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1. IRTRODUCTION

The importanse of pulses in Indian agrisulture is
jmmenge as they are the main source of pretein eemponent
in the diets of cereal eating pesple. Fulses ars generally
&rovn as dryland ereps and have, for oenturies, been
selegted montly for their survival under cenditions ef
stress rather than prodmotivity. Cowpea, (Yigua uwngui-~
gulats (L.) wWalp.) an important pulse erop, is grown in
aluost all parts of India exeepting the high hills. It
is & multipurpose orep grown for its greem pod for use as
vegetable, for grain as pulse and for fodder. DBlaskgrsa
({igns mynge (L. ) Hepper, syn. Phaseolus muuge L.) and
Grecugzam (jjgos radiatus (L.) ¥ilozek, syn. Fhaseolus
gadiatus iL.) also play am important role in protein
autrition mainly because of their easy oookability and
digestibility.

| This fascinating group of plants has defined presise
cluiiﬂnt&cn since centuries. The classification of
plants into families, genera and spesies, in general, is
largely based on similarity ef morphological characteri-
sties. :mphasis vas laid ou floral sharacteristics like
pusber of stamens, type of owvary, placentation and other
floral features. liany decades were to go-by for this
speatrum to be enlarged and other morphological oncxuctor.‘l
made use of. Taxonomig classifieation on an extensiw



secale was undertaken Yy iinaaeus (1753 )5 Benthaz and Hoekey
(186%)3 Hutehinson (1959), which represent olassical work im
this field. 7This information has eversince bteemn the guidee "
post for all further taxzonomic and biologieal investigations.

With the advancezent of time and teshnology, it was
realised that clessificaution whieh was done Y%y plasing
weightage on the morphologieal eharacteriatics, vas leass
reliable and often misleading and that, for a seund ilun-;

B |
TN

fication, & comprehensive and detailed study has to be een~
dugted. The present soneept of taxonomieal study is mlti-;
directional and ineludes two or more of the Iollowing as-
peots vis., morphological, cytelogical, eytogenetigal, ph,nio-;
logioal, anatonioal, Biochexioal and palynological aspcots.
By ecnaidering tve or more disoiplinea together and extra-
polating the results of different diseiplines it should be
possible to obtain reliadlc and seund grouping of the taxa

so studied. Consideration of any one of the above mentioned
diseiplines for clmsaification of the taxa may not be sownd,

BN

Significance of taxonomy to the plant breeder ia p!o:-
found. Breeders resort to hybridizatién 1gvo1vtn¢ plants of
different varietios, apsoies and genera. For this a sownd
taxonomic information is very useful as it denctes nearness
or othervise between the individuals involved. This will
also be helpful for collaborative work at the International



level among soisntists, for exchange of material and soientie
fio knowledge.

Taxononists in general have a disliking tovards the
study of eultivated crops, which is largely due to the great
diversity and variation pattern found in domestioated species,
but quite uncharacteristic of the wild omes (Heiser, 1969).
Furthermore,the soattered distribution of the cultigens over
the globe makes sanpling a difficult task. The eomplex
nature of the sultivated plants often present diffieunlt ncml;
¢lature problems. As & result, very few groups of cultivated
plants with thiu wild relatives have deen the sudject of
detailed taxonosie study (L1, 1374). The edservation that
the taxonomy of many of the world's moest important genera is
8o iuperfect as to de of little practiocal use (Andersen, 1951),
oan dbe aptly applied to the genera ¥igns and Phageolus eof
Fabaseas. |

Karyomorphelogioal investigation partioularly at meiesis,
yields a wealth of inforsation, utility of which was first
demonstrated Yy leClimtook (1929) working with Zgs pays.
Following the suceoess of this classical analysis of pachy-
tene ohromosones, the potential value of such studies have
beed realised in taekling numercus oytegenetic prodliems
(MeClintoek, 1931; Rhoades and MoClintoek, 1935; Morgom, 1956}
Robbelen, 1960),  An Inclusive herbaris of the type
envisaged by Andersen (1951) for maize would bve very useful
for the pulses, sinee little headway can be made in the



taxonomie¢ treatment in this group by studies based en chr.;
mosonme numbers enly. In these, besides morphological charac-
teristies, eytolegical features espesially the data on Im;
logy of pachytene ghromosozes would be very useful. Therefore,
AR evaluation of karyomorphological differences ameugst the
various spsdies with a view to findout features, if any, that
ean be correlated with morrhologisal features would de very
interesting and useful. This wvould negeasitate the preeise
identification of eagh chromosome of the haploid set, a type
of study which has been used in the study of maise and its
relatives with great benefit.

The study on ehromosome wmorphology espeeially at
pachytene, has bew negleeted in this genus. Ferhaps, the
pajor reason for such negli gense was the diffieulty in
obtaining suitable preparations of the early stages of
migrosporogenesis. liowever, the e¢f{fort needed te odtain
sui table preparations of the earlier stages oan prove quite
vorthvhile, for the ehromocscmes at this stage are mwch less .
oondensed than they are at mitotio metaphase, and hense,
it oould show a greater nunber of morphologiocal landmarks
vhigh ¢an help in identification of individual ehromosome
pairs. Furthermore, vhen the ehromosomes are closely paired
the oesurrence of even azall structural differences bdetween
then will be clearly droughtout at this atage.



h ‘ . The five species included in the study are ¢owpea - |
J.-yaguiculats, Blackgran - [.punge (P.pungp )y Oreengram
Y-radiatus (E.aureus L.) and twvo wild spesies of genus Yigng
vis., Y.gylindrioa and y.mering.

Briefly, the aims of the present investijation may de

sunzarised as follows:

1) Te study the karyemerphelogy of the five specicn
both at somatic stage in root tip eells, anéd at
pachytene in pellen mother eells with a view ¢»

- findout prinoiple diagnostic features whioh may be
helpful in identifiocation of individual chreme-
somes and aleo to study the karyotypie diversities
in these species.

2) 1o study the ehiasza frequensy im the five specises
at diakinesis.

3) Te trace the phylogenie relationship among the
five spedies.

- 4) To provide eytological proof or oetherwise for the
transfer of Blackzram and Creengrem te genus Vigna
based on the suggestion of vWilesek (1954) and

Hepper (1956).
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11. REVIEW OF LITERATURE

The taxa belonging to the family Leguminocease and
subfamily Papilionaceae have been extensively studied for
taxononic glassifieation. The study has given rise to a
lot of controversial views. For example, grouping some

speciea belonging to genmus Vigna under Phaseolus and vice
versa, can be ¢ited.

Linnaeus (1753 ) in Speei e Plantarum groups eleven
species under Fhaseolus including Oreengram and Blackgram.
The key that Linnasus (1754) proposed in Genera Plantarum
for this group is as follovws:

Phaseolus: Carina spiraliter contra solem revolula.

Yisna : Carina oun gontortis genitalibus apiralus
essentials eat nota.

Savi, (1822; 1824) distinguishes three genera in Papi-
lionaceae viz., Fhageolus, Vizna and Dolichog. As per the
key of characteristios given by Savi, Phageolus - earina
spiraliter,Convoluta, vel falgata, vel uneinali and Yigna -
calyeis ladbium superium integrum.

The distinotion between Phaseolusg L. and Vigna Savi
is one of the major problems in the classification of the
tribe Phageoleas. In the past, differentiation between the



wWo genera was based on the degree to which the beak of the

keel is incurved.

Bentham and Hooker, (1865) list 47 genera under Papi-
lionacesas based on the key of charascteristics given by
Linnaeus. Fhaseolus L. and Yigna Savi have alse been grouped

under Papilionaceaec.

Hooker, (1897) states that Jisna has twisting herbs
or shrubs vith exactly the same habit of Phaseolus from whieh
it differs by the style and keel being mueh less ocurved and
lengthened out. '

Hooker and Jackson, (1895) summerising the taxonomie
olassification from the perliod of Linnaeus, 1773 to 1885,
retains Blaockgram and Greengram under Phaseelus. |

Bailey, (1949) identifies Black-gram and Creengras

under Phaseolus and distinguishes Vigna sesquipedalis,

Y.sinensis and V.oylindrica as distinet species under genus
Yigna. The interspecific differences between them beiﬁg rri-
marily the length, thickness and nature of peds (ereot or

drooping).

wilozek, (1954) keys ocut the two geinra. as follows:

Fhageolus: Stipules not prolonged below the point of
insertion; keel in a spiral of l-5 complete turnsj stigma



elongated, internal or sometimes very short and terminal
or sub-terminal; with or without an apical appendage.

Yigna: Stipules prolonged belew the point of iunser-
tion} keel ereot-inourved, rearly making almost one ¢omplete
turn; style ending beyond the stigma in a more or less
distinct beak.

On this dasis Wilcsek tranafers, for instance,

P.radiatus to Vigna and retains P.gehimperi Taub., in
fhageolus. '

Maekawa (1955) separates the spesies P.radiatus from
genus Phaseolug on the grounds that, the first foliage of
in this species is messile as in Vigna luteola (type species
of genus Vigna ) and not petiolated as characteristio of
Phageolus yulgaris (type speciecas of genus Phaseolus). with
this Maeckawa has supported Wilezek's proposed ghange of
nomenclature and has added a new point of distinction.

Hepper, (1956) transfers Blackgram viz., Phaseolus
pynge Ls into genus Yigna Savi, based on the key proposed by
wilozek (1954 ) and adds few more sharacters to distinguiash

between the two genera Phaseolus and Yigna.

Yigoas Stipules cordate or appendaged below the base)
keel straizht or spirally twisted; fruit septate.



fhaseoluss Stipules truncate at the base; keel spirally
tvisted; fruits not septate.

Tourneur (1958 ) in hias studies on seeds and seedlings
of some Phaseolus and Vigna species and considers that in
Yigna the first pair of leaves, after the ocotyledons is
sessile, while in Phaseolus it is petiolate. He thus sub-
stanti ates the transfer of T.radiatus and P.mungo by Wilosek
and Hepper.

Tayler, (1966) studied pollen grains of Asiatic and
Amer ican forms of Phaseolus and concludes that the pollen

of [.radiatus and P.pungo is different from the type speeies,

Phaseolus yulgaris by the reticulation pattern of the exine.

Casimir and Marehad, (1966) studied several species

from Fhaseolus, Dolighos and Yizna with respect to presence
or otherwise of Pipecolic acid and reported that it was pre-

sent in the type species, [FPhaseoclus yulgaris L. but absent
in Y.luteola (Jasq) Benth, V.unguioulata (L.) walp. and ‘
P.aureus. EI.muyngo L. was not included in the study. Further
chemical study by Thurman and Derbyshire (1967), of globulin
pattern separation in several species of the two genera Vigna
and Fhaseolus also lent support to the change of nomenclature
proposed by Wilexek and Hepper.



10

Fawoelt and Randle, (1970) compared the reticulation
pattern on the pollen grains and suggested another echaracter
of difference between genus Vigna and the genus Fhaseolus.
They reported that Vigna is characterised by wide open reti;
culation pellen unlike that of Phaseolus L., vhich posseases

Rarsov and swooth seulpture on the pollen grain.

Biochemical evidenos in support of the It.ran-ter of
Blagkgram and Greengram to Vigna is given by Verdeourt (1970)
by studies on protein spotting pattern. He found that P.mungo
and FP.radiatus showed spotting pattern similar te y.luteola

and not like F.yulgarig.

Despi te numerous attempts to re-~define the diltinotién
betveen Phaseolus and Vigna, ne clear solution to the problem
has been veaohed till now. Several efforts have been made to
reduge the confusion by subdividing either Phaseclus or Yigna,
or both. However,all such attempts were based on the study of
relatively fow of the total number of species and no sound
decision gould be reached until all the species of the sube
tribe have been examined.

