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INTRODUCTION

Pulses which constitute a major group of crops of
the legume family, form the chief eource of protein in
the vegetarian diet, India has the largest ares in the
vorld under grain legumes or pulse crops, It covers an
area of 22.8 million hectares and yields about 13,1
rdllion tonnes ©of grains.

Covpea, the major pulse crop cultivated in Ka;'ala.
belongs to the genus Vignsg of the tribe ihasecleas
under the family Leguminosas. Cultivation is confined
to the uplands during the sSouth test monsoon period
(36 rexr cent) and to the fallow lands during the
second (24 per cent) and during the third crop season,

Opinione seem to vary in respect of the taxonowmy
and nomenclature of the cormon cultivated covpea,
Piper (1912 and 1914) described cowpea as Vigns ginspsis
with three distinct subdivisions to the genus Vigna,
namely, Vigna ginensis (coupea), Vigng sesguipedalis
(yardlong or asparagus bean) and Vigns gylindrics
(catjang bean) and recognised these subdivisions as
distinct species, However, Pavlov (1962) considered
these sunhdivisions as subspecies of Vigna ginensis
while Morse (1964) regarded them &s only botanical
varieties, Subsequently, based on the studies in the



Leguninosase~rapilicnacese fcr the 'Flora of Tropical
East Africa' conducted by Verdecourt (1970), it has now
been agreed upon that the common cultivated cowpea is

Vigna unguiculata (L.) Walp, with five subspecies, of
which Vigns unguiculats subsp unguiculets, Vigna
bpguiculata subsp. sesquipedalip and Vigns unguiculata
subsp. gylindrics alone are cultivated, Their easily
crossable neture, complete fertility Qf the P1 hybrid,
normal chromosom: pairing in the ¥y hybrid etc. might

have suggested the author to consider them as subspeciles,

Pulse crops, in g neral have not been subjected
for sny extensive cytogenetic studies 80 {ar. Cowpsa
is no exception to this. Extensive diversity in
morrhology and maturity of pods are ncticed in this
crop. Flant ty-es with both grain and vegetsble
characters having synchronigation in pod m=turity
will be of immcense help to Kerala farmers., Cytologicsl
stucles of different subspecies will give valuable
information regarding the score of genetic improv .ment

of the crop.

The technique oi genome analysis conasists largely
in the ev:oluation of species affinities by the degree
of chromoscine: nairing =t the F1 meioslie oi inter-
speciiic crocses., The occasional pairing of non-

homologous chromosomes is & disturbing feature in the



technique, Moreover, genomes may loose their individu-
ality ae a result of translocsticns between chromosomes
of diverse genomes, Nevertheless, gencne identifi-
cations provide a useful, albeit oversim:lified picture
of species relationships.

Studies on the morphology of chromosornes yield
useful informaticn on species differentiation and
affinities, Chromosomal variability in relation to
the diverzity of life has been the ocutcore of evoliution.
Cytologists vho compare the chromosomes of related
species recognise five different kinds of variation
such ag vsriations in sbsclute chromoscine size in
staining properties, in chromosome morphology, in
relative chromosone size and in chromosoise nuwriers.
vhen difierent groups of vasculsr plants are conpared,
the zdvanced genera belonging €0 highly specialised
fardlies heve smaller chromosomes and lowex nucleasr
e contents than primitive vescular plants. Chromosoral
differences reflect more or less directly the genice

content of the individual,

Xaryotype is ihe morphological aspect of the
chromosome camplerent a8 seen at mitotic metaphase,
Biiferences in karyotype morphology reflect dliferences
in gene arreng:nent, which can affect drastically the

vay in which genes can become segregated and recombined



in Mendelian heredity, Differences in chromosome number
may reflect either differences in gene arrangerent or
gene duplication or both, In short, chromosomal
differences reflect differences in the source of genetic
varistions, while morprholocicel physioclogical and
biochemical differences reflect differences in the
products of gene action, modified by environmental

differences,

The present investigations will provice valuable
basic information regarding the cytologicel properties
of the subspecies under study. The cytological studies
will ghve an insight to the genomic relationships of
these subspecies vhich will have far reaching inpli-
cations in the plamning of successful breeding
progranmes, rHence, the present study was conducted

with the following objectives.

l. To study the meiotic and mitotic behaviour of
chromosomes of two subspecies of cowpea and thelrx
Fq hybrid

Ze To identify the crossabllity of the subspecies by
conducting meiotic studies in the hybrid

3. To study the sterility in the hybrid of the

subspecies of cowpea by studying the anature of
pollen grains.
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REVIEW OF LITERATURE

The genus Vigng belongs to the tribe Phesecleass
of the family Lequmuinosee. It is vnky closely relsted
to two other genera of the trxibe namely Fhgseoluys and
Delichos. About 186 species of Vigng heve been
identified, out of which only ten are commonly found
in India. Information regerding the genomic relation-
shiips of the different taxomonic units can be achieved
by detailed cytologicel investigations of the different
species es well us thelr hybrids., However, not much
cytological work seems to have been done in Vigne
species, »ns such: simdlasyr work done in other genera of
the family Leguninosee is alse included in thils review

in crder to project the overall magnitude cf the subject.
Origin

Vigna wnguigculata (L.) Walp.commonly called Cowpes,
black eye or southern pea is an important tropical and
subtropiczl legume crop grown for both green and dry
seed and slso foxr forage. This is 2lsc referred to as
¥. gimenpls Ly certain earlier authors, There is dispute
in literzture regarding the cantre of origin of this
crop., The tropical and subtropicsl genus of Vigna Savi

is very diverse in form.

The vest or Cantral African centre of origin for



Vignz sipenels was first proposed by Kormicke in 1885
{(cited by iper, 1913) asfter he hed studied specimen
collected in that area, Fiper (1913, 1924, reversed
his esrlier support of tnhe Indien Centre of Urigin
{:iper, 1912) after studying what he considered to be
the wild form of V. gipnengls which came from Afrieca.
Two centres of origin, namely, Indis and sbyssinia
vwere proroged by Vavilov (1981). sSsunders (1959) is
of the opinion that tropileal Africs is the centre of
origin because of the grest diversity found in that
area, According to Dana (1976) alli the three cultivated
forms have primary centre of origin in Indis and
secondary centre in Africa and China, Cut of about 186
species of Vigng only tem are encendic to Indla and 136
o afriea and together with sore linguistic and histo-
riczl evidence it has been suggested that cowpea
originated in Central or West Africa rather than in
India. he suggested chromcgomel differentistion to
have heen contributed 0 evolution of cowpea, slthcugh
the ;recicze nature of chromosomal alterations is not
known, All wild forins are climbers, the bushy growts
habit heing & cultivated trédidt. The wild types also
have tuberous root and swollen stex with & tendency to

~erennation,

V. sinengis, Y. gatisng and V. gepquipedalis were
considered as one species by riper (1912). He concluded



that the wild African plant, V. ginensis with blakish
scabrous pods and scabrous leaflets was the original
wild form of our cultivated cowrea.

Taxononry

Yo upguiculata (L.) Walp.is & member of the family
» apilionaceae, the largest of the three divisions of the
Leguminosae. The 'geaoral classific:tion and nomen-
clature of the plant is however confused,

Baged on the key of charagterxristics given by
Linnaeus, Sentham and Hooker (1865) have listed 47 genera
under Fopilionesceae. rhageolys i.. and Vigna Savi were
grouped under rapilionaceae by them,

Hooker (1879) stated that Yigna hes twisting
hexrbs or shrubs with exactly the same habit of :hageolug
from which 4t Giffers by the style and keel being much

less curved and lengthened cut,.

ilper (1914) described the piant cowpez as V.
Sinensis and discerded V. Wpguiculata. ile distinguished
three varieties:s 1) Y. ginensls cowpea 2) V. gipensis

var. cylindglea catjang end 3) V. gesquipedalis,
asparagus bean,

The three cultivated types V. ginensis, V. getisng
iglis were not conesidered as distinct

species by sSen and Phowal (19603, but were regarded as



members of a polymorphic syecies; (subspecies V.
sipensgis, V. gakiang erd Y. gegquipedalls).

Farie (1965) made studies on origin and evolution
of the cultivated forms of Vigna sinensis and reported
four groups of Vigna species with worldwide distribution,
Bach group contained a number of closely related forms
conpidered to be srecies by some taxonomists but
subspecies by others., These groups are 1) V. ginensis
(ue) savi, 2) ¥. juteola (Jeeq) Benth, 3) V.
vexillate (i.) Benth and 4) V. latea (Aa Sragy.

