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CELLDIVISIONANDGENETICS

CELLDIVISION

Thisreferstotheprocessbywhichcellsgiverisetonewcells

Alllivingthingsaremadeupofcells.Eventhelifeofamulticellularorganism startsasasingle
cell(Gamete).Gametesfusetoform azygotewhichundergoessuccessivecelldivisionsto
developintoamulticellularorganism.

Theprocessofcelldivisioniscontrolledbythenucleus.Actuallyitstartswithdivisionofthe
nucleusandthenthewholecelldivides.ThenucleuscontainsthegeneticmaterialcalledDNA
(DeoxyribonucleicAcid)whichcontrolsallcellularactivitiesincludingtheprocessofcelldivision.
DNA occursinform ofthreadlikestructurescalledchromosomes.Itisonthesechromosomes
thatgenesarelocated.Eachgeneisresponsibleforaspecificcharacteristicoftheorganism.E.g.
skincolour,height,sex,bloodgroupetc.

Ineachcell,chromosomesoccurinpairs.Pairsofidentical(similar)chromosomesarecalled
homologouschromosomes.Thesecarrygenesdeterminingsimilarcharacteristics.Thetotal
numberofchromosomepairsinacelliscalledthehaploidnumber(n).Thetotalnumberof
chromosomesinacelliscalledthediploidnumberandisgivenbytwicethehaploidnumber(2n).
Thehaploidanddiploidnumbersarethesameforallcellsinthebodyofanorganism butdiffer
amongorganismsofdifferentspeciesasshownbelow.

Organism Haploidnumber(n) Diploidnumber(2n)
Man 23 46
Rat 19 38

Maize 10 20
Peas 07 14

Mosquito 03 06

THECELLCYCLE

Thisreferstothesequenceofeventsbetweentwosuccessivedivisionsofthecell.Itinvolves
growthofthecells,divisionofthegeneticmaterialandthenthewholecell

Typesofcelldivision

Therearetwotypesofcelldivision

 Mitosis

 Meiosis

MITOSIS

Thisisthedivisionofacelltoform 2daughtercellswiththesamenumberofchromosomesas
theparentcell.Thecellsaregeneticallyidenticaltoeachotherandtotheparentcell

Mitosiscanalsobedefinedasthedivisionofthecelltoform 2daughtercellswiththesame
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amountofthegeneticmaterialastheparentcell

Stagesofmitosis

Theprocessofmitosisisdividedinto5sequentialstagesasfollows:

 Interphase

 Prophase

 Metaphase

 Anaphase

 Telophase

INTERPHASE

Thisisthefirstandlongeststageofthecellcycle.Itinvolvesgrowthofthecellandformationof
materialsneededforcelldivision.Itinvolvesthefollowingevents:

 Formationofcellorganelleslikemitochondria

 Thecellgrowsrapidlyandincreasesinsize

 Formationoflargeenergystores(foruseduringcelldivision)

 ReplicationofDNA

 Chromosomesappearastinnythreadlikestructures

PROPHASE

 Chromosomesshortenandthicken(condense)

 Theyappearasapairof(two)chromatidsjoinedatthecentromere

 Centriolesmovetooppositepoles,spindlefibreformationstarts

 Later,thenucleolusdisappearsandthenuclearmembranedisintegrates(Breaksdown)

METAPHASE

 Spindlefibresarefullyformed

 Chromosomeslineupatthespindleequator

 Eachchromosomeisattachedtospindlefibresbythecentromere

 Laterinmetaphase,sisterchromoatidsbegintoseparate

ANAPHASE

 Sisterchromatidsseparatecompletelyandrapidlymovetooppositepolesofthespindle
apparatus

 Anaphaseendswhenthechromatids(nowchromosomes)reachtheirdestination

TELOPHASE
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 Chromosomesreachtheirdestination

 Spindlefibresdisintegrate,chromosomeslengthenandbecamethreadlikeagain

 Nuclearmembraneformsaroundeachsetofchromosomesandnucleolusreappears

 Thecellmembraneconstrictsbythemiddleforming2daughtercells

 Inplantcells,thedaughtercellsareseparatedbyformationofthecellplate(Cellwallis
rigid)

NB:Cellsformedbymitosisareidenticaltotheparentcellandtoeachotherintermsofnumber
ofchromosomesandgenespresent

SQ:Whereinorganismsdoesmitosisoccur?

