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Karyotypic analysis of Cajanus, Atylosia, and Rhynchosia species
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Summary. Somatic chromosomes of two cultivars of
Cajanus cajan, eight species of Atylosia (A. albicans,
A. cajanifolia, A. lineata, A. platycarpa, A. scarabaeoides,
A. serica, A. trinervia and A. volubilis), and of Rhyn-
chosia rothii were analysed. All species had 2n=22.
Eight of the 10 species studied had two pairs of sat-
chromosomes while 4. scarabaeoides and A. sericea had
only one sat-chromosome pair. Based on relative chro-
mosome length (L%), arm ratio (pa-value) and presence
or absence of secondary constriction, a karyotype
formula for each species was formulated. Based on
these parameters the chromosome pairs could also be
assigned to groups ranging from 8 to 10 in different
species. Except for the asymmetrical karyotype of
A. albicans, the other species had rather moderately
symmetrical karyotypes.
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Introduction

The tribe Cajaninae encompasses several hundred
species, out of which only one, Cajanus cajan (L.)
Millsp., is cultivated. Cajanus cajan, commonly called
pigeonpea or red gram, is an important protein-rich
food grain legume of the Indian subcontinent but its
grain yield is low and unstable. Breeders have recog-
nized the narrow genetic base of the cultivars and have
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wanted to enrich the genetic base through hybridiza-
tion of C. cajan with its wild relatives in the genera
Atylosia and Rhynchosia. Several of the allied species
have been reported to be crossable with C. cajan with
varying degrees of success. For an effective transfer of
genes, an understanding of genomic relationships
among the various forms is necessary.

A literature survey revealed that the information
presently available is contradictory on karyotypic de-
tails of pigeonpea and its relatives (Deodikar and
Thaker 1956; Kumar et al. 1958; Reddy 1973). Further-
more there are several related species whose karyotypic
details or even the basic chromosome number are not
yet known. The present report deals with the karyotypic
details of two cultivars of C. cajan, seven species of
Atylosia, and Rhynchosia rothii.

Materials and methods

Seeds of C. cajan (cvs. ‘Pant A 2’ and “UPAS 120°), A. albicans
(W. & A)) Benth. (JM 2356); A. cajanifolia Haines (JM 2739);
A. lineata W. & A. (ICP 7469); A. platycarpa Benth.; A. scara-
baeoides (L.) Benth. (ICP 7464); A. sericea Benth. ex Baker
(ICP 7470), A. trinervia (D.C.) Gamble (JM 2668); A. volubilis
(Blanco) Gamble (JM 1984) and R. rothii Benth. (JM 2296)
were obtained from the Genetic Resources Unit. International
Crops Research Institute for the Semi-Arid Tropics (ICRI-
SAT).

The root-tip squash technique used by early workers
(Sikdar and De 1967; Shrivastava and Joshi 1972; and Reddy
1973) yielded unsatisfactory results. The squash technique
developed by Pillai et al. (1981), however, with minor modi-
fications, was found suitable for the present study.

Root-tips from 3 cm long roots were pretreated with
0.002 M 8-hydroxyquinoline for 3 h, washed in running water
and fixed in a mixture of (1:1 v/v) methanol and glacial
acetic acid for 24 h. The above fixative was replaced with
modified Piennar’s solution (isopropyl alcohol, propionic acid,
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Table 1. Types of karyotype asymmetry as modified from Stebbins (1958)

Ratio Proportion of chromosomes with arm ratio > 2:1
largest/smallest

0 0.01-0.20 0.21-0.40 0.41-0.60 0.61-0.80 0.81-1.00
<l.5:1 la 2a 3a 4a Sa 6a
=1.5:1-2:1 1b 2b 3b 4b 5b 6b
=2:1-3:1 1lc 2¢ 3¢ 4¢ 5¢ 6c
>3:1 1d 2d 3d 4d 5d 6d

Fig. 1a-h. Chromosomes at metaphase in root-tip cells of: a ‘Pant A 2°; b R. rothii; ¢ A. cajanifolia; d ‘Pant A 2’ (clear two pair sat-
chromosomes); e A. volubilis; f UPAS 120; g A. albicans; h A. lineata
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Table 2. Relative chromosome length (L%) of somatic chromosomes of Cajanus, Atylosia, and Rhynchosia species

