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Biological Species Concept

Variation Between Organisms

What is variation?

Differences  exist between o rganisms; these differences are kno wn as variatio n

There are multiple aspects o f an o rganism that can vary, e.g.

Visual appearance, such as fur co lo ur o r bo dy length

Behavio ur, such as mating rituals and level o f aggressio n

Bio chemistry, such as antibio tic resistance o r metabo lic pro ducts

Causes of variation

Variatio n is the result o f a co mbinatio n o f  genetic and enviro nmental f acto rs

The genes determine which pro teins an o rganism is capable o f pro ducing, so  influencing an

o rganism's characteristics

Genetic variatio n is generated when mutatio n o ccurs and when alleles are co mbined in

different ways during sexual repro ductio n

The enviro nment may determine whether o r no t an o rganism has the reso urces needed to

pro duce a particular pro tein, so  may affect gene expressio n

Facto rs in the enviro nment that may generate variatio n include

Enviro nmental temperatures

Nutrient availability

Oxygen co ncentratio n

Variation between and within species

Variatio n exists between o rganisms o f  different species

This variatio n can be used to  classif y o rganisms  into  different gro ups, e.g. mo rpho lo gical

differences between species have histo rically been the main way o f classifying o rganisms,

and can still aid classificatio n to day

Variatio n exists between members o f  the same species

While members o f a species will have a similar genetic makeup, different individuals have

different co mbinatio ns o f alleles

No  two  individuals are identical when all characteristics are co mpared

Even identical twins, which have the same co mbinatio n o f alleles, will differ due to  subtle

enviro nmental differences

Types of variation

Variatio n can be disco ntinuo us, meaning that characteristics fall into  distinct catego ries, e.g.

black fur vs bro wn fur, o r human blo o d type
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Variatio n can be co ntinuo us, meaning that characteristics can be measured incrementally  o n a

scale, e.g. height

Discont inuous and cont inuous variat ion graphs

Discontinuous and continuous variation have di�erent features
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Species: Linnaeus

Species classification using morphology

Fo r bio lo gists to  make sense o f the huge array o f species o n Earth, o rganising them into  lo gical

gro ups  is essential

This pro cess o f putting o rganisms into  gro ups is kno wn as classificatio n

The science o f classificatio n is kno wn as taxo no my, and scientists wo rking in the field o f

taxo no my are taxo no mists

Classifying an o rganism invo lves deciding which bio lo gical gro up, o r taxo n (plural taxa), it fits into

best, and then naming it acco rding to  its taxo n

The smallest taxo no mic gro up is the species

Histo rically an o rganism's species was determined o n the basis o f its  o bservable

characteristics; this is mo rpho lo gical classificatio n

The mo rpho lo gical species co ncept states that:

A species is a gro up o f  o rganisms that are mo rpho lo gically unique

While mo rpho lo gy can still be a useful guide fo r taxo no mists, classificatio n is no  lo nger carried

o ut using the mo rpho lo gical species co ncept  alo ne

Linnaeus: the father of taxonomy

Carl Linnaeus  was an 18th century Swedish bo tanist, famo us to day fo r his wo rk o n taxo no my

Linnaeus' develo ped the metho d o f  naming species  that is used by scientists all o ver the wo rld

to day

He is so metimes referred to  as the 'father o f taxo no my' fo r this reaso n

Linnaeus no ticed that traditio nal metho ds o f naming species were lo ng and descriptive, fo r

example the to mato  plant was named Solanum caule inermi herbaceo, foliis pinnatis incises, racemis

simplicibus, meaning ‘so lanum with the smo o th stem which is herbaceo us and has incised pinnate

leaves’

Under Linnaeus' new system, species were given two -part Latin names  which wo uld be the same

everywhere in the wo rld, e.g. the to mato  became Solanum lycopersicum

Many species still have the same two -part Latin names that Linnaeus gave them

It is wo rth no ting that while Linnaeus' wo rk o n taxo no mic naming shaped mo dern taxo no my, he

didn't always get his classificatio n co rrect; many species named by him have since been

reclassified and given new two -part Latin names

Linnaeus used the mo rpho lo gical species co ncept; classificatio n based o n mo rpho lo gy

alo ne o f ten leads to  mistakes; species with a similar appearance are no t always clo sely

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

T he binomial naming system

The bio lo gical system o f naming, used to  name species acco rding to  their taxa, is kno wn as the

bino mial system o f  no menclature

This system is universal, ensuring that scientists aro und the wo rld all use the same metho d o f

naming species

The system invo lves giving a species a two -part name, hence bino mial

Bo th parts o f the name are in Latin, o r a latinised versio n o f a no n-Latin wo rd

e.g. Eriovixia gryffindori is a species o f o rb spider named after a famo us scho o l ho use