Inanimals,mitosisoccursinbodycells(somaticcells).Inplants,mitosisoccursinmeristems
(Growingpointsatthetipofrootsandshoots).Itleadstoformationofnewbodycells

Significance(importance)ofmitosis

 Itleadstogrowthbyaddingnewcellstothebody

 Mitosisleadstorepairofdamagedbodytissues.Incaseofdamage,epithelialcellsshow
rapidmitoticdivisiontoreplacethewornoutcells

 Itisaform ofasexualreproductioninunicellularorganisms.Thisisbecausemitosisleads
toformationofnewindividuals

 Mitosisensuresgeneticstabilityamongallbodycells.Thisisbecausedaughtercellsare
geneticallyidenticaltotheparentcell

NB:Somecellsbecomesospecialisedthattheycannolongerdividetoform new cells.This
explainswhyspecialisedtissueslikethebrainarenotcapableofregenerationincaseofdamage.

MEISOSIS

Thisisthedivisionofacelltoform 4haploiddaughtercellsthataregeneticallydifferentfrom
eachotherandfrom theparentcell.

MeiosisinvolvestwosuccessivedivisionsfollowingasinglereplicationofDNA;thesearemeiosis
IandMeiosisII.Eachofthefirstandsecondmeioticdivisionsinvolvesfivesequentialstages:
Interphase,prophase,metaphase,anaphaseandtelophase.

MEIOSISI

Thisinvolvefivesequentialstages

 InterphaseI

 ProphaseI

 MetaphaseI
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 AnaphaseI  TelophaseI

INTERPHASEI

Itinvolvesthefollowingevents:

 Formationofcellorganelleslikemitochondria

 Thecellgrowsrapidlyandincreasesinsize

 Formationoflargeenergystores(foruseduringcelldivision)

 ReplicationofDNA

 Chromosomesappearastinnythreadlikestructures

PROPHASEI

 Chromosomesshortenandthicken

 Eachchromosomeappearsasapairofchromatidsjoinedbythecentromere

 Homologous chromosomes pairup to form bivalents.The process ofpairing of
homologouschromosomesiscalledsynapsis

 Crossingoveroccurs.

 LaterinprophaseI,centriolesmovetooppositepoles,andbegintoform spindlefibres

 Thenucleolusdisappearsandnuclearmembranedisintegrates.

NB:Crossing overrefersto the exchange ofthe genetic materialbetween homologous
chromosomes.Itoccursatpointsofinteractioncalledchiasmata(Singular;Chiasma)

METAPHASEI

 Spindlefibresarefullyformed

 Thebivalentslineupatthespindleequator,beingattachedbythecentromeres

 Laterhomologouschromosomesbegintoseparate

ANAPHASEI

 Homologouschromosomesseparateandrapidlymovetooppositepoles

 Anaphaseendswhenthechromosomesreachtheirdestination
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TELOPHASEI

 Chromosomesreachtheirdestination

 Spindlefibresdisintegrate

 Chromosomesuncoilandlengthentobecomethreadlikeagain

 Nuclearmembraneformsaroundeachsetofchromosomes,andnucleolusreappears

 Thecellmembraneconstrictsbythespindleequator,leadingtoformationof2daughter
cells.Theseundergoasecondmeioticdivisiontoform 4daughtercells

MEIOSISII

Thisoccursinthesamewayasmitosis,andinvolvesthesamestepswhichincludeInterphaseII,
ProphaseII,MetaphaseII,AnaphaseIIandTelophaseII

Insummary,thesearethecharacteristicfeaturesofmeiosis

 Fourdaughtercellsareproduced

 Daughtercellsarehaploid

 Itinvolves2phasesofsuccessivedivisionfollowingonereplicationofDNA

 Crossingoveroccurs

 Itleadstogeneticvariation

 Thereispairingofhomologouschromosomes

 Occursingameteproducingorgans

Significanceofmeiosis

 Itformsthebasisforsexualreproductionbyformationofgametes

 Meiosisleadstovariationinorganisms

 Itmaintainsaconstantnumberofchromosomesfrom generationtogeneration.Thisis
becausemeiosishalvesthenumberofchromosomesingametessuchthatfusionof
gametesrestoresthediploidnumberinthezygote.

