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CYTOLOGY OF A TRIPLOID TEA
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Department of Botamy, University of Kerala,
Kariavartom, Trivandrum 695 581, India

(Received I8 June 1993, revised accepted 2 November 1993)

SUMMARY

Cytological investigations of a triploid tea clone, UPASI-3 (SUNDARAM)
were undertaken in the present study. The somatic chromosome number of this clone
was found to be 45 (3x=45), Mitosis was regular. Meiosis was found o be highly
irregular and these irregularities were encountered from the pachytene stage up to
telophase I1. Trivalents, bivalents and univalents of varying number were observed
during meiosis I. The occurrence of trivalents up to 14 in number clearly implies the
homology between the three genomes. Irregular disjunction of component
chromosomes at anaphase I, iregular second division, laggards, cytomixis,
supernumerary division, diads, triads, pentads etc. account for the high percentage of
sterility. These cytological features together with data from morphology, leaf
anatomy and photosynthetic pigments offer evidence for the autotriploid nature of
UPASI-3 clone and substantiate its origin from Camellia assamica.

Key Words:  Camellia assamica, autotriploid, UPASI-2, stenility.

INTRODUCTION

Tea is known as the queen of beverage plants. It is one of the most important plantation
crops of the world and mnanghnoo_.vnﬁﬂangaigmoglﬂrlﬂgﬂna
theophylline. Cytological investigations by Morinaga et al. (1929), Subbarao (1938), Longley &
Tourjee (1959), Barua (1963), Bezbaruah (1971), Cherian & Stephen (1981) have established the
diploid chromosome number of Camellia sinensis (China tea) and Camellia assamica (Indian tea)
as 2n=30. A few natural and induced polyploids (Karasawa 1935, Simura 1935, Janakiammal
1952, Bezbaruah 1971, 1975, Kondo 1975, 1978) and aneuploids (Kondo 1975, Ackerman 1973)
have also been reported. The present study was on the cytology of a triploid clone of a
high-yiclding Indian tea, (C assamica) named Sundaram or UPASI-3. The mother plant of this
clone was originally selected from the tea plantation of Brooklands Estate, Coonoor in the Nilgiris
in 1961 by Venkataramani, as it showed luxuriant growth and high quality of leaves and was given
the code No. B/5/63 (Venkataramani 1969). The clones raised from this mother plant have been
subsequently named Sundaram or UPASI-3. Preliminary studies by Jayasurya & Govindarajulu
(1973) have shown it to be an autotriploid. However, they have not provided the details of the
cytological constitution of this clone and hence this study was undertaken.
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MATERIALS AND METHODS
i done of Camellia
The material used in 1he study was amples of a tnplord ¢
The mmterials were collected mainly from the breeding fields of United Planters Associstion of South India (UPAST), Tea
Rescarch Institute, Valpari in Tamilnadu, UPASL Tea Rescarch Sub Statiom, Vandiperiyar and Merchislon Tes Estate,
Ponmudi both in Kerala. Por mitotic study, rool Vipe from the nursery stocks os well as stem tips were used

arsamica. named Sundaram or UPAS]. y

Root tips were collected at different imtervals berween 6 and 9.30 am, pretreated in hydroxyquinoline at 4° C for
2 h and then oeed in modified Camnoy's fluid (95% etlyl alcohol, chloroform, glacial acetic acid in 6:3:1 mtio) for about 24
h and squashed in 2% acetocarmine. Stem lips were likewise collected between 6 and 930 am. and pretreated in
p-dichl Jution (satursted in distilled water) for 3 b wt 4° C, fined in Carnoy's Muid for 12 h as described by
Dezbanush (1968) and Cherian & Stephen (1981), hydrolysed in IN JCT and stained in 2% acetocarmine. For meiotic study,
young fower buds of intermediate size were collocted between 6 and 8.30 a.m,, fixed on Farmer's Muid (95% ethyl alcohol
and glacial scetic acid in 1| mtio), for 24 h and squashed in 2% acetocarmine solution. Photomicrographs were made from
fresh cytological preparations.