The first part o f the name is an o rganism's genus, and the seco nd is its species  name

E.g. the bino mial name o f a wo lf is Canis lupus; wo lves belo ng to  the genus Canis, and the

species lupus

Species that are gro uped into  the same genus will have similar characteristics

E.g. the genus Canis includes the wo lf (Canis lupus), the co yo te (Canis latrans), and the

do mestic do g (Canis familiaris)

Using binomial names

There are several co nventio ns, o r rules, that sho uld be used when writing bino mial names

The genus sho uld begin with a capital letter, and the species with a lo wer-case letter, e.g.

the ho ney bee is Apis mellifera

When typed, bino mial names sho uld appear in italics, and when written by hand, they sho uld

be underlined e.g. a limpet is Patella vulgata when typed, o r Patella vulgata by hand

The first time a bino mial name is used in a text it sho uld appear in full, e.g. wheat is Triticum

aestivum, but the genus name can fro m then o n be abbreviated so  that the name is given as T.

aestivum
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Biological Species Concept

Biological species concept

The mo rpho lo gical species co ncept relies o n the o bservable f eatures  o f a species, and o ften

leads to  mistakes in classificatio n

Species with similar traits may no t be clo sely related

Bio lo gists no w rely o n o ther definitio ns o f a species, o ne o f which is the bio lo gical species

co ncept

The bio lo gical species co ncept states that a species is:

A gro up o f  o rganisms that can interbreed to  pro duce f ertile o ffspring

Limitatio ns o f the bio lo gical species co ncept

The bio lo gical species co ncept can be very useful to  bio lo gists, but there are so me situatio ns to

which it can be difficult to  apply:

Asexual repro ductio n

Organisms that repro duce by asexual repro ductio n canno t be classified using this

metho d

E.g. bacteria repro duce asexually, so  the questio n o f whether o r no t they can breed

to gether is irrelevant

Fertile hybrids

On rare o ccasio ns, animals o f different species breed to gether and pro duce

f ertile o ffspring

E.g. the so -called 'who lphin' is the fertile o ffspring fro m a cro ss between a melo n-

headed whale and a co mmo n bo ttleno se do lphin

Acco rding to  the bio lo gical species co ncept the who lphin wo uld be a new species,

but while scientists do  believe that hybridisatio n can lead to  new species, it needs to

be a f requent event fo r this to  o ccur, and who lphins are rare

No te that the melo n-headed whale is actually a species o f do lphin, so  the name

'who lphin' is a bit inaccurate!

Extinctio n

So me species are extinct, so  it is no t po ssible to  breed them to gether with members o f

an existing species to  determine the fertility o f their o ffspring

E.g. the wo o lly mammo th is quite similar in mo rpho lo gy to  mo dern elephants, tho ugh

it is classified as a different species; there is no  way o f checking this classificatio n

using the bio lo gical species co ncept

Asexual reproduct ion in bact eria diagram
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The biological species concept cannot be applied to bacteria because they reproduce asexually

The imperfect nature o f the bio lo gical species co ncept means that o ther characteristics must

so metimes be used  to  determine species

Mo rpho lo gy: o rganisms o f the same species share similar mo rpho lo gy

DNA: sequences can be co mpared, with a certain level o f similarity indicating that o rganisms

are the same species

Bio chemistry: species may pro duce different mo lecules as pro ducts o f their metabo lism

E.g. so me bacteria pro duce carbo n dio xide, while o thers may pro duce methane

Eco lo gy: the precise eco lo gical niche o f a species is likely to  be distinctive fro m o ther,

similar species

Evo lutio nary lineage: fo ssilised remains o f extinct species can be co mpared with

mo rpho lo gically similar existing species and classified within their evo lutio nary lineage

The characteristics used to  aid classificatio n will differ depending o n the o rganism, e.g:

Bacteria may have very similar mo rpho lo gy, so  may need to  be classified o n the basis o f their

bio chemistry o r their eco lo gy

We might kno w very little abo ut the bio chemistry and eco lo gy o f a lo ng-extinct species, but

we can classify it acco rding to  its evo lutio nary lineage o r mo rpho lo gy
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Distinguishing Between Populations & Species

Speciation

Species do  no t stay the same o ver time; the species that we see aro und us to day have

develo ped o ver millio ns o f years

This pro cess o f species change is kno wn as evo lutio n

The pro cess by which o ne species gives rise to  two  o r mo re new species is speciatio n

Speciatio n can o ccur when a po pulatio n beco mes iso lated fro m o ther po pulatio ns o f the

same species due to  living in a different area

This iso latio n means that members o f the separate po pulatio ns canno t breed to gether

and gene flo w canno t take place  between them

If the enviro nmental co nditio ns affecting each po pulatio n are different, then natural

selectio n co uld act differently o n each po pulatio n and eventually lead to  speciatio n

