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type predominating. The total (requency of consanguinity in the group was 87.61%
and the mean cocfficient of wnbreeding (F) was 0.06.  According to Roychoudhury
(1976). the tribal groups in Kerala in general are highly inbreeding, and his pooled
data showed 63,737, consanguinity and a mean I of 0.04. The strikingly high rate
of consanguinity in the Mudugars may be the result of the group being mostly endo-
gamous and illiterate.

TABLE 1 - Frequencies of various types of marrrisges in the Muduogars.,

Type of mariage _Namber

Double first cousin iy L
First cousin 169

a. Patrilateral cross type 103

b. Matrilateral cross type 66
One and half first cousin 2
Second cousin 4
Total consanguineous

Non-consanguineous

The mortality data at different s

24.21°, respectively as against 10.83% and
stages the mortality was higher in the former. No
in the prenatal and neonatal mortality, which may be due to the continued practice
of consanguinity over several generations which in turn may have resulted in narrowing
the differentials of human reproduction and its wastage. Similar situation has been
reported in certain other inbreeding groups studied from Tamil Nadu (Rao &
Inbaraj 1977, 1979.) and Karnataka (Bittles et al. 1985, 1987) in South India. However,
postneonatal, child and total postnatal mortality showed significant increase in
‘consanguineous families. No consistent relationships were observed | c ;
of consanguinity and mortality. Ezipid

| The various hereditary diseases and congenital
children of consanguineous families were di

mental retardation/diseases (0.32%,), squint eye
y (0 syndactyly (0. ongc
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test. The number of segregating populations were noted in the Iy gencration for

< . . TABLE |
testing the validity of the conclusions made in the Iy, e

RESULTS AND DISCUSSION
1. Plant size
The reciprocal cross Chico x BAU 12 resulted in Iy hybrids hl!vmg normal plant :
size, indicating that dwarf is recessive in nature, The x 2.yalue for the Fy ratios in the
reciprocal crosses showed a good Fit toa monogenic 3:1 ratio for normal vers
dwarf plants (Table 1). This conforms fo the observations of Patil & Mouli (1975
The Fy populations ltom the dwarf plants did not segregate for normal plants,
confirming the monogenic recessive nature of the dwarf plant size. The symbol DW'
is proposed for the locus governing the plant size in groundnut.

2. Foliage colour i
Chico (LG) x BAU

2, Pigmentation of leaf venation ¥

The hybrids of the reciprocal cross J L 24 x NCAc 927 showed pigni "
veins although the pigment was lighter than in NCAc 927. The segregation
with purple-red and those with green colour of venation was in agreement with the
expected F, ratioof 9 : 7. The Fp plants without pigmentation of veins bred true for
{he trait in Fy {Table 1]. These observations confirmed the digenic complementary
nature of inheritance of pigmentation of leaf venation in this cross. Genetics oft}“
character was not reported previously in groundnut. The gene symbols Pigl pigl an
Pig 2 pig2 have been proposed for the two complementary loci governing anthocy
pigmentation of leaf venation in groundnut. The trait is useful as a marker in
fication of hybrids at very early stages of development.

35 bnlnnr of foliage
: Light green foliage of ‘Chico’ was found to be dominant to dark green
BAU 12. as observed in the F; hybrids. InF,, the segregation of plants
green and green foliage showed a good fit to the expected digenic ratio of 11:5
The dark green Fys bred true, whereas the light green ones gave rise to
segregating as well as nonsegregating for the trait. Thus
‘dominant alleles of one of the two loci Chl{ chi I and Chi 2 chl 2 or
’ eac}l al hoth the loci are necessury for thc r¢gulatmn of ohloroph"
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5, Colour standard petnl
The garnet colour
orange flower inJL 24
those with orange colour ©
tary ratio of 9 1 7. All the
garnct flowers gave rise to Fs5 po

of standard petal in line NCAc 927 was domnant to the
In Fy, the sepregation ratio of plants with garnet Mowers and
{ flowers gave a good fit to the expected digenic q‘omp[gmgn;
F, plants bearing orange [lowers bred true and Ih“ﬂse'wi‘(’h"
pulations sepregating and nonsegregating for the traic
This is the first reporton (he inheritance of garnet colour of standard petals in groundnut.
The complemzntary genes responsible for garnet colour are designated as GfY 1 grl |
and GfI 2 gfi 2. The trail is useful as a genetic marker in identification of Fy hybrid

Data on ancuploidy at mitosi
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Reddy ¢t al. © Cywological S:udios in Triticale 1

Figs. 1 & 2. Triticale seeds with various degrees of kernel shrivelling. A. ‘Bacous’ showing
‘low® degree of kernel shrivelling. B & C. ‘DTS-30" and ‘DTS-1019" showing ‘medium’ degreec
of kernel shrivelling. D. ‘UC-60" showing ‘high’ degree of kernel shrivelling. 2
(Bennett 1974). Aberrant endosperm nuclei as a result of faster nuclear divisions
in the developing endosperm are also noticed (Kaltsikes et al. 1975). Kernel shrivelling
was also found to depend upon the balance between sink and source (Fischer 1973).
Variation in shrivelling could also result from different rye genotypes used in the synt-
hesis of Triticales (Darvey 1973). Reddy and Reddy (1981) attributed the kernel shrive-
Iling to the presence of gibberellin-like substances. Lower amounts of carbohydrates
and starch due to limitations in the biosynthetic systems and non-complementation
between synthetic and structural components are also found to be responsible for
kernel shrivelling. Presence of high alpha amylase was suggested as one of the main
causes for kernel shrivelling in Triticale (Klassen et al. 1971). At cytogenetic level,
in Triticale genome, rye chromosomes were mainly associated with shriveliing since
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poticed in rye endosperm H\ulls\km‘ el al. 1975). These
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nuclel we
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A, responsible for orma
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PESTICIDE INDUCED CYTOLOGICAL ABNORMALITIES
IN ALLIUM CEPA L.

PRATIBHA DEVI, V.KIRANMAI AND T. PADMAVATHI
Department of Botany, Osmania University Collcge for Women, Hyderabad 500 195

{Received 31 August 1990, Accepied 21 October 1991)

SUMMARY

The mutagenic effects of two organo-phosphorus pesticides. Malathion and
Parathion in Alllum cepa at the morphological Jevel and at both mitotic and meiotic
stages of cell division are reported. Mitotic index is decreased due to the cffect of
pesticides. The latter induced chromosomal aberrations like fragments, stickiness,
gaps and anaphasic bridges in the root tip cells and also in pollen mother cells, These
abnormalitics suggest the mutagenic nature of the pesticides; Parathion has been found
to praduce more pronounced mutagenic effect than Malathion,

Key Words : Mutagenesis, pesticides, Allium cepa.

INTRODUCTION
Pesticides have improved agricultural production world wide. However, they
pose risks including the induction of genetic damage (Epstein & Legator 1971, Tomkins
& Grant 1972). Therclfore, appropriate assays are necessary to determine the geno-
toxic properties of pesticides and other agro-chemicals.

Among the pesticides, the organophosphates have almost replazed the organo-
chlorine pesticides in agriculture since they do not produce any residue problem, Most
of these pesticides e. g., Malathion and Parathion have alkylating properties (Bedford
& Robinson 1972, Wooder & Wright 1981). The main primary routes of their metabo-
lism are oxidation and hydrolysis but being alkylating agents, some of them may cause
gene mutations too. ‘

The carcinogenicity of pesticides is also suspected in general since they disturb
the cell cycle and damage the chromosomes besides producing toxic wffects
(Tomkins & Grant 1972, Singh et al. 1978, 1979, Grover & Tyagi 1980, Mishra
& Sinha 1982, Amer & Farah 1983, Dekergommeaux et al. 1983, Grover & Mittal
1984, Kaur & Grover 1985 and Rao 1987).

Generally, in such studies only short duration assays are conducted, but the fact
remains that this particular type of study does not bring about the screening of long
duration elfects on chromosomes. This can only be done by sowing the treated seeds
in the ficld and screening the meiotic divisions in the flower buds for chromosomal
aberrations. Studies conducted at 'the meiotic level especially the effects of the test
chemicals Malathion and Parathion on A//ium cepa are scarce. Hence it was proposed
to undertake the present experiment to test the mutagenic effect of Malathion and
Parathion on the A/lium system both at the mitotic and meiotic levels.
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- MATERMLS AND METHODS

o onion bulbs over jars contain
ot concen(rations of the organo-phosphorus pes
athion and Parathion were prepared wi
The bulbs with growing roots placed
the treatments were mainta;
9, ethyl methane sulphon

Root tips were grown by keeping (h
ter for 4 days. Differc
;I:r: technical grade stock of Mtl'
water : 0.23%., 0.5%, 0.73% and ] ;.,‘,
pesticides werc kept for 24 h. Triplicates o‘f all
the controls comprising (he treatment with 1
C, and of Ci ie. distilled water.
One of the triplicate sets of all treatments and controls was taken
were thoroughly washed, excised and fixed in Carnoy’s fixative at the end
of treatment for cytological study. The root tips were later translerred it
The other sct of bulbs of all treatments was left for recovery in Hoagl
solution (at pHT.0) subsequent to their treatment. After recovery Por 8.t
the root tips of the bulbs were thoroughly washed and sown gently in fine
in wooden boxes. wed to grow till owerinEard

were fixed for meiotic analysis in Carnoy’s fixative and later stored in

Aceto-orcein technigue was used to process the rool tips lor mitotic a
carm:ne technigue was used to study the meiotic abnormalitizs per|

mother cells.

with malathig

The plants were allo

total number of cell
mitotic index. Percentage values of separate recordings ol

showing abnormal division such as laggards, fragments, bridge
Jar spindles were recorded under respective categories and late
tage abnormalities of all the categories were pooled as
abnormalities per treatment. These values are pfesentcd&1
{o mitosis and meiosis with respect to Malathion and Par \th
OBSERVATIONS :
The pesticide treatments adversely affected th
various types of cell abnormalities at both m )

fragments, bridges, stickiness of chromosomes
g) (Tab‘les
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Percentage

of atmormality

Micronuclei

Types of abnormalities in the PMCs of Aflium cepa after treatment

TABLE 2

~ Treatment

Fragments

Misoriented

No. of

Dosage

division

PMCs

Malathion

4222
11.234
28222

22

19

55
75

574
506

450
810
601

0.5%
0.75%

0.25%,
C,; Water

0.39
7.986

10

37
20

C, EMS

6.153
13.008

36.090

52
98

529
615
665

0.25Y%
0.5,
0.75%

‘;E‘arg@pn

fume 26 (1991)

65

29

48

Pratittha Devi ‘ql al. ¢ Cytological abnormalitics in Allium

555 DISCUSSION

The inhibitory effect of pesticides on mitosis is a well lmown ph' o
majority of them hwenghtiy been called mitotic poisons (Corbett i

[ .mdrx iugusm that it results due to the Jutur'banm

- cal pollmants and their effect on genetic material (Epi q&
oceurrence of fragmentation, bridges and stickiness
of chromosomc damage caused by the peltleid:l as sugj

Sinha (1982), preaence of laggards and mnlnpolar spnd es as
besides meiotic aberrations suggest that the chemicals ha
apparatus also. It can be stated that though the
recovered to a certain extent, to be able to g ¢
cted irreversible mutageaic d‘avmage as repor




3. Cytol Genet, 26 . 19-24 (199))
INDUCED GENETIC VARIA

ology & Genelies Volume 26 (1991 "

3 Journal of C¥
REFERENCES
cnl effects of pest

Cyiologia 41 597-600 ‘
icides X meiotic effects of phosve]

icides VI effeets of carbamate peg

AH O R 1976 Cytologi

d Dulphar on Vicia faba
1980 Cytological effeets of pest

AMER § M & FAR
1 P C Roger an
AMER § M & FARAH O R

pesticides X11Effects of the phosphorath

el OR 1983 Cytological effects of
FARA H
AME!( s‘;::cﬁchdumhan on the mitosis of Vicia faba Cytolovia 4‘8 2731 =
BED:C';RDCT & ROBINSON J 1972 The alkylating properties of organophosphates Xenop,
307-337 j
CORBZE'IPT JR 1974 The biachemical mode of action of pesticides Academic Press London P
D.EKERGOMMEAUX DJ GRANT WF & SANDHUSS 1983 .ClﬂsIDﬂCPIC and physiologica Genelic variability in Hrassi e
Vicia faba in vivo rool tip assay system Mutar Di\ﬂ o d.' péntnpioid htiuplom"::aqm

ne pesticides in the
culture in different media. The segme:

of chromosomes 10 ni

69-84 -
EPSTEIN § S & LEGATOR M 1971 The mutagenicity nf' pesticides. Concepls and  Evaluation ploidy levels. The repeat ultul
Cambridge Massachuscts % up to ca 16n. There are
FISHBEIN L, FLAMM W G & FALK HL 1970 Chemical mutagens: Environmental effects on Tissire badth
wirems Acad Press NY ; Vg P :
hromosomal aberrations induced by pesticides in mei

GROVER 15 & TYAGI P S 1980 ClI

barley Cyrologia 33 251-261 ; 3
GROVER 1 S & MITTAL V 1984 Mutagenic effects of malathion in barley J Indian Bot Soc

GROVER 15 & MALHI PK 1988 Genotoxic effects of some organophosphorus pesticides |
h 1 aberration bi in root meristems of Allium and Hordeum Cyiologia 5.
KAUR P& GROVER 1 S 1985 Cytological effects of some organophosphorus pestici

effects Cyralogia 50 199-211
MISHRA G M & SINHA § P 1982 Effects of malathion on the mitotic index in onion roc
In : Manna G K & Sinha U (eds) Perspectives in Cviology and Genetics &

RAO B V 1987 Effects of two agrochemicals (dicofol and paraguet) on mitotic divisions
root meristems [ndian J Bor 10 192-198

SINGH BD. SINGHY, SINGH R B & SINGH R M 1978 Meiotic irregularities i
treatments in barley (Hordeun vulgare) J Cytol Genet 13 125-128

SINGHBD, SINGH R M, SINGH Y & SINGH 11979 Effect of insecticide
growth and cytogenetic behaviour of barley (Hordeum vulgare) Enmvt Expt B

SHARMA CBSR 1952 Plant monitors of cnvironmental mutagens. In:

Mitra et
differenti

nducec

and carcinogenic potential of Envi | Agents” EM.S 1 Bombay India
TOMKINS D J & GRANT W F 1972 Comparative cytological effects of th
met and hloro i ittile in Hordeum and Tradesc

14245256
WUU K D & GRANT W F 1966 Morphological and som:
pesticides in barley (Hordeum vulgarc) Can J Genet Cytol 8
WUU K D& GRANT W F 1967 Chromosomal aberrations “induced |
% barley Cyrologia 32 31-41 2 5 L
WOODER M F & WRIGHT A 5 1981 Alkylation of DNA by organophosp
~ Toxicol 49 51-55 X ; o SR




tic index in onion




0 (1991)
e Volumt
Journal of Cytology & Genett
ourni ‘
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A . used
R AA) were i N Pm

¢io3 o indole-3-acetic acid (1 lics, root tips from 7-8 day gy Rl
kinstin ThIt) & i For cytological studie 129M S-hydroxyquino); s
cach in the above medium. ¢ ated with 0.02 4 'line ang

cach excised and pretres were 2%, acetocarmine and eulg
; / en,

. - 1 U were |
3§ grown in vitro : s Uset !
lings g The stain directly in ‘acefiol

fixed

1:3).
of calli,

ere "'90lm|

L . etic-alcohol (
fixed in acetic-aleoho materials W

For somatic preparations

without pretreatment 7
OBSERVATIONS

Brassica campestris VAT Satson (Ej, 1
nd leafl segments when cultured praduceq highy

stem ¢ i : after
Rool, \(B\” fortilied with 2,4 D 3 weeks after Implang,

s ’ ~alli st
of the root €t - :
+ 2,4-D when subcultured on BM SUpple.

showed polyploid conditjgn

The somatic chromosome number ol
showed 2n=20 (Fig. 2).
totipotent calli on basal '
tion, Cytological pu‘p:n.m:ms 2t

ie. 3). The root calli obtained from A
(Flg."d.\\‘ilh 1AA, Kin and TAA 2,4-D I\L,l\ b
;:Z::;sing the chromosome number up to 60 (Figs.

medium ed diploid set of ¢
howed diplc hmmnsomch

BM+Kin showed 70 chromosomes (Fig. a
callus grown on BM +2.4-D 4 Kin exhibi.
than 60 chromosomes (Fig. 7). Fft‘qucn(
been observed at anaphase stage of poly-

The subcultured stem calli on .
Cytological preparations of the f)-\veck‘-nl
tc.d polyploid condition showing mue] o
occurrence of precocious chromosomes hd ‘
ploid cellsr (Fig 8). |

calli wn on BM +2.4-D when subcultured on BM +.Km, BM + Kine

The leaf calli gro D+ IAA showed variable results. Cytological Preparations
+£24-D and BM + 2.4 lli on BM + Kin and BM + Kin + 2,4-D showed 70 ang -
of 5-and 7-week-old leaf ca Repeated subculture of the calli on BM 4

ively (Figs. 9 &10).
chromosomes respectively (Fig When IAA was replaced by Kin in (he

es (Fig. 11).
D showed 60 chromosomes (Fig :
aeing (hcscallus cells showed ca 160 chromosomes (Fig. 12).  Anomalous anaphase

medium, : 2 3 :
tage with unilateral distribution of chromosomes were also encountered in these cejls
S %
(Fig. 13).

DISCUSSION

The chromosome number or the ploidy level in callus cultures are usually unsta
ble. Polyploidy could be induced in callus cultured in the nutrient medium as reveal
by the works of Mitra et al. (1960) and Mitra & Sle»\./a_rd (1961). ]"r.as.ad & Da's (19
working on Vicia faba found that 2,4-D inhibited cell d|v1swn‘ c%usmg the
chromosome breaks and other abnormalities. Landgren (1976) investigating on pea
root protoplasts inferred that the occurrence of mitotic figures of diploid, tetraploid,
octoploid and 16-ploid nuclei might be due to hormonal supply in the culture

medium.

In the present investigation, root, stem and Jeaf calli grown on BM supple:
mented with 2, 4-D showed no change in the basic set of chromosomes. However.

Josht & Timila : Genaetie variation in Hrassiea

Hzrbarium spzcimen (%0.19). 2. metaphase of
“Metaphase of
Metaphase of 4-week-old callus cell on

Figs. 1-8.  Brussica campestris var. Sarson. 1.
root tip cell from seeding grown in vivo showing chromosome number 2n=20"00q

3-week-old root callus cells on BM | 2,4-D. 4.
BM - Kin { IAA showing more than 60 chr 5. M hase of 8-week-old root callus cell
on BM + 2.4-D 4 IAA showing 60 chromosomes. 6. Metaphase of B-week-old stem callus cell
02 BM | Kin showing 70 chromosomes. 7. Meciaphase of stem callus cells on BM + 2,4-D + Kin
showing 80 chromosomes. §. Anaphase of stem callus cell on BM - 2,4-D - Kin showing numerous

chromosomes. (all X 1167).

subculture of the root calli on the medium with IAA and 2, 4-D or Kin
separately showed polyploid conditions.
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results were observed by Prasad & Das (1977) in Crepis capillaris, Mitra et al. (1960)
and Evans (1979) in Nicofiana species,

In comparision to the callus derived from the rool and the stem segments,
the Jeaf callus revealed most variable chromosome numbers. While subcuitun’ng
the calli in the medium with Kin alone or Kin42, 4-D or 2, 4-D+1AA, calli
with varying ploidy were obtained. After repeated subcultures, most of the cells
exhibited more than 70 chromosomes. Some of the cells were found to have ca
16n chromosomes on the medium with 2,4-D and Kin. It showed that the repeated
subcultured calli tend to become progressively polyploid with (he increase in age
of the culture and declined in morphogenetic response resulting failure in
differentiating embryoids by the calli with polyploid cells as revealed by (he work
ol Negrutiu ct al, (1978) in Arabidopsis thaliana.

