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5.1.1Evolution

Evolution Defined

= Speciesdo not stay the same over time;the species that we see around us todayhave
developed overmillions of years
= Thisprocess of species changeis knownas evolution
= Evolutioncanbe defined as:
= Changesinthe heritable characteristics of organisms over generations
= Heritable characteristics are those that canbeinherited by,orpassed onto, the next
generation
= Changesincharacteristics that are notinherited, e.g.aplant havingits leaves eaten,do not
lead to evolution
= Heritable characteristics are determined by the alleles of genes that are presentinan
individual
= Alleles maychange as aresult of random mutation, causingthemto become more orless
advantageous
= Heritable characteristics that are advantageous are more likely to be passed onto offspring,
leadingto agradual change inaspecies overtime
= Thisis the process of naturalselection
= Changesinthe heritable characteristics of organisms canalso lead to the development of
completelynew species
= Theformationofnewspeciesviathe process of evolutionhas resulted inagreat diversity of
species onEarth
= Theoretically,at the origin of life on Earth, there would have beenjust one single species
= Thisspecies evolvedinto separate new species
= These species would thenhave divided again,eachforming new species once again
= Overmillions of years, evolutionhas led to countless numbers of these speciationevents,
resultinginthe millions of species now present on Earth
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Evolutionary change over along period of time has resuited in a great diversity of species
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Speciation

= Thetheory of evolutionstates that species do not stay the same, but change overtime;this
canlead to the process of speciation
= Speciationcanbe defined as:

= The development of new species from pre-existing species over
time

= Speciationcanresult fromgeographicalisolation
= This means thataspeciesis separatedinto two populations bye.g.beingondifferentislands
ordifferentsides of amountainrange
= The oceanand the mountains inthese examples are geographicalbarriers

= This creates two populations of the same species who cannotinterbreed due to beingin
differentplaces;as aresult,no exchange of genes, orgene flow, willoccurbetweenthem
= The different environmental conditions forthe two populations might mean that different alleles
are advantageous, so different alleles are more likelyto be passed onand become more
frequentineachpopulation;thisis the process of natural selection
= The allele frequenciesinthe two populations change overtime
= Geneticdriftcanalso affect allele frequencies

= Overtime, the two populations maybeginto differphysiologically, behaviourally and
morphologicallyto suchanextent that theycanno longerinterbreed to produce fertile
offspring;speciationhas occurred

Example: speciationintrees

= Apopulationoftrees existsinamountainous habitat

= Anew mountainrange forms that divides the speciesinto two populations

= The geographical barrier prevents the two populations frominterbreeding, so there is no gene
flow betweenthem

= The two populations experience different environments, so different alleles become
advantageous

= Differentalleles are therefore more likelyto be passed onineach population

= Differentalleles become more frequentineachpopulation

= Qverthousands of years, the divided populations formtwo distinct species thatcanno longer
interbreed to produce fertile offspring
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The geographical barrier of amountain range can lead to speciation in trees

O ExamTip

Speciationcommonlyoccurs afteraspecies expands its range to new geographical areas. This
phenomenonis evidenced bythe large numberof endemic species found onislands such as the

Hawaiianhoneycreepers;agroup of more than 50 bird species found in the Hawaiian
archipelago!
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5.1.2 Evolution: Evidence

Evidence for Evolution: Fossils

= Fossils are the preserved remains of organisms, orthe traces left by organisms, such as
footprints,burrows and faeces
= Theseremains canbe preserved,e.g.inrocks, bythe process of petrification, duringwhich
the tissues of organisms are replaced with minerals
= Thefossilrecordis smallinrelationto the numberof organisms that have everlived, due to
the conditions for fossilisationbeingso rare

= We cantellfromfossils that organisms have changed significantly over millions of years
= Fossils,as wellas therocks theyare found in,canbe dated, allowing us to accurately put
fossilorganismsinto asequence fromoldestto youngest,and therefore see how
organisms have changed through evolutionary time
= Thefossilrecord shows the kind of progressionthat the theoryof evolutionwould lead us
to expect,witholderfossils showing simpler life forms and complexity increasing with
time
= Thesequence offossils aligns withecology groups:
= Plantfossils appearearlierinthe fossilrecord thananimals
= Plants withthe abilityto be pollinated byinsects appearbefore insect pollinators