Aseording te Verdsourt, (1970; 1971) the type speoies

of Phageolus (P.yulgaris L.) and that of Yigna Savi (Y.luteols
(Jmeq.) Benth.) are eentrally placed examples of natural groupe

ings, and since 'typieal' Phaseolus and 'typical' Vigna are



|

elearly distinet, the merging of the two genera into one is
no solution. Alternati wely, the subdiviaion of the combined
pair into a series of sumaller genera would be premature and

would involve greating a large number of newv genera.

The bDest solution may be to separate-off diffieult
marginal groups as genera or subgenera. Consequently Verdcourt
(1970) proposed to restrict Phgseolus to those speoies whieh
closely resemble P.yulgaris, P.lynatus and P.gogeineus in
having ne prolonged stipules} keel and thiskened part of
style twisted through more than 360°; keel without a 'Pooket’,
and having pollen grains with a fine (not coarsly retioulated)
sculpture. Other groups previously retained in Fhageolus may
be separated or moved to Vigna whieh is divided inte & number :'i"f‘
_of sub-genera pending further study. .

The first report of the five speoies as presented in
Index kewensis is as follows: -
L xl;ﬁigﬁ:’) gze}'gé: U.Si;)op't. Agril. Bur. Rk |
g_j._%%mrril., Interpr. Pump. Herb. Amboin., 285
Y.unguieulata walp., Rep. Bot., Syst. 1:779(1842).
E.radiata L., §p. El., 725, Hooker and Jackson P.mungo.

P.aureus Rexb., lert. peag., 55, Ffl. Ind., 1ii. 297.

(Lo ) Wil Ky 1
r.s_di...'e. g G ssek, L. Congo Belge snd fuande

I.mg nsagl(oig) Hﬂ)ppﬁq ’El' m We M ed. 2| 1l

E .
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Karpachenke, (1925) has reported 11 as the hapleid
nunber of the genus Phaseolus and Yigna. This has later
been confirmed dy studi es of Kawakami (1930); Tschechow and
Kartaschowa (1932); Senn (1938); Turner (1956); Frahm Leli-
weld (19535 1957); Shidata (1962); Pritohard and Gould (1964 );
Dana (1964) and Singh and Roy (1970) have established 1l and
22 as the haploid and dipleid number respestively. ‘ |

The importance of pashytene analysis in eytetaxono-
mical study was recognised after the elaui"oe?-s‘ work of
MeClintook (1929) in maise. B

Krishnan and De, (1965) studied pachytene chromosomes
in Phaseolus sureus and reported range of chromosome length
as 73.5)1 - 28-1); and range in mitolic chromatin length as
being 3.? )t te 1.4 /' Total ehromatin length was reported as
being 45-5} and 15.5)3 at paghytene and souatic metaphase :
respec tively.

De and Krishnan, (1967a) eonduected oytologioil studies
in Fhaseolus muyngo and reported diploid ohromosome number
as 22. Seventh and ninth chromosome were reported to be the
nucleolar ohromosomes at pachytene while gegond and third
shromosemes were the nucleolar chromosomes at metaphase. The

ehromosomes are said to belong to the differentiated group.

Mukher jes, (1968) conducted analysis of chromosomes

at pachytene and at somatic metaphase and reported range in



chromatin length as being 44.30 A= 19.4 P at pachytene and

4.5/1 - 1.9)1 at somatic metaphase.

Metaphase karyotypie study has alse been conducted by
several workers like, Sen and Bhowal, (1962); Faris, (1969);
Mareehal, (1970), Sarbhoy, (19773 1978). The mitotic chromo-

some measurements have been upoxtcd.as under.

Dip- Total len- Range of
Species loid  gth of chromosome  leference
No. chromatin length
%Juq. Benth 22 40.62; 1.53-2.53,1 Marechal, 1970
Zom Ley 22 ‘2026’ 1.5 -’.00’ Slrhhoy. 1977
P.mungo . Roxb., 22 33.20): 1.0 «2.2 Sarbhoy, 1977
Zom Roxb., 22 37 .4 f 1.0 «2.8 ’ S‘rhh". 1977

Crosses between P.mungo and P.radiata were first effee-
ted by Sen and Gosh (1960, and Boling et al. (1961). Cytologi-
cal study of the oross was conducted hy Dana (1966) and De and
Krishnan (1967b). Based on these studies it has been conclu-
ded that the gytological difference between the two species is -

one deletion, one duplication and one translocation.
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111. HMATERIAL AND METHODS

Seed material of the five species was procured from
the All India Co-ordinated Froject on Pulses, the "miversity
of Agricultural Sciences, Bangalore. The list of species
and the gorresponding variety selected for the study is given
below:

Sl.No. Name of ggo_otu Variety
1 J.unguigulata L.valp ssp uwmguiculata  C-152
2 1*!!‘! (Le) hepper (zom Le ) T-9
35 Y.zadiatus (L.) wilesek (P.radiatus L.) PS-16
4 Y.gylindrica (..) Skeels -

5 JY.marina Merril -

The seeds were sown in the Botanical garden in the
kharif of 1976. The seeds were also sown of the sametime "
well prepared pots in the breeding cage. Necessary plant
protection measures vere taken so as to maintain the plants
vigorous and healthy. Flants grown in the pots, inside the
cage were used for detailed plant morphological studies.

Five plants vere considered for observation in each species.

¢ytologigal technique: The material presents certain
difficulties in getting well spread and stained preparations.

The most gommon problem was the exoessive staining nature of

the cytoplasm. It was, therefore, quite negessary to find-



out suitable methods of fixation and staining. The fixae
tives and stains used vary aseording to the preference of
the vorkers and material (see review by Sharma, 1956).

It is known that karyotypieo analysis is aided by pre-
treating the materials with certain chemigcals prior to
fization. Numerous chemicals have been employed for this
purpose and each has itz own liaitations. Fre-treataent
before fixation has bedoxe & roytine practice to prevent the
elumping togetlier of chromosones. The use of chenicals like
eolchicine, B-hydrexy-quinoline, para~di-ehlorobensene, o -
trominaphthel ne (seelkara, 1948; Tjio and Levan, 1950;
and Kita et g§l.) 1959) or celd treatnent are nov generally
regomnended. Success nhas often been showm to be due less
to the particular fixative or stain used than to the cheosing
eof good vigorous material at the correct stage with strengly
grovwing root tips. Such pre~treatment helps to clarify the
chromosoume morrhology by accentuating both primary and
se0 ndary oonstrictions and by bringing about spreading of
the chromosomes. 1he way in wvhieh the pre~treataents in-
fluence the struoture and behaviour of ehromosomes is not
clearly understood. It has been suggested that they may cause
(1) ehanges in viscosity of the oytoplasm, (2) oonnuiouén
of the chromosomes, (3, inhibition or breakdown of the spindle
gechanisze 1t is not possible Ca singleout oul any partioular
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pre-treatzent to be universally appijcabdble as, different
workers have stressed the superiority of one pre-treataent
over the other. 1lhe success of any method : depends to a
large extent on the type of material being examined. The
nost satisfactory msethod swoessfully used in the present
stuay is briefly desorided bdelow:

For the study of mitotic ehromosoxes healthy root tips
vere taken froz sesds germinated.mnvet filter paper im petri-
dishes. The germination took plase in 3«4 days. Maximwm
number of dividing cells vere observed in the material fixed
between 9.00 AM to 10,00 AM. Wwhem the root tips were adout
1g to 2 oms long, they vere out-off from the seeds and vere
kept for pre-treataent in a saturated solution of 8¢ - .
Bromouapthelens for two hours and forty five minutes at
17°=16°C 1in & Refrigerator. They were then rewoved and vashed
thoroughly in running water and fixed in Agcetie-aleohol for
24 hours and storec afterwvords in 70. aloohol. Three to four
root tips were takea in a watohgliass containing nine drops
of U.5 Agetocarmine stain and one drop of 1 N KCl. The
vatohglass vith the contents was heated over a flame. Care
vas taken to avoid doiling of the atain. luter the reot tips
were washed with fresh stain to remove all the HCl and the
root tips were left in the fresh stain for 2-3 hours for
staining. Vell stained portion of the root tips was taken
and squashed in a drop of acetocarmine. To get good spread
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of metaphase plates the coverslip was covered by a filter
paper folded thx;u tizes and pressed uniformly with a rubber ‘
backed peneil. Lxeess of stain was rexoved by a piege of
filter paper. 1The coverslip was then sealed with wax. The
temporary slides were stndied and well spread metaphase

plates vere selected for detailed analysis. NMeasurements

wvere done by employing camera luelda drawings and stage
migronster. FPhotemiorographs of the repreacntative meta~

phase plate were taken from the fresh slides.

The standard asetooarmine method (Belling, 1926) has
not been found useful here as cytoplaan absorbs a lot of stain
and becomes dark in golor. The staining reaction is said to
depend on four factors each of whieh ocan be waried independently
(1) censtitution of prefixative, (2) strength of the statn,
(3) duration of fixation, storage, and (4) amount of iron
introduced. HNHumerous schedules based on altering these
factors and aiming at greater standardisation of the procedure
have been sngyested by different workers to suit the require-
ments of cifferent orops (Marks, 1952; Hyde and Gardella,
19533 Svaminathac, 19543 Magoon, 1958 ). All the observations

on migrosperogenesis were asade from temporary preparationas.

bepiotion of paghyteue ohrovoggmens Various methods of
depicting the pachytene chromosomes have been used depending

mostly on the tyre of paschyten: ohromosomes. In several



4' speccies the chromosoues have been photegraphed and :t.xuéht
line drawings made (Barton, 1950} Gottsehalk, 1954 in tomate}
rrishnun and Ue, 1965 in }.auyeusp; Shambulingappa, 1962 in
sorghus j. Lise-de-raria (1352, in secale mnd Agapanthus and
Sarvella ot al . (13558) in barley, on the other hand, have
folloved ehromomeric pattern and their intensities. Since in
gsus Yigna and fhageolus ohromosomes vere somewhat similar te
tosato and esorghum, the former method developed by Swaminathan
ot ale (1954) and succesafully used in the satudy of chromosene
analysis in sorghum by Shambulingappa (1962), has been uased. o
in this method, buds of the appropriate sise are fixed in a
mixturas of three parts of abselute algohol and one part of
propionic asid saturated vith ferric agcetate. The appropriate
time to collest and fix the material vas found to de between
8.00 AM 0 9.00 PM. Fization at lov temperature for 24 hours .
gave good zesulta. The material gcan be kept in the fixative
itself for a few months if necessary. The anthers are gmeared
in ene or two drops of 15 prepiano ecarmine. Judicious warsing
over the flame before and after tapping gave proper differen~
tiation and spreading. A plated needle vas ~  used, to make
the amcar, othervise, the staining becomes very dark owing te
the addition of more iron by way of the needle. TFropiano-
carmine was prepared as desoribed by Magoon et al. (19%8),

Hm;‘!amt of ehromosoxess MNeasurea et of chromosomes
both at mitotie metaphase and at pashytene in poilen mother
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cells were accomplished through camera lucide drawings. Tn
order to do this, chromosomes of 6-8 good metaphase plates

in root tips and not less than five cells at pachytene for
each of the five species were done with the help of the follow
ing optieal instruments. Meopta occcular 10 x, apochromatic
objective 100 x and using a prism type camera lucida. Iine
drawings along with the morphological features especially for
each pachytene chromosome were made at the table level, Each
chromosome of the accurately ammlysable cell was moved to

the centre of the mioroscopic field and drawn carefully thus
minimising the amount of error introduced by the limitations
of drawing »projnud image of chromosomes. Individual chro-
mosome from the drawing was then measured with great care
using a non-elastic twine thread.

The measurenents of mitotic metaphase chromosomes was
taken from the line drawing passing through the middle of each
arm of the chromosome md‘ extending from one end to the other.
In oase of pachytene chromosomes, measurements were made from

each arm separately leaving the centromeric region (Shambu~
lingappa, 1962).

