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3.1.1Genes

Genes & Polypeptides

= Ageneisasectionorlengthof DNAthatcodesforapolypeptide
= Genes are heritable factors thatinfluence specific characteristics (viathe polypeptides
produced)
= Characteristic means afeature of anorganism like height in peaplants orblood group in
humans
= Heritable means genes are factors that pass from parent to offspring duringreproduction

= Ageneoccupies aspecific positiononachromosome
= The geneforaparticularcharacteristic is always found at the same positionorlocus (pluralis loci)
onaparticularchromosome

A gene consists of alength of DNA found in the nucleus. This length of DNA causes a specific
characteristic by coding for specific polypeptides.
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O ExamTip

Remember-eachchromosome inahumancellnucleus contains one verylong DNAmolecule.
This DNAmoleculeis made up of thousands of specific nucleotide sequences called genes that
code forspecific polypeptides.

Loci

= Asingle chromosome contains severalhundred orthousands of genes
= Dependentonthelengthofthe chromosome

= Throughexperiments and genetic mapping techniques, scientists were able to work out the
specific physicallocationof agene onachromosome

= Thelocationofageneonachromosomeis knownasitslocus (the plural of locusisloci)

= Eachgene occupies aspecificlocus so that the gene fora particularcharacteristic is always
found at the same positiononaparticularchromosome

Comparing the Number of Genes

= Speciesvaryinthe number of genes theyhave
= Thenumberofgenesaspecies hasis notrelated to the size/complexityoreventhe
sophisticationof the organism
= Because genescanvaryinlength

= Countingthe exact number of genesinaspeciesis difficult,so youmaysee conflicting
numbers indifferentsources

= Humans have around 20,000 genes

= Dogs have 19,000 genes,whichis less than humans

= Awaterfleahas more thanahumanwith 31,000 genes

= E coliabacterium,hasonly4,300 genes

= Ariceplant has 41,500 genes

Comparingthe Number of Genes between Different Organisms Table

O Exam Tip

Forthe comparison of the numberof genes youneed to know atleast one plantand one
bacterium,and atleast one species withmore thanhumans and one species with fewer genes
thanhumans.The "numberof genes"should notbereferred to orconfused with "genome size"
as thistermis used forthe totalamount of DNA (usuallymeasured in the numberof base pairs).
Much of aeukaryotic species'genome does notcode forpolypeptides.
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Alleles

= Agenecodesforaspecific polypeptide that canaffectaspecific trait orcharacteristicinan
organism
= Eg.blood type

= Alternative forms of agene canexist, these various specific forms are called alleles
= Notethatalthoughalleles are different forms of the same gene, theyall stilloccupythe same
locus onthe chromosome
= New alleles occurthroughmutations

= Multiple alleles canexist foragene thatdetermines a specific trait
= Eachalleleresultsinadifferentvariation of that trait
= Eg.bloodtypesA,B,ABand O

= The chromosomes of eukaryotic cells occurinhomologous pairs (there are two copies of each
chromosome,one copyinherited from each parent) whichmeans that cells have two copies of
every gene
= Asaresult,acellpossesses two alleles of every gene withinits nucleus

= Whenthe two alleles atalocus are the same/identical theyare described as homozygous
= Whenthe two alleles at alocus are different theyare described as heterozygous

Chromosomes showing genes, loci and alleles
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DifferencesbetweenAlleles

= Alleles differfromeachotherbyoneoronly afewbases
= Evenaverysmallchangeinbase sequence canbringaboutalarge effectingene function,witha
large knock-oneffectonthe phenotype
= Eventhoughdifferentalleles of agene have slightlydifferent base sequences, theystilloccupy
the samelocus onthe chromosome
= Since the Human Genome Project,sophisticated techniques cananalyse different alleles
= Thesetechniques are becomingfaster,more accurate and more accessible to individuals
= Comparable sequences canbe analysed downto individual bases to determine
evolutionary relationships
= The more differencesinbase sequence, the furtherapart two species are inevolutionary
terms