NB:Meiosis leads to variation through crossing overand independentassortmentof
chromosomes.Thisexplainswhygametesaregeneticallydifferentfrom eachotherandfrom
theparentcell

S.Q;wheredoesmeiosisoccur?

Meiosisoccursinreproductiveorgansleadingtoformationofgametes(whicharehaploidand
geneticallydifferent).Inplantsitoccursinanthersandovarieswhileinanimalsmeiosisoccursin
testesandovaries.
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COMPARINGMEIOSISANDMITOSIS

Similarities

 BothinvolvereplicationofDNA

 Bothinvolvecondensing(constriction)ofchromosomes

 Bothinvolveformationofspindlefibres

 Mitosisandmeiosisinvolvethesamestages;Interphase,prophase,metaphase,anaphase
andtelophase.

Differences

Mitosis Meiosis
2daughtercells Produces4daughtercells
Producesdiploidcells Produceshaploidcells
Mitosisinvolvesonedivisionphase Involves2phasesofdivision
Daughtercellsaregenetically identical(No
geneticvariation)

Daughter cells are genetically different
(Causesgeneticvariation)

Thereisnocrossingover Crossingoveroccurs
Thereisnochiasmataformation Chiasmataareformed
Nopairingofhomologouschromosomes Homologouschromosomespairup

GENETICS
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Geneticsreferstothestudyofinheritance

Itisabranchofsciencethatexplainsresemblanceamongorganismsofthesamespeciesand
explainingthecausesofvariationamongorganismsofthesamespecies

NB:Theterm inheritancereferstotheprocessbywhichcharactersarepassedfrom parentsto
offsprings

TERMSUSEDINGENETICS

Gene

Ageneisthebasicunitofinheritance.Anorganism hasmanygeneslocatedonchromosomes
andeachgenedeterminesaspecificcharacteristicintheorganism;e.g.height,skincolour,blood
groupetc.

Locus

Thisreferstotheposition/locationofageneonthechromosome

Linkage

Thisiswhen2ormoregenesarelocatedonthesamechromosome.Suchgenesarecalledlinked
genesandtheirrespectivecharacteristicsarecalledlinkedcharacters/traits.

Usuallyeachchromosomehasseveralgenesjustlikebeadsonathread.

Alleles

Allelesarealternativeformsofagene.Eachgeneisknowntooccurinpairs,eachononeofthe
homologouschromosomes.Allelesmaybedominantorrecessiveandmayberepresentedby
alphabeticalletters

Dominantgene/allele

Thisisagenewhosecharacterisexpressedeveninpresenceofadifferentgene.Suchallelesare
representedbycapitalletters

Recessivegene/allele

Thisisagenewhosecharactercannotbeexpressedinpresenceofadifferentgene.Theyare
onlyexpressedinahomozygousrecessivestate

Genotype

Itrefersto thegeneticmakeupofan organism.Thisisdetermined atfertilisation and is
independentoftheenvironment.Thegenotype ofan organism may behomozygousor
heterozygous

Homozygousgenotype
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Thisiswhenanorganism hasidenticalallelesforagivengene.E.g.TT,AA,bbetc

Heterozygousgenotype

Thisiswhenanorganism hasdifferentallelesforagivengene.E.g.Tt,Aa,Bbetc

Phenotype;

Thisisthephysicalappearanceofanorganism.Itdependsontheinteractionofbothgenotype
andtheenvironment.E.g.Tall,black,female

A peaplantwhichishomozygoustall(genotypeTT)butgrowingonnutrient-poorsoilwill
becomestuntedandappearsshort.Suchaplantisgenotypicallytallbuttheenvironmentin
whichitgrowsmodifieditintoaphenotypicallyshort/dwarfplant.

Purebreeding(truebreeding)

Thisreferstoindividualsthatarehomozygousforagivencharacter(trait)

Crossing(X).

Thisreferstothematingofthemaleandfemaleorganismsunderaconsideration.Itisindicated
byacross(X)

Firstfilialgeneration(F1)

Thisreferstothesetofoffspringsobtainedfrom crossingtwopurebreedingparents.

Secondfilialgeneration(F2)

ThisreferstothesetofoffspringsthatareobtainedbycrossingmatureF1hybrids.

