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Biological Species Concept

VariationBetween Organisms
What is variation?

= Differences existbetweenorganisms;these differences are known as variation
= There are multiple aspects of anorganismthat canvary, e.g.

= Visualappearance,suchas furcolourorbodylength

= Behaviour,suchas matingrituals and level of aggression

= Biochemistry,suchas antibiotic resistance ormetabolic products

Causes of variation

= Variationis theresult of acombinationof genetic and environmental factors
= The genes determine whichproteins an organismis capable of producing, so influencingan
organism's characteristics
= Genetic variationis generated when mutationoccurs and when alleles are combined in
different ways during sexual reproduction
= The environment maydetermine whetherornotanorganismhas the resources needed to
produce aparticularprotein,so may affect gene expression
= Factorsinthe environment that may generate variationinclude
= Environmental temperatures
= Nutrient availability
= Oxygenconcentration

Variation between and within species

= Variationexists betweenorganisms of different species

= This variationcanbe used to classify organisms into different groups, e.g.morphological

differences betweenspecies have historicallybeen the mainway of classifying organisms,
and canstillaid classificationtoday
= Variationexists betweenmembers of the same species
= While members of aspecies will have a similargenetic makeup, differentindividuals have
different combinations of alleles
=

No two individuals are identical when all characteristics are compared

= Evenidentical twins, which have the same combinationof alleles, will differdue to subtle
environmental differences

Types of variation

= Variationcanbe discontinuous, meaningthat characteristics fallinto distinct categories, e.g.
black furvs brown fur,orhumanblood type
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= Variationcanbe continuous, meaning that characteristics canbe measured incrementally ona
scale,e.g.height

Discontinuousand continuousvariation graphs

Discontinuous and continuous variation have different features
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Species: Linnaeus

Species classification using morphology

Forbiologists to make sense of the huge array of species onEarth, organising theminto logical
groupsis essential

= This process of puttingorganisms into groups is known as classification

= Thescience of classificationis knownas taxonomy, and scientists workinginthe field of

taxonomy are taxonomists

Classifyinganorganisminvolves decidingwhich biological group, ortaxon(plural taxa), it fits into
best,and thennamingitaccordingto its taxon

= The smallesttaxonomic groupis the species
Historicallyanorganism's species was determined on the basis of its observable
characteristics;this is morphological classification
The morphological species conceptstates that:

Aspeciesisagroup of organisms that are morphologically unique

While morphologycanstillbe auseful guide fortaxonomists, classificationis no longer carried
out usingthe morphologicalspecies concept alone

Linnaeus: the father of taxonomy

CarlLinnaeus was an18th century Swedishbotanist, famous todayforhis work ontaxonomy
Linnaeus' developed the method of naming species thatis used by scientists alloverthe world
today
= Heissometimesreferred to as the 'fatherof taxonomy'forthisreason
Linnaeus noticed that traditional methods of naming species were long and descriptive, for
example the tomato plant was named Solanum caule inermi herbaceo, foliis pinnatis incises, racemis
simplicibus, meaning ‘solanum with the smooth stemwhichis herbaceous and has incised pinnate
leaves’
UnderlLinnaeus'new system,species were giventwo -part Latinnames whichwould be the same
everywhereinthe world, e.g. the tomato became So/lanum lycopersicum
= Manyspecies stillhave the same two-part Latin names that Linnaeus gave them
Itis worthnoting that while Linnaeus' work on taxonomic naming shaped moderntaxonomy, he
didn't always get his classificationcorrect; manyspecies named by himhave since been
reclassified and given new two-part Latinnames
= Linnaeus used the morphological species concept;classificationbased onmorphology
alone oftenleads to mistakes;species withasimilarappearance are not always closely
related
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Linnaeus' binomial naming system allowed species to be given simplified names that scientists all over
the world would recognise
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Binomial System
The binomial naming system

= The biologicalsystemofnaming,used to name species according to theirtaxa, is knownas the
binomialsystemof nomenclature
= This systemis universal,ensuring that scientists around the world alluse the same method of
naming species
= Thesysteminvolves givingaspecies atwo-part name, hence binomial
= Bothparts of the name areinLatin,oralatinised versionofanon-Latinword
= e.g. Eriovixia gryffindoriis a species of orb spidernamed afterafamous schoolhouse
= The first part of the nameis anorganism's genus, and the second is its species name
= E.g.the binomialname of awolfis Canis/upus;wolves belongto the genus Canis,and the
species lupus
= Species that are grouped into the same genus will have similar characteristics
= E.g.the genus Canisincludes the wolf (Canis lupus),the coyote (Canis/atrans),and the
domestic dog(Canis familiaris)