From the present study. it is indicated that the calli before subculture were
mostly diploid. All the subcultured calli showed polyploidy at various levels
ranging from 4n to ca 16n. Vegetative parts like root, stem and leaf segrments i
produced calli with diploid number in the medium containing 2, 4-D. This calli
subcultured in the medium without hormonal supplements remained unchanged in
its ploidy level. But, calli subcultured on media with either 2, 4-D or Kin
TAA or their combinations, the ploidy level changed. Repeated sub
these calli induced polyploidy at higher level and frequency indicatis
maintenance of culoure without any change in their ploidy level is dil
the presence of hormones for longer time. However, in the ab nce
the age of callus did not affect its ploidy level.

University for providing laburntory facﬂl_

Figs, 9-13. Brassica campesiris var. Sarson. 9. Late melaphase of S-week-old leaf callus ¢ Department of Botany, Tribhuvan Uni

BM - Kin showing 70 chromosomes. 10. Metaphase of 7-week-old leaf callus cell on BMi- Kin
showing 80 chromosomes. 11. Metaphase of S-week-old leaf callus cell on ABM -2,
<howing 60 chromosomes. 12, Metaphase of S-week-old leaf callus cell in repeated subcul
BM - 2.4-D - Kin showing ca 160 chromosomes. 13. Anaphase of S-week-old leaf callus
BM - 2.4-D ¢ IAA showing unilateral distribution of chromosomes. (all « 1167)
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ULTS AND DISCUSSION
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ffectiveness of mutagen as a measure

Konzak et al. (1965) defined el

ions induced by & unit e
i in combined treatment over individual treatm

s both GR + EMS and GR + sodium azid;
effectiveness. Among individual treatments, the effcc:.tiv?ncss was m .
ments and were followed by sodium azide. These findings w‘,."re, in aj
Walther (1969) and Gupta & Yashvir (1975). In all t?:e mutagen?c t;ga‘_
tiveness Was decreased with increase in dose/duration and concent

cither in individual or in combined treatments. These résulls_are Suf
reports in rice (Siddique & Swaminathan 1968, Reddy & Smith |

(Gupta & Yashvir 1975) and lentil (Kumar et al. 1988).

Ehrenberg (1960) described the efficiency as a paramet
mutation rate due to mutagenicity. According to Konzak et al.
gives the proportion of mutations in relation to undesirable
study, the efficiency was decreased with increase in GR tre
lentil varieties (Table 1). Similarly, in individual treatment
azide, except 12h, and 14 h treatments of lentil variety 2
eased with increase in duration and concentration of muta
ments, the efficiency did not change much in all the three len
tion of mutagenic level. Among different mutagens, {
individual treatments of EMS and sodium azide and we;
ments. The results suggest that although in combin
mutations is high, the efficiency is decreased. Yadav
in effectiveness and efficiency with increase in GR treatm
cluded that the biological damage (survival and polle
in dosc of GR at a faster rate than increase in fhé

of mut
effectiveness Was high
Among combined treatmen
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TABLE 1@ Frequency of chloro
population in different mutagenic treatments in My generation in lentil cull
Population size Mitatis 8 o
Treatment M, plants M) scedlings M, plants NS 20Kr + 10.h i
Gamma rays 438 ]’:: 1‘ ii : 53
20 Kr 73 4307 5.47 GR + SA 48
‘€ i e 4l 2 Kr + 17
EMS i 3876 6.06 30 Kr + 1.5%
40 Kr + 2%
10 h 63 3643 e
12 h 58 3319
I 50 2954
Sodium azide
% 67 3742
1ol 61 3521
2l 52 2804
GR + EMS
20 Kr + 10h 55 1268
et 50 2842
L G 4 231
GR + SA
20, K S 38 3412
30 Kr 4+ 1.5% 53 e

40 K ar
L i 2648
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hyll mutd
e )lll cultivar LL-19
Spectrum of chlorphyll mutations oy
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Frequency of chl

i en
in My generation il

TABLE 3:

Chloring

Alhina

Gamma rays ik 021
g 02 ok
= :: 0.96 ‘l‘);‘;
o K 103 2
“"; 219 0.49
s I 2.41 0.57
Ii ]‘ 2.70 0.6]
14 h
Sodinm azide S ol
(. 227 0.44
L 285 0.55
GR + EMS ; &
20 Kr + 10h 3.05 : ;9
30 Kr+ 12h 3.51 i
4 3.77 0.62
40 Kr+ 14h 5
GR + SA
20 Kr+ 1% 2.93 0.39
9 16 0.44
30 Kr + 1.5% 35
40 Kr + 2% 3.71 0.61
Total 37.59 6.90

utilized for mutation breeding experiment and particularly reports of indu
chlorophyll mutants in lentil were almost negligible, thercfore, the present re
may not be surprising. A few reports are available in other pulse crops l
bean (Khan 1981, Bahl & Gupta 1982), where it has been reported that all
chlorophyll mutants including albina were high in chemical mutagenic treatm

The data on segregation pattern of the four chlorophyll mutants
revealed that they are monogenically controlled and recessive in nature a
values gave a good fit to 3 : | ratioin M, generation with probability rang

Reddy & Annadurai : Chlorophyll mutants in Ientil 35
TABLE 4. Frequency of chlorophyfl mutants (per cent M, plants) various mutagenic treatmen s
in My generation in lentil cultivar P-332
Spectrum of chlorphyll mutations (%)
Treatment Total Albing Chiorina Xantha Virespens
Gamma rays
20 Kr 0.94 0.14 0.11 0.56 0.13
30 Kr 1.03 0.16 0.14 0.56 0.17
40 Kr 1.09 0,18 0.15 0.57 0.19
EMS
10 h 1.42 0.17 0.14 0.80 0.31
12 h 2.56 0.41 0.49 1.21 0.45
14 h 2.85 0.49 0.52 1.35 0.49
Sodium azide
1% 1257, 0.24 0.19 0.96 0.18
1.5% 1.75 0.28 0.23 1.03 0.21
2% 1.90 0.29 0.25 1.08 0.28
GR + EMS
20 Kr + 10 h 2.25 0.29 0.33 1.46 0.47
30 Kr 4+ 21 h 2.67 0.31 0.35 1.50 0.51
40 Kr + 14 h 3.05 0.39 0.41 1.61 0.64
GR + SA4 :
20 Kr + 1% 2.27 0.26 0.29 1.34 0.38
30 Kr + 1.5% 2.81 0.38 0.49 1.53 0.41
40 Kr + 29, 2.96 0.41 0.51 1.60 0.44
Total 31.42 4.40 4.60 17.16

Lower probability in some cases is due to proportionate reduction in mutant
plants. This may be due to the following reasons: (a)
with increase in mutagenic dose/duration/conccntraéiou, but the surviving rate of
treated embryos decreased. Moreover to vitality and the seed production of M,
plants also decreased.  Further, the population is too small to be satisfactory for
the test of goodness of fit,
recessives occurs so that even in large M, plants, the mutant genes may not be discer-

nible. (c) Another deficit of recessives due to certation, is a characteristic fe’é'mre

of many mutant genes, due to which the proportion of mutants is reduced in ihe.segr"e,- |
gating families. : 55

e

The mutation rate increased

(b) Because of the chimeras in M, plants, a deficit of =
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30 .
i { four chlorophy!l mutants in - Mz
TABLE 5 Szgrelalw“n ig‘;‘::::, ::1 fentil cultivais (first line is the number
(F?:":;d,::v; and ratio of normal 1 mutapt secd1ings: e
::ahnhiliw of goodness of fit for 31 ratio)
LL-19
Mutant :
Albind 15, 891 :263
(0.05—0.!0)
i 15, 864 : 274
a
e (0.504).70)
15. 798 ; 249
Xantha 2
(0.30—0.30)
Virescens 15, 869 : 208
(0.20-0,30)
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COLCHICINE INDUCED TETRAPLOIDY IN CAJANUS CAJAN (L) MILLSP,
VAR, ICPL 87

A V. DUSANE* €, K. JOHN** AND R.J]. THENGANE
Department of Botany, University of Poona, Pune 411 007, India
(Received 21 October 1991, acoepted 29 October 1991)

SUMMARY
Colechicinization in Cajanus cajun was achieved in 119 variety ICPL 87. Success(ul
induction of polyploidy was obtained through cotion swab mothod{ with 0.2, 0.25, 0.3
and 0.4 %, aqueous solutions of colchicine, The colchiploids showed distinet increase
in size of different vegetative und floral parts, The presence of quadrivalents in all -
the colchiploids confirmed their origin through autotetraploidy.

Key Words : Colchicine, Polyploidy, Cajanus cafan var, ICPL &7,

INTRODUCTION 3
Cajanus cajan (L.) Millsp. var. ICPL 87 is a determinate, short statured but
large seeded plant. It tolerates ‘Fusarium wilt” and yields over 2000 kg/ha in 120
days at high density when sole cropped with normal and high levels of input. This
variety was sclected for the induction of tetraploidy because of its superior agronomic
traits and also for further utilization of its genome in cytogenetic investigations and
in genetic improvement programmes.
MATERIALS AND METHODS 2
Viability and germination percentage of the seeds were defermined before its
Seedlings were raised in experimental plots and ‘were
treated with colchicine at 2-leaf stage. The cotton swab method adopted was that of
Biswas & Blmltacharya (1971).  Treatments with 0.1, 0.2. 0.25 03 and 0.4%,
aqueous colchicine solutions for 6, 12 and 18 hr durations were carried out fexwzen
6.30 am. and 12.30 p.m, Treatments of 12 hr was completed in 2 and 18 hr in £y
consecutive days with 6 hr treatment per day. Seedlings treated with cotton swabs
soaked in distilled water for the same durations were considered as comm
the treatments, the seedlings were covered with Iarge earthcn pots 50 as
humidity. After completion of the treatments the seedlmgs were ‘washed tk ouohly_t
with distilled water and cotton swabs soaked in distilled water were placed on the
apical buds for 6 hr per day during the days of treatment to leach out the excess
colchicine. Periodic observations were carried out and dnta collected with reference
to a) length and width of mature leaves, b) leaf thickness, stomatal size and their
frequency per unit area, ¢) approximate date of flowering and the number of flowers
per inflorescence, d) size of floral parts, ¢) meiosis, [) breeding behaviour, g) size
variations of the pollen grains and pollen fertilty and h) per cent pod-set and seed—set R

use as experimental material.

*  Department of Botany, S.P. College. Pune 4]1 030
* * Division of Plant Tissue Culture. National Chemical Laboratory, Pune 411 OOB.




To study mei0ss,

between 10
for 24 hr
saturated

distilled water
20, acetocarmine
rains at the time of
d the po
aplods

£
glycerine an

{lowers n felr

days

The plant U
r nmrp!mlm::u‘ul characters ;
Those treated with 0.47%,
leaves.

thei
and flowers

and with smaller and fleshy

i i )
colchicine resulted in induction ¢

idy in C. ¢ var.
(o induce autotetraploidy in C. cajan

TABLE 1 © Per
in C. cajan Nar

:.:nm;fr?;mion L)‘u:.:ll“l::l
—_Scl— 1 010 6
0.10 12
010 18
Set-2 0.20 6
020 12
0.20 18
Set-3 0.25 6
0.25 12

0.25 18

Set—4 0.30 6
0.30 12

0.30 18

Set-3 0.40 6
0.40 12

040 18

a. m.
al room tem

with ferri¢
and were
and observatl
(thesis were S

and si7e : ‘
observations on pod-set were made after

and 12 noof
pcmllllk'

an
[len fertility
ere selfed and

cated with 0.1, ;
Some of

ol t

acetate
p[ucr\ui in
ons were
(ained with 1

flower buds
L and were DIXE

[he

or huds
The flower
LA ethanol at 4

OBSERVATIONS

and 0.3%
them were more sturdy, with larger Je,
colchicine were by and large dwarf, b
0.25, 0.3

[y

¢ 3

jogy & Crenehics

made

variations were

ith difl
centage frequency of tetraploids obtained with

Number of

s’ o
50 50
50 48
50 48
50 48
50 48
30 48
S0 48
50 46
50 46
50 48
50 46
50 46
50 48
50 46
50 44

61991

were more or less norm

Treatments with 0.2, ‘
f tetraploidy (Table 1). The ideal dose of cOle]i
1CPL 87 was observed to be 0.25%, for 12

Number of
polyploids
obtained

of suitable §12€ were L"“”L'.L\Cd in the Tore.
din 1:3 acetic acid ethanol m‘.xf—
acid fraction of the fixative Wis n,
after fixation were washeg o
Anthers were 1quasiay
from freshly prepared §li(|,_.5'
1 mixture of acetooarmj
determined.,

ferent treatments of colch;

% of
polyploids
in treated
plants

Dusane et al. ' Colchiploidy in Cajanus cajan

larger stomata, larger and variable pollen grains, high sterility and lesser pod-setr

(Tahle 2)

TABLE 2 Details of variation in the morphological characters between diploid and induced

tetroploid €. cajun var, 1CPL 87

Charneters Diploid Tetraploid
Mean +S.E. Meant S.E.
Length of petiole (mm) 39.1640.29 41.00 +0.30
Length of terminal leaflet (mm) 126,0040.39 133.5040.72
Breadth of terminal leaflet (mm) 40.00 (.31 49.304+0.96
Length of lateral leaflet (mm) 94.104-0.29 106.00 +£0.39
Breadth of lateral Jeaflet (mm) 43.8940.75 96.64 +0.86
Leal surface area (mm¥%) 1305.7040.9% 2357.204+0.96
Thickness of leal (um) 336.3045.30 562.50 4+7.60
Number of leaves on main stem 86.9441,31 49.4541.43
Number of stomata per unit area
on upper cpidermis 24.9040.12 18.0040°13
Length of guard cells (dorsal) (um) 22.6040.10 30.20+0.47
Breadth of guard cells (dorsal) (um) 15.004+0.38 19.00 4-0.26
Length of guard cells (ventral) (gm) 19.504£0.50 26.0040.35
Breadth of guard cells (ventral) (um) 12.004:0.16 16.70+£0.15
Length of pedicel (mm) 9.84+40.74 13.70+0.50
Length of corolla (mm) Standard 19.00 +0.69 22.5040.39
Wings 16.60+9.21 19.00 +0.31
Keel 7.8240.51 9.0040.31
Breadth of corolla (mm) Standard 17.68 +0.05 25.72+0.05
Wings 15.53+0.05 19.70 +0.04
Keel 6.7240.06 8.6740.04
Lergth of anther (cm) 0.9840.02 1"211;0.01
Diameter of pollen (um) 47.80+0.08 56.0040.29
Pollen fertility (%) 95.50 30.27
Length of pod (mm) 62,00-0.99 ; 33.4040.64
Thickness of pod (mm) 17.6040.51 7.8540.03
Number of pods/plant 44.40+1.36 8.72+0.12
Number of seeds/pod 4-5 - 1-3

The induced tetraploids of C. cajan var. ICPL 87 were distinct frot
and were characterized by sturdy habit, broader and thicker leaves, slow

Meiosis in the diploids was regular.
observed. The second division was also regul

At diakinesis, 11 bivalents could be

ar resulting in normal tetrads and high

pollen fertility. In tetraploids the meiosis was very irregular. A wide range of
chromosomal associations between the 2 extremes of 22 bivalents and 11 quadrivalents
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Detailed study of the earlier stages of meiosis such as pachytene and diplo!
was not possible due to the highly ailed condition of the chromq’sbmes-. The
frequencies and the ranges of the univalents, bivalents, trivalents and quadrivalen
are presented in Table 3. Ring, chain and Y-shaped multivalents were frequer
obseryed. The percentage frequencies of PMCs with different types. of ch om
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anther, In some of the PMCs more than 4 polar groups of chromosomes were
noticed resulting in the formation of polyads. ;

The induced tetraplows in C, cajan var. ICPL 87 when self-pollinated, the
pod-set was obscrved (o be 7,5 %,

DISCUSSION

Attempts to induce autotetraploidy in different cultivars of C. cajan
were made carlier by a very few warkers (Singh 1947, Bhattacharjee 1956, Shrivastava

et al. 1972),

Our observation of seedling treatment with 0.25 and 0.39%, of aqueous colchicine

solutions for 12 hr and 18 hr as highly effective in inducing tetraploidy in C. cajan
var, ICPL 87 is in agreement with earlier reports in different crop plants. Colchi-
cine solutions of 0.2 and 0.25% have been reported as optimum coneentrations for
induction of polyploidy in soybean (Sen & Vidyabhusan 1960a), Zebrina pendula
(Venkateshwarulu & Narasimha Rao 1963), Capsicum frutescence (Raghuvanshi & Joshi
1964), Momordica charantin (Kadir & Zahoor 1965), rye grass (Alhoowalia 1967),
grape (Das & Mukherjee 1967), Sorghum yulgare (Saddiq 1967), Cicer arietinum
(Phadnis & Narkhede 1972), and Nicarda physaloides (Gupta & Roy 1986). Lower
concentrations in the present study (0.1%) appear to be ineffective whereas higher
concentrations (0.4%,) proved to be toxic but not lethal, : z

Obscrvation of some of the tetraploids as whole polyploids whereas some as
chimeric may be due to the fact that when apical buds are treated with colchicine, not
all cells are equally affected and some deep seated cells are unaffected. The latter i
may divide at a faster rate than the tetraploid cells. Similar observations were zjiad:
in 7rigonella foenum-graecum by Shambulingappa et al. (1965). S

Although Bhattacharjee (1956) observed only slight differences in the leaf size
between the diploids and tetraploids in C. cajan var, ICPL 87 leaf size variation was
found to be a reliable criterion for the identification of tetraploid shoots. Increase
in the diameter of the guard cells and low frequency of stomata on both the sides of
the leaf appear to be a characteristic associated with polyploidy. Similar observations
were reported by Siskovic (1957), Monge et al. (1963) and Sheopuria & Tiwari (1970)
in Phaseolus vulgaris. : Pl A

Observation of fewer branches and leaves on the tetraploids of C. cajan var. ICPL
87 is in agreement with the report of Bhattacharjee (1956). However, slower initial
growth but taller plants towards maturity in tetraploids of the ICPL 87 variety of
C. cajan is contradictory to the report of Bhattacharjee (1956) of initial lead but
shorter tetraploid plants towards the concluding phases. o st
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SUMMARY

Genetically different individuals in ascomyecte and basidiomycere populations
often can be delimited by sell- non-self recognition reaction referred to as somatic
incompatibitity. The basis of somatic incompatibility is that adjacent mycelia will
reject one another if they differ genetically at their polygenic or mult allelic somatic
incompaibihity loci. The rejection is expressed as a feaction zone between mycelia.
Somatic incompatibility is due to the interaction between different nuelear and cyto-
plasmic genetical determinants. Since somatic incompatibifity is due to different
genes, itean also be termed as “‘heterogenic incompaltibility''. The genetic basis of
somatic incompatibility has been studied in a relatively few fungi. A review of the 2
work done on somatic incompatibility in higher fungi is presented here. e

Key Words : Somatic incompgltibility, mating systems, heterogenic incampafi\!bimy.

