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3.1.1 Genes

Genes & Polypeptides

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

Genes are heritable f acto rs  that influence specific characteristics  (via the po lypeptides

pro duced)

Characteristic  means a feature o f an o rganism like height  in pea plants o r blo o d gro up  in

humans

Heritable  means genes are facto rs that pass fro m parent to  o ffspring during repro ductio n

A gene o ccupies a specific po sitio n o n a chro mo so me

The gene fo r a particular characteristic is always fo und at the same po sitio n o r lo cus  (plural is lo ci)

o n a particular chro mo so me

A gene consists of a length of DNA found in the nucleus. This length of DNA causes a specific

characteristic by coding for specific polypeptides.
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Exam T ip

Remember – each chro mo so me in a human cell nucleus co ntains o ne very lo ng DNA mo lecule.

This DNA mo lecule is made up o f tho usands o f specific nucleo tide sequences called genes that

co de fo r specific po lypeptides.

Loci

A single chro mo so me co ntains several hundred o r tho usands  o f genes

Dependent o n the length o f the chro mo so me

Thro ugh experiments and genetic mapping techniques, scientists were able to  wo rk o ut the

specific  physical lo catio n o f  a gene o n a chro mo so me

The lo catio n o f a gene o n a chro mo so me is kno wn as its lo cus (the plural o f lo cus is lo ci)

Each gene o ccupies a specific lo cus  so  that the gene fo r a particular characteristic is always

fo und at the same po sitio n o n a particular chro mo so me
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Comparing the Number of Genes

Species vary in the number o f  genes  they have

The number o f genes a species has is no t related to  the siz e/co mplexity o r even the

so phisticatio n o f the o rganism

Because genes can vary in length

Co unting the exact number o f  genes in a species is difficult , so  yo u may see co nflicting

numbers in different so urces

Humans  have aro und 20,000 genes

Do gs have 19,000 genes, which is less than humans

A water flea has mo re than a human with 31,000 genes

E. coli, a bacterium, has o nly 4,300 genes

A rice plant  has 41,500 genes

Co mparing the Number o f  Genes between Different Organisms Table

Exam T ip

Fo r the co mpariso n o f the number o f genes yo u need to  kno w at least o ne plant and o ne

bacterium, and at least o ne species with mo re than humans  and o ne species with f ewer genes

than humans.The "number o f genes" sho uld no t be referred to  o r co nfused with "geno me siz e"

as this term is used fo r the to tal amo unt o f DNA (usually measured in the number o f base pairs).

Much o f a eukaryo tic species' geno me do es no t co de fo r po lypeptides.
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3.1.2 Alleles

Alleles

A gene co des fo r a specific po lypeptide that can affect a specific trait o r characteristic in an

o rganism

Eg. blo o d type

Alternative f o rms o f  a gene  can exist, these vario us specific fo rms are called alleles

No te that altho ugh alleles are different fo rms o f the same gene, they all still o ccupy the same

lo cus o n the chro mo so me

New alleles o ccur thro ugh mutatio ns

Multiple alleles  can exist fo r a gene that determines a specific trait

Each allele results in a different variatio n o f that trait

Eg. blo o d types A, B, AB and O

The chro mo so mes o f eukaryo tic cells o ccur in ho mo lo go us pairs  (there are two  co pies o f each

chro mo so me, o ne co py inherited fro m each parent) which means that cells have two  co pies o f

every gene

As a result, a cell po ssesses two  alleles o f  every gene  within its nucleus

When the two  alleles at a lo cus are the same/identical they are described as ho mo z ygo us

When the two  alleles at a lo cus are different  they are described as hetero z ygo us

Chromosomes showing genes, loci and alleles
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Differences between Alleles

Alleles differ fro m each o ther by o ne o r o nly a f ew bases

Even a very small change in base sequence can bring abo ut a large effect in gene functio n, with a

large kno ck-o n effect o n the pheno type

Even tho ugh different alleles o f a gene have slightly different base sequences, they still o ccupy

the same lo cus  o n the chro mo so me

Since the Human Geno me Pro ject, so phisticated techniques  can analyse different alleles

