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PUlaea which ooaaUwt.e • major poup of cropa of 

the leguMe fad.ly. tol'Jlt the chief SO'UZ"_ of pnM'n in 

the \Peg.tad_ cu.e~. India haa the 1_ ... t. ..... in the 

wo&"ld under 9 .. Un levumes or pulM Cl'ope. It. (10ft .... an 

area of 22.6 million t~s and yields about. 13.1 

R"4l1ico 1:onD •• of grains. 

Cowpea. 1:he anajor pul .. 0I'0p oulU.a1;ecl in I<e ... a1al 

belongs to the genu YI .. of tbe tl'1be f141f'plW 

Ullder the f..tly lAgwdD08_. CUlU ... Uon is conflaecl 

to the uplands Cluing the SOUtth west. moIllIOOD period 

(36 per cent) and to the fallow lancl8 durtng the 

second (24 per cent.) aDd dua.ng t:he third crop seuon. 

Opinions s.. to -vuy ill r .. pect o~ the t.axoaoawy 

and ncmencla~ of the 00ID0ft cultJ.'Ya~ cowpea. 

1 

Piper (1912 and 1914) described COWpea as Xip' da .. ,. 

wi ti'l th.he d1sUnct aubC!1 Vi8iona to the genus Vip'l 

n_1f, VA., .1 ••• ,. tooupea). visal ... gy.1mlli. 

(yardlong or Upal'agus been) and Vi •• exAi,"",I' 

(eetjang bean) and recogn1eed th ••• sUbdivisions •• 

cu.,tinct apec:ie.. HOWtrV'er. PaYlov (1962) COIl.l4e~ 

these subdl visions as subapeo1.. of Vi., 111!!pf1' 
while r ... .orse (1964) ngd'de4 them as oaly bcunteel 

.&lieU... Sub8~tly. baaed on the s1:Ud1e. 1a \We 



t.egumift08ae-Pap111 ___ for the • Flora of Tropical 

Eut Africa' conducUd by Ve.niaourt. (1910), .1 t haa now 

been 8Vreed upon tha~ ~ COIIInOft cu1tiva'ted cowpea 1_ 

Vi •• W!9Y;lcWasa (L.) Walp. wJ.~ five _uba;::«:1e., ot 

Which VAspa URQ3Qqyla\t '''1' wwuiqpl.ala, Vian' 

upqu1S1l!h subap. 'gguiptSlU!1 and V&SlD8 V9sul1S9!ay 

subep. sx11p9E1CJ alone are cul tlV8ted. Their eaa1ly 

erossable nature, COtlipl4tte fez-til1 ty of the F'1 bybrid, 

normal chrcxnosomt-? pairing in the F 1 hybrid etc. might 

h8Ye 8uqqest.ed the author to con81d~r tnem as subspecies. 

Pulae crops, in 9"nerel have not been subjected 

for any extensive cytogenetic studies so fnr. Cowpea 

is no excet.~tion to th1G. il.xtenlSiv\\o ell vera! ty 1n 

morphology and metllri ey of pode are ncticeo in thi. 

crop. Plant tYi"es with both gta1n and vegf'table 

characters having synchroni"at1on in pod m&t.>.ir1ty 

Will be of 1rom,mse help to kerala fazome~s. cytological 

studies of different sub.l~c1e$ ~111 give valuable 

informaUon regarding the IIcof',e of genetic 1mprov ment 

of the crop. 

The t.echnir"uE' 01. genome analysis con~i8ts large1y 

in thE' eV.;:>luat1on of species affinlt1e~} by the degree 

of chromoaom(' .:;airing et t.he F 1 meiosis ot inter­

specific c:ro!.ses. 'Ihe occuloni'll p,,~'iring of non­

homologous chromosanes is a d18W1'b1ng feat.ure in the 
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t.ec:hn1que. Moreover. genomes may l008e their individu­

al! ty aa Q reauJ. t of venaloc:at.1orul be'tWeen cbr0ln08ClDe8 

of dlftrse genome.. 8ewertheles8. genome identifi­

caUons provide e u .. tul. albeit ovel:s.t.mr.l1ified pic'tun 

of SJ.:>ec1el5 relaUonah1pe. 

studies en the moepbology of cbl'Om08OnlES yield 

useful infomatioD CD .-pecJ. •• d.1ffex-enCJ.ation and 

affinities. CN'omoaoIDa1 yan.eb11iq- in relation ~ 

the d1 verst ty of life has been the ou;tcowe of e'VC1\lUOft. 

eytolog18ts who ~ tMt c::tm.oaomea of rela~ 

apeeies recognise five different kinds of vuiation 

such as Tar!ations in absolute chromosome size, in 

at.dning properties, 1n ~ ~holOOY# in 

relative chromo.oinl'%; size ~ 1n cb.romoeaf\e nUlflt-ers. 

v~h&n different groups of vaacular plants are eonry&ret::, 

the advanced genera belonging to highly specialised 

fmrd.l.tes hove s.mall~r ch.I'omoeomes end lower nueler!l.l' 

3 

DNt\ eonu-nts than primitive veaeuler plants. (..1u:omosorna1 

differences reflect more or le •• directly the genic 

content of the 1ncUvidua1. 

Karyotype 1" the JIOS'pholog1cal aspect of t.he 

chromoson~ comple1llen t a$ seen a~ 1I'J. tot.1c metaph .... 

Differences in karyotype morpholovy reflect differences 

in gene arrangurli'nt, whJ.c:h can affect drastically the 

way in Which genes can become aegrega.ted and recOlllb1Ded 



ln Men4ella bencU.t.y. Oitferen"s 1D C!hrcmoaome 0"'1: 

may reflect e1"'r differences ln gene U'rangement or 

gene 4upllcaUon or boi:h. In short" chromosCBSl 

dJ.ffeJ.*ences reflut ciJ.ffennoes in the source of genetic 

variations. While morpholO{~icel; phys1ologieal and 

blo~c81 differences reflect differences ln the 

proClucts ot gene act1or~. modified by environmental 

differences. 

The present in ... Ug4Uons Will proviae valuable 

basie 1nformaUon regaraing the cytological properties 

of the suhapecles W'lder study. 11\. cytological st.udles 

will oi~ an insight to the genOMic relationships of 

these sUbspecies which will have far reaChing tn~11-

caUons in the planning of successful breedlng 

progruees. Hence., the p ..... ent st.udl~ wu conducted 

with the following object1 ... . 

1. 'fo study the meioUe 8Dc9 m1 tc>Uc behev1 our of 

chromosomes of two 8\1bapec1es of cowpae and their 

Ht hybrid 

2. To identify the CJ:'08.ab111~ of the subepeclee by 

conductiftg me.toUc etuct1 •• ift 'the hybrid 

3. To study Ule sterillty in the hybrid of the 

subapec1e. of cowpea by aadylD9 the Dawn of 

pollen gratns. 



K!e'I;ew 0/ cllferafure 



'I'M oemaa uau belongs to the U1.be DMMltM 
of the f.uly It_go,.. 1~ 1s ftZY olo .. ly l:'elaUd 

to two othel:' genera of the vlbe namely ll.YM.\. and 

!?Ol1shM. About 186 apeo1e. of Vi_. haw be_ 

1dent.1fl~, out. of which only ten ue COII'IUOIlly foun4 

in India. lnfomaUon nganJ.ng the genomic relaUon­

ships of the different t.axcIIIaale UDi til can be .chi ...... 

by det.a11ed cytolo.,icol 1nVG$t:1~aUOh of the cUff.rent 

species fiS well l:J.S 'their hybrids. However, not much 

cytolOgical work aeen1S to have been don. 112 Vi., 
spec:1&s. As such s1nd.lar: WOI'J.~ done in other genera of 

the family Leguminosee is also ineludet1 in this rEview 

in order to project the overell aagnitude of the subject. 

Ol:'lg.t.n 

Vip lIDgu1ftlaM U ... ) walp. ao.tonly called Cowpea. 

black eye 01:' southam pea is an important. trop1cel and 

subtropical legume crop qrown foZ' both gl:'een and dry 

seed and 61so for £01:'419.. '!hi. 18 a·lao referred to as 

.:!-. ,&pepl1, by certain ea.r11.~ authors. 'lbere is dispute 

1n l1teX'a.ture regardio(:; the centre of origin of this 

crop. The UOplcal and subt.J:opical venus of Vispe Savl 

is very CLivera. 1n fOJ:m. 
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V&SIlI '1.aa!A.' wu first proposed 1>y Kor:n1cke 10 lSaS 

(cit.e<! by F'iper# It13) after he hed st.udJ.ed specimen 

collected 1n that area" ~'.iper (1913 .. 1'24) reversed 

his earlier suppon of the InOJ.en Cenve of Origin 

Liper# 1912) after studying What he considered to be 

the 'W116 form of I_ ""Nil 'Which cerr.e from Africa. 

TWo centres of OrlgiD# namely, India aDd hbyssinia 

wet'e proposed by Vavilov (1951). Saunders (1959) 1s 

of the opinion t.ha't tzopioal Africa 1. the cenu. of 

origin because of the gJ:'ea't d1vers1ty found in that 

area. Accordin; to Dane (1916) all the three cultivated 

forms have pr1mU'Y centre of ori9in in India and 

secondary c:enUe in Afrioa ana China. Out of about 186 

species of Vlgpi only tAft are endenJ.c to India ane ll6 

to Afri.oa md t.o9$t.her with sorr:e lJ.nQUJ,.at.1c and histo­

rical evidence it has been suggested that. cowpea 

originated in Central or Weet Africa rather than 1n 

India. He sugoested chromo$Orosl d1fferend.aUon to 

have beer. contributed to evolUtion of OO'WI'ea, ulthcugh 

the ;'7reeiee nature of ch.rolroaomel alt.erat.ions 1$ not 

known. All wild fORlS are cl1.lnlx:rs, the bushy growtJi 

habit ~4in9 ? cultivated ~it.. The wild types alec 

have tuberous root and swollen &1;«1 \Iii t.h ,2 tendency to 

-erefl 1'1 aUon. 

,1. mg.", I. ,a,,1., aDd~ •• ,gp1pt4tlJ., were 
cona14erec! a8 one specie. by I'ipel' (1912). He concluded 

6 



that the wild. AfJ:'icaft plant# I. tipm"1 wi ~ blaldah 

8CaDJ:'OUS pods and eo8bc0u8 leaflets was the orig1na1 

Wild fo&'m of ov oulU •• tecl CO'Wpea. 

:t,.. lIQ9U1sulHI (L.) walp. is e member of the f8lllily 

~. apilion.aceee, the largest of the three division. of the 

LeQUminoaae. Tho general ol ••• lf.1c:;;Uon and nomen­

clcsture of th. plant is hoWever confused. 

Baaed on the key of chuacterist.1cs 91 v.a by 

L.lnnaeus" Bentham and Hooker (lBeS) have listed 4' genera 

under Pap.llionaceae. l\bItI91M L. and Vi., Sav1 we" 

grouped Uftder f'api11onace .. by them. 

Hooker (1$'79) st.ne4 t:ha~ Dsma has twisting 

herbe or shrubs w.tth exaoUy the same habit of Hl,IfOAMI 

from which it 6.tffers by the •• y1e and keel being much 

less ~ and lengthened out. 

i 1·~:e.r: (1914) described d'ae pldllt covp4!.£1 as .I. 

siuwe!' and disoe&'ded !. _"'Wl,U- He dist1ngu1shed 

three varieties. 1) I. law'" cowpea 2) l. "HN" 

Vag'. sx1iQS1lA.'I catjaJ19 and 3) 2,- .e!9'9!J>!d!M.8. 
aspuflfJUS been. 

The three eul ti va ted ~. !. "9IP,1" !. fi'$'apg 

ona I- .,snaptslIl1. wen DOt O')n81c.'ieftd as dlsUnct 

specie. ))y sen end P.hoVal (1960a), but. wen regarded 6S 



meJDbers of a polymorphic sped.SI (aubspec1es I. 

t1nMu'# 1- SAiiGA eo4 1. IUJI9llI.pl4tl1,). 

