
Mitosis
Themitosisisapartofsomaticcelldivisionwhichincludesthe

divisionofthenucleus(calledmitosisorkaryokinesis)andthe

divisionofthecytoplasm(calledcytokinesis).Strasburger(1875),

aGermanbotanist,wasthefirsttoworkoutthedetailsofmitosis.

Mitosiscanbestudiedbestintheroottipandshoottipofseveral

plants.Butthemostfavourablematerialistheapicesofonion

roots.

Inmitosis,themetabolicnucleuspassesthroughacomplicated

systemofchangesintheformoffourdifferentstages,viz.,

prophase,metaphase,anaphaseandtelophase.Someimportant

aspectsofallthesestagesarediscussedbelow.

1.Prophase(Gr.pro,before):



1.Itisthefirstandthelongestphaseinthemitoticcelldivision.

2.Chromosomesbecomevisibleinthenucleusasshort,thick,helicallycoiledthreads(Fig.

305A).

3.Eachchromosomesplitsintotwochromatids(Fig.305B,C)joinedatthecentromere.

4.Nuclearmembranestartsdissolving.

5.Nucleolusalsostartsdissolvinganddisappearing.

6.Prophasechangesintonextstagecalledmetaphase.

4.Chromosomesbecomeshorterandthicker.

5.Chromosomesarrangethemselvesinthecentreorontheequatorofspindle.

6.Attheendofmetaphase,twochromatidsofeachchromosomealsostartseparating.

ii.Metaphase(Gr.meta,between):

1.Nuclearmembranedisintegratesanddisappearscompletely(Fig.306).

2.Nucleolusdisintegratesanddisappearscompletely.

3.Spindlefibresstartappearingandthesefibresgetattachedtochromosomesatcentromeres.

4.Chromosomesbecomeshorterandthicker.

5.Chromosomesarrangethemselvesinthecentreorontheequatorofspindle



6.Attheendofmetaphase,twochromatidsofeachchromosomealsostartseparating.

7.Metaphasechangesintothenextstagecalledanaphase.

iii.Anaphase(Gr.ana,back)

1.Chromatidsseparatefromeachotheratcentromereandcalleddaughterchromosomes(Fig.

307).

2.Daughterchromosomesmovetotheoppositepolesofthespindle.

3.Daughterchromosomesappear‘V’,‘U’orJ-shapedduringtheirmovementtowardspoles.

4.Anaphasechangesintothenextstagecalledtelophase.

iv.Telophase(Gr.telo,end):



1.Daughterchromosomesarenowattheendofthespindle,i.e.,presentontwooppositepoles

(Fig.308A).

2.Nuclearmembranereformsaroundeachgroupofdaughterchromosomes(Fig.308B).

3.Nucleolusreforms(Fig.308C).

4.Twonucleiarethusorganised,oneateachpoleoftheparentcell.

5.Chromosomesbegintoloosetheircompactstructure.

6.Spindlefibresdisappeargradually.

7.Thusformedtwodaughternucleiareexactlysimilartotheparentnucleus.

SignificanceofMitosis:

1.Mitosisresultsintheformationoftwodaughtercellsidenticalwiththatoftheparentalcell.

2.Bythisprocess,DNA,themaincomponentofchromosomes,isdistributedequallyamongthe

twonewlyformednuclei.

3.Boththedaughtercellsformedaftermitosisareidenticalandhavethesamegenetic

constitution,qualitativelyaswellasquantitatively,astheparentcell.

4.Thenumberofchromosomesremainsthesamefromonegenerationtoanothergeneration.

5.Resulteddaughtercellshavethesamecharactersaswerepresentintheparentcell.

6.Thecharactersoftheplantsgrownbyvegetativereproductionmaybepreservedforalong

period.

Meiosis
Themeiosisisaprocessofcelldivisionbywhichthechromosomesarereducedfromthe

diploidtothehaploidnumber.Ittakesplaceinallsexuallyreproducingorganisms.Haploidsex

cellsareproducedfromthediploidcellsinmeiosis.