Pollen sterility was determincd by using mawre flower buds just before anthesis. Pollen grains were dusted on glass
slides and stained with 1:1 mocture of glycerol and I% scclocarmine solution by gentle warming. Fully stained and regular
pollen grains were counted as fertile and others as sterile. A comparison between the diploid and triploid C. assamica was
made in morphology, anstomy and analysis of photosynihetic pigments by specirophotometry using Shimadzu UV visible
spetrophotometer (UV-2100 S) using $0% acetone cxtracts of tea leaves according 1o the equations of Mac Kinney (Simoval
1967). Lea! anatomy of C-sénensis was also studied.

OBSERVATIONS
Acctocarmine squash preparations of meristamatic shoot tip cells in the mitotic metaphase
showed 45 chromosomes (3x=45) as i Fig.1. Mitosis was regular. Acetocarmine preparations of
pollen mother cells (PMCs) showed prevalence of trivalents at pachytene, diplotene, diakinesis and
metaphase | stages. The variation in the number of trivalents, bivalents and univalents among
different PMCs was scored and summerised in Table 1.

The formation of trivalents could be traced from pachytene stage onwards. Fig.2 shows a
PMC in diplotenc stage showing several trivalents, bivalents and univalents. Some new trivalent
configurations as shown in Fig. 3 were also encountered. Metaphase 1 preparations also showed
varying number of trivalents, bivalents and univalents (Figs. 4-6). Anaphase I was characterised by
irregular disjunction of the homologues in trivalents (Figs. 7, 8). Fig.9 shows a PMC in late
telophase 1 with bivalents and univalents lagging in the equatorial region of the cell. However, some
PMCs are normal, Fig. 10 shows late anaphase 1I with 2 lagging chromosomes and unequal
distribution of chromosomes. Telophase 1 with irregularities especially the formation of two
additional chromosome groups is represented in Fig. 11. A PMC with 8 daughter nuclei with some
laggards in the cytoplasm is represented in Fig.12. Fig.13 shows a tetrad in which two daughter
nuclei are larger and two are smaller. Pollen sterility in the triploid was higher (97.72%) as
compared to that of diplowd tea (17%).

Flgs. 1-7:

Omman & Stephen: Cytology of a iriplowl les

Cytology of a inploid clone of Caysamica, UPASI-1 (Sundaram). 1. A shoot tip cell & mitotic metaphase. 2, A

PMC at diplotene. 3. A PMC at diakinesis. 4-6. PMCs st metaphase [ 7. lrregular d

ol ch
al anaphase 1. (all x 1500)
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Figs. 8-13:  Cytology of a iniplowd clone of C assamica. UPASI-3 (Sundaram) 8. Anaphase 1. 9. Late prophase 11. 10. Late

ph 11 with gul s in ch segregation. 11. Telophase 1L 12 Supermnumerary division
resulting in § daughter nuclei; a few laggands arc also seen 13 A letrad stage showing 4 unequal microspores.
(all x 1200)

Omman & Stephen: Cytology of & tnploid tea 5
TABLE 11 Frequency of PMCs st diskinesis and metaphase | with different constittions of tnvalents (I11), bivaleais (1)
and univalents (1)
Ty Ly I:.u_.rlw..ﬂl Cells with stickiness and
T4 13m m 12m 10w om I and 11 of 3 4 Varying
Y n In Wi Su 6y varying No. of
2 4 N Si 61 No. univalents
g 3% 1 _.,..\ 10% 4% ™% L) 2% e % 5%
TABLE 2: Estimation of photosynthetic pigr by s P Y
Sample Absorbance (nm) Pigments Craantity of pigments
663 645 480
Trploid (UPASI-3) 152 1.50 chl-a 0.04
chi-b 002
263 carotenoids 128
Diploid (C. assamica) 212 chl-a 0.03
L10 chl-b 0.01
1.94 " 0.93

Inspite of the higher degree of pollen sterility some fruits were found to develop. However,
at maturity there was nothing inside the seed. Sections of the maturing fruits showed that the
embryo developed up to the heart-shaped stage and then aborted.

Morphologically, this triploid clone showed an increase in leaf size, colour, internodal
length, flower size, number of petals etc. Leaf anatomy showed a single layer of palisade cells but
the cells were larger than those in diploid C assamica, in contrast to C.sinensis where the palisade
was double-layered and composed of smaller cells. Guard cells were bigger in size as compared to
those of C.assamica. The subsidiary cells showed a marked similarity with C assamica but differ
from those of C.sinensis. The quantity of photosynthetic pigments in the triploid was much higher
than that of the diploid variety as represented in Table 2.