Using binomial names

= There are several conventions, orrules, that should be used when writing binomial names
= The genus should beginwithacapitalletter,and the species withalower-case letter,e.g.
the honeybee is Apis mellifera
= Whentyped, binomialnames should appearinitalics,and whenwritten by hand, theyshould
be underlined e.g.alimpetis Patella vulgatawhentyped, orPatella vulgata by hand
= The first time abinomialname is used inatextit should appearinfull,e.g.wheatis Triticum

aestivum, but the genus name canfromthenonbe abbreviated so that the nameis givenas T.
aestivum
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Biological Species Concept

Biological species concept

= The morphological species conceptrelies onthe observable features of aspecies,and often
leads to mistakes inclassification
= Species withsimilartraits maynotbe closelyrelated
= Biologistsnowrelyonotherdefinitions of aspecies,one of whichis the biological species
concept
= The biological species conceptstates thataspeciesis:
A group of organisms that caninterbreed to produce fertile offspring

Limitations of the biological species concept
= The biological species concept canbe veryusefulto biologists, but there are some situations to
whichitcanbe difficult to apply:
= Asexualreproduction
= Organisms thatreproduce byasexualreproductioncannot be classified using this
method
= E.g.bacteriareproduce asexually,so the questionofwhetherornottheycanbreed
togetherisirrelevant

= Fertile hybrids
= Onrare occasions,animals of different species breed togetherand produce
fertile offspring
= E.g.theso-called 'wholphin'is the fertile offspringfromacross betweenamelon-
headed whale and acommonbottlenose dolphin
= Accordingto the biological species concept the wholphinwould be anew species,
but while scientists do believe that hybridisation canlead to new species, it needs to
be afrequent event forthis to occur,and wholphins are rare
= Note thatthe melon-headed whaleis actuallyaspecies of dolphin,so the name
'‘wholphin'is abitinaccurate!
= Extinction
= Some species are extinct,so itisnotpossible to breed themtogetherwithmembers of
anexistingspecies to determine the fertility of theiroffspring
= E.g.thewoollymammothis quite similarinmorphologyto modernelephants,though
itis classified as adifferentspecies;thereis no wayof checkingthis classification
usingthe biological species concept

Asexualreproductioninbacteriadiagram
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The biological species concept cannot be applied to bacteria because they reproduce asexually

= Theimperfectnature of the biological species concept means that other characteristics must

sometimes be used to determine species

= Morphology:organisms of the same species share similarmorphology

= DNA:sequences canbe compared,withacertainlevel of similarityindicating that organisms
are the same species

= Biochemistry:species mayproduce different molecules as products of theirmetabolism
= E.g.somebacteriaproduce carbondioxide,while others mayproduce methane

= Ecology:the precise ecologicalniche of aspeciesislikelyto be distinctive fromother,
similarspecies

= Evolutionary lineage: fossilised remains of extinct species canbe compared with
morphologically similarexisting species and classified withintheirevolutionarylineage

= The characteristics used to aid classification will differ depending onthe organism, e.g:
= Bacteriamayhave verysimilarmorphology,so mayneed to be classified onthe basis of their
biochemistryortheirecology
= We mightknow verylittle about the biochemistryand ecologyof along-extinct species, but
we canclassifyitaccordingto its evolutionarylineage ormorphology
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Distinguishing Between Populations & Species
Speciation

= Speciesdonot stay the same over time;the species thatwe see around us todayhave
developed overmillions of years
= Thisprocess of species changeis knownas evolution
= Theprocess bywhichone species givesrise to two ormore new species is speciation
= Speciationcanoccurwhenapopulationbecomesisolated fromotherpopulations of the
same species due to livinginadifferentarea
= Thisisolationmeans thatmembers of the separate populations cannotbreed together
and gene flow cannot take place betweenthem
= [fthe environmental conditions affectingeach populationare different, then natural
selectioncould act differentlyoneach population and eventuallylead to speciation
= Geneticdriftcanalso lead to speciation
= Once speciationhas takenplace, the two species canno longer breed to produce fertile
offspring;theyarereproductively isolated and are said to be separate species
= Note thatspeciationis coveredinmore detail laterinthe course