VanBenedin,whileworkingonthehorsethreadworm(Parascarisequorum),observedin1883

thatthereweretwiceasmanychromosomesvisibleduringmitosisinthefertilizedeggasthere

hadbeeninthespermandeggnucleibeforethemitosis.

Bythisobservation,VanBenedinconcludedthatthecontributionofeachofthefemaleand



malegameteswashalfthechromosomenumbertothezygoteWeismannsuggestedin1887

thatineachgenerationtheremustoccurreductiondivisionatsomestageinwhichthe

chromosomenumberisreducedtohalfFlemming(1887)andStrasburger(1888)observedthat

twonucleardivisionstakeplaceinrapidsuccessionjustpriortotheformationofmatureeggs

andspermsinanimalsandformationofpollengrainsinangiosperms.Theentireprocessof

reductiondivisionleadingtotheformationofgameteswastermedas“meiosis”in1905.

‘Meiosis’consistsoftwosuccessivedivisionsofthediploidmothernucleus,thatare

i)meiosisdivisionIinwhichthediploidchromosomenumber(2n)isreducedtohaploid

chromosomenumbern,and

(ii)meiosisdivisionIIwhichisamitoticdivision.

MeiosisDivisionI:

Inthisdivisionthechromosomesarereducedtohalf,andthereforethisisareductiondivision.

MeiosisdivisionIisdivisibleintofourmajorstages(ProphaseI,metaphaseI,anaphaseIand

telophaseI)whicharebrieflydiscussedbelow:

1.ProphaseI:

Thisisacomplicatedandprolongedphaseofmeiosiswhichcanbesubdividedfurtherintofive

sub-stages,i.e.,leptotene,zygotene,pachytene,diploteneanddiakinesis.

Theimportantfeaturesofallthesefivesub-stagesareunder-mentioned:

(a)Leptotene:

Thediploidnucleusenlargesinvolume.Thechromosomesappearaslong,thinandsingle

threadswhichsoonbegintocoil.Severalsmall,bead-likegranules(chromomeres)appearin

eachthread-likechromosome(Fig.310A).

(b)Zygotene

Thehomologouschromosomescometogether,getthemselvesarrangedsidebyside,andform

pairsorbivalents(Fig.310B).Thispairingisalsocalledsynapsis.Thepairingchromosomes

soonbegintoshortenandgetthickened,butthereisnoactualfusion.



(c)Pachytene:

Inthisstagethechromosomesbecomeshorter,thickerandgetsplittedintochromatidslinked

atthecentromeres(Fig.311).Fromapairofeachhomologouschromosomesarethus

producedfourchromatids.Identificationofthehomologouschromosomescanbemadein

pachytene,whichisalongstageofprophaseI.

(d)Diplotene:

Centromeresofpairedchromosomesmoveawayfromeachother(Fig.312).Thismovementis

becauseofthedevelopmentofsomerepulsiveforcebetweenthehomologouschromosomes.

However,thehomologouschromosomesremainconnectedatoneormorepointscalled

chiasmata.

Thephysicalexchangeofgeneticmaterialtakesplaceateachchiasmaundertheprocess

calledcrossingover.Furthercoilingandshorteningofchromosomesisalsoseeninlatestage

ofdiplotenewhichsoonchangesintodiakinesis.

e)Diakinesis:

Inthislaststageofthefirstmeioticprophasethechromosomesareshortestandthickest.The

nuclearmembranestartsdisintegrating.Thenucleolusalsodisintegratesanddisappears(Fig.

313).Thechromosomesbivalentsmovetowardstheperiphery,ofthenucleusandremain

connectedonlyatthepointsofchiasmata.Thechromosomesarefinallyreleasedintothe

cytoplasm.



2.MetaphaseI:

TwomajoreventsofmetaphaseIincludecompletedisintegrationofnuclearmembraneandthe

formationofspindle(Fig.314).Allthechromosomes,eachalongwiththeirtwochromatids,

movetotheequatorialregionofthenewlyformedspindle.