MENDEL’SGENETICEXPERIMENTSAND

MONOHYBRIDINHERITANCE

Monohybridinheritancereferstotheinheritanceofasinglepairofcontrastingcharacteristics.
Examplesincludeinheritanceofheight,bloodgroups,albinism,sicklecellanaemiaetc.

Themechanism ofinheritancewasdiscovered byGregorMendelwho performed several
experimentsusinggardenpeas.

WhyMendelusedgardenpeas

 Theyoccurredinmanyvarietieswithdistinctcharacters
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 Theplantswereeasytocultivate

 Alltheiroffspringswerefertile

 Theyhaveashortlifecyclethattheyreproducedsoquickly

 Theplantsalsohadmanycontrastingcharacterswithnointermediates

Mendel’sexperiments

noneofhisexperiments,Mendelcrossedtallpeaplantswithdwarfpeaplants(bycross
pollinatingthem).TheresultantseedswereplantedandheobservedthatalltheF1offsprings
weretall.

Hethenselfpollinated(selfed)theF1peaplantstogetF2.Thisgenerationcomprisedofa
mixtureoftallandshortpeaplantsinaratioof3tall:1shortplants.

NB:The3:1ratio isknown asMendel’smonohybrid ratio ofthedominantand recessive
charactersrespectivelyintheF2generation.

MendelobservedthatneitheroftheF1norF2generationshadintermediatephenotypes.

Hethenconcludedthatinheritancedoesnotinvolvemixingcharacterstoproduceintermediates.
Itratherinvolvescertaininternalfactorswhichmayormaynotbeexpressedinthephenotype.
Theseinternalfactorsarecurrentlycalledgeneswhichmayormaynotbeexpresseddepending
onwhethertheyaredominantorrecessive.

Mendel’sfirstlawofinheritance

From hisconclusions,Mendelwasabletoformulatehisfirstlaw ofinheritancewhichiswell
knownasthelawofmonohybridinheritance/lawofsegregation/lawofparticulateinheritance

Itstatesthat“Thecharacteristicsofanorganism arecontrolledbyalleleswhichoccurinpairs
butsinglyingamete”.

Explanation:

Eachcharacteristicinorganismsisdeterminedbyagenewhichoccursintwoformscalled
alleles.Theseallelesarelocatedonhomologouschromosomeswhichseparateduringmeiosis
suchthateachgametegetsonlyone.

Thiscanbeexplainedbyageneticcrosswhichalsoexplainsthe3:1ratioasfollows.

I
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Genotypicratio :AllTt, Phenotypicratio : Alltall

ToobtainF2generation,F1hybridswereselfedasshownbelow

Genotypicratios:1TT:2Tt:1tt;Phenotypicratios:3tall:1Short

Note;foranygeneticcross:

 Appropriatelettersare‘let’torepresentrespectiveallelesinvolved

 Across(X)mustbeindicatedtosymbolizematingbetweentheparents

 Directivewordsmustbeindicatedtodefineeachstepofthecross

 Incaseofidenticalgametes,onlyonecanbeindicated
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EXAMPLES

1. Inagardenpeaplanttherearetwoformsofheights.Whenapurebreedingtallpeaplant
wascrossedwithashortpeaplantalltheoffspringsobtainedwheretall

a.Usingsuitablegeneticsymbols,workoutthegenotypesandphenotypesoftheF1andF2

generations

b. WhatarethephenotypicandgenotypicratiosoftheF2generation

c. Suppose700peaplantswhereproducedintheF2generation

i. Howmanyweretall?

ii. Howmanywereshort?

2. Supposeamanwhoisatonguerollermarriesawomanwhoisanon-tonguerollerandall
thechildrenobtainedinF1aretonguerollers.

(a) WorkoutthephenotypicandgenotypicratioasobtainedinF2generation.

Whatistheprobabilitythatanychildproducedinatongueroller

NB:Itbecamesoobvioustopredictwhichtraitofagivenpairisdominantovertheother.Ina
crossstartingwithpurebreedingparentalstocks,alltheF1hybridsshow thedominanttrait.In
addition,alargerproportionoftheF2hybridsshow thedominanttraitwhilethoseshowingthe
recessiveonearealwaysfewer.