INTRODUCTION i

The neglection of population studies with higher fungi (including wood rotting

fungi) held the view thatitis difficult to define an “‘individual”. This was partly.

because it was thought that as a general rule, separate genetically different individuals
of the same species could fuse on meeting via hyphal anastomoses, to produce a new
functional unit (Rayner & Boddy 1988). The formation of hyphal fusions allowing
cooperation between separate colonics was proposed by Buller (1933) to accou;
large size of fruit bodies of Coprinus sterquilinus on balls of horse-dui
Partington (1957) accepted this theme to suggest that the same mechan
operate between thalli of different genotypes. This was based on the e#ld“ehc‘
factor distribution in fruit bodies of Coriolus versicolor and Piptoporous be
The results were interpreted including the occurrence of a simultaneous ma
monokaryons and mono- and dikaryons before establishing a po,
The two workers did not examine the structure of the myi
which turned to be a eritical omission.  Secondly, work
brought into light, the parasexual cycle. This process v
productlon of u heterokaryon via mutation or anasto; 10
followed by diploidization. Hetcrokaryosis and pamsékpal‘ity were then used
variation in a wide range of fungi especially in path'og'ens" where sexual st
known. However. Caten & Jinks (1966) noted that muﬂj of the supposed
heterokaryosis was enforced between complementary. auxotrophic mutants
ved between strains differing at one or few loci. These views of y
yosis and somatic collectivism between gen tically dilferent mycelia
became established against the evidence that mecting of different ge
not in physiological unification but in rather antagonisitic interactions..
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Whatever 1 ~{'c2hcc of this phenomenon. it is important to apprec;
rll:fc’ evele stages (Rayner etal. 1984). In many Ascom
2 b le‘cn homokaryons  This is because of the vegetatj
e phase in them and the presence of specialised or,
2 cual exchange can be channeled. By contrast, in sexuall
e so;nanc incompatibility is typically expressed b
¢lia which is the dominant phase in these \

understand the sig
ing in relati
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ticaily different secondary myc
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The numerous observations ol zone lines hemtee?n‘ de.cay columy
their connection with the results of somatic incompatibility in cult\_:rc
several workers (Childs 1963 and Adams & Roth 1967). But, th'xs
light by the work of Rayner & Todd (1977} on a natural population
Now it is clear that narrow decay zone lines are often a result of so
lity between adjacent mycelial thalli. These zone lines consist of rel
rcéions darker in shade than the adjacent decayed regions and bounded
rotial plates and longitudinally continuous in adjacent columns of
that somatic incompatibility 1s seen so directly in natural substra
the direct analysis of the natural substratum i.e. three dimensional

populations.
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Genetie  mechanisms

Somatic incompaltibility is due to the interaction hetween different nuclear and
perhaps exceptionally different cytoplasmic genefic deferminants, In a very general
way, incompatibility is defined as a genetically determined prevention of karyogamy
which is not =aused by sterility factors, Therefore, it coneerns the sexual and para -
sexual cyele. On the basis of their genetic action, two different systems are recognized :
fa) Homogenic and (b) Heferogenic, each of which is caused by various genetic mecha-
nisms.

Homogenic incompatibility is present when karyogamy is prevented by the pre-
sence of identical incompatibility factors in the two strains. So for as is known, it
concerns only the sexual cycle.

Heterogenic incompatibility is present when karyogamy is prevented by the
presence of non-identical incompatibility factors in the two strains. This system con-
cerns both the sexual and vegetative phases. It occurs between geographical races and
is widely distributed in all living beings. Thus, helerogenic incompatibility is the
consequence of interaction between genetic elements which cannot coexist in close
proximity to each other. In fungi, heterokaryon incompatibility prevents hetero-
karyon formation (Esser 1974) and does not prevent outcrossing and should not be
interpreted as a sexual incompatibility system. 3 i

The genetic basis of somatic incompatibility is studied in very few fungi and 0
it is not proper to make any general statement. In Ascomycotina, there is evidene
for polygenic multiallelic, non-allelic control and one gene with biallelic Tocus.
(Vaidya 1990). Itis often stated that somatic incompatibility is dependent on the
identicality of somatic incompatibility loci or vegetative compatibility loci or hetero-
karyon compatibility loci (Rayner & Boddy 1988). :

In Basidiomycotina, there is some evidence for control by multiallelic major
genes (Rayner 1986), These can be expressed independently of the mating type loci in
some fungi e.g. Piptoporus heiulinus and Stereum hirsutum and hence result in rejec-
tion responses between mating incompatible homokaryons. However, absence of stiéné
rejection responses between mating incompatible homokaryons in Phanerochaete
velutina (Ainsworth & Rayner 1986) suggest that the mating factor alleles themselves
may act as or be linked to major genes conferring somatic incom;ié’tibility _-bi;‘.ﬁveqﬁ, ‘.:
heterokaryons. i RN S

of flmg.i to find a graq:n{on in in :
overall genetic similarity and dissi

It is also common in a w. de vari
intensity between strains related to the
implying control by polygenic systems.
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Relationship of sematic

Generally il colonization is affected by' genctically dif.feren!
basidiospores, then the chances are that som.?txcally .mcompfitlbl.e ind
develop side by side and restrict each other’s domau_l. Thl.s will be
tant in cut or detached wood, where a large surface is available fo
However, in intact trees, the colonization may be restricted, but
is successful in establishing itself, it providesa very large domain
small fruit bodies produced by decay fungi colonizing cut or d
compared with those in intact trees is readily understandable in term

which they occupy.

Colonization strategies
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The first four involve some form of tolerance or overcoming of selcctive stress
conditions, including unfavourable acration, lack of assimilable nutrients, presence
of mechanical barriers and allelopathic chemicals, Unspecialised opportunism
depends on enrichment disturbance and consequent alleviation of stress condiiions.

The basic strategy of heart-rot is to grow and cause decay
within the inner core of the tree where living cells are absent or rare and a
relatively extensive gaseous phase may exist. However, this strategy imposes its own
stringencies and highly seiective conditions can result from a gaseous regime with the
presence of allelopathic extractives. Therefore, many heart-rot fungi have slow growth
rates, lack combative abilities and strong selectivity for tree taxa, S

(a) Heart rof ;

Commonly, it is assumed that entrance of a heart-rot fungus mus( be through
trunk wounds of the host exposing heartwood or through wounded or diseased roots or
branches large enough to contain heartwood,

(b) Active pathogenesis : Some decay fungi gain access to intact sapwood as a
result of active pathogenic mechanisms. They produce pectinolytic ¢nzymes which
destroy pit membranes and hence gain access in the host. They also exhibit necrotro-
phic behaviour whereby living cells of the host are killed associated with colonization.

(c) Specialized opportunism : Here, the fungus capitalized as a result of
microenvironmental stress other than its own activities and having first established
itself under these stress conditions. Such a stralegy gives an advantage in primary
resource capture over potential competitors. : i

(d) Dessication tolerance : 1In this case, the wood of above ground parts of
the trees can become subject to considerable dessication or to fluctuations in moisture
content. In such situations, the ability to tolerate low or fluctuating water potential
becomes of selective advantage and helps colonization by the fungus. s

o

(¢) Unspecialized opportunism : This strategy involves colonization of the
normally nonsusceptible sap-wood when it is made accessible by injury or r'apid'_ death
of bark. g e

Work on somatic incompatibility

In the fungi studied so far, barriers to heterokaryon formation have been
detected. Esser (1962) described a complex type of incomjﬁtibil‘il\y in Pado.r_pgra .
anserina strains of different geographical origins. Four unlinked loci with 2 alleles
appeared to be involved and incompatibility resulted from the interactions of specific
alleles at different loci. Juxtaposition of mycelia carrying incompatible alleles ‘résﬁiiéd' 3
in the formation of a “‘barrage’® between them meaning a depressed zone of sparse and
abortive heterokaryotic hyphae. Later, Blaich & Esser (1971), studied tie b, it
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Sonoda et al. (1982) while studying mycelial interactions betw
isolates of Monilinia fructicola observed interaction zones which i
bility of a vegetative incompatibility system existing in the ful
action was observed between certain field isolates of the coprophilou
immersus and vegetative incompatibility was supposed to act as a
vent genelic exchange between races of the fungus (Meinhardt e

Other notable work on somatic incompatibility in Asco.
that on Cryphoneciria parasitica (Endorhia parasitica), the cause 9
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(Anagnostakis 1984) and Ophiostoma ulmi (Ceratocystis ulmi) causing the dutch ¢lm
disease (Brasier 1984), The system of somatic incompatibility in these fungi is
similar 1o that of A. nidulans. Field isolates of these fungi fall into different
vegetative compatibility (VC) groups, within which isolates are compatible and

between which they are incompatible,

From 258 North American field isolates, 73 VC groups of . parasitica
haye been found (Anagnostakis 1984). Among 141 European strains that were lested,
most of them fell into 22 VC groups (Grente 198)). A comparison of diversity
of VC groups in Connecticut and Europe revealed that VC groups were more di-
verse in Connecticut than in Europe (Anagnostakis et al, 1986,

In an aggressive strain of O, wlmi, 40-60% of isolates from a worldwide
sample of North American race (NAN) and Eurasian race (EAN) respeclivély, be-
longed to the same VC group; the remaining isolates each belonged to a different
VC group. Such VC groups are termed as “‘super VC groups™. The super VC
groups of the NAN and EAN are believed to arise as a result of the chance dis-
persal and spread of a particular group during the current epidemic of the Dutch

elm disease (Brasier 1984).
Jamil et al. (1984) found 18 VC groups in 31 isolates in Gaumannomyces
graminis var. (ritici of wheat fungus from a single field, %

Many studies on somatic incompatibility among the Basidiomycotina have been
carried out. Some recent works include those of Aylmore & Todd (1966) on the
cytology of non-self hyphal fusions and somatic incompatibility in P. velutina May
(1988) on somatic incompatibllity and individualism in Coprinus cinereus, Adésléa;ug“
and Gilbertson (1987) on vegetative incompatibility between intraspecific dlkaryon
pairings of Ganoderma [lucidum and G. tsugoe, Stenlid (1985) on the populat n
structure of Heterobasidion annosum by studying somatic incompatibility, sexual
incompatibility and isozyme patterns. Studies on population structure in "anK
plantation of Peniophora rufa was also studied by the analysis of sexual and so

incompatibility behaviour by Chamuris & Stuart (1987). e :

Extensive work by Reyner and his co-workers has béep done  since 19

population structure and mycelial interactions at the Universi
in the following fungi : 7 e

Basidiomycotina i :

Bjerkandera adusta (Willd. ex Fr.) Karsi., Clilacj»bevnelguvlar(‘isr (Ba
Kummer..  Coniophora  puteana (Schum. ex Fr.) Karst.. Coriolus ersicolor
(L. ex Fr.) Quel., Hymenochaete corrugara (Fr. ex 1570 Lev‘.-,.ngphdlénia fn‘zzlzr.‘:ﬁlll;ré.'

(Huds. ex Fr.) Kummer, Phallus impudicus (L.) Pers., Phanerochaere v i
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St g a (Fr.) M.P. Chrig :
I‘hl«/uu radiata Fr. et P. ruf Fr) IO i

(DC. ex Pers), Parmasto. s, F. Gray §. insignitum Quel, 8. remeale Pety

Fr.) s

hirswtum (\\xlld ex

F r Per: Fr.) Fr and S sanguinolentum von Alb. & § il
Y Pers. eX
r.. S. rugosum ( chw

Ascomyenting v | ‘
) 0. Kuntze. Colpoma quercinum (Fr.)

Gregory & Waller,  Daldinia cop,
Rhopalostroma hawksworthii Vui
R. desmazieresii (Berk, &

¢ nummularia (Bull ex
icale (Ell. et Everh.) r
Hypoxylon spp- (Pers.) Fr., :

Rosellinia aguila (Fr.) de Not.,
ex Hooker) Grev.

Biscoginiauxi
Cryprosiroma cort
Ces et de Not.,

Rayner & Whalley,
and Xylaria hrypoxylon (s

Role of somatic incompatibility
flow are prevenied by vegetative incompatip
d by a variety of mating systems. When a cell undergoes ‘VQS“FI

and promote \ly different cell, its genome may be changed. Nuclei cont
¢! abling 1‘Ium o replace other nuclei in a heterokaryon could bb

e Rk lso. mitochondria capable of normal replication but defective ip
mmdrl‘::rmance or plasmids or viruses with deleterious effects. The VeE

bility may be a protection against such alien genetic materig],

Genetic exchange and gene
fusion with a genetic

troduced,
respiratory
tive incompati

Nuclei and genetic material cannot be transmitted between cells without
fusion and plasmids. DNA fragments or viruses cannot pass through intact funga
walls  Hence. fusion incompatibility gives complete protection against alien m: e
Post-fusion reactions prevent Lransmission of nuclei but t.he rate at which virus
ment is prevented varies. In Endothia parasitica, a virus (hat. reduces the g
rate and pathogenicity of the fungus spreads readily bet.we.en strains of the same
groups by hyphal anastomosis (Anagnostakis 1984) Similar results have als

obtained in . ulmi (Brasier 1984).

Although vegetative incompatibility is widespread in fungi, there is a pos il
that it my be absent in some species capable of vegetative fusion. This may occul
a new area is colonized or a new host is infected, as the initial colonists might
single haploid genotype and the resulting population of a single VC group. Ho
later, genetic diversity would arise and the individuals will need to face com
with others and also to defend against alien nucleic acid. :

Though the role of somatic incompatibility may be protection of individu
its occurrence may have consequences for the species. In fungi, fusion
tibility will prevent genetic exchange and thus, delimit a genospecies.
incompatibility will restrict the transmission of nuclei and prevent het:
formation and parasexual recombination (Carlile 1987).
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Inspite of these plausible  suggestions as to the possible advantages of pre-
venting heterokaryosis, it i difficult to believe that heterokaryosis has never been
advantageous to fungi  There is a delicately poised balance between penetie mix-
ing and genatic isolation in relation fo sexual reproduction.

Prospects :

Till todate, a lot of work as been done on somatic incompatibility systems

in Basidiomycotina and a few Ascomycotina. Our results ont these aspects in Diatrype
and Diarrypella  show a great deal of similarity with the members of Xylariaceae.

Further studies in this direction are necessary especially in wood decaying
members because the role of wood decomposition is widely appreciated as an integral
process in ecosystem functioning,

REFERENCES

ADAMS D H & ROTIL L F 1967 Demarcation lines in paired cultures as a basis for detecting gene-
tically distinct mycelia Can J Bot 45 1583-1587

ADASKAVEG J E & GILBERTSON R L 1987 Vegetative incompatibility beiween
dikaryon pairings of Ganoderma lucidum and G. tsugae Mycalogia 79 603-613

AINSWORTH A M & RAYNER A D M 1986 Responses of living hyphae associated with self and non-
scll fusions in the basidiomycete Phanerochaete velutina. J Gen Microbiol 132 191-201 -

ANAGNOETAKIS S 1 1984 The mycelial biology of Endothia parasitica Il Vegetative incompﬁ-
tibiliy In JENNINGS D H & RAYNER A D M (eds) The Ecology and Physiology of lhe Funggl
Mycelimm Cambridge Univ Press Cambridge pp 499-507

ANAGNOSTAKIS SL, HAUB & KRANZ I 1986 Diversity of vegetative compatibility graup:
of Cryphonectria parasitica in Connecticut and Europe Plant Disease 70 536-538

AYLMORE R C & TODD N K 1986 Cytology of non-sclf hyphal fusions and somatic ;ncumpn-
tibility in Phanerochaete velutina J Gen Microbiol 132 581-591

BEVERCHOMBE G P & ADM RAYNER 1984 Population structure of Cryptastroma
the causal fungus of sooty bark disease of sycamore P! Pathol 33 211-217

BLAICH R & ESSER K 1971 The i tibility relationship b
spora anserina V. Biochemical characterization of heterogenic i
level Mol Gen Genet 111 265-272

BOUCHERIE H & BERNETT J 1977 Intracellul, and ex Tlular pt idases in the fungus
Podospora anserina  effect of a constitutive mutation in a gene mvolved in lhe:rpasftranscnm-
1onal control Mal Gen Genet 157 53-59

BRASIER C M 1984 Intermycelial recognition systems in Ceratocystis ulmi  their ‘physm]agmzl
importance and ecological importance In JENNINGS DH & RAYNER ADM (eds) The
Lcology and Physiology of the fungal Mycelium Cambridge Univ Press Cambndge PP 451-497

BULLER A M R 1933 Researches on fungi Vol 5 Longman London

BURNETT J H & PATRINGTON M 1957 Spatial distribution of mating type facw[s Pmc Ro,val Phy:
Soc Edinburgh 26 61-68 3

CARLILE MJ 1987 Genetic exchange and gene flow their
RAYNER A DM, BRASIER C M & DAVID MOORE (eds)
Fungr Cambridge Univ Press Cambridge pp 203-214

CATEN CE&.JINKS J.L 1966 Heterokaryosis its significauce in wild homolhnlllc ascomyce(es
and fungl imperfecti  Trans Br Mycol Soc 49 81-93 ) 3 o ;

intraspecific

corticale

hical races of Podo-
ibility on Ml

promotion and prevention In
Evolutionary  Biology of (he




on il
[ation structul

i

)




(S IN INDIA

GLIMPSES OF CYTOGENETI

ps of second All India Conference on Cytof

A : Concerns proceedin,
Volume Two Warangal, India from 28th 14 .

and Genetics held at Kakatya University,

December 1988-

The book contains 47 selected papers presented durnng Second All Indig Co
rence on Cytology and Genetics organised by the Society of Cytologists and Gem:".
) y The contributors are the experienced workers in their resp

sts, India at Warangal. S .
tive fields of study. The articles pertain to chromosomal analysis, breeding and gepe

. Tl i
of a wide spectrum of Indian plants and animals. Some basic concepts on the evolugig
(ic build up of varied materials are also dealt with. Some include newer tech

of gene ) 5
ing a broad picture of status of cytogenetical studje

The book is helpful in giv

5
iqr:lclndia and shall be of immense value (o professional as well as amateur cytolog
and geneticists.

Edited hy : M. S. Chennavecraiah & B. H. M. Nijalingappa

Pages i-x, 1-324

Price Indian Rs. 300.00, US § 60.00

Discount : Trade discount @ 25% for orders up to S copies: however, for ordery

more than 5 copies higher discount @ 30 to 40°, would be allowed. All memb
Society of Cytologists & Geneticists, India are entitled for 30°;, discount. The pri
includes packing, forwarding and postage. p
All payments are to be made in favour of “Treasurer, Society of Cytolo,
& Geneticists, India” through a demand draft payable at scheduled bank at Banga
India.

Copies available at :

Prof. B.H.M. Nijalingappa

Joint Secretary and Editor

Society of Cytologists & Geneticists,
Department of Botany

Bangalore University

Bangalore 560056, India

J. Cytol. Genet 260 6166 (199])

INHERITANCE OF GROWTH HABIT IN BENGAL GRAM
R. D. GHATGE
Notany Department, College of Agriculture, Kolhapur 416004
(Received 13 Jupe 1991, accopied 15 November 1991)
SUMMARY

describes the inheritance of growih habst in % crosses of gram
The inheritance of erect, semierect and spreading growth habit
(semi-erect), Spgr, Segr (ereet) and segr, spgr

This
involving B parents.
was studied and the genes Segr Spgr
(spreading) were symbolized.

Key Words : Inheritance, Cicer arietlnum, growih habit,

paper

INTRODUCTION

In gram (Cicer arietinum L.), inheritance of several characters have been
studied by Ayyar & Balsubrahmanyam (1936), Patil (1959), Argikar & D’Cruz (1965)
Sandha & Athwal (1971), Singh & Dahiya (1974), Patil & Deshmukh (1975), Rao et al.
(1980), Pandey & Tiwari (1981), Pawar and Patil (1982) Kidambi et al. (1988).
The present investigation was undertaken to gather additional information on in-

heritance of growth habit in gram.
MATERIAL AND METHODS

Eight parents used in the present investigation were selected from a collec-
tion of 135 gram types maintained in the Botanical Garden of College of Agri-
culture, Pune. These parents were differing from each other in respect of number
of morphological characters. The growth habit was erect, semi-erect aud spread-
ing in different parents. The crossess were made during 1978-79 and their Fy,
F, and F, gencrations were raised and studied during subsequent years.

The growth habit was studied in six triangular crosses involving cight parents
in F, generation and the results obtained were conflirmed in Fy generation..