There are three divisions of ¥, ginensic. These
are designated as species by Fiper (1912), sube ecies
by Favliov, 1962 (cited by Sellschop, 1962) and as
hotanical varieties by HMorse (i964) chiefly on the
vaslis of seed and - of characteristics. The three
divisions are var. ginensis, the commen cultivated
cowp-eay var. gescuipedalig the yardlong or aspersgus
bean and var. gylindrica the eatjang bean.

verdcecourt (1970) remamed cowpea &s iigna
mﬂculata, recogrisec five pubspecies to it az
ghowr below:

¥. unguiculsts subs;.
wild




Y. wguiculats subsp. unguiculata
eylindrics cultivated

Chromosome nurber

The chromosome number of different species reported

from time to time as given by Darlington asnd vylie (1945)
(eited by Len Ind Bhewd| 19.0¢ )

are V. ypgupculaste 2n = 33, V. gipensis 2n = 2¢ and
233824-

The cytogenetical study of Y. ginensis , V.
gepquivedalip and their hybrid by Floresca (1260)
shoveti, & basic chromosome number of 12 giving 2n = 24,
The somstic and meiotic studies revezsled the sane
regults. o~ormal behaviour of the chromosomes in the
reduction division was observed in the hybrid, indicating

a close afiinity and homology of the parentel genome:,

Faris (1964) studied the chrouoscme number of 192
cultivars of Yigna sinensis (L.) savi including the
cultivated forms ver. gyiinarics and ver. gepgulpeds

from 42 countries :nd greported 2n = 22, EBarlier counts
by other workers of dn = 24 and n = 12 were not

supstantiated,

Kawakamd (1930) stated n = 12 for all the three
cultivated subspecies of Vigna namely V. gylindrics,
Y. gipensic end V. unguiculagy and reported 2 n = 24
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for V. cylindrice end V. ginensis. However, 2n was 22
for V. gylindrica and V. ungulculsts and 24 for V.
Sinensig sccording to Karpemchenko (1925), Sen and
Bhowal (1%6Cc¢) reported 2n » 32 for all the three
cultivated subspecies namely V. ginensis, V. catjang
Y. gsequipedalig wnc tor 11 wild species. NMelotic
studies indiceted the possibility of 11 as basic
chrxomosone nurber for Vigna. A diploid number of 24

was listed for V. ginensis, Y. pesguipedslis and their
F, hybrid by Floresca gt al. (1965).

Cytomorphological studies in five species of genus
Vigns was conducted by Shashidhar (1981) and reported
the somatic chromosore nurber as 2n = 22 and the meiotic

nuwber as n = 11,

Sen ané howal (1960b reported that the chromosones
of all the subspecies were small ranging from 1,6 to
3.7 pm 4n length, GHeiotic studies showed reqular
rairing of homologous chromoscmes forming bivalents in
diekinensia and metaphsse and normal subseqguent stages.
teiotic irregqularities were noticed in the cultivated
varlety i-oone of the gsubspecles V. gotjang. ome cells
showed more thaen twe gpindles in anarhese I and
conseqguent sepasration of chromoscomes in more than four

poles.

i number of meiotic irregularities such as



11

noenpeiring oi chromosomes, aariy disjunction, and the
presence of bridges and laggards with unequal distri-
bution of chromosomes at anashase =nd polyspory in the
¥, species of _hageolus lunstus X ¥. polystachyus
were reported by Chaliwsl and rollard (1962), The
welotic behaviocur of chromoscmes wag found to be normail
in the materiel fixed from carent piconts. 2 number cof
mejotic zbnormalitics were, however, recorded in the
material fixed from the hybrid plants, under the same
environnentsl conddtiong and method of prearation of
slides, The irregularities were assumec to be due to
other factoZs than the cytoloyle or genic causes. They
attributed the csuze to dirference in the gwznetice
corpoeition or size of the chromosones of the two

genomes .

studiec on a diploid intersyecifiic hybrid in
Araghisg by Raman and <esavan (1962) showed congregution
of the bivilents in twe to three groups. velayed
diejunction of cn¢ tc two bivalents ciusned bridges at

anaphese . Two nuclear bivelaente were rresent.

zrishnan ané veepesh (1968 reported that the
pachytene chromcsome of _haseolus aureus resembled the
dlfierentiated¢ chromoscomes of tomato, At pachytens,
the chrorosomes were charatteriseds by heteropycnotic
region exhibviting chromomere pettern ne:r the

centromere and light sgtelning regions with no detectable



chromomere distal to them, The individual chromosomes
could e identified on the basis of chromomere pattern,
orm ratio :ng relative length, The somatic chromosomes
could be grouped into six types based on their relative
length, position cf centromere and the presence or
abgence of secondary constriction. The relzative length
znd pogition oi secondrry constriction oi the two
nucleclar chromosones were not in sgreement at pachytene
snG somitic metasphese steges, The diplotene separation
is initisted both &t the chremesone ends and neir the

centronere,

Studdes on intranuclesy distribution of chiasmata
in Pisyr sativup vere carried out by Joshi and Chauhan
(1973) and found that the chiasmata were found to be

distrivuted {n an uncorrelated manner among the different

bivalents of a cell, This was attributed to the highly
symmetrical karyotype rossessed by :({isum gotivum.

Coswami (1979) zfter detailed karyologicesl studies
in blackgram has reported the diploié chromosome number
to be 22, Cut of the total 11 pairs of chromosomes two
were invarisbly with secondary constrictions. An
average karyotype was drawn by utilising srithmetic
mean of the incividual chromosome cf the whole somatic
complement for ail the varieties, The cbservation of
TF per cent varying irom 24,31 to 27.82 revesled a

gymmetrical karyotype for 19 varieties, The rest vwere

12
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observed to be asymmetrical with TF per cent renging from
28 to 38,23,

Raina and Verme (1979) studied a minimum i three
cells in Crotalerig for arm ratio and other moxphological
detalles and preparcd hotoidiograms from photosicrographs
by cutting out individuzl chromosomes andé arranging them
in descending order of theirx length and matching on the

basis of morphology.

Results of melotic studdes of 1€ s:;a2cies of yheseolus
geported by sinha and Roy (1979) showed that the number of
bivalents attzched to the nucleclus at diskinensis was
only cne in mogt of the species. There was variation in
the number oi ring and rod bivalents among cifferent
species and their veristisn was attributed to structural
difference in thelir karyotype or due to change in the
nature cf genes or set of genes controlling chissmata
frequenc;., The precence of univalents might be due to
early disjunctien in some of the partially homclogous
chromosomes as & congequence of vhich they were unsahble
to form normal bivealents. Detalled mitotic tnalysis of
14 species of fhageoclus by them revezled the somatic
chromocome nurnber <8 2n = 22, However, these species
differed in the totsl chxonetin length, relative length,
¥ pexr cent and 1¥F value of their chromoscomes. In most

of the specles, the chrormcscmes were with medien and

submedian centromeres, In . pgureug, i. gublobatus and



14

k. zogigtug, one pelr of chromosomes each with secondary

constrictione were recorded,

Ahmed and Godward (1980) reported 2n = 16 for Cicex
arietinum with z single palr of satellited chromosomes,
The knob like satellites have the tendency to stick
together at mitotic anaphase formding bridges. However,
those bridges were not permenent and vere retracted
ints two daughter groups at late anaphase leaving no
fragment behind. In melosis all varieties showed very
dicferent diplotsne and diszkinetic stages vwhich have

proved impossibie to £4ix stain or interyret,

Irreqularities in the meiosis of the F, interspecific
hybrld of vhagseclus vulge¥is X ¥. goecineus, were reported
by Hag et &£l.(1980). However, spproximetcly 60 per cent
of the plates showed 11 bivaslents with no spperent
irregularities, 2bneormelities observed included multiple
figures and univalents in metaphase I, In anaphase I
irregular separsticn was quite Irequent; Lagying chromo-
somes and dicentric bridges with acentric fragrent were
also seen. Both parental species proouced polien oI high
stainability, this wees greatly depresescd in the Fz hybrid

but increased in the §2.

Cheag and Bassett (1980) studied the melotic chromo-
somes of Zhageolus vwlgarig and found that the bending

pattern of each chromceomes wes unigue and could be used



19

to separate ths chromosomes intc long and short classes
beczuse of the differentisl condensation rates of

chromatic ané achromatic chromosoime secrents.

