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CYTOLOGICAL STUDIES IN SOME SPECIES OF CASSIA FROM SOUTH INDIA

SAJI MARIAM GEORGE AND KV, BHAVANANDAN
Department of Hotuny, University of Keralu, Karlavattom, Trivandrum 695 581

(Received 16 November 1992, sccepted 21 December 1992)

SUMMARY
Melatie studies were conducied in 10 species of the genus Cawa I (C, alata L., C. biflora I, C.
didymobotrya Fresen, C. fustula i, C. grandis 1., C. hirsuta L., C. javanica L, C, nodosa Buch-Ham ex
Raxb,, C. senna L. and C, pigricans)) from South India of which 9 are tetraploids and one diploid. Ir is
suggested that x = 7 is (he most common basic number in the genus,

Key Words ¢ Cassia, eytology, basic number,

INTRODUCTION

Cassia L. is the largest genus of the family Caesalpiniaceac comprising 600 species (Willis
1973) distributed in the tropical and warm (emperate regions. They are popularly known as ‘shower
trees’ and include forms having high ornamental as well as medicinal value. A perusal of the
cytological data has shown that the species which are cytologically investigated arc from the North and
Central India and other geographical regions of the world (Irwin & Tumer 1960, Frahm-Leliveld 1960,
Baquar ct al. 1966, Bir & Sidhu 1966, Bir & Kumari 1981, 1982, Gill & Husaini 1982, 1985, Coleman
& De Menezes 1980). It has been found that no serious cytological study has been aticmpied on this
genus from South India. In this paper, the results of the cytological studies in 10 species of Cassia
from South India are reported. %

MATERIALS AND METHODS
The materials for the present study were collected from different localilies of Kerala and Tamil Nadu, Young flower
buds were fixed in a modified Camnoy's fluid (6 absolute alcohol: 3 chloroform : 1 glacial acetic acid) and were squashed in 2%
acetocarmine. Pholomicrographs were taken [rom (emporary. preparations.

RESULTS AND DISCUSSION

The results of chromosome analysis made on 10 species during the present investigation are
shown in Table I and Figs. 1-10. All species showed normal meiotic divisions except a féw abnormal
divisions in C. nodosa and C. javanica.

Nine out of the 10 species of Cassia studied here are n = 14 except C. nigricans which is n = 8.
C. nigricans is a diploid on x = 8 while the other 9 species are tetraploids on the basic chromosome
number x = 7. Cumulative worldwide cytological data revealed that Cassia is a multibasic genus with
x = 6,7,8,10,11,13 and 15. However, all the Indian species so far investigated are based on x = 6,7 and
8 (Kumari & Bir 1987). It has been found that the common basic chromosome numbers are x =7
and 8 as far as the Indian species are concerned. It is suggested that species with n = 14, the most
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CYTOLOGICAY. §TUDIES IN SOME SPECIES OF CASSIA FROM SOUTH INDIA

SAJl MARIAM GEORGE AND K V. BHAVANANDAN
Department of Botany, University of Kerala, Karisvattom, Trivandrem 695 561

(Recelved 16 N ber 1992, accopled 21 [ 1992)

SUMMARY
Meiotic studies were conducted in 10 species of (b genvs Cassia I (C. alata 1., €. biflora 1., €
didymobotrya Fresen, € fistula 1., C grandis 1., C. hursuta L., C javanica L., C, rodoia Bash-Ham ex
Roxh, € semna 1. and €. pigricans)) from South India of which 0 are etraplolds and one diploid. | s
suggested that x = 7 is the most commeon basic number in the geous.

Key Words 1 Cassia, cylology, hasic number

INTRODUCTION

Cassia 1. 1s the largest genus of the family Caesalpiniaceae comprising 600 species (Willis
1973) distributed in the tropical and warm temperate regions. They are populary known as ‘shower
trees’ and include forms having high omamental as well as medicinal value. A perusal of the
cytological data has shown that the species which are cytologically investigated are from the North and
Central India and other geographical regions of the world (Irwin & Turner 1960, Frahm-Leliveld 1960,
Baquar et al. 1966, Bir & Sidhu 1966, Bir & Kumari 1981, 1982, Gill & Husaini 1982, 1985, Coleman
& De Menezes 1980). It has been found that no serious cytological study has been attempted on this
genus from South India. In this paper, the results of the cytological studies in 10 species of Cassia
from South India are reported. ;

MATERIALS AND METHODS
The materials for the present study were collected from different localities of Kerala and Tamil Nadu. Young flower
buds were fixed in a modified Carnoy’s fluid (6 absoluic alcohol: 3 chloroform : 1 glacial acetic acid) and were squashed in 2%
acetocarmine. Photomicrographs were taken from temporary preparations.

RESULTS AND DISCUSSION

The results of chromosome analysis made on 10 species during the present investigation are
‘shown in Table I and Figs. 1-10. All specics showed normal meiotic divisions except a few abnormal
divisions in C. nodosa and C. javanica.

Nine out of the 10 species of Cassia studied here are n = 14 except C. nigricans which is n = 8.
C. nigricans is a diploid on x = 8 while the other 9 species are tetraploids on the basic chromosome
number x = 7. Cumulative worldwide cytological data revealed that Cassia is a multibasic genus with
x =6,7,8,10,11,13 and 15. However, all the Indian species so far investigated are based on x = 6,7 and
8 (Kumar & Bir 1987). It has been found that the basic ch numbers are x =7
and 8 as far as the Indian species are concerned. It is suggested that species with n = 14, the most
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Figs.1-10 : Chromosome numbers of Cassia species (all x 2000) i. C. alata, metaphase 1 (n = 14), 2. C. biflora, metaphase I (0
= 14). 3. C. didymebotrya, metaphase | (n = 14), 4. C. fistula, metaphase | (n = 14), 5. C. grandis, metaphase | (n = 14), 6. C.
hirsuta, metaphase | (n = 14), 7. C. javanica, metaphase I (n = 14), 8. C. nodosa, metaphase | (n = 14), 9. C. sena, metaphase 1
(n = 14), 10. C. ugricans, metaphase I (n = 8),
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Authorfs & Year/s

TABLE 1:  List of species studled, thelr localities and chramnsome numbers
Chivmosome
Species number Locality
RN SR ST ) B/ R
Cassia alaia 14 Thiruvananthapurmm
12
12,14 -
C. hiflora 14 - ~do -
- P
C didyamobotrya 14 - Coanoor
14 28
C. fistula 14 Thiruvananthapuram
13
12 -
- 28
14 28
C. grandis 14 - -do-
- 28
C. hirsuta 14 - Thiruvananthapuram,
Courtallam
- 28
- 56
- 28, 56
8,8+1B -
C, javanica 14 - Thiruvananthapuram
14 28
- 28
C. nodosa 14 - -do -
- 24
14
C. senna 14 - Thirunelveli

Present siudy

Sanjapps &Cnipts 1981

Gill & Husaini 19%Z, 1985
Present stody

Irwin & Turge: 1960

Present study

Bir & Kumari 1981, 1922,
Berger et a). 1958 Sethi 1930
Present study

Bir & Sidhu 1967, Tandon &
Bhat 1970, Mehma & Hans 1971,
Mehra & Saceen 1973, Giil &
Husaini 1982, 1985

Bir & Sidho 1966

Nanda 1962

Berger et al. 1958, Pantufu 1946,

Bir & Kumari 1977, 1981, 1982,
Choudhary & Choudhary 1988
Present study

Jacob 1940, Atchisen 1951
Present study

Frahm-Leliveld 1953, 1957
Sampath & Ramaunathan 1949
Irwin & Turner 1960

Gill & Husaini 1985

Present study

Bir & Sidhu 1966, 1967, Tandon
& Bhat 1970

Bir & Kumari 1981, 1982
Ramanathan 1950

Present study, Mehra & Hans
1969, Tandon & Bhat 1970
Alchison 1951, Irwin & Tumer
1960, Baquar et al. 1966

Bir & Kumari 1981, 1982
Present study
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MEIOSIS IN TRIPLOID TARO
(COLOCASIA ESCULENTA (1) SCHOTT)

M T SREEKUMARL AND PM. MATHEW
Diepariment of Botany, U sity of Kerala, Kari o rum 695 S8)

(Received 7 October 1992, accepied 7 Janoary 19%3)

SUMMARY
Melosis was studied in § fons in 5 friploid photypes of taro (Colocasia esculentay Meionis
was irregular characterised by the formation of trivalents, bivalents sod snivatents in varying frequencies md
in resulliog in a 2 fall in poilen ferlity which showed
diffe nmnng the pes. The pe which i highest freguency of

trivalents (10) showed the least pollen fenility (6.8% ) and the one with feast Trequency of trivalents shosrd fte
maximum pollen fertility (33.1%).

Based on melotic behavi by kary I gical data, the present triploid aros are
considercd 10 be of autoploid nature, pcu:lbly arisen by union of reduced and unreduced gametes of natural
diploid forms. The variation noficed in the magnitude of pollen fenility among the morpbotypes sindicd is
iscussed, and i1 is suggested that those with a higher frequency of wrivalents and with a very low polien
fentility to be of relatively recent origin and the ofhers with a lower frivalent frequency and a higher pollen
fentility to be of earlier origin.

Key Words:  Taro, triploid, meiosis, pollen fertility,

INTRODUCTION

Taro (Colocasia lenta) is an Ily imp: tuber crop grown (hmughmn the
humid tropics for the edible corms, cormels and leaves. Great bulk of the research work in the crop is
on its cytology, mostly chromosome number reports (Fukushima ct al. 1962, Yen & Wheeler 1968,
Ra handran 1978, Sreek i & Mathew 1989) and a few karyotype studies (Sharma & Das 1954,
Jos & Magoon 1970, Vijaya Bai et al: 1971, Kuruvilla & Singh 1981, Coates et al. 1988, Smlmm& /
Mathew 1991). The available chromosomal data indicate that the species exists in nature at 2 levels of
ploidy, diploids with 2n = 28 and triploids with 2n = 42. In addition, a number of numerical variants
are also known. The information on meiotic behaviour in the plant, particularly on the triploid forms
very sparse (Vijaya Bai et al. 1971) Tnp]oxd taros are found to be highly sterile, and ammgthe i
different populations, a wide variation in the degree of pollen fertility has been noticed. 'Dcmled‘
information of meiotic behaviour in different triploid forms may yield clues on the possible cause
this variation in addition to shedding light on the nature, mode of origin and evolution of Ianmd 3
forms. The present report concerns the results of meiotic study in 8 ﬂiplmd aceessions belongmgm 5
morphotypes.

*  Ceniral Tuber Crops Research Institute, Trivandrum 695017.
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Morphotype - 1
PMC ranged [rom 5.8 with a mean of 6.74 = 0.07. Cells with 6
o ¢ number of bivalents and univalents in each
ivalents in each ¢ ed the highest frequency. The numbx ;
ln;lnlcnb :jn[:;;: ;i'(l‘ ;hnr[:nphh(‘ llfcparalinu was irregular with varying l’!untlb{rs of chromosomes
:parmatli%\g {o the two poles. The most frequent segregation fype was 16:26. There was significant

reduction in pollen fertility (23.5%)-

The number of trivalents in each

Morphotype - 2 i

The number of trivalents in each PMC ranged {rom 407 with a n}tan of 5..82 = 0.08. Cells with
5 trivalents in each were more frequent. The number of bivalents and univalents in a PMC mnged from
6-9 and 3-9 respectively. The most frequent A 1 segregation type was 18:24. Only 20.7% of the pollen
grains were found fo be fertile.

Morphotype - 3

The frequency of chromosome associations into uiv?lcnls. l?i\'alcms and univalents was
comparable in both the accessions studicd. The number of trivalents in cach P.MC ranged from 4-9
with a mean of 6.36 = 0.08. Cells with 6 trivalents in cach cell showed the highest frequency. 1]1;
number of bivalents and univalents per PMC ranged from 4-7 and 4-8 respectively. Anaphase I
scparation was highly irregular with chromosomes varying in number from 15-27 at cach pole. Mea;
pollen fertility was 15.8%.

Morphotype - 4

In this, the number of trivalents per PMC ranged from 3-6 with a mean of 4.21 = 0.05. Cells
with 4 trivalents in cach showed the highest frequency. The number of bivalents and univalents in eac
PMC ranged from 9-10 and 36 respectively. Anaphase I separation was irregular with varying number
of chromosomes separating to the 2 poles, of which the most frequent segregation type was 19:
Pollen fertility in this mormphotype was much higher (33.1%) than that observed in the other
morphotypes.