Speciationdiagram

Speciation can occur when gene flow does not occur between two populations of the same species

Distinguishing between populations and species
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= Theprocess of speciationoccurs oververylongtime periods, and the differences between
isolated populations accumulate incrementally
= Inmostcasesitis likelythat the ability of two populations to interbreed successfully declines
gradually,ratherthanasuddencut-off point occurring, meaning thatitis difficult to pinpoint the
stage at whichtwo separate populations have become two new species
= Thedecisionas to whento assignseparate species status to two populations cantherefore
seemarbitrary,andis oftendownto the opinions of scientists,i.e.itis subjective
= E.g.killerwhales (Orcinus orca) show significant variation between populations,and are
currentlysaid to consist of several 'ecotypes’, but some scientists believe that there could in
factbe more thanone species of orca
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Chromosome Number

Chromosome Number
Diploid & haploid

= Adiploid cellis acellthat contains two complete sets of chromosomes (2n)
= Adultbodycells are usuallydiploid cells
= Haploid cells containone complete set of chromosomes (n), meaning that theyhave half the
numberofchromosomes compared to normalbodycells
= Inmostcasesthese haploid cells are called gametes and theyare involved in sexual
reproduction
= Inanimals,theyare the female eggcelland the male spermcell
= There are some unusual species which have haploid cells forotherparts of theirlife cycle
= During fertilisationthe nucleiof haploid gametes fuse togetherto formthe nucleus of adiploid
zygote
= Bothgametes mustcontainthe same numberof chromosomesinorderforthezygote to be
viable.
= Foradiploid zygote this means that the gametes must be haploid
= Everybody cellthat arises fromthe zygote willcontainthe same number of chromosomes
= Exceptionsto thisincludered blood cells,which have no nucleus and so containno
chromosomes

Chromosome number is halved in gametes, and restored to diploid after fertilisation
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Chromosome number

= The numberofchromosomes possessed bydifferent species varies and is dependentupon
changes that have occurred during that species'evolution
= Eachindividualinaspecies always has the same number of chromosomes
= There are afewrare instances where achromosome mutationhas occurred, givinga different
chromosome number
= Differencesinchromosome numberis one reasonwhyorganisms fromdifferent species are
unable to breed together successfully
= Whenstatingthe chromosome numberofanorganism,itneeds to be clearwhetheryouare giving
= The numberofchromosomes foundinadiploid cell
= Thenumber of pairsof chromosomes found inadiploid cell
= This willbe the same as the haploid chromosome number
= The numberofchromosomes foundinahaploid cell

Specieschromosome number table

.. Haploid
. Diploid chromosome
Name of species chromosome
number (2n)
number
Human (Homo sapiens) 46 23
Chimpanzee (Pan troglodytes) 48 24
Rice (Oryza sativa) 24 12
Horse threadworm (Parascaris equorum) 4 2

Different species have different numbers of chromosomes

= Thediploid numbermust always be anevennumber

= Thisis because the diploid number(2n) must always be divisible by two to produce awhole
haploid number(n)

= Note thatthe numberofchromosomes aspecies possessesisnotlinked to how 'advanced'a
speciesisinevolutionaryterms

O Exam Tip

Note thatyouneed to know the diploid chromosome numbers of humans (46) and
chimpanzees (48),butthatyoudo notneed to learnanyotherspecific chromosome numbers
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Karyograms: Skills

Karyograms

Chromosomes

= Chromosomes are strands of DNA, alongwhich are sections knownas genes
= Ageneisasectionof DNAthatcodes forone polypeptide
= Chromosomes that have undergone DNAreplication have the appearance of an 'X' shape, where
the 'legs' of the Xare made up of two strands of DNA attached ataregionknown as the
centromere
= Chromosomes withacentromere located roughlyinthe middle are known as metacentric
chromosomes
= Chromosomes withthe centromere nearthe end are acrocentric
= Chromosomes that have beenstained with adye have abanded appearance

Metacentricand acrocentric chromosomesdiagram

Chromosomes with a central centromere and arms of equal length are metacentric, and chromosomes
with a near-terminal centromere and arms of unequal length are acrocentric
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Karyotypes

= Akaryogramis animage that shows all of the chromosomesinacell arranged bysize, shape,
and banding pattern,and placed with theirhomologous pairs
= Akaryogramshows the karyotype of anindividual, whichcanbe defined as
The appearance of acomplete set of anindividual's chromosomes, including theirnumber, size,
shape, and banding