Incaseofindividualsshowingthedominanttrait(asphenotype),thegenotypemayeitherbe
homozygousdominantorheterozygous.Suchgenotypescanbedistinguishedbyperforminga
testcross;thatis,crossingtheunknownwithahomozygousrecessiveindividual.

Dfn:a testcrossisa crossbetween an organism whosegenotypeisnotknown witha
homozygousrecessiveorganism todeterminetheunknowngenotype.

Iftheunknownishomozygous,theresultanthybridswillallshow thedominanttraitbut
otherwise,amixtureofdominantandrecessivetraitsareproducedinaratioof1:1

Inatestcross,ahomozygousdominantindividualcannotbeusedbecauseinsuchacase;
regardlessoftheunknowngenotype,alltheresultanthybridswouldshowthedominanttrait

Example

Whenapurebreedingtallpeaplantwascrossedwithashortpeaplantalltheoffsprings
obtainedwheretall.

(a) Usingsuitablegeneticsymbols,explaintheseresults.
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(b) ShowtheexpectedresultsofatestcrossifcarriedoutontheF1above

EXAMPLESOFMONOHYBRIDINHERITANCEINMAN

Therearemanygeneticallydeterminedabnormalitiesanddiseasesthataffectman.Sincethese
aregeneticdiseases,theycanonlybeinheritedfrom parentsandtheiroccurrenceisdetermined
bythosegenesinheritedfrom parentsduringfertilization

Examplesofsuchdiseasesinclude:

 Sickle-cellanaemia

 Albinism

 Achondroplasia

 Cysticfibrosisandmanymore

NB:Researchhasshowedthatallthegeneticabnormalitiesarecausedbyrecessivegenes
(alleles)andthegenesresponsiblefornormalconditionsaredominant.Thisimpliesthatforan
individualtosufferfrom suchdiseases,theymustbehomozygousrecessiveforthetrait.The
heterozygotesandthehomozygousdominantindividualsarenormal.Thoughtheheterozygous
individualsarephenotypicallynormal,theircellscontainacopyoftherecessivealleleandare
describedascarriers

Inheritanceofsickle-cellanaemia

Sickle-cellanaemiaisarecessivecharacterthatleadstoformationofabnormalhaemoglobinin
redbloodcells.Thishaemoglobin(usuallycalledHaemoglobinS)formscrystalswhichdistort
theshapeofredbloodcellsfrom thenormalbiconcavetoacrescent(sickle)shape;henceits
name.Theabnormalhaemoglobininsickle-shapedredbloodcellsiscarriesverylittleoxygen
leadingtosymptomsofanaemia.

Thetablebelowshowsthepossiblegenotypesandthecorrespondingphenotypes.

LetArepresentthegenefornormalhaemoglobin,arepresentabnormalhaemoglobin

Genotype Phenotype
AA Normal
Aa Normal
aa Sick

Example

Iftwopeopleareheterozygousforsicklecellanaemia,whatistheprobabilitythattheywill
produceananaemicchild?Whichportionoftheirchildrenmaybecarriers?

Complicationsduetosicklecellanaemia

 Fatigue(weakness)

 Poorphysicaldevelopment



[Typethecompanyname]|mos.bisaso@gmail.com 13

 Dilationoftheheartwhichmayleadtoheartfailure

 Liverdamage

 Enlargementofthespleenbecausethesicklecellscollectinthespleenfordestruction

Theeffectsabovemakethehomozygoussuffererstooftendiebeforereproductiveage.

Inheritanceofalbinism

Albinism isarecessivecharacterwhichleadstofailureofformationofbodypigments.

Albinoshavethefollowingcharacteristicsasaresult;

 Light-colouredskin

 Whitehair

 Pinkeyes

SQ;manwithnormalskinmarriesacarrierforalbinoskin.Whatistheprobabilitythatsomeof
theirchildrenwillbealbinos?

EXCEPTIONSTOMENDEL’SLAW

ItshouldhoweverbenotedwithconcernthattheMendel’s3:1ratioofmonohybridinheritance
maynotbeobtainedforcrossesinvolvingsomecharacteristics.Suchcharacteristicsthatdonot
givethe3:1ratioofphenotypesintheF2 aredescribedasexceptionstoMendel’sfirstlaw of
inheritance.