Relative length: For the sake of comveniance in compar-
ifng the chromosome sises both at pachytene and mitotic meta-
phase relative length was used. Usually, there are two methods
for finding out the relative length. (1) Percentage relative
length in relatiom to the total chromatin lemgth, and (2) the
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ratio im percentage of she length of the individual chromo-
somes to that of she longest in the complememt (Husiwara,
19%6). In the present study the former method has been
followed.

Tho chromosomes measured as desorived l'bovo, were drswn
and average values for each chromosome was used in the prepa-
ration of the fimal {diogrem for each of the species. Tn the
f{diogram of both mitotic as well as pachytene chromosomes the
gap of the centromere is kept constant. The chromosomes 1in
both cases are arranged in deoreasing order of their lemgth,
the longest one oocupying the Iirss position and the shortests
chromosoune Yeing the eleventh with all centromeres omﬁytng

the same position (for soale see idiogram).

Chiasma freguencys The cells at diakinesis stage were
oonsidered for the snalysis of ohiasmm frequency. Thirty
cells at diakinesis, in each of the five species, vere -ccr;d
for divalents with -~ (&) three ohiasmaj.(d) two chimsmal.a(e)
one chiasma. Aversge chumt-pir geell and per bival@t was
ealoulated from the data. Reocombimation index, an useful
method to study the extent of homology was also caloulated as

desoribed by Stedbbins (19%%).

Photomigrographss Photomicrographs were taken wﬂh a
earl/zeiss 35 wm oamere using a 80 AfA origiml-Wolfen black
and white film, under an optical combimmtion of Fye pilece 10 x,
apochromatic objective 100 x.
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The index of asymmetry or symmetry of the karyotype
was oaloulated using the method adopted by Stebbins (1958)
and aceording to the prineiples of Levitsky (1931) who defines
asymmetry as a condition where mumber of submedian chromosomes

are more than the mamder of median chromosomes.

Morphelegical obeservations were made in plants grown
in pots. Critical morphological differences have been depie~
ted in the form of a polygraph (Andersom, 1957; Mehra, 1961).
For plotting polygraph twelve morphological chammoteristics
were selected and two to three index walues were used. The
characters chosen and the corresponding range of variation and
respective index values are given in Table 1.

To construct a polygraph a key i{s made in the shape of
a wheel with radiating spokes (Fig.31). The centre of the
wheel is represented by a small eircle. IEach spoke represents
one charmcter and the distance along the spoke representing the
variation for that chareoter. Only $welve morphological
characters wvere aselected tc represent twelve spokes. All the
characters chosen have heen observed objectively. Tn plotting
a polygraph a graph sheet was used to aid precise plotting.
After the spokes were marked for each species, the points were
joined to form a polygonal figure.



Table 1: List of ocharacters for plotiing pelygreph
of the five species

2

No.of Tndex value
spokes Character Vartiation for polygraph
1 Hams Ereot p |

Bashy 2
Indeterninate b |
2 Duration 70-90 days 1
90-110 days 2
110 peremnial 3
S Germimation Epigeal 1
Hypogeal 2
4 Tirst leaf Sensile _ 3
Pettiolate
S Ylower color Yellowish green 1 |
Parple 2
6 Tlower sise Small 1
Medfum 2
large 3
T &d%yle and Keel Ysraight mrely making

10

12

Apioal
appondage

Hairyness

Stipules

Shattering
nature

Length of pod

one tum

Carved making one or
more turns

Present

Abeent

Rairy

Smooth

Appenda zed

‘Not appendaged

Present
Absent

4“
4° - 6"
1
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1¥. EXPERIMENTAL RESULTS

The salient features of extsrnal merphology, the
dotailed study of somatic and pachytene chromosomes and
oourse of migrosporogenesis are studied oritieally in five
spegics of ¥Yigna, and the results are presented species~
wise. V¥ith regard to external plant morphology, esmphasis
has been laid on a few key characteristios (Vegetative and
reproduotive) of disgnostic value in deseribing these
species. A8 regards chromesome worphology, prepashytene
stages are adt easily amenable for oritical analysia. Hov-
ever the observations made in several nuclei in each of
these species showed that pairing initiates at the proximal
end and progresses tovards the distal end.

The features considered im the identifioation of tie
individual pachytene bivalents are ~ (1) tetal length, (2)
posi tien of centromere, (3) relative length, and (4) arm
zatio.

Based on walues obtained ty ascurate measurements of
the chromosomes in several nuclei, where all the chromosomes
gould be traged from end to end, the eleven pachytene diva-
lents ¢f each species have been arranged in the dessending
order of their length, chromosome 1 is the longest vhile
chromosome 11l being the shortest in the complement.



Figel: Plant of Vigna unguigulata (L. ) walp

Fig.2: Flate of meiosis in J.upguigulata - Diakinesis stage

Fige3: Flate of weiosis in Y.upguiculata - Faghytene stage
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The later stages of migrosporogenesis were alﬁ studied
in eagh of these species laying emphasis on the chiasma fre-
quengy at diakinesis. The data of the same is presented in
Table 7.

The various aspects of the study are grouped under three
headings viz., plant morphological observations, pachytene
chromosonal analysis, studies in microsporogenesis and

measuresents of somatic chromosomes.
figns unguioulata (L.) valp. (2n=22)

a) Merphological obseryations: The speeies is charao-
terised by annuval, ereot-bushy, herbs. Germination of seeds

being epigeal, the first pair of leaves are sessile in nature.
The plants grow to & height of about 45 oms and bear long
drooping pods on long peduncles. The leaves are pinnately com-
pound with three angnlar unegual lobes. At the base of th
pedegel a pair of stipules are present vhich are extended
below the point of insertion to the main stem. The basal two
leaflets possess a pair of stipellae while the terminal leaf-
let possesses a pair of stipellae (Table 4).

lnflorescence is borne on long peduncle. The flowers
are large, symmetrical and papilionaceous. The standard petal
has a purple gcoloration on the hind region. Keel petals are
fused together and englose ten diadulphous stamens. The style
is incurved making an angle of about 90°. The style is
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extended deyond the stigna to fors an apical appendage as
sharacteristic of the genus Jiguna. The species has a brac-
teole at the base of the calyx and this is larger in size

than that present in Y.mungo and Y.padiatug(Figs.6).

v) e orosomegs The absolute length of all
the ghromosomes measured at pachytene has been found te de
434 .40 }o The longest chromosoms measures 69.60 ’ vhile
the saallest is 21.60 P Ive pairs of ehromoszores are asso-
ciated with the nucleoclus and measure 53%.6 P and 49.60 P in
length. Letails of ohrososone measuremsnts are presented in
Table 2 and the idiogram in Fig. 2%,

L)

chgomosome 1: Memsured 69.60 f long. The long arm
being 53.60 ’ and the short arm 16.00 pe It has an arm
ratio of 1:3.35 and relative length of 16.02,

ghromopome 113 This is the nucleolar ohromosome with
sebmedian eentromere. It measures 53.60 ’. The secondary
sonstrietion being present on the short ara sabterminally.
The long arm neasures 43.20 P and the shert arm 10.40 Je
Relative length and arm ratieo are 12.354 and 1:4.15 respes~
tively.

Chromogpems I1]: Being sudbmedian this ehromosome pair
is attached to the nugleolus. The sesondary constriotion is
subterminal and logated on the short arm. Total length of



Fig.No.4: Camera lucida draving of chroxosomes at
pashytene stage in j.ypguiguiate

Fig.No.5: Camera lucida drawing of somatie chromosomes in

30
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the ehromosome is 49.60 y L long arn mad short arm are 36.80 )
and 12,80 p long. Helative length and arm ratio are 11.42 and
112.87 zespeatively.

ghromogeue 1¥: This median chromosoxe measured ‘8°°°f'

The length of the long arm and short arm are 26.40’ and 21.60’.
Relative length and arm ratio are 11.05 and 131.22,

ghromosoze V: The sutmedian ghromosone neasures 43.20 p
and has a long aram measuring 26.40 ’ and short arm of 16.80 }!.
AZR zatio and relative length are 1:1.57 and 9.9%5 respectively.

gchromogoune Vi: Total length of this chromoseme is )3.60,
the long arm and short arm cieasures 24.80 Y and 8,80 J Fes~
pestively. Relative length is 7.74. The shremesone is sud~

median with an arm ratio of 1:12.82.

ghrosogome V1i: Being submedian the ghremosome has an
arm gatio of 151.75. Total length is 32.80):. while the long
Arm and short ara measure 20-80,10 and 12.00/1 respestively.

omoxO e 3 It measures 31,20 /z The shremcaone

is median with arm ratio of 1:1.16 and relative length is 7.18.

Chremogome 1X: This submedian chromosome measures 28.00 A
in length with the long ara measuring 17.80): vhile shert are

ZOASUTes 10.20;:. The relative length and arm ratio has bdeen
found to be 6.45 and 1:1.75 respectively.
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ghropegere X3 The ehromosome has a total length of
2).20,. and is median in centremeris pesitien. The long arm
measures 12.60 u and short arm 10.60 f' The relative length

and arzm ratio are 5.%4 and 1il.l9.

ghrowogome Xis Being the ssallest cohromesoue in the gom-
plement the two arms measure 13.60f and 8.00)1 and the total
length is 21.60)1. Relative length ani arm ratio being 4.97 and
1:11.70 respestively. The chromosome has been grouped as sudb-
median {Fig3.4).

fleiosiss Regular biwvalent formation both at diakinesis
and metaphase~l and followed by norxzal disjunction at anaphase~]
has boen notiged. rollen fertility wvas nermal with 85«50i nore
mal pollen.

Detailed studies on chiasma frequeey in 30 gells at
diakinesis has beecn carried out. Out of the 330 bivalents
exanined 70 biwmlents have deen found vith one chiasza eash)
243 bivalents vith two ohiaszata eaghj and 17 bivalents vith
three chiasmmata. Total chiasmata is 607, average number of
chiasmata per cell is 20.23 and awaber of chiaszata per biva-
lent is 1.84 (Table 7)(F4 3 .

Mitotig ohromosome: Abaolute length eof somatic chromosezea
ranged from 2.60—1.20)3, and the overall length of the ghromatin
being }8.80): (Table 3 )(Fiq.29).
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Fig.61 ugu? of morphologlonl features of Y.ynguioulata
plan ,
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Group Al vonsists of one pair of submedian ohrome~
somes measuring 2.60’ in length. The long arm is 1.8, and
short arm O.BOf. Relative length and arm ratio are 13.40
and 1:12.25 respectively.

iroup B: Chromoscmes with submedian centromeric posi-
tion, possesses a secondary coustriction oen the shert arm. It
ReAsuUres 2.30}1 in total, with the long arm measuring 1.70,:
and the short arm 0.60):. The zrelative length and arm ratie
are 11.86 and 1:2.83 respectively. This group has twe pairs

of ohronosones.

éroup Ct ihis group has feur pairs ét median ohromo-
sones. Length of the ochromosere dbeing 1.10/u. The long arms
is 1.0, and short arnm 0.7)1. Relative length is 8.76.

Groyp Dt iias three pairs of median chrimogomes nmes-
suring l.4}i vhiie both arms measured 0.10):. Relative length
and arm ratio are 7.22 and 1:1.0 respectively.

Group :s Comprises of one pair of submedimn chromo-
aomes measuring 1.20 ):. In this chromosome, the long arm is
0'7f and short arm 0.50’. Relative length and arm ratio are
6.19 and 151.40 reaspectively (Fig.5 ).

Yigoa punge (L. ) Hepper (2u=22)
a) Morphologieal obseryations: Being a domestioated

spegies the plants of this species are annual and determinate
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herbs. The plants grow to a height about 30 .= e¢ms, the

stem is partially pigmented and hard. Cermination of seecs
being epigeal the first pair of leaves are sessile and linear.
Leaves are pinnately compound with three lobes. At the base
0f the peticle a pair of stipules are present. These are
scaller than those of Ve.unguiculata and are extended below
the point of insertion to the stem. Lach of the basal leaf-
lets have one stipellae while the terminal leaflet has a pair
of stipellae.

iInflorescence is a raceme and is borne on a short
pedunc le. lhe flowers are relatively small and papilio-
nageous. Ihe standard petal is greenish yellow in colour.
ihe keel is fused and encloses a diadulphous stamen and a
style which rarely makes one complete turn. The style ends
in a stigma which has an apical appendage (Fig. 7, Platell)

b) Pachytene ghromosoncs: Absolute length of all the
chromosomes at pachytene is 357.60 P and the range is between
44.80): and 20.00)1. Letailed chromosomal measurements are

given in Table 5 and pachytene idiogram in Fig.a9.