These techniques are beco ming f aster, mo re accurate  and mo re accessible  to  individuals

Co mparable sequences can be analysed do wn to  individual bases to  determine

evo lutio nary relatio nships

The mo re differences in base sequence, the further apart two  species are in evo lutio nary

terms

The exact po sitio ns where bases differ between alleles are called SNPs  o r snips  (Single

Nucleo tide Po lymo rphisms)

An allele can have several snips  but still o nly differ by a f ew bases  fro m its o ther allele

Exam T ip

Use the term allele  wherever po ssible in written answers, as it's always a mo re precise term than

gene.
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3.1.3 Mutation

Mutation

A gene mutatio n is a change in the sequence o f base pairs in a DNA mo lecule; this may result in a

new allele

Mutatio ns o ccur all the time and at rando m

There are certain po ints in the cell cycle when mutatio ns are mo re likely to  o ccur, fo r example,

co pying erro rs  when DNA is being replicated (S phase o f interphase)

As the DNA base sequence determines the sequence o f amino  acids that make up a

po lypeptide, mutatio ns in a gene can so metimes lead to  a change in the po lypeptide that the

gene co des fo r

Mo st mutatio ns are harmf ul o r neutral (have no  effect) but so me can be beneficial

Inheritance  o f mutatio ns:

Mutatio ns present in no rmal bo dy cells are no t inherited, they are eliminated fro m the

po pulatio n o nce tho se cells die

Mutatio ns within gametes  are inherited by o ffspring, po ssibly causing genetic disease

Subst it ut ion m ut at ions

A mutatio n that o ccurs when a base in the DNA sequence is rando mly swapped  fo r a different

base is kno wn as a substitutio n mutatio n

A substitutio n mutatio n will o nly change the amino  acid fo r the triplet (gro up o f three co nsecutive

bases) where the mutatio n o ccurs; it will no t have a kno ck-o n effect  further alo ng the

gene/po lypeptide

An example of a substitution mutation altering the sequence of amino acids in the polypeptide

Exam T ip

Yo u do n't need to  kno w abo ut deletio ns, insertio ns and frameshift mutatio ns - just substitutio n

mutatio ns!
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Sickle Cell Anaemia

A small change to  a gene can have serio us co nsequences  fo r an o rganism

Sickle cell anaemia is a genetic disease caused by a single base substitutio n mutatio n within

the gene (Hb) that co des fo r the alpha-glo bin po lypeptide in haemo glo bin

Mo st humans have the no rmal allele Hb

T he mut at ion t hat  occurs

Within the haemo glo bin gene, the base thymine (T) is replaced by the base adenine  (A). This

causes the DNA triplet GAG to  mutate to  GT G

The mutated DNA co do n GTG is transcribed into  the mRNA co do n GUG, instead o f GAG

During translatio n the amino  acid valine  (VAL) replaces the o riginal amino  acid glutamic acid  (GLU);

this o ccurs o n the sixth po sitio n o f the po lypeptide

The slightly different po lypeptide results in a new allele, Hb

A base substitution on the DNA molecule results in a change in the amino acid at position 6 of the

haemoglobin polypeptide, altering the overall structure and function of the protein

A

S
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T he effect s

The pro tein haemo glo bin S is pro duced instead o f haemo glo bin A; this causes a disto rtio n in the

shape o f  the red blo o d cells  into  sickle shapes

Sickle-shaped red blo o d cells:

Have a limited o xygen-carrying capacity

Blo ck the capillaries  limiting the flo w o f no rmal red blo o d cells

Peo ple with sickle cell anaemia suffer fro m acute pain, f atigue  and anaemia

There is a co rrelatio n between sickle cell anaemia and malaria

In areas with increased malaria cases, there is an increased frequency o f sickle cell alleles

Normal red blood cells and sickle cell blood cells. The sickle cells cause a blockage in the capillary,

restricting blood flow.