Incompletedominanceandcodominance
Completedominanceiswhen dominantalleleisfullydominantovertherecessiveallele;
heterozygousindividualsshowthedominantcharacteronly.
Insomecaseshowever,neitherorbothofthetwoallelesmaybefullydominantovertheother,
thisiscalledincompleteandcodominancerespectively.
Incompletedominance
Thisiswhennoneoftheallelesisdominantovertheothersuchthattheirphenotypesblend(mix)
toproduceanintermediate.
Whenredsnapdragonplantsarecrossedwithplantshavingwhiteflowers,alltheF1hybrids
havepinkflowers,whileF2hybridsproduced1red:2pink:1whiteplantsasshownbelow.
Note:Giventhatbothallelesofthesamegenearedominant,weletasingleletterforthegene
andallelesattachedassuperscripts.I.e.CR andCW orsimplyRandW representallelesforred
andwhitepetalsrespectively.
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Otherexamplesofincompletedominanceinclude:

Characteristic Allelomorphic
characteristics

Heterozygous
phenotype

MirabilisJapalla(4-oclockplant) RedandWhite Pink
Angorarabbithairlength Longandshort Intermediate
Plumagecolourindomesticfowls Blackandwhite Blue

Codominance

Thisiswhenbothallelesarefullydominantsuchthattheirphenotypesareindependently
produced.

Duringtheinheritanceoffur/coatcolourinshort-hornedcattle,whenredandwhitecattleare
mated,theF1hybridhaswhitefurthicklyinterspersedwithredfur.Thisphenotypeisreferredto
asroan

Multiplealleles

Thesearethreeormoreformsofthesamegene.

InMendelianinheritance,genesareknowntooccurintwoalternativeforms.Somegenesare
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knowntooccurinmorethantwoallelicformscalledmultiplealleles.Acommonexampleisthe
generesponsibleforbloodgroupsinman.

Thegeneforhumanbloodgroupisknowntooccurinthreeallelicforms;A,Bando.AllelesA
andBarecodominantwhileoisrecessivetoboth.ThisisknownastheABO bloodgrouping
system,withthreeallelesproducingsixpossiblegenotypesandfourphenotypesasfollows.

Bloodgroup Possiblegenotypes
A Ao,AA
B Bo,BB

AB AB
O Oo

Samplequestion:ThefatherandamotherareknowntobeheterozygousforbloodgroupsA
andB.Showthepossiblegenotypesoftheirchildren.Whatistheprobabilityofproducingachild
withbloodgroupA

Solution

Offspringphenotypes:BloodgroupsAB,A,BandO

ProbabilityforachildwithbloodgroupA=¼

Example:

WorkoutthepossiblebloodgroupsoftheoffspringsproducedifamanofbloodgroupA
marriesawomanofbloodgroupAB

SEXDETERMINATIONINMAN

In man,thereare23pairsofchromosomes;oftheseonlyonepaircarriesgenesforsex
determination.Thesearecalledsexchromosomes(heterosomes)designatedXandY,andthe
other22pairsarecalledautosomes.
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Howissexdetermined?

Inman,thegenotypeXXproducesafemalewhosegametesthereforecontainX.GenotypeXYis
malewhosegametesmaycontain X orY.Duringfertilization,thesexoftheoffspringis
determinedbywhichoftheXorYchromosomeispresentinthesperm.Asperm carryinganX
chromosomefuseswiththeovum toform XX whichisfemalewhileasperm carryingaY
chromosomewouldfusewiththeovum toproduceXYwhichismale.

Illustration:

Genotypicratios:1XX:1XY

Phenotypicratios:1female:1male

Thisshowsthatthereisa50%chanceofanychildbeingamaleorfemale
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Sexlinkage:

Thisisaconditionwhengenesthatarenotinvolvedinsexdeterminationarecarriedonsex
chromosomes.

Sexlinkedgenesthereforearegenescarriedonsexchromosomes.Thetraitsdeterminedbysuch
genesarecalledsexlinkedtraits

Examplesofsexlinkedcharactersinmaninclude

 Haemophilia

 Colourblindness

 Pre-maturebalding

NB:Justlikeothergeneticallydetermineddisorders,Haemophilia and colourblindnessare
determinedbyrecessivegenes.