Sreaknmari & Mathew: Metosis in triploid uaro 9
Morphotype - §

The highest number of trivalents was observed in this morphotype. The mumber of trivalents in
4 PMC mnged from 9-12 with a mean of 100 = (05, PMCs with 10 trivalents in each showed the
highest frequency. The mimber of bivalents per cell moged from 3-5 and univalents from 2-6, The
most frequent A | segregation type was 12:30. Thus anaphase | separation was highly imegular
resulting in a significant reduction in pollen fertility (6.8%)

DISCUSSION

In the 8 triploid accessions belonging to 5 distinet morphotypes of taro studied here, meiosis
was abnormal due to the formation of trivalents in a fairly high frequency. This toge ther with incidence
of univalents in varying frequencics and their lagging at anaphase I has led fo irregular segregation of
chromosomes resulting in a considerable fall in pollen ferility which showed a notable difference
among the different morphotypes. The Jowest frequency of pollen fertility was in morphotype-5 (6.8%)
and the highest in morphotype-d (33.1%).

Reduction i pollen and secd fertility is known to be a universal effect of autapolyploidy.
Stebbins (1971) has pointed out that the principal cause of sterility in autopolyplids is a series of
disharmonies at various stages of cell cycle, of which meiotic abnormalities such as the formation of
multivalents and conseq irregular segregation of chrox are among the mos! important.
Multivalent frequency in avtopolyploids varies considerably from species 1o species for diverse
reasons. Some authors (Morrison & Rajhathy 1960), based on observations on antopolyploids
belonging to various plant taxa, have postulated that the average number of multivalents in them
should be two-third of the total possible number. On such a consideration, in the triploid Colocasia
with 2n = 42 in which the i possible number of tri is 14, the ge number must be a
little over 9. Among the triploid taro types studicd here, the number of trivalents ranged from 3-12 in
the different morphotypes and the mean ranged from 4.2 - 10. Morphotype - 5 showed the highest
frequency of trivalents (9-12) wherein PMCs each with 10 trivalents predominated. But morphotype -
4 showed the lowest frequency of trivalents (3-6) with a mean of 4.2 (Table 1). Gottschalk (1978) has
cited examples of plants in which autotetraploids immediately after formation have shown higher
frequency of quadrivalents, and their frequency diminishing in subseq g ultimately
leading to alterations in meiotic behaviour. In the present instance, such of the triploids which showed
higher frequency of trivalents may be the ones of relatively recent origin which possessed 3 strict
homologues for cach chromosome, while the other with fewer trivalents might be of older origin in
which during the course of evolution, structural alterations may have occurred leading to loss of strict
homology among the 3 chromosomes. Under such a situation, preferential pairing takes place only
between strict homologues resulting in corresponding reduction in trivalent frequency. Results of
karyomorphological studies made recently (Sreck i, unpubl.) apf to support this possibility.
Karyomorphological analysis showed that in the morphotypes with more trivalents all the different
ch were h orphic, while in the ones with lower trivalent frequency, some of the
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GENOTOXIC EYALUATION OF FURFURYL ALCOHOL IN MOUSE
MIEIOCYTE TEST SYSTEM

P45 SUIATHA AND § SUBRAMANYAM
Depuriment of Genetics, Osmufii University, Hyderabad 500 (07

(Received 3 Decembier 1992, accepted & laouary 1993

SUMMARY
Gonotoxic evaluation of tie dietary furan furfuryl aleohol his beer made following oral adanmistraticn !
of 1000, 2000 and 4000 ppm of the campoud 16 Swiss slbino male mice 45 single and maltiple dotes and
using meiolic st system and the siandard cytogenetic parmeters afier 24 h and weekly mmrvals ap o fifth
week following the last day of istration. (] jotal aclivity was assessed by scoring
structural aberrations and mitoclasic effects by screcning cells with polyploid counis, Appropriste statistical
tests were applied to the data 1o evaluate their significance, Mulliple doses were more effective in causiag the

anomalles. There was a p for the ion of sex | und in treaied uﬂu aver
their respective controls. Tlm m:ulls indicate a very mild jonal welivity
of polyplai it d the te action of the pound. Abnormal sperms were recorded in both senes,

but o an ln‘lgnlllcnm extent.

Key Words s Furfuryl alcohol, genologicily, clastogenicily, mouse sperm, head
morphology

INTRODUCTION
Furfuryl alcohol is a dietary (uran found i coffee, p popeorn, lized sugar, cooked
Asparagus and in a varicly of nonvegetarian foods (Fishbei 1984) 1t has wide industrial applications
in the manufacture of cement, furoic resins, jon resistant poly , high lemp ture laminates

as well as a solvent in textile industry (Burka ctal. 1991).

The information available on the mutagenic activity of furfuryl alcohol is highly t'mgmcmary_
Stich et al. (1981) reported its clastogenicity in CHO cells in the presence of 39 mlx. However, it did
not induce SCEs in human Jeucocytes in vitro and in pationall (Gomez-Arroyo
& Souza 1985). Since the knowledge on mutagenic potentials of thc cumpound is scanty, the present
investigation was envisaged by employing meiotic test system and sperm head toxicity assay. These
tests involving germ cells are highly ded Is for g ic safety evaluation mpcually
since the effects induced in them can be lmnsrrulr.cd to future gcncmhons (Wyrobek et al. 1984).

MATERIALS AND METHODS

Eight- to 10-week-old pure bred Swiss albino male mice with an average weight of 25 g were orally administered with
1000, 2000 and 4600 ppm of furfuryl alcohol (99% pure, Oxoid Lid., Basingstoke, England) in 0.5 ml volumes of sterile double
distilled watcr. These concentrations were computed on the basis of clastogenic doses of turans which ranged from 100 o 3900
ppm (Stich et al. 1981). Twa sets of experiments were conducted. In the single dose serics, the compound was administered only
once 10 the animals, whereas in multiple dose experiments, the animals u}m given the compound 5 times at 24 h intervals o
simulate a human situation. Adequate controls were maintained under exactly identical conditions in relation to their
experimental counterparis. Animals of both groups were sacrificed for testes and epididymis after 24 h and weekly intervals up to



4 Y I8 (1993)
el of Cytology & Genetics olume 28
Jouenal 0 og
w corm n A i vo anlmals pe ‘
1 1 cle (Adler {082) A minimuim of two animals per ; > -
pol + 10 ane spermatogenelic £F |
5 weeks corrssponding (0
& Bruce (197H) wert followed for making chy

employed e
o of B €48 (NI capectively. While 200 well spread 0d brighily gigjney

randard technis o epididymis il :
- \ sperialpcyles and ¥perm sipe madpes (R0 o econded far spern head sbooronliies. Statistical i
eI A o e ahgrmalitics, 2000 sporme ¥E i on chromosome abnormaliihe g
sHp Y e :J““' ll‘\‘\l 1« Chi-square restof 1 | {1061) to the duta and 2y,
e ing modified WollTs alities. 3
~ carriod oul by applviog modl Jend abnorma
e ( of Pillai and Sinha (1968) lor assesEing sperm he
contipgensy 16516 %
JSSION

RESULTS AND DISCL .
< to be discussed in the conlext of ils metabolism

g /1 alcahol ha i
urluryl aleo and finally gets converted 10 pyromicuric acid y

her to furoic acid
1963).

The genoloxic responst ol f
o furfural and furl

It gets oxidised
o glycine (Castellino ctal.

jucation with : :
conjugalic : ng structural, numerical and  behavioury
recommended € ! 3 B o !
'h I'::nc n;\cm(inns as cellular dosimelers are used 1n the pr(-scnl.\((;nuid st lgallhehacu‘)
: “’"‘r‘" 1 alcohol (Adler 1984) Quantitative data on the aberrations incl ; y “r.y cohol are
; ; ; ) 14 s I
?r rurh‘i: in Tables 1 and 2 Multiple doses were more eflectiven producing abnormalitics ‘-hal\smg‘l_r,
urmshe S 2.

dose administration.

Anong the induced aberrations, behav

ytogenefic assays cemployi

ioural abnormalities (Lin et al. 1971) in the form o
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I % in single and 3.24% in multiple dose serics. Since univalents are
reported o occur spontancously in untreated animals (Lin el al'. 1971, }?umcll .1973) enough care was
c)«torviscd to employ animals of the same age and weight in cxpcnmcnlalhl(m. and evaluate th
statistical significance with reference 1o their respeclive controls. They were significant with 2 higher
doses after first to third week and with the highest dose after fourth and [ifth ‘wchs- (Table 2y,
Autosomal univalents were low when comparcd to XY univalents and they wcn:. insignificant, 7
mode of origin, importance and significance of these univalents have been already discussed elsewh

(Subramanyam & Jameela 1977, Laxminarayana ct al. 1980). The consequences of the inducti o
this phenomenon especially for the sex ¢

hromosomes are rather disquicting, since they form aneuploid
gametes and can end up with ancuploid sy’

univalents,
{hey were in the range of 3-14

ndromes. Hence, the concentrations and periods discuss
above have to be reckoned as of importance and consequence from the point of view of genotoxicity,

Numerical aberrations in the form of cells with polypoid counls were recorded for most of
doses and periods. They are reported in untreated animals to the extent of 2.69 = 0.29 al pachytene
3.23 = 0.18 at metaphasc. Their origin has been traced to nuclear fusion of 2 or more spermatocyt
by incomplete division of spermatogonia (Lin ct al. 1971). In the present study, however, a ma;
of 2% was observed in controls and 1-8% in treated groups. They were significant with the hi
dose after 24 b in single and up to third week in multiple dose series (Tables 1 & 2). These indi
activity of the compound and/or its metabolite(s) up to 3 wecks [ollowing multiple administra
inducing polyploidy to a significant extent especially with reference to their respective controls

Burka & Boyd (1985) have suggested the production of electrophilic intermediat
nictabolism of furans and their probable interactions with proteins, nucleic acids and
macromolecules.  The significant induction of polyploids in the present study might be due
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TABLE 1 Responss of mouso malocyles 1o single doses of furfuryl alcoiol.
Structural aberrations (%) Univalents (%)
Perfod Doses e SN ? Paly-
(Woek) ( 1000 Oaps Veag- Trarsig Total ploidy XY Auto- SHA
ments cations withaut o somal
ppm) ) 5
g
(- 0 0 0 0 0 3 6 10
24h 1 a 0 ] 0 3 3 g/ 12
2 0 0 0 0 3 4 3 12
4 1 1 0 1 6% 8 2 i8
(= 0 0 0 0 0 5 3 1n
I 1 0 0 0 o 0 S 2 14
2 0 0 0 0 0 4 3 12
4 0 0 0 0 2 8 4 - w
c (1] 0 0 0 1 9 < 10
| 1 0 0 1 1 3 14 4 10
2 0 0 2 2 4 4 5 14
4 0 0 1 1 1 8 5 21
C 0 ] o 0 1 5 4 13
1 1 0 0 a 0 0 7 6 17
2 0 a 0 0 0 8 4 i6
4 0 0 0 0 4 9 4 18
c 0 0 0 0 2 6 6 12
v 1 0 0 0 0 0 7 6 18
2 0 0 0 0 1 6 & 20
4 0 0 0 0 4 10 B 230:
() 0 0 0 0 2 6 4 14
Vi 1 1 0 1 1 0 6 6 g ke a
2 0 0 0 0 2 9 6 2
4 0 0 1 1 4 9 f 28
* Significant at 5% level ; C, Control; SHA, Sperm head abnormalities.
i of these bolites with proteins d for the i

the spindle (Subramanyam et al. 1984). The biological “significance of these pol i
vxal3ilily and motility of diploid sperms is not yet fully understood. However, it is suggested t
fertilization such sperms fail to compete with haploid ones (Lin et al. 1971). SR B

Structural aberrations in the form of gaps, fragments and translo were | . They
were the lowest among all induced aberrations. In multiple dose series, the frequency of fragments was
comparatively more and they were significant with the highest dose after fifth week (Table 2).
Translocations which are cellular indicators of chromosome mulations were rare in both series. In
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1 alpohol
. s to muliple dose of Tuptury! alf
5f mouse MECCY ) e
ABLE2:  ResporE of mow SR Unh.nh-mm?\
l ‘ e :’:m fupal #be m[njvaj x“"‘ ) 72 T ‘
ey 77»7—,/“77;7':"‘ Potul l'“"u\ Xy Aum‘
: " R0
pesiod Dose (iD Cinps I m‘;l \oeations withau g 5.
f 'ﬂp]m\l Sy mens e ke -
(week) 1K - -\
e - 0 0 0 3 :
) , s :
( o :. 0 0 'I 1 :
0 ‘ ‘
: 1
Mh s i 0 : : 2 0 !
2 1 y
1 2
% I >
) 0 0 ;
( 0 0 ; o ! : )
1 1 0 ‘ : ; L :
) 0 . 5
2 1 ‘ t : : :
[\ 2
4
6
0 o 1 ; ¥
C 0 0 i I : 3
l | 19*
] § 1 1 1 2 ;. w :
: 0 2 1 3 5
4
¢ 0 0 | i .
c 0 i ‘ : : :
: : : A =
. ] : g 2 s 1 2
2 0 2 : ; i :
0
4 0 3
0 2 5 .
c [ 0 o
1 0 L ¥ 2 .
IV | 1 : : : :
: 0 ; : : % 14* 3
3 0
4 0
1 4 i
c 0 1 5 q
1 1 4 0 4 : . ,
’
Y 5 0 5 0 5 5 : 2
; 2 7 0 7e . o .