3.1.4 Genome

Genome

The to tal o f  all the genetic inf o rmatio n in an o rganism is called the geno me  o f the o rganism

This is a co mplete set o f  genes  present within every cell o f an o rganism

This includes all genes  as well as no n-co ding DNA sequences

Mito cho ndrial DNA and chlo ro plast DNA are included in the geno me

In a pro karyo te cell, plasmid  DNA is included in its geno me
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Comparing Genome Size

Advances in techno lo gy have allo wed scientists to  write the who le sequence  o f the genes

within an o rganism's geno me

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

Sequencing pro jects have read the geno mes o f  a wide range o f  o rganisms  fro m bacteria to

humans

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

Co mparing the Geno me Siz e o f  Different Organisms Table
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Human Genome Project

The Human Geno me Pro ject (HGP) was an internatio nal, co llabo rative, research pro gramme  to

sequence the entire human geno me

The wo rk began in 1990, was publicly f unded, and shared  amo ng mo re than 200 labo rato ries

aro und the wo rld, avo iding duplicatio n o f effo rt

Different labs sequenced different chro mo so mes

DNA samples were taken fro m multiple peo ple aro und the wo rld, sequenced, and used to  create

a ref erence geno me

Because o f rapid impro vements in base sequencing techno lo gy the pro ject finished ahead o f

time and was published in April 2003

The finished geno me was o ver 3 billio n base pairs lo ng but co ntained o nly abo ut 25,000 genes

The HGP disco vered new data abo ut no n-co ding DNA, suggesting that it plays an active ro le in

the cell, and that it isn't just 'junk' DNA

The sequence o f the DNA is sto red in databases available to  anyo ne o n the Internet

At the same time as the HGP, teams o f scientists set abo ut the sequencing o f  the DNA o f  o ther

o rganisms. This included the human gut bacterium, E. coli, the fruit fly and the mo use. Since then,

mo re than 30 no n-human geno mes have been sequenced

Applicat ions of  t he Hum an Genom e Project

Three key impacts o f the HGP include:

Ho w many individual genes  we have and ho w they wo rk

Lo cating the cause o f  genetic diso rders

Develo pment o f the new discipline o f bio inf o rmatics  (the sto rage, manipulatio n and analysis

o f bio lo gical info rmatio n via co mputer)

The sequencing o f the human geno me has sho wn that all humans share the vast majo rity

(99.9%) o f  their base sequences, but also  that there are many SNPs  that co ntribute to  human

diversity

The info rmatio n generated fro m the HGP has been used to  tackle human health issues with the

end go al o f  finding cures f o r diseases

Scientists have no ticed a co rrelatio n between changes in specific genes  and the likeliho o d o f

develo ping certain inherited diseases

Several genes within the human geno me have been linked to  increased risk o f certain

cancers

There have also  been specific genes linked to  the develo pment o f Alz heimer's disease

Ethical, legal and so cial issues  are generated by the pro ject
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Genome Sequencing Techniques

NOS: Development s in scient ific research f ollow improvement s in t echnology; gene
sequencers, essent ially lasers and opt ical det ect ors, are used f or t he sequencing of
genes

In scientific research, critical develo pments o f ten f o llo w impro vements in scientific

apparatus

Fo r example, distant o bjects in Space o ften remain undisco vered  until a telesco pe (o r so me

o ther piece o f equipment) po werful eno ugh to  detect them is develo ped

The fact that scientific research is o ften held back by a lack o f sufficiently po werful o r precise

apparatus is a pro blem that will co ntinue into  the future

In so me ways, this is very exciting, as it suggests that o ur scientific kno wledge and understanding

o f the universe will co ntinue to  expand as new scientific techniques and techno lo gies are

develo ped

Investigatio ns such as the Human Geno me Pro ject are dependent o n the use o f  po werf ul

co mputers  and impro vements in techno lo gy  to  sto re and analyse vast quantities o f data

To  sequence a geno me:

The entire geno me is bro ken up into  manageable pieces  and then the f ragments are

separated  so  that they can be sequenced individually

Single-stranded co pies are made

Nucleo tides are each tagged with a differently co lo ured fluo rescent marker, o ne fo r each

base, adenine, cyto sine, guanine and thymine

Samples are separated acco rding to  length, by capillary electro pho resis machine. This

pro cedure is very high reso lutio n and distinguishes DNA fragments that differ in siz e by o nly

a single nucleo tide

After separatio n, a laser beam makes the fluo rescent markers fluo resce

Then an o ptical detecto r linked to  a co mputer deduces the base sequence fro m the

sequence o f co lo urs detected

This pro cess highlights the use o f a database to  determine differences in the base sequence o f

a gene  in two  species
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Gene sequencing is made possible by the use of optical laser technology, optical detectors, and

computers

3.1.5 Prokaryotic Chromosomes

Prokaryotic Chromosomes

The DNA in pro karyo tic cells is signi�cantly di�erent fro m the DNA fo und in eukaryo tic cells

Pro karyo tes do  no t co ntain a nucleus  therefo re the DNA is lo cated in the cyto plasm o f the cell

Pro karyo tic DNA co nsists o f a single, circular chro mo so me

It is so metimes referred to  as a nucleo id

The DNA within pro karyo tic cells is no t asso ciated with any pro teins

Pro karyo tic DNA is so metimes referred to  as naked

Eukaryo tic DNA asso ciates with histo ne  pro teins
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Plasmids

Pro karyo tes also  usually have o ne o r mo re plasmids

Mo st eukaryo tes do  no t co ntain plasmids

Yeast  are the o nly types o f eukaryo tes that co ntain plasmids similar to  tho se in pro karyo tes

Plasmids are very small circular DNA mo lecules

They usually o nly co ntain a f ew genes

They are sho rt , typically 100,000 base pairs in length

They are mo re accessible f o r pro teins  required fo r gene expressio n and therefo re co ntain

genes that are required o ften, quickly and/o r in emergencies

Plasmids can so metimes be passed 'sideways' f ro m o ne cell to  ano ther, o utside o f the no rmal

inheritance pattern during cell divisio n

They can also  be used as a vector  during genetic engineering to transfer DNA

between species

Image showing the arrangement of DNA within a prokaryotic cell
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Autoradiography

NOS: Development s in scient ific research f ollow improvement s in t echniques;
aut oradiography was used t o est ablish t he lengt h of  DNA molecules in chromosomes

In scientific research, critical develo pments o f ten f o llo w impro vements in scientific

apparatus

Fo r example, distant o bjects in Space o ften remain undisco vered until a telesco pe (o r so me

o ther piece o f equipment) po werful eno ugh to  detect them is develo ped

The fact that scientific research is o ften held back by a lack o f sufficiently po werf ul o r precise

apparatus  is a pro blem that will co ntinue into  the f uture

In so me ways, this is very exciting, as it suggests that o ur scientific kno wledge and understanding

o f the universe will co ntinue to  expand  as new scientific techniques and techno lo gies are

develo ped

Auto radio graphy  is a technique used to  study DNA by labelling it using radio active iso to pes

These iso to pes were fed to  E. coli bacteria which inco rpo rated them into  their DNA

When expo sed to  a pho to graphic film the radio active iso to pes caused the film to  beco me

develo ped, resulting in an image o f  the DNA being pro duced

In o rder to  do  this scientists use a radio active versio n o f  the DNA base thymine, due to  the fact

this isn't fo und in RNA

The reaso n why the thymine is radio active is because it co ntains tritium, a radio active

iso to pe o f hydro gen

If scientists want to  study RNA (fo r example, during the pro cess o f transcriptio n) they can use

a radio active versio n o f  uracil instead, as this is no t fo und in DNA

This technique can be used to  study DNA in bo th eukaryo tes and pro karyo tes

In the past, this technique has been used to  make new disco veries abo ut the length and shape

o f  DNA in different o rganisms
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Cairns' Experimental Technique

Cairns’ t echnique f or measuring t he lengt h of  DNA molecules by aut oradiography