Genetic drift can also  lead to  speciatio n

Once speciatio n has taken place, the two  species can no  lo nger breed to  pro duce f ertile

o ffspring; they are repro ductively iso lated  and are said to  be separate species

No te that speciatio n is co vered in mo re detail later in the co urse

Speciat ion diagram

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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The pro cess o f speciatio n o ccurs o ver very lo ng time perio ds, and the differences between

iso lated po pulatio ns accumulate incrementally

In mo st cases it is likely that the ability o f  two  po pulatio ns to  interbreed successf ully declines

gradually, rather than a sudden cut-o ff po int o ccurring, meaning that it is difficult to  pinpo int the

stage at which two  separate po pulatio ns have beco me two  new species

The decisio n as to  when to  assign separate species status to  two  po pulatio ns can theref o re

seem arbitrary, and is o ften do wn to  the o pinio ns o f scientists, i.e. it is subjective

E.g. killer whales (Orcinus orca) sho w significant variatio n between po pulatio ns, and are

currently said to  co nsist o f several 'eco types', but so me scientists believe that there co uld in

fact be mo re than o ne species o f o rca
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Chromosome Number

Chromosome Number

Diploid & haploid

A diplo id  cell is a cell that co ntains two  co mplete sets o f chro mo so mes (2n)

Adult bo dy cells are usually diplo id cells

Haplo id  cells co ntain o ne co mplete set o f chro mo so mes (n), meaning that they have half  the

number o f chro mo so mes co mpared to  no rmal bo dy cells

In mo st cases these haplo id cells are called gametes  and they are invo lved in sexual

repro ductio n

In animals, they are the female egg cell and the male sperm cell

There are so me unusual species which have haplo id cells fo r o ther parts o f their life cycle

During f ertilisatio n the nuclei o f haplo id gametes f use to gether to  fo rm the nucleus o f a diplo id

z ygo te 

Bo th gametes must co ntain the same number o f  chro mo so mes  in o rder fo r the z ygo te to  be

viable.

Fo r a diplo id z ygo te this means that the gametes must be haplo id

Every bo dy cell that arises fro m the z ygo te will co ntain the same number o f  chro mo so mes

Exceptio ns to  this include red blo o d cells, which have no  nucleus and so  co ntain no

chro mo so mes

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

The number o f chro mo so mes po ssessed by different species varies  and is dependent upo n

changes that have o ccurred during that species' evo lutio n

Each individual in a species always has the same number o f  chro mo so mes

There are a few rare instances where a chro mo so me mutatio n has o ccurred, giving a different

chro mo so me number

Differences in chro mo so me number is o ne reaso n why o rganisms fro m different species are

unable to  breed to gether successfully

When stating the chro mo so me number o f an o rganism, it needs to  be clear whether yo u are giving

The number o f chro mo so mes fo und in a diplo id cell

The number o f  pairs o f  chro mo so mes fo und in a diplo id cell

This will be the same as the haplo id chro mo so me number

The number o f chro mo so mes fo und in a haplo id cell

Species chromosome number t able

Name o f  species
Diplo id chro mo so me

number (2n)

Haplo id

chro mo so me

number

Human (Homo sapiens) 46 23

Chimpanz ee (Pan troglodytes) 48 24

Rice (Oryza sativa) 24 12

Ho rse threadwo rm (Parascaris equorum) 4 2

Different species have different numbers of chromosomes

The diplo id number must always be an even number

This is because the diplo id number (2n) must always be divisible by two  to  pro duce a who le

haplo id number (n)

No te that the number o f chro mo so mes a species po ssesses is no t linked to  ho w 'advanced' a

species is in evo lutio nary terms

Exam T ip

No te that yo u need to  kno w the diplo id chro mo so me numbers o f humans (4 6) and

chimpanz ees (4 8), but that yo u do  no t need to  learn any o ther speci�c chro mo so me numbers
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Karyograms: Skills

Karyograms

Chromosomes

Chro mo so mes are strands o f  DNA, alo ng which are sectio ns kno wn as genes

A gene is a sectio n o f DNA that co des fo r o ne po lypeptide

Chro mo so mes that have undergo ne DNA replicatio n have the appearance o f an 'X' shape, where

the 'legs' o f the X are made up o f two  strands o f DNA attached at a regio n kno wn as the

centro mere

Chro mo so mes with a centro mere lo cated ro ughly in the middle are kno wn as metacentric

chro mo so mes

Chro mo so mes with the centro mere near the end are acro centric

Chro mo so mes that have been stained with a dye have a banded  appearance

Met acent ric and acrocent ric chromosomes diagram

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

A karyo gram is an image that sho ws all o f  the chro mo so mes in a cell, arranged by siz e, shape,