Faris (1965) ma4e aWdles on origin and evolutJ.OI'l 

8 

of the eul t1 yated forma of ViAll .ias'" and reported 

four 9Z'OUPs of v, .. species with worldwide cilet.rlbutJ.on. 

Bach grour;' cont.3ined a nUlllber of closely related fol'lnS 

considered to be s:pecie. b:r some taxonomists but 

subapee1 •• by others. '!he •• groups are 1J~. linlnS' 

3) v. -
naere are three Ct1. ,,1.!CIUJ of I. I1Dees!l. These 

ue desiQnat.ed as spedea by piper (1912)" Bubs.;eeiea 

by I:Pavlov. 1962 (cited by Sellsehop" 1962) and as 

bot.anical varieties by M..n'H (1964) chiefly on the 

basis of S800 and . oe characteristic!;. 1'he three 

divisions are var. ,,In'!Vfl.l; the cormcn cultiva'ted 

co\tiJlea, Val'. ,!lggJ.ptd!l:'&11 the yudlong or aspuec;us 

been and var. sx11ncflSI, the cat.j&n9 bean. 

VeZ'dC#COUrt (1970) ren8ll8d cowpea as v1gna 

ungutculatc
l 
recognised £1 ve subspecies to 1 t as 



~- vpqu.lglab nblJp. wagu&gliSl 

SXl 1M!;1SI 

I!f9U1pefal11 

The c:hcomoacme number of different species reported 

f.tom tJ.me to t.lme as given br Darlington aDd hylie (1945) 
(cdeel b/<;~h ,]hd BhCllllji f1bOC) 

are JL- wagu&gal'$& 2n • I', I_ lip!llSU 2n ::III 24 and 

.!!. 1'f9Ml~1, 2n - 24. 

The cytoqenetical study of .!!- 'In&'l=! , v. -
.elSH&p!dili, and their hybrid by Floresea (1960) 

showed, e basic c:hromoscme number of 12 giving 2ft • 24. 

The somatic and meiotic studies reveale6 the srune 

resul ts _ ;'~ormal behaviour of the chrooosar..es itl the 

reduction <ll vision was obae~ in the hybrid. irldic:at:.1l'lg 

a close e£:tinJ.ty .::nd homology of the j,,"rarentcl genomeN. 

Faris {1964} studied the chror::osornt> number of 192 

cult.1vars of V.SJllJl .Ij.pnwil (L.) 5avi includ1n'J the 

culUvated fo~ v~r. SLt11DJKi.S' and v_. lIISiy.1ptftJ.J.§ 

from 42 eountries iJnd reported 2n GI 22. Earlier counts 

by oth.-;;,f' ~orkers ci 2ft ., 24 and n CI 12 were not. 

Kawakami (1930) stated n ., 12 for all the three 

cul t1 va~ subsr.ec1es of Vip. namely x.. sx11ns!l&s§f. 

I- BUM1§ end I- URgJ1cy1aU and reported 2 n • 24 

9 



for !. gl.\ndrtg, and.!. 'H!9.J;.. Howeve%, 2n was 22 

fol' .!!.. sxltner'S! enc1 1- !aEsma.NoSit and 24 for: .!. 

siPGsi. according to j(~ (1925). sen anti 

ShoVel (1960c:.) reported 2ft • 22 fol:' all the th,; .. 

cu1tJ.vat:ed sub8peciee namely l. "genUI- I- 9§\jWUi! 

~_ aftSiN&2!S!vi' ano tor 11 w11d st<'~c1es. r.-::e1ot!c 

studies !n(..i1ce~·d the possibility of 11 88 basic 

chromosome number for Vi •• _ A diploiC numbe;E of 24 

was listed. for I. 'HI."., l:,- "'gu.1Rfdtij., and their 

:r 1 hybrid by 1'1orncQ .IS Al. (1965). 
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Cytomorphological studies 1n five species of genus 

V1SlD' w •• conducted by ShasMdhar (1981) and reported 

the scmaUe chromosome n~ ft8 2D a 22 and the meiotic 

number as n • 11. 

sen and BhoWal (19GOb) reported that the chromo8<)(l'es 

of all the aub81.ecies were _.all ranoing from 1.6 to 

3.7 pm in Ifmqt'h. ~~ot!c af:udles showed r8g111 ar 

pairing of homclogous c!ucmosomes forming bivalent. in 

dleklnenaia and met.apheae and DOmlsl subsequent staoes. 

l'leloUc irregulari ties ware noticed in the cui tl vated 

vur1etl' loons ot tne subspecies .x,. atJang_ ;;orne cells 

sl :Owt':(; mOL\.: t.han 't.wo spindle. in anarhase ll: and 

consequent separation of chromosome. in morE' than four 

poles. 

,; n\Ullber of meiotic irrevula.ciUes such as 



noftp~J.r1n9 oj: eha'cxrollOmE!». 8"ly disjunction, and the 

pre~ence of btldges end 1890a&'OS w1 th unequal distri­

bution of:. chJ:omosomes at .. ulphase ~·n4 polyapory 111 'the 

J!1 specie. of ,bJUom lm.&I X !. WDHlhYJI 

were I'oport.ed by Dhaliwal and l;;ollard (1962). The 

11 

meJ.o't1<: beh~'V'1ouz of dLZC1IflO8CIIrIeS WftS found to be normal 

in the matel'i~l fixed f~ p&l"8rlt f/lt:nts. ',number of 

meiotic: ebnoJ:1B8li tics were.. ~V;?.1·. rec.'Orded in the 

Ittater1al fixed frow the hybrid pl¢:.nts, under the ear.e 

env1rOM'!eIltel ecmdi tiO:MS and method of prec'U'aUon of 

sliaes. The irregu.l.arities wer~ h~S~U"l'\,ec to be due to 

other f~s than the cytolc'oIic or genic causes. They 

att.r:1bute<} the Cf.iU$e to d.1tterE"nce in ttle rJ~'ftetic 

eomr...os1 Uon or siz.e of th~ eh.l't:\'IDOsornli:'s of the two 

Studies; on a diploid 1D.t.ers1~ee1fic hybrid in 

i:J9Sh1' by RamM and Ke • ."en (1962) showed congreQlJltion 

of the b1 vclent.t$ in two to ~ee groups. uelayed 

caajW'1ct.lon. of one' to two blvalents c;,'.lSe¢ brjdqes at 

anaphasE ~. ~n!o nucle.::..r bivel~nt$ were rcresent. 

!(I'isilnan and Deepesh (1965) reporteo tl'.et the 

pachytene ch&-OOlClscw.,e of . h"'9W I»l!H Z'es~.albl~d the 

d1f.terenUateO chromos.omes of tOltISto. At pachytene# 

the chrornoeomes \Ilere cheract.riseCl by het~ropycnotic 

r~;<;.ion eldUbiUn<:,:; chrOJrDffiere pettern ne.',r the 

C!en~re ;:,md. light st«1.nin9 ret;;1ons ~1th no detectable 



chroInI:!Jmere dist.al to them. The 1Dd1v1&tal c:hr0m08Olll88 

could be iaenUf1e4 <m the but. of chxanomere pattern, 

iJJ:m ratio ~,no relative length. 'lbe ecmaUc chl:omosomes 

could be «a~ 1n~ six ~. based on their relet.! ve 

length. pos! Uon of centl:'Clllen and the presence or 

absence of secondary coJ\81:r1c:Uon. The relGt.ive 1eo9'th 

~d poas1 Uon ot sec.'Oftdl'r"r con8triction of the two 

nucleolar ehromosor~uS's wen not in D.gre~n\&tlt at pachytene 

and somc-,tic metaphase at.a~s. The oiplotene separation 

is 1n! Uat.ed both at the C~80me en&!! and ne~r the 

StuaJ.es on latranucletlr d18t.ribut101l ot c:htasmeta 

in f','WP ,f1i&YWP were curied out by Joshi and ~~auhan 

(1913) and found that the CbSa_t.a vera found to be 

C!lstributed In aft unconela'ted manner: among the dlfferent 

bJ.valents of e eel1. 'lbis wu etU'ibuted to the highly 

syaaetrical Jcuyotype pose_eel by l ·&IE let1'lE. 

Goswamt (1979) after detailed karzoloQ1cel s~ud1es 

1n blaokgram has reported the d1plo1~ dhromos~we number 

to be 22. t.:.'Ut of tl:e touu 11 pairs of ehrOmcsomes two 

were invariably wi th secondcy constrictions. An 

average karyotype was drawn by uUIlstng uithmeUc 

mean of the 1n<llv1dual chrc&roecme of the Whole aeme.tic 

eomplerne11t tor all the varieties. The !:'!btJervat.i.on 01 

TF per cent varying iron: 24.31 to 21.82 revealed a 

8J8Detr1cal 'karyotype fo" 19 vu:1etJ.... The ceost. were 

12 
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obse.rved to be ~V1C'1al with TF pel' ct-nt ranging from 

28 'to 38.23. 

Raina and Verma (1''') studied It Intn.lmurn Of three 

cells in 9P1HtllQ. for urn ratio and other morphological 

details and prepu('o ;-hotoi<llogl'alnS iron) pbotcrniCJ:ographa 

by cutt.1nq out indl vidual chl'On:>SOmes and arranging them 

in 6escent.llng ol'4er of t..t)eir length and. met.eh1ng on the 

basis of morphology. 

ft$e.ul ts of meiotic stuQies of 16 $1',acJ.es of i;bHeolue 

r:er.ortec hy Sinha and ROy (1919) sbowed that the nuarber of 

b.t valenta att;;;cbeO to the nucleolus at dJ.ak1nensia was 

only one in most. of thE' speeJ.es. Ther(':~ 'Was variat1~n in 

the number of. r1n9 and J:'O(\ blvaleots amtmg differ€<nt 

specJ.es and t.hair viS'r1~t1,;'lfl waa attr1buu:" to structurel 

difference in their KU'jotype or due to change in the 

nature of genes or set of gen .. cont.rol11ng ehiumete 

frequenc:;; • 'ltle pre~ence of \Ift1vslenu might be due to 

earl;t disJuncUon in $(W:.e of the partially homolOQoua 

chromos~s as a consequence of Which tiley were unable 

to tom nom.al b.1vel""nta. J)eta11ea mitotJ.c i:Jlalys.iG of 

14 species of I hlH01wa by them revealed the sorMtic 

eh.t'orno~ number ;!2S 2n .. 22. Ho\Never.. these sz.~.ies 

differed in the tetcbl chZ'cll'eUn le.n(jth,. relati.. length" 

If per cent and 1:1' value of their chrornosomee. In moat 

of the species" the chromo.... were w1 i:h median end 

submedian centromeres. In j;;. ...... J;;.. f\Il¥9bf.fU I!nd 
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,t.. 'Wid"\I, one pair of chr:ornosomes each \i1 ttl s-econda¥lt 

constrictions wen recoried. 

Ahmad and crodward (1980) reported 2ft • 16 for s.­
l'irt1mp wi th a single patS' of satelli t.ed chromosomes. 

