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10.3.1Gene Pools

Gene Pools

= Agenepoolconsists of allthe genes and theirdifferent alleles, presentinaninterbreeding
population
= Some populations of the same species are geographicallyisolated fromeachother
= So multiple gene pools canexistforaspecies
= |ndividualsinapopulationtend to have commoncharacteristics and resemble each other

= Two geographically-isolated population may have different characteristics whilst still being
the same species

= Thisis one basis forspeciation

= Aconsiderationofallthe genes (and alleles thereof)inapopulationis important as that will
governthe genomes of the next generation
= Thiscollectionof genes and allelesis commonlycalled the gene pool

Calculating allele frequencies

= Allele frequencies are defined as the relative abundance of alleles foraparticulargene
= Allele frequencyis calculated bydividing the numberoftimes the allele of interest is observedin
apopulationbythe totalnumberof copies of all the alleles at that particulargenetic locusinthe
population
= Allele frequencies are expressed as anumberbetween 0.0 and 1.0 oras percentages O -
100%
= We canthink of this as aprobability that anallele chosenatrandomina given gene willbe
aparticularallele of interest
= The frequencies of all the alleles fora particulargene must add up to 1
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10.3.2 Evolution

The Process of Evolution by Natural Selection

= Evolutionrequires that allele frequencies change with time in populations
= Evolutionis defined as the cumulative change inthe heritable characteristics (genes)ofa
populationovertime
= Organisms cannot change theirspecies' phenotype significantlywithout anunderlying change in
their genetic makeup
= The factors thatdrive evolutionare
= Mutations causingnew alleles to comeinto being
= Selectionpressures thatfavourthe existence of certainalleles and oppose that of others
= Akeyconsiderationis that evolutionhas no purpose
= Thereis no conscious change of genetic makeupinorderto take advantage of changesin
conditions
= Mutations and selection pressures occurentirelyatrandom
= Aspeciesonlyevolves byvirtue of alucky combinationof advantageous alleles and
selectionpressures
= Organisms developing otheralleles that put anaffected individual at aselective
disadvantage willnot survive to reproduce and pass onthose alleles
= Changesinallele frequencies cansometimes be referred to as genetic drift
= Evolutioncanhappenwithinaspecies before speciationoccurs
= Anexample is the manydogbreeds that all exist within the same species, Canis familiaris
= Whilstmanybreeds have beenselectivelybred artificiallyforaesthetic reasons byhumans (or
to performvaluable tasks like seeing-eye dogs),mostcommondogbreeds are capable of
interbreeding to produce fertile offspring, oftenreferred to as mongrels
= Populationsize has aneffectonevolution
= |nasmallpopulation,randomevents such as climate change can have adramatic effect on
the frequencyofalleles
= Bycontrast,inalarge population,thereis more capacity to absorb small fluctuationsin
allele frequency
= Whenanalleleis putunderselective pressure,its frequencydrops and sometimes falls to zero as
amore advantageous allele becomes more abundant,orbecomes the onlyallele inthe gene
pool

Example of changesin allele frequencydriving evolution

= The peppered moth(Biston betularia)is awell-documented case studyof evolution bynatural
selection
= Intheearly18thcenturyinthe northern UK, the light grey-winged form of this moth prevailed
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= These moths were well-camouflaged against the light-coloured bark and lichens of their
hosttree species
= Black-winged moths (which carried the allele formelanism) fared badlyas theywere easyfor
predators (mainly birds) to spot against the light background
= Duringthe industrialrevolution (mid-late 18th Century), soot from coal-burning factories and
house chimneys coated manyofthe treesinthe area, turningthemdarkorblack
= Thisled to anincreaseinpredationof light-winged (non-melanistic) moths whose camouflage
was no longerso effective
= The dark-winged moths became the predominant variety as the frequency of the melanism
alleleincreased oversuccessive generations of moths
= Analysis of the populations throughout this period revealed the following changes inallele
frequency

Types of Natural Selection

= There are three maintypes of selection:
= Directional
= Stabilising
= Disruptive
Directional selection