= Notethatchromosome pair23 oftendoes not fitthe size-orderpattern, as pair23 contains the
sexchromosomes and the Xchromosomes is verylarge

Human karyogramdiagram

A karyogram contains an individual's chromosomes arranged in homologous pairs. It shows a karyotype;
the appearance of a complete set of chromosomes arranged by size, shape, and banding pattern

Making a karyogram

= Akaryogramcanbe produced as follows
= Cells are stained and viewed underalight microscope
= Photographs are takenof the contents of the nucleus during metaphase of cell division
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= The photographs of the chromosomes are cutup and arranged by size, shape, and banding
pattern
= This canbe done withpaperand scissors oronacomputer

Evaluating chromosome evidencerelating to human evolution

As youwillknow fromthe sectiononchromosome number, humans have 46 chromosomes,
while chimpanzees have 48

= Gorillas and bonobos also have 48 chromosomes
Giventhatevidence shows that humans share arecent commonancestorwiththese species,
this raises the questionof how these extrachromosomes werelost duringevolution

= Awhole pairof chromosomes must be removed for48 chromosomes (24 pairs) to become

46 (23 pairs)

The possible mechanisms by which this loss could have occurred when humans split from
chimpanzees and gorillasinclude:

= Apairofchromosomes disappeared fromthe genome

= Apairofchromosomes fused withanother pairto formasingle pair
Theloss of anentire pairof chromosomes would have had asignificanteffectonthe
characteristics of humanancestors,and mayhave put theirsurvival atrisk, so the first mechanism
isunlikelyto be correct, but scientists have beenable to use karyograms to test the following
hypothesis:

Chromosomes inpairs 12 and 13inacommonancestor fused to formthe chromosomesinhuman

pair 2

(Note that fromthis point onwards the notes willonlyreferto one chromosome from each pair, but

the same will also be true forthe othermemberof the pair)

Evidence that supports this hypothesis includes:

= Chimpanzee chromosomes12and 13, whenplaced end-to-end, matchthe lengthof human
chromosome 2

= Thelocationof the centromere of chimpanzee chromosome 12matches that of human
chromosome 2

= Humanchromosome 2contains aregionofnon-coding DNAknown as satellite DNA that
corresponds to thelocationofthe centromere inchimpanzee chromosome 13;this could
be aremnantofacentromere

= The banding of thelongarms of acrocentric chimpanzee chromosomes 12and 13
corresponds to the banding of metacentric humanchromosome 2

= Humanchromosome 2contains telomeric DNAinthe middle of the chromosome

Evidence thatdoes not support this hypothesisincludes:
= Thelengthofchimpanzee chromosomesi12and 13 combinedis not aperfect matchfor
human chromosome 2;thereis aslight overlap
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= Thelocationofthe centromere of chimpanzee chromosome 13 does not matchthat of
humanchromosome 2

= Note that chimpchromosomes12and 13 are sometimes referred to as chromosomes 2A and 2B,
inacknowledgement of the fusionevent discussed above

Chromosome fusion evidence diagram

Comparing the structures of chimp chromosomes 12 and 13 with human chromosome 2 provides
evidence both forand against the chromosome fusion hypothesis

NOS: Distinguishing between testable hypotheses and non-testable
statements

= The hypothesis above,relating to the originof chromosome 2,is anexample of atestable
hypothesis
= Forahypothesis to be testable,it must have the following characteristics:

= There needsto be accessto evidence that supportsit orrefutes it
= The hypothesis above about the fusionofancestralchromosomes12and 13 canbe
tested by examining chromosome evidence fromhumans and modern chimps
= Ahypothesis suchas 'thecommon ancestorof humans and chimps enjoyed singing' would
notbe testable, as there is no available evidence to support orrefute it

= The hypothesis needsto be atestable statement:
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The hypothesis writtenabove is 'chromosomes in pairs 12 and 13in a common ancestor
fusedto form the chromosomesin human pair 2 ;this statement canbe accepted or
rejected
Anotherexample might be 'organisms with alarge surface area to volume ratio lose heat
more quickly;aninvestigation canbe carried out to determine whetherto acceptor
reject this statement
Ahypothesis should not containvague statements that use terms like 'may or'could’;
this makes itdifficultto entirelyacceptorrejectastatement,e.g.

= 'Thefusion of ancestral chromosomes may have reduced the chromosome number

= 'Surfaceareato volumeratio could affect therate of heat loss'
Ahypothesis should not make predictions, e.g.