The knob like sat:elli1:es have the tendency tostJ.ck 

togtl'ther ;tt nl1 tot1c tMlaphaae fornl1ng br1dgf':s. Howev"r, 

the~e bridges were not r~rmanent ana were retr~~ 

into t\liO dcught.er groupe at. law ane~·hea. leaving no 

frij:gment behina. In _1081s all varieties showed very 

d1t£erent diplotene (~d diskinetic stftges which have 

proved impossible to fix 8~Q Qr interpret_ 

Ir'reQularit1e~ in the meleds of t.he '1 interspecific 

h-l'br16 Qf i'h".191uf n&9I,1. X f. ,2'i>Sl$i&nel,t,. were reported 

by Heg .!1 ,il. (1980). However" approxi.lRatc-ly 60 per cent 

of the platea 8howed 11 bivCiilents with no l:.r-parul't 

lrregcl~rltie~. Abnormalities observed lncltKleC multiple 

f1gurefl ano un1valents in _t.(~phese I. In aDaphase I 

irregular separation was qui u frequent.1 l..ClIi:J9in; chroftO­

somes and dicentric bridges 'Wi til acentric fr,v.;\ent were 

stainabilit.y. thJ.s w~s oreaUy depress4'o i.n the F1 hybrid 

but increased in the :t 2 -

Cheng and Bassett (1980) s~ed 'the meiotic chromo­

somes of ~j1lH121U nY:g,m. and found that the banding 

pet.tem of each chromo.,... wu unique and could be used 



to se'pi'l~<,te tlv chromosomes intc long and ahort cla.sses 

bec;:'Uf;1!? ot the cU.fferent.1el condensetion rates of 

chromatJ..c ana 8chZ'Olb8Ue chromosorrte: segrr:e-nts. 
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Cyt.oJ:!Crpholog.1eal .'tU41 •• conducted by 3huhidh&1" 

{19B1} in some species of genus V&qpa Sev! has revealed 

Frol'er pairing, of ehromosomee .t. pachytene and normal 

behaviour of b1valenu at different. stages of meiosis 

resultIng in high pollen feJ:tlli'ty. However, at pachytene 

the nucleolus was found to be associated with two 

bivalc1:ts in ;l. unQ!l1cv1!t&, I_ 1l!!9CJ9, ~. cy11ndEiS and 

.l. m,g:J.pa \\<1tere as one l:dvalen't was afuJociated wi~ the 

nuoleolws in ~. 'esuas,. Tbe abaolute length of all tbQ 

chromosomes meuur(N.'l '\;las founQ to be 434.40 ~1 the 

lonoe.t. 69.69 _ while the ama.ll •• t being 21. 60~. Two 

pall'S of c:hroIaoaomes associated with the nueleolua 'Were 

53.6 um and 49.60 pm in length. Baseo on ~~e number of 

asymmet.r1cal chronosomea aa well as the difference 

between the longest 8110 shor:test cnromoeome in the 

complement, the karyotype of ule five species tell under 

2i1 type. Th1s indicated that theee species hed redched 

their end point in evolution end further evolution was 

possible only throul;,h ~ene manipulation. 

Sharma enet Gupt.:> (1982) studied k~ryotype8 in SOllIe 

pulse crops am'i foun(. that 1n III08t of the cases the 

longest chromosome was lea. then twlc(:· the lE't'l9th of the 
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_11..... In no apec1.. a..u.ea tIM aD l'aUo Wei' __ eded 

WOe PncocJ.OU aep ... .v.OIl of one OS' ~ b1valent.a •• 

met.aph... I was oc .. at.ODally ob8ened by Mechado .t! .!i.. 

(1982) in the iftt.el'apHlf1C hJb&-id of 1-I181St x I­

Ullbellata . 

In .. ewell' 1:0 ...... t::he coaapaUb111t.y bet.ween l_ 

Ias." and I. ....,,1'" Chowc1buy and Chow4huy (1983) 

found that. the polleft f8EUU~y wa. 2.6 per cent. ill tbe 

hybrids. No pod •• ,Ung was~. Meiosis 1n all the 

Interspecl.flc hybrids 11188 1U'e9U1ar with quadd.alenu. 

t.rtyaltmts. blvalenu enc1 ...... e1enu belD9 obseJ:Yed •• 

1IIIt't8ph ••• I. bridge., l~ aftC! fragments at. aaaphaee 1. 

Pl'aaa4 and. Raida (1983) reponed the regular per.lat,-.. 

ence of ",",01801118 throughout _toeis ill i"!lyep1V )'lr!lqHM. 

01.,.8 C bancUno analyst. 1ft Vlran' was don. by 

ChaubafI and ahedorla (1983) aDd fOUDd reduction in slze 

and amount of het.e.l"OChftJIeaUD .. 'ter:l.81 during evolution. 

'l1le minor difference between k8QOtype enCl absence of 

polyploidy in different specie. indicated that st.I"UCtul'al 

changes had played an 1mportMt. role in epee1aUon. 

Cytologioal teehniqu •• 

'f'hc.1m.ru:J (1940) reported i:hat. it wa. difficult. to 

make good acet.ocumlne prepuaUona of plants with 

_11 chromosomes at. me1oala. beoauae ti1. cytopla_ 



re a<:l1 1 y took up the ..... 0 and this preven~eJ the sharp 

dtfferentJ.at.1on between cytoplasm and chromosomes. The 

staining reec:Uon ... as found ~ depend on fOUl' fae1tOra 

namell', coned. tuUon of the preflxaU ve, duration of 

fixation and storage, 8~ of the stain anti amount 

of iron introduced. 

A 81111»1e propioeoeaamiae PMC smear method for 

plana wi t.h small cbl'CmO.... "'as reported by 
el-.z.l 

sweminathan~(19S4). The p~e Was to fix the 

aft~.rs in a mixt.ure of th.z'ee parts of absolute alcohol 

and Ofte pert t)f propionic acid 8aturated with ferric 

acet.8t..e. Fixation at low t.eJlpel'sturea for 24 hours 

gave goo(! neul ts. The ferric acetate propionic ecid 

component of the fixaUve .a. beat prepared once in a 

week. l-ropionocartrJ.ne vaa uecS as the stain. 

'v'mara (1948) shoved thet the karyotypic analysis 

was aided by pretreetin~ the materials with certain 

chern1c~;ls prior to fixation. Pre-treatroent before 

flxet.!on had become li routine practice to c,revent ~. 

clumping together of chromoeomea. The use of chenlicals 
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like colchicine, a hydroxy quinoline, paradichlorobenzene, 

d_bromoft~thalen. or cold treatrrent were recommended. 

Succe~ had been often shown to be due lass to the 

particu1c~r fixaUve or st.ain ued than to the choosing 

of good. vigorous material at correct. stage. with strongly 
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dividing root tips. Such pre-treatment helped to clarify 

the chromosome mtOJ:"i?holcgy by aeeentuot..1ng both prlma.ry 

and secondary oon.tr1~ions. and by bringing abou~ 

spreading of the chromo8Omea. 

Root Ups of Vi.. 1Jp. vere treet.e<l in a satur aWd 

solution of pU&c!1chlorobenll.fDe or e hydzoy QUinoline 
u 

for about one to one and half hours at 12 to 14 C, washed 

in water im~ stai.nee with two per Cfi'nt eee~ree1n, in 

the stuc~ conductea by ~ GOd Bhowal (1960). 

FretreatIT~nt of root tip. with pared1chlorobenzene 
d 

for two to four hours at 10 to 14 C followeC by flxetion 

in acetic alcohol for two to alx hourr"! <f.nci stclned Wi til 

one ~l.r cent ace'toorcein waa the metho(.' used by 

~;arbhoy (1978). 

Since 1n genus vignl ancl {bYEl,!, chrorrosomes 

were somewhat similar to tomato and sorghum, propiono-

cerl!,.1ne ~thod developed by svamtnsthan !1.t!. (1954) 

and successfully used in the study of ehrotl'lOSOlht (3.nalysis 

in sorghun' by $hambulln;appa (1962) seemed t~ be a 

better r.=ethod. 





The lnve8U,aUoae r~ herein w.re undenaken 

in the Department of Njrlcu1 tural Botany # COllege of 

Horticulture, Vellan1kk .. a during the yeU$' 1983 - 1915. 

l+.. Materials 

~Iure seec18 of Vi.. ....9I.l'" subap. W'lSN1Cl!ll.\. 

nee.lved from the f'rof •• aor (PUl ... ), Tarn:l.l Nadu. Agrl-

eul tUl'al UnJ. verei ty, Coilabatore and that of Vi9D1 

J.IlCOI&sglu! subap. UflSl1f1ptcb1'l from Regional Ag'r1-

cul tural Research StaUon, kulBu'akom were made use of 

for the study. 

Ten un! form seeds of the above subspecies were grown 

in pots during June - ~apt.eaber 19S4 adopting all the 

reeommenclat1ons for cowpea containeCi 1n the p ,~ckage of 

practices Recoamnendat101l8 of Kere.la AQricul tural 

University, 1983. 

i) liybridJ.aaUon and p.roduct.t.OI'l of J'1 hybrids: 

At the time of flowering, i.e. between 40 - 50 days 

after .owing, hybrid1s~t1on of the two subar-cies Was 

effectea edopting the following procedure. 

mtnesculation of the mature buds was carried out 1n 
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the previous even1n9. adopting the method described by 

Oliver (1910) and Kaya and autber (1921) for cowpea. 

Sal.cUd flower ~ wu held 1n. between the thumb and 

forefinger holding the k_l. upward.. A needle Up wu 

run along the ridges, whVe the two edge_ of the 

standanJ un1 ted end thus the .~aI'd was forced to 

open. s't8ndal'Cl halves on eaeh a148 vas heleS down using 

thumb and forefinger and the exposed k •• l wae apll't 

open on one :aide. Ueing needle, tip of the keel was 

rushed unciem.8~ t.he thUftt). Using a pair of fine 

po1ntea forceps, 1Jmlature a"~. were removed one by 

one to ensure that none was left behind. ether mature 

and unemaaculated flowers and bud. were removed from 

the infloreacence to avoid contamination. ~a.culated 

flowers were p~'tect.d using pollen. proof butter paper 

bags. pollination was done in the next morn1ng between 

6 and 7.30 8"m. 

The nuwher of cros.es made and percentage of 

success wore recorded. 

11) Ra1 sing of pU'enu and I'll 

Ten uniform seeds of the t.wo subspeeies and 't.h.e1r 

F 1 hybrid were orown in pots during October - January 

of 1984 ' 1985 aaopUnc all the recommendations for 

CO\1p4t8. contained in the PMlk81Je of PracUces Recommen­

dation. of Ke&'81a AQricul:wl'e1 lJD1vers1ty 1983. 
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111) Mol'phologJ.cal 4eacr1;ptivf4 of pa.rents and I" lIS I 

l)ur1ng the V8geuU ve and T,r: .duct! ve phas.. of 

the crop I observation. on habi t~ h*1ght of the plant, 

duration in days (seed to seed) # flowe .. colour. days 

requ1s-eC for flowes-1nq ccanencement, number of ps-1mazy 

branches, inteJ.'nodal length, pod lenCjJth, number of 

s.eds/;~od, colour of tM T'Od, colour of the seed, 

vol ume of seed., anc1. .hat.tel'ing of the ~ were recorded 

frar: bott1 th .. pe.rente and Pl - Baaed on tlw dat.a 80 

col1E'cted, the parents end their J'l were described. 

Utilising the above data er1t1e~l morphologieal 

ve.ria'tions have bem depict_ 1n the form cf a 
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polygrar)h as suggGste->5 by Anderson, 1957 cmd tAehra, 1961. 

Eor ~·lott.1n0 th.~ t:01ygraph all the 13 chuact~r1at1cs 

\lii th 2 - 3 1n.de~t v~lues for efJch were Utilised. The 

vl.1ri<'Jtion and respective index values are given belo\a 

--. .:::,,,,,. 
No. 

1. Habit 

Plant height 

It 

Vari.aUon 

lDteZ1DeCliet.e 

Indetend.n6t6 

85 - 95 an 
175 - lSS at! 

80 - 90 days 

91 - 110 Clays 

Index value 
for polygraph 

1 

2 

3 

1 

2 

1 

2 
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81. Characura VaI1..t.t.on Index value 
No. ior polyvrapb 

4. ').ower oolou fU'ple 1 

White 2 

5. Flow_1ft; 40 - 45 days 1 
corrmencemen. 46 - 50 days 2 

51 - 55 day. 3 

6. Number of 3 1 
pr1Rv!.ry branch .. 

" 2 

5 - 6 3 

1. Intemo4al 1en'Jtb 11 - 15 CD 1 

16 - 11 en 2 

11- l' em 3 

e. Pod length 10 - 20 em 1 

25 - 35 an 2 

40 - 60 ClIll 3 

9. SeeQs/pOd 12 - 13 1 

18 2 

22 3 

10. Colou' of the pod DCII1t gr:aen 1 

LJ.ght ~reen 2 

11. seed coloUl' L,1gbt b~m 1 

Dar:k bzooWJ'1 2 

12. Se'" vol .... 0.9 al 1 
(lC seeds) 1.4 ml 2 

1.1 m1 :3 

13. Shattering of the P .... sen't 1 
pod AbMDt 2 



'!'he poll'9l'apb vee OOIUI~ in the shape of a 

wh •• l wi t.h radiat1no ape_a. the cen1:re of the wheel 

being represented by • emall circle. .e;ach racU.e't1ng 

spoke represent.eci one cha&"~ an4 the distance along 

the spoke from the cenue representing the variation 

for thet character. The Ups of the r(-l(i1ating spokes 

were then jo1n~ to form a pol¥gOn& figu.&'e. 

their Fl hybrids. 