= The exactpositions where bases differbetweenalleles are called SNPs orsnips (Single
Nucleotide Polymorphisms)
= Anallele canhave several snips but still onlydifferby afew bases fromits otherallele

O Exam Tip

Use the termallele whereverpossible inwrittenanswers, as it's always amore precise termthan
gene.
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Mutation

= Agene mutationis achangeinthe sequence of base pairsina DNAmolecule;this mayresultina
new allele
= Mutations occurallthe time and at random
= There are certainpointsinthe cell cycle whenmutations are more likelyto occur,forexample,
copyingerrors whenDNAis beingreplicated (S phase of interphase)

= Asthe DNAbase sequence determines the sequence of amino acids that make up a
polypeptide, mutationsinagene cansometimes lead to achange inthe polypeptide that the
gene codesfor

= Mostmutations are harmful orneutral (have no effect) but some can be beneficial

= Inheritance of mutations:

= Mutations presentinnormalbodycells are notinherited, theyare eliminated fromthe
populationonce those cells die
= Mutations withingametes are inherited by offspring, possibly causing genetic disease

Substitution mutations

= Amutationthatoccurs whenabase inthe DNAsequenceis randomly swapped foradifferent
baseis knownas asubstitutionmutation

= Asubstitutionmutation willonlychange the amino acid forthe triplet (group of three consecutive
bases)where the mutationoccurs;itwillnot have aknock-oneffect furtheralongthe
gene/polypeptide

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

O Exam Tip

Youdon'tneed to know about deletions,insertions and frameshift mutations - just substitution
mutations!
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Sickle Cell Anaemia

= Asmallchange to agene canhave serious consequences foranorganism
= Sickle cellanaemiais agenetic disease caused byasingle base substitutionmutationwithin
the gene (Hb) that codes forthe alpha-globin polypeptide inhaemoglobin
= Mosthumans have the normal allele HbA

The mutationthat occurs

= Withinthe haemoglobingene, the base thymine (T) is replaced by the base adenine (A). This
causes the DNA triplet GAG to mutate to GTG

= The mutated DNAcodonGTGis transcribed into the mRNA codonGUG, instead of GAG

= During translationthe amino acid valine (VAL) replaces the original amino acid glutamic acid (GLU);
this occurs onthe sixthpositionof the polypeptide

= The slightlydifferent polypeptide results inanewallele, HbS

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
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The effects

The proteinhaemoglobinSis produced instead of haemoglobin A;this causes adistortioninthe
shape of thered blood cells into sickle shapes
Sickle-shapedred blood cells:

= Have alimited oxygen-carrying capacity

= Blockthe capillaries limiting the flow of normalred blood cells

People withsickle cellanaemia sufferfromacute pain, fatigue and anaemia
Thereis acorrelationbetween sickle cellanaemia and malaria
= |nareas withincreased malariacases, thereis anincreased frequencyofsickle 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 total of allthe genetic informationinanorganismis called the genome of the organism
Thisis acomplete set of genes present withineverycellof anorganism

Thisincludes allgenes as wellas non-coding DNAsequences

Mitochondrial DNA and chloroplast DNA are included inthe genome

Inaprokaryote cell,plasmid DNAis included inits genome
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Comparing Genome Size

Advancesintechnologyhave allowed scientists to write the whole sequence of the genes
withinanorganism's genome
Genome-wide comparisons cannow be made betweenindividuals and betweenspecies

Sequencingprojects have read the genomes of awide range of organisms from bacteriato
humans

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 Organisms Table
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Human Genome Project

The Human Genome Project (HGP) was aninternational, collaborative,researchprogramme to
sequence the entire humangenome
The work beganin1990,was publicly funded, and shared amongmore than 200 laboratories
around the world, avoiding duplication of effort

= Differentlabs sequenced different chromosomes

DNA samples were taken from multiple people around the world, sequenced,and used to create
areference genome

Because of rapid improvements inbase sequencing technologythe project finished ahead of
time and was published inApril2003