= Fossilscanshowevidence fortransitional species, showinghow one species could evolve
into anothere.g. Ambulocetusis afossil thatlinks amphibians with early whale-like organisms,
and Archaeopteryxappears to link reptiles with birds

Evidence for Evolution: Selective Breeding

= Selective breedingis aprocessinwhichhumans choose organisms with desirable
characteristics and breed themtogether to increase the expressionofthese characteristics
over many generations
= Theprocess of selective breedinghas enabled humans to produce desirable crop
varieties and livestock with exaggerated characteristics from wild varieties and species,
e.g.
= Desirable cropvarieties include those with ahighyield and disease resistance
s Exaggerated characteristicsinlivestockinclude thick, heavywoolinsheep,and large
volumes of milk produced indairycattle

= Selective breedinginvolves changes to heritable characteristics over many generations, and
soitis anexample of evolutioninaction
= This practiceis also known as artificial selection
= |tmakes use of the principles of natural selection, butis carried out by humans
= |nnaturalselection,advantageous alleles are more likelyto be passed onbecause they
increase anorganism's chances of survival
= |nartificialselection,orselective breeding, desirable alleles are more likelyto be passed
onbecause humans decide whichindividuals willbe used forbreeding

= Humans have beenselectivelybreeding organisms forthousands of years,longbefore scientists
understood genes and alleles
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The processof selective breeding

1.The population shows variation; there are individuals with different characteristics

2.Breeders selectindividuals withthe desired characteristics; selected individuals should not
be closelyrelated to eachother

3.Two selected individuals are bred together

4.The offspringproduced reachmaturityand are thentested for the desirable characteristics;
those thatdisplaythe desired characteristics to the greatest extent are selected forfurther
breeding

5.The processis repeated overmany generations;the bestindividuals fromthe offspring are
continuallychosenforbreedinguntil all offspring display the desirable characteristics

The wolf was bred selectively over thousands of years to produce a wide variety of domesticated dog
breeds.

Page 7 of 28
For more help visit our website www.exampaperspractice.co.uk



=

Exam Papers Practice

Evidence for Evolution: Homologous Structures

= Homologous structures are bodyparts that maylook and functionvery differently but share
structural similarities
The limbs of animals are agood example of this;animals have manydifferent mechanisms of
motionand limbuse, but the basic arrangement of bones inmanydifferent types of limbs is very
similar
= E.g.Thelimbs of birds, bats,crocodiles,whales,horses,and monkeys are used very
differentlyand are visually very different, but are structurally very similar to each other

One explanationforthe surprising similarities of these different limbs is that of adaptive
radiation; the ideathat organisms withhomologous structures have allevolved fromashared,
commonancestor but have adapted to different environments inthe process
= Note thatadaptiveradiationdoes not provide proof that these organisms have evolved
fromacommonancestor, butitis agood explanationforthe existence of homologous
structures

Ahomologousstructure: the pentadactyllimb

Apentadactyllimb is anylimb that has five digits i.e. five fingers ortoes

Pentadactyllimbs are presentinmany species frommany groups of organisms, including
mammals, birds, amphibians, and reptiles

Indifferent species, the pentadactyllimb has a similar bone structure but canenable an animal to
move inaverydifferent way

= The humanfoot evolved forupright walking and running

= Whale flippers enable themto propelthemselves through a marine environment

= Bird wings are usually highlyadapted forflight

= Thelimbs of frogs allow themto walk, jump and swim

= Alligatorlimbs enable themto walk and swim

Although the individualbones of the pentadactyl limbinthese example animals are very
different shapes and sizes due to theirdifferent mechanisms of locomotion, theirlayout is
almost exactly the same
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The bone structure of the pentadactyl! limb of a human, whale, bird, frog, and alligator; they all have the

same basic layout despite having evolved fordifferent functions

Vestigial structures

Note that vestigial structures, while differentinnature fromhomologous structures,canalso be
explained by commonancestry
= Vestigial structures are those thatno longer have afunctioninanorganism
= E.g.pelvisbonesinsnakes and whales and wings in flightless birds