= The populationchanges towards one extreme of arange of variation
= Asthat extreme becomes betteradapted
= This tends to happenwhen environmental conditions change
= Forexample,afallinaverage temperatures canaffectplants thatare notresistantto frosts
(spells where the airtemperature falls below 0°C)
= |fthereis no allele that can give the species adegree of frostresistance, thenthe species will
become extinct inthat habitatif cold temperatures endure formore than one generation
= [fanallele exists that givesadegree of frost protection, thenthe species will be able to
= Survive the frost
= Goontoreproduce successfully
= Suchanallele maycode foranew proteinthat canlowerthe freezingpoint of water/cellcontents
byafew degrees and prevent the formation of damagingice crystals
= Thespecies has developed aselective advantage overotherspecies
= Adisadvantageous allele does not have to be fatal to anindividual organism
= However,itmust prevent the individualfromreproducing successfully
= Whichis effectivelythe same thingfroman evolutionarypoint of view
= Because the allele willdisappearfromthe gene pool as the reproductivelyunsuccessful
individuals die
= The species canchange its genome abruptly bydirectional selection
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Directional selection acting on fish body size. Increases in ocean temperatures are selecting for smaller
body sizes in fish. Warmer seas cause fish metabolism to speed up and so increase theirneed foroxygen
(oxygenlevels are lowerin warmer seas). Larger fish have greater metabolic needs than smaller fish, and

so they feel the effect of increased temperatures more strongly.

Stabilising selection

= Selectsinfavourof the average individualin a population
= Occurs whenenvironmental conditions are stable /do not change
= Selectiontends to favourindividuals with arange of alleles whose characteristic is the most
advantageous
= Stabilisingselectionis the most commonformof natural selection
= Anexampleis the coatcolourofmice
= The colourstabilises as the one which gives the most camouflage against the surroundings
eg.brownfurversus aforestfloor
= Birthmassis also anexample
= Where anormaldistributionclusters around a meanbirthmass
= Toolowandtoo highcanlead to problems of survival foraninfant
= Stabilisingselection
= Discards extreme phenotypes
= Andinstead favours the majority of the populationthatis welladapted to theirlocal
environment
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= Decreasesdiversity withinapopulation
= Works mostlyontraits that are polygenic
= |softencharacterised byanormaldistribution(abell-shaped curve)

Stabilising selection on human birth weight.
Disruptive selection

= Selects against the average individual in a population
= |stherarestofthe three forms of naturalselection
= |ike directionalselection,disruptive occurs whenhabitats orresources undergo achange
= Disruptive selectioncanlead to the formationof anentirely new species (speciation)
= Forthisreason,is sometimesreferred to as 'diversifying selection’
= Darwin's finches in the Galdpagos Islands are one of the best-known examples
= Fifteendifferentspecies evolved fromacommonancestor
= Multiple types of beaks have adapted to differentfood sources overtime
= Ononeisland,Santa Cruz
= Ground finches eat more seeds and some arthropods
= Tree finches eat more fruits and arthropods
= Vegetarianfinches feed onleaves and fruit
= Warblers typicallyeat more arthropods
= Whenfoodis abundant,theirdiets canoverlap
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= Whenfoodisscarce,these specialisations give each species the abilityto compete foracertain
type of food betterthanotherspecies
= This helps eachspeciesto occupyits ownniche
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Summary of the 3 main forms of natural selection and their effects on the average phenotype of a
population
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Disruptive selection acting on beak size in a bird population

O ExamTip

Become familiarwith the shapes of the graphs above.Theycanhelpyouanswerquestions about
the type of selectionthatis occurringinapopulation.

Page 9 of 17
For more help visit our website www.exampaperspractice.co.uk



=

Exam Papers Practice

Reproductive Isolation

Reproductiveisolation of populations canbe temporal,behavioural orgeographic
Apopulationofaspecies canbecomeisolated fromits peers byvarious means
= Abarrier forms,meaningno interbreedingoccurs between the two populations
Formanygenerations, there maybe little or no variation of the gene poolwithinthat population
The nature of the barrierbetween populations canbe temporal,behavioural orgeographic
= Temporal(ie.seasonal)
= Different groups have reproductive cycles at different times of the year so cannot
interbreed
= eg.Changesinfloweringpatterns of plantsindifferentseasons
= Behavioural
= Different groups have differentrituals orpatterns of behaviourmeaning that the groups
do notrecognise eachotheras 'self’
= eg.Courtshiprituals
= Geographical
= eg.Whennaturalorman-made barriers formbetweentwo parts of apopulation,suchas a
river,freeway, ormountainrange
Overalongerperiod, the formationof new species (speciation) occurs byreproductive
isolationie.separating parts of the populationinto independently-breeding groups
Natural selection will take different paths according to the differences of biotic and abiotic
factors oneitherside of the divide