Cytomorrhelogiecal studies conducted by Shashidhear
{1981} in some specles of genus Vigna Savi has revealed
propey palring of chromosomes szt pachytene end normal
hehavicur of hivalents at different stages of melosis
regulting in high nollen fertility. However, at pachytene
the nucleolus was found to be asgociated with two
bivelents in Y. wnguiculats, V. mungo, V. cylind and
Yo mppinze vhere zs one bivalent was associated with the
nucleolus in V. xadists. The abgclute length oif all the
chromosomes measurced was found to be 434,40 pm; the
longest 65,69 um while the amallest being 21.69 pm. Two
pairs of chromosomes asscclated with the nucleclus were
53.6 um and 45,60 hara in length. Baged on the nuwber of
asymmetricsl chromosomes as well ws the difference
between the longest and shortest chromogome in the
complement, the karyotype of the five species ifslil under
2B type. This indicated that these aspecles hsd reached
their end point in ewvolution and further evolution was

possible only through gene manipulation,

Sharma and Gupt: (1982) studied karyotypes in some
pulse crops and founc that in most of the cuses the

longest chromosome was less than twice the length of the
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smallest. In no species studied the arm ratio ever exceseded
tvwo., Precocious separation of one or two bivalents at
metaphase I was ocassionally observed by Mechado gt al.
(1982) in the interspecific hybrid of V.radjsta x V.
unrbellata.

In & study to asseas the conmpatibility between YV,
Esdiats and V. ynmbellata Chowdhary and Chowdhary (1983)
found thet the pollen fertility was 2.6 per cent in the
hybrids. No pod setting was observed, Meiosis in all the
interspecific hybrids vwas irregular with gquadrivalents,
trivalents, bivalents and univelents being observed at
metaphase I, bridges, laggerds and fragments at anaphase 1.

Prasad and Halde (1983) reported the regular persist-
ence of nucleolus throughout mitosis in fhageolus yvulgaris.

Giemsa C handing analysis in Vigna was done by
Chauhar and Bhadoria (1983) and found reduction in asize
and amount of heterochromatin meterial during evolution.
The minor difference between karyotyre and absence of
yolyplioidy in different species indicated that structural
changes had played an important role in speclation,

Cytological technicques

Thomas (1940) reported that it was difficult to
make good acetocarmine preparations of plants with

small chromosomes at meiosis, begause the cytorlasm
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reacily took up the statin and this prevente/ the sharp
differentiation between cytoplasm and chromosomes. The
staining reasction was found to depend on four factors
namely, constitution of the prefixative, duration of
fixation and storage, strength of the stain and emount
of iron introduced,

A simple propionocarmine FMC smear method for
plants with small chromoscimes was reported by
SWQminathan%f;9$4}. The procedure vwas to fix the
anthers in a mixture of three parts of absolute alcohol
and one part 6f propionic acid seturated with ferric
acetate. Fixation at low temperstures for 24 hours
gave good regsults., The ferric acetate propionic acid
conmponent of the fixative was ﬁeat prepered once in a

vweek, Iroplonocarmine was used as the stain.

vimara (1948) showed that the karyotypic analysis

was alded by pretreeting_the materials with cextain
cherde:ls prior to fixation, FPre-tregtuent before
fixaticn had become & routine practice to rrevent the
clumring together of chromosomes. The use of chemicels
like colchicine, B8 hydroxy guinoline, paradichlorobenzene,

A bromonaphthalene or cold treatrent were rocormended,
Success had been often shown to be due lecs to the
particuler €ixative or stain used than tc the choesing
of good vigorous material at correct stage, with strongly



18

dividing root tips., Such pre-treatment helped to clarify
the chromosome morphology by accentusting both primary
and secondary constrictions, ané by bringing sbout

spreading of the chromosomes.

Root tips of Vigna sp. were treated in a paturasted
solution of paradichlorobenszfne or 8 hydroy guinoline
for about one to one and half hours at 12 to 1406, washed
in vater and stained with ¢two per cent acetooreein, in

the study conducted by Sen and Bhowal (1960),

Fretreatment of root tips with paradichlorobenzene
for two to four hours at 10 to 14 C followed by fixetion
in acetic alcohol for two to six hours cnd stained with
one ;er ccnt acetoorcein was the method used by

Sarbhoy (1978).

Since in genus Vigna and iheseclus, chromoscmes

were gomewhat similar to tomato and scrghum, nropiono-
carmine method developed by Sweminathan gt al. (1954)

and successfully used in the study of chrowcsons analysis
in sorghum by Shambulingappa (1562) seemed to he a

better method,
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MATERIALS ANL: METHODS

The investigations reported herein were undertaken
in the Department of Agricultural Botany, College of
Horticulture, Vellanikkara during the years1983 - 1988,

De Materials

vure seeds of Vigna upguiculats subsp. upguiculata
received from the Frofessor (Fulses), Tamil Nadu Agri-
cultural University, Coimbatore and that of Vigns

upguiculags subsp. SeeYUIDEC
cultural Research Station, Kumarakom were made use of

from Regional Agri-

for the study.
B, Fethods

Ten uniform seeds of the above subspecies were grown
in pots during June - Septenber 1984 adopting all the
recommendations for cowpea contained in the Fackage of
Practices Recommendations of Kerals Agricuitural

University, 1983,

i) Hybridisation and production of F; hybrids:

At the time of flovering, i.e. between 40 - 50 days
after sowing, hybridis:ztion of the two subsrecies wag
effected sdopting the following procedure.

Emasculation of the mature buds was carried out in



the previous evening, adopting the method described by
Gliver (1910) and Hays and Gurber (1927) for cowpea.
Selected flower bud was held in between the thumb and
forefinger hclding the keels upwsrds, A needle tip vas
run zlong the ridges, where the two edges of the
standard united and thus the standard was forced to
open, Standard halves on each side was held down using
thurb and forefinger and the exposed keel wag split
oper on one side, VUeming needle, tip of the keel was
rushed underneath the thumd, Using a pair of fine
peinted forceps, immature stamens were removed one by
one to ensure that none was left behind. < ther mature
andéd unemasculated flowers and buds were removed from
the inflorescence to avoid contamination, Imasculated
flowers vere protected using pollen proof butter paper
bags. Iollinetion was done in the next morning between

6 and 7.30 a.m.

The nurber cf crosses made and percentage of

success ware recorded.
11) Raising of parents and F,3

Ter uniform seeds of the two subspecies and their
Fl hybrid ware grown in pots during Gctober - January
of 1984 . 1985 adopting 2ll the recommendations for
cowpea contained in the Patkege of Practices Recommen-
dations of Kerala Agricultural University 1983,

20
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iii) HMorphological description of parents and Fia:

aring the vegetative and rr: .ductive phases of
the crop, observations on habit, height of the plant,
duration in dayvs (seed to seed), flower colour, days
requirec for flowering commencement, nwrber of primsry
branches, internodal length, pod length, nurber of
seeds/ 06, colour of the rod, colour of the seed,
volume of seed, and rhattering of the pod were recorded
frorm both the pareante and Fl‘ Baged on the data so

collected, the parents and their Fl were described,

Utilising the szbove data eritical morphological
veriations have been deplcted in the form of a
polygraph as suggested by Andersor, 1957 and Yehras, 1961.
For :iotting the polygraph all the 13 charcscteristies
with 2 « 3 index vuiues for each were utiiised, The
charascters chozen and the corresponding ranne of

vexiation and respective index values are given belovis

Sie Index value
No. Characters Variation for polygraph
1. Habit irect b {
Intermediate 2
Iindetersdnste 3
2 Flant height 85 « 95 om i
178 « 185 om 2
3. TMaration 80 - 90 days 1

91 - 110 days 2




51. : Index velue
No. Characters Variastion for polygraph
4. Flower colour Furple i
White 2
Se Flowering 40 « 45 days 1
commencement 46 - 50 days 2
51 - S5$ days 3
6. Number of 3 1
primary branches 2
5 - 6 3
Te Internodal length 14 « 15 om 1
16 « 17 em 2
18 -« 19 om 3
Be rod length 10 « 20 o 1
25 -~ 35 cm 2
40 - 60 om
Ge Seeds/pod 12 - 13 1
ig Z
22 2
10, | Colour of the pod Dark green 1
iight green 2
11, Seed coliour iight brown 1
Dark brown 2
12. Seed volume 09 ml i
(1C sesds) 1.4 ml 2
1.8 md 3
13, Shattering of the IPrezent 1
pod ibhpent 2




The polygraph was constructed in the shape of a
vheel with radiating spokes, the centre of the wheel
being represented by a8 small circle, Each radiating
spoke represented one charagter and the distance along
the spcke from the centre representing the variation
for that charectex., The tips of the radiating spokes
were then joined to form a polygyonsl {iguxe, such
polygrarhs were drawn separately for the poarents and

their F1 hybrids.
iv) Cytoloyical stucaies:

This was confined to the two parents and their

direct F1 hybrid only.
sejosis

The time of division varied greatly with seagon.
30 1t was difficult to get the Ailviding cells in most
oi the buds fixed, The tine of divisicn r:nged¢ from
6 am tw & 2 me Two to four mm long bhuds vere found
to b&fgeat. Those buds vwere fixed in 3tl eticiol-

pkoplonic 2cic for 24 hours., ~SGlddon i e few drops

of propionic aecld seturastec with ferric acetate to the

above fixaetive gave petier results. The bude were then

tronsferrec to 70 per cent ethanol and stored in

refrigerctor ioxr further use. The anthers were

23

dissected out using a dissectlon wicroscope, transferred

to a sllide and squashed in a dxop of two per cent
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propionocarmdne, Judicious warrming of the slide before
and after scquashing helped in better spreading of the

chromosonas,

The meiotic chromosomes were measured using en
ocular micrometer in Vlympus reseaxch microgscope in cil
iirmersion using an eye-piece of 15+, 7The length of each
chromosome corresponding to the ocular micrometex
division was noted, ihe length ci the chromosomes in
micrometer wag caleulasted by multiplyin.. the ccular
division with the stondard value,

The nwrber of univalents, bivalonts and wultl-
vrlonte at mataphase I were noted for the two subspecies
and Fl hybrid, The pattern of chromosorme segregation

#t anaphcse wes 2lso notsd for hybrids,

Fhiow dcrographs vz the neiotic wetapnase i
CUECIROEANGS WelI'® Ta.eh. wamera lueida drawionges of the
melotic chroncesaes i both tne rarant and the hybrid

were alsc made,
Mitosis

for mitotic studies, actively dividing ruct tips
were used, Ceeds vere kept in petridish efter scaking
for four tc five hours, It was found to germinate the
next day itself in the cuse of Y. ubguiculets subsp,
wguiculots «nd the hybrid vhereas it touk twe days in



Y. unguiculata subsp. gepquivedalis. Healthy roots of
shbout one om were cut between 9,30 and 10 & m, and
pretrezted in paredichlorobenzene for four to five
hours at 15°C in B.C.D. incubstor, After pretreatment,
the reots were washed and fixed in 311 ethanolacetic
acid mixture for 24 hours, It was transferred to 70
per cent ethanol and stored in refrigerstor for further

use,

Fixed roots were hydrolysed in one reorrmel hydrow
chloric ceid for 12 minutes and then washed in water,
The roots were kept in Feulgen stain for 45 to 60
rdnutes in darkness for developing colcur, The extreme
tipe o; the roots which developed the charascteristic
ragents colour were cut and squashed in 0.5 per cent

acetocarmine.,

The gomatic chromosomes were measured using an
ocular rnicrometer in Leitz Orthoplan microscope in oil
imcersion using an eye-piece of 10X, The total length
of the chromosomes &8 well ag length of the long err
end short arm were measurcd separately. (sing these,
the follovin: were calculated,

Length of the chromosonre

1) RCL = x 100
Lingth oi lergest chromoscome

29
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Length of the chromosome
2) TCL o v X 100
Total sum of the chromoscme length
Short arm length
3}  ¥% - X 100
Length of chromosone
long arm
4) Arm ratio =
short arm

Total sum of short arm length
8) TP = % 100
Total sum of chromosome length

Fhotomicrograph and camera lucida drawinge of the
somatic metaphse I chromosomes were made, The slides
vere nade «Irmahent by .assing thei through acetic acid-

butannl series,
v rollen studies:

Follen grains of the two subspecies and their Fy
hybrid were stained with 111 acetocarmine glycerol.
Completely stained pollen grains were considered as
fertile and unstained as sterile, A minimum of 400
pollen gralng were counted in each case, Fertility and
sterility exrcentages were worked ocut following
ptandard procedure. Follen size was messured using an
ocular micrometer in the lowpower (10X) of OQlympus

Reaearch microscope.



Kesult
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RESULTS

Observations on the behaviour of F, hybrid between
Y. upguiculgts subsp. upguiculate and V. unquiculagp scbsp
gesguipedalis along with their parcnts with reference
to the crossability of the two subspecies, chromosome
number snd pairing behaviocur, asbnormalities in
chromosome seperation, measurement of chromoaomes in
both meiosis and rdtosis, pollen fertility and rmorpho-
logicel descriptions beased on thirteen parareters are

presentec in Tebles 1 to 11,

Repults of cbservations on the crossebility of the

two subspecies are presented in Table 1,

Cut of 100 flower buds emasculated, 20 shed before
pollination in the case of subsp. ynguiculata and 30 in
subsp. gesquipedalig. In the cross, when subsp.
pnguiculaty was used as female parent, only 15 pods
vere set out of 80 flower buds pollineted. In the
reciprecsl cross, 10 pods were set out cf 70 buds
pollinated, All the pods set, remained intact till
harvest. The percentage of success was tincfeen in
direct croes =nd fourieen in reciprocal cross. When subsp.
pguiculats was used ag the female parent, the average
number of seeds per pod was 13, whereas in the reciprocal

crogs, the average number was 18 because of the increaged



Table 1.

vetalls of crosses effected in two subsp. of Vign:. unguiculats

Jo. of flower .__.___9.,.,_9.,,,‘ odg ioe Of 5 of
Female parent r.ale parent Em&ascu~ Fo Harve-  geeds ;{wm,.
lated rxat.eﬁ sted obtained
subsy. Subsy:. 100 80 18 15 198 18.75
wnguiculata sesquipedsliy
Subsp. Subsp. 150 70 10 io 186 28
gesquipedalls upnguiculeta

8¢
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pod length of the latter {(i'lates laandlb)., So the total
nunber of secds obtained were 1985 and 180 frem the

Girect onc¢ the reciprocal crosses resvectively.

The morphologicsal characteristice observed in
the Pl hybrids of both direct and reciprocsl crosses
hetween the two suberecies of Vigna unguiculata
exhibited maternal influence with regerd to most of the

charactere (Table 2: Flates 2 to 3),

The characters which showed materrnsl infliucnce vere
height of the plant, duretion, deys required Zor
flovering commencerent, internodal length, pod length,
nurber of seeds peXx pod, colour of the yod, seed colour
and seed volume., However, wvith resr2ct to habit £ the
plant and nunber o: primagry branches, they shoved
intermeddste characters, In both the hybrids shattering

of the pod uns present which was the charscter osgsessed

by subsp. ypgquiculata.

A polygrerh was drawn based on the 13 morphological
srameters (Fig. 1). In majority of the traits, the

hybrids resefled their raternal parents,

Data on the pairing behavicur of chromogomes in
the two subsypecies nd cheix ¥y hybrid showsd that the
chromosome nurber of subsp. unguiculats was 2n = 22, of
subsp. gescuipedalis, 2n = 24 and that of the hybrid



Plate 1{a) Comparative pod length of the parents and
their direct F1 hybrid

1. &Subsp. unguiculpts
2. F1 hybrid

3. Subsp. gsesquipedslls

Flate 1ib) Comparative pod length of the parents and
their reciprocal F, hybrid

1. subsp. gesquipedalis
2. rl hybrid

3. subsp. yoguiculata






Table 2,

Morphological characteristice of Vigna
unguiculats subsp. gesquipedalis

thelr direct

smououlase mhy tnasiculsss, tigne

1. Habit erect indeterminate intermediate intermediate
2. Hejght of the plant 56 cm 182 om 92 om 177 em

3. Dmration 80 - 90 doys %0 - 110 days 90 - 100 days 110 éafa

4. Flower colour purple purrle purple purple

S. Flowering cormencecent 40 -~ 45 days 50 - 55 days 4f - 5C days %0 - 58 days
6. Ho. of primary branches & 3 4 4

7. 1Internodal length 16 cm 19 cm 1€ cm 18 om

8., Pod length 10 = 15 om 4C - 80 om 15 -« 20 om 25 -« 35 om
Ye¢ Seeds per pod i2 22 13 18
10, Colour c¢f the pod dark green l1iiht green darl green 1ight green
11, JSeed colour iizht broun deric bLown 110t oyeen dark brown
12, Seed volume(l0 seeds) 0.9 ml 1.8 m1 Je9 ml 1.4 1

13, Shattering of the pod rres="nt absent nresent presgent

0€



Plate 2

Morphological differences in the two
subspecies and their Airect and
reciprocal ¥, hybrids

1. Subsp. ygyjiculats
2. Jubsp. gesquipedalis
3.

4, ¥, of sesquipedalis x unguicylats







Plate 3(a) Variation in secd sisze of the two subspecies
end their direct ¥, hybrid

1. Subsp. unguiculats
2. ¥, of yncuiculats * sescuipedalis
3. Gubsp. gesguipedalis

Plate 3(b) Variation in seed size of the two
Muum.mr,wa

1. &Subsp. gesquipedalis
2. Fy of gesquipedalis x uncuiculata
3. GSubsp. unguiculats
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2n = 23 (Teble 3). Cameras iucida drawings cof the
metaphase I stage of the two subspecieg and their
hybrid are presented in Figures 2 to 4.