* Significant at 5% level: C. Cantrol; SHA, Sperm head aboormalities.

contrast to (he negative mulagenic response reported by Amaiz a 'al. (1989). m D 0
melanogaster using sex linked recessive Jethal assay, these l'czful!s indicate a mild ch
mutational activily of furfury alcohol and/or its metabolite(s) in meiofic test system.

Data on sperm head morphology assay are also fumished in Tables 1 and 2. In g
dcpmdém incrca};cc in (he induction of abnormal sperms like amorphous and hookless
recorded for almost all periods in both series. These altered sperms can lead to embroyo;
transmit genetic aberrations to live progeny (Wyrobek et al.‘1984). Even mnugh
statistically significant, the periods up to fifth week in both series have to be reckoned

Sufatha & Subvsmanysm: Genofoxicily of furfuryl aleohol 17

from the point of view of possible genetic hazard since they cause alteration in the genes which control
aperm head morphology as they are not detected 4t the chromosomal level (Beaula Helen &
Subramanyam 1991),
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IDENTIFICATION OF GENES CONTROLLING SEED SURFACE IN GRAM
(CICER ARIETINUM X

RD GHATOR
Botany Department, Coltege of Agricolture, Eollapur 416 004
(Received 6 Tuly 1902, secepted 18 January 150%)

SUMMARY
In the present siudy, § pareats, differing in respect of seed sudface wer selected and 7 irizogalas
crosses were made, Their Py, 7'z and Iy gencrations were studied 10 know the imheritancs of sezd surface snd

gences Involved. The dominance of rough seed conl was olwerved over smooth and was found @ be conirafled
by 3 complementary duplicate genes. fnsa Rasio and Resez.

Key Words:  Triangular cross, seed surface, gram, inkorjtince.

INTRODUCTION :

Genetics of several morphological characters including seed surface have been studied in gram
by several earlicr workers. (Singh & Ekbole 1936, Ayyar & Balsubrahmanyam 1937, Deshmukh et al.
1972, Morc & D’Cruz 1976, Nayeem ¢t al. 1977, Phadnis 1977, Reddy & Naycem 1978, Pawar &
Patil 1979, Ghatge & Kolhe 1985). The present mvestigation was undertaken in order 1o identify the
genes controlling seed surface in gram from triangular crosses.

MATERIALS AND METHODS

The hy was among the 8 parcats sclected from a collection of 135 gram lypu
mainfained in botanical yudm of College of Agriculture, Pune, The sclected parents were having constrasting characters in
respeet of seed surface. The crosses were effected and their Fi, F2 and Fs generations were studied in order o know fhe
mheritance of seed surlace. Seven (riangular crosses involving 8 parents, were studied in F2 gencration (Table zym’m
obtained in 2 generation were confirmed by studying the behaviour of sclected families in F3 generation (Table 3).

Chi-square test (X2) was applied for testing g of it for ion of individual character (Fisher 1941). The
genes governing the seed surface in gram were symbolized as suggested by Tanaka (1957). g

OBSERVATIONS

Table 1 shows the seed surface ch I d by selected 8 parents as wal as the P;s of
12 crosses. [tis further revealed that rough seed coat is donnnxm:wemmod h
segregation for sced surface was studied in F2 generation (Table 2) of 12 crosscs whmh showed that
seed surface was controlled by 3 genes having wmplenu:maxy duplicate gene action. 1
obtained in F2 generation of 12 crosses were. conﬁrm:d from bzeedmg behaviour of m]med
families (Table 3).

,Fa
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s in Crcer anelinum
Qeed surfoce of parents and the Frsin CF ) i
TABLE 1 : Seeds s —
Sl Name of |,“,'_‘.','f{. GIess -
sep A i”“:;‘h
) O,
Tiny lLeal (11 ) tough
Green Bold aB) Smou
. nL) ;
ok o Grained 11 (WIWG) Smooth
White Flower White o
Spr\;ulmg\b‘l'\ ki Rm::
;;h?ls,«mlmuha (bl) Chy ( o
l‘\:a &3 DP (PDP-83) 'l:ough
TL xBL ngt
GBx TL R::ug
GBx BL i
TL x WFWG i
L x Chy (bl) Ao
Spx WIWG mr
BL x N-31 b
TL x N-31 Rnugh
TL x PDP - 83 o
BL x PDP -83 Rnugh
PDP -83 x N-31
i ses for seed surface in Cicer arietinum.
TABLE 2 - Segregation of F2 population of 12 crosses for s
Seed surface ; .
Cross Ratio ok Gt
0.09 07-08
97 277 211
it 31 332 114 0.07 07-08
gg ; BrLL 31 116 42 021 05-07
x R
SPx WIWG 97 208 164 0.02 08 - 0_3
TLx WIWG 31 214 70 0.01 08-0.
; S 130 009 07-08
TL x Chy (b]) 31 e 07-08
Chy (bl) x 15:1 315 25 ; g
WIWG
TLxN-31 54:10 525 101 0.12 0.7-08
BL x N-31 31 118 110 o1l o0 A

Cihatge: Sexd surface inberitance in gram 21
TADLI 2 ¢ (Contd )
Seed surface i ; s
Cross i P Gei
il Rough Smooth ¥ s

T1. x PDP-83 a1 392 126 012 07-08 Rssaz (Rssez)

B x PDP-83 31 201 60 004 0%-09 Rss.7, (Rssaz)
PDP-83 x N-31 151 163 15 0.35 05-07 Rz, Rssco

(Rss.g)

TABLE 3 : Breeding bahaviour of F3 families in twelve crasses for secd surface in gram,

F2 behaviour s
Oross: NG mm el g T s £
famj Rough Smooth
lies
TL x BL S8y 16 12 z J 93 i3gp 03 D%
GBxTL 63 20 29 : - ; 14 153  03-05
GB x BL 50, 17 ST : : 13 055 07-08
SPXWFWG 56 5 1205 e - 2 23 130 07-08
TLxWFWG 61 18 29 &% - > 14 067 07-08
TLxChy(bl) 64 13 37 = : 2 o = 0s9) 30K
Chy (bl) x 60 25 15 - 10 - 8 6.50 02-03
WIWG
TL x N-31 63t 48 10 12 9 5 14 450 03-05
BL xN-31 e 23 2 3 z 12 eSS anans
TLxPDP-83 62 14 33 2 . : 15 029  08-09
BLxPDP-83 48 15 19 5 ¢ 5 14~ 212 03 05
PDP-83 x 8 2 15 - 14 = 6.5 g7 0 s 0T
N-31
DISCUSSION

Monogenic dominance of rough seed coat over smooth was reported by Singh & Ekbote (1936), :
Deshmukh et al. (1972), More & D’Cruz (1970, 1976), Patil & Deshmukh (1975), Nay et al.
(1977), Reddy & Nayeem (1978), Pawar & Patil (1979), Ghatge & Kolhe (1985). ;

Tn the present study, out of 12 crosses 7 (TLXWFWG, GBXTL, GBxBL, BLxN-31, TLxChy(bl),
BLxPDP-83 and TL x PDP) gave a monogenic ratio of 3 rough : 1 smooth seed surface thus
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EFFECT OF GAMMA RAYS AND EMS ON BIOLOGICAL AND MUTAGENIC
PARAMETERS IN CEREALS

VRE REDDY, C.P. SUGANTHI AND RENU EDWIN
Depariment of Hofany. fsharathiar Uaniversity, Caimbatare 641 046

(Recoived 26 May 1092, accepled 27 January 1993

SUMMARY

iological and mutagenic effects of gamma rays, FMS and their combination were studied in 2x rye,

Ax and br wheats and bx triticale, Higher lethality for germination and seedling height nd bigher values (or

mutagenie effectivencss, efficiency, factor of effectiveness and mutanis per mulaton were noficed in EMS

of both ividual and bined The latter p poritive i and fees

additive effects. Lower ploidy levels were more mutable than of higher ploidy and 6x triticale was found 1o He
more sensitive than 6x wheal.

Key Words;  Cereals, mutagenic effects.

INTRODUCTION

The usc of induced ions is suppl y 1o the binati hods of plant breeding.
The direet control of the mutation process has been long desired, in order to induce mutations at
specilic loci and to produce multants with beneficial value. In order to use mutation breeding as an

effective tool, a sy tic study of induced genesis in different crop plants using a vancty of
mutagens singly and in combinalion is ial. Biological p ters and chlorophyll are
extensively used to judge the opti dose / ion at which maxinium mulations are

achieved, The present paper reports the effect of gamma rays and EMS on certain biological and
mutagenic parameters in different cereal crops which differ in ploidy level.

MATERIALS AND METHODS
Sceds of one varicty cach of 2r rye (Secale cereale L) var. King [, 4x wheat (Triticam durum Dest,) var. Jairaj, 6x
wheat (T. aestivum 1 em Thell) var, WIT 147, 6x triticale (X Triticosecale Wittmack) var. Carman were treated with gammaz
rays (GR) (15, 20, 25 kR) and 05% ethyl mcﬂ\nm‘ sulphonate (EMS) (8, 10, 12h) and combination of GR + EMS. Data on

various bi seed g seedling beight, stomatal frequency, chlorophyll vm:iams and pollen
sterility were remrded in My ion. Data on phyll mutation recorded in Mz generation were osed fo
estimate 5 VIZ., it i efficiency, factor of effectiveness, mulanis/mutation and
co-efficient of interaction. The methods for estimating the above p ibed earlier (Reddy 1989, 1992).
OBSERVATIONS

The data on germination, scedling height and various geni induced by GR,
EMS and their combination in 4 different cercal crops (2x rye, 4x whcat 6x wheat, 6x triticale) are
presented in Table 1. The d in germination and a reduction in seedling height were noticed in all
mutagenic treatments. Similarly, o!her biological include seedling injury, stomatal

frequency, abnormalities in stomata, chlorophyll vananls and pollen sterility were also increased either
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ase was dose and dumtion dependent, The let

i nesaraant (a combined reatments tollowed by T M5 and GR.The lethality was decrepgg,
: und o be more sensitive thin 6x wheat,

assaasra ity o sipaniicantly, The decrease aisd e
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i loidy eved, wiitle 6 driticale was [

FAIS was fousd hiehiv etfechive, while the efficiency, factor of ellectiveness and mulants er
L were more in combined treatments, The valies of all the mutagenic parametery Were :
xeased wath dhose of GR and dumtion of EMS. However, in combined treatments the increase was
dopendent on duntion of BMS. € octhicient of interetion showed thal 1in combined lreatments bt

posiive syaergism and less wdive effects are present

DISCUSSION

Germipation, survival and seedling growth are widely used as an index in dclCT'mining th
hiokonkeal effects of varous mutagens. The reduction of these paramelers were prominent in EMS
wrestments either alone or in combination. Such an inhibitory effect of various mulagens were reported:
w seveml other crops (Reddy et al 1991s, 1992, Reddy & Aloka Saikia 1992, Pushpalatha et al. 1992)
Reduction of these parmeters has been atinbuted to various factors including changes in the balance
of growth regulators and metabolic activity (Aman 1968), physiological changes include inhibition
DNA syathesis (Gordon 1957) or inhibition of milotic prolileration (Sparrow 1961). Increase in
seedling injury could be due to mitotic irregularities, while increase in stomatal index and abnormg
stomata were explained due (o stimulatory effect of mutagen causing changes in endogenous growi]
regulators (Sharma & Govil 1986). Chlorophyll chimeras in M1 could result is alteration of DNA j
chloroplasts and EMS is well known 1o react preferentially with guanine. Such variants were alg
likely to arise from a dominant mutation or due to mitotic recombination. Sterility in pollen is main}
duc to interchanges between non-homologous chromosomes and other detectable chromosoma
aberrations, reported in our earlier study (Suganthi & Reddy 1992). :