= ‘Surfacearea to volumeratio will affect therate of heat loss'
Ahypothesis should not draw causal conclusions, e.g.

= 'Alargersurfacearea to volumeratio causes increased heat/oss'

O Exam Tip

Be carefulto avoid statements thatimply that humans have 'evolved from chimps’, thatis not
what the chromosome evidence suggests.Instead, we should say that this evidence provides
information about how humans and chimps mayhave diverged fromtheircommonancestor.

This sectionabout human and chimp chromosomes is about the skillof evaluating evidence;you
don'tneedtolearnall of the details given here, but youshould know how to considerthe
evidence forand against ahypothesis.
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Genomes

Genomes
Genomes

= Thetermgenome canbe defined as follows:
Allof the geneticinformationinanorganism

= Thisrefers to the DNA present withinevery cellofanorganism

= Thisincludes genes thatcode forproteins as wellas non-coding DNA sequences

= Mitochondrial DNA and chloroplast DNA are included inthe genome of eukaryotic cells
= |Inaprokaryote cell,plasmid DNAis included inthe genome

Unity and diversity of genomes

= Advancesintechnologyhave allowed scientists to determine the entire base sequence of the
genes withinanorganism's genome
= Determiningthe base sequence of DNAis referred to as DNA sequencing
= Genome-wide comparisons cannow be made betweenindividuals and betweenspecies
= Comparisons show that there is a highlevel of genome similarity within,and evenbetween,
species
= Humans share around 99.9 % of their DNA with otherhumans
= Humans share around 99 % of theirDNAwith chimpanzees
= Humansinfactshare allof theircoding genes with otherhumans;the differences between
individual humans are due to possessing different alleles of genes
= Differentalleles arise due to mutations
= Differences betweenDNAsequences thatinvolve asingle base change are known as single
nucleotide polymorphisms (SNPs)
= Because SNPs are areas of difference betweenindividuals who share 99.9 % of their DNA,
scientists willoftenuse SNPs to determine ancestryordiseaserisk

Single nucleotide polymorphismdiagram
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A differencein a single nucleotide is known as a single nucleotide polymornphism, or SNP. Most SNPs have
no effect on the protein produced, but a few may lead to production of an altered protein.

Eukaryote Genome Diversity

Comparing eukaryotic genomes

= Eukaryotic genomes canvary insize;thisis determined bythe mass of DNA presentinanucleus
= Sizevariationmeans that some organisms will have genes that others lack
= E.g.plants need genes thatcode forenzymes involved in photosynthesis, while humans do
notneed these genes
= FEukaryotic genomes canalso vary inbase sequence
= DNAsequence datacanbe compared usinginformationfromonline databases
= Scientists allaround the world enterinformationinto such databases, allowinganyone to
retrieve the information foranalysis
= Examples of suchdatabasesinclude GenBank and NCBI
= Databasesallowyouto:
= Selectaspecific gene to compare
= Selectspeciesto compare
= Choose whetherto compare amino acid sequences orDNAbase sequences
= Comparisonofeukaryotic species sequence datashows that closely related individuals have
more similar genomes thandistantlyrelated individuals
= E.g.individuals of the same species have more similargenomes thanindividuals of different
species
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Databases contain information on DNA, RNA and protein sequences, as well as protein structure. This
information can be retrieved foranalysis of variation between genomes
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Comparing Genome Sizes: Skills

Comparing Genome Sizes

Comparing genome sizes

= Advancesintechnologyhave allowed scientists to sequence genomes of manyspecies
= Genome-wide comparisons cannow be made betweenindividuals and betweenspecies
= Genome sizes candifferindifferent organisms:

= Viruses and bacteriatend to have very smallgenomes

= Prokaryotes tend to have smallergenomes than eukaryotes

= Thesize of plant genomes canvary widely

Comparing the genome size of different organismstable

. Common name / Genome size (million base
Organism o .
description pairs)
Enterobacteriaphage T2 | Virusthatinfects E co/i 0.17
Escherichia coli E. colibacteria 5
Drosophila melanogaster Fruit fly 140
Homo sapiens Human 3000
Parisjaponica Japanese canopyplant 150000