Chromo- cv. ‘Pant  cv. ‘UPAS 4. albi. A cajif. A lin. A. platy.  A. scar. A. ser. A. volub.  R. rothii
some A2 120’

pairs

1 5.18+£0.10 5.30£0.16 7.11+0.33 556%0.19 5071009 545%0.14 4651+0.03 4.75+0.14 554+0.04 4.54%0.19
2 4.5410.07 4.6810.07 5.6910.21 4.29£0.09 4.60+0.19 4.34+0.13 577+0.13 5.58+0.16 5.11+0.05 3.88+0.24
3 5.72£0.17 552+0.08 4.761£006 5.55%+0.14 5.48+0.07 530%0.02 5.35+£0.04 5.57%0.12 5.05+0.02 5.68%0.03
4 529£0.05 5.1620.05 4.66+001 4.88+0.07 520£0.11 525+005 5.20%005 504+005 5051002 5231003
5 49210.06 4911+0.06 4.6610.12 4.6810.05 4.93+0.08 4.86+0.08 4.81+0.04 5001005 4.77+0.02 4.95+0.02
6 4.821+0.08 4.761+0.05 444+0.00 4.631£0.06 4.891+0.06 4.82+£0.05 481%0.04 4751£0.06 4.58+0.04 475+0.08
7 43214009 45810.09 4241001 4511001 4.60+0.11 4.541+0.12 4.66+0.09 4591006 4.39+0.03 4.66%0.02
8 428+0.08 440+0.03 4.121+0.04 434+0.11 446+0.07 433+0.12 4.12£0.04 420+0.11 4.39+0.07 4.66+0.02
9 4.154£0.07 4.131£0.06 3.70+0.04 427+0.03 3.98+0.07 3.98+£0.06 3.99£0.02 3.93+0.17 427%£0.10 4.28+0.10
10 3731£0.15 3411007 3411021 39610.12 362+0.11 3.79£0.12 3.49+0.15 3.4710.05 400£0.06 4.02+0.06
1 3.05£005 3.17£0.05 3.18+008 3324003 3.16+0.11 3.32+0.10 3.15£0.03 3.124£0.08 2.87+0.12 3.33£0.13
Table 3. Arm ratio (long/short arm) of somatic chromosomes of Cajanus, Atylosia, and Rhynchosia species

Chromo- cv. ‘Pant  cv. ‘UPAS A. albi. A. cajif A lin. A. platy.  A. scar. A. ser. A.volub. R rothii
some A2 120°

pairs

1 1.34£0.00 146+0.13 1.24+0.06 1.39+0.04 1.48+0.02 2.48+0.00 - 1.12+0.04 1.16+0.03 121%0.03
2 12940.04 1.50+£0.07 1.16+£0.02 1.60%0.13 1.22+0.04 1.15+0.03 1.21£0.01 2.10£0.16 1.25+0.05 1.00£0.00
3 1.29+0.04 1.08+0.02 2.28+0.23 1.15£0.05 1.251+0.10 1.44+0.06 2.08+0.12 1.14£0.02 1.79£0.07 1.14+0.02
4 1.20£0.08 1.43+0.02 1.39+0.08 1.16+0.10 1.40+0.08 127+0.08 1.241£0.08 1.48+£0.08 1.41%+0.07 1.03+0.02
5 1284008 1.32+0.06 1.10£0.05 1.42+0.12 1.24%+0.11 14710.07 1.16£0.05 1.71£0.10 1.09%£0.03 1.17£0.07
6 1.25£0.09 1.52%0.14 1.10£005 1.38+0.08 1.36£0.09 1224007 125+009 1.98+0.14 1.20+0.04 1.07+0.02
7 1.64+0.10 1.34£0.09 1.24+0.10 1.41+0.03 2.00+0.08 1.57+0.10 1.42£0.06 1.18£0.08 1.31%£0.02 1.23+0.04
8 1.11+0.08 1.62+0.19 1.36+£0.22 1.20£0.07 2.51£0.08 1.31£0.02 1.19+0.06 1.38+0.10 127£0.05 1.3210.02
9 14240.10 1.96+0.14 1.22+0.12 1.1120.07 1.15£0.08 1.48+0.05 1.17£0.11 1.34£0.11 1.000.00 1.04+0.03
10 1.52£0.09 1.07£0.03 2.18+0.11 1.32+0.09 1.16+0.06 1.35+0.01 1.86%£0.12 1.17£0.07 1.47%+0.04 1.00+0.00
11 142+0.14 1.33+0.12 1.141£0.00 1.37£0.08 1.38£0.03 1.194+0.12 1.284+0.11 1.11+£0.07 1.00£0.00 1.00+0.00
solvent ether and acetone, 6:3:1:1 v/v). These procedures Results