DISCUSSION

The basic chromosome number of the genus Camellia has been established as x=15
(Morinaga et al. 1929, Janakiammal 1952, Barua 1963, Longley & Tourjee 1959, Kondo 1978,
Cherian & Stephen 1981). In the present study, the material showed 2n(3x)=45 in stem tip and root
tip cells. This is in agreement with the report of Karasawa (1935), Janakiammal (1952}, Bezbaruah
(1975), Kondo (1975) on the chromosome counts of triploid tea growing in their localities and that
of Jayasurya & Govindarajulu (1973) on the triploid clone presently investigated.

The most frequent formation of 13 trivalents and occasional occurrence of 14 trivalents
(Table 1) and the total counts of individual chromosomes in mitotic metaphase as 45, excludes the
possible origin of this clone by trisomy of a few chromosomes and confirms that it is an
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i dub findings of Jayasurya & Govindarajulu (1973)
‘rorripliid 'BF € dssammicn i %ﬂx_f.&:s:ﬂ ﬁz .__. _”wﬂ. G Ja aitn o the.claseical trivalons
who have also reported a a&rﬁ:s & Bakesloe (1924), Riley (1948) Sybenga (1972, 1975),

wis e “__du ” ting’ tly due to variations in chiasma formation
gural .Q.Jto.a 381 rved

wninee b
ansizrvDifficulties encountered i’ the disjanction of constituent chromosomes of trivalents at

r_m?mr._ip_ll_aiuﬁgan!a@aasazﬂis.583."8__,.55_3_«
‘were found to lag and in some others 2 chromasomes move to ane pole and one to the opposite
pole. Laggards were also reported in diphitl iR tétweén C sinensis and C.assamica by Cherian
4 Stephen {1981 )-and in tetraploid clone by Kondo %33 Most of the _zamp.__u_._:nm in the first
diWiSIOR of meiosis have been réported in-the sutotriploids of other plants (Riley 1948, Sybenga
1975). Cytoplasmic fusion between adjacent PMCs resulting syncytia observed in —_.zm ..:Eo._n, was
similar ' the situation reportéd by Kondo & Ackerman (1978) in the amphidiploid clone of
"Fragrapt Pink Improved” (B Sunwy

Sécond division of meiosis in PMCs was also abnormal. Mostly, hyperhaploid number of
o:-catﬁu were seen as i wﬁ_c In a few cells, clumping and stickiness of chromosomes
causing non-disjunction of daughter chromosomes were encountered. Disposition of a pair of
telophase 11 puclei ot right angles, 1o-another, is & new phegomenon, found in some PMCs. The
QSFUTERES ﬁmw mw__m.%wf%w!;fﬁs Fig12, may be exphined to be the result of
micronucler formation by the agercgation of Jagging chromosomes as seenin Fig.11. There is also
possibility of a third division by which 4 daughter nuclei get duplicated. Size of these daughter
TICIET 15 Smiblfér thatt the vrmalones dnd hendd, the nw.n_nrmtzk_o.,._ .u_.ﬂuos_a, more appropriate.
Micromiclet fiifmition “has Bech rEpotted by Koiido (1978) i tetraplaid tea. Nevertheless,
%?_ﬁ?_mfr?%mzﬂ been | __ v, E N_R__._...‘éa,goo_m_m* ﬁ,o..mv:..?hn:.g sultani
MM S Ninbosdiny 19741 and i dipfoid hybrid ea (Cheran & Stephen, 1981), The occurence of
rigd, betrads and pentads of misrosperes formed s the reflgstion of meiotic irregularites in this
5u§mgo=n of Cassamica. The aberrant mejosis in this autotniploid clone is responsible for high
incidence of pollen sterility. Fertile pollen grains are those which receive at least a haploid or