These structures tend to be homologous to structures that performafunctioninother
species
The presence of vestigial structures suggests ashared ancestry with those species that
possess afully functioning equivalent of the same structure
Vestigial structures are considered to be 'evolutionaryleftovers';theywould have had a
functioninanancestral organism, but achange inthe environmentled to loss of use e.g.agroup
of fishtrapped inadark cave would have no use foreyes

= The presence of vestigial structures does not harmthe speciesinwhichtheyare found, so

there is no advantage to be gained bylosingthem completely;hence theirpersistence

NOS: Looking for patterns, trendsand discrepancies; thereare commonfeaturesin
the bone structure of vertebrate limbsdespite their varied use

When patterns and trends are observed innature, scientists seek to find explanations that fit
withthese observations

= Here,scientists have observed apatterninthe limb structure of animals;despite
differences inappearance and function, the general structure of the pentadactyllimbis
repeated throughout the animal kingdom
= The explanationthatbest fits this observationis that all animals evolved fromacommon
ancestor thatitself had apentadactyllimb,inthe process of adaptive radiation
= Thisis the onlyexplanationso farthat makes sense of the patternof homologous
structures seeninnature,and it supports the theorythat organisms evolve over time
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Evidence for Evolution: Continuous Variation BetweenPopulations

= Differentpopulations of aspecies mayshow smallamounts of variationbetweeneach
populatione.g.afewmminbeak lengthbetween bird populations
= Beaklengthis anexample of continuous variation

= The presence of continuous variationbetween populations across their geographicalrange
canlead to gradualdivergence
= Thetermdivergencerefers to the species becomingseparate; thisis the process of
speciation

= |tcansometimes be difficult to make decisions about the point at which populations showing
continuous variationhave diverged into different species, and biologists sometimes disagree
overwhetherseparate populations are the same species, different subspecies, orseparate
species
= E.g.Orca,orkillerwhale,populations canshow different bodyshapes and markings, and
thereis debate amongscientists around whetherthereis onlyone species of orca, several
subspecies,orseveral species

Evidence forgradualdivergence

= There are several examples around the world of groups of species found ina particular
geographicallocationwhere the differences betweenthose species are small, e.g.
= Darwin's finches;manyspecies of small bird observed by Darwininthe Galapagosislands
= Hawaiianhoneycreepers;agroup of more than 50 bird species found in the Hawaiian
archipelago

= The presence of continuous variationlike this,betweenspecies,and across their geographical
range, suggests that these species evolved bygradualdivergence as aresult of continuous
variation betweenhistorical populations

= Forexample, Hawaiianhoneycreepers show continuous variationacross their geographical
range;because of this, theyare thought to have evolved from aseries of ancestral populations,
fromwhich gradual divergence gave rise to manydifferent species
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The Hawaiian honeycreepers show continuous variation across their geographical range, suggesting that
they diverged gradually from a common ancestor
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Evidence for Evolution: Melanistic InsectsinPolluted Areas

= Because evolutiongenerallyhappens overmillions of years, itis difficult to see it taking place,
and we oftenhave torelyonevidence fromthe fossilrecord, and evidence of common
ancestry suchas homologous structures and continuous variationbetweenspecies
= There are,however,some examples of evolution,onasmall scale,that show changes in heritable
characteristicsinashort time frame
= E.g.ininsects and bacteria
= Examples like this relyonshort generationtimes

= Afamous example of evolutiontakingplaceininsectsis that of the peppered moth
and industrial melanism
= Melaninis adark pigment produced inthe cells;the more melaninis produced, the more
melanistic anindividualis said to be,and the darkerit will be incolour

= |thas beennoted that melanistic peppered moths have become more commonthannon-
melanistic individuals inindustrialised parts of the UKwhere air pollutionhas increased
= Airpollutionkills organisms called lichens that grow onthe bark of trees
= Inareas withcleanair,lichens grow ontree bark, causing tree trunks and branches to appear
palerincolour
= Inthese areas,non-melanistic moths are wellcamouflaged against the trees, and
therefore more likely to survive and pass onthe alleles fornon-melanism