The finished genome was over 3 billionbase pairs long but contained onlyabout 25,000 genes
The HGP discovered new dataabout non-coding DNA, suggesting that it plays anactive role in
the cell,and thatitisn'tjust 'junk' DNA

The sequence of the DNAis stored indatabases available to anyone onthe Internet

At the same time as the HGP,teams of scientists set about the sequencingof the DNA of other
organisms. This included the human gut bacterium, E. coli, the fruit flyand the mouse. Since then,
more than 30 non-human genomes have beensequenced

Applications of the Human GenomeProject

Three keyimpacts of the HGP include:
= How many individualgenes we have and how theywork
= locatingthe cause of genetic disorders
= Development of the new discipline of bioinformatics (the storage, manipulation and analysis
of biologicalinformation viacomputer)

The sequencing of the human genome has shown that allhumans share the vast majority
(99.9%)of theirbase sequences, but also that there are many SNPs that contribute to human
diversity
The information generated from the HGP has beenused to tackle human healthissues with the
end goalof finding cures fordiseases
Scientists have noticed acorrelationbetween changes inspecific genes and the likelihood of
developing certaininherited diseases

= Several genes within the human genome have beenlinked to increased risk of certain

cancers
= There have also beenspecific genes linked to the development of Alzheimer's disease

Ethical,legaland socialissues are generated by the project
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Genome Sequencing Techniques

NOS: Developmentsin scientificresearch followimprovementsintechnology; gene
sequencers, essentiallylasersand opticaldetectors,areused forthe sequencing of
genes

Inscientific research, criticaldevelopments oftenfollow improvements inscientific
apparatus
Forexample,distant objects in Space oftenremainundiscovered untilatelescope (orsome
otherpiece of equipment) powerfulenoughto detectthemis developed
The factthat scientificresearchis oftenheld back byalack of sufficientlypowerful orprecise
apparatus is aproblemthat will continue into the future
Insome ways, this is very exciting, as it suggests that ourscientific knowledge and understanding
of the universe will continue to expand as new scientific techniques and technologies are
developed
Investigations such as the Human Genome Project are dependent onthe use of powerful
computers and improvements intechnology to store and analyse vast quantities of data
To sequence agenome:
= The entire genome is brokenup into manageable pieces and then the fragments are
separated so that theycanbe sequenced individually
= Single-stranded copies are made
= Nucleotides are eachtagged withadifferentlycoloured fluorescent marker,one foreach
base,adenine, cytosine, guanine and thymine
= Samples are separated accordingto length, by capillary electrophoresis machine. This
procedureis very highresolutionand distinguishes DNA fragments that differinsize byonly
asingle nucleotide
= Afterseparation,alaser beammakes the fluorescent markers fluoresce
= Thenanopticaldetectorlinked to acomputerdeduces the base sequence fromthe
sequence of colours detected

This'process highlights the use of adatabase to determine differences inthe base sequence of
ageneintwo species
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Gene sequencing is made possible by the use of optical laser technology, optical detectors, and
computers

3.1.5Prokaryotic Chromosomes

Prokaryotic Chromosomes

The DNAinprokaryotic cells is significantly different from the DNA found in eukaryotic cells
Prokaryotes do not containanucleus therefore the DNAis located inthe cytoplasmofthe cell
Prokaryotic DNA consists of asingle, circular chromosome

= |tissometimesreferred to as anucleoid

The DNA within prokaryotic cells is not associated withany proteins
= Prokaryotic DNAis sometimes referred to as naked
= Eukaryotic DNAassociates with histone proteins
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Plasmids

= Prokaryotes also usuallyhave one ormore plasmids
= Mosteukaryotes do notcontainplasmids
= Yeast are the onlytypes of eukaryotes that contain plasmids similarto thoseinprokaryotes

= Plasmids are very small circular DNA molecules
= Theyusuallyonly containafew genes
= Theyare short, typically100,000 base pairs inlength

= Theyare more accessible forproteins required forgene expressionand therefore contain
genes that arerequired often, quicklyand/orinemergencies