Jo hn Cairns was a scientist wo rking in the field o f mo lecular genetics and cancer research in the

1960s

During this time he pio neered a technique o f using auto radio graphy to  study the DNA o f  E.

coli to  determine its length and shape

The metho d that Cairns used is as fo llo ws:

He first kept the E. coli bacteria in a nutrient bro th co ntaining a tritiated thymidine which is a

radio active versio n o f  the DNA base thymine attached to  a deo xyribo se sugar

The E. coli bacteria inco rpo rated these bases into  their DNA during replicatio n. This meant

that after several generatio ns the DNA was fully radio active

He then lysed the cells  using an enz yme called lyso z yme, breaking apart the cell walls, which

allo wed the DNA to  be accessed

The DNA was fixed into  po sitio n o nto  a membrane

The membrane was submerged in a pho to graphic emulsio n co ntaining silver io ns (Ag ) fo r

two  mo nths

When the silver io ns were expo sed to  the radio active DNA, the io ns were reduced to  silver

metal. The grains o f silver metal caused visible black do ts  to  appear in the pho to graphic

emulsio n

Once this emulsio n had been develo ped it co uld be viewed under an electro n micro sco pe

and the length and shape o f DNA co uld be studied

By using this technique Cairns made many impo rtant disco veries

He fo und that E. coli co ntains a single, circular chro mo so me o f  DNA

He also  measured the length o f the circular chro mo so me to  be 1100µm lo ng (550 times

bigger than the E. coli cell itself )

Cairns later went o n to  make impo rtant disco veries abo ut the metho d o f DNA replicatio n in

pro karyo tes using this same technique

+
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The Cairns' technique of using autoradiography to view DNA

3.1.6 Eukaryotic Chromosomes

Eukaryotic Chromosomes

Chro mo so mes in eukaryo tic cells are o ne, very lo ng DNA mo lecule asso ciated with pro teins

The main pro teins present are the large, po sitively charged glo bular pro teins called histo nes,

their ro le is to  o rganise  and wrap  the DNA tightly so  that it �ts into  the nucleus

The o ther pro teins are enz ymes  used in co pying and repairing the DNA

The tightly co iled co mbinatio n o f DNA and pro teins is called chro matin – this is what

chro mo so mes are made o f
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DNA is coiled around histone proteins to form chromatin

T he replicat ion of  chromosomes

During interphase  (the perio d befo re mito sis) the DNA replicates to  create two  identical strands

o f  DNA called chro matids, jo ined to gether by a narro w regio n called the centro mere

The two  chro matids that make up the do uble structure o f a chro mo so me are kno wn as ‘sister

chro matids’

It is impo rtant that the sister chro matids  are identical in o rder to  pro duce genetically identical

daughter cells via mito sis

During anaphase  o f mito sis  o ne chro matid ends up in o ne daughter cell while the o ther

chro matid ends up in the o ther daughter cell

After the centro mere is split apart at the start o f anaphase the chro matids are referred to  as

individual chro mo so mes  again
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Diagram illustrating the structure of a chromosome at di�erent stages of mitosis

Exam T ip

It is impo rtant to  distinguish between the terms chro matid, sister chro matids and

chro mo so mes.
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Different Types of Chromosomes

In a eukaryo te species, there are different chro mo so mes that carry different genes

During mito sis, chro mo so mes beco me denser by superco iling, so  are easier to  o bserve  than

when they are in interphase

Different types o f chro mo so mes can be seen

They differ in length and the po sitio n o f  the centro mere

Humans have 23 types o f  chro mo so mes

The largest o ne is numbered 1

The smallest is numbered 22

Pair 23 is the pair o f sex chro mo so mes (XX o r XY)

Humans have between 20,000 and 25,000 genes  acro ss all 46 chro mo so mes

Specific genes always appear at the same lo cus  (po sitio n) o f  a particular chro mo so me, fo r

example:

The SRY gene fo und o n the Y chro mo so me causes the develo pment o f male genitalia such as

the testes

The genes that determine eye co lo ur are lo cated o n chro mo so me 15

The gene with a faulty versio n that leads to  the disease cystic fibro sis is lo cated o n

chro mo so me 7

In o ther wo rds, each chro mo so me type co ntains specific genes arranged in a standard

sequence

This pro perty allo ws fo r the exchange o f genetic material between chro mo so mes during

meio sis

A pair of homologous chromosomes showing the loci of various alleles
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Homologous Chromosomes

In diplo id  cells there are two  co mplete sets o f chro mo so mes in the nucleus

Ho mo lo go us chro mo so mes

Carry the same genes at the same lo ci

Are the same shape

Are no t usually identical because they may be carrying different alleles  to  each o ther

During fertiliz atio n, a diplo id z ygo te is fo rmed

In a z ygo te, o ne chro mo so me o f each ho mo lo go us pair co mes fro m the female gamete and

the o ther co mes fro m the male gamete

Having the same genes in the same lo ci helps ho mo lo go us chro mo so mes line up alo ngside each

o ther during Metaphase 1 o f meio sis

In pho to micro graphs, chro mo so mes are o ften gro uped into  their ho mo lo go us pairs

These are sho wn in a picture fo rmat as a karyo gram

Human karyogram showing homologous chromosomes

Exam T ip

Altho ugh ho mo lo go us pairs o f chro mo so mes co ntain the same genes in the same o rder they

do n’t necessarily carry the same alleles (fo rm) o f each gene!
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3.1.7 Chromosome Number

Haploid

Haploid nuclei have one chromosome of  each pair

Haplo id cells co ntain o ne co mplete set o f  chro mo so mes (n)

In o ther wo rds, they have half  the number o f chro mo so mes co mpared to  no rmal bo dy cells

Humans have haplo id  cells that co ntain 23 chro mo so mes  in their nucleus

One chro mo so me fro m each pair

n = 23

These haplo id cells are called gametes  and they are invo lved in sexual repro ductio n

In animals, they are the f emale egg and the male sperm

Gametes are haploid cells
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Diploid

Diploid nuclei have pairs of  homologous chromosomes

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

These chro mo so mes co ntain all the DNA necessary  fo r pro tein synthesis and cell functio n

A diplo id cell (z ygo te) is fo rmed fro m the f usio n o f  two  haplo id gametes  at fertilisatio n

Nearly all cells in the human bo dy are diplo id  with 23 pairs  (46 in to tal) o f chro mo so mes in their

nucleus

Red blo o d cells are an exceptio n to  this rule because they do  no t co ntain a nucleus

2n = 4 6  in humans

Having two  alleles gives so me pro tectio n f ro m harmf ul mutatio ns  that are recessive

There is a co py o f the co rrectly-functio ning allele still present

Hybrid vigo ur is o ften o bserved in individuals with two  different alleles, and can be seen as

stro ng gro wth and general go o d health

Haploid (n) and Diploid (2n) cells
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Number of Chromosomes

T he number of  chromosomes is a charact erist ic f eat ure of  members of  a species

During fertilisatio n the nuclei o f  gametes f use to gether to  fo rm the nucleus o f  the 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

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

n + n = 2n

Meio sis pro duces haplo id gametes during sexual repro ductio n

The first cell divisio n o f meio sis is a reductio n divisio n (reduces the number o f chro mo so mes)

This is a nuclear divisio n that reduces the chro mo so me number o f a cell

In humans, the chro mo so me number is reduced fro m 46 (diplo id) to  23 (haplo id)

The reductio n in chro mo so me number during meio sis ensures the gametes fo rmed are haplo id

So metimes during evo lutio n, there can be a change in the number o f  chro mo so mes  a species

has; these events are very rare

Bread wheat (Triticum aestivum) is a species with six sets o f chro mo so mes (6n)

These changes didn't o ccur rando mly but were intentio nally bred by humans to  pro duce ideal

characteristics in the bread wheat

The maintenance of chromosome number through reduction division in a mammalian life cycle
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Comparison of Chromosome Numbers