The effectiveness, which gives the frequency of mutations induced by a unit dose of muta
was found higher al higher duration of EMS cither alone or in combination supporting that chemi
mutagens are more cffective than GR. In individual treatments of GR, the effectiveness was more in
kR treatments followed by 15 kR in rye and in both the wheats but in triticale it is dose dependent
This non-random pattern of variation in mutagenic effcctiveness suggest that the genotypic response:
GR is of genetic origin. Increase in efficiency in all the mutagenic treatments suggests (hat
proportionate increase in the mutagenic level. The higher efficiency at higher mutagenic level
perhaps due to the fact that the biological damage did not increase with increase in the mutation ral
was higher than the proportionate increase in the mutagenic level. The mutagenic parameter fac
effectiveness gives the number of mutations per 100 treated seeds. This method is superior over
other methods suggested by Guslafssan (1937) where mutation frequencies are calculated only
surviving plants. Results oblained by this method also supports the ability of EMS in producing m
mutations. Mutants per mutation, is another mufagenic f and gives an idea of muta
produced due to a mutational event. Though mutants per mutation were dose and duration depend
the total values (5.4-7.7) were comparatively lower than those reported earlier by Rao & Rao (1983
rice (11%) and Reddy & Gupla (1989) in triticale (13%), which could be due to genolypic
dose/duration of mutagen. Coefficient of interaction (K) shows that both positive synergism and
additive effects were occured in the combined treatments. Higher values of cfficiency, factors

Redy et sl ; Bffect of gamma rays and EMS in cereals

TADLE L Pifectof gamnia mys and EMS on biological and ¥
Difference over control
o e ST e o Eftee- ml» Fﬂ(ll)[ Mutants /
Germi-  Scedlinght. o0 ciency of effect-  mutation (K)
nation (%) {em) ness jveness

RYE (2¢) King 11
GR
15 kR -29.5 -3.0 001 0006 3 57 -
20 kR =326 43 001 0006 3 59 -
25 kR =357 -4.7 001 0,008 - 61 -
EMS
8h 448 49 015 0013 8 6.3 -
10h -46.9 51 017 0018 10 66 -
12h -50.0 57 0.18 0022 13 71 -
GR + EMS
I15kR+12h -59.1 6.9 0,06 0.023 16 7.6 ) 1)
20KkR+10h -53.0 -5.5 0.03 0.018 11 70 09
25kR+8h -51.0 =54 0.02 0.015 9 6.5 08
WHEAT (dx) Jairaj
GR
15 kR 252 08 0.00 0.005 2 T -
20kR =284 09 0.00 0.008 2 5.8 -
25kR -32.6 -1.0 0.01 0.009 4 59 -
EMS
8h -389 -1.0 0.14 0014 77 6.0 -
10h -43.1 -1.1 0.16 0018 9 64 -
1Zh -46.3 -1.3 020 0.026 11 6.5 -
GR + EMS
ISKR+12 h SL17 -1.4 0.06 0.026 12 6.9 1.0
20kR+10 h 484 13 003 0019 10 6.9 09
25kR+8 h 473 -12 0.02 0016 8 6.3 08
WHEAT (6x) WH 147
GR
15kR -239 -0.1 0.00 0.003 2 5.4 -
20kR -260 -03 0,00 0.004 2 555 -
25kR -29.1 0.4 0.00 0.007 4 57, -
EMS
8h -36.4 -1.0 0.08 0.009 5 5.8 -
10h -41.6 -1.2 012 0.014 8 6.2 -
12h 437 -1.3 0.12 0.017 10 6.4 -
GR + EMS
15kR+12h -489 -15 0.04 0.018 11 6.5 1.0
20kR+10h 427 -1.4 0.02 0.017 8 6.3 1.0
25kR+8 h -395 -1.3 0.02 0.015 7 6.1 11




Journz! of Cytology & Geneiles Volune 28 (103)

oy §
B L o bl N g it it
Germi-  Seeding bl g dency  of elfeet:

244 00 ool 0008 1
297 i 002 0014 6
340 03 noz 0017 b s 4 REDDY V1K, INDRA M. mmmmx
! > and their combination in lentil Acta o I
O s 0w 0021 0 T
100 14 ‘14 a9 0023 12
izh a6 6 023 oo 16
GReBMS
i ISER-12h S10 16 007 ot L]
20KR10k 542 L8 007 L R
e

25kR+8h

! dmﬂvenusand ‘mutants per mutalions in combined treatments were carli
A efffects in m‘mda.hlﬂby wheat (Rmdﬂy 199!}11:& inn (Mhhxnﬂm

‘triticale was found more sensilive and n
genomic nd:uunnfmiﬁmlz (Reddy 1991)



| Cytol Genol 28; 3134 (1993)

INDUCED YARIABILITY FOR SEED YIELD AND SEED PROTEIN
IN FRENCH BEAN (PHASEOLUS VIZLGARIS L.y

.
A. B PRASAD AND A M. THA
Depariment of Botany, Univesity of Bihar, Muzaffarpur 842 (101

(Received 7 September 1992, accepied 9 Febraary 19935)

SUMMARY

Seeds of french bean varleties Jwala and Top orop were nsed (or mutation indisction by gamma says.
Dry seeds were subjected 1o 5, 10, 15, 20 and 25 kR of gamma rays Jata on seeds per plam weee recorded in
M and Mz generations. The My and M sceds were snalysed for seed prowein comtest and protein profile
Increase in mean, coelficient of variation and higher heritability for both the traits in Mz ymmh- ruggest
Induction of substantial genetie variation in Mz jon of popul i of
protein profile of normal and mulagenized seeds confirm (hat alieration in protein has been .‘-w both at
quantitative and qualitanve Jevels.

Key Wordsy  French bean, ion, seed profein, ol ph 2!
INTRODUCTION
Grain legumes are the chief source of protein and dictary amino acids for man and farm
animals. These crops form a major source of protein for vegetarian and ically backward peaple

of Third World countries (Lush & Rachie 1979). Phaseolus vulgaris L. (french Ix:un) is a major pulse
crop of tropical and sub-tropical countries and occupics a significant place in human diet as pulse or
green vegelable. The present paper reports the effects of induced genesis on seed protei

seed yield per plant and protein profile in 2 varieties P. vulgaris viz. Top crop and Jwala.

MATERIALS AND METHODS

Seeds of P. wulgaris L. var. Jwala and Top crop having nearly 13% moisture were subjected 10 5, 10, 15, 20 and 25 kR

of gamma rays. The mutagenized seeds along with their respective control were sown in randomised complete block design in 3
replicates to raise My gencration. Seeds {rom each M; plant were h d d sown to raise My lion 25 single
plant progenies, Seeds from 50 plants selected randomly from each freatment in My and their Mz progenies were analysed for
Wlal seed protein content by microkjeldahl method (McCkenzie & Heather 1953), Analysis of variance, genotypic and
phenotypic coefficient of variances, henuhliiy and genetic advance were onmpuwd for total seeds per plant and seed protein in
cach variety. Protein for el was d in 0.2 M buffer. The h was cenmlugod and
was used for is. Polyacry dmg;ldecmphnaikuwﬂedomlnixwmmmhsmg

i} 5% acrylamide gels. The protein was {ractioned in anodic system using tris-glycine buffer at pH 8.3 with bromophenol blue as

tracking dye (Davies 1964). After clectrophoresis, the gels were stained in 0.2% comassie brilliant blue for 30 min and dshm:d
in 7% acctic acid.

BT of Botany,

ipur College, S. “r 848 134,
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RESULTS AND DISCUSSION

The data recorded on seed protein and total seeds per plant in My and M) genemtions after

gamma irmdiation of sceds are presented in Table 1. The increase i mt»lll \t"'."ll"“l(’“‘ .l‘"lllcm and
decrease in total sceds per plant with upprcriuhh increase in caefficient of varin m'u xllx‘(lnmpnn-d 10
control have been recorded in My generation ol both the vane lu'a: In M2 gencration, however, the seed
yield per plant increased significantly as compared to the marginal change in the mean seed profeiy

content. The coelficient of variation in Ma generation was higher than the lt!r‘llrllll!vlrl lower thay the
M gencration for both the characters (Table 1). Analysis of vananc 4;, hentabn |l_\,‘u|m[xmcnl of
vanance, genelic advance and GA % mean for both the characters in M3z generation have been

e 4 ey ooy < i of larger variation §
presented in Table 2. Statistically significant 1--value suggest induction « g I in the

mulagenized population. Phenotypic coelficient ol variation was (uum{ 1o be ll'gh;‘l' 'h:" Eenolypic
coefficient ol variation in both the varieties for both the ¢haracters. This suggests thal the charactery

are influenced by environmental factors. Moderately high heritability for both the traits and higher GA

for secds per plant as campared to seed protein have been recorded. Higher heritability along with high -

genetic gain are most useful in predicting the cffect lor sclecting lhni hcl!cr mdl\'ldl‘Jals. Ir lh.c
heritability is mainly owing to non-additive gene effect the expected genetic ga.m would-lx .l(fW. but if
it is o\\iné to additive gene effect a high genetic advance may be expected. Higher hcn.lab’nhly (mo.re
than 50%) for seed protein and lotal seeds / plant in Top crop and only for tolal protein in Jwala iy

present study suggest the presence of higher proportion of genetic variance ”‘_l'hC treated population,
Thus selection for these traits would be fairly easy. Nevertheless, higher heritability has not been found

to be associated with high genetic advance for seed protein in both the varieties.

Fig L :

n
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Protein profile of buffer soluble seed protein of normal and and mutagenized seeds in My and M2 generations of :

P. vulgaris var Top crop and Jwala.
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Prasad & Tha: Induced variability in freach bean 3

TABLE | Mean, standard deviation and coefficient of variation fos seed protein (mg/100m,
ly 2 ’ sced I seed
plant in My and M3 generations in Tap crop and Jwals varicties of "/'ﬂ-mﬂluflmlgnrxim ed meal) and sceds per

s o S MO LN e Y e L U
Diorse My generation Mo 4
(kR « =

Mean 25D oy Mean +S.D, V.

TOP CROP wp 222 + 06 50 224 *04 21
Conlrol S 187 +1.5 84 163 v 16 10.1
5 wr 26 205 2.4 248 03 13
5 154 +309 251 227 =58 295

10 WP 4.7 209 34 233 206 24
15 152 237 248 26,1 s51 19.5

15 wr 259 213 5.1 255 204 17
s 1.9 *27 228 209 £37 185

20 wp 26.5 214 L 269 + 18 66
TS 5.5 27 177 269 257 212

25 wp 278 232 1.7 217 203 1.1
TS 132 210 8.1 277 275 232

JWALA wp 222 211 45 230 =10 43
Coatrol TS 99 +1.9 195 125 19 1592
5 WP 236 =12 5.1 241 =11 49
1S 13.0 x42 312 159 239 249

10 WP 24.7 +12 5.1 243 12 49
T 109 4.7 435 19.2 249 255

15 wp 251 =13 53 250 212 49
S 85 231 367 17.9 =59 332

20 wp 267 =14 52 254 +12 4.7
TS 8.1 227 332 213 =57 267

25 WP 28.7 215 52 287 =13 46
TS 9.2 <18 19.4 25.91 =37 143

Seed protein profile of the normal and mutagenized population of Top crop and Jwala is
presented in Fig. 1. Varation in the present and/or absence of specific protein bands in relation to
control could be discerned in the mutagenized population. Shift in main protein band present at REM
3.4 in control in both the varietics is conspicuous at 15 kR in Top crop and 5 and 25 kR in Jwala in Ma
generation. Presence of an extra band at REM 0.7, 1.4, 1.7, 2.9, 4.5, 5.6, 6.5 and 7.5 in Top crop and
0.7,1.4,2.0, 6.5 and 7.5 in Jwala in M2 g ion is app in the zymog; Similarly, ab: of
bands at REM 1.7 (at 5 kR) and 5.0 (5 kR) in Jwala in M> generation were noted. Electrophoretic
analysis of seed storage protein have been ulilised for studying the genelic diversity in natural as well
as mutagenized populations (Pandey & Purohit 1979, Jope & Jana 1980). Variation in banding pattern

ed b

obscrved in these 2 varieties suggests genotypically ity.

