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Karyotypic Studies in Cassia Linn. from India

S S BIR and SANTOSH KUMARI
Department of Botany, Punjabi University, Patiala 147 002

(Received 8 September 1981; after Revision 9 August 1982) .

Karyotypes of 17 taxa of Cassia from North Indian plains and Central
Indian Hills have been worked out. The chromosomes are small sized but
reflect great differences in size within the related species. There is no
correlation between habit and karyotype symmetry of various species.
However, the ploidy level and the total haploid chromatin length show
some relationship. Cassia angustifolia and C. artemisioides are karyotypi-
cally most highly evolved species. As compared to trees and herbs, the
shrubby species seem to have more evolved karyotypes.
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Intreduction

Cassia Linn. is the type genus of
Cassiaceae. Cumulative world-wide data*
on this genus indicate that chromosome
numbers are known for one fifth of a
total of 500-600 species (cf. Airy
Shaw 1973). To date, meiotic or somatic
counts have been published for a majo-
rity of the Indian species, nevertheless
information on karyotype morphology is
available for only eight species (Tandon
and Bhat 1971, Datta and Datta 1975).
Therefore, the present studies on 16
species (17 taxa) of Cassia from North
Indian plains and Central Indian Hills
were taken up with the main objective to
provide information on chromosome

morphology and to know if there is any
correlation  between the karyotypic
evolution and habit.

Material and Methods

For details of localities/areas from which
materials were collected, reference is
made to table 1. Root and leaf tip squa-
shes were made in usual manner after
pretreatment with 0.003N solution of
8-hydroxy-quinoline for about 4 hours.
For attaining chromosome size and
karyotype standardization, the figures
and formulae as given here are based on
observations on at least 10 cells. For
karyotype formulae, the classification of
White (1945) is followed. To distinguish

* Information based on ‘Chromosome Atlas of Flowering Plants’, ‘Index to Plant Chromosome
Numbers’, ‘“IOPB chromosome number reports I-LXVII,’ Fedorov (1969), Love and Love (1961)
and significant references included in Biological Abstracts from 1971-1980
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chromosomes further, 9 basic types were
recognised as long* (A, B, C), mediumt
(D, E, F) and short! (G, H, I) chromo-
somes with the position of centromere in
relation to chromosome length taken as
A,D, G—metacentric, B,E, H—sub-meta-
centric, and C, F, I—acrocentric. Such
symbols as’ '’ or’”’, and ‘1’ or ‘s
placed in superior and inferior positions
indicate secondary constrictions or satel-
lited chromosomes and long or short
arms respectively. For example, By or s
means long sub-metacentric chromosomes
with secondary constriction on long or
short arms, and A” indicates long meta-
centric chromosome with terminal satel-
lite. Chromosome arm symmetry index
(SI) and chromosome gradient index (GI)
were calculated according to Pritchard
(1967). For the critical analysis of nature
of karyotype, the index value 50 for SI
and GI has arbitrarily been taken at a
threshhold between symmetry and
asymmetry.

Observations

The somatic chromosome numbers of
presently worked out species were
found to vary from 2n=16 to 2n==>56
(cf. table 1). Within the cells of the same
root or leaf tip numerical variations in
chromosome numbers have not been
observed at all. A detailed karyotype
analysis of different species (table 1)
reveals wide differences between their
complements. Further, the identity of
various species is recognised by minute
differences in the finer details such as
chromosome size, position of the primary
constrictions and the presence/absence

of secondary constrictions or satellites.
Within the genomes of each taxon, the
chromosome size exhibits gradual grada-
tion and nowhere abrupt change has been
noticed. The size range of the presently
studied chromosomes is as mentioned
below :

Large : A—1.48-2.40 um;
B—1.48-2.59 um;
C—1.48-1.85 pm;

Medium : D—1.11-1.38 pm;
E—1.11-1.40 pm;
F—1.11-1.29 pm;

Short : G—0.74-1.10 pm;

H—0.92-1.10 pm;
I—1.01 pm.

All this indicates that for 17 worked out
taxa the chromosomes on the whole are
small sized.

A feature common to all the species
(see figure 1-17) is the prevalence of
meta- and sub-metacentric chromosomes.
Wherever present, the chromosomes with
SATs are always long meta- or submeta-
centrics with distinct satellited stalks.
Details of differences in the karyotypes
of various species are given in table 1.