The chi-square test was applied for testing goodness of fit in individual as
well as joint segregation (Fisher 1941). The genes governing the characters were
symbolized as suggested by Tanaka (1957). I :

RESULTS

Table 1 indicates the dominance of erect growth habit over s’emi—ereét in 6
crosses viz. TL x BL, TL x GB, TL x N-31, TL x PDP-83, TL x WFWG-II and

TL x Chy (bl). However, semi-erect growth habit was found to be dominant over

spreading in Sp x WEWG-II, It was observed that the appearance of growth habit

was due to interaction between the factors governing these characters. The segregation
i i
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in Fy generation of various crosses
ated that the growth habit is governed by two pa
tion (Table 2). The results obtained jn
firmed from breeding behaviour of seleq

S P ORI
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Sppleweriaty gene ac
Weonas CTOMNes were con
R ROR  Table 3).
TABLE 1 : Growth habit of parents and their B,

Ghatge : Growth habil in gram

gy

e of parest cross

Tiny leal (TL)

Green bold (GB)

Bronze leal (BL)

White flower White grained-11 (WFWG-11)

Spreading (Sp)
Pusa 83 DP (PDP-83)

N3
Chrysanthifolia (b1) [Chy (b1)] i
TX x BL ; = 3
GB « TL = Eﬁ
= -
T -N=31 = §$
a | El
TL x PDP-83 2 | gk |
o it
L

TL x WFWG-11
TL x Chy (bl)
Sp x WFEWG-II
T3 .Sp

Similarly, Rao et al. (1980) reportec
~growth habit. o g

~In the present Inve
over spreading but supple
~ recorded in a; T
3 erect: 1 sem




TABLE 3 : Breeding behaviour of Fu families in & croases for growth habit

5 '
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B.T.
Sp.

Behaviour

Segregn
9E:ASe: 4Sp.

Segregn

B.T. Segregn
1Se. p. 3.Se:1SP. 3E:i1Sp,

Segregn.

R0}

B.T.
E.

No. of
families

 Cross

0.50-0.70
0.90-0.95

25 17
30 16

16
17

58
3

GB % TL

2

0.80-0.90
0.50-0.70
0.90-0.95

0.80 0.90

13

27

16
18

26

31T

12

12

18
20
17

31

0.30-0.50

olume 26 (1991)

0.80-0.90

Ghatge © Growth habit in gram
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FIRST REPORT ON CYTOLOGY OF TWO ANEUPLOIDS OF CAPSICUM ANNUUM [
N. LAKSHMI,

P. NALINI AND T. SRIVALLI
Department of Botany Naga

rjuna University, Nagarjuna Nagar 522 510

(Received 16 September 1991, accepted 20 November 1991)

SUMMARY

Two new aneuploids with 25 28 and 34 chromosomes wilh fow fertility weye

isolated in the first and third generation progenies of an autotriploid of Capsioum
annuum respectively.  On ‘the basiy of cytology, the first one with 2n - 28 was
identified as a multiple trisomic for 4 different chromosomes since almeiosis, the highest
association observed was a trivalent and the maximum number of trivalents observed
per cell being 4. The second ancuploed was proved to be a hypotriploid with Zn = 34
forming higher associations, Presence of associations higher than a trivalent indicates
the occurrence of structural repatterning.  The probable origin of ancuploids, their

altered phenotypic appearance and their cytological behaviour were described and
discussed.

Key Words : Capsi loid

+ multiple trisomic, hypotriploid,
INTRODUCTION

Although ancuploids have been extensively used for cytogenetic studies and
hromosome manipulation in serveral crops (Khush 1973) and are a valuable source
for obtaining more ancuploids, reports on aneuploids of Capsicum, an important
cash and condiment crop are fragmentary. Radiation induced aneuploids with 2n = 30
and 31 chromosomes were reported in Capsicum by Subhash & Nizam (1975) and
Rao & Lakshmi (1984). Aneuploids have been obtained in several species either from
natural populations or from autotriploids (Tsuchiya 1954, Rick & Barton 1954 Price
& Ross 1955, Vari & Bhowal 1982 and Sapre & Barve 1983). In the present
investigation, the morphology and meiotic behaviour of two aneuploids with

2n =28 and 34, obtained in the progeoy of an autotriploid Capsicum were reported
for the first time. ;

MATERIALS AND METHODS g :

Two aneuploids with 2n = 28 and 34 were located in the progeny of an auto-
triploid in first and third generations respectively and these constituted the meterial
for the present study. Usual acetocarmine technique was followed for meiotic studies.
Pollen fertility was estimated by using the vital stain 4% iodine potassium jodide
solution. : ! e

RESULTS AND DISCUSSION e t e
Morphology : : S

The two aneuploids were phenotyp'ical]y distinct fror_n the diploid in ;afhﬁivv-
ing less vigour and fertility and can be reckoned as inferior to diploids sinée’!;hgy i
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BLE | :Comparative morphomeltrics of the two ancuploids along with the sibli
TABLE 1 ¢

R R Normal Ancuploid B
bpiavis plani (2n=128)

e e et
Plant height (cm) 65.0 50.0
Plant spread (cm) 94.0 120.0
Number of branches 5 7
Length of the leal (¢m) 4.5 3.0
Width of the leaf (cm) 2.8 1.1
Flower length (cm?) 2.5 24
Flower width (cm) 1.8 1.7
Pollen fertility (%) 92.6 324
Number of (ruits per plant 122 24
Number ol seeds per fruit 87 13

Sim lar observations have been made in aneuploids of pearl millet (Var
1982, Sai Kumar ct al. 1983), Trigonella (Singh & Singh 1975), Coix (Sapr

& Subhash 1985). The reduced vigour and low pollen and ovule fertili
2 aneuploids can be traced to the presence of extra 4 and 10 chromosomes res

Cytology of ancuploid with 2n=28

Meiotic studies revealed the chromosome number as 2n =28 in

wus a trivalent, the frequency of which was 2-4 per cell (Fig. 3).
tion of %3, + %1 + 7, was more prevalent. The extra chromosomes wei
cither in trivalent formation (chain) or remained as a univalent but ne
associations higher than a trivalent (Table 2). Since the highest associ

Lakshmi er al Ancuploids in Capsicum a9

TABLE 2 Mean frequency, types of chromosome associations and chiasma frequency in
PMC ol aneupoids

Ancaplold s Mean frequency of chromosome associations Chiasmata
Vit Vil vi ¥ v 1 u 1 per cell

1 (20 .+ 28) - - - - —_— 3.16 6.68 5375 7 A

x AL . o £
0.07 0.28 043 0.46
Il (2n==134) 0 096 0.032 0.145 027 0983 390 6.12 2,12 24.45

+ - £ - < - 2 % - :
0.037 0022 0050 0.073 0.14 031 028 0.25 0.127

was a Arivalent and the maximum number of trivalents observed per cell being 4,
the aneuploid was identified as a multiple trisomic for 4 different chromosomes.
Univalents were observed in 96% of the PMCs observed, the number ranging from
1-13 indicating the presence of partial asynapsis. The occurrence of univalents
in addition to 4 trivalents indicates that other bivalents also remain as univalents.
Obviously, they result from failure of pairing or loss of chiasmata by terminaliza-
tion or by simple separation of homologues without chiasmata, Significant decrease
in the chiasma frequency was observed as a result of formation of univalents.

During metaphase |, 47.019% of cells exhibited nonorientation of 1-2 chromo-
somes and anaphase segregations were mostly irregular with 2-8 laggards in 44,689,
of cells. These abnormalities lead to the formation of 1-4 micronuclei in 70.37%,
of cells along with 4 groups in telophase Il (Fig. 4).

Cytology of aneuploid with 2n— 34

The second ancuploid was proved to be a hypotriploid with 2n=34, 2 chromo-
somes less than the triploid number 2n=36. Meiosis in this was highly irregular with
the formation of higher associations of 8, 7, 6, 5, 4 and 3 chromosomes at diakinesis and
metaphase I, The different chromosome associations formed and their freq.ucncy are
given in Table 2. Of all the multivalents, trivalents were observed to be in higher
frequency The higher associations were either of chain, frying-pan, Y- or of ring type
(Figs. 7 & 8) and the type of configuration depends upon the extent of pachytene
pairing and the number and position of chiasmata. Of all these, chain type was more
frequent than frying pan, Y- and ring types. The presence ol multivalents higher than a |
trivalent indicates the existence of structural repatterning in the species. The chiasma
frequency per cell was 24.45 whereas it was 19.97 in diploid which was significantly
less than that of the diploid. It may be due to a small number of multivalents formed
and more number of univalents. :
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Lakshmi ctal. : Aneuploids in Capsicun

Figs. 1-4 : Morphology and cytology of aneuploid I (2n=28) 1.Photograph of the plant.
diakinesis of sibling disomic showing 12;;, X 2000. 3. Diakinesis with 3, + Iy +
4. Telophase Il with 4 micronuclei, X 2500.

Distribution of chromosomes at anaphase I was irregular and 1-i4
were observed in 20.9% of cells (Fig. 9). Formation of 1-3 micronuclei along
polyads at telophase I and II was observed in 38. 129, of cells (Fig. 10).
size of the pollen grains was observed in both the aneuploids which may
an increase in chromosome number (Biswas & Bhattacharya 1971).

Figs. 5-10 : Morphology and cytology of aneuploid II (2n=34) s, Photograph of ihu"plmt.
6. Epidermal peel of leaf showing paired stomata, X 2950. 7. Diakinesis showing the association

1+ Il Sl +4” + Zl. X 2000. 8. Diakinesis with 3 9 b X000 .(0: Early

Vi v I
telophase I showing 10 laggards and division ofa univalent, X 2500. 10, Telophase 11 exhibiting
5 nuclei and 3 micronuclei, X 2500.

Triploids, asynaptics and desynaptics were proved to be a goo
primary and multiple trisomics (Khush 1973). These have been recorded



Cytology & Genetics Yolume 26 (1991
ytolog)

; Journal ol
" i Ahloowalia 19§ T
Ramanujam  1940) and  Lofium (B9 e 2. The
anmem  (Pal & l'o ancuploids of the present mvu.la.lal.lun also singe
¢ x ;
holds good for (hc‘ Pl originated from an autotriploid l’“’bﬂbly 4
(irst with 2n=28 chromo: ‘' gamete OF N3 pamere witlia

{ ‘n44’ gamete with an

5
of two n+ < ! ]
gamete or asa T iy originated from an asynaptic disomic ‘\howmg ffﬂgm
with 2n=a4 chIGmER ;,,” separation of this disomic might have led (o e i
ThesrRi MEE Lo =10, n=7.n=6, n=5n=4, n=3 gy angd

2 i yametes such as ‘ v
aneup’oid 5[ any two ol the gametes with appropriate number a8
of any

of the hypotriploid

the chance union © pametes while the secong tne

csult of union

tion.
tion of
the chance union !
contributed to the origimn
\(I\'.\()\\l.ED(EEMEN'I‘S

P. R. Mohan Rao, Head ol the Departme

3 : rateful to Prof.
The authors are g lities. Sincere thanks are due to Dr, N. B

arj University for faci

Botany, Nagarjund ' : e
for his help in photographic work and encourageme

REFERENCES

1982 Aneuploids of perennial rye grass (Lolium perenne) Euphytica 31 10;

AHLOOWALLA B S K 1971 Induced polyploidy in legumes I Cyamopsis

BISWAS A K & BHATTACHARYA N
s Cvialogia 36 469-471
= I”-IIJE‘ S I‘QIN‘ Cviogeretics of Aneuploids Academic Press New York ; : :
KHUSE 3 'IN HARINI | & PRAKASH NS 1987 Studies on morphological divergence exhibjieg
LALS.H;{h' l;nd\ of .(ap.\'icum Wational seminar on progress in botanical researchp 12
g°;&I;l»\M.ANU.JAM S 1940 Asynapsis in chilli (Capsicum annuum L.) Curr Sci 9 126-1;
IS!:IL(?; ME& ROéS W M 1955 The occurrence of trisomics and other aneuploids in a cross
ploid X diploid Sorghum vulgare Agron J 47 59I-§92 : . :
RAGHUVANSHI SS & JOSHI S 1964 S Cytomorphological studies on the colchiploids of C, Srut
Cyrologia 29 61-78 !
RAO N B & LAKSHMI N 1984 A multiple trisomic chilli with 30 chromosomes Indian J Bor 7 |
RICK C M & BARTON D W 1954 Cytological and genetical identification of primary lri;nm

tomato Genetics 39 640-666

Today Vol 1 213-214 : ;
SADANANDAM A & SUBHASH K 1985 Induced multiple aneuploid in Capsicum Cylo,
50 125-128
SAIKUMAR R SINGH U P, SINGHR B & SINGH R M 1983 Cytomorphological
viour and origin of apeuploids n tetraploid pearl millet (Pennisetrum  ame;

(L) K. Schum Cyelogia 48 379-387
SAPRE A B & BARVE S S 1983 Occurrence of pentasomic and hexasomic plants in wild
latino of Coiv giganica Curr Sci 52 614-615
SINGH A & SINGH D 1975 Ancuploids in Trigonella foenum-graecum Curr Sci 44 827-82
SUBHASH K & NIZAM 1 1975 X-ray induced ancuploidy in Capsicum annuum Curr Sci 44
TSUCHIYA T 1954 Trisom.cs in barley Jap J Genet 29 179
VARI A K & BHOWUL J G 1982 Aneuploids of Pennisetum typhoides Cvlul_apia 47 803-808

J, Cylol. Genet, 26 1375 (1991

CHROMOSOMAL INSTABILITY IN CALLUS CULTURES OF NIGELLA SATIVA L

P. ABHAYAVARDHANI
Department of fotany,

AND J. K. BHALLA
Osmania Universily, Hyderabad 500 007

(Received 19 April 1991, accepred 25 November 19)1)

SUMMARY

Cytological studies performed on the callus coltures of Nigella cativg revealed
numerical variation 1n  chromosomes such as haploid, diploid and tetraploid cell
lines in older coltures.  From the observations made, it is clear that plant tissues
grown indefinetly in vitro result in mixoploidy.

Key Words = Nigella sativa, callus cytology, chromosomal variation,

INTRODUCTION
Keeping in view the medicinal value of Nigells sativa an attempt was made to
standardise the cultural conditions for callus indiction, The growth regulators 2,4-D
and kinetin were found to be essential in the induction of callus However, a
wide range of structural and numerical variations of chromosomes were
observed in the callus. Knowledge about the ploidy levels of callus cells is helpful in
carrying out regeneration studies, if uniformly normal individuals are to be recovered.

MATERIAL AND METHODS

The seeds of Nigella sariva were germinated aseptically following surface
sterilization with 0.1% mercuric chloride for 5 min. Callus cultures were initiated from
hypocotyl and leaf segments in Murashige and Skoog’s m:dium supplem:znted  with
2 mg/l of 2,4-Dand [.0 mg/l of kinstin. Aftzr the growth of the callus tissue for
20 days, the tissues were subcultured toa fresh medium at an interval of 30 days and
maintained in a culture chamber,

For cytological studies, small portions of callus tissue were taken during
maximum phase of growth for four successive subcultures and fixed in acetic-ethanol
(1 :3) and stained with acetocarmine.

OBSERVATIONS

Cells at metaphase with unoriented chromosomes and those with different types
of mitotic anomalies were observed after one month of culturing. Formation of irregular
or C-shaped nuclei was also observed very frequently in 60 day-old cultures
(Figs. 1 6).

Diploid cells were predominantly observed in cultures initially, the frequency of
which decreased during subsequent subculturing with concomitant increase in (he
ploidy level. The frequency of tetraploid and higher polyplo'd cells showed an
increas ng trend with the increase in age of the callus.
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Figs. 1-6 : Cytology of callus in Nigella sativa. 1. Normal diploid cell at metaphase sh
2n=24. 2. A haploid cell showing 12 chromosomes at metaphase. 3. A cell at prom
showing enhanced chromosome number (4n). 4. A polyploid cell showing irregular cond
of chromosomes. 5. A higher polyploid cell showing stickiness of chromosomes. 6. Cell
C-shaped nucleus. All X 1500,

DISCUSSION

The occurrence of chromosomal instability and karyotype changes in older
cultures has been shown in the present investigation. The in vitro studies rev
inverse relat onship between the frequency of dividing cells and the age of the

Abhayavardhani & Bhalla : Callus study in Nigella 75

with concomitant increase in chromosomal variations, A change from initial diploid
cell line to tetraploid line has been reported by Singh (1976) and Ghosh & Sharma
(1979).  Chand & Roy (1980) and Datta et al, (1983) reported increased frequency of
polyploid cells due to the increased age of the callus, The occurrence of polyploid
cells may be due to failure of cytokinesis with subsequent nuclear fission or a combinat-
ion of both. Naylor et al. (1954) and Bayliss (1973) suggested spindle irregularities
to account for the occurrence of polyploid and aneuploid cells in callus cultures of
Daucus carota, !

The present investigation emphasises the fact that plant tissucs grown indefinetly
on agar medium result in mixoploidy, It is, therefore, necessary to altempt regeneration
infreshly cultured callus tissue in order to recover cytologically stable individuals,
The cell lines with numer:cal variation in chromosomes on the other hand could be
util'sed for further studies on regeneration and selection of desirable variants.
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SUMMARY

In the differentiated roof tiss
division, Frequently,
These groupings migh

ue of Alllum cepa and A, sattvum, 2,4-1> induces
equal as well ay unequal chromosomal groupings are observed.
t by generating genomic inconstancy produce new BENOLYpes.

Key Words ¢ Allium, somatic reduction, differentiated tissue,

INTRODUCTION

Somatic reductional division or ‘somatic meiosis’
reductional segregation of chromosomes in tissues other (.
meiosis. It was first described in cottony cushion scale i
Schrader 1925). S'nce then it has been shown to be occurring in plants (Huskins 1948,
Huskins & Cheng 1950, Sharma 1959, Mita & Steward 1961 and Dyer 1976) as well as
in animals (Berger 1938, Grell 1946, Risler 1959 and Sinha 1967) and thought to he
useful to plant breeders (Huskins 1948). The present investigation deals with the
study of reductional groupings of chromosomes in differentiated regions of the roots of
Allium cepa L. and A. sativum L. Divisions were induced in differentiated region
by 2, 4-dichlorophenoxyacetic acid (2, 4-D) (Bansal & Sen 1985).

is the spontaneous or induced
han those that are involved in
nsect Icerya purchasi (Hughes-

MATERIAL AND METHODS

Germinating bulbs of A/lium cepa and A. sativum with roots about 20-30 mm
long were separately kept on tubes containing 2, 4-D (0.01%) so that the roots
remained immersed in the solution. Parallel control experiments were set up. After
24 h, roots about 10 mm long were cut both from treated and control sets and were
fixed in acetic acid : ethanol (1:2)for 1 h. To soften the root tissue hydralysis for
10-12° m'n was done with I N HCI at 60°C and staining was performed with the usual
aceto-orcein schedule (Sharma & Sharma 1980). Before squashing, each root was cut
into two parts, viz the meristematic part (the tip) and the differentiated part (5 mm
away from the tip). Both were squashed separately in 459, acetic acid. A min‘mum of
of 2500 cells were examined for meristematic as well as differentiated regions
of control and treated roots.

RESULTS AND DISCUSSION

Chro compl t in the meri ic region of the treated roots was

observed to be normal with 2n=16 whereas in the differentiated region it showed the
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[ somatic chromosomes (Table |
gularity in the segregat on of chromoso
h A. sativum and A. cepa frequently sho
of 16 chromosomes that look like meiotic univalents imo' {Wo p..,'-
(Figs. 1 &2) as well as into unequal groups of 9.7 (F.lg, 6) ﬂm.ﬂ‘
Often, paircd chromosomes Were also abse.rvgc'! fllong w.‘th unpa
Control roots, on the other hand, Jacked div sion in _thc dilferentiated
non nduction of div'sion but showed normal d v sion 0 the meristem,

80

occurrence of reductional groupings 0

d d not reveal any strict re
species studied. Thus bot

behaviour of the
RISLER 1 1959 Pol

The occurrence of cqual as well as unequal chromosomal gri
A. satbum and A cepa emphasizes that (he somatic groupings
attempted do not necessarily involve separation into cqual halves,
pairing occurs between chromosomes in induced dividing cells in both
present study indicates a stage similar to meiotic pairing without j
over. In addition to the somatic groupings in the diploid cells e
cells showed chromosome groupings in the present study (

rather peculiar.