&v_oﬁuﬂnna:ﬂ:;ﬁ;!n_ouu..§1\§oq§90nmﬁsvoawzﬁm&vn»zo:no
guercome melotic, irregularitics at least in a few PMGs. Reports of such positive adaptations in
autopolyploids have been reviewed by seyers authors {Siebbins 1940, Riley 1948). The embryo
doss ot develop heyond Jieart shaped stags, in this tiploid and benee nothing is found inside the
sgeds, At matunity, Data, from merphalogy, anatomy: and. pigment analysis of this tniploid UPASI-3
show characteristics.of polyploids as-eompared to its diploid progenitor, C assamica |
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STUDIES ON BIOSYSTEMATICS AND CLASSIFICATION IN THE GENUS
ALYSICARPUS

C.K JOHN®*
Depariment of Botany, University of Poons, Pune 411 007

(Received 9 July 1993, revised accepted 20 December 1993)

SUMMARY

Karyotype analysis, nuclcar DNA estimations, study of chromosome pairing,
attempts at hybridization, comparison of the storage proteins, albumins and globulins
on the basis of their clectrophoretic mobility as well as a comparison of the
isoperoxidases were made in A hamasus, A.monilifer, A.vaginalis. A.vaginalis var.
nummularifolius, A bupleurifolius, Alongifolius, A pubescens. A.rugosus var.
heyneannus, A. rugosus var. styracifolius, Atetragonolobus and A. belgaumensis.
These studies have shown that A.be/gaumensis has a higher chromosome number,
n=11 as compared to the rest of the species which have n=8. 4C nuclear DNA value
in this species is also observed to be higher but the per chromosome DNA content is
comparable to thosc in the members of subgenus Microcalycinae. Attempts of
hybridizations between A. belgaumensis and other species of Alysicarpus were not
successful. Similarity indices for storage proteins and isoperoxidases also indicated
A belgaumensis as a distinct species. A comparison of storage proteins in
A.belgaumensis and 3 species of Desmodium indicated A belgaumensis as showing
more affinity towards members of Alysicarpus than Desmodium. In case of meiotic
chromosome pairing A. belgaumensis showed 3 quadrivalents indicating its origin
from the taxa having x=8 as the number. Thus the present study indicated the
existence of 3 subgencra under the genus Alysicarpus.

Key Words :  Alvscarpus, biosystematics, phylogeny. DNA, PAGE.

INTRODUCTION
Alysicarpus Neck. belongs to the tribe Desmodiae of Fabaceae and consists of species with
a potential for development into fodder crops for improvement of grasslands and for use as cover
crops in the plantations. It has 35 species distributed in Africa, Asia, Australia, Polynesia and
Tropical Amenica (Hutchinson 1964). Baker (1876) divided the genus into 2 groups viz.,
Microcalycinae, characterized by the calyx not longer than the first joint of the pod and

®  Present address: Division of plant tissue culture, National Chemical Laboratory, Pune 411 008.
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g‘iﬁ%wgiisﬁmlfio‘.,ﬁv& -.R_E, .wn:.
.l..!ﬂl in the fruiting stage. Danzell (1851) working on ___E.u.on western India described
A parvifiorss and named some of the collections from the same region as ;,:%Elﬁ.:.: Baker
(1876) transferred these 2 species of Ahsicarpus to Desmodium as  D.parviflorum and
Dronndifolium and did not assign any reason for this transfer. Prain (1897) states that ..G.Gm.ia
ikigi_éinﬂa;ng:iglbaiii!ﬂ5933:535::«
referred W us Ahwsicarpus in which they were originally placed by Danzell" and excluded
A parvifiorus (D parvifiorim) and A rotundifolius (D rotundifolium) from the Desmodium complex.
He suggested that these 2 species and 22 other closely related species A.belgaumensis and
A racemasus be placed in a group intermaediate between the 2 genera,

Four species of Alusicarpus, A belgaumensis A parviflorus, A.-racemosus and A rotundifolius
stand apart as they have intermediate characters between Alysicarpus and Desmodium. Prain (1897)
having realized the above situation created a new subgenus Desmodiastrum under the genus
Absicarpus 10 accommodate the above 4 species. Prior to the establishment of the genera
Abvsicarpus and Desmodium most of the species of these 2 and other related genera were treated
under the genus Hedysarum. During the segregation of the different species of Heydysarum, 3
species were included m Alvsicarpus and 33 species under Desmodium. Since then, several species
were added to both Alysicarpus and Desmodium.