Using a genome size database

= |tis possible foranyonetolookupthe genome size of awide range of organisms using agenome
size database, e.g.the Animal Genome Size Database orthe Plant DNA C-Values Database
= Databases present genome sizes usingameasure known as a C-value
= The C-valueis the haploid nuclear DNAcontent of anorganism
= C-value units canbe giveninmass:picograms (pg) where 1pg =102 g
= C-value units canbeinnumberofbases:megabases (Mb) where IMb =10¢bases
= 1pg=978Mb

Genome size and organism complexity
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We might expectthere to be aclearrelationship between genome size and organism complexity,
but there are plenty of examples that do not fit withthis pattern,e.g.
= Humans =3100 Mb
= Hagfish=4200Mb
= Commonwheat=17000Mb
Insome cases similar species may have very different genome sizes
= E.g.commonwheatabove has agenome size of around 17 000 Mb, while red wild einkorn
wheat has agenome size of around 5000 Mb
There are several factors that should be considered when thinking about the reasonforthese
unexpected numbers:
= The genome contains allof anorganism's DNA, notjustthe DNAthatcodes forproteins
= Plants canhave polyploidy, meaning that theircells cancontainmanysets of chromosomes,
givingthemverylarge genomes
= Ourviewof 'complexity' may not be correct;we generallyassociate complexity with brain
function, but there are otherways inwhich an organismcanbe complex
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Uses of Genome Sequencing

Uses of Genome Sequencing

Genome sequencing

= DNAsequencingallows forthe base sequence of anorganism's genome to be identified and
recorded
= Sequencingmethods are continuouslyadvancingto become fasterand cheaper
= Advancesintechnologyhave allowed scientists to rapidly sequence the genomes of
organisms
= Mostsequencingmethods used are now automated
= Newermethods of genome sequencingare known as next-generationsequencing (NGS)
techniques
= The dataobtained fromsequencingcanbe entered into computers with specialised
programmes that cananalyse the informationforpurposes suchas:
= Determiningevolutionaryrelationships
= Personalised medicine

Genome sequencing & evolutionary relationships

= Phylogeneticsis the classificationof species based ontheirevolutionary origins and
relationships
= This means that organisms are grouped togetheronthe basis of shared commonancestry
ratherthan, e.g.similarities inappearance
= Advancesinsequencing technology have allowed scientists to understand the true phylogeny
of taxa
= Note thatthis technologyis especiallyuseful forcomparisonwith anextinct species (using
ancient DNA) orwhendistinguishingbetween species that are very physically similar
= Threetypesofsequence dataare used to investigate evolutionaryrelationships
= DNA
= mRNA
= Amino acids (of aprotein)
= Foralltypes of sequence datait canbe said that the more similar the sequences, the more
closely related the species are
= Two groups of organisms with very similar sequences willhave separated into separate
species morerecently thantwo groups withless similarityintheirsequences
= Speciesthathave beenseparated forlonger have had agreateramount of time to
accumulate mutations and changes to theirDNA, mRNA and amino acid sequences
= Scientists willchoose specific proteins orsections of the genome forcomparisonbetween
organisms
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= |ookingat multiple proteins or multiple regions of the genome will allow foramore
accurate estimate of evolutionaryrelatedness
= Note the proteinused needs to be presentinawide range of organisms and show

sufficient variationbetweenspecies
= Cytochrome cisoftenusedasitis anintegral proteininaerobic respiration,whichoccurs

inmany organisms
= Sequence analysis and comparisoncanbe used to create phylogenetic trees that show the

evolutionaryrelationships betweenspecies

Primate phylogenetic treediagram

Genome sequence data can be used to produce phylogenetic trees that accurately show the
relationships between species

Genome sequencing & personalised medicine

= |nformation gathered fromgenome sequencingprojects like the Human Genome Projectcanbe
used to develop genomic medicine, whichuses informationabout the genes to design
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medical treatments
= The Human Genome Projectinvolved the sequencing of the entire human genome
= Theinformation gained duringthe Human Genome Projectis stored indatabases, within which
genes thatcode forcertainproteins canbe found and analysed
= Knowingthe sequence and structure of proteinsinvolved indisease allows the development of
drugs that target specific proteins
= E.g.ifanenzymeisinvolved withdisease,adrugthatacts as anenzyme inhibitorcanbe
developed
= Targeted treatments canmeanfewerunpleasant side-effects forpatients
= Bycombininginformationabout the genome with otherclinicaland diagnostic information,
patterns canbe identified that canhelp to determine anindividual's risk of developing disease
= Genetic screening allows individuals with ahighchance of developing specific diseases to
beidentified and means that preventative measures can be taken, e.g.
= Certaingenetic mutations are knownto increase the risk of anindividual developing
breast cancer,so those who know that theyhave such amutation canhave surgeryin
advance to reduce theirrisk
= Anindividualmaybe able to make certainlife choices regarding diet and lifestyle based
onknowledge of theirgenetic risk of cancers and heart disease
= Doctors canalso use anindividual's genome to work out how wellthey might respond to
specific treatments, allowing treatments to be selected onthe basis of anindividual's genotype
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Biological Species Concept: Challenges (HL)