and banding pattern, and placed with their ho mo lo go us pairs

A karyo gram sho ws the karyo type o f an individual, which can be defined as

T he appearance o f  a co mplete set o f  an individual's chro mo so mes, including their number, siz e,

shape, and banding

No te that chro mo so me pair 23 o ften do es no t fit the siz e-o rder pattern, as pair 23 co ntains the

sex chro mo so mes  and the X chro mo so mes is very large

Human karyogram diagram

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

A karyo gram can be pro duced as fo llo ws

Cells are stained  and viewed under a light micro sco pe

Pho to graphs are taken o f the co ntents o f the nucleus during metaphase o f cell divisio n
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The pho to graphs o f the chro mo so mes are cut up and arranged by siz e, shape, and banding

pattern

This can be do ne with paper and scisso rs o r o n a co mputer

Evaluating chromosome evidence relating to human evolution

As yo u will kno w fro m the sectio n o n chro mo so me number, humans have 4 6 chro mo so mes,

while chimpanz ees have 4 8

Go rillas and bo no bo s also  have 48 chro mo so mes

Given that evidence sho ws that humans share a recent co mmo n ancesto r with these species,

this raises the questio n o f ho w these extra chro mo so mes were lo st during evo lutio n

A who le pair o f chro mo so mes must be remo ved fo r 48 chro mo so mes (24 pairs) to  beco me

46 (23 pairs)

The po ssible mechanisms by which this lo ss co uld have o ccurred when humans split fro m

chimpanz ees and go rillas include:

A pair o f chro mo so mes disappeared fro m the geno me

A pair o f chro mo so mes  f used with ano ther pair to  fo rm a single pair

The lo ss o f an entire pair o f chro mo so mes wo uld have had a significant effect o n the

characteristics o f human ancesto rs, and may have put their survival at risk, so  the first mechanism

is unlikely to  be co rrect, but scientists have been able to  use karyo grams to  test the fo llo wing

hypo thesis:

Chro mo so mes in pairs 12 and 13 in a co mmo n ancesto r f used to  f o rm the chro mo so mes in human

pair 2

(No te that fro m this po int o nwards the no tes will o nly refer to  o ne chro mo so me fro m each pair, but

the same will also  be true fo r the o ther member o f the pair)

Evidence that suppo rts this hypo thesis includes:

Chimpanz ee chro mo so mes 12 and 13, when placed end-to -end, match the length o f human

chro mo so me 2

The lo catio n o f  the centro mere o f chimpanz ee chro mo so me 12 matches that o f human

chro mo so me 2

Human chro mo so me 2 co ntains a regio n o f no n-co ding DNA kno wn as satellite DNA that

co rrespo nds to  the lo catio n o f the centro mere in chimpanz ee chro mo so me 13; this co uld

be a remnant o f a centro mere

The banding o f the lo ng arms o f acro centric chimpanz ee chro mo so mes 12 and 13

co rrespo nds to  the banding o f metacentric human chro mo so me 2

Human chro mo so me 2 co ntains telo meric DNA in the middle o f the chro mo so me

Evidence that do es no t suppo rt this hypo thesis  includes:

The length o f chimpanz ee chro mo so mes 12 and 13 co mbined is no t a perf ect match fo r

human chro mo so me 2; there is a slight o verlap
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The lo catio n o f the centro mere o f chimpanz ee chro mo so me 13 do es no t match that o f

human chro mo so me 2

No te that chimp chro mo so mes 12 and 13 are so metimes referred to  as chro mo so mes 2A and 2B,

in ackno wledgement o f the fusio n event discussed abo ve

Chromosome f usion evidence diagram

Comparing the structures of chimp chromosomes 12 and 13 with human chromosome 2 provides

evidence both for and against the chromosome fusion hypothesis

NOS: Distinguishing between testable hypotheses and non-testable
statements

The hypo thesis abo ve, relating to  the o rigin o f chro mo so me 2, is an example o f a testable

hypo thesis

Fo r a hypo thesis to  be testable, it must have the fo llo wing characteristics:

There needs to  be access to  evidence  that suppo rts it o r refutes it

The hypo thesis abo ve abo ut the fusio n o f ancestral chro mo so mes 12 and 13 can be

tested by examining chro mo so me evidence  fro m humans and mo dern chimps

A hypo thesis such as 'the common ancestor of humans and chimps enjoyed singing' wo uld

no t be testable, as there is  no  available evidence  to  suppo rt o r refute it

The hypo thesis needs to  be a testable statement :
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The hypo thesis written abo ve is 'chromosomes in pairs 12 and 13 in a common ancestor

fused to form the chromosomes in human pair 2'; this statement can be accepted o r

rejected

Ano ther example might be 'organisms with a large surface area to volume ratio lose heat

more quickly'; an investigatio n can be carried o ut to  determine whether to  accept o r

reject this statement

A hypo thesis  sho uld no t co ntain vague statements  that use terms like 'may' o r 'could';

this makes it difficult to  entirely accept o r reject a statement, e.g. 