Appearance of new bands, disappearance of bands present in the protein profile of control seeds
and shift in the position of bands in the zymogram of the ized population confirms the
alteration in the polypeplide of seed storage protein due to gene(s) mutation.
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i Analysis of variance, esdmates of CV . herhtability and genetlc advance for seod yicld and veed prately
r 2 sis of var ¢ .
R M generation In Phaseolus wilgaris var. T¢ ap crop and wal
B SRR S S e NS |0
i Tul\ crop Iwala
BRSNS Sipesec (. £38 - - o - A
wp s wp : s
Mean square 8. R530 1162 6338
[ - value 7.51°* A06** 4.38* 267
&Y 680 2095 618 2001
oV 15.1 2045 8.06 76 48
b
Heritability 530 47.00 63.40 6232
Genelic Advance 6.15 31,73 4.96 4A8.73
(K=205) :
GA % mean 24.55 168.97 12.76 20051

*, = significant at 5% and 1% level respectively
CV, and OV, genotypic and phenotypic coctficient of vi
plant rcspr'cnnl)
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CLASTOGENIC POTENTIAL OF DE-OILED NEEM CAKE

SUSAN ABRAHAM, M SAJU ABRAIAM AND ANNIE T. ABRAHAM
e pastment of Batany, University of Kerals,
Karivantom, Teivandrum 695 541
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SUMMARY

De-oiled neem cake s widely used as manure in sgriculiursi practices 1o supply the essential murrients.
Neom cake has gained importance in recont years as & broad spertrum repellznt and insecticide, Trvestigations
carried oul during the present study showed (hat neem cake s claslogenie and ean indoce chromesome
clumping, c-mitoses and ather abnormalitics In cell divisions: The results indicate (has excessive spplication of
neem eake in soil may exert huzardous effccts on plants

ney Wordss  Neem cake, clastogenecity, Allum cepe.

INTRODUCTION

It1s well known that many plant species are capable of synthesizing toxic chemicals 1o defend
themselves against insect pests. A search for these natural pesticides is in progress in several countries
to replace the papular synthetic pesticides which exert harmful effects on human beings.

Neem (Azadirachua indica Juss.) belonging to the family Meliaceae has in recent years received
atiention both as a broad spectrum repellant and imsecticide. The sced cake, residue of the oil extract, is
considered as a betier source for the supply of nitrogen than farmyard manure and is widely used in
agricultural practises to supply the cssential nutrients. Coating of urea with neem cake has been found
lo increase the efficiency of urea by 19-20%. Due fo the inscct repellant propertics of neem cake it is
widely used in agricultural practises (o supply the essential nuirients and also to act as a Syslemic
pesticide,

Studies on isolated compounds reveal that most of the active components in 4. mdu'a belong to
limonoids, fla ids, macromol 1} and to a lesser extent sulphurous compounds (Van
der Nat et al. 1991). Neem seed fractions are known to adversely affect the growth and morphogenesis

of several inseet species. However, enquiry into the nature of such changes that might occur in plants

- grown in soil containing neem cake has not received atlention yet. The aim of the present invéstigation

has been to evalunle the clastogeric potential of neem cake,

MATERIALS AND METHODS

De-olled neem cake used for the studies was obtained from India phosphate company. In order to study the clastogenic
potential of neem cake healthy bulbs of Allium cepa were grown in sand mixed with neem cake in differcnt proportions (1:10,
1:15, 1:20, 1:25, 1:30). After about 3-6 days, when muts began 1o develop, oot tips were fixed in Carnoy's fluid without any

For cytological studies, the squash was followed. Rool lips fixed from bolbs g(awn in
pun sand without adding any neem cake served as control. Ineach 3 roats per 1o
abnormalities in division. Three replications were made and (hree hundred cells in division were analysed per treatment.




B

6 Journal of Cyiology & (ienetics Volume 28 (1993)
RESULTS AND DISCUSSION
The normal somatic complement of Allim cepa analysed m the confrol plants hlmww 1
chromosomes at the metapbase stages of divisions Only 2.38 per cent of the root p celly Ehnw
abnormalitics in division. A wide spectrum of chromosomal abermtions was abserved in the r

exantined from the different treatments (Fig. 1), Statistically signibcant differences from controly e
obscrved. As many ss 10 tragments per cell were observed in the highest treatments, The day
presented in Fig 1 show that clastogenic effects tend fo increase i frequency as the rum‘cnlmlinn

30 EARDITISG

ROOT TIP CELLS (%)
A

NN

ol ?

; W W % .

Control 1:30 1:25 1:20 1:15 110
TREATMENT- NEEM CAKE: SAND

P2 C-mitoses

B Other abnormalities

B Chromosome breaks
Clumping

Fig.1:  Histogram showing cyfological abnormalities in root tip cells of Allium cepa grown in sand containinj
cake.

the causative substance in the soil increases. Clumping of chromosomes was evident in hj
treatments only. C- milotic divisions were present in lower treatment. The occurrence of multj|
spindles in addition to laggards and bridges at anaphase were the other abnormalities observed
different treatments.

The present study has shown that neem cake is clastogenic and can produce a varie
abnormalities in cell divisions. Previous studies have shown thal decaying organic substances
compost and cowdung used as manures can induce mutations of different mangitudes in
(Abraham 1965, 1974). Magnesium sulphate used as fertilizer and as an ingredient in the prepara
of nutrient media for in vitro cultures has been found to induce chromosome breakage and mixop
in rool tip cells and callus tissues (Abraham & Nair 1988, Abraham et al. 1992).

o

Abraham et al, - Clastogenceily of neem cake 3

It is well known that in recent years de-oiled neem cake is widely used as manure and 25 a
systemic pesticide, The antitumor, antiulcer, antimalarial, antipyrelic and antimicrobial properties of A,
indica has been reviewed by Van der Nat ef al (1991). The msecticidal properties of almos! every part
of the tree have been studied in detail by dilferent workers. Neem seed kernel extracts have been found
10 whibit normal pupal-adult development in Trogoderma granarium (Chellayan & Karnavar 1990).
Sterlizing effects of neem fractions were studied by Schmidt & Pesel (1987) in ants. The antifertility
effect ol A. indica sced oil was reported by Sinha cf al. (1984). The leaves of A. indica are known to
cause toxic effects in goats and guinea pigs (Ali 1987).

In view of the complex chemical composition of neem extracts more studies on isolated
compounds arc required for understanding the mechanism of action, Considering the rising prices of
synthetic pesticides and their threat (o public health, agricultural scientists over the world are opting for
plant products as natural pesticides. Tt is nccessary to encourage use of neem cake as manure as jt
possesses insect repellant and pesticidal properties. However, it should be borne in mind that excessive
and indiscriminate use of neem cake can produce abnormalitics in cell divisions in exposed plants,
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SPONTANEOUS MEIOTIC ABNORMALITIES AND STERILITY
OF POLLEN IN JASMINUM
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SUMMARY
Nine hpc(ln of Jasmunum studicd here exhibit a wide spectrum of meiolic nhnuvmalrues such as
i mixls, unequal ion at h lagging,

movemen( and fri lu pclypohy chromosome orientation. This results in the production of pollen graits with
less and more (han the gametic number. Due 1o onder and overdose of chromatin materials the pollen grains
become sferile, The sterility of medium-gized pollen grains wilh normal gamelic chromosome number is,
however, attributed to be genic.

Key Words:  Jasminum, meiosis, pollen sterility,

INTRODUCTION
The jasmines (Oleaceac) constitute a small set of fascinating money crops grown chicfly for
their fragrant flowers and sweel-scented perfume. Despile their e, they ined
least investigated duc to the extreme 1l of lhclr h and lack of proper staining
techniques. H 1, specially suitable cytological staining techniques have been developed for their
investigations (George & Geethamma 1983a, 1984) Being pollcn and sccd—slcnlc, lheir pmpagauon is
entirely through vegetative means. This paper gives an on spc ions and

consequent polymorphic forms and sterility of pollen in 9 species of Jasminum (Table 1).

MATERIALS AND METHODS
The flower buds of proper sizes from 9 specics of Jasminum were fixed in Carnoy’s fluid (3" alwhol 1 acelic acid:1

chloroform) to which a few drops of ferric acetate were added. The anthers were smeared in i
of the required stages were taken from fresh preparations. Pollen fertility is determined by the stainability of pollen in 1:1

acelocarmine- glycerine mixiure,

OBSERVATIONS
In all the 9 species of J under i igation the of meiosis was highly irregular
in majority of the PMCs (an average of 66.6% cells) cxcepung a few with counmblc bivalents (Fig. 1).
The noteworthy abnormalities to be ioned were deg ion of PMCs lumping of the entire set
of chromosomes (Fxg 2) or pama] Tumping of ch into uneqj mass% (Flg 3), eytomictic
icating 1j PMCs with migrati ial (Fig. 4),
chrc mo at anaph (F]g, 5), uncqual scgregation (Fig. 6) tripolar

oncnlauon (Fig. 8), spindle arrest and s g (Fig. 7), formation of tetrads
with unequal microspores (Fig. 9), triads (Flg 10), diads and monads (Flg 11). The pollen grains thus
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Figs. 1-12: Meiolic aberrations in Jasminum (all x 1200). 1-5. 4, pubescens. 1, PMC with n=13; 2, PMC with cj
chromosomes, 3, PMC with partial clumping of chmmosoms Iuvmg a bivalent apart; 4,
communicating channcls between adjacent PMCs with 5,

of 6,7.J. ifolium. 6, Unequal ch ation at

ik Spindle arrest with 8, J. tripolar
with unequal sized microspores. 10,11. J. sambac. 10 de, 11, Monad. 12. J. pubacau micro-, medi

mega-pollen grains.

Creethamma: Meiosis in lasminm 45

resulied are micro, medinm- and mega-types (Fig. 12), Data on the species investigated and percentage
ol pollen sterility are given in Table 1.

TABLE 1 Data on colleetion, meiotic sbnormalities and potlen sieeibity in Jasrmirmen,
Species Locality Nverage Pollen stenlity (%)

i abnormality (%)

Jasminum sambac Ail. Trivandrum H5.5 #1.5
J. pubescens Willd. Trivandrum 96.3 93.5
S rottlerianum Wall. Kallar 15.5 57
J. angustifolium Vahl, Trivandrum 202 158
J. nitrdum Skan, Bangalore 882 853
J. calophyllum Wall, Coimbatore 221 15.5
J. grandiflorum 1. Trivandrum 90.2 883
J. sinense 1. Ooty BR.S B7.8
J. officinale Vahl Trivandrum 93.2 &89

DISCUSSION

A carclul cytological screening reveals that various meiofic abnormalities mentioned hitherto
especially eytomixis are chiefly responsible for sterility of pollen in Jasminum. Such abnormalities
appear regularly and ly from carly ic stages and cytomixis correspondingly occurs in
later stages in mn_;only of cases. Hence, it is reasonable to assume that meiotic abnormalities and
cytomixis are regularly sy and wid | in most of the spccws ol'.la.vmmwm and appea‘r!u
be originating from a peculiar gene action or defective gene function b ging about a pathologi
condition in the cells (George & Geethamma 1983b). Owing to such defective gene ﬁmn!wn the
chromosomes are unable to carry on the dreary process of duplication and movcm:nx and Jag i m
condensation and separation resulting in their clumping into entire or qual masses
incomplete cytokinesis which appear Jike cytoplasmic extrusions as in what is called cytomixis (G:ns
1911). The transfer of a whole or a part of chmmalm materials from one cell leaving the adjacent cell
empty or with only a few ch was more [r This u]nmauly resulted in empty/almost
emply nonstainable and much smaller, sterile micro-pollcn and a highly stained mega-pollen:

The complete suppression of lhe entire meoitic process g;ves birth to monads, while that of
meiosis II to diads. Tara & Namb i (1974) rded such inst in Imp sultani. Cases
where the second division occurs in any one set of chromosomu on cither pole result in triads.
Precocious chromosome movement, laggards and 1 oo ibute largely to sterile
pollcn g,mms with hypoplmd chromosomc constitution. Megx- and micro-pollen with hyper- and
hypop 1y b sterile possibly due to over- and underdose of
chromatin materials. The sterility of medium sized pollen grains with normal gametic number is

attributed to be genic.
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Malavya & Shukla (1983) advocate any change in the nocieocyloplasmic r(]ll‘l"ihrillm in fhe
PMCs re sp«vn;lhh‘ for the meiotic abnormalitics to occur, However, in Jasminum, """""‘{"U‘ mode gp
vegetative propagstion makes ifs genetic system more plasiic and susceptible 1o \'nm‘\u;. Alverge i
environmental conditions which result in defective gene funetion and peculiar gene action Caisgy
abnormal meiosis, failure of cylokinesis, appearance of cyloplasmic extrusions, sterility of polley
grins and absence of seed-sct. These abnormalities have become accumulated through confinugyg

wmode of vegetative propagation in these plants
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KARYOLOGICAL STUDIES IN MICRASTERIAS
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(Recelved 18 Sanuary 1993, accepted 2 Mareh 1093)

SUMMARY
The present Investigation deals with the karyology of 4 species of Micrasterios belonging
Coni (© 7 fed count for M. zeylanica Fritsch (2=20) is the fira riport of

chromesome number for this species. In M. rowta (Greville) Ralfe (0=19). M, trancata (Corda) Hreb, (n=17)
and M. americana var. boldtii (Ehrenberg) Ralfs (n=14) the chromosome oumbers ase, however, nex
additions to (he earlier reports.