Biological Species Concept: Challenges
Biological species concept

= Thebiologicalspecies concept states thataspeciesis:
A group of organisms that caninterbreed to produce fertile offspring

Difficulties applying the biological species concept

= Thebiologicalspecies conceptrelies ontheideathat certaincharacteristics related to

reproductionare unique to eachspecies,and so preventindividuals of different species from
successfullybreedingtogether. These characteristics include:

= Compatible matingrituals and seasons

= Compatible sexorgans

= Gametesthatcanfuse togetherto produce aviable zygote

= Gametes withthe same haploid chromosome numberthat canmatchupto form

homologous pairs of chromosomes

= Manygroups of organisms do notreproduce using sexual reproduction, orare capable of
reproducing without amate, so the biological species concept cannot be applied

= Examples of asexualreproduction methods which challenge the biological species concept
include:
= Parthenogenesis
= Occursinsome fish,somelizards,and some invertebrates, e.g.
= Sharks
= Komodo dragons
= Aphids
= Anewindividualis formed without the need for amale gamete;the female reproduces
onherown
= Thisis sometimes described as 'virginbirth'
= The offspringare usuallyall female,and canbe clones of the mother,orcontain'shuffied’
combinations of the mother's alleles
= Binary fission
= Occursinbacterialcells
= Cells grow,replicate theircontents,and thendivide into two daughtercells
= Clones are produced
= Vegetative propagation
= QOccursinsome plants
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= Anewindividual might develop fromarunnerthat develops from the parent plant,orwhen
abulb splitsinto several new bulbs

= E.g.strawberries formrunners, while daffodils candevelop new bulbs fromone
parent bulb
= The offspringare clones

Vegetative propagationdiagram

Some plants can clone themselves using runners that develop from theirroots; this makes it very difficult
to apply the biological species concept

Horizontal gene transfer

= Anotherprocess that presents aproblemwhenapplying the biological species conceptis
horizontalgene transfer

= Thisis the passingof geneticinformationfromone cellto anotherwithinthe same
generation

= Genetransferis usually'vertical',i.e.it passes fromone generationto the next
= Thisoccursinbacteria

= Genes canbe transferred withinaspecies,and evenbetweendifferent species

Horizontalgenetransferinbacteria diagram
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Bacteria can transfer genetic material ‘horizontally’ between members of the same generation; this event

is known as ‘conjugation’. This makes it difficult to apply the biological species concept to bacteria

While the term'horizontal gene transfer'is generallyused to describe the passingof DNA
betweenbacterialcells,itis also possible for DNAto be transferred betweenother different
organisms, e.g.

= Viruses to bacteria

= Viruses to eukaryotes

= Bacteriato eukaryotes
This means that many organisms contain genetic informationfrom species that are, evolutionarily
speaking,onlyverydistantlyrelated,adding furthercomplication to the attempt to classify
organisms
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Chromosome Number: Cross-Breeding (HL)

Chromosome Number: Cross-Breeding

Chromosome number & cross-breeding

= Withrare exceptions,eachindividualinaspecies always has the same numberof chromosomes
= Humancells contain46 chromosomes
= Chimpanzee cells contain48 chromosomes
= Dogcellscontain78 chromosomes
= Thediploid (2n) chromosome numberis halved when meiosis takes place, producing haploid (n)
gametes
= Duringfertilisation the nucleiof (n)gametes fuse togetherto formthe nucleus of a(2n)zygote
= Bothgametes mustcontainthe same numberof chromosomesinorderforthe zygote to be
viable.
= |fazygote hastoomanyortoo fewchromosomes it maynotsurvive
= Because species have different chromosome numbers, theywill produce haploid gametes
which also have different chromosome numbers
= Humangametes contain23 chromosomes
= Chimpanzee gametes contain 24 chromosomes
= Doggametes contain39 chromosomes
= Eveniftwo differentspecies are able to mate witheach other,e.g.inthe case of closelyrelated
species,theywillbe unable to produce fertile offspringbecause
= The gametes willbe unable to fuse
= The gamete fusiondoes notlead to aviable zygote due to the unevennumberof
chromosomes
= The gamete fusiondoes lead to aviable zygote, but the new diploid cells containan uneven
numberofchromosomes and so will be unable to carryout meiosis themselves;thisleads to
aninfertile interspecific hybrid
= Awell-known example of this is the matingofahorse and donkeyto produce amule:
= Horses have 64 chromosomes,so produce gametes with32chromosomes
= Donkeys have 62chromosomes, so theirgametes contain 3lchromosomes
= Thefusionofahorse and adonkeygamete givesrise to amule zygote containing 63
chromosomes
= Thesechromosomes cannot pairup duringmeiosis,so mules cannotproduce
gametes of theirown