Sympatric vsallopatric speciation

Temporal and behavioural speciation are both examples of sympatric speciation,inwhich
separately-developed species cancoexistinthe same geographical areawhilst occupying
differentniches

Geographic speciationis sometimes called allopatric speciation,in which two separate
species diverge withcomplete spatial separation
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Geographical isolation can lead to speciation.

O Exam Tip

Atypicalexam questionwillaskyouto identifywhichformof natural selectionis taking place
fromasetofdatainthe question.Alternatively, youmayhave to give reasons from the dataabout
why a particularexample of natural selectionis identified as one of the three forms. Think about
how the 'average'individualinapopulationis affected and that willlead youtowards the correct
answer.
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10.3.3 Speciation

Gradualism & Speciation

= Speciationcanbe defined as the emergence of new and distinct species that are reproductively
isolated fromotherseparate species
= Two theories exist to explainthe emergence of new species
= Gradualism
= Punctuated Equilibrium

Gradualism

= Speciationdue to divergence ofisolated populations can be gradual
= Large changes betweenspecies occurdue to the culmination of many small changes that
accumulate overtime
= Because ofthelongperiod of time inwhichlife has existed on Earth (approx 3.5 billionyears),one
might expect that organisms speciated graduallyfromtheirancestors
= Evidenceexistsinthe fossilrecord to show that patterns of evolutioncanfollow the
geologicalcycle,whichconsists oflong,slow changes that take place overthousands and
millions of years
= Charles Darwin originally subscribed to the point of view of gradualism, having observed vestigial
structuresinthe fossilrecord
= Vestigial structures are observable characteristics that have no apparent function
= Theyareresidualparts fromapastancestorthatare stillinherited but have falleninto disuse
= Examples of vestigial structures include the humanappendix and the wings of flightless
birds

Theiconic image of evolution implies gradualism as humans and chimpanzees both evolved froma
common ancestor via intermediate species
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Punctuated Equilibrium

= Speciationcanoccurabruptly
= Punctuated equilibriumimplies long periods without appreciable change and short periods of
rapid evolution
= Inthelate 19th century, palaeontologists (scientists specialisingin the studyoflife forms that
existed inpast geological periods) beganto notice anomalies inthe fossilrecord that cast
doubt onDarwinand others'theories of gradualism
= Onesuchscientistwas WilliamBateson (who alongwith Reginald Punnett first observed non-
Mendelianinheritance patterns)
= Breaks occurredinthe fossilrecord thatrevealed no intermediate species
= Fossilappeared relatively unchanged forlong periods of time yet changed abruptly atother
times
= Suddenmass extinctions were observed
= Cataclysmic events such as huge volcanic eruptions, meteor strikes and large-scale
gaseous changes to the atmosphere cancause mass extinctions
= Some members of the populations that are not adverselyaffected maysurvive the event
= Thesecanrestartreproductionwithareduced gene pool
= Thisis called the Founder Effect

The Founder Effect 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.

Page 13 of 17
For more help visit our website www.exampaperspractice.co.uk



E=l

Exam Papers Practice

10.3.4 Polyploidy & Speciation

Polyploidy & Speciation

NOS: Looking for patterns,trendsand discrepancies—patternsof chromosome
numberin some generacanbe explained by speciation due to polyploidy

= Whenpatterns and trends are observed in nature, scientists seek to find explanations that fit with
these observations
= Whenexceptions to accepted trends are observed inthe naturalworld, it cansometimes mean
that established modes of thinkingare incorrect, so itis important to considerdiscrepancies
carefully
Polyploidy

