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10.3.1 Gene Pools

Gene Pools

A gene po o l co nsists o f all the genes and their di�erent alleles, present in an interbreeding

po pulatio n

So me po pulatio ns o f the same species are geo graphically iso lated fro m each o ther

So  multiple gene po o ls  can exist fo r a species

 Individuals in a po pulatio n tend to  have co mmo n characteristics and resemble each o ther

Two  geo graphically-iso lated po pulatio n may have di�erent characteristics  whilst still being

the same species

This is o ne basis fo r speciatio n

 A co nsideratio n o f all the genes (and alleles thereo f ) in a po pulatio n is impo rtant as that will

go vern the geno mes o f  the next generatio n

This co llectio n o f genes and alleles is co mmo nly called the gene po o l

Calculat ing allele f requencies

Allele frequencies are de�ned as the relative abundance  o f alleles fo r a particular gene

Allele frequency is calculated by dividing the number o f times the allele o f  interest  is o bserved in

a po pulatio n by the to tal number o f co pies o f all the alleles  at that particular genetic lo cus in the

po pulatio n

Allele frequencies are expressed as a number between 0.0 and 1.0 o r as percentages 0 -

100%

We can think o f this as a pro bability  that an allele cho sen at rando m in a given gene will be

a particular allele o f interest

 The frequencies o f all the alleles fo r a particular gene must add up to  1
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10.3.2 Evolution

The Process of Evolution by Natural Selection

Evo lutio n requires that allele f requencies change  with time in po pulatio ns

Evo lutio n is de�ned as the cumulative change in the heritable characteristics (genes) o f a

po pulatio n o ver time

Organisms canno t change their species' pheno type signi�cantly witho ut an underlying change in

their genetic makeup

The facto rs that drive evo lutio n are

Mutatio ns  causing new alleles to  co me into  being

Selectio n pressures  that favo ur the existence o f certain alleles and o ppo se that o f o thers

A key co nsideratio n is that evo lutio n has no  purpo se

There is no  co nscio us change  o f genetic makeup in o rder to  take advantage o f changes in

co nditio ns

Mutatio ns and selectio n pressures o ccur entirely at rando m

A species o nly evo lves by virtue o f a lucky co mbinatio n o f  advantageo us alleles and

selectio n pressures

Organisms develo ping o ther alleles that put an a�ected individual at a selective

disadvantage will no t survive  to  repro duce and pass o n tho se alleles

Changes in allele frequencies can so metimes be referred to  as genetic drift

Evo lutio n can happen within a species bef o re speciatio n o ccurs

An example is the many do g breeds that all exist within the same species, Canis familiaris

Whilst many breeds have been selectively bred arti�cially fo r aesthetic reaso ns by humans (o r

to  perfo rm valuable tasks like seeing-eye do gs), mo st co mmo n do g breeds are capable o f

interbreeding to  pro duce fertile o �spring, o ften referred to  as mo ngrels

Po pulatio n siz e  has an e�ect o n evo lutio n

In a small po pulatio n, rando m events such as climate change can have a dramatic e�ect o n

the frequency o f alleles

By co ntrast, in a large po pulatio n, there is mo re capacity to  abso rb small �uctuatio ns  in

allele frequency

When an allele is put under selective pressure, its frequency dro ps and so metimes falls to  z ero  as

a mo re advantageo us allele beco mes mo re abundant, o r beco mes the o nly allele in the gene

po o l

Example of  changes in allele f requency driving evolut ion

The peppered mo th (Biston betularia) is a well-do cumented case study o f evo lutio n by natural

selectio n

In the early 18th century in the no rthern UK, the light grey-winged fo rm o f this mo th prevailed
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These mo ths were well-camo u�aged against the light-co lo ured bark and lichens o f their

ho st tree species

Black-winged mo ths (which carried the allele fo r melanism) fared badly as they were easy fo r

predato rs (mainly birds) to  spo t against the light backgro und

During the industrial revo lutio n (mid-late 18th Century), so o t fro m co al-burning facto ries and

ho use chimneys co ated many o f the trees in the area, turning them dark o r black

This led to  an increase in predatio n o f  light-winged (no n-melanistic) mo ths who se camo u�age

was no  lo nger so  e�ective

The dark-winged mo ths became the predo minant variety as the f requency o f  the melanism

allele increased  o ver successive generatio ns o f mo ths

Analysis o f the po pulatio ns thro ugho ut this perio d revealed the fo llo wing changes in allele

frequency

Types of Natural Selection

There are three main types o f selectio n:

Directio nal

Stabilising

Disruptive

Direct ional select ion

The po pulatio n changes to wards o ne extreme  o f a range o f variatio n

As that extreme beco mes better adapted

This tends to  happen when enviro nmental co nditio ns change

Fo r example, a f all in average temperatures  can a�ect plants that are no t resistant to  f ro sts