= |npolluted areas,lichens are killed, causing tree trunks and branches to appeardarkerin
colour
= Here, melanistic moths are wellcamouflaged,increasing theirchances of survivingand
passingonthe alleles formelanism

= The frequencyof non-melanistic individuals therefore increases innon-polluted areas,
and the frequency of melanistic individuals increases inpolluted areas

= This change inthe heritable characteristic of melanin productionover generations of moths
shows evolutiontaking place
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In areas with higherlevels of air pollution the frequency of melanistic moths increases
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5.1.3 Variation

Variation

= Differences existbetweenorganisms of the same species
= Thesedifferences are known as variation
= Examples of variationinclude:
= Coatcolourinmammals
= Bodylengthinfish
= Flowercolourinflowering plants

= The process of natural selectioncanonly take place whenthere is variationinapopulation
= |feveryorganisminapopulationisidenticalthenno individual will be favoured overanother
= There willbe no advantageous characteristics leadingto increased survivaland chances of
reproduction,and so there would be no increased likelihood of passingonthose
advantageous alleles
= |nthis situation,apopulation's characteristics would remain the same over time and it would
be unable to adapt to anyenvironmental changes
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Causes of Variation

= Variationresults fromsmalldifferencesinDNA base sequences betweenindividual organisms
within apopulation
= There are severalsources of these differences in DNAbase sequences:
= Mutation
= Meiosis
= Randomfertilisation during sexualreproduction

Mutation

= The original source of genetic variationis mutation
= Amutationis achangeinthe DNAbase sequence thatresults fromacopyingerrorduring DNA
replication

= Mutationresultsinthe generationof new alleles
= Mutations that take place inthe dividing cells of the sexorgans lead to changes inthe alleles of
the gametes that are passed onto the next generation
= Anew allele maybe advantageous, disadvantageous orhave no apparent effect
= Anadvantageous allele is more likely to be passed onto the next generationbecause it
increases the chance that an organism will survive and reproduce
= Adisadvantageous mutationis more likely to die out because anorganismwithsucha
mutationis less likelyto survive and reproduce

= Note thatamutationtakingplace inabody,orsomatic,cellwillnotbe passed onto successive
generations, and so willhave no impact onnatural selection
= Mutationis the onlysource of variationin asexuallyreproducing species

Meiosis

= There are two main events during the process of meiosis that generate variation
= Crossingover
= Randomorientation

= Crossingoveris the process bywhichhomologous chromosomes exchange alleles
= Duringmeiosis Thomologous chromosomes pairup
= The non-sisterchromatids cancross over and getentangled
= Asaresultofthis,asectionofchromatid fromone homologous chromosome maybreak
and rejoinwith the chromatid from the otherchromosome

= This swappingofallelesis significant as it canresultinanew combinationof alleles onthe two
homologous chromosomes
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The process of crossing over can result in new combinations of alleles

= Randomorientationoccurs due to the independent arrangement of homologous pairs along
the equatorofthe cellduringmetaphase |

Eachpaircanbe arranged witheither chromosome oneither side of the cell; this is
completelyrandom

The orientationof one homologous pairis independent, orunaffected by the orientation
of anyotherpair

This is sometimes described as independent assortment
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= The homologous chromosomes onthe equatorofthe cellare pulled apart to different poles,
and willeachend upinaseparate daughtercell
= The combinationofalleles thatend upineachdaughtercelldepends onhow the pairs of
homologous chromosomes were lined up
= Towork outthe numberofdifferent possible chromosome combinations the formula2"canbe
used,where ncorresponds to the numberofchromosomesinahaploid cell
= E.g.forhumans thisis 223which calculates as 8,324,608 different combinations
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Random orientation of chromosomes

Randomfertilisation during sexualreproduction

Meiosis creates genetic variation between the gametes through crossingover and
independent assortment

This means each gamete carries substantially different alleles

During fertilisation anymale gamete can fuse with any female gamete to formazygote
Thisrandomfusionof gametes at fertilisation creates genetic variationbetweenzygotes as
eachwillhave aunique combinationof alleles

Thereis analmostzero chance of individual organisms resulting from successive sexual
reproductionbeing geneticallyidentical
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The random fusion of gametes during fertilisation

Sources of Genetic VariationTable
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Adaptations

= Adaptations canbe defined as:
=« Characteristics that cause individuals to be well suited to their
environment and methods of living

= Whendescribinganadaptationitis always agoodideato relate the structure of acharacteristic
toits function, e.g.