'The fusion of ancestral chromosomes may have reduced the chromosome number'

'Surface area to volume ratio could affect the rate of heat loss'

A hypo thesis  sho uld no t make predictio ns, e.g.

'Surface area to volume ratio will affect the rate of heat loss'

A hypo thesis  sho uld no t draw causal co nclusio ns, e.g.

'A larger surface area to volume ratio causes increased heat loss'

Exam T ip

Be careful to  avo id statements that imply that humans have 'evo lved fro m chimps', that is no t

what the chro mo so me evidence suggests. Instead, we sho uld say that this evidence pro vides

info rmatio n abo ut ho w humans and chimps may have diverged f ro m their co mmo n ancesto r.

This sectio n abo ut human and chimp chro mo so mes is abo ut the skill o f evaluating evidence; yo u

do n't need to  learn all o f the details given here, but yo u sho uld kno w ho w to  co nsider the

evidence fo r and against a hypo thesis.
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Genomes

Genomes

Genomes

The term geno me can be defined as fo llo ws:

All o f  the genetic inf o rmatio n in an o rganism

This refers to  the DNA present within every cell o f an o rganism

This includes genes that co de fo r pro teins as well as no n-co ding DNA sequences

Mito cho ndrial DNA and chlo ro plast DNA are included in the geno me o f eukaryo tic cells

In a pro karyo te cell, plasmid DNA is included in the geno me

Unity and diversity of genomes

Advances in techno lo gy have allo wed scientists to  determine the entire base sequence  o f the

genes within an o rganism's geno me

Determining the base sequence o f DNA is referred to  as DNA sequencing

Geno me-wide co mpariso ns can no w be made between individuals and between species

Co mpariso ns sho w that there is a high level o f  geno me similarity  within, and even between,

species

Humans share aro und 99.9 %  o f their DNA with o ther humans

Humans share aro und 99 %  o f their DNA with chimpanz ees

Humans in fact share all o f  their co ding genes with o ther humans; the differences between

individual humans are due to  po ssessing different alleles o f genes

Different alleles arise due to  mutatio ns

Differences between DNA sequences that invo lve a single base change are kno wn as single

nucleo tide po lymo rphisms  (SNPs)

Because SNPs are areas o f difference between individuals who  share 99.9 %  o f their DNA,

scientists will o ften use SNPs to  determine ancestry o r disease risk

Single nucleot ide polymorphism diagram
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A difference in a single nucleotide is known as a single nucleotide polymorphism, 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

Eukaryo tic geno mes can vary in siz e; this is determined by the mass o f DNA present in a nucleus

Siz e variatio n means that so me o rganisms will have genes that o thers lack

E.g. plants need genes that co de fo r enz ymes invo lved in pho to synthesis, while humans do

no t need these genes

Eukaryo tic geno mes can also  vary in base sequence

DNA sequence data can be co mpared using info rmatio n fro m o nline databases

Scientists all aro und the wo rld enter info rmatio n into  such databases, allo wing anyo ne to

retrieve the info rmatio n fo r analysis

Examples o f such databases include GenBank and NCBI

Databases allo w yo u to :

Select a speci�c gene to  co mpare

Select species to  co mpare

Cho o se whether to  co mpare amino  acid sequences o r DNA base sequences

Co mpariso n o f eukaryo tic species sequence data sho ws that clo sely related individuals have

mo re similar geno mes  than distantly related individuals

E.g. individuals o f the same species have mo re similar geno mes than individuals o f di�erent

species
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Databases contain information on DNA, RNA and protein sequences, as well as protein structure. This

information can be retrieved for analysis of variation between genomes
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Comparing Genome Sizes: Skills

Comparing Genome Sizes

Comparing genome siz es

Advances in techno lo gy have allo wed scientists to  sequence geno mes  o f many species

Geno me-wide co mpariso ns can no w be made between individuals  and between species

Geno me siz es can differ in different o rganisms:

Viruses and bacteria tend to  have very small geno mes

Pro karyo tes tend to  have smaller geno mes than eukaryo tes

The siz e o f plant geno mes can vary widely

Comparing t he genome siz e of  different  organisms t able

Organism
Common name /

description
Genome size (million base

pairs)

Entero bacteria phage T2 Virus that infects E. coli 0.17

Escherichia coli E. coli bacteria 5

Drosophila melanogaster Fruit fly 140

Homo sapiens Human 3000

Paris japonica Japanese cano py plant 150 000

Using a genome siz e database

It is po ssible fo r anyo ne to  lo o k up the geno me siz e o f a wide range o f o rganisms using a geno me

siz e database, e.g. the Animal Geno me Siz e Database o r the Plant DNA C-Values Database

Databases present geno me siz es using a measure kno wn as a C-value

The C-value is the haplo id nuclear DNA co ntent o f an o rganism

C-value units can be given in mass: pico grams (pg) where 1 pg = 10  g

C-value units can be in number o f bases: megabases (Mb) where 1 Mb = 10  bases

1 pg = 978 Mb

Genome siz e and organism complexity

-12

6
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We might expect there to  be a clear relatio nship between geno me siz e and o rganism co mplexity,

but there are plenty o f  examples that do  no t fit with this pattern, e.g.