(spells where the air temperature falls belo w 0°C)

If there is no  allele that can give the species a degree o f fro st resistance, then the species will

beco me extinct  in that habitat if co ld temperatures endure fo r mo re than o ne generatio n

If an allele exists that gives a degree o f fro st pro tectio n, then the species will be able to

Survive the fro st

Go  o n to  repro duce successfully

Such an allele may co de fo r a new pro tein that can lo wer the freez ing po int o f water/cell co ntents

by a few degrees and prevent the fo rmatio n o f damaging ice crystals

The species has develo ped a selective advantage  o ver o ther species

A disadvantageo us allele do es no t have to  be f atal to  an individual o rganism

Ho wever, it must prevent the individual f ro m repro ducing successf ully

Which is e�ectively the same thing fro m an evo lutio nary po int o f view

Because the allele will disappear fro m the gene po o l as the repro ductively unsuccessful

individuals die

The species can change its geno me abruptly  by directio nal selectio n
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Directional selection acting on �sh body size. Increases in ocean temperatures are selecting for smaller

body sizes in �sh. Warmer seas cause �sh metabolism to speed up and so increase their need for oxygen

(oxygen levels are lower in warmer seas). Larger �sh have greater metabolic needs than smaller �sh, and

so they feel the e�ect of increased temperatures more strongly.

St abilising select ion

Selects in f avo ur o f  the average individual in a po pulatio n

Occurs when enviro nmental co nditio ns are stable / do  no t change

Selectio n tends to  favo ur individuals with a range o f alleles who se characteristic is the mo st

advantageo us

Stabilising selectio n is the mo st co mmo n f o rm o f natural selectio n

An example is the co at co lo ur o f mice

The co lo ur stabilises as the o ne which gives the mo st camo u�age against the surro undings

eg. bro wn fur versus a fo rest �o o r

Birth mass is also  an example

Where a no rmal distributio n clusters aro und a mean birth mass

To o  lo w and to o  high can lead to  pro blems o f survival fo r an infant

Stabilising selectio n

Discards extreme  pheno types

And instead favo urs the majo rity o f  the po pulatio n that is well adapted to  their lo cal

enviro nment
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Decreases diversity  within a po pulatio n

Wo rks mo stly o n traits that are po lygenic

Is o ften characterised by a no rmal distributio n (a bell-shaped curve)

Stabilising selection on human birth weight.

Disrupt ive select ion

Selects against the average individual in a po pulatio n

Is the rarest o f the three fo rms o f natural selectio n

Like directio nal selectio n, disruptive o ccurs when habitats o r reso urces undergo  a change

Disruptive selectio n can lead to  the f o rmatio n o f  an entirely new species  (speciatio n)

Fo r this reaso n, is so metimes referred to  as 'diversif ying selectio n'

Darwin's �nches  in the Galápago s Islands are o ne o f the best-kno wn examples

Fifteen di�erent species evo lved fro m a co mmo n ancesto r

Multiple types o f  beaks  have adapted to  di�erent fo o d so urces o ver time

On o ne island, Santa Cruz

Gro und �nches eat mo re seeds and so me arthro po ds

Tree �nches eat mo re fruits and arthro po ds

Vegetarian �nches feed o n leaves and fruit

Warblers typically eat mo re arthro po ds

When fo o d is abundant , their diets can o verlap
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When fo o d is scarce, these specialisatio ns give each species the ability to  co mpete fo r a certain

type o f fo o d better than o ther species

This helps each species to  o ccupy its o wn niche
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Summary of the 3 main forms of natural selection and their e�ects on the average phenotype of a

population
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Disruptive selection acting on beak size in a bird population

Exam T ip

Beco me familiar with the shapes o f the graphs abo ve. They can help yo u answer questio ns abo ut

the type o f selectio n that is o ccurring in a po pulatio n.
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Reproductive Isolation

Repro ductive iso latio n o f po pulatio ns can be tempo ral, behavio ural o r geo graphic

A po pulatio n o f a species can beco me iso lated f ro m its peers  by vario us means

A barrier fo rms, meaning no  interbreeding o ccurs between the two  po pulatio ns

Fo r many generatio ns, there may be little o r no  variatio n o f  the gene po o l within that po pulatio n

The nature o f the barrier between po pulatio ns can be tempo ral, behavio ural o r geo graphic

Tempo ral (ie. seaso nal)