ItshouldalsobenotedthatallsexlinkedgenesarecarriedontheXsexchromosomebutnotthe
Ychromosome.TheYchromosomedoesnotcarrygenesandissaidtobegeneticallyinert.
ThesegenesarerepresentedassuperscriptsontheXchromosome;E.g.Xa,XBetc.

Giventhatfemaleshave2Xchromosomes,theymaybenormal,carriers(Heterozygous)orsick.
MaleshaveoneXchromosomeandareeithernormalorsick

Haemophilia(bleeders’disease)

Haemophiliaisarecessivesex-linkeddisorderthatleadstoprolongedbleedingevenfrom minor
cuts.Thisusuallyresultsfrom inabilityofthebodytoproducethenecessarybloodclotting
factorswhichinterfereswiththeprocessofbloodclotting.

Justlikeothersex-linkedtraits,haemophiliaiscarriedontheXchromosomeandcausedbya
recessivegene

Example:Whenacarrierwomanismarriedtoanormalman
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NB:Sonscanonlyinherithaemophilia(andothersexlinkedtraits)from theirmothersbutnot
fathersastheyonlyinheritthefather’sYchromosomeandnottheXchromosomethatcarries
sexlinkedgenes.Girlscaninheritfrom bothparents.

Today,peoplewithhemophiliaaretreatedasneededwithintravenousinjectionsofthemissing
protein.

Colourblindness

Itisarecessivesexlinkedcharacterthatleadstoinabilityoftheindividualtodistinguishbetween
colours.Thisusuallyresultsfrom absenceofsomeconesintheretina,whichresponsiblefor
colourvision.

Example
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Amanwhoiscolourblindmarriedtoawomanwithnormalcolourvision.Showthephenotypic
ratiosoftheirchildren

SEXLIMITEDCHARACTERISTICS

Selimitedcharactersarecharactersthataremorepronouncedinonesexthantheother.

Thoughbothsexesmaycarrygenesresponsibleforthesecharacteristics,pronouncedexpression
isstrictlylimitedtooneofthetwosexes.Theyareusuallycarriedonautosomesbutmaylargely
beinfluencedbythelevelofsexhormoneinthebody.

Examplesinclude;

Facialhair,deepvoice,baldnessetcinmales

Breasts,lactation,wideningofhipbones,highpitchedsoundetcinfemales

VARIATION

Variationreferstothedifferencesinthecharacteristicsshownbyorganismsofthesamespecies.

Organismsbelongingtothesamenaturalpopulation(samespecies)wouldbeexpectedto
exhibitgeneralsimilarityintheirstructural,physiologicalandbiochemicalcharacteristicsbutthis
isneverthecase;differencesalwaysoccureveninidenticaltwinsandthesearecollectively
referredtoasvariation.

TYPESOFVARIATION

Therearetwotypes/formsofvariation,namely

 Continuousvariation

 Discontinuousvariation

Continuousvariation

Thisistheoccurrenceofdifferencesamongorganismsofthesamespecieswithnoclearcut,
henceproducingintermediates.

Continuouslyvaryingcharacteristicshavethefollowingfeatures:

 Theyaremeasurablehencedescribedasquantitativecharacteristics

 Theyshowintermediates

 Thereisnoclearcutamongorganisms

 Suchcharactersaremuchaffectedbytheenvironment

 Theyareusuallydeterminedbymanygenes(polygenes)

Examplesincludeheight,weight,intelligence,sizeetc.
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Giventheirquantitative(measurable)nature,theresultsofalargepopulationrepresentedona
frequencydistributioncurveusuallyproduceanormaldistributioncurveasshownbelow.

Thenormaldistributioncurveshowsthatmosthumanbeingsshow intermediateheightwith
onlyafewindividualsbeingverytallorveryshort.

Discontinuousvariation

Thisistheoccurrenceofdifferencesamongorganismsofthesamespecieswithclearcutshence
producingnointermediates.

Features/characteristicsofdiscontinuousvariation

 Organismsshowclearcutshencenointermediatesformed

 Theyareusuallydeterminedbyonlyonegene

 Theyarenotaffectedbyenvironment

 Suchcharacteristicscannotbemeasuredhencedescribedasqualitativecharacters

Examplesincludebloodgroups,sex,eyecolor,petalcolorinplantsetc.