= Fishgills are anadaptationforsurvivalunderwater; theyhave averylarge surface area,
enablingthem to maximise oxygenabsorptionfromwater

= Thethickfurofapolarbearis anadaptationforsurvivalinacold environment;itis thick,
trapping alayerof warmairnext to the polarbear's bodyand providing insulation

= Differentbeak shapes inbirds enable the consumptionof different types of food;some
species of finchhave short,cone-shaped beaks that enable themto crack nuts and seeds

= Adaptations arise inspecies graduallybyevolutionthroughthe process of naturalselection
= |naslowly changing environment, populations are able to adapt by natural selectionand
survival continues
= |f anenvironment changes quickly, the process of natural selectionis too slow and
adaptationcannotoccurfastenough;inthis situation,a population must migrate to a
different environment orit will go extinct

O Exam Tip

Rememberthat adaptationoccurs as aresult of naturalselection;aprocess thatactson
randomly occurring variation,and does notoccuras adirect, purposefulresponse to an
environment;avoid any statements thatimply that adaptations occur'so that'anorganismcan
survive inits environment.Instead,itis correct to saythat adaptations occurbynaturalselection
as aresult of randomvariationin populations.

5.1.4 Natural Selection

Overproduction of Offspring

= Thenumberof offspring,oryoung,produced ineachbreedingeventdiffers betweenspecies
= Some species produce smallnumbers of young, e.g.elephants usually give birthto just one
babyperpregnancy
= Some species produce many offspringe.g.some species of ant canlay 3-4 millioneggsin
one go

= |tis more usualfororganisms to produce multiple offspring, to the extent that there are more
offspringproduced thancanbe supported by the surrounding environment
= Darwinnoticed this,and named the phenomenon'overproductionof offspring’

= QOverproductionof offspringmeans that there is always competitionforresources
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Survival of the Fittest

= |Inanyhabitat there are environmental factors that affect survivalchances
= E.g.predation,competitionforfood,and disease
= Environmentalfactors thatinfluence survivalchances are said to act as selectionpressures

= |nanypopulation,due to the variation present,some individuals will have characteristics that
make thembetteradapted forsurvival
= Forexample,lions thatare strongerand fasterare more likelyto be able to catch preyand
therefore more likelyto survive
= Thisis sometimes described as 'survivalof the fittest'

= |ndividuals that are welladapted and survive into adulthood are more likely to find amate and
reproduce, producing many offspring
= Individuals that are less welladapted do not survive longinto adulthood are likelyto reproduce
less oftenthanthose that survive forlonger,so producing fewer offspring
= Theseindividuals maynotreachadulthood and so do not get the chance to reproduce at
all

O Exam Tip

When answering exam questions, be carefulnot to implythat organisms betteradapted to their
environments are guaranteed to survive.Instead,you should saythat theyare more likely to
survive. Organisms that are less suited to an environment are still able to survive and potentially
reproduce withinit, but theirchance of survival and reproductionis lowerthantheirbetter-
adapted peers.

Inheritance

= Manyofthe characteristics that affect anindividual's chances of survival are determined by the
alleles of genes presentin their DNA
= Characteristics that are determined by alleles are heritable
= Heritable characteristics canbe physical e.g.the lengthof agiraffe's neck,or
behaviourale.g.the innate behaviourof awoodlouse movingtowards adark hiding place

= |ndividuals with characteristics thatincrease their chances of survival are likelyto produce more
offspring
= This means that theyare more likelyto pass onthe alleles that code forthese advantageous
characteristics to theiroffspring
= Note that non-heritable characteristics are not passed onto offspring
= Non-heritable characteristics are those acquired during the lifetime of anorganisme.g.
gaining weight aftereatinglots of nuts and berries inautumn, orbeinginjured by a predator
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Change inFrequency of Characteristics