The regions flanking the gentromere (proximal region)
takes deep stain and the other regions staim lightly{7i4s3.9).

Ghyomosome I1: It is a median type of chromosome with
the long arm measuring 24.00'/1 and the short arm 20.8):.



Fig. 7 Plant of Jegmaae (i+) Hepper

¥ig. 81 Flate of meiosis in {.gunge - Pashytene stagse
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The over all length 0f the ohromosowe is 44.80,. The relative
length is 12.53 and arm ratio l:l.lS%.

ghyemegope 11t Being a subsedian ehromoeaomse it measures
43.20’. long arm measuring )3‘60')1 apd short aras 9¢60)n. ™he
arm ratic s 113.50 mnd relative leagth 12.08.

chroposese 111: iotal length of the ohrowosome is 39.20 pe
Ihe ohromoso:e is subnedian with long arx measuring 24.00, and
short arm 15.20 P Relative length and arm ratio are 10.96 and
111.58 respectively.

Shropogone 1{: This chromoseas neasures 38.4 P vith long
arm measuring 24.80 ): and short armz 13.60 ’ The relative

length and arm ratio are 1U.74 and 1:11.82 respestivel;. The

shromosone is submedim.

ghremogome Vi The total length of the chromosems is
3520 ’. Ihe positicn of the gentromere is sedian with both
the arus measuring 17.6,1. The relative length of this ehro-

nosoEe 18 J.84.

ghromogope Vi: The total length of the chremosone is
34.40): with ths long arm measuring 19.20, and short are
15.20/:. Ihis is found to be a median chremosexe with an arms
ratio of 1:1.26 and relative length is 9.62.

chropegeme Vii: ‘1his ehromosone meamuring 33.6 2 long
48 sudneuian vith loag arm measuring 20.80 ’ and short arms



Fige 9% Camera lugida drawing of chromosoces at pachytese
stage in Y.sungo

kigelUs Camera lucida drawing of somatic chromosomes in
Y.zuoge
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12.80’. Relative length and axm ratio are 9.40 and 1:1.62
reapcetively.

_ ghremogoue Vill: Ihis is & submedian nugleolar orga-
nising chromvusoxe seasuring 25.60 )v in length the long arm

being 17.60 , and short ars 8,00 ’. The nuoleelus is attaghed
to the short arm. Helative length is T.16 and ars ratio
112,20,

ghremogome iX: H“easuring 21.6 P long, this pair alse
bas a seoondary oonstrietion on the shert sarn vhish seasures

14.406 f long. sheort arm of this submedian chromosere mea-
sured 7.20}3. relative length 6.04,: with are ratio 1:2,0.

shromogoue Xs Heasuring 21.60)n this is the most asy-
smetrical chremosome with an ars ratio of 1:14.40. Relative
length is 6.04. Leng ars and short ara measvres 17.60, and
O.Wf respectively.

ghromosone Xl: Is the shortest chromosome in the oo~
plement and has subsedian centromere. The chromosene sea~
sures 20.00,. ;tth an arn zatio of 1:1.08 and relative
length %.59.

figdosips: Latsr stayes of melosis such a8 diskinesis,
Metaphase~l, Anaphase~i and sesond meiotis division are normal
with pollen fertility upto 85-904%,

Chiassa analysis in 30 cells at diakinesis bas been
carried out. Of the 330 bivalents studied, 139 tiwmlents
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showed one chiasua each; 177 bivalents possessed two chiasma
to each; and 14 bivalents have three gchiasnata each. Total
nuzber of chiasnata is 535 and average chiasmata per cell is
17 .84, while average number of chiasmata per bivalent is 1.62
(lable 7){Fq.13).

¢/ Kitotio ghromosoues: Somatic chromosomes ranged in
length from 2.20’ to 1.1_0’. The overall leagth of chromatin

is 37.20 /n. ine details with respeet to length, centromerie
position, relative length and arm ratio are presented in
iable 6« Based on length the chromosome pairs they conld be
grouped into five groups{ g 29)

Group A: Fossesses one pair of submedian chromosomes
measuring 2.2’. Long arm of thie ohromosone is ldf and
short ars 0.9’. Relative length and arm ratio were 11.82 and
l:le44 respeotively.

groyp B Comprises three pairs of chromesoues measure
ing 2.10,. long are and short arm being 1.6). and 0.5f res~
pectively. GNucleolus is attached to the short arme The re-
iative length and arx ratio of this sabmedian chromosorme are
11.29 and 1:3.20 respectively.

group vt Has two pairs of sat llite chromosoves with
subwedian gentromere and nucleolus is attached to the short arm.
it seasures 1.7): loog with a long ara eof 1.0, and short arm
of 0.7)“ Relative length and arm ratio being 9.14 and 1:1.43
respectively.
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£igells Figure of morphoiogical features of Y.gumap plant



E (32%)

¢
D (1)

F (32 x)
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Group ks Inecludes four pairs of median chrozosomes
seasuring l.40 ’. Aelative length is 7.5%.

ggoyp ki Smallest ehromosome pair deing submedim |
neasures 1.10 f in length with long and shert arns measuring
UeT70 , and U.40 ’ zespestively. Arm ratieo and relative length
age 111.75 and 5.91 respectively( Fig./0)

Tiios radiatys (L.) vilosek (2nw22)

&) Merphologcicsl obgerymtieny: An annual, ereet, deter-
minate herdb. Ihe species differs from Y.RuRge in fow aspoets.

Germination being epigeal the first pair ef leaves are
seasile, the hypoeetyl is purple and the epieetyl green in
gelour.

infloreseenos is borue on & short peduncle tearing small
flowers. 1Ihe bagk of the standard petal is greenish yellsv.
The keel petal enclosed a stigsa which 1s curved but .p'ot" by
ene eomplete turn. 7The tip of the style ended in & stissa vhieh
bas an apical appendage as in f.punge. The leaves are trifoliate
and have a linear atipule at the base of the petiocle, extended
belov the peint of attaghzent to the stem. Pods were 5«6 ons
long and erest in mature (Table 4)(Fi4sia,17).

Reshytene ghromosomeg: Chremcsose length at pashytene
tanged from 47.98 )n te 23.99 ,. Ine overall leagth of the

pashy tens ehromoseme eomjenent was found to be 401.07 pe
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The relative length ranged frem 11.96 W 5.98 (Tavle 8, Figsi3ap.).

ghzomesope 1: It is & sudmedian ghromosoze measuring
47 .98 )" The leong arm -mm"od 28.91)1 while the short ara
19.07 f’ Relative length and ars ratio are 11,96 and 1:1,52
zespec tively.

ghromcgoge J1: The chromesexs measured 46.15,“ the
leng ars being 33-83, wvhile the short arm 12.“’. The ree
lative length and ars ratio are 11.51 and 1:2.62 reapesti wly.

shrosogope 111: This has an over all length eof 4244’
with subaedian gentrozeric position. The chromosome has a long
arm of 20.29 » and a shert arz of 14.15 P Relative lenpth is
10.58 and arm zatio 112,

chreposone jV: Neasuring 38.14 )h this subdbmnedian ohromde
Sene has a long arm measuring 22.76’ and short ara measnring
15.38}:. Toe relative length is 9.5C and arm ratio 1:11.48.

chremoaone Y3 Ihis ehromosene is 36.91 J 4o length vith
median gontromerisc position has a long arm seasuring 19.09f

and short arm 17.82 }n long. Arm ratio and relative leagth are
found to b 1:1.07 and $9.20 respestively.

chroposoze V1: 1his ehromosome measured 36.29’ and
poansases zedisn centromere. 7The long arz of this shremoseae
BeASUY RS 1&.45): and shoYt arm l?.M,p. Ihe arm ratie and yoe
lative length are 1:1.,05 and 9.04 reapsetivelj.

s



Fig.l2: Flant of Y.padiatug (Le ; Wilosek

Figelds Flate of melonis 10 f{.radiatug -~ Faghytene stage

Yigeld: Flate of meloais in J.radiatug - #etaphase stage
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shremosone ¥ils This has an owverall length of 35.06 y L
ihe eentronere is mubtnedian in its position. The sesondary
coustriotion i s present audterminaily on the shert asm. Ihe
arm ratio acd relative length are 111.77 and 8.74 respectively.
Long are and short arm xeasured 22.45 » and 12.61 » respestively.

Chropepene Yii]: This chromoscmse measures 33 .53 » in
length the long arz and short arm zneasurs 19.68 P and 14,1% e

The relative lengzth and ars ratio are 8.43 and 1:1.359. The
shremestms is subterzinal.

yhremogozse lXs The eentromere in this ohromosone is
sedian aud neasures 50.76,. SR AR BeARUring 15.38/:. Re=
lative length is 7.67.

cixoponone Xt The lung ars of this shrosesome measures
15.99’ and shert ara 13.55 /v. Overall length of this median
ghromosome is 29.52):. Relative length and arn ratio are 7.36
and 111,18 geapectively.

chrenpsone X1: 7This swbmedian ohrozosome measures 25.99 Y o
in lengthe The long ara measures 15.58’ and shert arm 8.61 ’.
Arm ratio and relative length ares 1il.79 and 5.98 respewtively.

Belopint Later stages of meiosis such as diskinesis,
Netaphase-l, inaphase~l and secend meiotie division are normal(Fi.)

chiassa analysis in 30 ¢ells at diakincesis has deen
earried out.s Of the 330 bivalents, 130 bivelents have one
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chiasma each; 194 bivalents possessed two chiasmata each; and
6 biwalents showed three ghiasmata eaghe. Total number of
chiasmata in this species (for 350 cells) is 536. Average
nusber of chiasnata per cell and per bivalent is 17.87 and
1.62 yespestively (Table 7){Fiq.32)

¢, fitotie chromosomes: The somatic me taphase chro-
nosomes ranged in length from 3.30 Y to l.40 P The seeond
longest chrorosoue pair is the nucleolus organising chromosome.
Based on the presencc or sbsenvce of s egondary constriction,
length and position of ceuntromore the gomplement eould de
divided into six groups (Table 9){Fiq 29).

group A: lias one pair of submedian chromosome with the
tvo arms measuring Z.10 f and 1l.20 ’. The chromosome measwures
5030’ in length.

Group By One pair of satellited chromosones with sub-
msedien prisery constriction. Secondary constriction is present
on the short arme it measures 2.40 }n in length. Relatiwe
length is 11.48 and arms ratio being 1:3.00.

group Cs has three pairs of submedian chromosomes measure
ing 2’Wf in length. Helative length and ars ratio are 9.57
and 1:1.50 yespectively.

Group D: Une pair of median chromosomes measuring 1.80 ’

in length. Arm ratio and relative length are 1:1.25 and 8.61
respectively.




Figel5: Camera lucida drawing of chromosomes at
pashytene stage in j.radiatus

Figelbs Camera lugida drawing of somatic chromosones

in y.zadiatus






Fig.lT7: :’igu? of worphological features of J.padiatus
plan



—_—

V. radiatus



Sxeup i3 Total length s 1.60,. end is subterminal
with the long arm neasuying 1.00’ and short ars measuwriang

Ceb )n inis group conaists of two pairs of ghrozosomes.

fxoup ¥'s consists of thyes pairs of medisn ehremeseues,
and essh palr measures 1.4 p. Relative lemgth is 670 Fig. 16).