were done at 10°C. After 24 h the root-tips were washed in
water and hydrolysed in IN HCI for 10 min at 60°C and
stained with Feulgen. Root-tip squashes were prepared in a
drop of 2% aceto-orcein. Microphotographs were taken using
an oil immersion lens.

Mean chromosome lengths along with the standard devia-
tion for each accession were obtained. To compensate for the
differential contraction of chromosomes in various cells the
length of each chromosome was expressed as percent (L%) of
total length of the diploid complement while the centromere
position was characterized by the estimate referred to as the
Pa-value (long/short arm) (Blixt 1958, 1972). The chromosome
complement was grouped into two classes: Class A consisted
of satellite (sat) chromosomes, and class B consisted of the
non-sat chromosomes. In each class the chromosomes were
arranged in descending order of their length. Chromosomes
with Pa-values 1.00 to 1.25 were arbitrarily designated as
median (M), those with 1.26 to 2.00 as sub-median (SM) and
the ones with greater than 2.00 as sub-terminal (ST). The
statistical significant differences between L% and the centro-
mere position were used in discerning these chromosomes
with analogous morphologies.

Stebbins’ method (1958) of karyotype asymmetry, which is
based on relative chromosome lengths and centromere, was
modified and used for characterizing individual accessions, as
shown in Table 1.

The 11 taxa (including A. trinervia) studied each had a
22 somatic chromosome number. Nine of them had 2
pairs of sat-chromosomes while A. scarabaeoides and
A. sericea each had only one pair. Atylosia trinervia
could not be studied further due to a paucity of seeds.
Relative chromosome length (L%) and arm ratio (long/
short) appear in Tables2 and 3, respectively. Mean
chromatin length of each taxon and the grouping of the
chromosomes based on satellite presence and signifi-
cant length differences, and karyotype asymmetry
derived are given in Table 4. Microphotographs of the
somatic plates and karyograms of each taxon are
depicted in Figs. 1 and 2.

Discussion

Chromosome number

The somatic chromosome number of C. cajan (=C. in-
dicus) as n=11 and 2n=22 has been reported as early



310

CV.PANT A2 . 3¢ g8 88 % 82 18 31 ¥8 3¢ 93
wmmozunuﬂuuUﬂﬂmn
Aalbicans - f§ %8 W0 88 B9 &8 90 4% 9 v w8
A.cojanifolic - Rh xi B8 T4 48 € XA 3 W W @

A.platycarpa B W 4% 3% 9 R 3 w4 SR ws
A.lineata NN R EYT R EEEERE R
A.scarabaeoides : L5 B4 W ¥ 2 W W wm = ‘. "
A.sericea N I TR T ] .. L
A.volubilis - 85 32 W) 0% 52 s 22 2 W PO
R.rothii W 8 W ouwnn Ny e 0
Voo&2 X4 IFT'E'T ¥ 9N

d

Fig. 2a-d. Chromosomes at metaphase in root-tip cells of> a A. platycarpa; b A. sericea; ¢ A. scarabaeoides; d Karyograms
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Table 4. Karyotype formulae and asymmetry score of Cajanus, Atylosia, and Rhynchosia species