Humans = 3 100 Mb

Hagfish = 4 200 Mb

Co mmo n wheat = 17 000 Mb

In so me cases similar species may have very different geno me siz es

E.g. co mmo n wheat abo ve has a geno me siz e o f aro und 17 000 Mb, while red wild einko rn

wheat has a geno me siz e o f aro und 5 000 Mb

There are several facto rs that sho uld be co nsidered when thinking abo ut the reaso n fo r these

unexpected numbers:

The geno me co ntains all o f  an o rganism's DNA, no t just the DNA that co des fo r pro teins

Plants can have po lyplo idy, meaning that their cells can co ntain many sets o f chro mo so mes,

giving them very large geno mes

Our view o f  'co mplexity' may no t be co rrect; we generally asso ciate co mplexity with brain

functio n, but there are o ther ways in which an o rganism can be co mplex
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Uses of Genome Sequencing

Uses of Genome Sequencing

Genome sequencing

DNA sequencing allo ws fo r the base sequence  o f an o rganism's geno me to  be identified and

reco rded

Sequencing metho ds are co ntinuo usly advancing to  beco me f aster and cheaper

Advances in techno lo gy have allo wed scientists to  rapidly sequence  the geno mes o f

o rganisms

Mo st sequencing metho ds used are no w auto mated

Newer metho ds o f geno me sequencing are kno wn as next-generatio n sequencing (NGS)

techniques

The data o btained fro m sequencing can be entered into  co mputers  with specialised

pro grammes that can analyse the inf o rmatio n fo r purpo ses such as:

Determining evo lutio nary relatio nships

Perso nalised medicine

Genome sequencing & evolutionary relationships

Phylo genetics  is the classificatio n o f species based o n their evo lutio nary o rigins and

relatio nships

This means that o rganisms are gro uped to gether o n the basis o f shared co mmo n ancestry

rather than, e.g. similarities in appearance

Advances in sequencing techno lo gy  have allo wed scientists to  understand the true phylo geny

o f taxa

No te that this techno lo gy is especially useful fo r co mpariso n with an extinct species (using

ancient DNA) o r when distinguishing between species that are very physically similar

Three types o f sequence data are used to  investigate evo lutio nary relatio nships

DNA

mRNA

Amino  acids (o f a pro tein)

Fo r all types o f sequence data it can be said that the mo re similar the sequences, the mo re

clo sely related the species are

Two  gro ups o f o rganisms with very similar sequences will have separated into  separate

species mo re recently  than two  gro ups with less similarity in their sequences

Species that have been separated f o r lo nger have had a greater amo unt o f  time to

accumulate mutatio ns  and changes to  their DNA, mRNA and amino  acid sequences

Scientists will cho o se specific pro teins o r sectio ns o f the geno me fo r co mpariso n between

o rganisms
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Lo o king at multiple pro teins o r multiple regio ns o f  the geno me  will allo w fo r a mo re

accurate estimate  o f evo lutio nary relatedness

No te the pro tein used needs to  be present in a wide range o f  o rganisms and sho w

sufficient variatio n between species

Cyto chro me c is o ften used as it is an integral pro tein in aero bic respiratio n, which o ccurs

in many o rganisms

Sequence analysis and co mpariso n can be used to  create phylo genetic trees  that sho w the

evo lutio nary relatio nships between species

Primat e phylogenet ic t ree diagram

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

relationships between species

Genome sequencing & personalised medicine

Info rmatio n gathered fro m geno me sequencing pro jects like the Human Geno me Pro ject can be

used to  develo p geno mic medicine, which uses inf o rmatio n abo ut the genes to  design
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medical treatments

The Human Geno me Pro ject invo lved the sequencing o f the entire human geno me

The info rmatio n gained during the Human Geno me Pro ject is sto red in databases, within which

genes that co de fo r certain pro teins can be fo und and analysed

Kno wing the sequence and structure o f pro teins invo lved in disease allo ws the develo pment o f

drugs that target specific pro teins

E.g. if an enz yme is invo lved with disease, a drug that acts as an enz yme inhibito r can be

develo ped

Targeted treatments can mean f ewer unpleasant side-effects  fo r patients

By co mbining info rmatio n abo ut the geno me with o ther clinical and diagno stic info rmatio n,

patterns can be identified that can help to  determine an individual's risk o f  develo ping disease

Genetic screening allo ws individuals with a high chance o f develo ping specific diseases to

be identified and means that preventative measures can be taken, e.g.