PR

The somatic reductional groupings in the differentiated ¢
present study might have possibly arisen duc to separation of the
tromere division (Sharma & Mookerj

by suppression of cen
Alternatively, an increase in the amount of DNA in differentiat

1985) while inducing divison in polyploid cells might p
in diploid cells (Sharma & Mookerjea 1954). Whatever
groupings in the present study generate an inconstancy in
which together with non-disjunction and partial endomitos
for producing new genotypes (Sharma 1956).
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EFFECT OF HERBICIDE *SATURN’ ON ALLIUN G X

Wi lGNAClMUTHU AND p SARAVANAKUMAR
Department of Botany, St, Joseph's College (Autonomous), Tiruchirapalli 620002, India

(Received 20 Augusy 1991, accepted 26 November 1991)
SUMMARY

v The herbicide ‘Saturn’ wag studied for ity eytotoxic effects on root tips of
H.Imrritr'[m L. The herbicide induced mitostatic effects on root meristem cells ; the
mitotic mflcx decreased with increasing concentrations. Chromosomal nbncrma'liliel
such as stickiness, clumping, chromosome breakage, bridges laggards, multipolarit
polyploidy and multinucleate conditions were observed 'rr;m ohur‘;a(ium d i
strate the mutagenic property of the herbicide. . S

Key Words : ‘Saturn', Allium cepa L., mitotic index, mutagenic property.
INTRODUCTION

Improvement of food production and minimization of crop yield due to pests
and herbs have been the major concern in agriculture, In the past 30 years many
new herbicides have been commercially introduced. Their application in plant
protection has resulted in complex problems because of the side effects they produce.
Excessive and indiscriminate use of herbicides have many undesirable secondary
conscquences on higher plants and cause environmental pollution and ecological
imbalance. Several cytological studies have been carried out to detect the harmful
cffects of different herbicides on different plants (Liang & Liang 1972, Skorupska
1975, Reddy & Rao 1982, Badr & Ibrahim 1987, El-Khodary et al, 1990) but rot
much work is donc on the actions of herbicide ‘Saturn’ (Benthiocarb 50% w/v).
This work was, therefore, undertaken with a view to study its action on roots of
Allium cepa L.

MATERIAL AND METHODS

The bulbs of A. cepa were allowed to grow in moist saw dust at 25° C.
When the emerged roots reached 2 cm long, the bulbs were immersed in- various
concentrations of ‘Saturn’ such as 0.005%, 0.01%, 0.02%,, 0.03%, 0.04%, 0.05%
and 0.06%, for 8 h and then excised and fixed in Carnoy’s fluid. _After 6 h, they were
transferred to cthyl alcohol. Squash preparations were made using acetocarm ne
sta n by following standard cytological procedure.

OBSERVATIONS

The various concentrations of ‘*Saturn’ clearly affected the percentage of
mitotic index (Table 1). Wide spectrum of chromosomal abnormalities were recorded
such zs  C-mitosis, clumping, stickiness, destruction of nucleus, non-disjuncture,
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SUMMARY

Seven families, 2 ¢
’ nch belongin i

castes were observed g 10 Rajput Jhimar and Khatri i
oo Tk semih Jhil'«':’“"beu al'l’cc‘tcd with polydu«yly/cynpo,:::'(y:;‘d lAl]!;a:‘bTm
Kurilkiteria Lol re migrants from other pl ; &
. of 15 individ places but now settied at

inallthe 7 families uals were found to be aff, {
ey . The pedigrees of e affected with these traits

minimum of 3 i cach affected fami

gencrations. In most of the families (:?';J;':::;c:rn.nzufl up toa
inheritance was

observed to be recessi
essive, i
affect AHebe s However, in some cases the envi
gene responsible for the trait vironmental stress could also

Key Words :
Polydactyly. synpolydactyly, pedigree, trait, inheritance

INTRODUCTION

Environmental chan
2 ges are capabl ifyi !
expression of almost all the genes in mzul: (exi:ep(:rsoﬁzdl::y":ig e
altered by envir, i Sl el '
e 0:.! fﬂm“?el';m;nt. Human limb abnormalities are rare. H:wevcr ﬂ:":;::;:"‘)b;‘
e ::[ bel;:n' :bservcd with serious abnormalitics’ like con:;e!:
: ! . Polydactyly and synpolydactyl i
:rilsl:;;::a:?:steas;l.y.detectable at the time of birth. PoI;’,d’;ét;:; i‘;YP:;;f;c:OT{gezltﬂ
e digit: ::d lgn:,sh fmd the s).'npolydactyly is characterised by both the el-lrscc.v;e 2
e - webbing of adjacent digits. Such traits mostly occur si:l :‘* ;
el br};Edti::;ur xtoge.theu'. Analysis of family records is the only substitute firy co:f
s ghe pex:lments that help in knowing wether a particular trait is inBer't d
il .n l dso elps in the transmission of a trait through generations. Polyda “:
i yhpo ydactyly are usually inherited as autosomal dominant traits-(Gatzs' ;Z,V
ut other factors also play an important role for their appearance %
C . 2 ! : ‘
A :sge:n:gzcst:fv:v;!:r pol'ydactyly, synpolydactyly and syndactyly were observed
" various communities of Haryana. Th ‘
to 7 families belonging to different ca e e
stes affected with polydactyly and synp h
; ! olyd 3
Ah detaxle.d study of each affected family was made and possible mode on i:hex%,it::zlyf
these traits was analysed with the help of pedigree charts. :

MATERIALS AND METHODS

The present investigation relates to 7 famili ing .
: : milies belonging to different famili
(2 each from Rajput, Jhimar and Khatri and one from Brahmin caste) of l‘(m'ul::l;mf:t::s
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! ILE 2 Polydactyly/§
e : i L among the affected subjects in the present pedigrees

erati of : b i L
s ag il g""‘““‘“‘“ of the uffected individuals ~were taker iR Affected Individual PALMS FEET
& 1-7). Photographs ¢ w |
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5
been shown in Tables 1 & 2.
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d resent in th lett 1
he cxtri

Pedigree | ? a toe was postaxial and the webbing was present in (he fifth g, Redigpey :::»?6 : ; T - 6 S5 SN & Gl A
111-16 only. The c‘;r{ ;)L ;ndniduul 111-9 had a normal daughter, 2 normg . Pedigre 1l 113 5 . =2 = 6 55 5th & Gth o<
el s (THTbII\:SpurLcn-l\' and other relatives of the individuals 111-9 ang ”l-*‘l& ; 111-10 5 6 : : : : 2% 2
and COlISl‘I:’- ' . Padigree T ATt 5 ; = T : ! _: ks
also nor x_;AB.LE {: Types and distribution of extra-digits in the polydactylus subjecys Pcdi.grcc IV 112 5 5 il s 5 6 S &‘;lh
Type-IIT Pedigree V 111-5 6 6 i i 5 6 = 545
Name of the e . [1-6 6 6 e & 6 6 s o
e BT Y Pre- o Pedigree I Ml q el e g o
Individual o wxial il Pedigree VIII [I-5 6 5 i % 5 5 s s
axinl 11-10 6 5 o e 5 5 g
I R L R o s L -2 6 6 < o 5 5 £ 5
Pedigree I 111-9 T % i g : = = i i
Fi 1) -16 = % 11-6 koY e alie bl e g
Pedigree T1 111-3 = + = e
(Fig.2)  11I-10 - 5 i = Pedigree I1 : Individuals 111-3 and [11-10 are havin ( in the ri
(% i 22 s T 2 hexadactyly in the right
Pedigree 111 I11-1 by 5753 hand only (Fig. 2). Webbing of the digit was absent. Parents of II1-3 and I11-10
) were normal.  Both the affected individuals are married (o normal individuals and i
Pedigres IV: 1152 S sl = = had all normal children. No other affected individual was traced in the pedigree,
(Fie. 4) neither on maternal side nor on paternal side. The extra finger of the affected
i individuals was preaxial in position (Tables 1 & 2)..
Pedigree V. 111-5 — —= o = : i
s . i o + + : ; Sl i
(Fig. 5) 11-6 Pedigree IIT: It comprises of a small family in which individual III-1 was affected
Pedigree VI 111-1 o o + e with hexadactyly in the right hand and the right foot (Fig. 3).  Webbing of the dight
(Fig. & was absent. The position of extra digits in both the hand and the foot was postaxial
: e Bk (Table 1 & 2). The parents, sisters and other relatives of affected individual were
Pedigree VIIL T1-5 D iR found to be normal.
Fig. 7 11-10 + e 5 T z : ;
o 11-2 + + — — Pedigree IV : It has a single affected individual 11-2 (Fig.4). The affected individual
has 6 toes in the right foot which was fused with the fifth toe. The position of the
11-4 i + o i extra digit was postaxial in position (Tables I & 2). Affected individual had normal
11-5 - + S s parents and have 2 daughters and a son. No other relative of the individual I[-2 was
11-6 45 + — = found to be affected. :
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= -6. Indivi
ffected individuals, 1115 and T11-6. Individua] ypp
Pedigree V@ It shows two 2 hands and only the right foot. Indi

: ly in both the : _ i ?
affected with .he{cadacly‘ie hands and the fect (Fig. 5). Webhl:lgﬂ ("fldlg—;»t was b
111-6 hasédlglts.u? bmls position of the extra dl.gn‘ \Yus postaxial (Tabjeg
in both the mdmduam:ld §-uiieari of e affected mduy:duul:lwcrc normal, .N
The parents.da :’T;;l:;npolydaﬂ)’l)’ was observed on either the maternal side
case of polydacty ¢
¢ of the proposita:

Yaday etal, :

Poly - and Syndaciyly

paternal sid

gle affected individual 111-1 haj}ing hexadag
f the extra finger is postaxial (Tables |
| spouse and all his children and o,
lative cither on maternal or pa

i asin
Pedigree VI : It comprises & 2%
bolhg the hands (Fig. 6). Position Ol
Aftected individual married a norm; "
children are normal. Moreover no other

side is found to be affected.

ed individuals having hexadactyly in
Pedigl"etf o I[tdit\]/?;:a:;m;ll-:r:maiffﬁfl0 have extra fingers in the left hand
°“1).’ }Flsi'?.ll-’:‘ [11-4, I11-5 and 1[1-6 have extra fingers in both the ha
]\;‘i::gl‘;“ :f dig‘i-i’ is ab;cnl in all the affected ind.iv.iduals. The exfm di
always preaxial in position (Tables 1 & 2). Indlvxdualulll_-zs D;;i'rr;ed a8
individual and has a normal son and 3 aﬂ‘.ccted sons ( 5 -4 and
Similarly, the affected female (I1-10) married to a normal mal.e ha‘ls_an
son (I11-6), a normal son and 2 normal daughters. The affected individulas

and T11-6 each have a normal daughter and a normal son.

DISCUSSION

During the present investigation polydactyly in all the families (
confirmed to Gates type I1l, in which the extra dight was complete with i
metacarpals or metatarsals (Gates 1946). The position of extra digit can be
or postaxial. Out of 15 affected individuals in the 7 families under obse
only 8 individuals have preaxial position of extra digits, the remaining 7
extra digit in the postaxial position. Synpolydactyly was observed by Cros:
(1968) and found that it was a less frequent phenomenon. In most of thi
polydactyly and syndactyly have been found to be inherited as a domina
(Gates 1946, Bell 1953, Stein 1960 and Mathew 1988). However, in a few ca
recessive mode of inhertiance has also been suggested (Gates 1946, Yadav
1991). Stein (1960) is of the view that a dominant gene D controls the form
number of bony rays in embryonic buds of palm and feet and further sugg
among dd genotype, a few rays ol metacarpals or metatarsals and phalangea
are formed leading to normal digital conditions.

‘Figf. 8-13 : 8,9 Hexadactyly in the individual I11-5 of pedigree V, extra digit ial. 10,11. Hexadactyly
in individual II-5 of pcdigree VII, exira digit ial. 12, Hexad: ly in individual I1I-6

of pedigree V, extra digit postaxial. 13. Synpolydactyly in the left foot of the individual [II[-9
of pedigree I.
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SEED PROTEIN PROFILE AND ORIGIN OF PANICUM SUMATRENSE
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SUMMARY
¢ m”\::lu.r .f'),%]blhf“?d Proteins of Panleum sumatrense and P. psilopodium involving
c ons were fructicnated by dise ge| electrophoresis and their protein profiles
were compared. Seed protein profiles of p. sumartrenye (sama miflet) and 2. psilopodium
from several collections are identical, The average similarity index 'of protein
homology between these (g species is high. It iy concluded that genomes of
these 2 species are homologous ung p. sumalrense might have originated through
sclection and further cultivation from wild grass P, psilopodium, )
Key Words :  Panicum Sumatrense, P, psilgpodium, seed pro;eim.

INTRODUCTION

Seed .pro(ci-n profiles obtained by electrophoresis has been widely utilized
in taxonomic studies, genome analysis, cultivar identification, origin and evolution
of crop plants. These and other aspects have been reviewed by Ladizinsky & Hymowitz
(1979), Kapse & Nerkar (1985) and Smith (1986). Sced proteins are mainly storage
proteins and are unlikely to be changed in dry mature seeds, Thus mature seeds of
various age groups will possess same protein profile (Ladizinsky & Hymowitz 1979).
Among cultivated plants, where a large number of accessions are available from
different geographic regions still possess the same basic protein profile (Ladizinsky
1975, Ladizinsky & Adler 1975a, and Johnson 1975). Recently, even the specific
cultivars and hybrid varieties of crop plants have been identified by protein
profile. This knowledge is likely to be used in future for testing genetic purity of
hybrid seeds (Kapse & Nerkar 1985, Smith 1986). Further chromosomal rearrangements
or even doubling of chromosome numbers have no effect on the seed protein profile
(Moustakas et al. 1986). :

Genetically related species have similar protein profile und unrelated species
possess different protein patterns. This basic tenet of protein homology has :been
amply verified in several cases (Ladizinsky & Hymowitz 1979). Thus seed protein
profile is a stable character and has been widely used to assess the genome relations
and elucidate the origin and evolution of crop plants.

Panicum sumarrense Roth or sama millet is cultivated in Indian subcontinent
and forms an important part of tribal agriculture in eastern ghats of India. |
P. psilopodium Trin. is a wild grass and is distributed in Indian sub continent and

* Department of Botany, Anjuman Science College, Bhdtkal_, 581 320
** Department of Botany, University of Delhi, Delhi 110 007
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MATERIALS AND METHODS

Seed material of cultivated taxon P. Xl”ﬂfllh’n(‘p wfls olhtainc;{‘ rmm‘lCR[Sl\]‘l
Hyderabad and University of Agricultural Sciences, };.\:‘ga ?drz;mf;zl_“’”d SPecies
P.'psilopodium was collected around Pun§ and AdurangaKaw. e Se: 1;"1 of el
species were confirmed by the Royu! Botanic Gardens, Kew, o vouchere
specimens are filed at Kew Herbarium. )

Mature seeds of P. psilopodium and P s'uma:‘t/'anx(’ invt.JlVing 6 _aCCessions el
randomly collected and surface sterilized w.nh 0.29, mercuric chloride and Washeg
thoroughly with water. They were ground in agate rno.rt.ar and pestle and floyr wa‘f‘i
mixed with cold 0.2M phosphate buffer pH 7.0 containing SmM mercaptoethan),
The homogenate was centrifuged for 15 min and supcrr'\atam v{as u.sed for elech@:
phoresis. The proteins thus extracted are largely ‘alhumms. .Folln Ciocalteu methog !
(Lowry et al. 1951) was used to estimate the protein content in the above supernatan

Polyacrylamide disc gel electrophoresis was performed (Davis 1964) in 5x 60 mmg
glass tubes using 7.5% acrylamide gel electrophoresis apparatus consisted of |

vertical tubes. A suitable aliquot of supernatant containing 100-150 ug protein was |
layered on the gel column. Proteins were fractionated in anodic system using tris- |
glycine buffer pH 8.3 with bromophenol blue as tracking dye. An initial regulatgig
current of 2 mAmp per tube was applied for 20 min after which an amperage d@
3 mAmp per tube was maintained till the tracking dye reached 5.5 cm mark on glas:
tube. In this anodic system negatively charged acidic proteins migrate towards th
anode. After electrophoresis, gel rods were removed from the glass tubes and prote
were fixed in 12.5%, trichloracetic acid for 1 h.

Later, gels were stained in freshl
prepared 0.25%

aqueous solution of coomassie brilliant blue-R 250 for 20 m

Destaining was done by diffusing out excess stain in 7% acetic acid overnigl
(Chrambach et al. 1967).

Hiremath ¢ al

Origin of sama miflet
Variations in the

97
number gpq 3
; N T D Posity
mobility (Rm) and similarity index (<1 "I“ of bands were expressed by relative
C : Vs 3
values were calculated ag fiofjgys » tlues (

Vaughan & Denford 1968). These

Distance traye led b 1 he protein
Rm = ——0 . 1‘ J I
Distance travellec by the track ng d
ye

p of similar bands
ferent's No, of pairs of
Similar bands

S| = —_ No- of pairg
No. of differe
bands

RESULTS AND DlSCUSSlON
Water soluble seed ins
i : Proteins of p, Psilopod tum and p i
collections were separated by disc gel electroph S s L
shown in Fig.l and their R Values iR

sis. The resolved protein i
are 7 . profiles are
as a parameter of protein hOmolog Presented in Tabje |,

Similarity i
Table 2. Y between these two spec’es ma:ri”nluyn::nda?s::h?:

(=) 0.00 —

0.20 — |

Rm 0.40 |— 2

B 3

0.60 |— 2

[ 5

0.80 m— 6

L 7

(+) 15007 e 8

51 63 55 66 57 58
FIG..1

Electropherogram of seed proteins in Panicum species, P. psilapodium Coll. Nos.
51, 53. P.sumatrense Coll. Nos. 55056, 57-558"



journa! of CytologY & Genelies volume 26 (19911
98 ou :
' » eatite
i tein profiles of two €O u{
 psilopodium, seed Pre St

In e _]p wifh 71.4% protein homology, However, L0 0 §| is d'st

are qu'te similaf 0 45) and Rm 0.78)- These two additional Bard
3 (Rm Y- { protein pands varies fromdto 7in 4

hav'ng bands
absent in Coll. No. 53
jons of P- sumaltrense
2§ 10 80% in this species-
and 57. These collections
has 2 additional bands,
jons is 71.4%. Seed protein
band No. 7 (Rm. 0.87) found in la
collections is 80%. Seed protein pr ’
indentical (Fig- 1. Tables 1& 2). There1s no
{wo spscies. The similatity index values in these t
with an average of 67% (Table 2).