Giventheirdiscontinuousvariability,suchcharacteristicscanonlyberepresentedinform ofbar
graphsorevenpiechartsbutnotfrequencycurves.

SOURCESOFVARIATION

Theultimate(fundamental)factorthatdeterminesthephenotypeisthegenotype.However,the
subsequentdegreeofexpressionisgreatlyinfluencedbyenvironmentalfactorsduringgrowth
anddevelopmentoftheorganism.

Thesourcesofvariationarethereforebothenvironmentalandgenetic.

Environmentalsourcesofvariation

Thisiswhenorganismsofthesamespeciesshow differencesintheircharacteristicsdueto
differencesintheirenvironments.Suchfactorsincludetemperature,lightintensity,foodsupply,
watersupplysocialenvironmentetc.

Geneticsourcesofvariation

Thisiswhenorganismsofthesamespeciesshowdifferencesincharacteristicsduetodifferences
intheirgeneticmakeup(Constitution)

Causesofgeneticvariation

Thecausesofgeneticvariationmainlyinclude

 Crossingover
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 Independentassortment

 Random fusionofgametes

 Mutations

Crossingover

This refers to the reciprocalexchange of the genetic materialbetween homologous
chromosomes.ItoccursduringprophaseIofmeiosisduringcelldivision.

Crossingoverleadstonew genecombinationsalongthechromosomeswhichleadtogenetic
variationingametes

Independent/random assortmentofchromosomes

Therandom alignmentofhomologouschromosomesleadstomanygenecombinationsin
gameteswhichleadstogeneticvariation.

Random fusionofgametes(fertilisation)

Duringfertilization,fusionofmaleandfemalegametesleadstomixingofgenesfrom both
parentswhichleadstogeneticvariationinthezygote.

MUTATIONS

A mutation isa sudden/spontaneouschangein thestructureoramountofDNA ofan
organism.

Causesofmutations

Mutationsusuallyhappenspontaneouslywithoutaspecificcause.Theoccurrencecanbe
increasedbyenvironmentalfactorswhicharecalledmutagenes.

Mutagenesaresubstanceswhichinducemutationsincells.Examplesincludethefollowing:

 Chemicalslikeformaldehydeandsomefoodpreservatives

 Highenergyparticleslikealphaandbeaterparticles

 HighenergyradiationslikeX-rays,gammaradiations,ultravioletandcosmicradiations

 Viralinfectionslikehapes

 SomepesticidelikeDDT,Mustardgas

Characteristicsofmutations

 Mutationsarespontaneous;theycanoccursuddenlyatanytime.

 Mutationsarerecessive;themutantallelesarerecessivetothenormalformsofthegenes

 Theyareusuallydisadvantageous;mostmutationsinterferewithnormalbodyfunction
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henceexertingnegativeeffectsontotheorganism.Somemutationsarelethalandleadto
deathoftheorganisms.Somefewmutationscanbeadvantageousthoughlessfrequently.

 Theyarepermanent/persistent;amutationonceoccurredmaystayinthepopulationfor
verymanygenerationswithoutchange.

 Mutationsarerare;theydonotoccurregularly

TYPESOFMUTATIONS

 Genemutations

 Chromosomemutations

GENEMUTATIONS(Pointmutations)

ThisreferstochangeinthestructuresofDNAatasinglepoint/locus.

Typesofgene/pointmutations

 Deletion;thisiswhereageneiscompletelylostfrom DNA

 Substitution;thereplacementofonegenewithadifferentone

 Insertion(addition);theadditionofonegeneintotheDNAstrand

 Duplication;thisiswhereageneisrepeated

 Inversion;thereversaloftwoormoregenesinDNA

Chromosomalmutations(chromosomeabberations)

Theseinvolvechangeinthestructureofchromosomes

Chromosomalmutationsinclude;

 Deletion;thisinvolvestotallossofaportion(s)from achromosome.Suchamutationwill
leadtoshorteningofchromosomes.

 Substitution;involvesreplacementofchromosomeportionswithdifferentones

 Insertion;theadditionofportionsintothechromosomalstrand

 Duplication;iswherethegenesequenceofachromosomalportionisrepeated

 Inversion;thisiswhenthesequenceofgenesonachromosomeisreversed.

 Translocation;achromosomalportionbreaksandjoinsanotherchromosome.

THEEND
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