Comparison of  diploid chromosome numbers of  humans, chimpanz ees, dogs, rice and
horse t hreadworm

These are their species bino mial names

Homo sapiens, Pan troglodytes, Canis familiaris, Oryza sativa, Parascaris equorum

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  (o ther than in a few

rare instances where a chro mo so me mutatio n has o ccurred)

An analo gy  is a large, single bo o k co ntaining a trilo gy (3) o f sho rter bo o ks;  the sho rter bo o ks

co uld be published separately and still co ntain the same amo unt o f info rmatio n

A co mpariso n o f  the chro mo so me number o f these five selected species can be fo und belo w:

Co mpariso n o f  Chro mo so me Numbers Table

No te that 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 the

haplo id number (n)

The haplo id number must always be a who le number

An interesting co mpariso n to  make is 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

Chimpanz ees and do gs have mo re chro mo so mes than humans  even tho ugh they have

evo lved to  be less intelligent and co mplex than humans
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Exam T ip

Yo u may be asked to  estimate the number o f chro mo so mes that wo uld be present in the haplo id

cell o f a species.  Fo r example, do gs have 78 chro mo so mes in their diplo id cells. When trying to

find the number o f chro mo so mes in their haplo id cells simply remember that diplo id is 2n and

haplo id is n, meaning yo u just need to  divide the number o f chro mo so mes by 2. So  do gs have 39

chro mo so mes in their haplo id cells!

3.1.8 Sex Determination

Sex Determination

Sex is determined by an entire chro mo so me pair (as o ppo sed to  mo st o ther characteristics that

are just determined by o ne o r a number o f genes)

Females  have the sex chro mo so mes (pair 23 in humans) XX

Males  have the sex chro mo so mes (pair 23 in humans) XY

No te that the rule XX fo r females and XY fo r males applies to  mammals, but no t to  all species

All o ther chro mo so mes (pairs 1 - 22 in humans) are auto so mes  and have no  in�uence o n

determining the sex o f o �spring

Because o nly a father can pass o n a Y chro mo so me, he is respo nsible f o r determining the sex o f

the child

Due to  meio sis, half o f his sperm cells will carry his X chro mo so me, half his Y chro mo so me

The chro mo so me carried by the sperm that f ertiliz es the egg will determine the sex o f the

child

His daughters receive a co py o f his X chro mo so me

His so ns receive a co py o f his Y chro mo so me
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Sperm cells determine the sex of offspring

The inheritance o f sex can be sho wn using a genetic diagram (kno wn as a Punnett square), with

the X and Y chro mo so mes taking the place o f the alleles usually written in the bo xes
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Punnett square showing the inheritance of sex

Genes carried by X and Y chromosomes

The X chro mo so me is larger than the Y, and has its centro mere mo re central than o n the Y

chro mo so me

Fewer genes are co ded fo r o n the Y chro mo so me as a result

The X carries aro und 16 × mo re genes than the Y chro mo so me

No n-sex pheno typic traits, including certain blo o d clo tting f acto rs, are co ded fo r o n the X

chro mo so me but no t o n the Y

The Y chro mo so me carries genes that co de f o r male characteristics

One o f these genes is the SRY gene  which is invo lved in

Develo pment o f testes in male embryo s

Pro ductio n o f testo stero ne

Females do n't receive these genes, so  instead, o varies develo p  and f emale sex ho rmo nes  are

expressed
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3.1.9 Karyograms

Karyograms

During the stages o f mito sis, chro mo so mes co ndense  (beco me visible)

This is mo st no table in metaphase

Staining can reveal distinctive banding patterns o n chro mo so mes at this stage

The po sitio n o f  the centro mere  will also  give a clue abo ut which ho mo lo go us pair a

chro mo so me belo ngs to

The pro cess can be fro z en in time using co mputer image analysis  o f all the chro mo so mes

Chro mo so mes can be placed in their ho mo lo go us pairs

A karyo gram will sho w all the chro mo so mes in ho mo lo go us pairs, starting with the lo ngest pair

and ending with the sho rtest

Human karyogram showing homologous chromosomes. The presence of XY reveals this to be a male.
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Use of Karyograms

Use of  karyot ypes t o deduce sex in humans

Karyo grams can be used to  examine an individual's karyo type

This can reveal the sex o f  an individual by the appearance o f the sex chro mo so me pair

A Y chro mo so me is co nsiderably sho rter than an X chro mo so me

XX chro mo so mes mean an individual is f emale

XY chro mo so mes mean an individual is male

Appearance of the XX and XY chromosomes. Note the Y chromosome is much shorter than the X.