Dutt et al. (1979) on the basis of chemical studies established that the genus Alysicarpus is a
natural and homogencous group except A.belgaumensis which is characterized by the conspicuous
absence of flavones and many phenolic acids. They observed that the taximetric study in the genus
Abysicarpus by Bhalla & Dakwala (1978) supports their findings and suggested the retention of A.
belgaumensis m Alvsicarpus, considening it as a third line of evolution along with Microcalycinae,
and Macrocalycinae which otherwise extends an apparent support towards Prain’s (1897) treatment
of the genus.

Earlier karyomorphological studies (Ohashi 1971, Sanjappa 1977, 1982) have indicated the
ndependent generic status of Alyvsicarpus and Desmodium having the most common base numbers
of x=R and x=11 respectively. Sanjappa (1977) reported n=11 for A parviflorus (referred to as
D parviflorum) and A rofundifolius (referred to as Drotundifolium) which led him to suggest their
inclusion in Desmodium rather than in Alysicarpus. Sanjappa & Sathyananda (1979) reported n=8
for A racemasus. John et al. (1986) reported 2n=22 for A belgaumensis, These chromosome number
reports alone cannot be of much significance in generic delimitation because distinct genera having
chromosome number n=11 were once placed under Desmodium but now separated. In addition,
Sanjappa (1977) reported x=10 as one of the base numbers in Desmodium which is not uncommon
in Alysicarpus (Meige 1960, Gadella & Kliphuis 1964, Hsu 1968).

Recently, Pramanik & Thothathri (1986) opined that the subgenus Desmodiastrum be raised
to the status of a genus so that it would act as a connecting link between the genera Alysicarpus and
Desmodium though the data in support of such a treatment are meager.

John' Biosystematic studies in Alysicarpus 11}

The objectives of the present investigation were to collect cytogenetical and v.a_nsnﬂ:n-_
data to elucidate the interspecific and intervarietal relationships as well as the systematic position
of the species initially treated as belonging to a scparate subgenus Desmodias(rum under the genus
Alysicarpus. The present investigation is also an attempt to answer some of the questions regarding
the classification within the genus Alysicarpus and deals with A hamosus Edgew., A monilifer
Edgew., A vaginalis DC., A vaginalis DC. var. mummularifolius (Microcalycinae), A buplewrifolius
DC., A longifolius Wt & Am., A pubescens Law., A.rugosus DC.var. heyneannus, A.rugosus DC..
var. stwacifolius., A.tetragonolobus Edgew. (Macrocalycinae) and A belgaumensis Wight.
(Desmaodiastrum).

MATERIALS AND METHODS
For meiotic studies, flower buds were collected in the forencon and fixed in 13 acetic-slcoh | for 24 b, th fer.
preserved in 70% alcbhol. Squash prep were made in 2% Feul

ulge Jens y using & Vicker's
M 86 microdensi was employed for DNA esii For crossing the species., the flowers were lated ot least
3 h prior 1o anthesis and bagged, pollinated at the time of anth and pod set checked afler one week Sced stormge profeins
were ted, f d and lyophilized (Kartha & Sethi 1957, Osb 1925). L 1i's (1970) method was. foll

for SDS-PAGE and for native PAGE, SDS was omitted from the gel and the clecirophoresis buffer. To study the zymogram
for isop id tandard p ) for the i lectrophoresis and stai 1966) were followed
Jaccard's similarity indices were determined 1o compare the protein profiles and the zy (Had et al. 1980)

OBSERVATIONS

A.belgaumensis has the highest amount of nuclear DNA content (4C = 13.19 pg). In
Microcalycinae the DNA contents ranged between 9.23 pg (A vaginalis) and 992 pg (A.vaginalis
var. nummularifolius). In Macrocalycinae it ranged between 11.06 pg (A buplevrifolius) and 12.48
pg (A.rugosus var. heyneannus. When per chromosome DNA amount was calculated it was
comparable to those in the members of Microcalycinae (03 pg), whercas the members of
Macrocalycinae have higher per chromosome values (037 pg). Meiotic chromosomal pairing in the
species of Alysicarpus except A belgaumensis showed only bivalent painng. In A belgaumensis a
variety of configurations were noticed viz, 11 bivalents (40%), 9 bivalents and | quadrivalent
(40%), 7 bivalents and 2 quadrivalents (14%) or 5 bivalents and 3 quadrivalents (6%). Only 16% of
all bivalents entered into multivalent pairing and the rest 84% remained as bivalents. There was no
pod-set when A. belgaumensis was crossed with other species of Alysicarpus.