Key Words :  Desmids, Micrasterias, karyology.

INTRODUCTION

Cytological studies on desmids (Conjugales) are meagre inspite of their abundance and
world-wide distribution. Cytological investigations on desmids were att d for the first tirne by van
Wisselingh (1912). Waris (1950) reported chromosore numbers of 3 species of Micrasterias. The first
Indian contribution in this regard was by Saraswathi (1946) who studied the nuclear division of
Micrasterias denticulata var. notam. Later, Vedajanani & Sarma (1978) and Chowdhury & Sarma
(1984) studied the nuclear cytology of 3 species of Micrasterias and reported their chromosome

counts,

In view of the paucity of information on the karyology of Indian desmids, the present study on
the nuclear cytology of four taxa of the genus Micrasterias viz., M. zeylanica, M. rotata, M. truncata
and M. americana var. boldtii was investigated and results were recorded.

MATERIALS AND METHODS

Materials were collected from different localities of Varanasi. Unialgal culfures of the taxa were raised by isolating
cells, using the methods described by Pringsheim (1951). Modified Chu 10 medium (Chu 1942) supplemented with 8-10%
soil-extract was found 10 be the best for multiplication and growth of desmids in the present investigation. Cultures were grown
under illumination of €a.2500 lux for 16 h daily and maintained at 2142°C. Carnoy’s fluid as modified by Cave & Pocock (1951)
was used [or fixing the materials. Before fixation the materials were first subjected to 1-2 drops of icdine solution (1%) to
enhance nuclear and chromosomal stain intensity. For cylological studies a concentrated drop of fixed material was drawn on a
glass slide and allowed the fixative fo evaporate, so that the malerial stuck fo the slide. It was then treated with 2-3 drops of
acclocarmine (2%) over which a cover glass was placed. Material was squashed while it was still warm. Photomicrographs were
taken from lemponry_ preparations.

Materials were identified with the help of the monograph of West et al. (1933) and Croasdale & Scott (1976).



H Tournal of Cytology & Genelies Volume 28 (1993)

OBSERVATIONS
M. truncaia (Corda) Breb,

The material was found in Agnculture farm pond of Banaras Hindu llnivr:nily. Vnmnmﬁ, in
November 1991, mixed with Spirogyra and Zygrema spp. The cells of this taxon are 100-110 pm ln’@
and 95- 110 pm broad. 2

The interphase nucleus is oval to globular, 6.8 (o 7.8 pm in dismeter, with a centrally place 3
nucleolus measuring 2.5-3.0 ym across and devoid of vacuoles. The nueleolar truck is not cleay and
varinble number (2-8) of dot-like chromocentres is observable. At prophase the nucleus enlarges ,,hm“«“;
1.5 times. At metaphase, the chromosomes organize (themselves into a metaphase plate (10.0-11.9 um‘_'
in diameter), which is more or less of the samie size as those of prophase nuclei. The chromosomeg yre

Figs. 1-4 : Karyology of Micrasterias. 1,13, M. truncata. Photomicrograph and camera lucida drawing of me!
showing n=17. 2,2a, M. rotata. Metaphase showing n=19. 3,3a, M. americana. Metaphase showing n=!
M. zeylanica. Metaphase showing n=20.

Aprawal & Chaudbary. Karyology of desmids A5

embedded inside nucleolar substance, extremely small, thick. dot-shaped and 0.5-1.2 pm in diameter.
The chromosome number asceriained &t metaphase is n=17, chromatids arc nol distinct and the
nucleolar orgunizing (N.O.) chromosomes nof clear (Figs, 1,1a), Since the size of the chromosomes is
small, the position of centromeres is not discernible,

M. rotata (Greville) Ralfs,

This species was collected from the freshwater tank of Botany Department, Banaras Hindu
University, Yamnasi, in March 1992, mixed with Spirogyra, distoms and other desmids. The cells are
265-275 pm long and 230-240 pin broad.

The resting nucleus is small, elliptical and £.0 o 12.5 pm in diameter. The prophase nuclei are
approximately one- and -a- balf times larger than the interphase oncs, Single nucleolus (4.0-4.5 pm
across and devoid of vacuoles) is located in the central region of the nucleus. The pucleolar track is
clear and 4-8 dot-like chromocentres are observed. The diameter of metaphase plate 1s 11.0-13.0 pm.
The chromosomes are embedded inside the dense nucleolar substance and become distinet by the end
ol prophase. Metaphase chromosomes (1=19) appear small rod-shaped, ranging from 1.6-2.0 um long
(Figs. 2,2a). Nucleolar organizing chromosomes are not clear. Chromosomes are probably polycentric
al Jeast in some cases, as revealed by paralle] orientation of the sister chromatids end to end at
metaphase and during anaphasic separation.

M. americana var. boldtii (Ehrenberg) Ralfs.

This was collected in January 1992 from a freshwater permanent tank of Birla Templc, Banaras
Hindu Universily, Varanasi. It was found mixed with Chlorococeales, Spirogyra spp. and other desmid
taxa. The cells of M, americana are 120-130 pm in length and 95- 110 pm in breadth.

The metaphase nucleus is globular in shape measuring 7.5-8.8 um in diameter. The nucleolus is
simple, centrally placed, 3.0-3.5 pm across and devoid of vacuoles. The nucleolar track is also net
clear. The chromocentres are 2-10 in number and dol-like. The chromosomes are small, short,
rod-shaped, n=14 in number and 0.8-1.8 um in length (Figs. 3,3a). They organize themselves into a
plate al metaphase measuring 9.0-12.0 pum in di; r. Nucleolar organizing could not
be distinguished. Since the size of chromosomes is small, it is difficult to locate the exact position of
the centromeres.,

b

M. zeylanica Fritsch

This desmid was collected in November 1991 from a temporary pond on Lanka-DLW Road,
Varanasi growing mixed with Spirogyra spp. and some euglenoid fagellates. The cells are 48-52 pm
in length and 50-52 um in width.

The resiing nucleus is small and oval to globular in shape ranging from 7.9-9.6 pm in diameter.
The prophase nuclei are approximately onc-and-a-half times larger than the interphase ones. A single
nucleolus measuring 4.5-4.8 pm across is centrally located and is devoid of vacuoles. Nucleolar track
is not clear. Chromocentres are dot-like and 2-6 in number. Metaphase plate is 10.0- 11.2 pm in
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SUMMARY
Methyloxypurine alkaloids viz., caffeine. hesbromine
5 . d and (hen kgt it g
Cyelotella menegh Kuetz (. uniy & CL wnd 1ed 1o 6 m:‘::":; inlibited eytokinesis in
potent inhibitor of cell plate f followed by th m",:“_ m «e;h. Caffeine is
g Akaloids op 10 3

mM was successfully reverted by 10 mM ealelam.

Key Words:  Calleine, theobromine, theophyiline, caloiom, cylokinesis, Cyeloralla

INTRODUCTION

Mecthyloxypurine alkaloids such as caffeine, theobromine and th i A
plant cytokinesis (Kihlman 1977). Although their effect on plant wu:o:::'::nu:ukdng:ym;:l‘nbn
workers but, the exact mechanism of inhibition is yet 1o be understood (Botaiguor & Heglor l’;?
Encina & Becerra 1986). Most of the studics so far deal with higher plants and very little i:Pl o%
these chemicals on algae except for the reports of Sarma & Tripathi (1973), Sarma & Shyam (1975)
and Sarma & Chaudhary (1977). The prescnt paper deals with the effect of 3 melhyloxypurine
alkaloids (caffeine, theobromine and theophylline) on the division process of Cyclotella meneghiniana
Kuetz. L. unipunctata A. Cl.

MATERIAL AND METHODS
C. meneghiniana L. unipunctata was grown in Chu-10 medium under standard culture conditions described elsewhore
(Giri 1992). Material from fully grown 15-day-old cultures were reinoculated aseptically in fresh medium and allowed o
for 48 h to conduct the following experiments. oW

(i) Actively growing 48 h-old cells were ireated with different ions of caffeine, th and theop
separately ranging [rom 1 to S mM for 2 to 12 h in each concentration. Subsequently, cells were washed in fresh medium devoid
of alkaloid to remove the traces of chemical and allowed to complete fhe remaining part of the photoregime. Cells were fixed in
1:3 acetic-alcohol al the end of dark period and stained in 1.5% acetocarmine.

(ii) Exponentially growing cells were treated for 6 h with different levels of alkaloids in the presence of 10 mM calcium
i i above. =

and p for 2 as

= Soil and Water Environment Division, Central Institute of
002.
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OBSERVATIONS :
W theophylline excised cytokinesis in the dividing cellg of o
4 in the formation of binucleate cells. Binucleate celjg up
atment period of 6 1 followed by theophyliine (]7;,
reatment penod. The number of hum(]La'

Calfeine, theobromine ai
meneghiniana 1. umpunctata and resulie
21% were induced by 10 mM caffeine after a

and theobronune (14.6%) at the same concentrabion and |
¢ in concentration and trealment pe riod up 1o 6 h (Fig. 1), In

cells mereased linearly with increas
sinucleate cells nduced by 1-3 mM alkaloid in the Presence g

second experiment, the number of b
2.5-10 mM calem respectively remained as ¢ qual as in control (Fig.2)

24 " Theobromine Theophyliine
° 1 mM alkaloid
o 2 mM ’
- &
0 A 3mM "
O 5mM »
A 10mM ”

Binucleate cells (%)
~

1 1 ]
0 4 8 12 0
Duration of treatment (hrs)

Fig.1:  Effect of methyloxypurines on the division process of Cyclotella meneghiniana (. unmpunctata.

DISCUSSION

Cytokinesis in C. meneghiniana f. unipunctata did not proceed in the presence of caffei
theobromine or theophylline mther resulied in the formation of binucleate cells. Inhibitio
cytokinesis by cafleine and related alkaloids was also reported by Bonsignore & Hepler (1985) a
Encina & Becerra (1986). Caffcine was found to be potent inhibitor of cytokinesis followed
theophylline and theobromine. Methyloxypurines disrupted cytokinesis variously in differe
organisms. Cytokinesis in 20% of cells was affected by caffeine as well as theobromine in Gymnodi
inversum (Sarma & Shyam 1975) and Oedogonium acmandrium (Sarma & Tripathi 1973) whezé
only 6% of dividing cells were affected in Allium cepa (Becerra & Lopez-Sacz 1978). Maximum effect
of the 3 alkaloids was registered after a treatment period of 6 h. Accordingly, Sarma & Shyam (1!

Cad: Cytokinesis in digtom

)
* ) mM olkatgig
o 2mm
4 3mm
Q smm -,
A 10aM
04— f 7
2 5 Caffaine Thaabroming

Thecphylting

Binucleate

1
1.0, 26450 100 10 25 sp 100 110 25 sg
Calclum concentration (mM)+ g g

Lig. 2:  Reversion of alkaloids® effect by calcium.

and Sarma & Chaudhary (1977) also recorded maximum effect of caffeine i ymmzd

and Sphaeroplea annulina respectively after 6 h to the chemical. Hi ot Snmm:’ &".’rmm_ ;

(1973) recorded maximum effect of caffeine and (heobromine afier § b in Oed. E;hmm s "e.:mhl -

whereas caffeine induced maximum binucleate cells in Allium cepa after 4 b =
ucam'm (Em,

Beeerra 1986). 1l ) &

Paul & Goff (1973) reported that caffeine inhibits vesicle coalescence by b)oclung Ca?* which -
is an absolule requircment during cell plate formation, Gin(1989) found that minimum of 10"6
calcium is required by the dmdmg cc]ls for succasful completion of cytokmns)s, Further, bmm:leute
cells were also formed in C. ip when this alga was grown in (}.’"d sleted
medium. Similar condition was reported enrhcr in C. cryptica by Badour (1968) Thus, the action of
caffeine and related alkaloids is related to calcium depletion from the cells. . Similarly, prlcr& Wayne ]
(1985) reported that caffeine disrupts balance in cellular calmml asocmted wxlh mnmbmm fomuugn.