Differingfromthemetaphasestageofmitosis,thecentromeresofchromosomepairsin

metaphasestageofmeiosisIbecomeattachedwiththespindlefibresneartheequatorial

region.Thecentromeresremainclearlyapartfromeachotherandfacetheoppositepoleswhile

thearmsofthechromosomepairslietowardstheequator.

3.AnaphaseI:

Thereisfirstarepulsionandthenmovementofthetwocentromeresofthehomologous

chromosomestowardstheoppositepolesofthespindleinanaphaseI(Fig.315A).A

centromerecarrieseitherapaternaloramaternalchromosometoonepolebutnotboththe

chromosomes.Thisactuallyreducesthechromosomenumberfromdiploid(2n)tohaploid(n),

whichisthemainfeatureofmeiosisofreductiondivision.



4.TelophaseI:

Anuclearmembranedevelopsaroundeachgroupofhomologouschromosomespresentonthe

twooppositepolesintheformofacompactgroupintelophaseI(Fig.315B).Thenucleolus

reappears.Boththesoformeddaughternucleicontainhaploidnumber(n)ofchromosomes,

andeachchromosomecontainsapairofchromatids.

Boththedaughternucleimayormaynotbeseparatedbyaplasmamembraneandsoonpass

ontothenext division,i.e.,meiosis

divisionII.

MeiosisDivisionII:

Thisdivisionincludesalmostallthephasesfoundinmitosis.

FourdifferentphaseswhichconstitutemeiosisdivisionIIareprophaseII,metaphaseII,

anaphaseIIandtelophaseII,andmaineventsofallthesefourphasesarediscusseappearing

1.ProphaseII:

Thechromosomessplitintochromatids(Fig.316A)inboththehaploidnucleiandcellsformed

aftermeiosisdivisionI.Thesplittedchromatidsremainconnectedonlyatthecentromeres.The

chromosomesstartcoilingandbecomeshorterandthicker.Thenuclearmembraneand

nucleolusstartdisintegratingandsomespindlefibresalsostartappearing

2.MetaphaseII:

Thechromosomesgetarrangedinanequatorialpositioninthenewly-formedspindle(Fig.

316B).Verysoon,thechromosomepairseparates,ofwhicheachcontainsitsowncentromere.

ThisisaveryshortphaseofmeiosisdivisionII.



3.AnaphaseII:

Inthisphase,thetwosisterchromosomesofeachpairstarttomovetowardstheopposite

polesofthespindle(Fig.316C).Theyarebeingdrawntowardstheoppositepolesbytheir

centromeres.

4.TelophaseII:

Eachpolargroupofchromosomesgetenvelopedbyanuclearmembrane,andthereisthe

reappearanceofnucleolus.Fourcellsareformedbycytokinesis,andthenucleusinalltheseso

formedfouryoungcellscontainhaploidnumber(n)ofchromosomes.Inthisway,fourhaploid

cellsareresultedfromasinglediploidcellintheprocessofmeiosis.

SignificanceofMeiosis:

Intheprocessofsexualreproductionthemaleandfemalegametesfusetoformazygote

whichgivesrisetothenewoff-springs.Ifthegametescontainedthesamenumberof



chromosomesasthatoftheirparents,theoff-springswouldhaveanever-increasing

chromosomesnumberinallfuturegenerationstocome,andthismighthaveresultedalwaysin

theformationofnewandpeculiartypesofoff-springs,muchdifferentfromthatoftheirparents.

Tosolvethisproblem,naturehasprovidedthephenomenonofmeiosistoallsexually

reproducingplantsandanimals.Meiosismaintainsthehaploidnatureofgametes.

DNA,thesolehereditarymaterial,isdistributedequallyamongthegametesbytheprocessof

meiosis.

Meiosisformsspores(n)fromthesporemothercells(2n)andthusmaintainsthealternationof

generationsinorganisms.