There were no univalents in the case of parents

but were present in their Fy hybrid.

ronormalities observed in the movement of chromde

somes in metaphase sre expressed in Tobhle 4,

In the case cf subsp. ynguiculata, out of 20 pollen
mother cells studied, two cells showed precocious
moverent «né in the 33‘1 hybrid, out of 15 pollen mother
cells studled, only one cell showed rrecocious movement
vheress in subs; . gesqiipedalis no precocicus movenent
wag noticed, In both subsp. unguiculote and F, hybrid,

only onc chromogome had undergone recocious moverent,

Abnormalities were observed in the separstion of

chromogomes in znachase 21so (Table 5).

In anephase I, both the parents and hybrid showed
cells with laggexrds. In the cese of subsp. unguiculata
only one cell gave laggards wherexzs in subsp.
gescuipedalis and hybrid, more then 10 cells showed
leggerds, In subspy. unguiculags, meximum nurber of
lagged clironogomes wos three, whereas in subsp.

gsescuipedalis and hybrid 4t was more then six. Fregquency

of cellz showing laggards was more in the case of subsp.
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Table 3. Pairing kehaviour in the two subsp. of Vigns
kogulculets and their F, hybrid
Wo, of
pollen Ho.per cell of
Subsp ./l*“1 hybrid mothex
cells univile bivale wultivel-
studied ants ents ents
unguiculata 20 o 11 0
pesgulpedodip 15 0 12 Y

3.1 1 11 0




Fiﬁ. 2 Meictic metaphase I chromosomes of Vigna LB’L@_&AC&—I‘@
subsp. u,n\chui,cui,ata
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Table 4. Meiotic abnormalities during netaphese I in the two subsu. of Vigna

wguiculata and their ¥, hybrid

Mo, of pollen Ho. of cells with precccious movenent
Subsp./ﬁ‘l hybrid mother cells of chromosomes in bivalent nurber
gtudied o 1 " 3 p
20 0 2 0 ) o
15 o 0 0 0 0

£



Table 5. Yelotic abnormalities during angphase I in the two subsp.of Vigna
unguiculata and their F, hybrid

No.of pollen No. of cells showing laggards varying from
Smmp./l-’l hybrid mother cells
studied 0 1 2 3 4 5 6 >6
unguiculata 20 19 0 0 1 0 0 0 o
e edali 21 7 0 1 3 3 2 0 5
unguiculata x 21 5 1 3 4 2 2 0 4
2esquipedalis

2



seo wdpedalles and hybrid. In subsp. yngu

of 20 pollen mother cells studied, 19 showed regular
telophase iformation and only cne cell was irregular orx
eberrant in telophase formation., In subs;.sesguipedallisg,
only 7 cells showed regular telophase formation,

Abnormalities in cell dividion were more in subsp.
gesquipedelis and in the hybrid.

Data on the length of bivalents i the two

subspeclios s thelr F1 hybxdd are precented in Table 6,

From the table it i3 seen thot the longth of the

meiotic metaphuse chroposomes was more in subsp.

escuicedeldis. In subsp. unguiculsta, the chromosome
lencth vari:d from 2.08 to 4427 o, in subsp.
sesquipedolin, from 2,26 to 4,96 um and in the hybrid
from 2,16 to 4,47 um, 7The total of the chromosome
lengths wes 32,24 pm in subsp. unguiculeota, 40.98 um in
and 36,71 in hybrid., Thus the

hybrid had total chromosome length interrediate between

the twer narents.

Ohgorvations on the megsuresents of chromosomes
at somatic metaphase 4 or suusp. upguiculata are shown

in Tahle 7.

in subsp. unguicuista, the somatic chromosome
number was 2n = 22 (Fig., 5). The length of somatic



Table 6. Length of bivalents ( ym) of the two subsp,

of Vigna unguiculats and their rl hybrid at
relotic metarhase I,

Chromosome  unguiculats  gesquiredalls
pairs

1 4,27 4,96 4047
2 3.72 4,75 3.7
3 3.41 4,10 3,78
4 3422 - 3,88 3.34
LS 3.13 3.87 3,24
6 2.91 3.45 3.09
7 2.50 3.24 2.97
8 2.43 3,02 2.82
9 2.34 2,80 2.49
10 2423 2.59 2,35
11 2,08 2,26 T2
12 - 2.26 2,16
Total 32.24 40.98 36,71

* univalert



Table 7. Measurement of chromosomes at somatic metesphase of Vigna unguiculats

subs;'. unguicylats

e Total “‘”zg)ém e?"‘"l%') X % TCL % chromo. A £t ronos
peirs mt () {‘;) mﬂ? : L) some
1 0.1893 0.1018 0.0875 46.22 12,62 100 101,16 M
2 0.1661 0.0866 0.0795 47.86 11,07 87.74 1 s 1.09 M
3 0.1536 0.0812 0.0723 47.07 10.24 81.14 1 11,12 M
4 0.1437 0.0786 0,065z 45.37  9.58 75.91 13 1.21 M
s 0.1393 0.0741 0.0652 46.80  9.29 73.58 1 3 1,14 M
6 0.1357 0.0750 0,0601 44.73  5.08 7.68 13 1.2¢ u
7 0.1348 0.0741 0.0607 45.03  8.99 71,20 13 1,22 "
8 041250 0.0670 0.0586 46,40 8,33 66.13 1 3 1,16 .
9 0.1182 0.0643 140509 44.18  7.68 60.86 1 3 1.26 sM
10 0.1000 0.0554 0.0446 44.60  6.67 52.83 1 s 1.2¢ M
11 0.0973 0.0536 040437 44.91  6.49 51.40 1 3 1,23 1

LE



F g 5  Somalbic meta]ohase chromosomes  of Vigm, unquiculata.
. v

subsp. unguiculata

$0 pam




metaphase chromposomesranged from 0,0973 ¢o 0,1893 ham,
The long arm length varied from 00,0836 to 00,1018 o,
The short arm length varied from 0,0437 to 0,.0878%

(Fig. 6a2). The F% veried from 44,18 toc 47.86. The
highest value obtained fer length of individual
chromosomes expressed as percentage to total chromosome
length was 12,62, This varied from 6.49 to 12,62 (¥ig,
Ba), The relative chromosome length for the smallest
wag 51,40 (Fig, 10a), The arm ratic veried from
151,09 o 131,26, All the chromogsomes exce;t one
bival-rt vwes found to be median, othersheing submedian,

The somatic chromosome nurber in the subsp.
gegequipedalis was 2n = 34 (Fig.7). The measurcient of
chromosomes of the somatic metaphase I of subsp.

3 showed that the length o€ somctic

chromosomes ronged from 0.1143 to 0,2686 pm (Table 8).,

The long arm length vaeried from 0.0571 to 00,1485 um
and the short arm length from 0/671 to 0.1191 parm (Fig.6b),
The F% ranged from 44,64 to 50,00, The length of
individu:l chromosore expressed as percentoge to total
chromosore length varied from 5,83 to 13,7¢ (Fig. 8b).
The relactive chromosome length varied from 42.58 to 100
in subsp. gescuipedslis. The range of arm ratio was
from 31s1 to 131,23, All the chromosomes were found to be
median (Fig. 10b). The ndtotie estudies in the Fl hybrid

38



Fig- 6 Idiosvmn,s o somabic chromosomes of the two subspecies and their Fy hybrid
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Table 8, Heasurerent of chromosomes at somotic meta hase of Vigna ungmiculsta

subsp. sesquipedclis

e

Arm len Rel ve
come  lemgth T Sg;%gaagm FAo T §2;§§;" &TZ :azje chrom-
patrs () (jem) Gar) length acme
1 0.2686 0.1485 0.1191 44.64 13,70 100 111,22 *
2 0.2228 0.1229 £.0099 24.8¢  11.37  ©62.95 1 s 1.23 M
3 C.1943 0.1029 0.0914 47.04 9.91 72.34 1. 1,13 ¥
4 0.1800 0.0971 0.0829 46,06  9.18 67.01 141,17 M
5 0.1571 0,0829 0.0743 47.29  8.01 56,22 13 1.2 M
6 0.1514  0.0799 0.0714 47.16 7.72 56.37 1 1 1.12 ™
7 0.1486  0.0743 0.0743 50.00 7.58 55,32 1 3 1.00 M
8 0.1429  5.0743 0.0686 42.00 7.29 §3.2C 1 : 1,08 N
9 0.1343  0.0714 0.0629 1€.83 €.85 50,00 1 s 1e14 M
10 0.1229 0.0629 0.0600 48.82 6,27  45.76 111,08 "
11 0.1200 0.0629 0.0571 47.58 6.12 44,68 15 1.02
12 0.1143 ¢ 40571 0.0571 49.95 5.83 42.55 1 4 1,00
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revesled that the somstic chromosome nunbexr was 2n = 23
(F&g. 9),

Results on measurement of chromosomes at somstic

metaphase cf ?1 hybrid are presented in Table 9.