{izoa qylindrion Skeels (2nw22)

opg! A twiniag shrud this
spegies is photosensitive in nature. Ihe plants grov to a
height of 60 cna. leaves are angular and ssaller eompared
to that of y.upguieuleta. Flovers are borne on long pede
wncles. Flowers are not as dig as those of {.ungujieuists.
Germination is hypogeal and the first pair of leaves are
petiolats. Lsaves are smooth and trifoliate. Base of
potisle has a stipule whigh is not extended delow the peint
of insertion to the stex. Fods are 5S-G gms leng and erest
in natuye., Jods on drying dehise and the seeds are dise
poraed. 1Ihis deing & wild gharacter is gonspicuous by its

noowexistense iu spesies y.unguieulista, Y. Dungp mmd
Irgadiatus (Table 4,(Figs.18,29).

b) Paghytens ghyomegomest The longest chremosesme in
this seasures 80.00)t vhile the shortest ehremosone is 34.0,.
Overall langth of the chromosone cospiement at pashytenme in

this speeics was found to be m.s,- Letailed measurements



Fig.18: Flant of J.gyiindriea (L., Skeels

Figel9: Flate of meiosis in J.gylindrica - Pachytene stage






Figs20: Canera luoida draving of ehromessmes at
) Pachy tene stage in f-erllpdrisg

¥ige2ls Cameza luoida Sraving of sozatig chremosones
in J.aulindrios
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of chromosomes are given in Table 10, ldiogram is presented
in Fig. 3% .

ghromogome 1: It is 80 /& long. The chromoscme has a
med ian centromere. Relative length is 15.17.

ghromosone Il1: It is also a median chromosocve measur-
ing TU.40 ’ long. ‘he chromosome has & long arz measuring
!6.4’. and short arw weasuring 34.00’. Relative length is
11,59 and arm ratio 1:1.07.

ghromosome 11i: IThis ehromosome has a submedian gene
tromere with a total length of 65.60’. Ihe long arm measures
45.00 ’ and short arm 20.6 f in length., Helative length and
arm ratio are 10.80 and 1:2.18 respectively.

chromosome 1V 63.20 P loug the ghromosome has & sub-
median primary constrietion. Tuc_ long ars measures 40.00,
and the short arm is 23.20’. Relati w length and arm ratio
are 10.41 and 1:1.72 respeotively.

ghremosose V: The chromosome is 61.50): long vith the
centromere median in position. Both the arms measure 30.00’.
Ihe secondary constriction is located subterminally. on the
short arm. KRelative length of this chromosome is 10.14.

ghrosogone Vi: This satellited chromosome measures
6),.60f. The long arm is 44.20’ and short arm 11.40,.
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Seecndary ecustriction is logated subterzinally on the short
ars. Helative length s 10.14 and arm ratioc 1:2.54.

Shrgmegone Yil: Ihis chromosems is 53.60}: in length,
The primary constriction is nearly median with long arz zeasure

ing }0.60)1 and short arm 23.00f. flelative length and ara
gatio of this chromosoms are 8.82 and 1:1.33 respesti wly.

ghropopome V1II: This is submedian type of chromosome
measuging 4’%60,. The long arm is 28.5’ and shert arm 3.9.3’
in length. Relative length and era ratio being 7.83% and
1:1.47 yeapsetively.

ghrogogome IX and X3 The two chromosome pairs measure
W.O)n eath and posssssed a medim rrisary eonstriotion. Ree

lative length is 6.58.

whrowosose X]l: This is the shortest ghrozosome in the geme
plenent measuring 24.00 ) Ihis ia the most asymmetrioal type.
of ohromosone with long arx and short are measuring 20.0’ and
40 f zespectiwml;. Helative length is 3.95 and ars patio
115.00{Fq. 20).

Helosin: All the sudsequent stages of meiosis axe found
to be norzal with normal pairifhg, disjuction of chromosores.
Follen fertility is high.

| Chiasma analysis in 330 bivalents from 30 gells at
Diekinesis gave the follewing results. 98 biwalents with ene
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ehiasma; 219 bivalents with two chiassata eachj 13 bivalents
with 3 chiasmata each. Total number of c¢hiaszata is 575.
Average number of chiaszata per bivalent and per cell is found
out to be 19.17 and l.74 respeatively (Table 7){Fiq 23).

¢) Hitotic aspects: Ihe overall length of somatic metae
phase ohromosone complement is 45.0 ’. ihe longest ohromosone
is 3.00): while shortest 1.5,. Based on position of centroe
mere, relative length and arm ratio the chromosomes have been
groupec into five groups. Letails of chromosoue measurenen ts
is given in Table 11, Figsdl.39.

Group A: Has one pair of submedian chromosozes meagugr-
ing 3.00): in length. The long arm is 1-60’ vhile the short
ars is 1.40’. Relative length is 13.33 and ars ratio 1l:l.1ll.

ggoup B: Comprises of two pairs of satallited ohromoe
somes with submedian primary contriction with nueleolus being
attached to short arm. Total length of echromosone is 2.4 f
long ars measuring 1.8, and the short arm measu¥ing 0.6,.
The relative length and arm ratio are 10.67 and 143.00 res~
pectively.

group C: Consists of three pairs of chromosomes, the
long ars and short arm are 1.2’ and O.e, respectively. Total
length is 2.00)». Arm ratio and relative length are 1:1.5 and
6.89 respestively.



Fig.22s Figure ef morphological features of J.qrlindries
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Gxoup Pt Thia groeup has four pairs of ohromcaones
measuring 1.80 f vith mediian primary oconstrietion. 7The ghre-
zosome has equal arms measuring U.9 ;e Relative length of
the ohromoseze is 8.0.

gxeup Lt This group has ene pair of submedisn ohromo=
sones vhich mneasures 1.50 n loeng. Ihe long arm measurcs
0.90’ wiile the shart arm is 9.60,. Relative leangth and

aFR Fatio are 6.67 and 1.5 respestively. A

Ti4na aarine (Burm.) Meyrill. (2ne22)

nmmmw The species is an uwn-
doneaticated vwild specica. Germination is hypogeal and the
plant growe inte a trailiag piamnt. Being photoasnsitive, the
plant kesps growing all through the year and is perennial in
pature. Leaves are thiock and coated with a waxy layer. This
speei e 1is resistant to powdery mildew and leaf septoria of
eovpea. First pair of leaves is petiolats. The stem is

woody. Base of the pedicel has a pair of atipuvles (Table 4).
(FiqS.&S,i?).

Inflorescence is a ragene and 1is bdorne on & leng
pedungle. Flovers are neither as large as in Cowvpea nor as
saall as in Black-gram or Gresngram. 7The stipule, at the
base of the leaf doeos not extend delov the point of insertion
to the main stsue The standard petal ias yellow, keel is
fused and easloses diadulphus stamens and style vhich sisilar |
to that of sultivated Covpea, by pessessing an apical appendagl

L
T,
(Y3

‘2
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v) Esshytene shrewosemes: Study of ehremosomes at pashy-
teue showed that overall chromosoxe leugth is 496.00 p end the

genge deing 59.20 f to 28.00 pe Details of ochromosonme REASUT O~
sents and idlogram are prescnted in Table 12, Figsd4,15,3%.

ghromosoye [¢ Neasures 59.2’ in length: 7The leng arm
is 40.%): the short ara seasures 13.20,. The sesondary oone
striction on the short arz. Helative length and arm ratio are
11.94 and 112.08. 7This chromosoce has & submedian geantremers.

chresesepe 1l: This median chromosome measures 56.80 P
in length. 1The long arm measuring 32,00 f' and short am
<48 )1. Relative len;th being 11.45, ara ratio is 1:1.30.
inis chromeasme is the nusleclar ehromoseze wvith nucleolus
attaghed to the short ars.

ghromopose j1l: Measuring 56.C ) long, the chromesone
bas a median centromere. Leng ars and short ars measure
3&.46). and 25.60)1 sespestively. Relative length and ars
zatio are 11.29 and 1:l1.19 ”»nuvoly.

shrompgepe 1V: This submedian chromosose Beasures
49.60}1. ilong arz is }1.2’ and the shert arm is 18.40’.
Helative length and arm ratic are 10.00 and 111.70 reapes~-
tively.

Shrowogene Y This ohromosome measured 48.0@,: long.
lhe long axrm and short arz of this chroacatme are 30.40 ’ and



Fige 25 Flant of J{.parins (Burm.) Herrill.

Filge24: Flate of meiosis in J.garina - Pashyteae stage






Fig. 25 camera lucida drawing of chromosomes at
pashy tens stage in j.parine

Fig.26: Camera lucida drawipg of somatic ehromosones
in Y.uazine
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17.60 P leng: Arm ratio and relative length have been found
to be 11).73 and 9.68 respectively.

chramessme Vi: 44 » long this chromosome has a submedian
centromers with a long aras, measuring 31.20): and short ars

zeasuring 12.80 ,. iielative lengzth and arms ratio are 8,587 and
2+44 respestively.

gchromegone Yils Centromere being submedian the long arm.
asasures 3V.4V f and short arm 12.80 ’. Total leagth is 43.20 Mo
delativw length was 8.71 and ars ratio was 132,37,

chxomesepe Yiilis Inis ehrcacsosze alse has swdmedian
primary constriotion. Total lemgth is 40,00 P Ihe long ara
seasures 24.00, and the short arz 16.00’. Relative lemgth
and arm ratio are 8.07 and 111.50 respestively.

ghrosopone 1x8 It is 40.00 P long with median centromere.
The two arms of the chromosone are equal im length. Relative
hn;th is 8.07. -

Chremspone Xt This chromessne also possesses a medim
sentromere and measures 31.20,. Ihe two arms being almost ¥

squal, ars zatio is 1:1.05 and relative length 6.29.

ghiforosoce X1s This being the smallest shromosons measures
28.00, io length. Long arn is 20.0011 and vhile the shert ars
8.00’. celative length is 5.64 and arm ratio 1:2,50.
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All the subsequent atages of meiosis vis., Lliakinesis
retaphase=l, Metaphmse~1l are norsal and norsal stainable

jollen are obtained.

Out of the 330 bivalents in 30 pollen mother sells
asalysed to study the chiasma frequensy, 90 biwmleunts showed
one chiasna eagh, 231 bivalents posseased tvo chiasuata eash;
vhile 9 tivalents bave three ghiaszata eagh, Total chiasna
is 543 Average chissza per 0e¢ll is 18.10 and average ghiassa
per biwmlent is 1.76 (Tedle 7;{¥Fi5.33) .

o) Hitotig chzomogoues: The range in somatic shrouesome
length is 3-2/& and 1.8)). ihe absolute length is 56.20’.

The ehremosones have been grouped into & grewps (Table 13)(Figsdé 49).

gxoup 4t Comprises two pairs of chromosones with medisn
prizary constrigtion and measures 3.2 /n Relative length and
azrx ratic are 11.39 and 1tl.26 respesti wly.

Group B3 Has thres pairs of subzedian ghromoscnes Lea-
l&ting 5.16)1. long azas deing 2.00): and short arn 1.10’.
Helative legth is 11.03 and sz watio 1:1.82,

Yroup ¢ 2.50 /n long this group has twe pairs of ehre-
zosomen vith satellites on the short arz vhich ceasures l.n}
and short arm 0.80 P Relative lenzth and ara ratio are 8,90 }
and 132.1% yespeetively.