= Plasmids cansometimes be passed 'sideways' fromone cellto another,outside of the normal
inheritance patternduring cell division

= Theycanalso be used as avector during genetic engineering to transfer DNA
between species

Image showing the arrangement of DNA within a prokaryotic cell
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Autoradiography

NOS: Developmentsinscientificresearch followimprovementsintechniques;
autoradiographywasusedtoestablishthelength of DNA moleculesin chromosomes

Inscientific research, criticaldevelopments oftenfollow improvements inscientific
apparatus
= Forexample,distantobjectsinSpace oftenremainundiscovered untilatelescope (orsome
otherpiece of equipment) powerfulenoughto detectthemis developed

The factthatscientificresearchis oftenheld back byalack of sufficiently powerfulor precise
apparatusis aproblemthat willcontinue into the future
Insome ways, this is very exciting, as it suggests that ourscientific knowledge and understanding
of the universe willcontinue to expand as new scientific techniques and technologies are
developed
Autoradiography is atechnique used to study DNA bylabellingit usingradioactive isotopes

= Theseisotopes were fed to E colibacteriawhichincorporated theminto their DNA

Whenexposed to aphotographic fimthe radioactive isotopes caused the filmto become
developed,resultinginanimage of the DNA being produced
Inorderto do this scientists use aradioactive versionof the DNA base thymine, due to the fact
thisisn't found in RNA
= Thereasonwhythe thymineis radioactive is because it contains tritium,aradioactive
isotope of hydrogen
= |fscientists wantto studyRNA (forexample, during the process of transcription) theycanuse
aradioactive versionof uracilinstead, as thisis not found in DNA

This technique canbe used to studyDNA inboth eukaryotes and prokaryotes
Inthe past, this technique has beenused to make new discoveries about the lengthand shape
of DNAindifferent organisms
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Cairns' Experimental Technique

Cairns’technique for measuring thelength of DNA moleculesby autoradiography

= JohnCairns was ascientistworkinginthe field of moleculargenetics and cancerresearchinthe
1960s

During this time he pioneered atechnique of usingautoradiography to study the DNA of E.
colito determine its lengthand shape

= The methodthat Cairnsusedis as follows:

He first kept the E. colibacteriainanutrient broth containing a tritiated thymidine whichis a
radioactive versionof the DNA base thymine attached to adeoxyribose sugar

The E. colibacteriaincorporated these bases into theirDNA duringreplication. This meant
that afterseveral generations the DNA was fullyradioactive

He thenlysed the cells usinganenzyme called lysozyme, breaking apart the cellwalls, which
allowed the DNAto be accessed

The DNAwas fixed into positiononto amembrane

The membrane was submerged inaphotographic emulsioncontaining silverions (Ag*) for
two months

Whenthe silverions were exposed to theradioactive DNA, the ions were reduced to silver
metal. The grains of silvermetal caused visible black dots to appearinthe photographic
emulsion

Once this emulsionhad beendeveloped it could be viewed underanelectronmicroscope
and the length and shape of DNA could be studied

= Byusingthis technique Cairns made manyimportant discoveries

He found that E. colicontains a single, circular chromosome of DNA

He also measured the length of the circularchromosome to be 1100pmlong (550 times
biggerthanthe E. colicellitself)

Cairns laterwent onto make important discoveries about the method of DNA replicationin
prokaryotes using this same technique
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The Cairns' technique of using autoradiography to view DNA
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3.1.6 Eukaryotic Chromosomes

Eukaryotic Chromosomes

= Chromosomesineukaryotic cells are one,very long DNAmolecule associated with proteins
= The mainproteins present are the large, positively charged globularproteins called histones,
theirroleis to organise and wrap the DNA tightlyso thatit fits into the nucleus
= The otherproteins are enzymes used in copying and repairing the DNA

= Thetightlycoiled combinationof DNA and proteinsis called chromatin - this is what
chromosomes are made of

DNA is coiled around histone proteins to form chromatin
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Thereplication of chromosomes