The length of c¢hromosomes varied irom 00,1200 to

0.2400 um, The range for long arm was from 0,0600 to

Cel343 Pn» and that of short arm f£rom 00,0600 to C.1057 asn

(Fig. 6¢c). The F % vaxied from 44,04 to 50,00, The
length of individual chromosome expreased as percentage
to total chromosome length varied from 5,91 to 11.82
(Fig. 8¢). The relative chromosome length ior the
smallest chromosome was 50 in the hybrid¢ (Fig., 10c),.
sxm ratio rangec from 131 to 1i11l,27. Two chronmosomes
were submedian and others median. The results also
showed that the longest chromosome hug twice the length
cf the smallest in hybrid,

Both the species and theirxr hybrid have zliwost
similar TF » (Table 10},

bata on pollen fertility and sterility of the two
subspecies and thelr hybrid revealed that subsp.
gesguipedalip has the highest pollen fertility of 96.28%
(Table 11). In subsp. ynguiculata the same was 91.06%
and that for hybrid 91,09%, 7There was almost similar

percentage sterility in subsp. jypguiculaga and hybrid.
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Table 9,

of vigna unquiculsta

Heasurcment of chromosgomes at somatic metaphase of Fy hybrid of

two subsp.

Axm lewn Relative
{pam) (jam) (pam) length

1 00,2400 0.1343 ¢.1057 44,04 11.82 100 1 ¢ 1,27 sM

< Te2171 001200 0.0971 44,73 10.69 90,46 1 51,23
3 0.2900 O.1114 0.0886 44,30 9.85 83.83 1 ¢ 1,25 »n
4 C.1857 0.1000 0.0857 46.14 2.15 77.38 1 1,16 |
] 0.1800 02,0943 Cc.0857 47.61 8.87 75.00 1 31,10 M

& 0.16866 0.0886 0,.0800 47.45 8.31 75425 1 ¢ 1,10

7 0.1543 0.0800 040743 48.15 7.60 64.30 131,08
8 ¢.1486 0.0800 0.,0686 46.16 7.32 61.92 1 : 1,16 M
9 0.,1429 0.077M C.0657 45,98 7.04 55,54 1 s 1,17 M
10 001429 C.0800 C.0629 44,02 7.04 Cieb4 2 s 1,27 SM
11 0.1257 0.065%7 0.0600 47.73 6.19 52.38 i :1.09 ¥
Univalent 20,1200 ¢.0600 00600 50.00 5.91 5000 1 1,00 ¥

|34



Table 10, TF percentage =f the two sulsp. of

Vigne wpguiculuta end their F, hy rid

Subsi- '/Pl hybrid "

unguiculata 43.89
2ee.dredalds #6443

46,02
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Table 11. Pollen fertility and sterility (%) of two
subsp. Of Vigns wnquiculats end their
F, hybrid

Subsp./F, hybrid Fertility(%) Sterility(x)

91.06 8.94

96.328 3.72

91.09 8.91
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DISCUSSION

The evaluation of species affinities by the degree
of chromosome palring at !‘1 mejionins of interspecific
crosses is nade by the technique of genome analysis,
Some taxcnomists express the view that chromosomal
differences should be treated as just snother rorpholow
gical charecters. However, if we know why the size,
shape and numbexr of chromogunes of sowne species differ
from: those of another, these chgomcsomal characters
can tell us ruch more than differences in leaves,
flowers and fruits, Genomic analysis cen provide us
with valuable infommation regarding the processes which
have brought about evolutionery diversitication and the
direction in vhich evolution has taken placc, The
cytological studies of the species concerned provide

the basic informetion for genome analysis.

The two subspecies of Vigna unguiculeta, viez.

spguiculate end gesquipedslis that have been studied
during this investigation, exhibit distinct morphological

variations with respect to plant and pod characteristics
(Table 23 Plates 1 to 6). Vwhile the former grows up to
an average height of 86 em with a total duration of

80 o 90 days and flowers by 40 to 45 days, the latter
sttains a more lumuriant growth (183 cm) with 90 to

110 days total duraticn and flowers by 50 to 58 days.
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The pod characteristics are much more digtinctly different
in them, The pods of subsp. gesquipedalisg grown ur to

o length of 50 cm with more number (22 seeds per pod) of
bold (volume 1.8 ml per 10 seeds) greine as against the
smallexr pods with less nunber of seeds in the case of

subsp. upguiculata (Teble 2).

Considering these clearcut variations, some of the
esrlier taxonomists have suggested that subsp. ghguiculata
ané subsp. gesquipedalis should be conesidered as distinct
species (iiper, 1912), However, the later suthors have
expresses the view that these two were not tw be considered
as distinct species but were to be given the status of
subspecies belonging to a polymorphic specics (Gen and
Bhowal, 1960y iavliov, 1963).

Since the best toel for finding out the relstionshins
between thesce two subspecies ie to £ind thelr affinities
through hybridisation end study the behaviour i their
Fl'a direct as well &s reeciprocal crosses were tried in
the present study. The results in Table 1 snow that the
success of these crosses were very low, 19 and founfeen in
the case oi subsp. ppguiculata X subsp. gesquipedalis
and its reciprocals respectively. A characteristic
observ:tion made Suring this hybridisstion programme was
that the shedding of flowers were noticed either beiore

poliination orx immediately after poliination (within 24
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hours after pollination) which points to the possibility
that almost all the sheddings were pre-fertilization,
That post-fertilisation shed was almost not encountered
in this programme., This is indiceted by the fact that
the number of pods set and harvested were same in both

the crosses,

Thus, reduction in the percentage of success in
crosses invelving these two subspecies can not be
considered solely due to the lack of affinity between
ther, but yrobably due to the mechanicsal injury caused
to the buds during the rrocess of emasculation. That
the five subspecies of Vigna unguiculaty are inter-
fertile has been reported esrlier by Faris (1965) while
attem ts to hybridise with other Vigns species,
especially the wild yrogenitors, have falled,

¥hile congléering the norphological charscteristics
of Fl.s in comparison to the parcnts, it has been
observed that they have a general tendency of exhibitcing
resemblences to the waternal jarents, This tyre of
maternal inheritence is more pronounced with respect to
plant height as well as poc and seed characteristics
(Table 2). This behaviour is probably indicative of the
plasmagenic influence of thegse traits., The ghattering
habits of pods seen in one of the parents (subsp.
unguiculata) however, is found to be transmitted to
the 7y hybrids just like any other Mendelien dominant

ch:racter,



In order to obtiin more informaticn regarding the
genomic relationshins of thege subs ecies, detailed
cytologiesl anastigaticns\uere carried out. Maiontie
studies were conducted in the two subspecies and thelr
direct FI hybrid. Felotic pairing of chromosomes were
apparently normal in the parents ond their hybrid,
There were il bivalonte in subsy. ungulculats and 12
in subsp. segquipedalis (Table 3, Fig. 2 to ¢). %he
hybrids were consistently showing 11 bivalents and one
undvalent,. This cbservaticn points that the chromosome
number 4in subsp. unguicwlate is 2n = 22 and in suvbsp.
gesouipedalis 2n = 24. However, according to the
epriler reveortes, there ie controversy regarding the
chromosome number o0iL thege subspecles. Faria, (1965)
heg re;orted thet the eubsy. unguicnlate bhas o
chromosore punber 2n = 2x = 22 while Zsrpechenko (1928),
carlingion and vylie (124%) and Sen and tihowal (1960c¢)
have contributed to the ides of Faris (12€5) and
reported the chrcmosone nwabexr of ¥, upguicuizts s
2n = 22. fewakaml (1930) recorded & hapleld number of
12 in this subspecies, In the subep. | zesculpedalads,
the dipiold nurber neas been fount to be 24 (Dzrlingten
end wylie, 1945: Florescs, 196C)., Thzt the chromosome
runber in uncpfculets ond sesculpedslis to be 2n = 22
and 2n = 24 respectively was further confirmed through
root tir mitotic studies during the rresent investi-

gation (Fig. 8, 7 and 9),
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The close pairing of homologous chromocgsomes at
gygotene is a characterigtic rhenomenon noticed in
all higher orgesnisms. The most important and
generally effective factor: which determines the
nature of chromosone peiring is the gtructurel and
cherdcal similarity known as homology. This type of
pvairing. behaviocur can be best studied during pachytene
of melosis. Theretore, to a cytologist interested in
chromosomsl rel:tionships and evolution, pechytene
enalysis iz the idezl method, provided the materisl
is favourable for such & study. Analysis of
chromosomal pairing can provide valusble indications
oi relationships betwee:n grecles 1f they are used
carefully =2nd with full recognition of all the fzetors
involved (Stebbins, 1971).

with the above sbjectives in ming, the meiotic
studies oi chromosomes in the two subspecies, namely
unguicul:ta and gesquipedalig os well =s their direct F,
hybrid have been carried out, During the present study,
the method of pachytene analysis was not found to be
rmach useful in thesc¢ subspeciss and their hybrid dus to
the difficulty in obteining quelity preparetions of the
different prophase stagee of meicsis I and anaphase I
of the mitotic division.