Naturalselectioncanbe defined as
= The process by which organisms that are better adapted to their
environment survive, reproduce, and pass on their advantageous
alleles, causing advantageous characteristics toincreasein
frequency within a population

Theincreased survivalchances of individuals with advantageous alleles mean that

advantageous characteristics are more likely to be passed downthrough the generations

The numberofindividuals inapopulationwith a particularfavourable characteristic willincrease

overtime;the characteristic is said to increaseinfrequency

Eventually this favourable characteristic willbecome the most common ofits kind inthe

population;the populationcanbe said to have adapted to its environment by the process of

natural selection

While favourable characteristics increase in frequencybynatural selection,unfavourable

characteristics decreaseinfrequency by the same process

= |ndividuals withunfavourable characteristics are less likely to survive,reproduce, and pass on

the alleles fortheircharacteristics, so unfavourable characteristics are eventuallylost from
the population

An example of natural selectioninrabbits

Variationinfurcolourexists withinarabbit population
= Oneallelecodesforbrownfurand anotherforwhite fur

Rabbits have natural predators such as foxes whichact as aselectionpressure

The brown rabbits are more likely to survive and reproduce due to havingmore effective
camouflage

Whenthe brownrabbits reproduce theypass ontheir alleles to theiroffspring

The frequencyofbrownfuralleles inthe populationwillincrease

Over many generations, the frequency of brown furwillincrease and the frequency of white fur
willdecrease

Page 22 of 28
For more help visit our website www.exampaperspractice.co.uk



=

Exam Papers Practice

Selection pressures acting on a rabbit population for one generation; predation by foxes causes the
frequency of brown furinrabbits to increase and the frequency of white furin rabbits to decrease
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5.1.5Natural Selection Examples

Examples of Natural Selection

= Because evolutionbynatural selectiongenerallyhappens overmillions of years, itis difficult to
seeittakingplace,and we oftenhave to relyonevidence fromthe fossilrecord, and evidence
of commonancestry suchas homologous structures and continuous variationbetween
species
= There are,however,some examples of evolution,onasmall scale,that show changes inheritable
characteristicsinashort time frame, e.g.
= Finches onDaphne Major
= Antibiotic resistance inbacteria

Fincheson Daphne Major

= Daphne majoris anisland inthe Galapagos, the wildlife of whichinspired Charles Darwinto come
upwith his theory of evolutionby naturalselection
= Henoticed that some of the birds of the Galapagos, identified as finches, bore astrong
resemblance to eachother, but that theyalso showed differences that were specific to each
island
= Scientists now know that Darwin’s famous finches are not technicallyfinches at all, but they
are usually stillreferred to as 'Darwin's finches'

= |nparticular,finchbeak shape and size corresponded to the diet available to themoneach
island
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Darwin noticed that Galapagos finches had beaks that were perfectly adapted to the food sources
available on the island on which they lived

Since Darwin, many evolutionary biologists have studied the wildlife of the Galapagos
Scientists Peter and Rosemary Grant carried out along-termstudyonthe finch species
Geospiza fortisonthe island of Daphne Major
G. fortis’dietconsists of seeds,whichwhenweather conditions are normal are plentiful, small,
and soft,butwhichbecome fewer,larger, and tougher during times of drought
The Grants observed awiderange of beak sizes in G. fortiswhenweatherconditions were
normal, but found that during periods of drought beak size increased
= Whenseeds were plentiful,small,and soft, there was no advantage forindividuals with larger
beaks,and so alleles fordifferent beak sizes were passed onto G. fortisoffspringinequal
proportions
= Whenseeds were fewer,larger,and tougher, finches withlargerbeaks had an advantage
whencompetingforfood,and were therefore more likelyto survive and pass onthe alleles
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forlarge beaksize,leadingto anincrease infrequency of large beaks in the population

= The observationthat finches withlargerbeaks produce large-beaked offspring while finches
with smallerbeaks produce smaller-beaked offspring suggests thatbeak size is largely
determined by genes,and so is heritable

= The heritable nature of beak size means that G. fortiscanadapt to achanging environment by the
process of naturalselection