{milarity index values ran,
¢ similar but not identical in Coll,

have 5 pands with similar Rm values. However, Coll, |
1.5 and 6. Similarity jndex value among these 2 ¢
pattern in collections 56 and 58 are nearly identical
tter collections The protein homology amc
ofiles of P. psllapodium and P. sumatre;
band unique to any of these
wo species vary from 42 1o

Protein pattern i

TABLE 1: Rm values for <eed protein profile of Panicum species

S Species Coll. Bands
No No. 1 2 3 4 s 6
1. P. psilopodium 51 016 033 0.45 — 070 0.78
2. P. psilopodium 53 016 0.33 = — 0.70 =5
3. P. sumatrense 55 — 0.33 0.45 0.6~ — i
4. P. sumatrense 55061033 = — 0.70 —_
S. P. sumatrense 57/ ~0h6T 1 0:38 045 0.6 0.70 =
6. P. sumairense s8 016 033 — — 0.70 =
TABLE 2 : Similarity index values among various collections of Panicum spe
SL Species Co 3 )
No. an.l. : 2 o 4

I. P. psilopodium 51 X

2. P. psilopodium 53 i B G <

3. P. sumatrense 55 50.0 42.8 X
AREP sumatrense 56 : S7.1‘7 80"0 v28"6v
5 P sumairense 57 71.4 62'5 "
6. P. sumatrense 58 :

71.4 1000 4
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SUMMARY

support media, preparation of samples
'

detection of genic variability at several |

enzymes.  Empirical as well as statistical
elctrophoretic banding

. buffer systems,
ly'pos vo! staining systems involyed for
oci coding for soluble proteins as well as

I methods used in the t i

A : ; : ransformation of
patterns into indices of genic diversity have afso been discussed.
Key Words : Starchy-

gel electrophoreti
Genetic structure. sl Ul e

Allozymic variation,

INTRODUCTION

: Th:1 appll;:atlon of ge.l electrophoresis to population genetic analysis constitutes
a major thrust of the evolutionary genetics and systematics (Hedrick 1983, Karlin &
Nevo 1986 and Mac Intyre 1986). The electropho ;

‘ : Tetic analysis of parents and progeny
of genetic crosses enables the transformation of electrophoretic banding patterns into

genetic variation (Oxford & Rollinson 1983). The technique permits the characterisat-
ion of amounts and types of genetic variability in populations of diverse types of
organisms and to provide estimates of the extent of genetic divergence among closely
related species (Karlin & Nevo 1986). Thus the technique has enormous potential
in elucidating the evolutionary biology of diverse taxa. Although an account of
electrophoretic techniques occurs in some standard sources (Harrjs & Hopkinson
1976), there is a complete lack of comprehensive account of the utility of the techni-
que in evolutionary studies. Thus, the aim of the present report is to discuss the
details of the techniques involved, collection and interpretation of electrophoretic

data in terms of genetic variability indices and their utility in

various evolutionary
studies. :

MATERIAL AND METHODS
Samples :

Tissue fluids such as blood plasma, hemolymph etc. can be obtained from live
organisms of several populations and can be directly subjected to electrophoretic
analysis. However, aequous or buffer extracts of tissue proteins (1 gm/5 ngl):are made
by homogenisation and centrifugation in a cold room. The co-enzymes NAD/NADP
and/or activators are included in the resultant extracts so as to stabilise the activity of 2
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some unstable enzymes: i rcqmred. the enz)
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Buffers ©
Electrophore
gellcello—gel). a bulfer ?0
supply- Electrophoretic res
buffers employed. The gel buffers are
the electrode buffers, Furthermore,

upporting medium (starch gel/acrylamide
d conduct electric current and a stablised
upon the pH and jonic strength
generally 10 times diluted as comp
the buffer systems are required to

the pH change occurring at cathodal and anodal ends due to clectric power
across the gel- Therefore, the gencral buffer systems, 1N the range of pH

i i d and thus migrat
use most proteins become negatively charge grate
used because P ity is optimum (Table 1). The cathodal and

anode and theit buffering capact

sis involves @ 8
control an
olution depends

1 and electrode buffer systems used for electrophoretic analysis of diff«rum«;;

TABLE 1 . Gel
systems.
Type of Buffer system & pH Chemical composition To be used for en

0.706 M tris (9.21 g/ +

A. Gel Buffer, 8.9
0.005 M Citric acid ( 1.05 2/1)

0.3 M borate (18.5 horic acid/l) +

Electrode Buffer, 87
0.1 M. NaoH g NaoH/1)

0.015 M tris (6.2 g/ +

B. Gel Buffer, 8.5
0.008 M Citric acid. (1.68 g/l)

0.029 M LiOH (1.2 g/1) +0. 192M
boric acid (1.89 g/1)

0.74 M tris (9gm /1) +0.008 M
citric acid (1.68g/1)

Electrode Buffer. 8.1

C. Gel Buffer, 8.5

0.687 M tris (86.2 g[1) +

Electrode Buffer. 8.1
0.157 M Citric acid (33 g/1)

buffer solutions are mixed after every electrophoretic T
checked. The electrode buffer is discarded after 3-4 elec
some of the enzymes, co-enzymes (NAD/NADP) and/or ator.

(he buffer sysiem 50 as to chance the
the isozymes €& NAD/NADP jn
phosphatases and PGL. e

Gel preparation

Starch gels are preferred (o}
supertor molecular sieving prop
gystems in the gel slices and
several samples included in
continuous heating coupled
starch in gel buffer till
solution is degassed to re|
of glass plates (20 X 12 X 1 ci
(o sct at room temperature.
cither in the middle or ne
in the gel. The end slits are
blue (dye indicator) so th
period of 3-4 hrs. The c;
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phenotypes are under ““T;' patterns include either ol epre }) and both fast tnd AR
i indivi gt oL . and) ¢
LS ouigh g (;\ d slower mobility (Slow ban ; \yncn in. pareh
il Fast band) an 5 . ienoty i §
of faster mobility (Fast 1]‘ Is 1 to 3. Il such rlnclm]whuu(ulp (eristic of monogen;
in individuals 0 3. < Atios characte &
bands together 10 1nd A Flosg :
1 ) g ” ~ 7
rogeny of genetic crosses find 1L U {s FE.or S5 and two banded patterns (FS) 2
; : s Such patterns result from mono-

& 3 o the smng <
inheritance, then e Gty
represent homozygous and hL‘[Lr\)/.\:-”“ " 3 hybrid bands in heterozygotes refer to
s Ol s (Fig.1). An array of single bag+

The occrrence of 0,

meric enzymes. me

monnmcric. dimeric,

tetrameric ¢ nzy

trimeric and

1 25 d 1
- S—
==

MONOMER

horetic  patterns of enzym:s under monogenic °°“tro]’- |
electrop :;;i,c single band variants (fast = Fislow = §) represent |
1lel The heterozygous isozyme pallcrn-s (s:lnmplc No. 2) di.ﬂ'cr with respe

e a’HLd in case of monomeric, dimeric, trimeric and tclrgmcrlc enzymes "f“
to 0,1, 2& 3 h)‘brllb;nﬂ;s include : monomers-PGM, EST & PEP etc. ; dmu?rs-/l\DH. ODH‘A
monogcn:p:m‘;:];u;él’m{ cte. : tetrameric-LDH, SOD & ME etc. Arrow indicates the dlm{
AOPH, " & 7 :

tion of current flow.

Schematic  diagrams of
Samples (1 & 3) refer to homozygotes an

Medium & Slow) often results due to multiple allelic variatiOP pat.tcrns at
locus. The nomenclature patterns of allelic isozymes (allo.zymcs) aredqu:te (?wcrs;e e‘.
allelic variants may be designated as Ay, Ay, Ag and Agin order of ecrcla‘xsmg”c ec
phoretic mobility towards the origin: the n:lusl common eIccr.mmorpbAI‘(a Oozyme)
is given a mobility value of 100 and other variants are referred by mobi )ti/ va_(t
less or more than the most frequent one. Sometimes rare alleles result in ,
production of nonfunctional proteins i.e. null alleles (Parkash 1987).

(Fast,

Some gene-enzyme syslems dare under the control of multiple loci, If a
appears in the same pos.tion on the gel in all the individuals, it can be infered th

Ravi Parkash . ‘
kash : Syaren el electrophoresis 105

On the contrary, segre-
ol ofa.polymorphic locus. The gel
he loci that vary and those which do

A variety of statistics s 1«
' is used
il to deno

The most extensive] 14
‘ ! y used meas
heterozygosity (H). A logus is defined as pol

fe the amouut of genetic variation in a

The average frequency of heterozygotes over
ed a's H. The number of alleles per locus are
orphic and monomorphic loci.

all loci examined per individual is denot,
calculated by averaging over all polym

TABLE 2: P :
ormulae used for caleulation of different genetic indices from electrophoretic data

for polymorphic gene-enzyme systems in species populations.

5. No. Parameter Rormulae
i Allele frequency 2 % D 4 H (D-homozygous individuals ;
2N H-heterozygous individuals :
N-total number of individuals)
; . Hexp.=1— Zxi® (xi® is square of frequencies of
2 Heterozygosity alleles) q
Hobs. =0bserved number of heterozygotes/tatal
number of individuvals.
35 Effective number of 1
alleles (n.) Z xit
4. Hardy-Weinberg P?+p*+2pq (p-frequency of one allele ;
equilibrium g-frequency of second allele, for
diallelic locus)
3, Wright’s inbreeding | Hobs- )
coefficient (F) Hse
6. Log-likelihood X* test 4.60517 (F; log Fi+ ———F; log f;) (F,~observed
(G-test) genotypes ; fi-expected genotypes)
7 Percentage of similarity Number of pairs of similaﬂds %100
(electromorphs) Number of different bands + Number of pairs

of similar bands
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encies at polymorph

The data on allelic frequ ontingency X* test.

3 R
lati tested for heterogeneity by using | ik ‘
,?;Z?:rlt;?;s a‘:r;ot;ymorphic loci are tested for fit to Hardy Weinberg “pm&,

_test, The extent of genetic  differentia
“:in:l:ix;'l]i:(:z .:z::mf; 'be; (us‘i’;g(;eti?:t cocfficients of gcnetic.ideplity 1 (allelic
ferl:ty) and genetic distance D (average num.ber ot'.alleh?1 sul;s.l;lt\it:;)‘;\:s_l:;rll::zl
have accumulated since two or more populations dw?rse )i e e ge |
0to 1.0, (i.e. no allelic differences between .populuuuns).D may. .g ; p:; rm
infinity, and can be used to estimate the period of evolutionary nn:tm:: v: ‘s‘m
populations diverged (Nei 1975). The dataon Jor D vn.lues are used o l)m;ﬂ nm
genetic dendrograms which help in assessing phyl‘ogcqexxc rela%xorfs}llnps clween
groups or taxa. The electrophoretic data perm;nt genetlc. Vﬂl‘lﬂbll'l(y to be 99
between different populations or species in relation to {heir evolutionary histo
for taxonomic phylogenetic relationships (Milkman 1983). The present report i
data compiled on the use of

gel clectrophoretic techngiue in population
studies applicable to plants, animals and human beings.
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aryology of Gloriosa o

d on the datu after examining atleast 10 me(a-
morphology, the terminology proposed
raphs were taken from temporary

sis was done base et i
Tyolype analysis of Gloriosa masterpiece (2n=44)

on of chromosome

Karvotypic analy
For evaluall

hase plates. ; icrog
2)‘ Abr:ham & Prasad (19‘83') is I’ullu:‘:v;(:. I[::L\pl;l:\(;cr‘“\ per the method of Macgregor Chromo- Chromosome Jengyy Iy pm Rt
preparations and Ph"tmd“)gramh karyotype formula chromosomes with range in n.'::l‘m s 4 i :lnmm" o Seamas Gt
et al. (1983). For ErBELE CL l‘r‘l'nly classified under four size groups such ; g ) mme} e index meric
length from 2.6 t0 16.1 jpm were a”,) (.s 3 to 12.1 pum), medium (4.2 to B.1 pum) Y 5 (r; Tongih L 1008 notation
as very long (12.2 to 16.1 pm), long (8.2 C
and short (0.2 to 4.1 pm)- 1 B8O 730 400 12,29 1.21 45.34
RESULTS AND DISCUSSION j 6.20 5,60 11.80 S . 47- - nm
580  2.80 8.60 6 : g nm
tips examined (Fig. 1). The knryol?'pc lc?rlnula 1? n= ‘x— ! !lnr :st it 5 4.70 2.40 7.10 o . s nm
> v +0u+T'yg+Us. One pair (B'z) of chromosomes i ‘ gest in size 6 i i 1,96 13,40 i)
o =+Nu'th snc'\rllyt median centromere  and other 2 pairs (G'y and Tp) are 2 1.90 6.80 5.20 2.58 27.94 et L)
i;ilfc‘?zmylxmger' (11.8 and 8.6 um) where in 1 pair (G*4) with second_i;ry lCOnstrfctiou 7 390 2.60 6.50 4.97 1.50 40-00 nm
M’y N'jp, Op) are of mediu X 1 g 3.60 5
O e v Ly, A i of sedom awononomss M Guni R 1 LR B 8 (0 s .
possesses satellite on short arm whereas other pair M’ (7.7um) has secondary ! . 4.01 1.30 43.40 vei
constriction. Six pairs each of medium size (N‘;0) (4.2 to 6.0 um) and Short.(T‘,,) (0.5+1.80)
chromosomes (2.6 to 4.1 gm) are with nearly medim? centromere. Four pairs of 11 3.60 1.70 5.30 4.01 2.12 32.08 nsm (-)
medium sized chromosomes Oy (5.1 to 7.1 um) and a pair of short chromosomes U, 12 3.60  1.50 5.10 3.89 2.40 29.41
(4.1m) are with nearly submedian (—) centromere. Absolute chromosome'length of 13 2.60 1.90 4.50 3:44 1‘37 42.22 nsm ()
131um and average chromosome length of 5.95 um (Table 1) reflect on increasing y 14 2,60 T i : . i i
quantity of redundant DNA. Ratio of the shortest to the longest chromosomes of & . 5 . 3.44 1,37 42.22 nm
the complement is 0.16. 30 190 4.20 3.2 1.21 4524 o
16 3.00 1.10 4.10 3313 2.73 26.83 nsm )
17 2.40 5
Meiosis is highly irregular (Figs. 3-11). Chromosomal associations at 3 e i;(: :;g Z;Z 1145'3 41.46 nm
diakinesis are analysed covering average per PMC and percentage of chromosomes 05 o 5 3'8 2 . 39.47. nm
involved (Table 2). The chromosomal associations are mostly associated with ; 7 -80 2.90 1.53 39.47 nm
univalents and trivalents. Quadrivalents are rather rare. The average association.‘l 20 2.30 1.50 3.80 2.90 1:53 3947 . nm
per PMC is 10.56y + 6.5;+5.561+0.94;v. Some of the univalents faintly 21 2: 10BN S0) 3.40 2.60 1.62 38.24 nm
stained failed to orient on the equator and are located peripherally. They displayed a 22 1.50 1.10 2.60 1.98 1.36 4231
tendency towards precocious disjunction during M 1(7.2%), A 118.9%), M II (0.9% g . 8 nm
and A II (6.2%).
Absolute chromosome length=131.00 gm Ratio of the shortest
Average chromosome length =5.95 um to the longest chromosomes

ol the complements=0.16
Size range=2.60 t0 16.10 ym

Karyomorphology and chromosomal associations confirm allotetraploid nati €
of this naturally occurring tetraploid hybrid. High frequency of structural hybridif

reflects on genomic instability.
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TABLE : 2 Chromosome. associations

At diakinesis in Gloriosa masterpiece

Type of configuration Average/PMC %age of chromosomes
A ,_"..__\ involved
Quadrivalents 0.94 8.55
Trivalents 5.56 37.91
Bivalents 6.50 29.54
Univalents 10.56 24.00
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MATERIALS AND ME THODS

- ). kikkawai
i { D. jambulina, D. punjabiensis mulml{ II n{“:,(lqwcm
5 c nes O . : 7 ¢ 072) and Bock
la(\fcmllltl i 5) had & Paika (1964), Bock & Wheele i‘ ( ) ; 80),
characterised after Parsha apecific sinale individuals were loaded in i

species

10x 1 cm) and run electrophoretically at 250

About 12-15 homogenates of

. S -] slab (15 o
each horizontal Sli:t(l\ f(rl ;l lh -fn(l the gel slices were stained for different gepe~
- 0 4 & ¥ B 5 HETIH o g
Vv and 30 mA at(gmm, o7t s & Hopkinson 1976). The gene ‘n‘zlv:!;‘ ")/;l(‘mg
enzyme systems (9 ) - 73), esterases - B 3.
i l' de octanol dehydrogenase (ODH, E.C. | l' 1.73) 12 u-glycerophosphg
include 4 o h‘“Ph ks (AC PH, ) e e 1 B 185 1S L-g Sphate
3 act phe Uk S . AQ, B Gty
gL (a-GPDH, E. C. 1.1.1.8.), aldehyde oxiduse (A 55 3.1,
dehydrogenase : MDH F.C. 1.1.1.37) alcohol dehydrogenase  (ADH, E
dehydrogenase ¥ E. C. 3.1.3.1). The genetic basis of &

malatz
E. C. 1.1.1.1) and
banding patterns Wwas

electrophoretic  phenotypes of the

alkaline phosphatase (APH, ! .
lnluplvlu! scgregation ratios of

parents and progeny (Fi/Fg/ Bilecr.oss) of
fic genetic crosses. The guxclicmtcrprclulion of electrophoretic datg
g were followed [rom other sources (Ferguson
similarity of allozymic bands among the

from the

enzyme

species speci oRitss
and calculation of genetic indices
1984). The data on per cent

1980, Zar ¢ : 4 :
3 species of the montium subgroup was calculated after [following Nair et al.
(1971).
RESULTS AND DISCUSSION
Genetic basis of electrophoretic phenotypes
&

The comparative starch gel electrophoret’'c phenotypes of ecight gene enzyme
systems in D. jambulina, D. punjabiensis and D. kikkawai have been represented in
in Figs. 1 and 2. The monomorphic zones include a-GPDH, ADH, APH-1 and-2

and MDH-2: and the electrophoretic mobilities of all such zones are identical
in the 3 species. Out of species specific esterase zones of activity, some of the zones
are represented by segregating single-band variants and two-banded patterns while
other zones are monomorphic. The scgregation behaviour of polymorphic esterase
zones in parents and progeny of genetic crosses are in agreement with monogenic
The occurrance of two-banded patterns in heterozygotes has

inheritance patterns.
The polymorphic zones of AO, ACPH,

indicated that esterases are monomeric.
MDH-1, APH-3 and ODH are represented by segregating single band variants and

triple-banded patterns. Genetic crosses between individuals having triple-banded
and single-banded patterns (for ACPH, ODH, AO, MDH-1 and APH-3) produced
about equal proportions of progeny with clectrophoretic phenotypes like the parents
and the segregation ratios (1:1) have been found to be in accordance with monogenic
The banding patterns did not vary with the sex and
The single-band
respectively

mendelian inheritance patterns.
thus the enzyme phenotypes are coded by distinct autosomal loci.
variants and triple-band patterns homozygous and helerozyous genotypes

and such enzymes are dimeric in nature. The occurrence of non-segregating

Ravi Parkash et al, ;
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e haw R A : wo-banded pRUteTH g AR LS e i 0

4 ey N T w electromorphs or allozymes, 4 I in homozygous strains represented

nd thus coufq be under

i the ind d
ervations o AD ependent control of a

and «-GPDH concur with other
+ more than one electromorphs

single locus. The preseny obs

repor (eh AL AR NATY requiring dehydrogenases

a8

(conformational iﬂ(ﬂymcs) may arise due
of coenzyme NAD (Niegel ot 4. 1982),
various polymorphig loci in the

10 posttranslational d fferentiai binding

‘Thc observed patterns of gen'c variation at

the functional constraing hyPolh3 fl”:'“ (ir e i
- § es1s that the glucose- isi

variant as compared (o nonglucos - e L

igin for sample Bomogenares.

type diagrams. Allelic variants
. Ji ina, D. punjabi
electrophoretic mobilities

-

Johgag 19740 ¢-metabolising enzymes (Gillespic & Kojima 1968,

~enzyme systems in three Drosophila
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2
1
3
o
1
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1
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The single polymorphic ACPH sone revealed either three-banded or five-banded

VARIANTS SP A

O0H

f'xCrPli l;m!t.crns anfl .thc mobility patterns are species specific.  The progeny of
1sofemale lines depicting particular triple-banded patterns did not reveal segregation

of the /’;‘CP‘H bands in any of these 3 species.  Genetic crosses inyolving 2 distinet
types of triple-banded ACPH phenotypes resulted in five-banded ACPH patterns in

specific all

the F, individuals. Genetic crosses among five-banded individuals resulted in

offsprings having 2 distinet types of triple-banded patterns and five-banded patterns

in accordance with mendelian segregation ratio of 1:2:1. Thus the genetic data

Ar BTN
EEE

indicated that the observed complex ACPH npatterns in each of the 3 species is

SP.

controlled by a duplicate locus and three-banded and five-banded phenotypes
represent homozygous and heterozygous ones respectively.