In case of Jaccards similarity indices (SI) for the storage albumins and globulins,
A belgaumensis showed distinctness and more slanting towards Microcalvcinae. For isoperoxidases
also the species showed distinctness. One isozyme species was common to all the species of
Alvsicarpus studied. A.monilifer, A vaginalis var. nummularifolius and A bupleurifolius showed
closer relationships in sharing all common isozyme bands (SI = 100%). Similarly, A longifolius,
A rugosus var. heyneannus and A.rugosus var. styracifolius shared 3 common bands (SI = 100%)
and A pubescens and A tetragonolobus also shared 3 bands (SI= 100%). 4 belgaumensis showed 2
common bands with A hamosus and A vaginalis, while it shares only one band with rest of the
species. With species of Desmodium the similarity indices A.belgaumensis showed was less than
that it showed with members of Alysicarpus (18.18, 16.67 and 10 for native albumins, 3.33, 16 and
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0 for SDS- albumins, 10, 2.56 and $.56 for native globulins and 9.3, 4.17 and 9.3 for SDS globulins
with D heterocarpum, D laxiflorum and D triquifum respectively).

DISCUSSION
The classification within the genus is based on the pod morphology. Though n.sn _xx_
character forms the basis of classification within the genus, the morphology of the pod is quite
distinct in the species and varietics. The main delimiting character between Alysicarpus and
Desmodium is the turgid or flat pod character. In this respect, A.hamosus (Babu 1974) and
A belgaumensis show an intermediate character between turgid and flat pod morphology.

Cymwlogical studies have shown that x=8 is the most common base number in Alysicarpus
and x=11 is the most common base number is Desmodium, In Microcalycinae x=7 and x=10 (Hsu
1968, Kappali & Patil 1987) and in Macrocalycinae x=10 (Meige 1960, Gadella & Kliphuis 1964)
are also known as base numbers. In species under Desmodiasfrum x=11 is the most common base
number (Sanjappa 1984, John et al. 1986), x=8 is also reported (Sanjappa 1979). Thus the
chromosome numbers known so far indicate that x=7, 8,10 and 11 are the base numbers in
Alysicarpus. In Desmodium though x=11 is the most common base number, x=10 also is known
(Sanjappa 1977, 1984). These chromosome numbers alone cannot be parameters for generic
delimitations because there are distinct genera having chromosome number x=11 which were once
under Desmodium but now being scparated on the basis of other characters. The common base

numbers in Alysicarpus and Desmodium can at the most considered as indicative of close affinity
between the two genera.

Observations on the chromosome numbers and karyotypic details point towards 3 lines of
evolution in the genus Alysicarpus. (i) Microcalycinae: Base numbers x=7, 8 or 10 where 8 is the
most common base number ; lower length of the chromosome pairs and hence lower total length of
the chromosome complements; lower degree of asymmetry of the karyotypes. (i) Macrocalycinae:
Base numbers x=8 or 10 where 8 is the most common base number; higher individual chromosome
pair lengths and higher total length of the chromosome complement; higher karyotype asymmetry.
(111) Desmodiastrum: x=11 is the most common base number, x=8 also is known; lower length of
the individual chromosome pairs but higher total length of the chromosome complement due to the
addition of three chromosome pairs, probably due to aneuploidy; higher karyotype asymmetry,

Thus, the observations on the karyotypic details are in agreement with Prain’s (1897) classification
of the nn...rl.r

The 4C nuclear DNA contents in the species and varieties of Alysicarpus also indicate 3
lines of evolution in the genus,

(1) Microcalycinae: 4C nuclear DNA content lower and hence the per chromosome DNA
content also lower. (ii) Macrocalycinge: 4C nuclear DNA content higher and the per chromosome

UZ)oosS!u—!..E—ﬂ..E&bﬂ!o&Ewei.oﬁE—ngcg content higher but the per
chromosome DNA content lower,

John: Biosymtematic studies in Alvricarpus 13

The clustering of the 4C nuclear DNA contents in the En:_una of different !&nnan.-
indicates them as natural groups. The higher 4C nuclear UZJ__ 4“_8 in L.Iﬂi points
towards its possible origin through aneuploidy. Its similarity with t Bnag.-. _ of Microcalycinae
in case of per chromosome DNA contents points towards jts possible origin from -S_..u member of
Microcalycinae or both A. belgaumensis and the members of Microcalycinae as originated from the
same ancestor/s.

