu.
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Outline how geographical isolation may result in speciation.
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[Total: 9]