Lv) Cytoloy1cal stwii.esl 

fill. was confined to the two parents and their 

direct 1'1 hybrid onl),_ 

The time of division varied greatly with season. 

30 it was di ff1cul t to get the d1 vidirJq ceJ.ls in most 

*' flirt, to e [~m_ Two to tour ft!I lOJlg boo.5 ,'.ere fOUlld 

th!. 
to be"best. ;l'hose buds we.t"e fixea in 3:1 etilo.;~ol-

of prop.1onic 'lcJ.d s€;tura~ wi th ferric o.oetat~ to the 

above tl.xati ve gave !Jett.er resul t&. ThE: buae were then 

tr<'lInsferrec to 70 per cent ethanol cllQ stored itl 

refrigerator for further use. The &nthe~B were 
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dissected out using a dissec:tJ.on microscopE:, t.tWlsferrea 

to a sUoe ~ squashed in it ckop of two per cent 



prop10n0car:m1ne. ~lc.1o\.UI warming of the slide before 

and after S<IUuhiD9 helped 1n better epread1n9 of the 

ehromosomfl$. 

The meiotic ahromosome. were measured usinQ en 

ocular rn;LcrcxllIBtCtl: in wlyrapua "ese ... rch microscope in cil 

irrlMlrsion using an eye-p1ece of 15.h. The lEv"flgth of each 

chromosome corresponding to t..*'le ocul';lr r..1crornete.r 

d.1.vision 'Wu noted. ';,i'he length of the chromosomes in 

tr.1crometer Wi;lS calculated by multiplyin· .. the ocular 

division with the at;:;nd.ard value. 

The nWl'lher of unJ.vcl.ents. biv·::lt',trt.s ..:.mc mul1:i­

v:'l.c:nts at mat.aph~s. I were noted fer t.hE" t.wo subsj)eeies 

and F 1 hybrid. The pattern of chromosome ~eqre9fl!tioo 

r,t anaph,;;se wr~e ".' 1 80 not~~d fer hybrids. 

fhow; ·.icrogl.'0,i)hA1 (.Ii the meiotic n:etspllbSe r 

CiirOlfl(;&:;Qi.:ilii/S .... ~l:·4 t\'~:,e-l:1. Ctmteru lucida dr.lw1n:,Js t:)f the 

meiotic cllJ:OI;;()~ll·es vi bot.'1. tne 1= t3 r£n t and ti;Hi! hybrid 

were also made. 

EJ.tosls 

For mitotic stt~djer.;,. actively divj.ding rO("t Ups 

were used. Seeds tiere: kt.'~pt in petriuish aiter soaking 

for foux to ft v(; hou .. ~: 5 • It. we. found to geminate the 

next (j.ey itself in t!!E' ct';.Be of ~. 3Q1QyJ.culet.fl subsp. 

}!Dgu1BulPt;.3 .. tIAU the hybrid ... iMreue .1 t tooJ..; two <luys in 



about one c::m were cut. between 9.30 and 10 8, m. and 

pretreeteCl 1n r'>ua4J.chlorobenzene for four to £1 ve 

hours at 15~C in 8.0.0. incubator. After pretreatment., 

the ro.,)U were was he(~ and fixed in 3,1 ethanol acetic 

acid n-,J.xture tor 24 OOUl'8. It was transferred to 70 

per cente1:hano1 end sto.l'ed in refrigerator tor further 

use. 

Fixed roots "ere hydrolysed in one r:orrnel h~ro­

chloric acid for 12 minutes and then washe6 in wt:l'ter. 

1'he roots were kept in Feul9- stain for 45 to 60 

minutes in darkness £'01' develOping colour. The extreme 

tips c); t.ile roots which dave1ope<'~ the char&ctt':·ristic 

ma~ta colour ~er. cut and squashed in 0.5 per cent 

ace toc azm.t.ne • 

The S<:Xn41tiC chroll'lOllOlne8 were measured using an 

ocular micrometer in Leitz OJ:t.hopl(jfl ~J..croscope in oil 

itwn{:rs1on US11h;l an eye-piece of lOX. The tot.al length 

of. the chror"lOSOfI\es as well 6S length of the 10n<;. ert'r 

and short ru:m were measur~:d separately. Csin~; these, 

1) Ret. .. -------------. x 100 
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Length of the chromosome X 100 2) '.l'CL • d _ 

'1'oul sum of the ehromoaorne length 

3) 
Short a&'m lenqth 

l"% • x 100 
I..eIlvth of chromosome 

LoDg ant 
4) 1U:m raUo· 

snon an 

'total 8um of ahort aJ:'m length 
5) TF% 

• L 
X 100 

Total _laD of chl:onioSQll\e length 

somaUc IllE'taphee I chromculornes were made. The slldea 

"lere ni8<.ie l '-::%liiGllGGt by ~81ng thctr; through aceUe ac!d­

but.anol ser1 ••• 

v) Pollen studies. 

t'ollen grtdJl8 of the two subspecies ano their F 1 

hybrid _re stained Wi ~ 1. 11 acetooarmlne gl ycerol. 

Completely stained pollen gJ:'eins were conaldere4 as 

fertile and unstained ea aterile. A minimum of 400 

pollen grains were counted 1n each case. Fertillty and 

st(~ril.ity ;,(I)J:'ccntages we&"8 worked out following 

standard procedure.. Pollen size was ftlHsuree using an 

Re.earch microscope. 
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ObserYat.1ons on the behaviour of F 1 hybrid ~een 

I. lI!MC!!llSi aubap. JIIlSWASMlI\t and I. m¥m&SJl.\t 5 uhsp . 

• f.IE9.1l&PI4al11 alonQ with tbeir ~,arcnu with reference 

to the croe8eb11J.. t.y of the ~ 8ubspecies, Chromo8cma 

number and pairing behaviour. abnormalities 11'1 

chromosome sepe.raUon. measUl'ement of chranoaeme. 1n 

both me.i081s and mitosis. pollen fertil.tt.;; and norpho­

logical descriptions baae4 Oft thirteen perairi9ters are 

presented 1n Tables 1 to 11. 

Re8ul te of obaerva't.1ona en the cros.obil! ty of the 

two subspecie. are presented. la Table 1. 

Out of 100 flower buds emasculat.ed. 20 shed before 

pol11net1on in the case of .ubap. pSif!!,1S!M:at.a and 30 in 

8ubap. 1!f9\1J.Pt9!l&,- In the cross, when subsp. 

)11&9Hl!$§ was used as female parent, only 15 pods 

were .et out of 80 flower buds pollinated. In the 

rec1procal cross, 10 pods were .et out of 70 buds 

poll.la8ad. All the pods set. r:emaJ..ned intact till 

ha.l"'gest. The pttZ'cenug8 of eucce •• wa. fllilefeen ln 

d1r:eet cross .and fo Ur lett! 1n .. ec1pfttCal cross. Hhen subsp. 

'SIGI&WIb vaa uaed as the 1_1e parent, the average 

nUllliber of seeds per pod waa 13. Whereas in the rec.tprocal 

cree a , the aversge number va 18 because of the inchs.ad. 



Table 1. 1)eta1l£ of crosses effected in two subap. of ViSIt' gpS'luiculat,! 

--------.~-.-----------------.. _-_._---------
No. ot flow,er p-

Lal. parent laascu- Po-
lated nated 

Ngf of r.odt • 
Set 

::jQ. of 
seeds 
obta1J1eC 

'~:" of 
succe •• 

-------, -------- ----------...,.-,-~~-,.,.--.......,,--.-----.-----

;;iubep. 
!I)S1p1cyl~H 

1no 

100 

GO 

70 

15 15 

10 10 

______________ ........ ___ ~ __ ..... , ____ , •• ,. 1M •• --.• ,. __ , ___ _ 

195 18·75 

180 

---,-_ ... _*_ ... _", ..... -- .. , .. , ...... ..-.. 



pod Iengoth o! the lat.'ter (1'le,tes laaneS lb) • SO the total 

numb.1" of .~d. obtained were 195 and 180 fft:lm the 

direct and the reciprocal crosses respectively. 

The morphological characteristic. obaeJ:'Yed in 

the F 1 hybrids of both dil'eet imd reciprocal CJ.'088eS 

bet.ween the t.wo subepeele. of V1sml BRqu1cullU 

exhJ.bl ted II&Umal influence wi ttl regard to roost of the 

characters (Table 2: Flaus 2 to 3). 

The characters Which showed maternal influQnce were 

height of the plant, duration, dey" AqW. .red for 

flowering ccmm.encor.Jen t. internodal It.mgth. r,oo length, 

number cf s8E~ds p~r pOO. colour of t:'~e ':od" seed colour 

and see<! volume. HOWflvf!r# \-11th resr,ect to habit f the 

pli.1nt en6 number O~ 1=rimary branchEisl they shOi.-iOO 

inte;a::-ni>E'd1i'tc cha.r<Jcters. In both the hybrids shattering 

ot t.hilt pOtS \J1'\9 present which 'Was the chiElcQcter :-.os ••• sad 

A polyqraph was drawn baaed on the 13 rrorpholog1eal 

eraaneters (Fig_ 1). In .ajonty of the traits, the 

hybrids reaeitlMed th£.:1r c'aw.mal parents. 

Data on the pairing behaviour of chromosomes i.n 

the two sul:"Jr~ciefj ~nc1 their i'1 hybrid SholH~>(1 that. the 

chromosome nuntJer of subsp. JIRSIU10!:1'tJ wes 2n Ie 22, of 

e'Ubap. ".qui_&lA •• 2ft. 24 and that. Of the hybrid 
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Pl_. 1 (.) CoInpuaUve pod leDgth of the parents and 
their d1~. fl hJb¥1d 

1 • Sub~. ~_'" 

2. F1 hJbr14 

3. Subsp. IIIgylP'ftl!. 

Plate llb) eo..puaUve pOd leD9th of ~. parents and 
their rec:.tprocal 1'1 hybdd 

1. Subep. f!lSM&P"M&. 
2. J'1 hybz'1d 

3. stm.p. )M!gViSNl'" 





--------------,._. __ .. _--------------------
~l. 
No. Char~ 

1'1 hJbdd 

1. H.ablt 1ndetermlraate 1nurmed1ate 

2. H(!>ight of the plant. 86 em 183 em 92 em 

80 - 90 dbyS 90 - 110 days 90 - 100 days 

4. Flower colour purple purple purple 

5. Flowering CXJM:'ttmce{'~;.ent 40 - 45 clays SO - 55 days <4 ~ - SO days 

6. No. of prtmuy braoc:t.e 6 3 .. 

1. 16 ca 19 em 16 em 

8. Pod 1 eft9t:h 10 - 15 al'l 40 - 60 em 15 - 20 em 

9. Seeds per pod 12 22 13 

10. Colour of the pod (~erk qr(:~ 11\.;;ht green 

12. Seed volume(10 seeds) 0.9 ml 1.9 ml 

13. Shatter1nQ of the pod ~re~~nt absent 

117 em 

110 days 

purple 

50 - 55 d . .,.. 

4 

1S em 

25 - 35 em 

18 

119ht green 

1.4 rnl 



Play 2 HoZ'phol09.tcal differen .. in the two 
.~e. and the1.- direct and 
rec1pJ:'ooal F 1 hybd.4s 

1. Subap. SRDllwllt;l 

2. Subsr.,. ~!Slf~'. 

3. fl of W5sC»la\t x III9u1Rdti.11 

4. i'1 of .al99hlafllU " Jll!CN&CNl.M 





,.) 

• 

tn Ne4 al .. 01 the ~wo ~~tC, 
lr direct '1 bJbwl4 

tiUl:.D. lIMJUMIl_ 
2. • __ Wi!l~~ 

• • "IAI&Rf4,". 