Use of  karyot ypes t o diagnose Down syndrome in humans

Mutatio ns  can o ccur at different levels, no t just mis-co pying o f individual DNA bases

Chro mo so me mutatio ns  invo lve a change in the number o f chro mo so mes

A spo ntaneo us chro mo so me mutatio n called no n-disjunctio n o ccurs when chro mo so mes

f ail to  separate  during meio sis

The gametes may end up with o ne extra co py  o f a particular chro mo so me o r no  co pies o f a

particular chro mo so me

These gametes will have a different number o f  chro mo so mes  co mpared to  the no rmal haplo id

number
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Many such gametes will fo rm a no n-viable embryo  that abo rts befo re beco ming a fo etus, but no t

always

If the abno rmal gametes co mbine in viable fertiliz atio n (o ne that leads to  a live birth), then a

chro mo so me mutatio n o ccurs as the diplo id cell will have the inco rrect number o f

chro mo so mes

An example o f chro mo so me mutatio n is Do wn syndro me

Individuals with Do wn syndro me have a to tal o f  4 7  chro mo so mes  in their geno me as they have

three co pies o f chro mo so me 21

Do wn syndro me is also  called Triso my 21

Sympto ms  include distinctive facial features, hearing lo ss, learning and gro wth impairment

Image showing how chromosomes failing to separate properly during meiosis can result in gametes with

the incorrect number of chromosomes
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3.1.10 Skills: Using Databases

Use of Databases to Identify Gene Loci

Use of  dat abases t o ident if y t he locus of  a human gene and it s polypept ide product

Fo llo wing the sequencing o f  the who le human geno me, we no w kno w the exact lo cus  (po sitio n)

o f every gene acro ss the 23 pairs o f chro mo so mes

Online databases have been built that are able to  lo cate any kno wn gene o r allele

Anyo ne can access these lo ci

One example is the Euro pean Mo lecular Bio lo gy Labo rato ry  database (EMBL)

Examples o f genes that can be lo cated are

The CFT R pro tein, critical to  cystic fibro sis, o n chro mo so me 7

HBB, a faulty allele o f which is the cause o f sickle-cell anaemia, o n chro mo so me 11

If we kno w the lo cus o f a particular gene, medicine can establish the lo catio n o f  a f aulty allele,

which is o ften recessive

A faulty allele can be cut o ut o f the chro mo so me by genetic engineering using reco mbinant

DNA techno lo gy

Replacing a faulty allele co uld lead to  genetic therapy

Lo catio n databases o f cancer-related genes  are o ften vital info rmatio n to  researchers,

do cto rs and patients invo lved in cancer genetics

Page 32 of 33
For more help visit our website www.exampaperspractice.co.uk



Use of Databases: Comparing Base Sequences

Use of  a dat abase t o det ermine differences in t he base sequence of  a gene in t wo
species

The Genbank® database is ano ther that can be used to  search f o r DNA base sequences

Uses a co mputer data analysis technique called BLAST (Basic Lo cal Alignment Search To o l)

to  spo t and 'line up' similar base sequences

A pro tein co mmo n to  all o rganisms is cyto chro me C

This makes its gene sequence a go o d o ne to  co mpare between o rganisms

The sequence is available fo r many different o rganisms acro ss all three do mains

This gives impo rtant info rmatio n abo ut evo lutio nary relatio nships  between o rganisms

The use of databases to compare base sequences (and protein sequences) between species
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