Meiotic pairing in both the subspecier onc¢ their
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31 hybrid secms to be apparently normal as evidenced
by the rrerence of regular bivolents during metephase I.
A total of 11 bivalents in subsp. unguiculats, 12 in
subs;. gesquipedalig and 11 bivalcnts along with a
univ- lent in the rl hybrid could be observed in well
spread metachasse pletes (Fig., 2 to 4). However, in a
few metaphase I preparations, precocious moverent of
the chromosomes of one bivelent was observed in the
case of the subsr. unguiculats and its F, hybrid
with the subsp. gesquipedalis. Tvwo of the cells
out of 20 studied in case of the former end one cell
out of 15 studied in the latter exhibited this

tendency (Table 4).

The most importaont and generslly effective factor
that determines the pairxing beh-viour of chromosomes
during reiosis is the structurcl and crendcal similaxity
known as homology. Esch paternal chromosome asscociates
with its counterpart among the maternal chrorosome in
this proces: making %endalian segregation oi genes
rossible. The degree of homology between chrowvwsomes
depends at least in pext upon their sinmdliarity with
respect to gene arrangements, In complerments where
horologous or houoeslcgous chromosomes may alr with
each other, the homology between cnrorosomes in the

game srnecieg can get r«duced as & result of cryptic
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structural changes leading to rearrangerrent of the
genes, iver with perfect homology &vailable, reduction
in paizing and/or fallure in chiasma formation have
been cbesexved in certaln instancee. Another fzcotor
that affect: chromosome pairing is the cellulex
environment which prevails at meliosis, This can be
affected by drastic alterations of the external
environment such as heat or ¢olc shocks or more
generally by genes which presumsbly control the
numerous enzymatic reactions required for meicsis.
Individual recessive genes in homologous conditions
are ascribed to be capabic of eausing the chrorosomes
to be unpaired -t metaphase, either through f£ailure
of initial asscci-tion &t sygotene und pachytene, or
through the failure of chiasma formaticn (Stebbins,
1971). However, such genes are gre-tly eliminated

or reduced in freguency during evolution.

In the yresent study, desynapsis of cnly one
oi the bivalonts in some £ the metaphase re;arstions
seru8 tu be Gue to the reduced degfee of cifinity
between the maternal and paternal chromoscnes
involved leading to impro or pairing and/or reduction
in the number of chi«sma formed, That a good
percentage of metephases studied showed normel
bivalent formation, indicates that the failure of

chiasme formation may not be the reason for the



This phenomenon seems to be prevalent cnly in subsp.

ppguiculata and probebly is carried to the F, hybrid
by this perent.

Luring anasphase I, lagging chrorosomes were found
to be present in pome of the cells studied (Table §).
In the norm:l situations, the chromosomes get dise
engaged from synapsis and move tc the opposite poles
to iorm the two daughter nuclei subsequently. However,
one or more chromosomes may scmetimes de not join in
the process of moverent and remain avey from the group
ot chromoscomes going to the poles. Such laggarde may
oriyinate as a result of defective centromeres or due to
an abnormal behaviour of the spindle fibres, DPelay in
chromosome disjunction also can lead to the phenomenon
of chronosomes lagging towards the cintre of the
dividing cell during anaphasse 1., leiotic abnormalities
in the interspecific hybrids of _haseolus as well cs
Arschis have been reported eariier (Phaliwal and
rollar¢, 1962; Ramen and Kessvan, 1962), In [heseolus
the chromosomal irregularities heve been ascribed to be
not due to cytologic or gene csuses but to either
alfrerences in the yehnetic couposition or size of the
chromosones, A sizable proportion of abnormalities
including quedrivalents, trivalents and univelents at

netaphase I as well as bridges, laggerds and fragments



8t anz hase 1 have been reported earlier in the Fy

bybrid of Vigna radists X Vigns wbelste (Chowdhuxy
snd Chowdhury, 1983),

Améng the two subspecies of Vigna unguiculata

studied during the present investigations, eubsr.
sesyuipedalis (2n = 24) showed more nurber of laggards.
A totsl of 12 cells out of 21 studied exhibited one to
more than eix lagoing chromosomes in its anahase 1
cells, The tendency Was sven higher ior chromosomes
in the Fl hybrid, unly five cells out ot 21 studied
showe: the nogtmal disjunction in this casc., However,
this was comparctively very less in subsp. unguiculata,
Almost =211 the cells (19/20) were nor:el with respect
to enaphgse moverment., In an e:rxlier repcrt of the
cytororphologicsl studies in some species of Vigna
eonducted by shashidhar (1981) also the proper pairing
ot nachytens ¢htronosomes and normal behisviour of

iv lents nt differenl stuges of weloegls in suosy.
unguiculcte has bren recorded, ihis observ.tion points
to the possibility that the t.endenéy L1Or some oi the
chromcsames to lay curdn: the norwal Jdisjunction and
mov ment is specles speciilc endd subsp. sesquipedalis
is prone W this heacmencn., ihis h.s to be attri-
buted probably to the inhercnt nature of the subspecies.
This mdght hove playedé a role in itbhe evolution of

spccies =8 well, This is suggested due to th- fact
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that the laggards many s times may be incapable of
getting incorporated to any one of the deughter nuclei,
Such a situation, most of the times, leads to the
elimination of thet particular chromosome from the
complenent, This type of chromosome elimination has
played a great rcle in species evolution. The fact
that tendency of a few chromosomes not to take rart in
the normal disjuncticn observed in the subhs: .
sequipedalis is carried over to the P, hybrid of thie
subspecies with subsp. unguiculata, also indicates its

inherent nature,

The size of chromosomes and the total DNA content
of the nucleus vary greatly from one group of plants
to other. The total mass of chromcsomes in a nucleus
is closely correlated with itas DNA content., Yith the
objective of getting inSormation regarding the size of
chromosomes in the two subspecies and their Fy hybridc,
the length of bivalents during metaphase I of meiosis
and somotic ¢hromosomes in root tip mitotic cells have
been mezsured (Table 6). A regular trend was observed
in the lengths of bivalents from the largest to the
shortest in both the subspecies and their hybrid, while
the mean length of the longest bivalent in subap,
upguiculats was 4,27 um and the shortest 2,08, the
corresponding values in subsp. gegquipedslis were 4,96
and 2,26 respectively. The r,‘ hybrid exhibited medium



values with respect to the bivelent lengths. In the
hybrid, the univzlent was the shortest among the
complement. The total DNA content was more in gsubsp,
Jesquipedalig as evidenced by the higher vailuve

(40,98 jn) of total chromosome length in this subspecies,
The total chromosome length in subsp. uynguiculata was
32,24 end that in the hybrid 36,71 jm. The lemgth of
chromosomes during the meiotic divisions in the
subspecies of Vigna ynguiculats was measured by Sen

and Bhowal (1960) and found that it ranged from 1,62 to
3.7 jam. Accoxding to Shashidher (1981) the absolute
length of pachytene chromosomes in the subspecies was
founé to be 434,40 um, the longest chromosome being
69.69 imn and the shortest 21,60 ’n.

A detsiled study of the somatic chromosomes of the
two subsrecies and theirx F1 hybrid has again revealed
the gradusal decrease in length from the longest pair to
the shortest, 1In the : resent snalysis, the chromoscmes
in general were very smsll renging from 0,1893 tm fn 0-0973um
subsy. sesquipedalip probebly due to higher degree of
conidensation, The total length wss more in the latter
when compared with the former, The Fx hybrid has the
lengths ranging from 0,24 ?nn to 0,12 }m which is inter-
mediate tc the parental au;aaggsacin. ‘i'he smallest
chronmosome was only about half of the largest as shown

by their per cent TCL as well as RCL mezsurements (Table
7, 8 and 9).