S

The bands have been drawn according to their

YARIANT

1

Population genetic structure

The data on allelic frequencies, observed and expected heterozygosity,
Wright’s inbreeding coefficients and G-values for log-likelihood X2 test for fit to

ADH

c

= 1412

Hardy-Weinberg expectations at various polymorphic loci in D. jambuling,
D. punjabiensis and D. kikkawai have been represented in Tables | & 2. The patterns

subgroup. Each gene-enzyme system has been shown in 5 bar-

U C_TLI

of allelic frequencies are almost identical at three loci (ADH, a-GPDH and AO)

q

B

iR | [ IILE

while the three species seem to be genetically different at other loci (MDH-L, APH-3,

ACPH and EST loci) due to differential distribution of allelic frequency patterns

(Tables 1 & 2). The range of heterozygosities observed at various polymorphic loci

P L IR

correlate well with the number of alleles and allelic frequencies in three species.

Significant deviation from Hardy-Weinberg expectations have been observed at
ACPH, AO, MDH-1, APH-3 EST-l, 4,5, 7 in D. jambulina; at ACPH, AO,

ng patterns of cathodal ADH and anodal a-GPDH have been superimposed. O refers to the or

T CAOm

EST-3 in D. punjabiensis and at AO and APH-3 loci in D. kikkawai- The high

s )
1
| 2
1
ACPH
2
2

2

1

Fig. 2 : Schematic comparative representation of allelic isozymes (allozymes) of 8 gene:

values of Wright’s coefficient at EST-1 and -4 lociin D. jambulina and ACPH &

T C I

) |

(electromorphs) for each enzyme are shown in first two bars while

species of the montium species

EST-3 and EST-8 in D. punjabiensis and at ACPH and APH-3 loci in D. kikkawai

<
N

kikkawai are shown in bars 3,4 and 5 respectively.

indicate defliciency (+f) or excess (—ve f values) of heterozygotes at such loci.
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ys1s of 5 species (D. auraria, D. bia

i trophorett ; g censalodi
D :?a:eac:.:hg 1:7,2,5 and D- Kikkawai) of monuurm ;u:ﬁ;;‘:!fe syat:mf'.
. riauraria, . e s for
i i i nic variation pattern oo rldl
:s‘;r—gl:g;:lhlis c‘;,;;:x :ngeLAP). Thus, Triantaphpllidis :; '*L-nd(lgﬂ) re
a max‘imum o‘f 66.6%, genetic similarity ‘be|.ween D.ob.:l;rrl;’t:d O
while a greater degree of genetic differentintion Was ol ‘

D. biauraria and D. triauraria. I.n lhef Pr::::iul;t“ slubgroup l(D, o
interrelationships ~ between 3 species O D e Jan
‘; punjabinssisznd D. kikkawai) based on present snmIFarlt.}’ of al: 1’:}”
sp'ncics pairs are given in Table 3. The data revealed .max’lmu:‘:hne,dmg
similarity (8§6.67%) between p. jambulina and D qumljabltnswlw;l ,Zm ;m
known sibling species pair. However, D. kikkawai 1s also clOS! y

s inter-relationship on the basis of percent genetic simil
{es of montium speeies sub-group.

¢ anal

TABLE 3 : Data on specie
allozyme bands between three spec!

D. jambulina D. punjabiensis

Species

X 86.67

D jambulina
X

D punjabiensis

D. kikkawai

other 2 species o montium group. The present studies point c
genetic polymorphism in many other species of the montium s
in India and thereby to establish their ovzrall phylogenetic
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SUMMARY

Codlaeum variegaium cv Warenii exhibits
wi.lh In=24, 48, 56, 60, 68, 72, 84, 88, 96,
being 2n~§0, Further, meiosis in it is not
multivalents, laggards, non-
split spindles are some of th
mosomal numerical varjation

a high degree of chromosomal variations
102, 104, 120 and the most common number
very regular, The formation of univalents,
synchrony in division, disrupted polar orientation and
¢ meiotic configurations, The possible reasons for chro-
LT : § are uPequaI disjuncli’on. split spindles and clumping of

m'es. n vitro studies using explants like stem, leaf, petiole, decoated
seeds and inflorescence haye been carried out. The cytologeal instability and chrom-
osomal abnormalities reveal the heterozygous nature of the plant.

Key Words :  Codiaeum variegaium cy Warenii, chromosomal instability, morphogenesis.
INTRODUCTION

Codiacums popularly known as crotons have attracted the attention of horti-
culturists all over the world as foliage plants because of their unusual colour combi-
nation and infinite patterns of leaf variegation. The occurrence of variations in
a single species of Codiaem variegatum is attributed mainly to their capacity for
hybridization and response to vagetative propagation (Sharma & Bal 1958). At pre-
sent, there are about 600 cultivars of Codiaeum variegatum under cultivation offer-
ing much scope for cytological and tissue culture studies. About 100 of them have
been investigated cytologically by Sharma & Bal (1958), Pancho & Hilario (1963),
Gill et al. (1973) Chikkannaiah & Gayatri (1977), Chennaveeraiah & Wagley (1985)
and Gayatri & Shanta (1989) revealing striking chromosomal and morphblogicaly
variations. Further, tissue culture studies have been made in 9 cultivars by
Chikkannaiah & Gayatri (1974), Gayatri (1975) and Gayatri & Shanta (1987). In the
present investigation, C veriegatum cy Warenii is selected for cytological and in
vitro morphogenetic studies. 3

MATERIALS AND METHODS

Plants of Codiaeum veriegatum cv Warenii were obtained from Lalbagh Horti-
cultural Society, Bangalore and were maintained in pots. It isarare ornamental
plant having a tall and robust stem topped by a crown of long, linear, pendant,
spirally twisted leaves, red in centre with yellow bloches and margins coppery

green (Fig. 1). For mitotic studies, young root tips 4-5 mm long were cut and
pretreated with 0.002 M 8-hydroxyquinoline for $h at 4°C and transferred to acetic
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glides were pruplrcd by squash method i
were fixed 1n Carnoy’s fluid f e

or

30-40 min.
anthers

- 3) for
jotic studies,

acid-ethonol (1

2% \ceto-orcein. For me

ing
acetocd rmine

24 h and ~qu‘nhcd in 2%

inflorescence and decoated sceds from figlq.
ipvestigations. The explants were surfgey
water for 15 min followed by mereuric chloridy
ere cultured on Modified White's (Rangaswam
(1962) (MS) and Bourgin & Nitsch ‘H’ (1967)
added 10 the medium and it was solj.
the pH was .ul]\l\lcd at 5.6 to 5.8 Different adjuvangg
casein hydml,\'\:\(c{Cl'lL benzyl aminopurine (BAP), N-(2-
(4-PU). indole-3-acetic acid (IAA), 2,4-dichlorg-
(Kin) were used as supplements in the media,

Jeaf, petiole,

parts of stem,
in vitro

were taken for
saturated chlonne
(0.1 %) for 3 min. The explants W
1961) IM\\'BM), \‘1ur;1\h|gc& Skoog’s
basal media (NHBM). 20/, sucrose Was

grown plants
sterilized in

dified with agar (0:7%);
like cocount milk (CM),
Chloro-4-pyridyl), N-Phyenylurea
phenoxy acetic acid (2,4-D) and Kinetin
AND DISCUSSION

are generally small varyng in number considerably with-
root tip. The most common number is 2n=80
The lowest number is an=24 and the highest is 2n=120. Other chromosome “Umbers.
In=48, 56, 60, 68, 72, 84, 88, 96, 102 and 104, There is a mixture
larger chromosomes varying in size from 0.5

RESULTS

The chromosomes
in the plant and even within the

encountered are
of both small, dot-like to slightly
to 2.1pm (Fig.2).
PMCs show some abnormal features along with normal stages. Occasionall

210 nucleoli are found at leptotenc (Fig.3). During diplotenc and early diakin y
a network like strutcure is formed due to sticky nature making it diﬂ'icultems
count the chromosomes. In addition to bivalents, univalents trivalents, and l.0‘
valents are commonly observed at diakinesis and some of them are ‘att hmu"‘-
ﬂ.,e nucleolus (Fig.4). The orientation at metaphase 1 is not always no o
bl\’alc.nts and multivalents have a tendency (o arrange themselves in gro l'mal.. 7
Occasxonally: chromatin bridges with one or more laggards are seegn ];F:s el
Lfa:l}i ];l.an'[l thlhaggards and chromatin bric.lges are expressive of the l\ybri:nanp:i}::':
non-synd]m“.y - dcivlix;ost c;):mon l'eal.urc is the occurrence of split spindles an
e ;nns' eading to disrupted orientations (Fig. 6). Despite these

g s, some normal tetrads are also formed. -

Figs. 1-13: 1. Codiaeum variegatum cy Warenii. P
S el e nuc]_w”- : Diakinc.s .oltcd planl.?. Somatic metaphase plate showi
= ; ; : ! = 15 showing univale i i .
ma:oMnVCS a;(mzs,:::m::g‘l 5";‘“‘“‘“5 gm_ups of chmmosome: 61'“;‘:/;(;”:;;;‘;:‘2&0; q“d"valen?
D T T en qwu’ fpx‘cal bud. 8. White mass of callus at thesbr:mfd &
et I.I R.ndf-lmck-old callus at the basal region after 3 weeks isa B
e w‘yledonm—.v ICa\,l:: s?mvmg characteristic curvature with callus atn _:'-‘l‘“‘f
radicular apex. 3. Rhiic'gcncslsf L e s
tom basal region of stem apex. e

Gayatri & Sunita :

Cyt
Ytology and morphogenesis
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jusi 4 development of sh
; th caliusing il"‘ ! U

Culture of shoot apex Sh““e;/;‘;q.'.CM (10, (Fig- 7). When MWH' "

e ppm) and 4 PU (10 CHIKKANNATAH |

Only callusing was observe RBAP (2 v
sunp:h':emedgwilh CM. (10%) and o4 (SOZQP:?::L&(:;(I'M- %) and after 6 week lcl_'duﬂ Hzlldw' oy
ment W A ontacts hetwoen

collusing as well as shoot ?c:elug(cm explant with node m\d. mlcrnudo;la Pabilifiere Dﬁﬁﬂ'
developed  from the .cul s h.c axillary region on MWBN with (&1 (10‘ ) DARLINGTON € D
« fow shoot bud formations int s (hese explants failed 1o form shoot tive Ann Bot 1
{2 ppm) and 4-PU (10 ppm). H:we\cro.rmﬂﬁan S S Bratvedy. Lot and  pej GAYATRI M C

i ¢ only calius ; 5 i in endosper
s 'S’u'ﬁ'u“ri“a t::. 1S supplemented with BAP (2 ppm‘)‘d “wl::’s ngl:pcr: oavaRlETE o
S _green cullus (Fig. 9} IdEcOuLe Ganga Setty In R

howed yeHOWish ; i
I.AAM('\;'S‘!’\:‘)suspplemcnwd with. CM (10%), CHl (500 ppr}l’) ;md z;[‘:o}l))ic(lg‘::g 2
i liferation of endosperin (Fig. 10). negatively geo <. i :
g ¢ radicular apex (Fig. 12) apa Chennaveeraiah

i i ots just below th : : ceai
(Fig. 111) nnlfl r?f:‘a‘;?"dcfo;;d sscjcds. Direct organogenesis was observed in GILLSSTK;,;AG”B
& germma 1 ; 3 ‘ 3
stem  (Fig. 13) and leal explants. The wmflore: A

responded on  NHBM with adjuvants like CM (10",) and Kin (I ppm) fo
friable as well as compact callus within 3-4 wecks. After 16 weeks of cul

ere formed from the callus.

norm
from of rhizogenesis 0

roots Wi

The cytolog cal studies in the present inves!igulim’ rcvcal' striking v
mosome number which, however, is not in multiples of any
reported for the species so far. The most co
number is 20=80 which confirms the chromosome number reported for ev. W
by Sharma & Bal (1958). The random variation in chromosome number
ﬁ;rmed due to spindle abnormalities (Dartington & Thomas 1937). The disj
of chromosomes to the poles is uneven when split spindles  are formed.
eroups of chromosomes formed due to secondary association may have a
fuse or two or more groups may gel enclosed within a common wall
higher chromosome number as has been reported earlier (Chennaveeraiah

1985).

The present study revealed that the explants have the capacity to
on a simple med um as reported in other cultivars (Gayatri & Shanta
providing a scop: to rais: u larg: numbzr of plants through micropro

in somatic chro
basic chromosome number
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Chromosome numbers in 13 species of Leucas

TABLE | ¢
Present stody
m'(:hmmosomc number Previous Reports
Taxon - n

Munnar 14 28

L. bifiora R- Br.
£ biffora R« o Trivandrum 14 28
procumbens Desl.
g Wynand 4 28
L. marrubioides Desf.
Gambl Ootacamund 11 22 ; 3
L. prostrara Gam e i | 14 28 ~15(S .
. L. chinensis R. Br Kodaikana n=15 (Saggoo & Bir 19;
Saggoo 1983).
L. Diffusa Benth. Munnar 11 - 2n=22 (Ayyangar &
il 1980, Krishnan 1980, Ve
Sampathkumar 1980)
L. eriostama Hook. Wynaad - 22 20=22 (Krishnappa
Basavaraj 1982)
L. helianthemifolia Desf. Ootacamund 11 ~ nl=1(Sagoo & Bir 19
Saggoo 1983) ;
L. indicaR.Br. (L. linifolia ~ Maruthamalai 11 - 2n=22 (Chopde 1965)
Spreng,) n=I1140-1B (Sag‘goo"
n=11 (Saggoo & Bir I
L. lancefolia Desf. Qotacamund 11 —~ n=11 (Saggoo & Bir
Saggoo 1983)
L. martinicensis R. Br. Coimbatore 14 -  2n=28 (Morton 19
Krishnappa & Bas:
1982)
n=14 (Gill 1978,
1983)
L. plukenerii Spreng. Trivandrum I - 2n=22 (Jha & Si
=L. aspera Link Ayyangar & Ven
Krishnan 19§
L. vestita Benth. Ponmudi L2 ; : i :
Figs. 1-10 : Chromosome numbers of Leucas species (all X 920). 1. L. biflora
(n=14), 2. L. biflora metaphase (2n=28), 3. L. ‘biflora var. procumbens diakine
4. biflora var. procumbens metaphase (2n=28), 5. L .L‘H!ngnsi: ‘metaphase 1
5 6. L.chinensis metaphase (2n=28), 7. L. diffusa diakinesis (n=11), 8. L.
L zeylanica R. Br. Ootacamund metaphase (2n=22). 9. L. helianthemifolia metaphase [ (n=11), 10. L. indica m,e,(nph_ase" {

L. vestita, L. biflora, L. biflora, var. pr . L. chinensis, L. 'mq’r(u]i{b,idzs a
L. prostrara. In general, the chromosomes of Leucas are small ranging fro
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Figs. 11-19 : Chromo omc numbers  of  Lewcas species (all X 920). 11. L. lan-efalia

metaphase 1 (n=11), 12. L. marrubioides metaphase 1 (n=14), 13. L. marrubioides metaphase
(2n=14), 14. L martinicensis diakinesis (n=14), 15. L. plukenetii metaphase [ (n=11), 16
L. vestita metaphase

L. prostrara diakinesis (n=11), 17. L. prostrata metaphase 2n=22), I8. :

(2n=22), 19 L. zevlanica metaphase I (n=11).
Six chromosomes in L. biflora var. procumbens, 4 each in

to 1.8 gm in length.
L. biflora and L. chinensis, 2 in L. marrubioides and most of the chromosome:
in L. prosirara showed almost median primary constrictions. The rest of the chromo

somes in all the presently investigated species are almost rod-shaped with no visibl
constrictions, which may indicate that these are acro- aer telocentrics.

Muriamma & Kuriachap | Cy10108Y Of £eyeqs

DISCussion

The chromosome numbers i 2l o ‘

N ' - biflora, [ 4 pra o >

bioides and L . prrmn.m: are reported for e First I;Z:rai "ﬂ;v_.bm'«"{”'beﬂh s

some number 2n = 28.in L, chinppgiy is 4 1ew count fo hn e e

has been reported earlier (Saggoo & Bir 1982, Saggo; ‘]9;‘};)’“'“"" G
82,

genus. However, none of gpe

number n =7, Vjj & Kashyap (1976) suggested two bas;
ror.thc genus, while Saggoo and Bir (1986) have indjc: tl
bas'c with x = 11, 14, 15, and 16. Nine of the 14 =
on x = Iland four onx =14, J¢ is also scen that | i
of the ge""’f o far cytologically studied have the gamﬂ?c :}:r;:l:o::n;f n:rml!::r '::fxle;
and 10 species haye n :;4 This would suggest that Leucas is predom’nantly based
’ ,,° gametic chromosome number n = 15 is reported in
ll-,. pr;'acumbem (Saggoo &.Bll' 1982, Saggoo 1983), L. lanata (Bhatt et al, r;‘IS) and

- chinensis .(Saggoo & Bir 1982, Saggoo 1983). Butn = 14 is also reported in at least
.L' .lanatla (Krishnappa & Basavaraj 1982) and L. chinensis (present work). Hence
xt. IS quite probable that n = 15 andn = 16, reported only in L. angularis (Saggom!:
Br 1982, Sagoo 1983), are derived from n = 14 by stepwise increase,

Bentham (1876) divided the genus into 6 sections namely Hemistoma, Ortholeucas,
Plagiostoma, Astrodon, Loxostoma and Physoleucas based on calyx A;,ha.racurs.
The,calyx is  membraneous, mouth oblique, split above and produced below in
sect. Hemistoma. Plagiostoma has tubular calyx with very oblique mouth. Jn the
sections Ortholeucas and Astrodon the calyx is straight and the mouth nearly cqual,
the throat being naked in the former and villous in the latter. The calyx in sect.
Loxostoma is tubular, mouth oblique and produced below. The calyx is inflated
and subglobose and the mouth contracted in sect. Physoleucas. J - ;

Though chromnsome numbers in about half the number of speci s
genus are known, no attempt has been made so far to employ this data in eluc’dat-
ing the taxonomic relationships of the different sections of the genus. The sole
species of section Physoleucas, L. arabica is confined to Arabia and its chromosome
number is not known. The 30, cytologically known species of Leucas could be plkced
under the remaining five sections of the genus as in Table 2. S

It is seen from Table 2 that sect. Astrodon is based on x =
the species of sect. Ortholeucas are based on x = 14, though i
numbers such as x = 15 and 16 are also known. Species und T the
and sect. Loxostoma have x = 14, while species of sect. P




TABLE 2 : Chromosonte numbers*

Section

Hemistoma

Loxostoma

Ortholeucas

Plagiostoma

Astrodon
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and basic chromosome aumbers in different section
hromo-
sonie
Coumber

Species
(2n)

membrancea Mort. 28
urticaeflia R. Br. 28
deflexa Hook 28
oligocephala Hook. sub sp.

oligocephala 28
mollissima Wall. 28
procumbens Desf. 30
biflora R. Br 28
angularis Benth. 32
lanata Benth. 28,30
marrubioides Desf. 28
chinensis R. Br 28,30
montana Spreng: 28
nutans Spreng. 28
martinicensis R. Br. 28
capitata Desf. 22,28
cephalotes Spreng. 22,28
plukenerii Spreng. ; 2D

clarkei Hook. : 22
indica R. Br.
zeylanica Br.
lavandulaefolia Sm.
diffusa Benth.
vestita Benth.
ciliata Benth,
hirata Spreng.
prostrata Desf. :
suffruticosa Benth.
helianthemifolia DEsE: o e
lancefolia Desf. 2
stoma Hook.
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MATERIALS AND METHODS
otypes) of T. arjuna and T tomentosa

ing mixed morpholog cal characters were selected and T:’"k:;l gfog;:;t
Pradesh and Orissa. B,-Bg (Bijl khaman), S.-S, (Samradihi), (-l |t( A }

were selected in Sundergarh and Ns-Ng (Nowrangpur) WﬁmD!eD;c e m U
in Orissa. Jn Madhya pradesh, the plus Iree‘s selected were D (Dhamtal .