On the basis of size, various species
could be categorized as follows :

Type A : Long, medium and short
chromosomes present in the complement—
C. absus, C. angustifolia, C. artemisioi-
des, C. didymobotrya, C. fistula, C. java-
nica, C. mimosoides var. wallichiana,
C. occidentalis, C. pumila, C. renigera,
C. sialmea, C. sophera, C. surattensis
and C. rora.

Type B : Long and medium chromo-
somes—C. excelsa.

* Double or more than double the length of the shortest chromosomes within species worked

out here

4+ From one and a half times to double the length of the shortest chromosome
1 Less than one and a half times of the shortest chromosome
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Figures 1-9 Idiograms drawn for karyo-
types. 1, Cassia absus; 2, C. angustifolia;
3, C. artemisioides; 4, C. didymobotrya;

5, C. excelsa; 6, C. fistula; 7, C. javanica,
8, C. mimosoides var. demidiata; 9, C. mimo-
soides var. wallichiana

Tyvpe C : Medium and short chromo-
somes—C. mimosoides var. demidiata.

Type D Short. chromosomes—
C. nodosa.

Comparative values for SI, GI, total
haploid chromatin length and average
chromosome size for various species of
Cassia are represented in figures 18-20.
Evaluating SI values independently of
GI, it is clear that the karyotypes are
moderately to highly symmetrical. But
GI values would indicate something con-
trary to it. Nearly 9 taxa have asymme-
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Figures 10-17 Idiograms drawn for karyo-
types. 10, Cassia nodosa; 11, C. occidentalis;
12, C. pumila; 13, C. renigera; 14, C.
siamea; 15, C. sophera; 16, C. surattensis;
17, C. tora

trical karyotypes and the rest slightly to
highly symmetrical (figure 18). In octo-
ploid C. artemisioides (2n==56), the total
haploid chromatin length (44.36 pm) is
nearly double of the tetraploid species as

C. pumila (2232 ym) and C. fistula
(21.41 pm). The other 4 X species as
C. didymobotrya (19.50 pm) and

C. javanica (19.70 pm) closely come to
this generalization. Further, the diploid
taxa C. mimosoides var. demidiata
(8.49 pm) and var. wallichiana (10.23 pm)
have almost half the chromatin length

Lum

Figs.i0- 17
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of the tetraploid species (cf. figure 19).
Average chromosome size (figure 20) is
the largest in tetraploid C. excelsa
(1.79 pm), whereas the octoploid
C. artemisioides has only 1.58 pm. The
smallest size is shown by tetraploid
C. nodosa (1.04 um) or diploid
C. mimosoides var. demidiata (1.06 pm).

Discussion

The absence of numerical variations in
chromosomes within the cells of the same
root/leaf tip tissue in different Cassia
species is in strong contrast to the obser-
vations of Sharma and Raju (1968) for
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some species of Bauhinia where theY
recorded the frequent presence of varying
numbers of chromosomes. Present studies
reveal some differences as compared to the
earlier observations of Datta and Datta
(1975) for C. occidentalis, C. sophera and
C. tora. We have not observed the secon-
dary constrictions in C. occidentalis and
SAT-pairs in C. sophera although earlier
Datta and Datta (loc. cit.) had reported
their presence and further 2n=26 for
C. tora presently reported is also at vari-
ance from Datta and Datta’s record of
2n=28. Our results for these species are
in accordance with Tandon & Bhat (1971)
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Figures 18—20 Showing SI, GI values; total! haploid chromatin length and average
chromosome size. a, C. absus; b, C. angustifolia; ¢, C. artemisioides; d, C.
didymobotrya; e, C. excelsa; f, C. fistula; g, C. javanica; h, C. mimosoides; var.
demidiata; i, C. mimosoides var. wallichiana; j, C. nodosa; k, C. occidentalis; 1, C.
pumila ; m, C.renigera; n, C.siamea; o, C. sophera; p, C. surrattensis; q,C. tora



402 S S Bir and Santosh Kumari

but for C. siamea and C. surattensis there
are some differences in meta- & sub-
metacentric chromosomes ratio, which
bring to light the fact that karyotypic
variations exist in various populations of
the same species and this empbhasises the
fact that microevolution is taking place
presently. The mechanisms involved are
structural changes and gene mutations.