• maaswil 

., 
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2ft ell: 23 (Teble 3). Camara lucid. drawings of the 

metaphase I .~ag. of the two subspecies and their 

hybrid are presented 1ft 'igure. 2 to 4. 

There we-te' no un1 valenta 1n the GaDe of pa~~nta 

but were present 1n their F 1 hJbrid. 

somes .1n metaphase are expre •• ~ in T t\ble 4. 

In t.he case of sW>ap. !.EQI!S!fltS!# out of 20 pollen 

mother cells studied, two cells showed precocious 

fliOV€!'r:'ler:t. ;'::'lC in the r' t hybd.d., out of 15 pollen mother 

cells studied, only one cell showed .f.,recocio1.l$ movement 

""h.r.~1s 1n sub.I'.. .lesgu1~'t' no preeoe101.13 rtnVel:!Emt. 

wes nct.1ced. In botl"! subsp. ,Y!l.'D1e .. \'Y...m and P 1 h)~r1d, 

only on(; ehrotri08Ome had undergorle'reCl::x:ious movet~ent. 

In anaphase I. both "the parents and hybrid showed 

eellfJ with laggards. In the c~u;e of subsr.::. unmgul!U 

only on", cell yave laogards Wherel.iS .1n sub.p. 

J!!.gy1pesttl" and hybrla., more then 10 cella showed 

lagoeres. In subap. ugqu.t..SNl'S" max1mum nur.ber of 

lagc;:ed chrorro8Ome5 vJ,LS threo, Wherees in sUbsp .. 

set8QU1pe<lalis and hybrid 1 t va. more then s1x. frequency 

of cell~ showing 1899uda wu more in the case of Sub8:r. 
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Table 3. 

-----------------nRO-.--Of~--------·~---~---------~'-'------

3uba:P./F 1 hybrid 
pollen 
mother 
cella 
st.udied 

uO.f.er cell of 
18 b J U 

un1v~,l- b£val- fl!Ult.1Val-
er~ts ants ante _ •• _. ____ ' ____ 0_' ,~ .... _____ , __ .,~"",,,,-,_, __ 4 .. ______ _ 

20 o 11 o 

15 o 12 o 

15 1 11 

-._ •• AS .~ .. 1Io ... _If __ ~_.......,....." ........... ___ ." ........ _.... ..... --..-. "' .... _*--.-.-. __ ~ __ _ 
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Ta'ble 4. Meiotic abnormal! tie::, during 1r,etaphase I in tbe two subm.). of Vlqp. 
upgu1culata ~ t'"'eo'lr "1 hybrid 

..... _ .. ., , _n., ~ , 

No. of rellen r:o. of cells with precocious movement 

subep./F 1 hybrid mother cells of chromosomes in bivalent nUl'flber 
st:ud1ed 0 1 2 3 4 

•• 

SJ!¥iW1eulat:a 20 0 2 0 0 0 

lft<iIW.R!9al&. 15 0 0 0 0 0 

-~: 
15 0 1 0 0 0 

_________________________________________________________ v. ___________ 

u 

.~~-. --_.-



Table 5. 

unqu1culata 

I-'le.1.oUc abnormal! ties during anaphase I 1n the two subap. of Vigna 
Wlau;19!lau and their F 1 hybrid 

NO.of pollen 
mother cells 
studied 

20 

21 

21 

NO. of cells showing laggards varying from 

o 1 2 3 , 5 6 >6 

19 o o 1 o o o o 

7 o 1 3 3 2 o 5 

5 1 3 2 2 o 



of 20 rJOllen mother eella stuc:U.ed, 19 showed r:egulu 

telcphas. format.lon and only one cell was irregular or 

""I'ant in telopbase fO&meUon. In subaj':'.'''WpedW.1" 

only 7 cells shoWed regul~ telophase formation. 

A!:mormal1ties in 0811 cU.v.1GOD we.:e IllOre in suba,p .. 

Data on the l~ngth of bi valent.r, ",i{ th~ two 

lengths was 32.24 pm 1ft sub8p. '!9QU1CHl""'$;il 40.98 ,.mt'! in 

subap. g'gu1RI4!lI. and 36.11 1n hybrid. Thus the 

hybrtd had total. du:QID0801l1& lang1ih intel"rne<Uet.e bGt\<leen 

In subsp. WN'"CMl§Y, the aomaUc chromosome 

nUl'l\ber waa 2n = 22 (Fi~. 5). The length of eOlnaUe 
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f'IIbl. 6. 

Chr0m080t't'le 
pa1rs 

1 

2 

3 

" 
5 

6 

'7 

e 

9 

10 

11 

12 

• , 

Total 
ill 

• urd. val er. t. 

• 
Leng1:h of b.t ... alenta ( ~ of the two aubsp. 
of V.t.QD8.uaau1eulat.a and 'thellr F 1 hyb .. 14 at 
meioUc ~aphu. 1. 

!IfMlIisNDI .e,sg.1ped')f I r~; 
• 

~t.2" 4.96 4.4' 

3.'2 4.15 3.78 

3.41 4.10 3.18 

3.22 3.88 3.34 

3.13 3.61 3.24 

2.91 3.45 3.0' 

2.50 3.24 2.97 

2.43 3.02 2.82 

2.34 2.80 2.4' 

2.23 2.S9 2.35 

2.08 2.21 -, ..,") 
',-. "' ... ,£~ 

- 2.26 2.16* 

32.24 40.98 36.11 
• 

36 



Table 7. Measureraent of chromosomes at somatic metaphase of V1S1'!" !!!ou1culag 
subsp. m!<i!L\sal!H 

ChI:f:llRO- Ant lenSl!:.h Relative Arm raUo TJI>e of 
aome Total Long am Short urr. 't' ~'i 'l'CL% chromo- dU'omo-lel'191:h (L) (8) 

., ,,<Ii' 

pC')irs SOl'D8 (s I L) some (pm) ( lJIlt) (pan> lttllgth 
4 • •• _ .... ----... -------.~ ..... - ..... ,.. ,_ 1 

1 0.1893 0.1018 0.0875 46.22 12.62 100 1 I 1.16 M • 

2 0.1661 0.0866 0.0195 47.86 11.01 91.74 1 • 1.09 M 

3 0.1536 0.0812 0.0723 47.07 lQ.24 81.14 1 • 1.12 II 

" 0.1437 0.0"186 0.0652 4S.31 9.58 75.91 1 • 1.21 M 

5 0.1393 0.0141 0.0652 46.80 9.29 13.58 1 I 1.14 lot 

6 0.1357 0.0150 0.0601 44.13 9.05 71.68 1 I 1.2. M ., 0.13. 0.0141 0.0607 4S.03 8.99 71.20 1 I 1.22 11'1 

• 0.1250 0.06'70 O.058f) 46.40 9.33 66.13 1 • 1.16 ! .. ~ 

9 0.1152 0.0643 0.0599 44.19 7.68 60.86 1 • 1.26 8M 

10 0.1000 0.05S4 0.0446 44.60 6.67 52.83 1 • 1.24 M 

11 0.0973 O.OS36 0.0437 44.91 6.49 51.40 1 I 1.23 :'1 

--- , . . .. • -- ............ ~.~ .. I • ,,,,-~-~,~~ .. 



5om.a!.l.c c.hromo';.,Orll.e6 of V L q 11.4. un.Q U : cv.lato.. 
-V-- ---V----.---
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~---/ --_._-------- --------~-----''''\ 
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metaphase ehromoM •• S.I'aaved f~_ 0.09" to 0.1893 ~. 

'l'he long &D\ length ...... ed t~ 0.OS36 to 0.1018 ~. 
I 

The short din lengt.h v_led fJ:Cm 0.0.31 to 0.0871 

(Flg. 6.). The H" v8I:led kelt 44.18 to 41.86. '!'he 

highest value obt.a1Ded f8Z' length of indlvidual 

chl'cmoeomes upn •• ed .. penenUlge to total chromOsome 

length was 12.62. !hi. ~ed from 6.49 to 12.62 (F1g. 

ea) • The releU •• ~_ length fc'r the SlMllest 

we.s 51.40 (F1g. lOa). 'Ihe an raUo varied f:rom 

111.09 to 111.26. All the chI:omosomes exce;)t one 

bi".l"-r.1: we. foun~ to be 1Reld1an, othersheltl9 submed1en. 

The 80l'AQtJ.C chromo .. number 1n the subap. 

I!ltQW.pepalj,. wu 2ft • 24 U1.g.1). The measw:e".ant. of 

c1u:'Omosomes of the $oma'tlc .-tepha •• I of subap. 

u'swJptdalM showed the' the length of sCtrnct1c 

chromosomes ranged frcm, 0.114J W 0.2686 ,. (Table S). 

The long aim length vaned from 0.0571 to 0.14eS .-
I 

and the short arm length from OJS11 to 0.1191 rm (Fig.6b). 

The I' ~ ranoed from 44.64 to 50.00. The length of 

inai v1du', 1 chromo.orne expressed ea pereenttlgf! to i:ot.al 

ch1'On'108OM€' length varied fJ:om 5.a3 to 13.10 (f1g. 9b). 

ftle relative chl'omoeome length vuied tr(,An .;~2.S5 to 100 

in .ubap ••• Sm,11,_ The rlBlge of a:trrn ratio was 

fran 1.1 to 111.23. All the cha'oInoaomes were found to be 

mecUan (F1g. lOb). The mltoUc a't.ud1ee In the 1'1 hybrid 

38 



som~ chromosomes of the two suhspecl£.s and. theb" ~ h~byi.d 

b) 511bsp- se5ouioedct.lis 

1 I I I I I I I I I 
1 1 I I I I I I I 

1 2. :.> 

Ch,.-ornosome pairs 
.~ 5 6 7 g 9 

" .IZ 
c) 

"1 
0 (1 i~ 

~ o 04-

I 

0 (i :) J 
"1 

\ 

to 11 

-----tL-----i.- -_ .. - ._--". 

I I I I I I I I I 
I 1 I I I I I I 
C h l'OnlOSOme 

234 5 6 7 8 

11111I1 
111111 

pal'(S 

9 JO 
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Table 8. f1eaauren-.ent of ch%'Cm08CmeS at s0r02tic Ir .. td:~)hase of Vigna unguiculata 
subap. .889U&:peS!s,::11. 

. . .. .........-.....~..-..... QO~"''''''' 
__ ~, __ ""---'_" --':10"" ... _" 

Chromo- Total Anl1ene Relative 
AZm raUo TJpe of chrorro-

8C:IIne lenqth Lon(J arm s~rt ant F % 'fCL % chromo-
r.~a1rs 

(L) (s) SC.- (B I L) 
(pm) (t=) (E~ length some 

-
1 0.2686 0.1485 0.1191 44.64 13.70 100 1 I 1.23 M 

2 0.2228 0.1229 n.0999 44.84 11.31 02.95 1 I 1.23 M 

l G.1943 0.1029 0.0914 47.04 9.91 72.34 1 • 1.13 M 

4 0.1800 0.0911 0.0829 46.0. 9.18 67.01 1 • 1.11 M 

5 0.1171 0.0829 0.0'.' 47.29 8.01 56.22 1 • 1.12 M 

6 0.1514 0.0799 0.0714 47.16 7.'12 56.37 1 I 1.12 lit , 0.1486 0.0143 0.0743 SO.OO 7.58 55.32 1 • 1.00 M 

8 0.1429 0.0743 0.0686 49.00 7.29 53.20 1 i 1.08 M 

9 0.1343 0.0714 0.0629 .fE.e3 6.85 50.00 1 t 1,,14 M 

10 0.1229 0.0629 0.0600 48.92 6.27 45.76 1 s 1.05 M 

11 0.1200 0.0629 0.0571 .7.58 6.12 44.68 1 i 1.02 M. 

12 0.1143 ('.OS71 0.0571 49.95 5.83 42.55 1 • 1.00 til 

...... -.-
c:,..., 
~ 



revealed that ~ ... Uc ChC'omosome nUlft)er Wail 2D .. 23 

(Fig. 9). 

Results CD _~t of chrotno8OlRe8 at aomaUc 

metaphase of Fl hybrid ue presenteC1 in Table 9. 