Certain genetic mutatio ns are kno wn to  increase the risk o f an individual develo ping

breast cancer, so  tho se who  kno w that they have such a mutatio n can have surgery in

advance to  reduce their risk

An individual may be able to  make certain life cho ices regarding diet and lifestyle based

o n kno wledge o f their genetic risk o f cancers and heart disease

Do cto rs can also  use an individual's geno me to  wo rk o ut ho w well they might respo nd to

specific treatments, allo wing treatments to  be selected o n the basis o f an individual's geno type
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Biological Species Concept: Challenges (HL)

Biological Species Concept: Challenges

Biological species concept

The bio lo gical species co ncept  states that a species is:

A gro up o f  o rganisms that can interbreed to  pro duce f ertile o ffspring

Difficulties applying the biological species concept

The bio lo gical species co ncept relies o n the idea that certain characteristics related to

repro ductio n are unique to  each species, and so  prevent individuals o f different species fro m

successfully breeding to gether. These characteristics include:

Co mpatible mating rituals and seaso ns

Co mpatible sex o rgans

Gametes that can fuse to gether to  pro duce a viable z ygo te

Gametes with the same haplo id chro mo so me number that can match up to  fo rm

ho mo lo go us pairs o f chro mo so mes

Many gro ups o f o rganisms do  no t repro duce using sexual repro ductio n, o r are capable o f

repro ducing witho ut a mate, so  the bio lo gical species co ncept canno t be applied

Examples o f asexual repro ductio n metho ds which challenge the bio lo gical species co ncept

include:

Partheno genesis

Occurs in so me fish, so me liz ards, and so me invertebrates, e.g.

Sharks

Ko mo do  drago ns

Aphids

A new individual is fo rmed witho ut the need f o r a male gamete; the female repro duces

o n her o wn

This is so metimes described as 'virgin birth'

The o ffspring are usually all female, and can be clo nes o f the mo ther, o r co ntain 'shuffled'

co mbinatio ns o f the mo ther's alleles

Binary fissio n

Occurs in bacterial cells

Cells gro w, replicate their co ntents, and then divide into  two  daughter cells 

Clo nes  are pro duced

Vegetative pro pagatio n

Occurs in so me plants
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A new individual might develo p fro m a runner that develo ps fro m the parent plant, o r when

a bulb splits into  several new bulbs

E.g. strawberries fo rm runners, while daffo dils can develo p new bulbs fro m o ne

parent bulb

The o ffspring are clo nes

Veget at ive propagat ion diagram

Some plants can clone themselves using runners that develop from their roots; this makes it very difficult

to apply the biological species concept

Horiz ontal gene transfer

Ano ther pro cess that presents a pro blem when applying the bio lo gical species co ncept is

ho riz o ntal gene transf er

This is the passing o f genetic info rmatio n fro m o ne cell to  ano ther within the same

generatio n

Gene transfer is usually 'vertical', i.e. it passes fro m o ne generatio n to  the next

This o ccurs in bacteria

Genes can be transferred within a species, and even between different species

Horiz ont al gene t ransf er in bact eria 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 'ho riz o ntal gene transfer' is generally used to  describe the passing o f DNA

between bacterial cells, it  is also  po ssible f o r DNA to  be transf erred between o ther different

o rganisms, e.g.

Viruses to  bacteria

Viruses to  eukaryo tes

Bacteria to  eukaryo tes

This means that many o rganisms co ntain genetic info rmatio n fro m species that are, evo lutio narily

speaking, o nly very distantly related, adding further co mplicatio n to  the attempt to  classify

o rganisms
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Chromosome Number: Cross-Breeding (HL)

Chromosome Number: Cross-Breeding

Chromosome number & cross-breeding

With rare exceptio ns, each individual in a species always has the same number o f  chro mo so mes

Human cells co ntain 46 chro mo so mes

Chimpanz ee cells co ntain 48 chro mo so mes

Do g cells co ntain 78 chro mo so mes

The diplo id (2n) chro mo so me number is halved when meio sis takes place, pro ducing haplo id (n)

gametes

During fertilisatio n the nuclei o f  (n) gametes f use  to gether to  fo rm the nucleus o f a (2n) z ygo te

Bo th gametes must co ntain the same number o f  chro mo so mes  in o rder fo r the z ygo te to  be

viable.