Binucleate cells induced by 1-3 mM alkaloid reduced significantly when the oells were i
supplemented with calcium ranging from 2.5-10 mM. In an earlier study Becerra &.Lopcz-Sanz(1978) §
found that calcium, magnesium and other berylium compounds can either revert or lower caffeine’s
cffect. Reduction of binucleate cells in C. meneghmianu {. umpunciata in the presence of ca?t cnuld i
be duc to availibility of sufficient cellular Ca™* to the dmdm,g cells, Hep!er & Wayne (1985) were of
opinion that reversal of caffeine’s effect by calcium is brought by p ive inhibition. However,
binucleate cells produced by 5 and 10 mM alkaloid were partially reduced even in the presence of 10
mM calcium. Effects of theobromine and lhcophyllme were. aﬂevmed easily than caffeine. Cylolﬁnms
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ine affected cells of Oedogonium acmandrinm (Sarma & Tripathi 1973) -
ing @ 1075) could nol be sestored but further niilaaH (“Viqi“m

ondition. However, such o fype of mifoags

in calfeine and theobrom
Gymnodiem inversum (Sarma & Shyam ; o

5 ¥ i i pale
continued in a normal fashion resulting in multinueleate £

were not noticed in the present study
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SUMMARY
Intorspecific variation in respect of favonoids and golibe protei
in

estorase isozyme profiles was reco

X rded and compared in 6 species of ""’Mmm alang with peroxidase oy
S N

Stapf, S cernuum Host, S, 5 1y WAy, . caudatum (Ysex |
Aschers. and 8. verticilliflorum (Steud), Stapt. The patierns were ou::‘nvu : subglabrescence Schmyeing, Z
10 be specivs.spaci 8
e,

Key Wordss  Ch

¥, Sorghum, flavonoids, proteins,

INTRODUCTION
The genus Sorghum of family Poaceae compri i
: ; 5 mprises 60 s i istributed
and subtropical regions (Willis 1973). Present investigation W‘;P:;’:-:o‘;hwh ?m flan i:m“mt. :
§. cernuum, S. conspicuum, S. membranaceum, S. subglabresce;f':mu' o G
a

Cylologically, all of these revealed a haploid count of n=10. The course ormi 8. verticilliflorum.
; meiosis was perfectly

normal in all the taxa resulting in the formation of fertile po
¢ pollen. 1 i Z
presented an assessment of both qualitative and quantitative vI:inlion ?nBEI‘l’t‘;:l?:: communication we
ci

profiles revealed by these species (Sood et al. 1991). The 'mhu‘ e
variational pattern in respect of flavonoids, solubl i present study depicts the interspecific
vsefulness of such information in ta io sl T and est i The

(swchdeva & Bhatia 1980, Sachdeva & Kals 1981, Harborne & Tur m‘:’f;; *;:I:: ;ellll dgommu
% . ¢} C] v. lm).

MATERIAL AND METHODS
Plants of the six species were raised from seed in the YAS
just at the time of of the The techni o e sity: Leaf material was sampled

of Mabry et al,
patierns. For analysing soluble proteins, peroxidase and esterase [oynis hr"y 5 L(Wm) s used for the study of flavonoid

Extraction procedure

Leaf extracts were prepared by ding weif sa 5 ‘mortars i 1
mm Tris-HCL buffer (pH 7.6; 1:25 ymlg,-h\‘vlv)z x‘h‘: sm :;: :chilld P 5mM T‘m?wm R,
(EDTA) and 4 per cenl polyvinylpyrrolidone (PVP) for solubilizing proteins and isozymes 0‘ — acetic acid
operations were carried out at 4°C. Cell suspension paste was filtered and squeezed through two lay 3 : of .M~ sy
centrifuged at 15,000xg for 30 min at 0°C. The supernatant was used in gel h -yf..,mﬁmm'"f‘ s
determined by the method of Lowry et al. (1951). i < A

Separation of proteins

Polyacrylamide gel electrophoresis was used for studyin, ubl 0 an z »

\ Iy g soluble proteins and isozymes of peroxidase and esterase. F'
this |'h= anionic system of Davis (1964) was adopted. 7.5% polyscrylamide gel was used. Sunﬂu containing TSO-M :
protein were layered above the stacking gel. To each sample, 1-2 drops of 40 per cent sucrose and one drop of 0.002 per m\:

Aorte
2P
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hramophonol blue solution Wil added s
curreat was applied for 15 min; 1his was 1
into 1he resolving gol. After the completion of ¢lectic|
boftom of gels, (he gels were removed
Pretz 1978) and estorases (Tripathi et 8l 1083)

5 coudalom

g,

3

a tracking dye Flectrophioresis
nereased (o 3 mA carren! per gel

o the tubes snd stained

& Gunetics Vsl 28 (1993)

phoresis, which was indiv

for protelos (Weber & ¢ seborie 1969), perosidases (Kl

S gernuum

5. yerticillflorum

om\u

wax conducted in the cold (abomt 4"C Initially 3 4
quhe until the rrscking dye (bromapheno! hhu,),"l'
aied by the movemen( ul iracking dye fo

 RELATIVE MOBILITY
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o g

Gel Mll!ﬂ': dsans belweon gols Were porowlised o Relative migration (Rin) betweea 0 and 1. Por eise
migation, llxh; :;mugnw were divided into (ive zones of differing mobilities rulafive o the distance migrated by

:;-: rr:m b;n: A‘ reprosents Rm values from 0:0 02 Zone 11 from 0,20 4, Zone € from (4406, Zane D from 0,6-0,4

1 from (8-1.0.
RESULTS AND DISCUSSION

The two-dimentional thin layer chromatoggphic favonoid patterns exhibited by 6 spe
clcd in Fig.1. the total number of spats ranged from 22 10 28, Of these, 13 spots (all black)
They could casily be distinguished from each other by the p e
caudanim exhibited a total of 28 spots. Five spots (25, 26a,
and 29) were specific 10 this specics. In 8. conspicunm 23 spals were noticed and spat 35 wag
1o be species-specific. S. membranaceum revealed a total of 25 spots and spot 36 was observed
species-speeilic. 8. subglabrescence had a tolal of 27 spols and spot 41 served as a species.
spot, 8. verticilliflorum also exhibited 27 spots with 3da, 37a and 39 serving colle
species-specific spos. 5. cormuim showed a total of 22 spots and though no specics- spec
observed yel the species could casily be identificd by the presence of spots 1,5 and 6 accompa
absence of spot 18, Certain additional spots were observed o be shared by 2 or more
conspicnum clearly stands out quite apart from other species as it lacks spots 1,5 and 6 pres
other 5 specics but still reficets a closer affinity with §. cernuim a5 both of these have in com
spots 26, 33 and 34, The closer affinitics arc also indicated amongst S. vertic |
membranaceum and S. subglabrescence with which S. candatum appears 1o be distantly
because of the presence of additional spots 25, 26a, 27 28 and 29. Flavonoid patterns hay
_observed (o be under the genctic control and a perusal of the literature reveals that not on]x
of considerable value in the identification nin

depi
noticed to be shared by all Species.
or absence of ceriain Spois. Sorghum

L& RETZT A 1GTR Di;ﬁym S
" prfelns and d€Uve enzyane from rose leaves J Am Sou
ot ROSEAROUGH N1 FARR A 1 & RANDAL]
ol Chem WOAIS-T8

MARKHAM K [ & THOMAS M 13 1971

,‘ >
gacHl and nscorbic it eontent Proe Indion Acad
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SAC peauv complex Proc Indian Acad Scs (P) Gei)
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S000 R e J Pl Sci Res T12-13 ;
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ARYOLOGICAL INVESTIC,

Cylslogical invetigations wer
Cardiophorinae and Llaterinne viz., €
Candeze (20=21), Melanatus Kumaun
Wil the exception of M. kumatnensis,
uniformly depict X0 male sex chromosor
uring mitosis and meiosis in the A species

but as far as family Elateridae is
(Richards & Davics 1979), it oc )
Limonius, Athous elc., commo
injurious (0 agriculture.
chromosomal data of onl
1960, Manna & Lahiri 1
Denton 1987). Chalco
number, 4. This is indica
in claterids. To have mo

report deals with the ka
the cytology of Coleopte:
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TABLE 1 Locality, period of collection and ofher cytalogical details of the elaterid beetles,
i I G s
i iod of X TC
i Locality Period of Nao. of :
3 collection  individunls
sacrificed
Cardiapharus haridwarensis Ram Nagar July 1991 5 15.76 085
ol -do- July 1992 7 18,92 081
i e : Kuruks! Ayl '3 a8 078
M. tenebrosus Dehradun July 1991 4 21.24 0.78
X Mean chinsm frequency per nucleus at metaphase I T.C. Terminalization cocfficient at mefaphase 1
and a ric X chromosome (Fig. 2). Whereas the show a gradual d

the X is sixth in order of size (Table 2). Metaphase I comprises 10 ring and rodslmpcd aulosomal
lnvnlenls and the univalent X (Fig. 9). Two types of metaphase 11 cells, with and without the X

were encountered (Fig. 10).

C. limbatus Candeze 2n=21 (10+X0 male), N.F.a = 34
The spermatogonial evealed a diploid set of 21 chromosomes (Fig. 3).

autosomes decrease gradually (Flg 4) and the X chromosome occupics fifth position in order o
(Table 2). Metaphase 1 revealed 10 dumb-bell shaped autosomal bivalents and the unpaired X ¢
chromosome (Fig. 11). Two types of metaphase II plates were observed, one without X (Fij
the other with X chromosome (Fig. 13). At metaphase II, morphology of chromosomes was obvjn
due to jon of chromatids, 7 and the X were metacentric while 3 aut

5

acrocentric.
M. kumnaunensis Vats & Chaubgn 2n=12 (5+XY male), N.F.a = 20

“The diploid complement comprises 12 metacentric chromosomes (Figs. 5, 6). Me!aphns'
was constituted by 5 rod-shaped autosomal bivalents and the XY (Fig. 14). Two types of metapha
plates, with X (Flg. 15) and with y in addition to 5 autosomes, were observed. Morpholog;
chromosomes observed earlier was uonﬁrmed at this stage owing lo chmnmld sepammm.

M. tenebrosus Erichson 2n=19 (9+X0 malc), N.F.a = 32

Figs. 1-8:

£
:
i
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Lyolypes: (e diploid mumber of Al
(kndzd in Coleoplerd, in Chalcolepidius zonamus (¥
cor erits (Mannd & Lahiri 1972), both belonging

The exacl distribution of species o
o are shown in Fig 18. It reveals 8 conspi

g, 16). Occasionally, o fing bivalent wag

X chromosome (Fi
ere encountered (Fig. 17),

bivalents, mostly dumb-bells, and 2 single
wilhout the X chromosome W

also observed. Metaphasc I plates with and

DISCUSSION

Cytologically, Elatenidae is onc of the most neglected groups. il tadsinsdt A o
only 89 species belonging to 24 genera of 4 subfamilics and 8 tribes arc on record (Smith 1953, 1960, Ihlv‘wc,.n 20=23 and 2n=34. The common mumber
bt  from Figure 18 that this peak incl

Mapna & Lahiri 1972, Dasgupta 1977, Snuith & Virkki 1978, Ferreim ct al. 1984, Virkki & Dento
1987). This also includes 15 species of Indian onigin. More than 70% of these species belong to olﬂy'z
subfamilies Pyrophorinac and Elaterinac. Pyrophorinie s known by only 39 species belonging o 10
gener and Elaterinac is known by 38 species from 11 genera. However, Cardiophorinae is known
10 species all belonging o a single genus Cardiophorus, Even this meagre data reveal a wide slxdmm

obviousty: (he preponderince of 20=19 is:
gnvcsligﬂlﬂd cytologically and may not be a repre
estigation: Melanotus tenebrosus revealed (hi
golcaplcrn is possessed by only 7 specics belonging to
The family Elateridac is characlerized
mcclmninm. The common nnc'l most Widuprm J
including 3 under the prfscnl investigation, folle
Amilive (ribe Pyrophorini depicts a peculiar sex
(Virkki et al. 1984). The structure and behaviou;
rachule bivalent) derivative Xpxneo Xxneo)
Tenehrionids (Smith & Virkki 1978). Neo
includes XY depicted by M. kumaunens
chromosome mechanism has not been record, i

22 :
X * Melanotus
18] .~ Elaterinae -

i 12) 7 5

18] :
B o

18 e ey Ao of i o v
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APUNOVA [ A 1983 A simple ynd rapid method for o g i
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Errata

Karyomorphology of Fimbristylis from Punjab by Cheema Paramaject et al I Cytol. Gener. 27 (2)

£ 163-173/(1992).
Page 163, 2nd line - Read ‘Paramjeet Cheema’ Page 167, in headings of Table 1 - Read *Species’
“Karyotypic analysis +++ 12th line - Read “2A° (for 3A); in the 2nd fool-nole - Read
** Different’. Page 169 and 171, in legend to figures pertaining to F.dichotoma and F.

quinquangularis - Read *Pop. ii” (for Pop. i). Page 171, 21st line - Add F.. miliacea after n=11.