= Duringinterphase (the period before mitosis) the DNAreplicates to create two identical strands
of DNA called chromatids,joined togetherbyanarrowregioncalled the centromere

= The two chromatids that make up the double structure of achromosome are known as ‘sister
chromatids’

= [tisimportant that the sister chromatids are identicalinorderto produce genetically identical
daughtercells viamitosis

= Duringanaphase of mitosis one chromatid ends upinone daughtercell while the other
chromatid ends upinthe otherdaughtercell

= Afterthe centromereis split apart at the start of anaphase the chromatids are referred to as
individual chromosomes again
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Diagram illustrating the structure of a chromosome at different stages of mitosis

Q Exam Tip

Itis important to distinguishbetween the terms chromatid, sisterchromatids and
chromosomes.
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Different Types of Chromosomes

= |naeukaryote species,there are differentchromosomes that carrydifferent genes
= During mitosis,chromosomes become denserbysupercoiling,so are easierto observe than
whentheyareininterphase
= Differenttypes of chromosomes canbe seen
= Theydifferinlengthand the positionof the centromere

= Humans have 23 types of chromosomes
= Thelargestoneis numbered ]
= The smallestis numbered 22
= Pair23is the pairof sexchromosomes (XX orXY)

= Humans have between20,000 and 25,000 genes across all46 chromosomes
= Specific genes always appear at the same locus (position) of aparticularchromosome, for
example:
= The SRYgene found onthe Ychromosome causes the development of male genitaliasuchas
the testes
= The genesthatdetermine eye colourarelocated onchromosome 15
= The gene withafaultyversionthatleads to the disease cystic fibrosisislocated on
chromosome 7

= |Inotherwords,eachchromosome type contains specific genes arranged inastandard
sequence
= This propertyallows forthe exchange of genetic material between chromosomes during
meiosis

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

= |ndiploid cells there are two complete sets of chromosomes inthe nucleus
= Homologous chromosomes
= Carrythe same genes at the same loci
= Are the same shape
= Are notusually identical because theymaybe carrying different alleles to each other

= Duringfertilization,adiploid zygoteis formed

= Inazygote,onechromosome of eachhomologous paircomes fromthe female gamete and

the othercomes fromthe male gamete

= Havingthe same genesinthe samelocihelps homologous chromosomes line up alongside each

otherduring Metaphase 1of meiosis
= Inphotomicrographs,chromosomes are often grouped into theirhomologous pairs
= Theseare showninapicture formatas akaryogram

Human karyogram showing homologous chromosomes

O Exam Tip

Althoughhomologous pairs of chromosomes containthe same genesinthe same orderthey
don’tnecessarilycarrythe same alleles (form) of each gene!
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3.1.7 Chromosome Number

Haploid
Haploid nucleihave one chromosome of each pair

= Haploid cells containone complete set of chromosomes (n)
= |Inotherwords,theyhave half the numberofchromosomes compared to normalbodycells
= Humans have haploid cells that contain23 chromosomes in theirnucleus
= Onechromosome fromeach pair
= nN=23

= These haploid cells are called gametes and theyare involved in sexual reproduction
= |nanimals,theyare the female egg and the male sperm

Gametes are haploid cells
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Diploid

Diploid nucleihave pairs of homologouschromosomes

Adiploid cellis acellthat contains two complete sets of chromosomes (2n)
These chromosomes containallthe DNA necessary forproteinsynthesis and cell function
Adiploid cell(zygote)is formed fromthe fusionof two haploid gametes at fertilisation
Nearlyall cells inthe humanbodyare diploid with 23 pairs (46 intotal) of chromosomes in their
nucleus

= Redbloodcells are anexceptionto this rule because theydo not containanucleus

2n=46inhumans
Havingtwo alleles gives some protectionfromharmfulmutations that are recessive
= Thereisacopyofthe correctly-functioningallele still present

Hybrid vigouris oftenobserved inindividuals with two different alleles,and canbe seenas
stronggrowth and generalgood health