Fig«2T: Figure of morphological features of {.garing
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G¢xoun Ps Ingludes a pair of mediasn ohromostmes ReASWT~
ing 2.00f. Relative leagth is T.12. '

gEoup it This has two pairs of chtnonmi Reasuring
1.80’ in length. ihe long ara ceasures 1.00’ and the shert
arn 0.80 ):. Relative length and arz ratio of this median

ehzomcac:e are 6.41 and 1:1.25 respettively.

yxoup It 1.80 /a long this chromosose has & aubuedian
primary econstriotion. Relative lea th and ars ratie are
6¢4) and 1:1.57 zespeetivel;.
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¥. DISCUBSION

Reaults of the present astudy are digcussed under the
following heads:

1. Exteranal sorphelogy

2. Pachytens ohromosones

3. Mitotie ohronosenes

4. Phylogeny and spegies relationships

1. Exterel merphology

Of the five species selegted the three cultiveated ones
vis., Y.unguiculats, Y.punge and f.zxadiatug are characterised
by their egset plant type while the species Y.gylindrioa is
ww”uut. Hovever, {.gpaxina differs fyom the other four
specics by ang q:rnd;ng md lndotomimtt plant type.
Y-BEpiog o spzead out over s area of abent ome square
meter and is perennial in nature. Y.unguioulata, /.muogo,
fogsdistus and Jegylindrica, on the other hand, are annusl im
aature{Fis.31).

vestpbal (1974 ), has epined that not mugh vork has been
done with reapect to the nature of gernination, i.e., Epigeal
or hypogeal, mad las sugzested that this might » an important
taxonoxic character and detailed studies should be taken np.
Observations on the germination of seeds in the five species
has shown that the two wild speciss vixn. J.gylindrios and
J-parina shoved hypogeal germination while all the three
sul tivated speci cs exhibited epigeal germination.



The first pair of leaves that emerge after germinatien
of the seeds also exhibit inter-spesific differences. The twe
wild species showed petiolated first foliage, vhile the three
eultivated apesies, possessed sessile leaves. Earlier studies
of Maskawva (1955) and Teurncur (1958) en this oharacter have
pointedeut that sessile mature of the first leaf is & charac-
tortitu feature of the geous Yigna wvhile the petioclate nature

is the gharacteristic of genus Phageolus and Dolishes.

in the present study, of the fiwe spesies, three spesies
vis., I.ynguigulata, Y.gunge and V.radiatup, possess sessile
leaves wvhile the other two specles vig., Y.qylindries mnd
Y.parivs, bear petiolate firat foliage. 7This should net
mean that the latter twe spesies 4o not belong to the gems
-Vigng as the other characters, of this species, agree wory much
vith the genus Jigna. The wariation for this eharacter withia
the genus may o a case of evolutionary progress.

Based on the sessile nature of the first leaf vhich is a
characteristic of the genus Yigna the two species P.punge and
f-sureus have been regrouped under the genus Yigna. The cnc-;
wation and regrouping confirm to the earlier work of Mackawa
(1955 ) and Tournewr (1998 ).

As regards hairiness of plants, Y.pungo and V.padiatuys
possess profuse hair en them vhile the other species are



Fig. 281 ldiogram of ohromosomes at pachytene stage
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glabrous. Theugh a let of variation was sbserved regarding
sizse of atipules among the five spesies they are present in

all the species studied. 7The major difference has been that,
1t is appendaged in y.unguiculate, Y.munge snd Y.radistos

while it is not appendaged in Y.parjng and V.gylindrica.
Aagozding to wilosek (1954) stipules with appendage, that is, |
stipules extended below the point of insertion, ia thq Chll'”;
ter of the genus Yigna. In the present study stipules in,

in {.parips and Y.gylindrioa are not extended below the point
of insertion. Ihis might again suggest that the stipule vith ‘A
appendage is an adwanced character in the gemus Yigna and thus
generally present in cultivars.

The other merphologionl differences vwith regard to floval
chuncicu among the five species are flower colour, flower sise,
bragteoles, style and keel, apisal appendage on stigsa, nature
and length of peds.

sz Though the flover eolous ia ln}’ |
the spesies stuilied is Dasically yelleov slight variations have
been observed. Y.ynguigulata pessesses purple shaded standard
potal and J.yadiatup has greenish yellow shaded stamdard petal. |
ixsepting thess twe wariations all other species exhidited |
yellow flowers. As for the size of the flover Y.unguioulaty
and Y.parina have large sised flowers, vhile the flewes: of
other tir ee species are relatively ssaill.



Fig. 29: ldiogram of somatic ghromosomes

I Yomguculata II Yemmee 111 Tomadiatua IV Vemdindriss
¥ Y.mariza
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Style and keel: In confirmity with the rmm key
proposed by Wilesek (1954), {.padiatus and Y.punge possess
style and keel making almost one complete turn « similar to
the other three species included in the present study.

As regards style morphology all the five species
studied possess an apigcal appendage, & begk like strueture
protruding beyond the stigma, 7This is similar to the type
species of genus figua SAVI i.e. Y.luteola, and not as in

E.yulgaris, & type species of genus Fhaseolus L.

FPod length: when pod length was observed V.ynguigulata
was found to have the longest pods, true to the direotion in

vhich the selection pressure has been applied for this economie
character. All the other speciecs have small pods ranging in
length from 4-0 ous.

2. Paghytene ghromosomes

Agourate and detailed information on ghromosome morpho-
lo(y can be obtained by analysing mid-pachytene stage during
meiosis. The condensation difference between cells is minimum
at this stage and the position of the primary constriction can
be easily identified. Pachytene analysis bdesides providing ine
formation on position of centromere, position of attacment of
nucleolus, and nature of chromosome namely differentiated or



Fig. 301 Comparative idiogranm of individual
ehromosomes at pashytene stage

 A. Y.upguiculate B. Y.pungo C. Y.radiatus
De Y.cylindrics E. Yomarine
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undiffexentiated, also provides us with information such as
nature and d.utﬁbutxoa of ehrematin material, whioh helps in
identifying a species as advanced or premitive. This type of
study vas initiated with the pioneering work of MoClintook
(19293 1931) in Zea mayg. Sinoe then the potential value of
such an analysis and its wide application in solving of several
oytogenetic and evolutionary problem has deen realised (Venka-
teshwaralu, 1962).

It sbould however be eantioned that all plant spesies
aze not easily amenable for such studies. Sucseas ean b
obtained, largely, in plants apesies which have lov ghromosome
nusber and short sised ehromosomes, btut not in species with
mafy and large ehromesomes, besause of the difficulty in gott;
ing well spread preparations. Further such a study camot be
taken up in plant spesies vwhere shromosones exhidbit stickyness
wvhich is genetie in nature. '

In the gemus Yigoa the hapleid chromosoms number has
boen only eleven, and the chromosomes ars very short. These
favouradle factors have eneocuraged pashytene analysis in this
gemus (Krishnan and De (1965) in F.aureusj De and Krishnan
(1967a) in P.pyoge; sad Mukharjee (1968) in Y.ginengig).

The pachytene chromosomes of all the five speeies
exhibited the position of gentromere very clearly and were
also characterised by striking differential staining capasity.

»

%
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Yonsidering all the awmilable information on pashytene ana-
lysis. TVenkateshwaralu (1962) e¢lassified pachytene ohnu-;
somes into twe broad types nmmely differentiated and umnffo;
rentiated. The former categery is characterised YWy proximal
darkly staining region and distally placed lightly staining
rogion. .. The chromosomss of tomate (Bartom, 1950), Plaptage
ovita (Hyde, 1963 ); Solanum (Costechalk, 1954 ), Sorghum
(Magoon, 19603 1361) mad several other crop plant come under
this category. The segond oategory ocousists of chromosones
vhich stain uniformly er show chromemere gize gradient from
proximal to distal end. The pagshytene chremosozes studied in
Asperagus (lima-de-Faria, 1952), Sergbum purpyrio-sericens
(Reddy, 1958) and barley (Sarvella, g% gl.» 1958) are of this
type. The pashytene ohremososes of the five species in the
preaent study may be greupad under the type “differentiated
chromosozes”. This ¢lassifigation of pachytene chremosonmes
has already been suggested by Krishnan and De (1965) is
E-sureus and De and Krishnan (1967a) in P.gngod¥i5.28).

The total ohromation length deing ‘54.49 VL this species
({-ungpjculata) consisted of the maximum number of asymmetri-
oal shromosomes (having an ars ratio of more than 1:2). Of the
four, the segond ohromesomes was the most asymmetrical with
an arm ratio of slightly more than 1:4. In this spesies twe
bivalents nazely se¢ond and third appear to be in association
wvith the nueleolus subtersinally(Fi;.33).



Fig«31ls Polygraphs of the five species

I Youngudonlata 11 Yegupgo 111 Y.radistus IV Yeovlindriea
V Y.parina
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In Yemungo also two bivalents have been found to be
associated with the nuoleolus (Eighth and Ninth). The gom-
plexcnt of this spe¢ies consisted of four asy:xmetrical biva-
lents and of these chromosome 10 vas the most asymmetric al,
with an arm ratio of 1:4.4. The total chromatin length at
pachytene in this speeies was 557.60’. A similar observation
has been made by Ue and Krishnan (1967a).

In Y.gadiatus (P.aureus) the complement cousisted of
tvo asymmetrical bivalents i.e., second and third. In this
species omly one bivalent with an arm ratio 1:1.77 and taking
the seventh }ontiou in the order of length in the karyotype,
vas found to organise the nue¢leolus terminally on the short
arm. Krishnan and De (1965) have studied the pachytene ohr.é
mosone morphelogy in this species and have reported three
asyunetrical type of bivalents i.e., second, third and eighth,
However in the present study «ighth chromosome wes more of &
sedian type with an arm ratio of 1:1.39.

in the species Y.gylindrica the short ‘chromosome measured
24.00}' and the longest is 80.00’. The overall length of the 4
pachytene bivalents is 60!.60’- it consists of three asymmetry
type of chromosones namely third, sixth and eleventh. The llth
pachytene biwmlent is the most asymmetrieal one with an ars
ratio of 1:5. In this species also two pachytene bivalants,
fifth and sixth appear to be in association with the nugleolus.



the conrlemet of Yeparing oonsists of four asymmetrical '~
ohromosozes. 3ihe shortest measures 28.0 b and the longest
59.2’. The overall leugth of the pashytene bivalents is
496.00 P The nucleolus wvas found to be associated vith twe
pachytene biwlents nasely 1 and 2.

Considering the nuoleolus erganising clwomosomes in all
the species, it is evideat that except in Y.radiatug the
nuoluhn in the other specics is associated with two pnahy-
tene bivalents. It is only in j.xsdiatus that only one pachy-
tene bivalent is assosiated vith nucleclus. A similar obnr-;
vation has besn regorded by Ue and Krishnan (1967a) in P.gyngo
The association of nueloolps vith twvo bivalem ts leads to thiank
in a different way about the basic number of the genus Yigna.
It is generally accepted that the basic number of Yiazma is 1l.
If elevem wezre to De the basic mmber thea only one pich:touq
bivalent should have been in association with the nucleolus.
But in the present study of the five spesien, in four out of
five species, the nucleolus was found to be in association with
two pachytene biwlents. This situation leais to a seoond theught
about busie Pumber and hence a dasic number of 5 or 6 may bde
thought of for the genus Yigna. This is purely a suggestion,
and until enough data is aceumulatec with respest te oytology
of hapleids, and geneties of certain qualitative characters,
to substantiate this viev point about the basic ohromosonme
number no definate eonclusion esa be drawn {Fi 30).



¥ig.)2: Liagram of chiasma frequency and distributien
at diakinesis in the five apecies.