The observation of only bivalent pairing at diakinesis in species and S_.:a._n- w!:.d
chromosome number n=8 and regular 8:8 segregation prove them to be regular diploids. .:._I
indicates the homology between the parental genomes and the species and varicties having
chromosome number n=8 as diploids. In A belgaumensis the observation of n!mg of 3
quadrivalents further supports the view that this species is a derived ancuploid since this specics has
3 additional pairs of chromosomes than the diploids. The observation of higher frequencies of 11
bivalents and 9 bivalents and | quadrivalent pairing indicate that probably one of the additional
pairs of chromosomes is a duplication. The lower frequencies of 7 bivalents and 2 quadrivalents and
5 bivalents and 3 quadrivalents associations indicate these 2 additional pairs of chromosomes as
possibly duplications with structural alterations or alien chromosomes with partial homology with
some of the chromosomes of the diploid complement. In A belgaumensis also the chromosome

segregation at anaphase | and anaphase II is normal. This indicates the species as a stable
aneuploid.

The higher percentage of pollen fertility in A.belgaumensis indicates this species as a stable
aneuploid. Experiments on cross pollination between the species and varieties proved them as cross
mcompatible. This indicates the existence of cross breeding barrier/s between the species and even
between the varieties. The occurrence of common bands in the native albumin, SDS-albumin and
SDS-glubulin profiles of the species and varieties indicate the homogeneity of the genus. The
species and varieties under Microcalycinae showing higher similarity indices between them than
with the members of Macrocalycinae or A.belgaumensis proved the subgenus Microcalycinae as a
natural group. Similarly, the member of Macrocalycinae showing higher similanty indices between
them than with the members of Microcalycinae or A belgaumensis proved the subgenus

Macrocalycinae as a natural group. The study of protein profiles again points towards 3 lines of
evolution.

To study the differences in case of a homologous protein peroxidase isozymes were analysed
and compared on the basis of mobility of the major bands. The occurrence of a band peculiar only
to A.belgaumensis (Desmodiastrum) further indicates the distinctness of this species from the other
two subgenera. From the isozyme profiles of peroxidases, in Microcalycinae, A monilifer and
A.vaginalis var. nummularifolius appears to be closely related, in Macrocalycinae, A. longifolius, A.
rugosus, var. heyneannus and A. rugosus var, styracifolius appear to form one group and
A pubescens and A tetragonolobus appear to form another group. A.bupleurifolius shows
distinctness from the rest of the species under Microcalycinae. A belgaumensis shows more
closencss towards A. hamosus than to other species under Microcalycinae or Macrocalycinae.
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Thus there appears to be 3 different lines of evolution in the genus (1) Microcalycinae, (i)
Macrocalycinae and (i) Desmodiastrum. Either they originated from the same -__.nlj_ stock or
Microcalycinae represent the primitive group from which other 2 subgenera originated. In
Micracalycinae there are 3 groups (i) A hamosus, (ii) A vaginalis and (iii) A monilifer and
A vaginalis var. mommularifolius. In Macrocalycinae also there are 3 groups (i) A.?iﬁiﬁiﬁ.
(i) A Jongifolius, 4 rugosus var heyneanmis and A rugosus var.styracifolius and (i) A pubescens
and A fetragomolobus. The observations made in the present investigation extend support to Prain’s
(1897) classification of the genus.