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

The number of chromosomesisa characteristic feature of members of a species

During fertilisationthe nucleiof gametes fuse together to formthe nucleus of the zygote
Bothgametes must containthe same numberof chromosomesinorderforthe zygote to be
viable.If azygote has too manyortoo few chromosomes it maynot survive
Foradiploid zygote this means that the gametes must be haploid

= n+n=2n

Meiosis produces haploid gametes during sexual reproduction

The first celldivisionof meiosis is areductiondivision(reduces the numberof chromosomes)
= Thisis anucleardivisionthat reduces the chromosome numberofacell
= |nhumans, the chromosome numberis reduced from 46 (diploid) to 23 (haploid)

The reductioninchromosome numberduring meiosis ensures the gametes formed are haploid
Sometimes during evolution, there canbe achange inthe number of chromosomes aspecies
has;these events are veryrare
= Bread wheat (Triticum aestivum) is aspecies withsixsets of chromosomes (6n)
= Thesechanges didn't occurrandomlybut were intentionally bred by humans to produceideal
characteristics inthe bread wheat

The maintenance of chromosome number through reduction division ina mammalian life cycle
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Comparisonof Chromosome Numbers

Comparison of diploid chromosome numbers of humans, chimpanzees, dogs, rice and
horsethreadworm
= These are theirspecies binomialnames

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

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 (otherthaninafew
rare instances where achromosome mutationhas occurred)

= Ananalogy is alarge, single book containingatrilogy(3) of shorterbooks; the shorterbooks
could be published separatelyand still contain the same amount of information

Acomparisonof the chromosome number ofthese five selected species canbe found below:

Comparisonof Chromosome Numbers Table

Note that the diploid numbermust always be anevennumber

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

= The haploid numbermust always be awhole number
= Aninterestingcomparisonto make is that the numberofchromosomes aspecies possessesis

not linked to how 'advanced'aspeciesisinevolutionaryterms

= Chimpanzees and dogs have more chromosomes thanhumans even though theyhave
evolved to be less intelligent and complex than humans
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O Exam Tip

Youmaybe asked to estimate the numberof chromosomes that would be presentin the haploid
cellofaspecies. Forexample,dogs have 78 chromosomes intheirdiploid cells.When trying to
find the numberof chromosomes intheirhaploid cells simplyrememberthatdiploid is 2nand
haploid is n, meaningyoujust need to divide the numberof chromosomes by2.So dogs have 39
chromosomes intheirhaploid cells!

3.1.8 Sex Determination

Sex Determination

= Sexis determined byanentire chromosome pair (as opposed to most othercharacteristics that
are justdetermined byone oranumberof genes)
= Females have the sexchromosomes (pair23 inhumans) XX
= Males have the sexchromosomes (pair23 in humans) XY
= Note that the rule XXforfemales and XY formales applies to mammals, but not to all species

= Allotherchromosomes (pairs 1-22inhumans) are autosomes and have no influence on
determining the sex of offspring
= BecauseonlyafathercanpassonaYchromosome,heisresponsible fordeterminingthe sexof
the child
= Due to meiosis, half of his sperm cells will carry his Xchromosome, half his Ychromosome
= The chromosome carried bythe spermthat fertilizes the egg willdetermine the sexof the
child
= His daughtersreceive acopyofhis Xchromosome
= Hissonsreceive acopyofhisYchromosome
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Sperm cells determine the sex of offspring

= Theinheritance of sexcanbe shownusing agenetic diagram(known as a Punnett square), with
the Xand Ychromosomes taking the place of the alleles usually writtenin the boxes
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Punnett square showing the inheritance of sex

Genescarriedby Xand Y chromosomes

The Xchromosomeis larger thanthe Y, and has its centromere more centralthanonthe Y
chromosome
= FewergenesarecodedforontheYchromosome as aresult
= The Xcarries around 16 x more genes thanthe Y chromosome

= Non-sexphenotypic traits,including certainblood clottingfactors,are coded foronthe X
chromosome butnotontheY