'lbe length of chromosomes varied frOltl (! .1200 to 

0.2.00 Ft- '.fbe ~ange for long ant was from 0.0600 to 

0.1343 ~ &nd that of short um from 0.0600 to 0.1057 ~ 

(Fig. 6c). 'Itle f % veded fZ'Olft 44.04 to 50.00. The 

length of 1ndi vid.al ~ 8X'pz'esHd ea percent._ 

to tot.al c::hr;omosome length "aried £.rom 5.91 to 11.82 

(F1g_ 8e). The relative Chl'Om0801ne length for the 

small.at chromo8Ome was 50 1n the hybrid (Fig. 10c). 

/'trm ratio r&luied from lsi to 1.1.27. Two chromosome" 

were sub1aed1en and Oth.~8 lIl8C11an. The resul ts alao 

showed that the long •• t ch.ConI:)lIOI'Ce has twice the length 

of the smallest in hybrid. 

Both the species and tMlr hybrid have almost 

s.1m11u 'IT ~ ('feble 10l. 

Date Oft pellen fertility end sterility of the two 

subspecies and their hybrid t:'8'V'ealed that suhap • 

• -qp.l;!dN&. baa 'the highest. pollen fertility of 96.20 

(Table 11). In aubep. JPDII.gpl •• the sane was 91.06lJ{, 

and that for hybrid 91.09%. Theft wu almost simil_ 

percen1:agE: sterility in aub8p. II'9'!&sulQl end hybrid. 
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Table 9. Measurement of chromosomes at eom2tic rnetaph(\se of F 1 hybrid of two subsp. 
of V1SlM ypgu.1w'tA 

.......-.--_ ........ --. 
Chromo- 'l'ot.el Am lS;:fi11;b RelaU". 

k.Dl ratio "fJpe of 
some lenc;,th Long arm Short em F % '1'CL % ehron-D-

\1.) 
,~, c:hI:omo-

psiI'm .. .." aorrlC (8 1: ) 
(~) (~) (!'-t) length • some 

. ~~ ..... --...-. .. 

1 0.24('iO 0.1343 0.1051 44.04 11.82 100 1 • 1.27 SM 

2 (:.2171 0.1200 0.0971 ~4.13 10.69 90.46 1 • 1.23 M 

l 0.2900 0.1114 0.088. 44.30 ,.as lal •• 3 1 • 1.25 M 

4 0.1857 0.1000 0.0857 46.1' 9.15 77.38 1 • 1.16 11 

5 0.1800 0.0943 0.0851 47.&1 8.81 15.00 1 I 1.10 .1 
• 0.1". 0.0886 0.0800 47.45 9.31 70.25 1 • 1.10 M 

7 0.1S43 O.ooqO 0.0743 M.lS 7.60 64.30 1 • 1.08 M 

S 0.1486 0.0800 O.068a 46.16 7.32 61.92 1 I 1.16 .1 
9 0.1429 0.07'71 0.0657 45.98 7.04 59.54 1 I 1.17 t'; 

10 0.1429 0.0800 0.0629 44.02 7.04 S·.54 .. ~ 1.27 SM J. · 
11 0.1257 0.0657 0.0600 47.73 6.19 52.38 1 • 1.09 M · 

Un1valeut 0.1200 0.0600 0.0600 SO.OO 5.91 50.00 1 .. 1.00 ~ • 
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2he .. elution of speci •• eff1DJ.U •• by the d.eo .... 

of chZ'ClR08Oft18 pet .. 1ng •• F 1 _10818 of iftterspec1fic: 

Cl'08 ... 1. n •• by the WGhnique of genome analysis. 

some t.aJaoftaIIlau .xp ..... the View th.t c:h&'otnotJomal 

differences should be treeMd .. juat. 8I'lOther mocpholo-

amap. and number of chromosomes of 80sne spede. differ 

from those of another, th... ch&'omosomal characters 

ce tell WI muah more than differences in leaves_ 

flow ... 8 and fru1 ts. Genomic analysis CM proviaeus 

with valuable lnforma~on regarding the proce .... Which 

have brought about eYOlut1QD~ diversification and the 

direct.1on in which evoluUoo has t.aken plao.:. The 

c¥tol()(Jical studtes of the epec1es concerned provide 

the basic information for genome analysis. 

'!be two eubapec:1ea of Y&au mgu.1caa6'\a, vi •• 

.... SM1'M end Nqy&ptd,ll. ~.t. have been studJ. .. 

durin; this inveeUgaUoll. etIIlhtb1 t distinct mozpholog:l.ca1 

var1aUons wi 1';1\ re.speot to plant aDd pod characteri8tics 

(Table 21 Platea 1 'to 6). tlbile the fomer grow. up to 

an ...... age height of 86 em W11:h • total. dur~Uon of 

80 to to days and. flowers by 40 to 41 deys, the lat. ... 

•• UJ.na a more lu.xurl8Dt 9Z'OWth (183 em) "'tit 90 1:0 

110 days tn.al c1uJ:aUOIl and flowl:. by 50 to 55 claye. 
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'lbe pod ch ........... l.Ue ... much more distinctly d1ffer:en~ 

in them. The poe. of "ap. gagu.lJ?t4!l" grown up to 

o length of SO an with IROn maaber (22 .eeds per pod) of 

bDld (volume 1.8 ml pe~ 10 ..... ) grain. •• against the 

smaller pod(~ wi ttl 1 ... n~ of seedtl 1ft the case of 

eub.p. JP99lCWISI (Table 2). 

Cona1derin\l these cleal'cut variaUofls, aome of the 

eerller uxonorJ.ats have suggested t.hat. sOOsp. HP9s.QsyJ,aM 

and subap. IUSJ!I..'p!c!.u. •• houl.4 be cons.t.dex-ed as d1n1n~ 

spec1e8 (l;lper, 1912). HoweYe.&', the later authors have 

eapre •• eo the view that the.. two were not to be considered 

as dlstJ.nct spec:1es but were to .be 01 ven the status of 

subspecies belonging to a polyJllO%ph1c: species (~;;en and 

Showel, 1960, io'avlov, 1962). 

Since the beat ~1 for: finding out the r..ll!lUonshlpe 

bet.won these t.wo subspecie. .t.s to find th(.dr aff.t.nl Ues 

tbl'OUgh hybr1d1a.Uon and study t.he hehaviour ,,1: their 

F1 's direct. as well d8 reciprocal crosses were tried 1n 

the pn.ent. study. The reaul ts 1n Table 1 show that the 

succe.s of these croases wac'. very low, 19 ano foUl feen in 

the case of subsp. liDSI9&wIM X DubsI'. s,aN."" 
<lnd ita reciprocals rea:pectively. A chuact.er1at1c 

obf:ut",.;;t1on ma~(.' durin::;; this h~ld1.at.1on proqr:anne wu 

that the shedd1n9 of flowers were noticed either betar. 

pollination or lrrlnedla1:.ely after pollination (within 24 



hou. afur polllllatloo) which poInt.s to ~e po.sibi11 ty 

that slno.t. all the ahe4dJ.ng8 waa-s pre-fertilizaUon. 

1'bat poat-ferUliaaUcm abed wu almost not encount.ered 

in thJ.s p%'OgZ'8lfIl'le. 'lb1. i8 indicated by the fact ~at 

the nwnber of pcXi$ •• t and harvested were same in both 

the arosses. 

Ttla, reducUon in the percent&ge of success 1n 

cros •• s in'VOl ving these t.wo subapec1e. can not. be 

eonal4ered solely tJue to the 1 aGk of affinity be'tWeen 

them. but probably due to t:he mechanical injury caused 

to the buds during the rrooe.. of ... aculaUon. 'that 

the five subspeci.. of V.SIlI W!gu1sulsS. are 1nter­

ferUle has been reported earlier by Paris (196S) while 

at~ts to hybridJ... with other V&iUlil species, 

espeo1ally the wild. progen1tors. have failed. 

"''hile c.:ma1dering the lR)rphological characteristics 

of Fits in comparison to the pal't.'nts, it has been 

observed tilat. they have .. general tenCiency of exhibi ting 

I'eaem'blences to the toatarnal par£-n1:s. 'l'his t:r11e ot 

maternal. 1nher1 ~ance 18 ftW)Z'e pronounced with respect. to 

plfmt. height. .. \!fell as pod and seed c:harac:terlstics 

(Table 2). 'this behaviour is probably indicative of the 

plaamagan1c influence of theae trai t.s. The shett.edn9 

habite of pods Hen in one of the parente (subep. 

"sM''') however. 1s found to be uanam1 tted to 

the Fl hYbrids Jus~ like anr other Mendelien dominant 

chrZ'aoter. 
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In order to obte1n more in forrnaUcn regard;{ t:'lg the 

qenond.c relationships of these subs:~)$c1es. deta.t.led 

eytoloqlcal investigations were carried out. ~"elotJ.c 

.~u41e8 "'ere conducte<) in t.he two subspeei es an!1 their 

direct F 1 hybrid. Meiotic pairing of: eh~m()eorncs were 

apparently nOI:'m?:11 in thl? pat'T2-nt.e un(' their hybrid. 

'.(1)ere w~re 11 b1valfnts in aubsp. wawcWatt: and 12 

1n t'tubsp. e,gpipe6s~!s ('l."able 3. Fig. 2 to 4). 'lbe 

number in subsp_ UPgu!WUI is 2n • 22 i~nd 1.n s\'bsp_ 

1,!gy1~!l11 2n • 24. f~~r, ~ceord1ng t~ the 

eer11{;r rerlort!::, ther£' it? cc,nt.rc",'ers:r regar61ng- thE' 

chromt'.sOl'flt' nUPlb~r oi. t.hesE' svb.pec:.t.eth 17~riB. U965) 

nave contributec to the lde~ of Faris (1~6S) and 

end 2n • 24 resrectively was f~her eonflrmee through 

root tip tuitotic et:udiee durlnc;;: the 'tftsent investi­

gation (Fig_ 5, 7 and g). 



Th. clos. pairing of homolO9Ous cbromoaamea __ 

zygotene is 8 oharanerlet1c ;!henomenon noticed in 

all h19hE'r ().C'g81Uama. The most important. and 

generally effective factor:. which detend.nes the 

n~t.ure of chromoaorne pai.lfl'il 1$ the sttucture1 and 

oher(j,cal slrrJ.lutty known as homology. 'l'h1s ~ of 

pairing- beb€.Yiour can be best studied during pachytene 

of: meiosi.. Ttleretore. to • cytologist. inur •• ted in 

chromoaomal relt:tlonshipa aDd. evolution,. p8Chytt:~n. 

analysis if> the idoal method, provid.ed the materiel 

is favourable' for such 8 study. Analysis of 

chromosomal pa.1rlng can provide va.luable in<31caUons 

of rel~t.t.onshJ.ps bet-ween sreci.s it they a.re ueed 

carefully Z!:tno ~ith full l:6'CO{Inition of all the fc,ctors 

involved (St:ebb1Ils, 1971). 

wi th the above objectJ. yes in mine,. the meiotic 

st.udies of ChromollOlM'B in the t.wo aub8pecies,. n_ly 

HM;Uigulw." end 'I,gul.i)~' aa well a.s tile!r dil'ect Pi 

hybrid have been curled out. D\lring the ~ ..... ~y; 

the methoc; of pachyt.ene analyst. wes not found to be 

much useful in thesE' eubapeciea and their hybrid due • 

the d1 fflcu.l. 'ty in obte1n1ng qual! ~r preparaUons of the 

d1ffer~nt prOpftfls. sta9ft8 of -.toat. I and anaphase I 

of the mi tcUc division. 
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"1 hybrid ",:JM - be apparently nonal 8S evidenced 

by the !.,Pt"ence of regular b1v<.:.lents during metapha .. I. 

A total of 11 bivalent. ill seap. U;$W1SYl'H. 12 1n 

subs:;:'. f1!,!S1UI.p!4uA. 8Dd 11 b.lvslc-ftts along with a 

unlv; lent. in ~. 1'1 byb.r14 could be observed 1n well 

spned metaphue pl ..... (l'lg. 2 to 4). However, 1n a 

few lMt.apha.. 1 prepuaUona. precocious movG'!';':ent of 

the chromosomes of one bJ,vslent was ob .. rvCtd 1n the 

wi th the aubep • 

unsm1SNl'S! and 1 ts :E'l hybr1d 

"'9I&R'4t11.. Two of the cells 
out of 20 s'tu4ied 1ft cue of tr.e fo%'lTMtr and one eell 

out of 15 a'tUd1ed in the latter eXhibi ted this 

umf5ency (Table 4). 