(Dhamtari Sorgaom) and Ni-Nj (Jagdalpur- Raipur Rf’ﬂd)- Besides, 'C,'| (T

and C, (T. arjuna) were selected at Piska Nagri farm, Ra?chl (Bihar
as typical controls for both the species (Table 3). The fruits contain
chable single seeds (rom these 24 trees were rn-sasured for length “ffr‘f ts,
of wings, weight of fruits and their germ;nation i percentage I‘ollr‘wm&‘ .
nursery technique (Tewari et al. 1978). For r:cord.mg above pgyfame;gr ;

plications, each containing 100 fruits, were used in each trcat'me'nt o
genotype). Canonical analysis and Mahlanobis’s (1936) gen.eral‘lsod diste
used for assessing the genet'c divergence between populations. The tran
tion of co-related variables to uncorelated variables and the grouping
approach was made as described by Rao (1952). Canonical analysis w
described by Anderson (1959). £

OBSERVATIONS

22 plus trees (superior gz=n

ion of fruit

Analysis of variance revealed significant differences among 24
for all the four [fruit characters studied, indicating the existence of
var ability among the populations. Maximum variation was observed for
followed by length of fruits, breadth of wings of fruits and ger 1&’
age in descending order (Table 1). After computing the D2 values
lations were grouped into ten clusters (Table 2). This ind
Jarge amount of diversity in various hybrid populations of both
of various hybrid genotypes within the individual clusters wer
D? values among themselves than those belonging to a y other
ing based on the Mahalanobis D? statistics does not conform
origin of various populations (Table 3). TR

Cluster I included 2 populations (B;, Ng) fr
areas of Orissa. Cluster 11 comprised of 4 popul ati
 Sundergarh (Orissa), Raipur - Tagdalpur Road and
Cluster ITI had 3 populations D) (O |
and Bihar. Likewise, clusters IV. VI,
while cluster V was comprise
~ (Orissa) and Ranchi (Biha
~ cach from the sam te
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TABLE 3 :

Cluster
No:

1

i

v

VI

Vi

vin

Journal of Cytology & Geneties volume 26 (99t
“
Source of erigin and clustering of 24 superior gcno!)-pcﬁ/ plus trees through D* an

for fruit characters

Plus trecs (superior geno- SN
types) Included
NG
B, . Sundergarh (orisst)
Ne Umerkote (or1ssi)
B Sundergarh 3
N, Raipur—lagdalpur Road (M
N, ~do-
DS, Dhamtari Sorgaon (M.P.) i
B, Sundergarh
D DPhamtari  (M.p)
Cy CTR & TI, Farm, Ranchi |
By Sundergarh
Ny Raipur-Jagdalpur Road
B, Sundergarh
Oy ~-do-
o =i dos; 3
o CTR & T1.-Farm, Ranchi
Sy Sundergarh (Orissa)
$i ~do- :
By —do-
DS, Dhamtari-Sargaon
Ny Raipur-Jagdalpur R
DS, Dhamtari Surgaou.'» ‘
: Ns Umerkote :
DS, Dhamtari So

0,
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Among the four fruit characters, frugt weight and frut II‘._HII'_Th “”"“"huled

p : 32 97 and 32.60 per cent respectively) to divergence whereas, breadyy i
m."“m“m 3 ” d germination percentage (18.11%) had less contributigy ;
i Rk "]n ’7: D? values, fruit weight, fruil length, breadth of Whl“
i tien ok U;c:’ccnlnuc ;md 91,90, 45 and S0 rimes repetibility r“l’f‘clive?;

and germination
(Table 1).
DISCUSSION
arents through van bility  studies involyes Parenta)
adaptability and genetic divergence by ﬂdop“nx 3
ariate analysis proposed by Mahlanobis (Qm) cmnmfmly known as pa |
m‘,',c effective in the assessment of the genetic divergence, The
originated from Madhya Pradesh, Orissa and Bihay

The evaluation of the p
annlysis for yield camponents,

the multiv

statistics as it is
material used in pre
states of India.

sent study

Barring C; (T.arjuna) and Cy (T.romentosa) all olAhcr 22‘ p(?pulalions exhi
bited mixed morphological characters. The present ;-ma]ys s has m_(hca(cd consider.
able amount of genetic diversity in fruit characters of these popula.tmns_ The clusger.
n of the populations did not follow the geographic distribution as they
come from diverse sources (M. P, Bihar, Orissa) and had been grouped into 11
to V, VII and IX clusters- Further, populations By - Bg, S; - S and O - O, collected
from same gzographical origin i.e. Sundergarh (Orissa) fell in different c.lus(crs. Similar
reports of non-correspondence of the genetic divergence and geographic diversity were
made by Murty & Arunachalam (1966), Upadhyay & Murty (1970), K‘"iyﬂf&Sing‘“
(1979) and Jain et al. (1981). On the other hand Ram & Panwar (1970) suggested
the Vavilovian way of thought that the genetic diversity is broadly attributab)
to geograpical diversity. However, this does not hold true for a crop like Triticale
which is very recent in origin and has not passed throuhg natural forces
slection (Kamboj & Mani (1983). On the contrary, under present investigatio
the natural selection under different environmental conditions in Terminalia speci
through thousands of years has resulted in greater divergence than the geOgrﬂplﬁeh
distance. Further, it may be conceived from the distribution of the different hybrid:
populations that the fixed spontaneous selection criterta and the similarly in parer
tages may be the cause of genetic similarity to a large extent (Das & Borthaky

1973).

ing patter

The choice of the character for the studies is quite important as poin
out by Sokal & Daly (1961) who stated while studying insect behaviour that
original aim of the investigation could not be achieved since the choice of exper
mental variables had been unfortunate. As a matter of fact, while selecting ’
tically divergent parents only component characters of yield should be taken

Stivastay &
Goyal : Fryi diversity. in Terminaiia 5
vocount beeause of thejr economic 147
Under present invcsligatinn, fruit
contributers to penetic divers:
€rsity as they
accounted fo

the total divergence in compurs
j parison o
which contributed 16,30 and 18.11 ;Zrbcr:::“h ‘;f fae
i only,

tmportance under Cro;

WEIBt and frogy qernn s Cn PrOBramme.

length are €qually important
r32.97 and 3260 per cent of
and germination percentage

The second criferia for g
zantion D analysis is the interely
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ed by D? analysis has been  confirm

canonical  analysis  (Fig. §] following the procedurlc" e:?gf:;::dmw
(1952) The canonical vectors corresponding to lhehlwow“:" s mm:
supplied the two best orthogonal vectors Z Z, and Zy whose i

90.99 (7, =42.589%, Z, =57.41%) per cent ol' the totul vnrmbll::y was tncuou
both the vectors. Thus, canonical analysis also confirmed the existence of

stantial genetic divergenoce with respect to fruit characfers.

The cluster constellations obtain

When the present investigation is taken in conjunction with the 0;: which js
made with respect to seedling diversity (Srivastay et al. 1990) one is tempted to co .m,, |
that clustering made earlier on the basis of seedling diversity is different from
of the fruit diversity ason the basis of scedling diversity a total of eight Q:[
are made instead of ten under fruit diversity. Further, the constituent popu
falling under different clusters also do not correspond to groupings made on
basis of fruit vis-a-vis seedling diversity. Furthermore, Whlle. seethg :
(ributed maximum (38.04%,) towards (he divergence in seedling diversit
weight contributed maximum (32.97%) towards the divergence in [ uit
in Terminalia. Therefore, foliar divergence should be given more unpo
compared to the divergence derived on the basis of other characters and
selecting genetically divergent parents, only component characters of
should be considered for evolving heterotxc varieties of Terminalia so
ductivity of tasar silk psr unit area may be enchanced in the country.
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SUMMARY

Different vegetative and reproductive explants of Labluh purpureus (L.) Sweet
an 'lll‘A-] were cu!lurcd on MS medium supplemented with various auyins and
cytokinins. In addition to callusing direct and indirect rhizogenesis were observed

from hypocotyl, cotyledon and colyledonary nodal cultures, Quantitative analysis of
the growth of hi

e IYPDCDIyl callus in presence of auxins and cytokinins was made.
Hstological studies revealed both root and shoot meristemoids scattered in the callus
tissue. Regeneration of shoots and whole plants with multiple shoots were obtained
from shoot tip and cotyledonary nodal cultures. Cytological analysis of both normal
and.regencrnted plants via shoot tip cultures was made. Karyotypic and meiotic
studies showed high genetic stability of the regenerants which can be exploited further
to get homogeneous genetic stocks of the variety.
Key Words : Lablab purpureus (L.) var. HA-3
cytology.
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y mor mer ”

INTRODUCTION

The improvement of legumes in terms of their yield and disease resistance
is essential for their continued exploitation as sources of human nutrition and
other products. The lack of genetic variability is a major factor for the slow
progress made in the improvement of these crops. The inhercmly low genetic
variability in legumes caused by long periods of cultivation and in turn perpetuated
by a high degree of self pollination, have imposed limitations on using conven-
tional plant breeding approaches. The use of unconventional ‘methods for increas-
ing genetic variability have, therefore, assumed much significance. The value of
plant tissue cluture technique in this respect has been fully recognised. In addi-
tion, uniform clones of elite varieties can be obtained by applying tissue culture
technique.  Lablab purpureus (L.) Sweet var. HA-3, commonly known as hyacinth
bean, is a new variety obtained from a cross between ‘Hebbale Avare-1” and *Co-8'.
Since it is a photo-insensitive variety, the cultivation of the crop has become fea-
sible in all the seasons of the year. The present investigation deals with the
responses of different explants of this variety to tissue culture techniques and ‘c‘hmg
mosome number in plantlets produced under in vitro conditions. g

METERIAL AND METHODS :

Aseptic seedlings were raised on MS basal medium from the surface steri-
lised seeds which are obtained from the University of Agricultural Sciences,
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SUMMARY
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from hypocotyl,
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using direct and indirect rhizogenesis were obsarved
o colyledon and cotyledonary nodul cultures, Quantitative anafysis of
f’ growth of hypocotyl callus in presence of auxins and cytokinins was made.
Hmlologi:al studies revealed both root and shoot meristemoids scattered in the callus
tissue. Regeneration of shoots and whole plants with multiple shoots were obtained
from shoot tip and cotyledonary nodal cultures, Cytological analysis of both normal
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INTRODUCTION : i

The improvement of legumes in terms of their yield and disease resistance
is essential for their continued exploitation as sources of human nutrition and
other products. The lack of genetic variability is a major factor for the slow
progress made in the improvement of these crops, The inherently low genetic
variability in legumes caused by long periods of cultivation and in turn perpetuated
by a high degree of self pollination, have imposed limitations on using conven-
tional plant breeding approaches. The use of tional methods for inc -
ing genetic variability have, therefore, assumed much significance. The value of
plant tissue cluture technique in this respect has been fully recognised. In addi-
tion, uniform clones of elite varieties can be obtained by applying tissue culture
technique.  Lablab purpureus (L.) Sweet var. HA-3, commonly known as hyacinth
bean, is a new variety obtained from a cross between ‘Hebbale Avare-1 and ‘Co-8.
Since it is a photo-insensitive variety, the cultivation of the crop has become fea-
sible in all the seasons of the year. The present investigation deals with the '
responses of different explants of this variety to tissue cultu:e.lechniq):'e‘s:_and chro-
mosome number in plantlets produced under in vitro conditions.

METERIAL AND METHODS :
Ascptic seedlings were raised on MS basal medium from the surface steri
lised seeds which are obta ned from the University of Agricultural Sciences.
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| cotyledonary nod
The vegstatl root, h ocotyl cotyledons, €O

getative explants such as yYp B ingtoor o pribish

- stem, leal and shoot tip were excised from the asep certlvaetan
~and gynoecium were obtained from field grown plants: B

done with freshly prepared chlorine water and 0.19, mercurie chloride. The

i ile disti . The explants
after, they were thoroughl washed with sterile distilled water
4 : sucrose and 0.8% agar. Diffe

then inoculated on MS medium containing 2%

growth regulators were supplemented at various concentrations. The pH of

medium was adjusted to about 5.8 before autoelaving at 103.41 kpa. The. cull
light : dark cyele. For histol

were maintained at 25 + 2°C under 16:8h
studies, the callus was fixed in FAA and dehydrated through the ethanol-but

series. C y paraffin technigue was followed and sections were cut at 10-
thickness and stained with Heidenhain's haematoxylin and wuntexstaing_d‘
erythrosine. To study somatic chromosomes, the root tips were pretreat
8-hydroxyquinoline (0.008 M) for 4 h at 10-12°C and followed aceto-orcein techni
for squash preparations. For meiotic studies, buds of proper stages were
in acetic-alcohol (1:3) and smears were prepared using 2% acetocarmine.

RESULTS AND DISCUSSION

Callus cultures ;

Profuse friable callusing from all the explants was observed in
4-D (2mg/1)+ CM (10%). However, CM with lAA/lBAINAA' was less
producng callus. The synergistic effect of CM + 2, 4-D on
established in various plant systems (Gill et al. 1986). Nodular
from hypocotyl and cotyledon when MS was supplemented ‘with

Growth imdfgn
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cof IAA/IBA/NAA in the medium showed to be less effective in hol‘h‘callus. :

{ Similarlyl, response explonts 1o cytokinins wasg i
BAP and Kin to the basal medium at various concentrationy
ranging from 0 -4 mg/l (Table 1). The maximum fresh and dr')"\\'\-q:rfllg \\"L‘rc observed
in the ;rlcdlum containing BAP at 2 and 4 mg/l. 1 he callus was green, compact and

nodulated, However, in C. juncea (TCjLI\'ﬂlhi& Suj;ll]m 1990) Kin was better ip

mducing compact ca lus.

the presenc i b
i i hypocot)
ing and rhizogenesis. ol hyp

studied by the add tion of

Histological studies of callus cultures

s are necessary to define the steps in the developmental seque-
nces which could be suitable for evaluating the effects of various physical and chemical
agents on the sequences leading to differentiation.  The initial cytodifferentiation
which is commonly seen in the callus cultures is the difterentiation of tracheids.
Spiral tracheary elements are seen in the callus cultures of hypocotyl and cotyledon
on MS+ BAP (1 mg/l) + K'n (1 mg/1). Whereas in Glycine, Daucus and Syringa
(Roni Aloni 1980) high level of auxins was required for differentiation of xylem and
Sect ons of nodulated callus revealed the presence of a large number
of meristemoids randomly scattered among the callus cells. The meristemoidal cells
isodiametric with densely stained nuclei and cytoplasm. Two (ypes of
¢ meristemoids which are smaller and lightly stained
d darkly stained (Fig. 2). Whereas,
the differentiation of

Histological studie

phloem elements.

are small.
meristemo’ds were observed, roo
(Fig. 1) and shoot meristemoids which are larger an
rool meristemo ds had given rise to roots in presence of auxins,
<hoots from shoot mer stemoids has not been obtained.
Rhizogenesis

Both direct and indirect rooting were observed in the cultures of hypocot»ylv
n cotyledon and cotyledonary nodal cultures only indirect rhizogenesis was
observed. Hieh auxin to cytokinin ratio is necessary to induce rhizogenesis (George
& Sherrington 1984). However, Flick et al. (1983) reported that in legumes :h‘
frequency of root initiation is quite high despite the concentrations of auxins and
cyvtokinins as observed in the present investigation. MS supplemented with NA
(1 mg/1) and BAP/Kin (4 mg/l) was found to be an ideal combination for profus
rooting as was reported earlier in Cajanus cajan (Kumar et al. 1983) and Dolicho,
Jablch var lignosus (Sounder Raj et al. 1991).

whereus i

Figs. 1-10 : 1. Section of hypocotyl callus showing root meristemoid (arrow).
shoot t1ip callus showing shoot meristemoid (arrow) 3. Regeneration of whole plant from sh
culiure on MS+IAA (1 mg/l). 4. Induction of multiple shoots from shoot tip culture on MS+B
(O 1mg/l). 5. Suppressed shoot tip growth with profuse callusing on MS+NAA (0.5mg/
gegcncrut:on of single axillary shoot from cotyledonary node on MS+ITAA (0.5 mg/1). 7 g ch
tion of shoots from both axillary meristems of cotyledonary node on MS+ IBA (1 mgll)' 8
nerated whole plants from shoot tip cultures transferred to pots. 9. Somatic plate of'ré
plant showing 22 chromosomes. (X 1000). 10. PMC at metaphase I shwing IT I:ivalt:mm8
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: Jo a

Shoot tip cultures

When shoot apices

MS without any growth regulators, the
d on - -

were culture observations were made in other

: srved Similar ;
growth of the shoot apex Was observe o 1980 1991) When {he medium was supp-
1 { ae 1. Sounder Raj et ¢ : med S
legumes (Kartha et al. 1981. So sncentrations (0.1 meg/ 1), complete pli | i

NAA at lower conc b

i - ) he
lemented with NAA inh bited the growth., Whereas,
btained. However, the higher concentr 5
Q a ed. N X ] l‘”l]
[ the shoot apex 11 : j
A "avours the growth of the s ; (5. slitel LI
iy I;I\ Ik t k}llllll\ like BAP and Kin added alone to N sl ol 5
Rips 3)s ‘hen cyto s / S i i
(lblg d depending on the concentrations Lower u\nunl'::l i o
2 p e y epligible ca ¢ se
induced shoot growth along with multiple shoots \\thnq.llg.ll ' eibhackl A
. & y i «d growth w antial callus
i er concentrations lead to stunted g ! ;
Fig. 4), whereas higher concen ’ ; o Rui eral A
: Hl b \s was reported in Dolichos Jablah var. lignosus (Soun I : ! )
{ e base as s : : ;
i | sncentrations of Kin induced shoot growth along with
CC o 2 ; ; .
oots. Addition of cytokinn to a medium  containing auxin
o : m  all selected legumes (Kartha

tions of

ower and higher concentrations

However, the higher
multiple shoots with

iMere v e i ate s t regeneration
it different levels stimulate shoo 4 ; 5
B 15l Sastri et al. 1982). When Kin concentration was increased to 5 m (AR}
et al. 1974 as a 9 . g

keeping NAA concentration at 0.5 mg/l, the L.'Kp}lan(':v!::;)\\t‘dﬂg.“;:?";AS"‘:“'[S;D:
at the basal part and the growth of the shoot ,npq ces . he  shontiapa
(1 mg/1) + BAP/Kin (1 mg/l) was also effective 1n xupporlnqg I?L shoot growth.
ihu; exogencous supply of auxin and cytokinin were essential for better growth
of the slu;m ap'ces as reported in a few other legumes (Gamborg c(- al. .1974)'
The complete plantlets were separated and transferred to filter paper bridges in test
tubes containing sterile distilled water. Finally, they were lr:lﬂsl'crrcd to pots cont-
aining sterilised vermiculate before planting them in the soil (Fig. 8.
Cotyledonary nodal cultures

On the basal medium, a single axillary shoot growth was observed. Addition
of NAA and 2, 4-D failed to initiate the axillary shoot growth, whereas IAA and IBA
were found to be best suited for the induction ol axillary shoots. The presence of
1A A initiated the growth of any one of the axiilary buds (Fig. 6) whereas IBA was
successful in inducing the growth in both the axillary buds along with multiple shoots
(Fig 7). Whereas in Dolichos lablab var. lignosus (Sounder Rajet al. 1991) TAA
suppressed the growth of the axillary buds in nodal cultures. As in shoot tip cultures
higher concentrations of BAP alone or with NAA suppressed the axillary buds. Even
the presence of IAA with BAP/Kin was effective in regenerating axillary shoots
unlike in D. lablab var. lignosus (Sounder Rajet al. 1991) where IAA with BAP/
Kin induced callusing. However, multiple shoots were formed from both the axillary
buds in presence of Kin (2 mg/l).

Cytological studies

Somatic plates of normal seedlings obtained from germinated seeds as well
as regenerated plantlets raised from shoot tip cultures showed 22 chromosomes in

Tejavathi
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cach which con i

R f‘:'r]f:o[lo‘;he earlier 'Ports (Goldblatt 1981) (Fig.9). Thus, the genetic
Slanitayaian (Cheng & SP chullurc 15 established ag reported earlier in various other
8 Bmith 1975),  The'mejosis i normal in plants raised in vitro

with 11 bj i
ivalents (Fig. 10), Normal fruits wigp viable seeds were obtained.
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