Fiora of Centrat India
NAME: Cassia mimosoides Linn.
var. demidiate ROXD.
Family : Caesatpiniaceae (Leguminosae)
Date: 2.9.1973
Locality:Olg Piparys Road,Pachmarti
Collector: Santosh Kumari. A smail
herb besrng yellow axillary
ftowers Leafiats smail 4089
rzrauing wig Qmong grasses

He-paruim,bynigh: Univerety, Patiatallndu?

Acc. No. 9498

On the basis of major differences in
karyotypes, chromosome size and total
haploid chromatin length (cf. table 1), the
two varieties wallichiana and demidiata
of C. mimosoides, are good taxonomic
units and could be recognised as species*.
This is supported by well marked out
morphological characteristics of the two
taxa (figures 21-22).

Flora of Centrat India

Name: Cassia mimosaidesLinn, Vat
Wallichiana Bakef

Family: Caesatpiniaceae (Legummnosee)

Date: 22.8.1972 .

Locatity : Chushul Coy,Pachmarni

Cotlector: Santosh Kumari

Aititude . 1,000m.

» parennial, growing among grasses

™ g lawn,baaring ysilow aniitary

flowers

Werbgrium, BUnjab: University,

patiala (Inda?d

Acc. No. 6739

Figures 21-22 Photographs of Cassia mimosoides var. demidiata and var. wallichiana specimens

*Cassia wallichiana D C. in Mem. Soc. Phys. Hist. Nat. Geneve 2 (2): 133, 1824; C. demidiata

Roxb.; Hort. Beng. 32, 1814
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Data for 17 worked out taxa indicate
that there is a definite correlation between
level of ploidy and total haploid chro-
matin length. Variations in total haploid
chromatin length or karyotype morpho-
logy within different diploid or tetraploid
taxa may possibly be attributed to chro-
mosomal rearrangements involving loss
or gain of segments, paracentric inver-
sions and translocations. It is interesting
to note that average chromosome size
does not show any bearing on the
chromosome numbers.

A perusal of data on karyotype
formulae/analysis reveals that SAT-
chromosomes are primarily present in
the karyotypes of certain woody
shrubs or trees as C. angustifolia,
C. artemisioides, C. excelsa and
C. didymobotrya. Further, it is clear that
secondary constrictions are most common
on the chromosomes of shrubs
(C. angustifolia, C. artemisioides,
C. sophera and C. tora). In contrast,
these are absent in the chromosomes of
trees. Karyotypically C. angustifolia and
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C. artemisioides secem to be the most
highly evolved species of Cassia since
some of their chromosomes show the
presence of both, the satellites and
secondary constrictions.

Analysis of karyotypes according to
Stebbins (1958) is presented in table 2.
As many as 8 taxa fall in category 2B,
followed by 5 taxa in 2A and then 3 taxa
in 1A and 1 taxon in 1B. No species
conforms to the categories 3, 4A; 3, 4B
or 1-4C. All this indicates that Cassia
species have moderately to highly sym-
metrical karyotypes. Habit of the various
members does not have any correlation
with the karyotype symmetry (cf. tables
1, 2). Information on karyotype analysis
as per table 1 clearly indicates that the
shrubby members have the most highly
evolved karyotypes as compared with
trees or herbs. As earlier noted, by and
large, the presence of small sized chro-
mosomes in the woody taxa (shrubs and
trees) of Cassia supports the contention
of Stebbins (1971) that woody angio-
sperms mostly possess small chromosomes.

Table 2 Classification of karyotypes of various species of Cassia following Stebbins (1958)

Ratio Largest/

Proportion of chromosomes with arm ratio > 2:1

smallest 0.0 0.01—0.5 0.51—0.99 1.0
1A 2A 3A 4A
C. javanica C. excelsa
C. mimosoides var. C. mimosoides var.
<2:1 wallichiana demidiata
C. surattensis C. nodosa
C. renigera
C. siamea
iB 2B 3B 4B
C. absus C. angustifolia
C. artemisioides
C. didymobotrya
C. fistula
2:1—4:1 C. occidentalis
C. pumila
C. sophera
C. tora
>4:1 1C 2C 3C 4C
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However, contrary to his generalization,
various species of Cassia show fairly
large differences in size of chromosomes.
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