Di�erent gro ups have repro ductive cycles at di�erent times o f  the year so  canno t

interbreed

eg. Changes in �o wering patterns  o f plants in di�erent seaso ns

 Behavio ural

Di�erent gro ups have di�erent rituals o r patterns o f behavio ur meaning that the gro ups

do  no t reco gnise each o ther as 'self'

eg. Co urtship rituals

Geo graphical

eg. When natural o r man-made barriers fo rm between two  parts o f a po pulatio n, such as a

river, freeway, o r mo untain range

Over a lo nger perio d, the fo rmatio n o f new species (speciatio n) o ccurs by repro ductive

iso latio n ie. separating parts o f the po pulatio n into  independently-breeding gro ups

Natural selectio n will take di�erent paths  acco rding to  the di�erences o f bio tic and abio tic

facto rs o n either side o f the divide

Sympat ric vs allopat ric speciat ion

 Tempo ral and behavio ural speciatio n are bo th examples o f sympatric speciatio n, in which

separately-develo ped species can co exist in the same geo graphical area whilst o ccupying

di�erent niches

 Geo graphic speciatio n is so metimes called allo patric speciatio n, in which two  separate

species diverge with co mplete spatial separatio n
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Geographical isolation can lead to speciation.

Exam T ip

A typical exam questio n will ask yo u to  identify which fo rm o f natural selectio n is taking place

fro m a set o f data in the questio n. Alternatively, yo u may have to  give reaso ns fro m the data abo ut

why a particular example o f natural selectio n is identi�ed as o ne o f the three fo rms. Think abo ut

ho w the 'average' individual in a po pulatio n is a�ected and that will lead yo u to wards the co rrect

answer.
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10.3.3 Speciation

Gradualism & Speciation

Speciatio n can be de�ned as the emergence o f new and distinct species that are repro ductively

iso lated fro m o ther separate species

Two  theo ries exist to  explain the emergence o f new species

Gradualism

Punctuated Equilibrium

Gradualism

Speciatio n due to  divergence o f iso lated po pulatio ns can be gradual

Large changes between species o ccur due to  the culminatio n o f  many small changes  that

accumulate  o ver time

Because o f the lo ng perio d o f time in which life has existed o n Earth (appro x 3.5 billio n years), o ne

might expect that o rganisms speciated gradually fro m their ancesto rs

Evidence exists in the fo ssil reco rd to  sho w that patterns o f  evo lutio n can f o llo w the

geo lo gical cycle, which co nsists o f lo ng, slo w changes that take place o ver tho usands and

millio ns o f years

Charles Darwin o riginally subscribed to  the po int o f view o f gradualism, having o bserved vestigial

structures  in the fo ssil reco rd

Vestigial structures are o bservable characteristics that have no  apparent f unctio n

They are residual parts  fro m a past ancesto r that are still inherited but have fallen into  disuse

Examples o f vestigial structures include the human appendix and the wings o f  �ightless

birds

The iconic image of evolution implies gradualism as humans and chimpanzees both evolved from a

common ancestor via intermediate species
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Punctuated Equilibrium

Speciatio n can o ccur abruptly

Punctuated equilibrium implies lo ng perio ds witho ut appreciable change and sho rt perio ds o f

rapid  evo lutio n

In the late 19th century, palaeo nto lo gists (scientists specialising in the study o f life fo rms that

existed in past geo lo gical perio ds) began to  no tice ano malies in the f o ssil reco rd  that cast

do ubt  o n Darwin and o thers' theo ries o f gradualism

One such scientist was William Bateso n (who  alo ng with Reginald Punnett �rst o bserved no n-

Mendelian inheritance patterns)

Breaks o ccurred in the fo ssil reco rd that revealed no  intermediate species

Fo ssil appeared relatively unchanged  fo r lo ng perio ds o f time yet changed abruptly  at o ther

times

Sudden mass extinctio ns  were o bserved

Cataclysmic events such as huge vo lcanic eruptio ns, meteo r strikes  and large-scale

gaseo us changes to  the atmo sphere  can cause mass extinctio ns

So me members o f the po pulatio ns that are no t adversely a�ected may survive  the event

These can restart repro ductio n with a reduced gene po o l

This is called the Fo under E�ect

The Founder E�ect as shown by lizards. If the original island was destroyed and only the white (recessive

phenotype) lizards move to the new island and so the whole population ends up having the white

phenotype.
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10.3.4 Polyploidy & Speciation

Polyploidy & Speciation

NOS: Looking f or pat t erns, t rends and discrepancies—pat t erns of  chromosome
number in some genera can be explained by speciat ion due t o polyploidy

When patterns and trends are o bserved in nature, scientists seek to  �nd explanatio ns that �t with

these o bservatio ns

When exceptio ns to  accepted trends are o bserved in the natural wo rld, it can so metimes mean

that established mo des o f thinking are inco rrect, so  it is impo rtant to  co nsider discrepancies

carefully

Polyploidy

So  far, speciatio n has been explo red in the co ntext o f mutatio ns and changes to  an o rganism's

existing geno me

Where the number o f chro mo so mes remains 2n o r 2 x the haplo id number, but the

chro mo so mes' base sequences alter as new alleles fo rm

Speciatio n can also  o ccur thro ugh po lyplo idy

Po lyplo idy

Occurs when an o rganism has mo re than two  sets  o f ho mo lo go us chro mo so mes