The Ychromosome carries genes that code for male characteristics
One of these genes is the SRY gene whichis involved in

= Developmentoftestesinmale embryos

= Productionoftestosterone

Females don'treceive these genes,so instead, ovaries develop and female sexhormones are
expressed
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3.1.9 Karyograms

Karyograms

= Duringthe stages of mitosis,chromosomes condense (become visible)
= Thisis mostnotableinmetaphase

= Staining canreveal distinctive banding patterns onchromosomes at this stage

= The positionof the centromere will also give aclue about whichhomologous paira
chromosome belongs to

= Theprocess canbe frozenintime usingcomputerimage analysis of allthe chromosomes

= Chromosomes canbe placed intheirhomologous pairs

= Akaryogramwillshow allthe chromosomes inhomologous pairs, starting with the longest pair
and ending withthe shortest

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

= Karyograms canbe used to examine anindividual's karyotype
= This canreveal the sexof anindividual by the appearance of the sexchromosome pair
= AYchromosomeis considerablyshorterthananXchromosome

= XXchromosomes meananindividualis female

= XY chromosomes meananindividual is male

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

Use of karyotypestodiagnose Down syndromein humans

Mutations canoccurat differentlevels,notjust mis-copying of individual DNA bases
= Chromosome mutationsinvolve achange inthe numberofchromosomes

= Aspontaneous chromosome mutationcalled non-disjunctionoccurs whenchromosomes
failto separate duringmeiosis

The gametes mayend up withone extracopy of aparticularchromosome orno copies ofa
particularchromosome

These gametes will have adifferent number of chromosomes compared to the normal haploid
number
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= Manysuchgametes willformanon-viable embryo that aborts before becomingafoetus, butnot
always

= |f the abnormal gametes combineinviable fertilization (one thatleads to alive birth),thena
chromosome mutationoccurs as the diploid cell willhave the incorrect number of
chromosomes

= Anexample of chromosome mutationis Downsyndrome

= |ndividuals withDownsyndrome have atotalof 47 chromosomes intheirgenome as theyhave
three copies of chromosome 21

= Downsyndromeis also called Trisomy 21

= Symptomsinclude distinctive facial features, hearingloss,learningand growthimpairment

Image showing how chromosomes failing to separate properly during meiosis can result in gametes with
the incorrect numberof chromosomes
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3.1.10 Skills: Using Databases

Use of Databases to Identify Gene Loci

Use of databasestoidentifythelocusof ahumangene anditspolypeptide product

Following the sequencing of the whole humangenome, we now know the exact locus (position)
of everygene across the 23 pairs of chromosomes
Online databases have beenbuilt that are able to locate any knowngene or allele
Anyone canaccess theseloci
= One example is the EuropeanMolecular Biology Laboratory database (EMBL)

Examples of genes thatcanbelocated are
= The CFTRprotein,criticalto cystic fibrosis,onchromosome 7
= HBB, afaultyallele of whichis the cause of sickle-cellanaemia,onchromosome 11

If we know the locus of a particulargene, medicine canestablishthe locationof afaulty allele,

whichis oftenrecessive

= Afaultyallele canbe cut out of the chromosome by genetic engineeringusingrecombinant
DNA technology

= Replacingafaultyallele could lead to genetic therapy

= |ocationdatabases of cancer-related genes are oftenvitalinformationto researchers,
doctors and patientsinvolved incancergenetics
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Use of Databases: Comparing Base Sequences

Use of adatabasetodetermine differencesinthe base sequence of ageneintwo
species

= The Genbank® databaseis anotherthatcanbeusedto searchforDNAbase sequences
= Usesacomputerdataanalysis technique called BLAST (Basic Local Alignment SearchTool)
to spotand'line up'similarbase sequences

= Aproteincommonto allorganismsis cytochromeC

= This makesits gene sequence agood one to compare betweenorganisms

= Thesequenceis available formanydifferent organisms across all three domains

= This gives importantinformationabout evolutionary relationships between organisms

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