= So far,speciationhas beenexplored inthe context of mutations and changes to anorganism's
existing genome
= Where the numberofchromosomes remains 2nor2xthe haploid number, but the
chromosomes'base sequences alteras new alleles form
= Speciationcanalso occurthroughpolyploidy
= Polyploidy
= Occurs whenanorganismhas more thantwo sets of homologous chromosomes
= |[smorecommoninplants thaninanimals
= Canresult fromchromosomal mis-events eg.abnormalities in mitosis ormore commonly,in
meiosis
= Forexample,the fertilisationof aneggbymore thanone sperm, orby failure of
chromosomes to separate in meiosis |
= Adiploid gamete canbe formed, which canfertilise with a haploid gamete and produce fertile
offspring
= Polyploidycreates aseparate taxonomic categorywithinspecies,oftencalled breeds or
varieties
= Patternsinchromosome numberbetweenorganisms (diploid, triploid, tetraploid etc) have been
used to explainspeciation
= Polyploidycanresultinsympatric speciationas polyploid and diploid counterparts cancoexist
inthe same geographical area
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Chromosome sets showing haploid, diploid and polyploid sets

Uses of polyploidy

Application: Speciationinthe genus Alliumbypolyploidy
= Manycropspecies have beencreated to be polyploid
= Forexample,speciesinthe Alliumgenus
= Suchasonion,garlic,shallots,leeks and chives
= Alliumporrumis the cultivated leek and is tetraploid and fertile, so has manyadvantages
overnon-polyploid counterparts
= Wild onion (Allium canadense) has adiploid numberof 2n=14 although polyploid varieties have
beengenerated with2n=28
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The commononion, (A/lium cepa) has naturally-occurring polyploid varieties,some of which have
been cultivated foragriculturaluse
Polyploidyincreases allelic diversity and permits novelphenotypes to be generated
= Havingmultiple copies of the same gene reduces therisk of recessive mutations causing
detrimental effects
= Novelphenotypes canincludeimproved flavour and aromaforcooking,agreateryield for
farmers and improved pestresistance
Italso leads to hybrid vigour (the tendencyof cross-bred individuals to show superior
characteristics to those of theirparents)
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10.3.5 Skills: Comparing Allele Frequencies Between Populations

Populations & their Allele Frequencies
Comparison of allele frequencies of geographicallyisolated populations

= Allele frequencyis atermthat assigns arelative frequency of anallele at aparticulargene locus
= Alleles canvaryfromeachotherbyas little as one nucleotide

= Whenadegree of geographic separationexists betweentwo populations, this cancause
differencesinthe frequencies of alleles to emerge

= Humanallele frequencies varybygeography and ethnicity
= Examples of clear-cut allele frequencydifferences are rare inhuman populations because of

the ease of traveland interbreeding

= Thisleadsto ascarcityoftruly isolated populations

= |f there are more thanone allele inexistence foraparticulargene, the respective allele
frequencies mustaddup to

= Online databases list the frequencies of humanalleles

= Alleles are sometimes referred to as polymorphisms whichjust means many (poly-) different
forms (-morphisms) of agene
= Themostcommontypeis called asingle nucleotide polymorphism (SNP)

= Mathematical formulae such as the Hardy-Weinbergformulacanbe used to calculate
phenotype frequencies fromallele frequencies and vice versa

= Comparingallele frequencies canprovide informationfor
= |dentifying genetic associations with particulardiseases
= Estimating the number of individuals withdisease susceptibility withina population
= Estimating the levelof drugresistance inapopulation
= Performingevolutionary and anthropological studies (eg. tracing the historyof humans

throughtime)

Basis of allele frequency analysis

= Foranypolymorphism,eachindividual carries two alleles perlocus
= Oneisinherited fromthe mother,the otherfromthe father
= Exception-thisdoesnotapplyto alleles presentonthe XorYchromosome
= Withinapopulation, there are twice as many totalalleles as there are individuals
= Homozygous individuals each contribute two of that allele to the total numberof that particular
allele
= Heterozygousindividuals each contribute one of a particularallele to the total numberof that
allele
= Forexample,if there are eightindividuals withthe ZZ genotype, they contribute 16 Z alleles.
Thirty-fourZz heterozygous individuals contribute atotalof 34 Z alleles and 34 z alleles to
the total

Page 17 of 17
For more help visit our website www.exampaperspractice.co.uk