I Yemguigilata 33 Lommen 13X Lasdiaton IV Yegpiindrics
V Yemacina



- A-Nm - m-m - .
< I
S i lo
>_ : + o s ER |
A TS TN RarleeT A4 Mk PR * S
T ETTLT R i 0 A
x - T * ¥ g . i TR - R . .
. . T ra - 00.« - - *+ I SN P 0S
c e v . a.... . - l... .. e . R . oL
S A R B O - N - - + 1 « b
s v . < -
Sl e . N PO IR > e LI PR P o +
. . I R PR Rl c&o . I " v o L 001
- ' * c Lt b - Tle 9 4
. . -4 + . - - i _— Szl
- - -......ll.. * e S ’ - S M - -l L FREN b
i ' - el * [ R PR - N 05!
- + * R < e N . . R a,
.- - ¢ - ¢ o« AL o epm— . . ‘
- + @ O - -C P - * =1 ? F mmw
- - - v . * - - * N r »
- . =} < .
. + . - - 10 . o - coo LT L. | 007
- e - v - . )
. . e L . ~_= noo ¢ o I oo S
' - = ¢ - . @ R . - R %
. “ . v . ~ 4
Lo * SN *. . v . s « b oDp§z
3 it . ‘.« 9 4 - . - s 1
** d ¢ - TEATA Jm mNm
. v e
o +
. - 7 _Nu B .. 056
A .
(N . .
v ’ o S 15
A N . -+ @ . . “ m
f 4+ ¢ + .k . 4« GD
1139 %3¢ yusving 35 L 2. o
. - 3 hp
YHSYIHD ¢ s FINITIVAIR m.la.u .
VAVRSYIHD 8 Haim ginwa g =

YIRS Y

HUTR - maesevagg (T
Yivtvike ~vicy )




66

Differences amongst the idiegran of the five speaies i»

s considerable. Taking into consideration the first chromosome

of all the five species and odserving the arm ratios. Y.pungo,

Y.padiatug and Y.gylindriea are symnetry in nature vhile in

Y-ynguiculata and .marina it is asymmetry type. In none of the
species exoept Y.caring, this chromosoze was associated with

nugleolua. Same trend helds good in chkromosoze two hovever,
the second ehromosome in Y.gylindrice and Y.msrina is s:-om;
cal and asymmetrical in other three spegies. Feurth and fifth
ohxososones are symmetrical inm all the five speeies. The sixth
chrouosome is symmetrical in YJ.pungo and Y.radjiatug dut
asymmetrigal in the others. Seventh chromosone is symaetry

in all species exeept Y.parina. Likewise, eighth, ninth md
tenth ehrozosozes are asymmetrical in Y.pupgo and symuectrical
in all the other sjyecics. The shortest chromosone of the n.-

plemncut is asymmetrieal in f.gylindrioa and YV.paring snd
syszstrical in the other three speciesTables, is) .

Levitsky,(1931) developed the soncept of symmetry and

| asymaetry to descride the karyotype of a hxoa, Symmetry
karyo-type is one in vhich all the ehromoscnes are approxie
mately of the same sisze md have median or sabmedian num;
ner¢. Asymmetrigal karyotype is that whioh consists of chro;
20s0nes with median , subterminal or terminal gentromere an*
possess great difference in relative size of indiviéual

ehromoseones in the eompleaent.
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Stebbins (1958) employed the term symrmetry and asysmetry.
Based on the ceutromerie pesition he formulatei four groups.
The preportion of ehrexosonzes with arm ratie less then 1/2 bo-
ing = (0.00)y (0.01=0.51 ), (0+51~0.99) and (1.00) in groups 1,
2o 3 md 4 vespestively, mnd acoording to the variation betwees
the shorteat and longest chroemosome in the complement, three
groups were suggested, the ratio between the length of the
shortest and lengest chromosoues in the goemplement being, leas
than (132), (132 to 114), and aore thmn (1:4) in the groups 'a‘,
'»* and 'c'., whem both the criteria are used togesther (1, 2,
3, 4) x (a, by c)y 12 groups are obtained, the group la, re-
presects the most symzetrical, karyotype, while group 4¢ ree
presents the nost asymmetrisal karyetype.

Based on this :lassification it is evident that all the
karyotypes of the five specieg studied fall in '28¢'. Similar
pattern of karyotype f.e., '2B' has been reported by smu;
lingappa (1962) in almost all Ey-gopghpmp. Stebbins (1971) has
stated for Ejp-sorghyms that '2B' type of karyotype is the end
point in evolution and that further evelution sheuld take place
mostly by genic mutations. The ssze holds good for the genwe

“Qlo

The variation in the kayyotype of the spesies at pachy-
tene strongly suggest diffioulty in tranafer of genetio material
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from one spe¢ies to another, due to prodlems in cressing, or
after orossing seed setting, or after seed setting, prodlmm

vith ¥, being sterile. Inis has been shown by Dana (1966a)

in & gross between (.mngo and P.radistug and De and Krishnanm
(1967b). Lfforts to preoduce grosses between J.garinas ancd other
four species in this ladtoratory by the suther have not deen
succeasful due to diplontic sterility, er nmt.iou of the
Bygote.

Attempts at induoing crosses detween f{.ynzuigulata and
Y-mogo and alew y.gadiatus have not heen done till now. Crosses
with Y.parioa vas undertaken as this wild species has resis-
tance to septoria leaf spot and powdary mildew disease. Both

of wvhich is absent in Y.punge, {.pafiatug and f.upguigulata.

3. 80 om0

Somatio ohromosoune number for several spesies of Jisna
and Jhaseolus have been reported by Karpachenke (1925).

Nar@ishal (1369, 1970) has reported a total chromatin
leagth of 35.20 p in Y.yoguiculata, 31.44 » in y.radistus,
31457 in J.mungo and the range of chromosome length is

1.20~2.20 in V.ungujculata, 0.96-2.27 in {.gadjatus and
1617227 in Y.BUngo.

Sarbhoy (1978 ) has reported the total ehromatin length

as 34.40 ). in F.aureus with the shortest ohrozmosome messuring
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1.4(3/‘ and the longeat measuring 2.8 m. I Vogunge the tetal
ghromatin length is 35.20’. range being 1.20, - 2.20/:.

Sen and Bhowal (1962 ,have repor ted chromoscme numbey in
I-»azine for the first time as 2ne22, and the length of indi=
vidual ghromosoze ranges from 1.6}: to 5.7):.

Review of literature to-date has revealed that there is
no prior report of ohromosoxe aumber of the species V.gylindrics
'Skeels. So this is the first report of ghromosome nuxber of this
specieas. Ihe diploid chromoasoxe nucker for this species is 2nw22,
the range in length is betwesn 1.5013 and 3.00). Total chro-
matin length is 45.0}.(7>c,,&q).

4. logze [ € @

it may be seen from the msolidat;d idiogram of all the
five species that the chromosome nuzber of all the five species
is same. Tlhe idiozram of the five species presents wide
differences with respeot to chara:ters such as arm ratio, number
of satellited chrozoscanes and overall length of the chromatin
material. In J.zarina the ehromatin material is naxizum
(56.20)') and is least in V.mungo (3?.2,). Further, 1f we
consider the symmetry and asynmetry type of chromosenres in each
0f the species. Y.pungo has & high nuxber of asymmetry chro-
mosones (3 pairs) while Y.marins has one paiy onl\/-‘



Fig«33: Cemparison of total chromatin length at
pachytens and somatic xzetaphase in the
five species

A Vomeaismlata 5 Yemmse O Loudlatus 5. Y.grliadrics
5. Y-maxina
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A considering the overall length of the ohronatin material
and the number of asymmetry echromosones. YJ.marins has the
longest ohromosomes 56.20 M folloved by V.gylindrica(45.00 r)
Y.xpdjatus m.so)a), Y-anguiguiata (38.80 p), and L munmp
(37.20 ’). Three asymmetrieal ohrozosomes were observed in
J-.nyngo tvo emoh in Yeynguiculata and Y.gylindrice one each in
f.zadiatup and Y.garioa. This suggests tat y.parine is the
prizitive form while Y.gungo is evelved. B

1t asay be also observed that total chromosoze length

shovs & deoreasing trend from Y.aylindrios (607.60 n) to Vomungg
(357.60111 at pachytene and from {.gagjns (56.20 m) to .memae
(37.20 f) at metaphase. This aspest clearly throws light on the
evolutionary status of the five spesies and shows that V.¢ylin-
dries and V.parios are the wild relatives while y.aunge is the -
most evolved. 5uch & process has been shown to have played a
sole in the evolution of other genera such as gyepig (Boveock 9

and Cameram, 1934) and Phageolug (Sarbvhoy, 1978).

The faot that idiograms of the five spegsies differ, con-
siderably amongst themselves indieate: that interspecifis
hybridisation will be diffioult. d

Iwo chromosomes in four speoies namely Y.gunmiigulats,

V.znungo, Y.gylindrica and VY.garina are associated with the
nucleolus while in Y.ragiats only one pair of ehromosore is
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involved. The probable significance of the presenge of twe
pairs of satellite chromosomes is already discussed im Fhe

previous pages.

Based on the present study, it ean be goncluded that
speociution in Jigne is mainly due to the struotural 4iffe-
Tences in ghromosomes followed by matural selestion. Thus
reallooation of the two species [.mungo and :.aureug from the
gonus FPhageolus to Jigna based on the morpholegical characters
zay be substantiated to some extent by the pachytene analyeis.
The paghytene ohromosomes in these twvo spesies are also
diffezentiated and the nueleoclus is organised terminally.
However, more eytologioal information through pachytene
analysis in the hybrids involving J.punge and J.radiatng
vith the other Jigna species and also Phageolus specics
should be seught defore reaching a definite conclusion.
¥orphologli cal ohservations alene cannot be taken inte gor-
sideration for taxononic consideration as there may be utu-;
gonerieo differenges that might have arisen as a resuwlt of

genic mutations during the process of evolution,
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Vi. SUMMARY

A detatled study of merphologieal features, partisularly
of those characters with diagnostic wvalwe, vas undertaken in
five spesies of the genus Vigna SAVI. vis., Y.ynguigulata,
{-sunge, {.radistug, Y.gylindries, and {.parins. The five
species exhibited differences with respeet to germination;
petiolate nature of first leaf; stipule extension below pomt'
of attachment to stemj extent of eurvature of style and keel;
presence of apical appendage and pod dehiscence.

The analysis of chromosoxzes at pachytene mnd later stages
of meiosis was cone in thess spegsies. The ghremosoues wvere
identified on the basis of relatiwe length; centremerie pooi;
tion; arm ratio; total aohromatin length; and presence of
segondary constricticn. The characteristic features of each
of the eleven ghromosozes in the hapleid eomplement is des-
oribed 'n detail with greater emphasis on similarities and
dt!tuonch among the speei es studied.

The nugleolus was found te be associated with two pairs

of chromosomes in Y.unguigulats, Y.pungo, Y.gylindrica and

Y-oarina, while in y.fadjatus only one bivalent was found to
be in association with the nucleeluns. In all the five species

studied nucleolus was found to be attached to the short ara.

Pairing of chromosomes was observed o start from the

proximal region and progeed to the distal end an¢ was per-
feotly normal in all the species studied.

-



Total chromatin leagth at pachytene vas found to de
as follows Y.uynguigulata 434.40 p; §.gyugo 357.60 Pi Y1-zadiatus
401.07 )n V.oylindrica 607.60’; V.marina 496.00’. The
longest pachytene bivalentvas observed in Y.gylindrica
(80.00,) vhile shortest vas in V.mungo (20.00/1).

Analysis of chissma 2% diakinesis in 30 gells in each
of the specics studied gave the following results y.yngviculata
had the maxizur total chiaszata (6U7) while the least number

(536) was observed im Y.radiatus. The caloulation of ehiss-
mata per divalent showed differences among the five species.

The values wvors as follows: Y.ppnguiculata 1.84) Y.mumge 1.62;
Y-gylindrioa 1.74; Y.paging 1.73.

Total chromatin length at mitotis metaphase ranged from

56.20/: in V.marina te 38.20): in V.mungo. Chromosame asso-
oiation with nucleolus at mitosis was similar to that observed
in meioais.

The resvlts of the detailed karyomorphologi aal etudies
carried out in the five apegies further substantiates the

regclassification of Fhaseolug munge anéd I.sureus, under the
gonus Vigna as proposed by Wilcsek (1956) and Hepper (1954).

Regarding the phylegenic relationship - Comparison of
chromatin length and symmetry of shremosomes among the five
spesies indicated that J.marina as most primitive form while
Yemyngo and J.unguigulata are the highly evolved forcs.



REFERENCES



Vil. RLFERENG:S

m“r.on. Leyp 19’1' 1“.1”'1" herdaria. Indian J Genet.Pl-Breed-*

i} 1=4.