Infertile hybrid mule diagram
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Crossing a horse with a donkey produces a mule; mules have an odd numberof chromosomes so cannot
carry out meiosis
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Dichotomous Keys: Skills (HL)

Dichotomous Keys

Using a dichotomous key

Foranyone who doesn't specialise instudying a particulargroup of organisms, it can be very
difficult to identify, orID,aspecies whenworkingin the field
= Correctlyidentifying species maybe important foraresearcherstudyingbiodiversityor
looking atthe impacts of achanging environment onacommunity of organisms
Someone seekingto identifyspecies withwhich theyare not alreadyfamiliarmayuse atool
known as adichotomous key
Adichotomous keycontains aseries of paired statements
= Theterm'dichotomous'refers to these pairs of statements
= Anexample of suchapairof statements mightread:
= The organismshows radial symmetry
= The organismshows bilateral symmetry
= Or:
= The organismhas one pairof wings
= The organismhas two pairs of wings
To work throughadichotomous key, you start with the first pairof statements and applythemto
the unknown species;one statement will be clearly false, while the otherwillbe acorrect
descriptionofthe species
The correctstatementleads to another pair of statements, and so onuntilthe finalcorrect
statementleads to the name of the species
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Environmental DNA & Barcodes (HL)

Environmental DNA & Barcodes
DNA barcodes

= ADNAbarcodeis aDNAsequence thatcanbe used to quickly identify aspecies
= DNAbarcodes are short sequences,usuallyjustafewhundred base pairs inlength
= The base sequences thatareused forbarcodes are oftentakenfrommitochondrial DNAin
eukaryotes,and ribosomal RNAinprokaryotes

Environmental DNA (eDNA)

= DNAbarcodescanbe usedto determine whichspecies are present inaparticular habitat;this
canbenecessaryforvariousreasons,e.g:
= Forresearchersinvestigating the biodiversity of different habitats
= Predictingtheimpactofdevelopmentonanareaofland
= Assessingtheimpactofland use change
= UsingeDNAto identifyspecies canbe much quicker than observing and manuallyidentifying
organisms
= Plants canbe difficult to identifyif theyare notinflower,orhave no leaves
= Someinsectlarvae maybe verysimilarin appearance
= |tmaynotbe possible to physicallycapture allof the species that are present
= The process of extracting DNAfrom a habitatis known as eDNA sampling

= eDNAsamplingcanbe used to identifyspecies presentinahabitat as follows:
1.Multiple eDNA samples are taken from the habitat of interest, e.g. watersamples froma
bodyofwater,orsoilsamples from aterrestrial habitat
= Tracesleftbythe organisms willbe presentinthe samples, e.qg:
= Cellsthat have brushed off ananimal's skin
= Furorfeatherslostbymammals orbirds
= Waste that has beenreleased into the environment
= | eaves thathave fallento the ground and partiallybrokendown
2.DNAinthe samples is amplified using PCR
3.The amplified DNAis sequenced to determine the orderofbases present
4.The specific sequence withinthe DNAthat forms the barcode is compared to adatabase of
knownsequences
= DNAsequencingtechnologymeans that the DNAsequences of manyspecies are now
known, and are stored in easily accessible databases
= E.g.theBarcode ofLife DataSystem (BOLD)
5.Astrongmatchwithaknownsequence means thatresearchers canconfidentlysaythata
speciesis presentatasample site
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6.Aless-strongmatchmaymeanthat furthersamplingis required

Environmental DNA sampling diagram

eDNA samples can be amplified and sequenced, and then compared to a database of known sequences
to allow identification of unknown species present in an environment
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