Is mo re co mmo n in plants  than in animals

Can result fro m chro mo so mal mis-events  eg. abno rmalities in mito sis o r mo re co mmo nly, in

meio sis

Fo r example, the fertilisatio n o f an egg by mo re than o ne sperm, o r by failure o f

chro mo so mes to  separate in meio sis I

A diplo id gamete can be fo rmed, which can fertilise with a haplo id gamete and pro duce fertile

o �spring

Po lyplo idy creates a separate taxo no mic catego ry within species, o ften called breeds o r

varieties

Patterns in chro mo so me number between o rganisms (diplo id, triplo id, tetraplo id etc) have been

used to  explain speciatio n

Po lyplo idy can result in sympatric speciatio n as po lyplo id and diplo id co unterparts can co exist

in the same geo graphical area
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Chromosome sets showing haploid, diploid and polyploid sets

Uses of  polyploidy

Applicatio n: Speciatio n in the genus Allium by po lyplo idy

Many cro p species have been created to  be po lyplo id

Fo r example, species in the Allium genus

Such as o nio n, garlic, shallo ts, leeks and chives

Allium porrum is the cultivated leek and is tetraplo id and fertile, so  has many advantages

o ver no n-po lyplo id co unterparts

Wild o nio n (Allium canadense) has a diplo id number o f 2n = 14 altho ugh po lyplo id varieties have

been generated with 2n = 28
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The co mmo n o nio n, (Allium cepa) has naturally-o ccurring po lyplo id varieties, so me o f which have

been cultivated fo r agricultural use

Po lyplo idy increases allelic diversity  and permits no vel pheno types  to  be generated

Having multiple co pies o f  the same gene  reduces the risk o f recessive mutatio ns causing

detrimental e�ects

No vel pheno types can include impro ved �avo ur and aro ma fo r co o king, a greater yield  fo r

farmers and impro ved pest resistance

It also  leads to  hybrid vigo ur (the tendency o f cro ss-bred individuals to  sho w superio r

characteristics to  tho se o f their parents)
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10.3.5 Skills: Comparing Allele Frequencies Between Populations

Populations & their Allele Frequencies

Comparison of  allele f requencies of  geographically isolat ed populat ions

Allele frequency is a term that assigns a relative f requency  o f an allele at a particular gene lo cus

Alleles can vary fro m each o ther by as little as o ne nucleo tide

When a degree o f geo graphic separatio n exists between two  po pulatio ns, this can cause

di�erences in the frequencies o f alleles to  emerge

Human allele frequencies vary by geo graphy  and ethnicity

Examples o f clear-cut allele frequency di�erences are rare in human po pulatio ns because o f

the ease o f travel and interbreeding

This leads to  a scarcity o f truly iso lated  po pulatio ns

If there are mo re than o ne allele in existence fo r a particular gene, the respective allele

f requencies must add up to  1

Online databases list the frequencies o f human alleles

Alleles are so metimes referred to  as po lymo rphisms  which just means many (po ly-) di�erent

fo rms (-mo rphisms) o f a gene

The mo st co mmo n type is called a single nucleo tide po lymo rphism (SNP)

Mathematical fo rmulae such as the Hardy-Weinberg f o rmula can be used to  calculate

pheno type frequencies fro m allele frequencies and vice versa

Co mparing allele frequencies can pro vide info rmatio n fo r

Identifying genetic asso ciatio ns  with particular diseases

Estimating the number o f  individuals with disease susceptibility  within a po pulatio n

Estimating the level o f drug resistance  in a po pulatio n

Perfo rming evo lutio nary and anthro po lo gical studies  (eg. tracing the histo ry o f humans

thro ugh time)

Basis of  allele f requency analysis

Fo r any po lymo rphism, each individual carries two  alleles per lo cus

One is inherited fro m the mo ther, the o ther fro m the father

Exceptio n - this do es no t apply to  alleles present o n the X o r Y chro mo so me

Within a po pulatio n, there are twice as many to tal alleles  as there are individuals

Ho mo z ygo us  individuals each co ntribute two  o f that allele to  the to tal number o f that particular

allele

Hetero z ygo us  individuals each co ntribute o ne  o f a particular allele to  the to tal number o f that

allele

Fo r example, if there are eight individuals with the Z Z  geno type, they co ntribute 16 Z  alleles.

Thirty-fo ur Z z  hetero z ygo us individuals co ntribute a to tal o f 34 Z  alleles and 34 z  alleles to

the to tal
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