A meagurenent of the lengths of long and short
exms Of individuel chromosomes h:s shown that while all
the chronosones in subsy,
median group (Arm ratio 131,.35) in subsp. unguiculata
one and in the rl hybxid two chromosomes were coming

belonged to the

undexr the submedian group. In the mitotic study also,
the shortest chromosome in the corplement was founc to
lack & homologous counterpart in the Fy hybrid,

Presence of secondary constriction was not congistently
observed probably due to the more condensed stste of
the chromosome, Taking date from the mitotic metaphase
chromosomes, the idiograms of both the subspecies have
been prepared taking the absolute values ss well as the
nr cent TCL into consideration.(Fig.6). The F% values
calculated in the two subspecies and their hybrids were
found to range from 44,18 to 47.86, 44.64 to 50,00 and
44,02 to 50,00 in the case of subsp. unguiculata, subsp.
gegquivedalig and their F, hybrid respectively. The
TF % values (Table 10) of the two subspeciez and theliy
hybrid were 45,88, 46,93 :nd 46,02 respectively. This
is indicative of the karyotypic similarities between
ther:,

Agcording to Stebbins (1971), chromosome pairing
in a hybrid can be congidered a8 a3 measure of evolutionary
relationship, However, the question, to what extend does
the closeneas of pairing reflect the degree of genetie
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relaticnship between two plents is not very simple,
In the present analysis of the genomie relationship

ol the twe subspecies of Vigns unguiculata namely,

unguicuists (2n = 22) end geoquipedalis (2n = 24),
the results of hybridisation h=ve revealed a close

relationsiip between them, S0 are the results of the
chramosomz=l behaviour in the hybricd. In the metaphase 1
preparcztions of ihe hybrid studlied, perfect .airing of
the parentel chromosomes to yive rise to 11 bivalents
and an unpéired univ lent derived from one of the

parents, subsp. gegquipedalig is regularly observed,

The meiotic anaphase 1 chromosomes did show
certain abnormal behaviour in the hybrid. rnowever,
this legging tendency of some of the chromosomes does
not geer to be as a result of sny incomatibility
between the parental chromosomes but due to scre of
the inherent genic factors residing iu one of the
parents, subsy. geequipedelig. This is evidenced by
the lagging tendency of some of the chromosgomes
exhitcited in the above subspecles. That these laggoxds
in no wey affect the success of the Fl hykrids, is
evidenced by the observation that there is nc s parent
reduction in the pollen fertility of the FI hybrid, The
pollen fertiiley «f the F1 hybrid was compureble to the

parenis.
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The observation of TF % verying from 45,89 to 46,93 among
the two rarents as well as the hybrid, indicetes the
presence oi a symmeteical karyotype for these groups,

A similarity in karyotype is indicative of the simdlazity
of tihe subspecies in the evolutionary path, 7That not
machn of karyotypic changes heve taken place between the
two subspecies during evolution is indicated by their
syreretry in their karyotypees., The normal events of
karyotypic evolution like deletions or additions, centric
fusions, inveesicns etc, gZeam to hove played practicslly

ne role in the evolution of these two subspecies,

That the two subsiecles co exhibit wor; hclogical
variations can probably be sscribed mainly tc the fact
that cone of tiie subspecies, nanely, ) ped
containg wore of nuclesy UNA, The higher amount ¢f LA
has beci suggested to contribute t the precsace of a
larger nuxber of active genes and greeter diversity of
gene ifunctlion eventhough 1ts precscence @t a result of
nigh amount 6f nonscnse DNA or tanden durlic: tion of

genes cannot be ruled out,

Adwvanced genera belonying to highly speciclised
fardlies ore known to have smiller chromcsomes and lower
nuclerr U8, than ximitive vsscular —lants {(stehbing, 1971,
Ccneiderin: this it can be assumed that th: subsp.

unguiculota with 2n = 22 4s more advanced in corpsrisen to
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the other subspecies. Subsp. sesquipedelis (2n = 24) has
longer chromcscmes and thereby higher DNA content in
comparison to suber. ubguiculatae. Therefore, it can be
tent.tively suggested thi t the formexr had evolved from
this subsrecles during the course of ewvolution, Since
hothh the subspecles possess homogeneous karyotypes with-
out any substantiel vordetion in their TF %, it can be
assuned thcot evolutionary changes with respect to the
morphology hiave not contributed much t< the :rocess of

s eci#tion, However, Mohan and Bhatia (1983) have
suggested thet structural changes might have played an
import.nt role in the speclation in Vigna. The present
study incicates that the most probable event that night
have l=¢ toc ti.c formetion of & se erate sule ecies namely
ungquiculyts from 1ts encestor gesguipedalis seers to be

a chrepcsorad clindn tdon leading ©o the recuction in
chromcsorce nuwrdber w»rom 2n = 24 in the latter to 2n « 22
in the foriex. The tendency i same ¢i the chronasones
to lag behdno wuriu the anaphesse I novenenc observed

in the sresent etudy in thy subss. susquinedalls

gupports thee above sswptdons,

betailed cytoleoyical studies including pachytene
enalysls can throw sore rore light o the intormation
rade pvalishie azbout the genomde relastionsnips or these

tvo subs,ecles,
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SUMMARY

Investigations on the Genomic relationship in
Vigna species were undertaken in the Department of
Agricul tural Botany, College of Horticulture,
Vellanikkara during the years 1983 - 1985, Fure

geedes of the two subspecies of Vigna ungulculsta

namely unguiculate and gesguipedslls were sown and
crop raised, They were then crossed in direct and

reciprocal combinations in September 1984 ond the
hybrid seeds collected. The F, hybrids along with
their parents vere raised in October - January,

1984 -~ 1985, lorphologicel description of both
direct and reciprocal hybrids along with the two
parents based on 13 parameters were made. Cytological
investigotions of the parents and direct hybrid were

also conducted, The data so collected were processed.

The important f£indings cf the above investigations

are sunmsrised below,

1) The two subgpecies verc easily crossable. In
both the%pacies there was high pref«rtilizastion
shed.

2) The chromosore nurber of subsp. ynguiculata was
én = 22, of subsp. gesquipedalis 2n = 24 and of
¥y hybrid 2n = 23,
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3)

4)

5)

6)

7)

8)

9)

10)

11)

Precociocus movemsnts of meioctic metaphase
chromoscomes vere noticed in subsp. unguiculats
and F,; hybrid.

Both the parents and hybrid showed cells with
laggards.

Length of meiotic metaphase chromogomes was

more in subsp. gepquipedalis, loweat for subsp.
spguiculets and intermediste for hybrid.

In subspy, unguiculata length of somatic metachase
chromogomes ranged from 0,0973 to 0.1883 jam.

in subsp. ynguiculata ell the chrormosomes except
cne pair were found to be median, the other being
submedian.

The length of somatic chromosomes ranged from
e1143 to 0,2686 um in subsp. Zesquipedalis.

All the chrorosomes were median in subsp.
geequivedallp.
The length of somatic ¢hromosomes varied from

0.1200 to 0,2400 um in the case of ?1 hybrid.

In the hybrid, two chromosomes were submedian
and others median,

60



12)

13)

14)

Sub

Both the species and their hybrid have almost
similer TF % thereby indiceting similarity of

their karyotypes.

Follen fertility vas more in subsp.

Reciprocsl difference was seen in the case of
morphological charseters like height of the
plant, duration, nuwiber of primarxy branches,
internodal length, seeds per pod, seed colour
and seed volume, However, these differences
were not seen tracgeable in the cytology of the
hybrid.
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ABSTRACT

investigations on the gencmic relationship in
Yigna species were undertasken in the Department of
Agricuitural Botany, College of lorticulture during
1583-1985, iure seeds of the two subsrecies oi Yigns
uogujculats, viz. unguicylets and gesquipedaiig were
sown and crop rsoised. Direct and reciprocel crosses
vere made, Morphological and cytologicel investie

gations were done,

It was found that the two subs;ecics vere ezsily
crossable, In both the subsrecies there wes high
vrefertilisation shed, The chromosome number of subsp.
unguicuiats w.s 2n = 22, of subsp. gesguipedalig
an = 24 and of Fl hybridds 2o = 23, Both the parents
and hybrid showed cells with laggards. Lenqgth of
meiotic and sometic metaphage chromosomes was more in
subsp. gesgyipedalip, lowest in subspy. unguiculcka and
intermediczte in their 71 hybrid. Brth the subsrecies
and their hybrid had almost similox TF % which gave an
indfiecation of simil-rity in their karyotyres. rollen
tertility w8 more in subsp. gesguipedelis. Reciprocal
difference wes seen in the case of morrhological charact-
ers like height of the plont, number of primary br:nches,
internodal length, seeds rer pod, seed colour and seed
volume, However, these differences were not seen

wsacesble in th: cytology of the hybrid,
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