Ibe moat important and venerall)" effectiw factor 

thnt determines thE! painng bel\,viour of chrorrcsomea 

during I08108i8 is the aUUCt.UI'c::d end cremical similarit.y 

known as homology. Each pat.emel chromosome eaeocJ. ates 

wi th i U coWtt.erpart. among the meternal cbZ'Onosome in 

this process making t~endellan •• grega't1on oi genes 

possible. The degne of homology between chromosornes 

depends at. least in pert upon the! r sirrJ.l ari ty wi 'to 

respect to gene urenoemeou. In eomplerf.E:nte wh(~re 

hornolO(JOUG ("Jr hot ceolcgous chror.osomes may : air wi ttl 

each other # the homolOtil)" between c'nrorroeomes in the 

same e~t." c~n g ... t r~·dueed all 6 reswt oi cl'Y)PUc 
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sUuctU&'ol change. leed1n9 to rearranqefl':ent of the 

genes. tMIr. wit.h perlact homology aVailable. nduct.1on 

in paicino and/or failure in c:h1asme for:tnat.1on ha ... 

beE'll obael"VCd .in cenain instances. f\nother f;.!ator 

th~t affects OhI:cmoaome pairing is 't.he cellulfZ' 

envixonment Which prevails at meiosie. This can be 

affected by dr •• Ue 81 _rations of the extemal 

environment auch 88 heac or coli: shocks or more 

gonerally by genes which presumably control the 

numeroua eozym.:,tic reactions required for ueio818. 

lnd1v1cluel recessive genes in homolegous conditione 

are ascribed to be capeb1(.;: of causing the chrOO'osomes 

to be unpaired 2t metaphase. either through failure 

of iniUal assc,eict.ion at aygoblne tlnd pachytene, or 

through the failure of ch1aama formation (Stebbins, 

1971). However, such 9-e. are Ore2.tly elim1n8ted 

or reauced in frequency during evolution. 

In Ute ·o·J!'f'sent study, deaynars1s of cnly one 

oi the hival\":ntl': in SOf"iE' ~ f tie metaphasE' J.,rEoi·t~r;:t1ons 

seii::r;s to be dUt to the reductl!'(\ ce9t'ee of .:;,,[f1nl t.y 

between the l'M~ernal and paternal ch.romosomes 

invol vea leac,ung to ~o. (:r pairing and/or reducUon 

in the nWlt.ler of ch1c~sma formea. That a good 

percentage of metaphaaes atw:Ued showed normal 

bivalent formation, indicates that the failure of 

ch1.-a fomation may not. be the reason for the 



precocious movement. of chrcmo8Olt1e8 1ft this b1 valent. 

nus phenomenon ..... to be prevalent only in subap .. 

UDQI&.pl." and pntIably is curied to the 1'1 hybrid 

by this parent. 

During anapb_ I. 18991n9 c:h.I:onosemee were found 

to be present in acme Of the cells studied (Table 5) .. 

In 'the DOJ:mel • .t. blaUona. the chromosomes get dis-

8Il9aved frcm aYD81)ala and: move to the opposi te poles 

to form the two d_utb_r nud.e.t. subsequently. HO'Wever. 

one or more ahrow::I8OItea may sometimes do not Join in 

the process of movement and remain away fl'OO! the group 

ot chronlOsomes 901ng to the poles. Such laggards way 

or1y1nate as & result of defective ctmtromeree or due to 

an abnormal behaviou of the spindle fibres. Oelay in 

chromo8Ol'fte d'lajuncUOIl alao can lead to the phenomenon 

of chromosomes l&gg.t.n~ towards the ccnu"e of the 

d1 v1d1ng cell duJ:lng an._ 1. nelotic abr.ormali ties 

in the interspecific hybrids of I-hyUlU as well as 

A[f¥i!N., have been nporud earlier (Dhaliwal and 

p.ollar6, 1962; Rsaan and Re88V80, 1962). In rOa.epl" 

the chromoaamal irregularities have been ascribed to be 

not dUE:- U) cytologic or gene causes but to ei thel" 

<'u'h .. ~.l·enc.8 .in t;b~ venetic cocnposi Uon or td .. ze of the 

chromosomES. A sizable proportion of abnormalities 

inelwUng quedr1valents, U1ve.lents and l.mivnlents at. 

m.t~pha .. I as well .. bridges, laggards and fragments 
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at an~, h~se 1 have been reported earlier in the F 1 

t~¥Lr1d of Vi.1 11411\1 x \lAW. lI,l'ltt~dn,l (Chowdhury 

and Chowdhury# 1983). 

Arniing the t!wo subapec1.a of Via, Jl!smI.~a\t 

studie<l ouring the f.,rc'Mnt! 1nvestigr.Uons, suber'. 

"'9!Aptgal&' (2ft • 24) showed more number of laggards. 

A 1:Otal of 12 cells out of 21 8t!uoied exhibited one to 

more than six 1 agqir.g Chromo80lftEUIL in its ana::hasEt I 

cells. The tenClenC)' was even higher for chromosoo1tl&s 

in the 1'1 hybrid. cnly t1ve cells c,ut 01: 21 studied 

shove, the nOXTnal d1sjunctlon in thts cnSf..:. However, 

this was compu2'tively very leas in subap. ~gu.t9!lIFh 

Almost ell the cells (19/20) wexe norr::el with r£'8pect 

to an8,t"')hcse If'O'V(!'r..ent. In an e'::,rl1er report of the 

cytor-:orphologlccl studies in aozroe species of Vi-SIll' 

c()ndueted by Shashidhdr (1981) also the proper p6irinn 

0:::' ~,achY1::-€n::- cr,J:OhlOSOftleS and normal behiJv10ur of 

l:i v ltnt!') t,t d1f~>:;!:f~rJt ... st::gef.l ot meiOSiS in subat'. 

lm"luiq,.y.r;;:t§ hi:.iS bt:-€;r. re::COJ."de6. 'luis obeerv~"t1on points 

to the }',';;OBslbl1i ty that tn(, tel'lCency :t;or some ot: ti1e 

chromcoSOO'lE-:'s to lay c:urin t.hE:' nonoal disjunction and 

mov I'fl€nt is steei.::!> si:)!tc;..1f.1c io'tOO subsp. ,e!gU1pedN1, 

is :ilrout;: 't(,} t.his ;.Jl'-':;-t,;;;;ifU;;n;;n. lh.is h,.:.$ te· be attri­

butc,d ;)rc:,bably to tht: inherent fwt.ure of the subspecies. 

Th1~ might hc,ve rlayoo a rolti: in t .. he evolution of 

ep<':ciftB FSlf;ell. This 10; .U09{:'Gt.('~,e due to th··, ::aot 
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that the la99U'da -1' • times ma)' be lncapable of 

gett.1ng inco.rpo#e,1utd to eny one of the deu9hteJ:' nucle.1. 

Such a sJ. tuation. ..t. of the time.. lead. to the 

eli_nation of the. put1c:ulaZ' chromoaome from the 

cORt[:llement.. '1'h1a type of du:omoseme eUmination haa 

played a great. role 1ft speci •• evolutJ.on. The fact 

that. 1Jendency of 8 few ch.l'Om08Oa'ES not to take part in 

the normal d1ajUftction aba.ned ln t~,. Bubel. 

f!QY&p!dal1. 18 earried O¥er to the Pl hybr1~ of th1~ 

subspecie. with subsp. IB.tII&SPt.y, also indicatea ita 

inherent. nat.ure. 

The size of chromosomes and the total DNA conteftt. 

of the nucleua vary qna'tly f.r:om one GroUp of plants 

to other. The t.obl ..... of crhcomoaomes 1n a nucleus 

ls clo.e1y c:orrela't.eci with ita DNA content. \r.1th the 

object.ive of get.ting 1n.1oaaaUOD regsraing the size of 

ehromoeomes in the two aub!pea1.. end their F 1 hJbr10, 

the lenqth of b1valenta dv1D9 _t.ephue I of me1oa1. 

end 8011l0t.t.C Chrcmoaomes 1ft J:'OOt. Up mitotic cells have 

bean 1'Ile&sured (Table 6). A ntgUle:r: tl'end was observed 

in the lengths of bi valE:,nu f.nD the largeat. to the 

shortest in both the subspeel.. and their hybr1d. \tihJ.le 

the Man length of the long.at. bivalent. in sub ... 

• gy&gulah va. 4.21 ,. and the ahort.eat2.08# the 

corresponding values 1n subap. nfl91d.p!4all, won '.96 

and 2.26 re.pectlvely. The Fl hIb~1d exhibited medium 
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values with r.~ ., the b1ye1ent. l~th.. Ift the 

hybri~ the Ufti"el_t. "as the ehon •• t among the 

COIII>lement.. 'l'tle ~ DliA OOfttent w •• more 111 8'Ub8p • 

• !tISIJIhec!a.U., .. fti4eaeed by the h1Qher .alue 

(40.98 pm) of toUl cbnmo..- length in thi. subspecies. 

The total chromoaoale len9th in eubap. VDsw.t.91IlISl was 

32.24 e.n4 ~at. 1n the hybrid ".11~. '!he laagth of 

ch~s durtng 1:he ..... otlc tUvi.iOlUJ in the 

8Ubepecle" of Vi .. ,"",INISI was meuured by Sen 

and Dhowal (1960) ana found 'that 1t ral'l9ed from 1.e2 u, 

3.1,.. AcoordJ.ng 1:0 Shub14bal' (1981) the abaolute 

length of pachyt.-.. OhJ:omoeomes 1n the subsr)ecJ.ea waa 

found to be 434.40 ~# the longest chromosome being 

69.69 F' and the shortest. 21.60 ,.. 

i\ detailed study of th. SOIftst.ie chromosomes of the 

two subspecies and the1r 1'1 hybrid has again revealed 

the cp:adual decrease 1n l_9th fJ:crn the longest pair 1:0 

the short.eat. In the {,%'_ent analysis. the chromosomes 

1n general 'Were very small reng1ng from 0.1893 pm tn O·()q 73,1.).;t1I"J 

subap. 'Ugu1pe4al,. probably due to higher degne of 

condensation. 'lbe total length we. more 1n the latter 

When compared wi t.h the fo.rmer. !be "1 hybrid has the 

len9th. rangino &om 0.24 ,. to 0.12 ,. which i. in_r-
1 : 

a.d1at.e to the puent.al auba;;,ec1... The emalleat. 

cIu'omoeome waa Oftly abou1: half of the l&l'gest 8. shown 

by their: pel" cent TeL 88 well a. Ita., .. s8\ll'e'rn8rlU ('rabl. 

7, 8 f!IDd 9). 



A _aaunmentt of t.be I_9th. of 1080 &Ad. ebon 

elllW'l of 1ndividual oba'OIIo ... 8 hi;S shown that wb11e all 

the chJ:omoe .. a 1n nbap. IttgU1R1SMtLIa, belonVtld to the 

lMKUan group (AIm raUG 111.2S), in nbap. U!!QJIisuJ.I\I 

0I'le and in the F 1 h~1. bo c:thI'ono8CllleS ware oom1ng 

under the aubmecU.an p-oup. In the mitotic study alao. 

the shortest. ~ 1n the COft1>lement W08 fOUll6 to 

lack a homoloQCWI OOUftttll'part in the }~ 1 hybrid. 

Presence 'Jf seoondazy consUicUon Was not con81atenUy 

ob.erved probably due _ the more ,oDden.. aute of 

the c:hl'OmOaome. TaJd.nQ d ... from the mitotic meuphaae 

chl'OmOaomesI' the 1d.lograms of both the subspecie. bave 

been prepared ~akJ.ng the abeolute values ea well as the 

pc:.~'r cent TCL lnto consideration. (Hg.6) • 'nle J' % values 

calculated in the two 8Ub8peC1e. and their hybrids were 

found to J:ange from 44.18 to .,.86. 44.64 to SO.OO end 

44.02 to 50.00 1n the ca •• of subap. l1IJAl!Acul,Y. subsp. 