Identity Chromatin Karyotype formulae Asymmetry
length () score
C.cajancv.'Pant A2 4377+328 1AM 1AM 1B3M 18M, 1B5™, 1BM, 1B5M, 1B, 2BSM, 1B5M 1b
C. cajan cv. ‘UPAS 1200 56.18%1.35 1AM 1AM 1BM, 1B5™, 2B5™, 285, 1B5™, 1B, 1B5M 1b
A. albicans 56.14%2.58 2AM 1857 185M 38M 1B3M 1BM 1B3T BM 2¢
A. cajanifolia 48.18+4.45 1AM 1AM 1M 1BM 2B3M, 1B5M 2BM 182, 1BSM 1b
A. lineata 50.19+3.43 1AM 1AM 1BM 1B5M 1BM, 2B5M 1BST, 2BM 1B5M 2b
A. platycarpa 4182+1.74 1A5T 1AM 2BM 1BSM, 1BM, 2B, 2B5M, 1B 2b
A. scarabaeoides 42.72+3.88 1A,, 1BM 1BST 1BM 2BM 1BSM 2BM 2B5M 2b
A. sericea 46.7312.40 1AM 18T 18M 2BSM 1BSM 1BM 285M 1BM 1BM 2b
A. volubilis 37.70+0.10 1AM 1AM 28M 1BM 18M 285M 1BM 1BSM 1BM 1b
R. rothii 37.80+3.84 2aM 1BM 18M 28M 18M 185M 28M 1BM 1b

as 1933 by Roy. Later these numbers were confirmed in
C. cajan, and in A. lineata, A. sericea and A. scarabae-
oides (Krishnaswami and Krishnaswami Aiyanger
1935; Deodikar and Thakar 1956; Kumar et al. 1958;
Shrivastava et al. 1973 and Reddy 1973). As far as chro-
mosome number is concerned, the findings of the
present study on root tips as well as PMC chromosome
counts on C. cajan, A. lineata, A. sericea and A. scara-
baeoides (Pundir 1981) agree with those of the earlier
reports. The somatic chromosomes of A. albicans,
A. cajanifolia, A. platycarpa, A. volubilis, A. trinervia
and R. rothii are examined here for the first time, and
they are similar to other species. Thus, all the species
belonging to the three genera, Cajanus, Atylosia and
Rhynchosia, have 2n=22. The 2n=22 being the only
known chromosome number in the three genera and
the absence of secondary associations in the meiotic
cycle of these taxa (Pundir 1981) suggest that the basic,
haploid and monoploid chromosome number is same
for these taxa, i.e. x=n=11! and thus, the species are
diploid.

Karyotype

Chromatin length as reported for individual species by
different workers varies widely. The present studies
show that in addition to interspecific differences, the
intraspecific differences, such as those between ‘Pant
A2 and ‘UPAS 120’ of C. cajan, could be significant.
These differences could be attributed to differential
contractions of the chromosomes, the stages at which
they were studied, and genotypic differences.

Cajanus cajan cv. ‘Pant A 2’ and ‘UPAS 120°

Two pairs of sat-chromosomes were distinct as against
one pair reported by earlier workers on C. cgjan. The

average chromatin length in the present case was
43.7713.28 pm, which is far less (about two-fifths to
three-fifths) than the values reported by Deodikar and
Thakar (1956) and Kumar etal. (1958). The present
measurements, however, are in close agreement to
those reported by Shrivastava et al. (1973). Further, in
the case of ‘UPAS 1207, 9 chromosome pairs possessed
SM centromeres and 2 pairs M centromeres. The entire
complement could thus be put into 9 statistically
different groups whereas the corresponding figures for
‘Pant A2 were 8, 3 and 10. Deodikar and Thakar
(1956) observed 6 chromosome pairs to have SM
centromeres and 5 pairs to possess M centromere
positions, which were classified into 10 groups. Al-
though Kumar et al. (1958) placed the chromosomes
into 9 groups, their estimates concerning centromere
position is in disagreement with the present as well as
with earlier findings.