Chromosomal inversions in Anopheles stephensi Liston- a malaria mosquito by K. Gayath Devi
& NJ. Shetty. J. Cytol. Genet. 27(2) : 153-161 (1992).
Page 155, first para, Sth line - Read g’ (for 'q’); third para, first and third lines - Read "g’ (for ’q’).
Page 156, in Table 2, 12th and 13th lines - Read '+ (for 'x’). Page 157, in legend 1o figures - Read
in’ (for Yis”). Page 159, 2nd para, Sth line - Read "+/+".

. Genet 26. 67.70 (1993)
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KARYOLOGICAL INVESTIGATIONS ON Foyg SPEC
BEETLES (POLYPHAGA : oL gg CIES OF COCCINE 11
-HOPTERA)

1.5.YADAY AND 5. GA
Drepartment of Zoology, Kuruksheira Universir

HLAWAT
¥ Kuruksliei,
X 132 139
(Recoived 22 March 1993, acoe ¢ Tudlg
4 Pled 15 Aprif fgq,
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SUMMARY
Chromosome studies were carrled oul on four g
i 5 prcies of ¥
ppilschulna,  Henosepilachnn septima (Dieke) possesses 2=z ;;7;( bird beetls belonging 1 o
seellata (Redt) and Epilachna atypica (Dieke) are characterizeg by Yg) Whereas Jf P

Lddition 1o the coleopteran cytology, The details of laryotypes, behavyi
s
and chizsma [requency have been described and discussed,

Key Words:  Coleoptera, caccinellidae, ka
+ kKaryoiype, chiasma fy,
tquency,

INTRODUCTION

Coccinellids are effective natural enemies of cr ; :
These beetles are of great economic importance as Ihty’i)pﬁ::;st;u:!k;i‘vh@’ coceids and s
pests. About 5000 described species are known to belong to family co:bmc..’ conlrol of several croy
1979). Coccinellids were the first among the karyologically invesy; Vidac(Richards & Daviey
However, only 180 specics arc known cytologically (Yadav et al lpg’;u beetles (Stevens 1906).
pelong to Indian fauna (Agarwal 1960, 1961, Manna & Lahir 1972,'st ). Of these only 29 specics
Yadav & Pillai 1974). Additional 3 species belonging to Epilacna hg“m 1977, Mitta] et al. 1959,
(1969)- During the present investigation, the karyotypic Al veb‘“"ﬂmﬂ!edby

chromosomes during mitosis and meiosis in 4 species of epilachn; “'“mlm and fhe behaviour of
& nldsng,‘ ted,

MATERIALS AND METHODS

Field collected individuals were sacrificed for these investigations. A

o 3 g
collection, number of individuals utilized, and other cytlogical features are pm"d:lf;ih': of species, locality, period of
making karyological preparations from the testes following the technique of Yaday & | ‘b::;mlu were uilized for

OBSERVATIONS
Henosepilachna septima (Dieke) 2n=20 (9+Xyp)
gonia phase exhibited the diploid number of 20 chm 1es (Fig e
karyotype comprised 9 pairs of autosomes and X and y sex chromosomies, Auhn’::'::ému?fi S
9 are metacentric and autosome pairs 2,3,4 and 8 are submetacentric. The X is a mcug;:, 1; g..sﬂ and
of fourth pair of autosomes whereas y is spherical but has appreciable size (Fig2) co Aﬂaesiz:

Sper
P
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subfamilies (Agarwal 1960, 1961, Dasgupta 1977, Mannn & Lahin 1972, an} du :lLdI'JH‘J, Smilill
1953, 1960, Takenouchi 1976, Yadav & Pillai 1974, yadav ¢t al. 1991). The diploid number of

Gt : is chametorized by the possession of typical
polyphagan modal number 20=20. During the present investigation Ht'r‘law’pll‘m Ium; septioa showed
this number whereas, H. indica, H. ocellata and Epilachna un'/n.a a devinted I.rum the modal aumbey
and exhibited diploid number of 18 chromosomes. This deviation 18 such h n‘|-\" depicted by l'lu.-
subfamily Epilachninae on the whole since out of 26 cytologically known .sp(’ucs’(m}y 11 ‘l.’ﬂ“u‘s
possess 2n=20 whereas, 16 species possess 2n=18, The present nbs(:rvnums or M. sepaima axce in fu})
agreement with the previous report by Kacker (1973) who described it as L. septima.

chromosomes varies from 12-26. Coccinellidae

Coccinellid beetles are also characterized by a simple male sex ('hmmos-‘omc ‘mc(:‘lmnism,
predominantly Xyp - depicted by 85 species including the species under present n'nvc_sug.'almn. The
otber most prevalent sex chromosome mechanism is neo-XY, possessed by 65 s[?c?u-s. Besides these,
other sex chromosome mechanisms like Xy, Xyr, Xyy, XXy, X4y, XO and XXXX are also known in
species of Coccincllidae.
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CYTOTAXONOMIC BTUDIES IN SOME SOUTH INDIAN SPECIES OF ABUTILON
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Department of Botany, Banga U, ity, Bangalore 560 056

(Received 15 March 1993, acoopled 15 April 1003)

SUMMARY

Six species of Abutilon have been investigated in the present work. The wils species. A, crlspam (2a =
149), A. hireum (2n = 42), A, indicam (20 = 42), A. persicum (2n = 42) and A. neilgherrense (2o = 4Z) bave the
base nuiber x = 7, while cultivated taxon, A. siriafum with 2n = 16 reveats  differest base number of x = K,
The chromosome number n =21 is newly reported in A, neilgherrense and in A hirtrs in (be present work.
Karyomorphological details bave been worked ouf In i1l the species except in A. neilgherrenye. Meiotic ssadies
In A. indicum, A. hirtum, A. persicum and A neilgherrense reveal normal behaviour with the formation of
regular bivalents. The interrelationships of karyotypes and fhe rolo of polyploidy in he evolution of ihe gu;ml
Abutilon have been discussed.

Key Words:  Cylotaxonomy, Abutilon

INTRODUCTION

Abutilon is a diverse genus in respect of habit, Jeal shape, hairs, stipules, flower colouz,
inflorescence, fruit and ccologjeal adaptations. Chromosome numbers recorded so far in about 28
species is inadequate. However, it bas pointed out the dibasic naturc of the genus. But fhe
karyomorphological details arc Jacking in the carlier reports. Further, South Indian populations have
not been eylologically examined. Eight species are available in South India, of which 6 of them have
been investigated in the present work and the data drawn from their chromosome mumber,
karyomorphology coupled with exomorphic characiers give additional information regarding their
evolutionary interrelationships. .

MATERIALS AND METHODS

The taxa for the present investigation were collected from many places in South India and maintained in the Botanicat
garden of Bangalore University. The rool fips taken from the young plants were with 8-h and then
were stained with basic [uchsin. For meiolic siudies anther squashes were made in acetocarmine stain (1.5%). The analysis ol the
karyotypes was made by grouping the into 3 main (1) medium chromosomes (2.5 - 3.5 ym), (2) short
chromosomes (1 - 2.5 pm) and (3) very short chromosomes (less than 1 um ). These are further classified based on the position
of the centromeres into B” and B (medium chromosomes with nearly median and submed; {2
™, C* and C* (short ch with median, inal and SAT-ch P ), D” and D™
(very short types with median and submedian centromeres).

560 056.
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OBSERVATIONS

Abutilon indicum (1) Sweet.

This taxon has revealed 20 = 42 chromosomes, There are 6 pairs of medivm chromosonmss

15 pairs of short chromosames (Figs. 5, 15). The longest chror .in the compl mm“_b
about 2.75 yum while that of the shortest chromosame s abont 105 . The totnl Jenth of the diploid

complement is 60 jum. The karyotypic formula for this specie is 2n = 42 = 6B™ + 68" + 12C™
18C"

Meiosis is normal, Twenty one bivalents arc observed at metaphase 1 (Fig, 6).

A. hirtum Don.

This taxon also has 2n = 42 chromosomes consisting of 6 pairs of medium sized chromos
and 15 pairs of short type (Figs. 4, 14). The difference in the chromosome length mnges from 100 py
(shortest) to 2.80 ym (longest). The total chromosome length of the diploid complement 15 68.3 um
The karyotypic formula for this specics is 2n =42 = 6B™ + 6B + 10C™ + 18C°™ +2C°. 5

Meiotic behaviour is normal with regular formation of 21 bivalents at metaphase [ (Fig. 3).

A. persicum (Burm.) Merr.

The somatic chromosome number is 42 in this specics. There are only short aid very
chromosome types, of which 17 pairs arc short chromosomes and 4 pairs of very short lype
'16). The difference in the chromosome length ranges from 0.90 pm fo 2.20 pm with a total le
:g;gg um in the complement. The karyotypic formula is 2n = 42 = 6C™ + 28C™™ + 4C™ 4 7

1n meiosis 21 bivalents are obscrved at metaphase 1 (Fig. 8).

A. crispum Don.

Diploid number of 2n = 14 is determined in this species (Figs. 1,12). It has one pair o
and 6 pairs of short chromosomes. The chromosome length of the shortest is about 1.45 pm
of the longest is 2.68 pm. A total chromosome length of 30.08 pm is reconded and the
types in the complement are 2B” + 4C™ + 6C™ +2C. i :

Meiosis is normal. Seven bivalents are observed

A. striatum Dickson ex Lindl.

Figs. 1
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Figs. 12-16: ldiograms of the karyolypes in A. crispum, A. striatum, A. hirtum, A. indicum and A. persicum respectively.

& Kshnappa: C: y of Abutil 78

A. neilgherrense Munro ex Wi,

Meiotie divisions reveal n = 21 chromosomes, The bebaviour is normal with the formation of
21 bivalents ot diakinesis and metaphase 1 (Figs. 10, 11),

DISCUSSION

Of the 6 species examined, the chromosome numbers of A, firten (2n = 42) and A.
neilgherrense (n = 21) are reported here for the first time (Krishnappa & Munirajappa 1980). The
present work also determines 2n = 42 in A, indicum and A. persicum, 2n = 14 in A. crispum and 2n =
16 in A. striamm. I is surptising that a single earlicr publication (Roy & Sinha 1961) has given a
different chromosome number of 2n = 32 in A, indicum, while all other earlicr reports (Skovsted 1941,
Subramanyam & Kamble 1966, Hazra & Sharma 1971, Sareen et al. 1974) and the presem work reveal
only 2n = 42 in this taxon. Similarly, the present findings and the earier repont of Gajapathy (1962)

revealing 2n = 42 contradict the chromosome number of n = 16 reporied by Sanjappa (1979) in A.
persicium

Although the chromosome number 2n = 16 is known in several species (Kuhn 1930,

McClintock 1953, Krapovickas 1957, Niimoto 1966), 2n = 42 has been found to be a dominant number
in the genus Abutilon. Thus, the species of Aburilon fall under 2 distinct base numbers ramely, x =7
and x = &. In the 7 basic series, A, crispum is at the diploid level with Zn = 14 whereas the other 4 taxa

are at the hexaploid level with 2n = 42, Among 8 basic series only A. striatum is investigated here,
which is at the diploid level with 2n = 16.

Apart from the above, karyomorphological details in the 5 taxa bave been furnished here for the
first time. In general, all species have medium to short chromosomes, Chromosomes which could be
regarded as long are altogether absent. Majority of their chromosomes have submedian primary
constrictions. The somatic metaphase chromosomes fall within the range of 1.0 - 2.8 um in length. The
total chromosome length in their respective complements is approximalely equal and proportional to
their chromosome number. Hence, the diminution of chromosome size in polyploids is not significant.

However, the taxa are distinct both in exomorphic characters, chromosome markers and relative
length ol the chromosomes. A. indicum and A, hirtum are more closely related both oceurring on plains
in black cotton soils with moderale rain fall having cordate leaves, solitary flowers and the number of
carpels ranging from 10 - 20, yet they differ in respect of pedicel length, hairs, flower qo]our and sced
characters. Cytologically the karyotype of A. /iirtum has one pair of chromosomes with subterminal
primary constrictions, whereas such a pair is absent in A. indicum. Similarly, A. persicum (2n = 42)
differs from the above two hexaploid species in possessing only five carpels and flowers in small
clusters of terminal racemes. The karyotype is also unique showing very short chromosomes in its
somatic complement. It has 2 pairs of SAT-chromosomes which are lacking in the other hexaploid
taxa. Further, it is ecologically restricted occurring only in the hilly regions of Agumbe, Bisle,
Kemmangundi, Kodaikanal in association with evergreen forest. Another hexaploid taxon, A.
neilgherrense (n = 21) is distinct in possessing 2-10 flowered cyme and 10 carpels. lis ecological

adaptation also appears 1o be different as it is found restricted to high altitudes (1950 m) of Nilgiri
Hills.
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The diploid specics, A. ¢risipam (2e=14) devintes Ve beaaphedd lpmm i aevern) charetens
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