1!f991ptd&1&. and their 1'1 hybrid respectively. The 

TJ''' value. (Table 10) of the two subspecies and the1r 

hybrid were 45.88, 46.93 ~_ 4'.02 respectively. This 

is indicative of the kU'JOt.Jple s1milU'it1e. bettweeft 

;\Ccording to s~ln. (1971), ~8ome peiriDg 
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in 6 hybrid can be cons1deEeC as a mea8\lre of evo.l.uttOftal'y 

relaUon8h.lp. However. tNt queat.1on, 'to whe.t extend doe. 

the cl~"8s ofpa1n.n9 reflect. the deoree of genetic 



nlaUonship beween two pl ants is not very simple. 

In the present anal,..!. of the ;JCnom1c relc:Jt.1otlship 

of the tvc sub8!'8C1.. of VA., \Ilwl1s.nallb namely # 

~sulaSt (2ft • 22) and uagu1R1?alJ.' (2n It: 24) I 

the resuJ. ts of hybr1d.tsat.ion h"':V& revealet! a close 

relationship bet\f8en them. SO are the J:esul ts of 1:he 

chromosomal behaviour 1n the hybr1e. In t.'1e met;:.phase 1 

pr..epar ~t1ons of the hybrid studied# perfect >a1rlng of 

the parentel ch..r.'aw..>somes to 'Jive rise to 11 hi valenta 

'!'he meiotic anaphase I chromosomes did show 

certain abnormal behav.f..ow: in 'the hybrid. However # 

this 1~91ng tendency of some Of the' chrorrlOsOl'rKls does 

not seem to ba u & result of any !ncomr~tibilit.y 

between the parental chromo8OlM8 but due to sor:1e of 

the inherent genic: facrtol"U I'Qts1ding in one of the 

parenu# suber. 111S'IUtd1AU. This is evidenced by 

the lagglnQ tendency of aome of the chromosomes 

exh1b1 ted in the above subspecies. That these l&Wt,rds 

in no wey affect. the 8ucce.8 of the 1'1 hytrids# is 

evidenced by the ot>aervaUon th&t there 1s no ar~rent 

reduction in the pollen fert111 ty of the F 1 hybrid. '!be 

pollen fertility of the Fl hybrid wes comparable to the 

parE:llts. 
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The observation of ft''' YUJ'iftV from 45.89 to 46.9' emono 

the two rarenta .. well u the hl'b.r14. indicaus the 

presence of. a s,...te1oel lc.al'yOtype for these groupe. 

A s1ndlarlty in karyotype is indicative of the similarity 

of the suDllpeei.ea in the evolut1onary pati'l. 'll\a't not 

much of koryotyp1c changes hErft taken place bet.ween 'the 

two subspecies during evoluUon is indicated by their 

syrmetry in their karyotypes. 'l'he DOJ:'IGel eVf.'>n te ot 

kar.."ot.yp1c evolution like deletions or add! tions, centric 

fusions. in~$1ons etc. seem to huve played prcct.tcslly 

no role 1n the evol utlon of these two subspecies. 

That t.he two subSl·ecJ.es eo extd.b1t marx ,holo9ical 

variations can probabl.l' be ascribed mainly to ~'1e fact 

that one of t.}:e sUbspec1.s, namell. gsgy1pedil1. 

contains lc;ore of nu.c:l.~r 'uNA. 'l'he higher amount of l.Ji~i~ 

h.;s.s be~r: E>uy-ges~o to cont.r1buee to t..'1e pref ·.;:'flce of a 

laJ:"ge.r nUU'J:;.·jr ot active genes and greeter diversity of 

gene iunction eventbcu~r. ita p.re~;ence ~~~c a result 0J~ 

hiyh al'ROWlt of nonsense DNA or tendem dupli c· Uon of 

genes cannot lx: ruled out. 

Advanced genera belonging to highly specio11sed 
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f~,rr.J.11es ,:,re known to h2've am311er ehr(JHlQSOJ':1f'·S .;;nd lower 

nuclef',r Dr",~# than ';'1'111'.1 tive v<:>8cular ,.,Lmts (:~tt..~·bLinG, 11)71 L 

Ccn814er1n,.: this it Catl be uaum(:...o t."'lat th"" subsp. 

W,lgu1Sr"V:1s',SJJ with 2n llS 22 1s more ac1voneed in cOl'!i):-'iir1eon to 



the other aubapec:1_. SUbap. sf!S!!1R14lill (2ft • 24) haa 

longe ... chromosc::aea and thereby higher DNA content in 

comparison to subep. WKNI.W!\j. Therefore, 1 t can be 

tent.,tJ.vely suggested ttl; ~ t.he fOJ:mer hed evolved from 

this subsl-'ec1es dw:'lnQ the course of evolution. Si.nce 

both 'the eub8k-">Ctcles poss .. s homog-eneowa kezyotypes wi th­

out My substcotlel v",1r1i;'UoD iD their TF];, it. can be 

aaflUlDed th~t avol uUoae.ry changes wi th respect to the 

morpholoqy h~ve not conUibute4 much te, the l'rocefi8 of 

s ec1.tJ.on. HoWeV8%, Mohan u4 Bhet! a (1983) have 

suggested that. structual chang •• I81ght. have played an 

UtpOrt."..tlt rolt'£- in tbe apec1at.1on in vigu. The present. 

stOO.lI lnulcat.es that. ~e moat prob&ble eVE·nt. "tti8t "J.ght. 

btttve lee. to t.Lt': fo.anetion Of • ee.:tr6te aubS:iAih:::ies namely 

\JE;gu:1£yJ.itli! fl:C(R 1 ta ancesto.c' U'9s,iPEtl.1s SMWS to be 

A cJ~,rrn:csol.,.Jl (i 1.1r.d.n, tion loading to the t:.;\:,;uction in 

eh%ol00a0!1·c nuniber :..rom 2D lSI 24 in the latter to 2ft t:; 22 

in Ul< l:Or •. lc..,r. 'llK wndenc,¥ of some 01: the chrooG-s_·r.:a:?S 

to 1 <19 bcl'"..J.rlc (.;.urin.j ·the anaphase 1 Tc;OVEH.:er. 'i;;. observt:d 

in the :,re::,~mt (;tudy in ~. subs;::;.. 

aupr..tOrt£l t::~~ abov(? .!HiUlTtpt1ons. 

Detailt!u cytolc~,;.ical studies incluuioq pachyt.erie 

enalysis c.? .. n throw aone porE: li~;ht te. thii intollliii1aon 

rt'lbde avaJ.l.sble about the genomic relationsnips 0 ... : t.h.Else 

two sUbat-.er.:;1E-s. 
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Su,nmar'J 



8U1eCA1lY 

InveadgeU0l'l8 on the GeDOIId.c relaUon8h1p in 

vl@& speci_ wen undertaltaa in the DepaJ'tment of 

I\grlcultual Botany. College of Ho~cultur., 

VallanJ.k1ca&'8 duin\f the 1'881'8 1983 .. 1985. Pur:e 

ned. of the t.wo eubspeoie. of Vi •• lMliDJ1CU\tM 

n_ly WlSNicplpa anti .MSi!J&&tj,I" wen IIOWft an.a 

crop raised. They were then c.coeeed 1D direct and 

reciprocal calb1naUona iD Sept..... 19.4 nod the 

hJbrld .eflda ooll8C'tAd. The., 1 hybrids along Wi ~ 

their puent!! were raised 1n Oetober - January, 

1984 - 1985. :1O&'pholoQicel 4e.c.d.pUon of bo'th 

direct and rec1proca1 hJbZ'148 along wi th the two 

puenta baaed em 13 par-uca we" made. CytolOgical 

lnveatlgntlon8 of the p .... ente end direct hybrid were 

al80 conducted. 'lbe da:ta 80 collected were processed. 

'lb. important findings of the above lDv •• t1Qetlons 

are summarised below. 

1) The two aUbapecl .. were ... 11y ~s.able. In 

both ... "'-~L-.e. ...'" ""4...... ....·11 ... • lOIlW ,,_.-_ lOuel"e lid n&v .. prefe4...... &th .... on 

2) The chromosOl!\e nUlf".ber of eub.p. ypguicu.laU was 

2n .. 22. of subap. Htgyiptd.al1a 2ft III 24 and of 

J'1 hybrid 2n .. 23. 
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3) t)&"ttCOClous ..,....,.. of meiotic me'taphase 

CIbI:oIrtollClfMte WU'. DOd-oed 1ft eubel". "!AM.lllt 

and F 1 l'rPdd. 

4) Botil the pUent.8 and h~J.d shoWed 0811a with 

lagguc1a .. 

5) lAftg'th of meiotic met.apbue cbI'omoeome8 wee 

IIOr. 1n subep. I119!J1.RtttMi'. lowe.~ fOJ: subep. 

WlSiUJ.pu1es.t end 1Dt.e.I:'IIed1eu fo~ hybr.t.4. 

6) In Sub8p. ~~ ... 1_9th of somaUc metaphase 

cN:cmo8CIMS J:anged fzam 0.0913 to 0.1a'3 ~. 

1) In subsp. FsnQ9Yim all the c'hzoomo8On\eS exeep~ 

one pur were found to be me41an. the other being 

subnecU. en. 

8) The length of aomaUc ~s ranged £J!'Or.'l 

0.1143 to 0.2686 .. in aubep. glQ!l1Qeda1U .. 
I 

10) The length of someUc chrGmoaomea vaded from 

0.1200 to 0.2400 um in the case of F1 hybrid. 

11) 

and o'thers median. 
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12) 
s4b 

Doth ttle I- 8peo1.. and 'their hybrid. htwa elmo •• 

similar TF '" thenby 1ftd1caUng 81mtlar1t;y of 

their kaJ:yOtJpea. 

14> Reciprocal d1ffareaoe was ... n 1n ~. ca .. of 

morphological Cba.l:'aown llxe height of the 

plMt, duration, n ...... r of pr1maxy branches, 

internodal lenqtb, ..... per pod, seed colour 

and .eed vol,... Howle ...... , ~.8. c11fferencea 

",...e not. "_ Ueoeabl. 1n the cytology of the 
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lnveatigationa OIl 'the 9encn1c relaUonsh1p in 

V1Q98 .pedes were ~ 1n the DepUtment. of 

Agricultural Bo'UDy# College of Horticultun durino 

1983-1985. Pun _e4s of the ~ aubapecies ox y .... 

Egulsg.lll+ via. EQUlwa" and I'!SJI,lpef,lil were 

SOWD and C&'Op raised. Direct and rec1pl'OCal CE'OS." 
were made. Morphological and cytological inveaU-

gaUona Wue doue. 

It was found that. the two auber.c1cs were easily 

cr08aable. In both the aub.pec:i •• then wu hioh 

pref(~r:t111aaUon shed. The oha'arnoaome number of aub8p. 

WlWf.s»l'H Wi.8 2D .. 22# of aubap. .!tQUip!s<3'''' 
2ft • 24 and of F 1 hybrid was 2D • 23. Both the parents 

and hybrid "hoW., cella w11m laggards. Length of 

meiotic end 8aaaUc me'tapha .. OlWemosomes was trOre 1n 

subap. 1M9¥4p!S!tij.', loweet..iIl aubsp. WW..ticul9tM and. 

intel'lRedlate in their "1 bJb.l'14. B('lth t.he sub8!'GC1ea 

aDd th<e1r hybrid had almost. .1m1lt~r W % Which gave _ 

indication of 81m1l2'r1ty 1n their lcUyotJpes. pollen 

£erU11ty 1Irc:tl non J.n aubap. "sMP'Ii&l1,. AE1Ciprocal 

differcmce wes seen in the .... of ftIOr}-,bolog1cal chuec:rt­

ers 11ke he1qht of the plon,,- nWlbu of primary br;,'nche., 

1nternodal lengtil ••• eda per po6, eeec1 colour nnd seed 

volumE'. Howf.'ver# these differences were not seen 

1!eCeable in th' cytology Of t.he hJbr14. 
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