Antibioticresistanceinbacteria

= Antibiotics are chemical substances made bysome fungiorbacteriaas adefence mechanism
= Theykillbacteriabytargeting processes and structures that are specific to bacterial cells
= Antibiotics are effective against bacteriabut not against viruses, and usuallyhave no effect
onanimalcells

= Theuse of antibiotics has increased significantly since theywere firstintroduced inthe 1930s,
saving millions of lives
= Since theirdiscoveryand widespread use antibiotic resistance has developed in manydifferent
types of bacteria
= Antibiotic resistant bacteria are notkilled by antibiotics

= Antibiotic resistance is aheritable characteristic and so develops inbacterial populations by the
process of naturalselection

= Bacteria, like all organisms, have mutations in their DNA that give rise to variation
= Amutationmaygiverise to resistance to aparticular antibiotic inanindividual bacterial cell
= |f abacterialinfectionis treated with that antibiotic, abacterialindividual withthe mutation
forresistance s likelyto survive
= The antibiotic inthis situationacts as aselectionpressure inthe same waythata
predatorwould in arabbit population

= The bacterial cellwiththe resistance mutationwillreproduce bybinaryfission,passingon
the mutationand causingantibiotic resistance to increaseinfrequency inthe population
= Bacterialcells are also able to transfergenes to eachotherbyaprocess called
horizontal gene transfer, furtherincreasing the numberofindividuals with the resistance
mutation

= Note thatif antibiotic use stops,anantibiotic resistance mutationwillno longerbe
advantageous,anditwillnotbe passed onto offspringany more oftenthanthe originalnon-
resistant formof the gene
= Antibiotics should notbe used anymore oftenthannecessaryso that aselectionpressure
is notprovided;this willreduce the likelihood of anantibiotic resistant population
developing
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Antibiotic-resistant bacterial populations can evolve by natural selection

= Naturalselectiontakes place very quicklyinbacterial populations because
= Bacterial populations contain many individuals, so the chances of anadvantageous
mutationappearing are higher thanin othertypes of organisms
= Theycanreproduce very quickly, meaning that generation times are short and any mutations
thatdo arise canbe passed onto many offspringinavery short time
= Bacteriacanreproduce as oftenas every 20 minutes

= Bacteriacantransfer genes horizontally, furtherincreasingthe rate at which advantageous
mutations canspread

= Antibiotic resistance is ahuge problem;antibiotics have beenrevolutionaryin the treatment of
disease,and losingthemas amedicaltoolwould be devastating
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Scientists are looking forways to reduce the rate at whichresistance evolves e.g.byreducing
the use of antibiotics and the spread of infection, as well as seeking out alternatives to current
antibiotics e.g.new antibiotics and othertypes of antibacterial agent

NOS: Usetheoriestoexplainnaturalphenomena; the theoryof evolution by natural
selection can explainthe development of antibioticresistanceinbacteria.

Scientists cangatherinformationabout the world by observing events, orphenomena
Theyformulate theories that seekto explainobserved events
Inthe case of antibiotics,ithas beenobserved that antibiotic resistance inbacteriais onthe
increase
= |nparticularithas beennoticed thatonce anantibiotic starts to be used to treat a particular
infection, resistance rates begintorise

Scientists use the theory of natural selection to explainthis observation

= Antibiotics actas aselectionpressure

= Resistantindividuals are 'selected'whennon-resistant bacteria are killed by treatment
= Resistantindividuals survive,reproduce, and pass onthe resistance characteristic

= Resistantindividualsincrease infrequency

Understanding the mechanismbywhichresistance evolves means that scientists have abetter
chance of solving orreducing the problem
= E.g.byreducingthe selectionpressure,i.e.the use of antibiotics, natural selectioncanbe
slowed down

O Exam Tip

While you are expected to know the examples of natural selectiondescribed above,youcould
also be given anunfamiliarexample, so make sure that youcan describe the process of natural
selection:

= Withinaspecies, thereis always variationin heritable characteristics due to chance

mutation

= Populations willhave selectionpressures actingonthem

= |ndividuals withadvantageous characteristics are more likelyto survive and reproduce
= Heritable advantageous characteristics are passed onto offspring

= The advantageous characteristic increases infrequency
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