A. lineata

There were two pairs of sat-chromosomes. Earlier
workers had reported none or one pair of sat-chromo-
somes. As regards the position of the centromere, the
present study revealed 5 chromosome pairs with M
centromere positions, 5 pairs with SM, and 1 pair with
ST: the 11 chromosome pairs could be put into 9
groups. Deodikar and Thakar (1956) reported 3 M,
58M and 3 ST chromosome pairs, classified into
7 groups. Kumar et al. (1958) observed no ST centro-
mere and identified 3M and 8 SM chromosomes
assigned to 9 groups, while Sikdar and De (1967) con-
firmed the centromere position reported by Kumar
etal. (1958). They assigned the chromosomes to
10 groups. The groupings done by Shrivastava etal
(1973) disagreed considerably from the present study
and from other reports. They recorded 7 M, 2 SM and
2 ST chromosome pairs.
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Atylosia sericea

Unlike previous cases, this species had only one pair of
sat-chromosomes. The observation is in agreement with
that of Deodikar and Thakar (1956) but differs from
those of Reddy (1973) and De (1974), who reported two
pairs of sat-chromosomes. Five M, five SM and one ST
pairs of chromosomes were seen in the present study,
and placed into 10 statistically different groups, where-
as Deodikar and Thakar (1956) observed 4 M, 5 SM
and 2 ST chromosome pairs and had put them into 7
different groups.

Atylosia scarabaeoides

This species, like A. sericea, had only one pair of sat-
chromosomes; the same observation made by earlier
workers. The centromere position in the sat-chromo-
some could not be resolved clearly, but the remaining
10 pairs were placed into 8 groups. Although the
number of groups (10) identified by Sikdar and De
(1967) were not very different from those in the present
study, their identification of the centromere position
was quite different from the one in the present case as
they found 2 pairs with M and 9 pairs with SM
centromeres.

The other species. A. albicans, A. cajanifolia, A. platycar-
pa, A. volubilis, A. trinervia and R. rothii were investi-
gated for the first time. Since the observations are
based on an efficient technique of karyotype analysis
and careful measurements, the reports for these species
along with the others studied on number of sat-
chromosomes, chromosome length and centromere
positions should be of general applicability for this
group of plants.

Regarding the differences in centromere positions of
the group of chromosomes, and also the location of the
satellites, it may be suggested that intra-chromosomal

rearrangements might have taken place, resulting in the

shift of the centromere position. However, no evidence
of inversion heterozygosity or any other structural
heterozygosity was observed either in the parents or in
the interspecific hybrids. Even if these supposed re-
arrangements had taken place, it is quite possible that
these involved rather small segments (individual chro-
mosome average length itself is low) and thus could not
be detected under the meiotic analysis made (Pundir
1981). Further, the studies involving analysis of
banding patterns of the chromosomes should be under-
taken to help resolve this issue. However, the prelimi-
nary investigation has not been of much consequence
in the identification of individual chromosomes (La-
vania and Lavania 1982).

Karyotype asymmetry

Structural changes in chromosomes can be identified to
some extent by comparing the karyotype of the species
with the same chromosome number as well as those
with different ones. This is best expressed in terms of
symmetry-asymmetry (Levitsky 1931). More primitive
species tend to have karyotypes with chromosomes
possessing the M centromere. Based on the revised
diagram of karyotype asymmetry (Table 1), increasing
numbers and alphabet sequences represent increasing
asymmetry of the karyotype. On the other hand, in
general, those species having symmetrical karyotypes
are expected to have high recombination indexes and
to be in active states of proliferation with restricted
genetic differentiation and specific adaptation. The
species A. albicans which showed the highest karyotype
asymmetry (Table 4) is rather restricted in its distribu-
tion and has a specific adaptation strategy. On the
other hand, many of the Atylosia species of the present
study, those occurring in the Western or the Eastern
Ghats of India, or even the most widely occurring ones,
such as A. scarabaeoides and A. volubilis (L.J. G. van
der Maesen — pers commun.), are under no special
selection pressures and thus are not required to assi-
milate specific genomic configurations to lock-up
specific genetic variability. They consequently continue
to have relatively more symmetrical karyotypes than
the A. albicans.

Similarly, the domesticated species, C. cajan, and its
supposedly closest relative, 4. cajanifolia, have faced no
intense directional selection for conserving a specific
gene sequence and thus possess more “generalized” or
symmetrical karyotypes.
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