Anderson, L.y 1757, A semigraphical method for analysis
of complex problems. Fyog. Latn. M°§£‘lﬂﬂ‘93§0

Bailey, LeHep 1949, Hanual of gultivated plants, Cornell
University.

Barton, D.Wey 1950, Fachytene aorphology of tomate chromo-
seme oomllenent, A, 1- mo’ u‘639‘645.

Belling, J.y 1926, The iron-agsetocarmine method of fixing
and staining chromosomes. Biol. Pulle, 50:160=162,

*Bobcogk, E.B. mnd Cameron, D.R., 19%4, Chrososores and

phylogeny in % The relationship of 108

apeci es. Publis.A;yig. Sgles §F
287-324. ' 4

Boling, M.y Sandery V.A and Hatlogky ReSey 1961, Meng bean
' orossing teohnique, AREOB. J., 2:54-55.

Bentham and Hooker, 1865, Genera plantarum. 1(2)s 453.

vasimir and NMarchand, 1966, In Flora frop. E. -Africe,
Lag-»_Espils 2:618

Lanay 5.y 1964, Interspecific oross between tetraploid
spe X [.ricolisrdianus. Nucleugy JslelO0.

*Lanky L.y 1966, Cross between hageolus aureus and P.munge L.
Geuetica, 37:259-274.

*Dey Deepesh, e and Krishnan, R., 1967a, Studi es on paghytene
and somatie ghromosomes of Ihaseolug myngo L.
Genetigm, 31 581-87.



T

*Le, Deepesh, i. and Krishnan, R.y 1967b, Cytologli cal studies

of the hybrid fhageclus aureus and P.mynge. ioe,
312 585-600 .

Frahze Leligeld, J.A., 1953, Some ghromosome numbders in trepical
leguminous plants. :uphytigas 2146~48.

*frahs Leliveld, J.A. 1957, Observations eylologisues sur-
ogn Legominevses trepicales ot aud ionlen
fgy logli cal ebaervations on certain tropical and

subtropi cal Leguminoseae ). Rey. Cytol. et Bio Yeg.,

azﬂ}—292.
Yaris, D.Gey 1964, The ghromosome number of l;ggggu
55258 ¢

(L.) Savi, Gepdad. J. Genet. Cytel., §!
Fawoelt and Randle, 1970, Jl. Jamaica, 4: 68.

Gottsohalk, W.y 1954, Die ehreomosomen struktur der %
unter BDeruksichigung-phy togeneti Scher Frages aen,
¢hyozosona, §: 539-626. |

sheiser, 1969, Taxonomic stuiies-receat tyends, T '
* Te19-630. » JazensiR

*Hepper, 1956, Fl. Irop. ¥- Africs, 3 (1): 508.

liookery S+Dey 1879, The Flora of British India, Reene & Co.
Ltd., London.

liooker and Jaokson, 1895, Index Kewvemsis, Vol. II.

Hutohinson, J., 1959, The families of Flowering Ilants,
Vol.l, Znd ed., Oxford miv. Press.

Husivara, Y., 1956, Karyotype analysis in some genera of

conpositeas, J.Karyotype of Japanese :iupatoering.
Gytologia, 24+ 114-23. -

0


http://Vol.lt

TE

Hyde, B.Bey 1953, Lifferentiated chromosomes in
" oyata, Auw. . 4. Bot.,_401809-15. tlanteso

Hyde, BeB. and Gardella, CeA.y 1953, A mordanting fixation
for instant staining of saall chromosomes. Stain

Mc’ a‘ 305—@.

*Karpechenko, GeDey 1925, On the ghromosomes of the
lipese, Bull. Appl. Bot., Leningrad, }4t 1 .

*Kawakami, Joy 19350, Chromosome number in leguminoseae. Bot.
¥ag., Iokyo, 44:319-325.

Kita, F., Magoon, M.L. and Cooper, D.C.y 1959, Siuple smear
techiques for the study of chromosomes of Melilotus.
EPhyten., 12:35-38.

Krishnan, R. and De, D.N.y 1965, Studies on pachytene and

sonatie chromososes of Phaseolus murens. Mucleve,
i : T=16.

*Levitzkyy, GsA., 1931, Karyotypes in systamaties. Bull. Appl.
pot. Genet. fly . Breed., Z[s 220-240.

Liy hHui, Line, 1974y Plant taxonomy and the origin of oulti-
vated plants. Iaxon., 23:715-724.

Lima~de-faria, A., 1952, Chromomere analysis of the chromosome

complement of rye. (Chromosoma, 3: 1-68.

Linnaeus, 1753, Species plantarum 1:724.

iinnaeus, 1754, Genera plantarum, 5: 323.

*laekava, 1955, Jap. Journ. Bot. 13:114.



79

Magoon, M.L.y Cooper, D.C. and Hoogro, R.W.y 1958, Cyteo~
" Tgenctie studies of some diploid " seation

Tuberarivs. An: - 4o BOte, 433207-221.

Magoon, M.l. and Shanbulingapp@y K.Ge., 1960, Karyomorphole-
' gical studies in Sorghus ankolib Var. Annalib Red..

a Lu-gorghums, Indion gl.Genet..lfl..Breed.,_Z__g; 166=17T .

Hagoon, MeLe, Shambulingappa, K.G. and Ramanna, M.S5., 1961,
Chromosome morphology and meiosis in some ‘p-sorghums,

Gytologia, 261736-252.

Mareghal, R., 1969, Uonnees Cytologigue sur les espices de la
sovs~tribodes Papilionaceae - Fhaseoleae - FPhaseolinae,

Byll. Jard. Bot. Etat. Brux., 39: 125-165.

Marechal, H.y 1970, Donnees oytologigues sur les espeges de-
la sous-tribu des. Papiliovaceae.  Bull. Jard. Bot,
Etat. Brux.,4Q:307-348-§ * 7 - ‘—

Marks, GeWey 1952, A controllably carmine technique for
plants with small chromosomes. Stain. Tegh., 333-36.

MeClintock, B., 1929, Chromosome morphology in »
Stieite: gR1ess: et

*iellintock, B.y 1931, Cytological observations of deficiengies
involving known gene, translceations and an inversion

in Zea mays, Missouri Agyie. Bxp.5ta. Bull., A§3:485-91.

Mehra, Keley 1961, The use in eytology of Andersons metro-
- glyph analysis method. FPhyton., 17:69.

*Merrill, 1916, lnterpr. Pump Herb. Asboip., 285,

Morgany Uedsy 1956, Asynapsis and FPlasmodial microsporocytes
in maigze following X-irradiation of the pollen.

Joleredity, 41: 269-74.



g0

tukh Fegp 1968, Paghytene analysis in Y. onsis .
or joe, 1"" ’ .Nux 252-2§§. Y-ginensis

OtMara, J«Gey 1948, Apatio acid methods for ehromosome
studies at prophase in meristezs, Sisdn Teoh.,
&8 201-204. .

sPritohard, A«d. and Gould, K.F.y 1964, Chromosome no in seme
introduced and indegenous legumes and grasses Agv.
Trop Fasture, Tesh. Pap. 2 (CSIRO Australia). pp.l16.

ieddi, V.Rep 1958, On the differentiation of A and B Chrome=

i B e < e

Xhondes, M.M. and Mellintook, B., 1935, The g¢ytegenetias of
naize. MOMD' &‘292“’25:

Robhelin, G.) 1960, Beitrage Zur analyais des Brassion
| Genoms. Chromosoma, })120%-28.

*Rexburgh, 1832’ Flcra Indiga, %, ed Carey, 297,

Sarbhoy, R.Ke«y 1977, Cytegenatical astudies on the genus
Fhaseolus Linn. 111 Zvelutien im Genus Fhaseolug.

citelegia, 421 401-413.

Sarbhoy, R.K.y 1978, Cytogenetioal studies in genus
Linn 1 and 11, Sosatio and meiotic studies in fifteen

ecies of Phageolus Part I and Part II. Cytologin,
3& 161-1800

Sayvella, F., Holmgreen, J.B. and Nilan, R.A., 1958, Analysis
of barley Pashytene chremcsozes. Nugleug, 13153-204.

*Savi, 1922, mn iohm. m zl,(B§

'5.'1. 1’2‘. m’ i‘ I_t_._uc m' 1‘112.11,.



8!

*Seny Nek. and Coshy, AK.p 1960, Interspescific h dization
vetween olus suress & T-mumae. pot. Sog.
Beag., R4:d-d. |

Sen, N.K. and Bowal, J.0. 1962, Cytomnﬂh studies on
Yigoa- S otelogis, 23:195-207.

Senny Li.A«y 1943, The relation of anatony md oytology to the
classification of the leguminogeas. Chronica bot., A

509-5%.

Shambulingappa, K.0., 1962, Cytogenetical studies and nature
of speciation dn the genus e PheDs Thesis.
Subnitted 8 1.isieley How .

Sharza, AK.y 1956, A nev congept of a weans of miuuan

in plants. Jexyolegie, 2:93-130.

*Shibata, K., 1962, tstudie 6itologicos de planta's colour-
bianas Silvestres Y.dultivwa das. J. Agric.Ss. m

m.. b ? g' 49-62.

Singh, A. and Rey, R.F«y 1970, Karyclogieal studies in
ella, lodigofers and Phaseolug. jNugleus,

L

*Skeels, 1913, U.S.i.A. Sugp. £l. ~ Ind. Bull., 282132,

Stebbins, G.L., 1358, Lengevity, habital and releases of
genetic variabdility in the higher plants. g__g_g-

REARg hexd. Symp. guant. Hiol., 233 365-37

Stedbins, 6.1... 1971, Chr cmosomal evolution in higher plants.
Ldward Arnold Ltd.’ LOn‘ﬂu-, po‘g“ 10

Swaminathan, Y.S., Magoon, M.L. and Mehra, K.L., 1954, A
simple propiono-garmine F.X.C. suear method for

ﬁm;u with szall echromosomes. [ndisn JaGgoetefl Breed.,
187-88, )



82

*Tayler, B& %'962. Studies on Phaseolus pollen. Iuriabla,
H - .

Thurman and Derbyshire, 1967, Hew Phytole, §6: 27«36+

»1ji0y Jeiie and Levan, A., 1950, The use of oxyguimoline in

chromosome analysis. umo LEDe m. m.. 23
21"’64.

*Tourneur, M., 1953. 'L' amberigue et le mungo ne soot pas des
‘P 'y (Amberique and Hunge are not FPhaseolus).

y 4:131-48.

"lnhcchov, W. and Kor taschowa, ., 1932, Earyolog sch syste-
matische under Schunger der Tribus and
fhaseoleae Unterfam. Papiljonatae. v 3¢
221-259.

Turner, B.L., 1956, Chromosome number in the Leguminoseae.
& ¥ i m.’ ﬂ‘ ‘17’”10

Venkateswaralu, T., 1962, Some aspects of the study of

mlaytcuo ¢hr omogones . indiam Sci. Congr.,

Verdeourt, B., 1970, Studies in Leguminosae-Fapilionoideae for
the 'flora of Tropical East Atrtu' 111 Kew Buil,
24+ 5VU71=569.

'V"“Qﬂl’ti Bgialﬂlo Flora Irep. E.: Afriga leg., 4, Fapil.,
‘ .

*Walpers, 1842, Rep., Bot. Syste, l‘??’-

westphal, i+, 1974, Pulses in iEthiopia, their taxonomy and
agrionltural significance. fiaile Sellassie 1 "ni-
versity Ethiopia and the Agricviuitural miversity
Vageningen, the Hetherland p. 129-223.

“wileozek, G., 1954, Flora du Congo Belge et du Ruande Trwmdi,
gs Bruxelle.

* Original not seen



huv

4 u4l1'i98l

L ARGALURE

A5
UNVZKSH Y LIBRARY

ACC. NO._." l(ll“&

CL.NO_ .

EX LTI T TNY

- |