If a z ygo te has to o  many o r to o  few chro mo so mes it may no t survive

Because species have different chro mo so me numbers, they will pro duce haplo id gametes

which also  have different chro mo so me numbers

Human gametes co ntain 23 chro mo so mes

Chimpanz ee gametes co ntain 24 chro mo so mes

Do g gametes co ntain 39 chro mo so mes

Even if two  different species are able to  mate with each o ther, e.g. in the case o f clo sely related

species, they will be unable to  pro duce f ertile o ffspring because

The gametes will be unable to  fuse

The gamete fusio n do es no t lead to  a viable z ygo te  due to  the uneven number o f

chro mo so mes

The gamete fusio n do es lead to  a viable z ygo te, but the new diplo id cells co ntain an uneven

number o f chro mo so mes and so  will be unable to  carry o ut meio sis themselves; this leads to

an inf ertile interspecific hybrid

A well-kno wn example o f this is the mating o f a ho rse and do nkey to  pro duce a mule:

Ho rses have 64 chro mo so mes, so  pro duce gametes with 32 chro mo so mes

Do nkeys have 62 chro mo so mes, so  their gametes co ntain 31 chro mo so mes

The fusio n o f a ho rse and a do nkey gamete gives rise to  a mule z ygo te co ntaining 63

chro mo so mes

These chro mo so mes canno t pair up during meio sis, so  mules canno t pro duce

gametes o f their o wn

Inf ert ile hybrid mule diagram
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Crossing a horse with a donkey produces a mule; mules have an odd number of chromosomes so cannot

carry out meiosis
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Dichotomous Keys: Skills (HL)

Dichotomous Keys

Using a dichotomous key

Fo r anyo ne who  do esn't specialise in studying a particular gro up o f o rganisms, it can be very

difficult to  identif y, o r ID, a species  when wo rking in the field

Co rrectly identifying species may be impo rtant fo r a researcher studying bio diversity o r

lo o king at the impacts o f a changing enviro nment o n a co mmunity o f o rganisms

So meo ne seeking to  identify species with which they are no t already familiar may use a to o l

kno wn as a dicho to mo us key

A dicho to mo us key co ntains a series o f paired statements 

The term 'dicho to mo us' refers to  these pairs o f statements

An example o f such a pair o f statements might read:

The o rganism sho ws radial symmetry

The o rganism sho ws bilateral symmetry

Or:

The o rganism has o ne pair o f wings

The o rganism has two  pairs o f wings

To  wo rk thro ugh a dicho to mo us key, yo u start with the first pair o f statements and apply them to

the unkno wn species; o ne statement will be clearly f alse, while the o ther will be a co rrect

descriptio n o f the species

The co rrect statement leads to  ano ther pair o f  statements, and so  o n until the final co rrect

statement leads to  the name o f the species
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Environmental DNA & Barcodes (HL)

Environmental DNA & Barcodes

DNA barcodes

A DNA barco de is a DNA sequence  that can be used to  quickly identif y a species

DNA barco des are sho rt sequences, usually just a few hundred base pairs in length

The base sequences that are used fo r barco des are o ften taken fro m mito cho ndrial DNA in

eukaryo tes, and ribo so mal RNA in pro karyo tes

Environmental DNA (eDNA)

DNA barco des can be used to  determine which species are present in a particular habitat; this

can be necessary fo r vario us reaso ns, e.g:

Fo r researchers investigating the bio diversity o f different habitats

Predicting the impact o f develo pment o n an area o f land

Assessing the impact o f land use change

Using eDNA to  identify species can be much quicker than o bserving and manually identifying

o rganisms

Plants can be difficult to  identify if they are no t in flo wer, o r have no  leaves

So me insect larvae may be very similar in appearance

It may no t be po ssible to  physically capture all o f the species that are present

The pro cess o f extracting DNA fro m a habitat is kno wn as eDNA sampling

eDNA sampling can be used to  identify species present in a habitat as fo llo ws:

1. Multiple eDNA samples are taken fro m the habitat o f interest, e.g. water samples fro m a

bo dy o f water, o r so il samples fro m a terrestrial habitat

Traces left by the o rganisms will be present in the samples, e.g:

Cells that have brushed o ff an animal's skin

Fur o r feathers lo st by mammals o r birds

Waste that has been released into  the enviro nment

Leaves that have fallen to  the gro und and partially bro ken do wn

2. DNA in the samples is amplified  using PCR

3. The amplified DNA is sequenced to  determine the o rder o f bases present

4. The specific sequence within the DNA that fo rms the barco de is co mpared to  a database o f

kno wn sequences

DNA sequencing techno lo gy means that the DNA sequences o f many species are no w

kno wn, and are sto red in easily accessible databases

E.g. the Barco de o f Life Data System (BOLD)

5. A stro ng match with a kno wn sequence means that researchers can co nfidently say that a

species is present at a sample site
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6. A less-stro ng match may mean that further sampling is required

Environment al 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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