In case of A belgaumensis the observation of higher similarity indices with members of
Microcalvcinae 1s compared to the very low similarity indices observed with the species of
Desmodiom analyzed docs not agree with the consideration of this species as belonging to
Desmodium (Baker 1876, Sanjappa 1977, 1982) or Pramanik & Thothathri's (1986) consideration
of the subgenus Desmodiasinim as a scparate genus.
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CHROMOSOME POLYMORPHISM IN EASTERN HIMALAYAN MAIZE
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Division of Genetics, Indian Agricultural R h [nstitute, New Delhi 110 012

(Reccived 10 August 1993, rovised sccepted 30 November 1993)

SUMMARY
Antiquity and diversity of maize grown by tribals of eastern Himalayan region
is impressive. The chromosomal polymorphism in 45 native maize races of this
region has been presented and discussed. The presence of heterochromatic block,
satellites, B-chromosome, abnormal chromosome 10 and some new knob forming
positions have been observed.

Key Wards:  Maize, ch knob, polymorph

INTRODUCTION

Eastern Himalayan Region of India stretches from 22°N to 29.3°N latitude and 88.05° E to
37.24° E longitude. The altitude of the region ranges from 97 m in the plains to as high as 5000 m
above M.S.L. in the hills. The region comprises 7 states of northeast (Assam, Arunchal Pradesh,
Nagaland, Manipur, Mizoram, Meghalaya and Tripura), Sikkim as well as districts of Dareeling,
Coochbehar and Jalpaiguri in West Bengal. The wide variety of maize ecotypes is cultivated by
aborigines in small isolated pockets in the region since many centuries (Stonor & Anderson 1949,
Singh 1977). The antiquity and diversity of maize in the region has attracted the attention of many
evolutionists (Dhawan 1964, Sachan & Sarkar 1982, Kumar & Sachan 1991). The present study
deals with the chromosomal polymorphism in the maize of this area.

MATERIALS AND METHODS

The 45 local races of maize grown in different geographical areas of eastern Himalayan region were available in
Division of Genetics, Indian Agricultural R Institute (IART) New Delhi. These maize strains belonged to Nagaland
(10), Tripura (10), Meghalaya (10), Sikkim (10), Arunachal Pradesh (2) and Assam (3). The strains were grown at the
Research farm of IARIL New Delhi in the kbarif season of 1988, The young emengng tassels were fixed in ethanol scetic
acid (3:1) and stored at 4:1°C. Pachytene analysis of pollen mother cells (PMCs) were done by normal scetocarmine squash
method. Tassels of al least S plants were analysed for cach maize strain. Knob position of each individual chromosome were
identified following the standard pachyrenc karyotype of maize (Longley & Kato 1965, Neuffer et al. 1968 ). Mcan relative
lengths of all 10 chromosomes snd their arm ratio were d in 12 rep ive strains to have an idea about the
differences in their length. The PMCs were also studied at diakinesi for the p or absence of B-chromosomes and at
anaphase and telophase for tracing the course of B-chromosomes and for other cytological observations. The presence or

Dey of Genetics, Rajedra Agricultural University, Bihar, Pusa (Samastipur) 848 125.



TABLE I Mean relative length and S.E. of pachytene chromosomes in northesstern Himalayan maize.

Collection

— —

Nos. .
1 n m v v vi il viil X X
s-10 1681 £023 13912041 12954021 [1.SH£024 10842044 793:020 7182024 7242032 6932029 4672007
821 1B03 2060 1281£074 12475020 1045£025 9125038 R712047 7995025 K2120327 7692026 5022041 E
s24 17412033 12824025 11954072 10872032 997204 R67£037 7592042 7402030 6922055 6262029 s
S38 16375048 13645035 13524063 12054035 10172038 RS524036 BISL042 7712040 5401051 4282030 i
»
17 1397 040 12782042 12344059 1106£052 11.19£036 986£032 9412033 7781040 S98:016 553029 i
T-18 4482062 12862048 12495052 11304037 10264045 B765027 #25:054 KI7L03) 7262024 APLAESS %
121 15745073 12955054 12594015 10945049 0874007, 889£037 RS52:037 789:025 6862022 5832021 2
Al 1S80£026 13462034 13172043 11075072 10925036 BA42034 7962031 RI2:031 752006 TR0 :
Mo1S 15555040 13152062 12682047 11034078 10242026 B67204) 8242038 7662021 7342031 5422041
N-23 14342064 12752053 11912040 11155052 1029:023 9802033 9045045 K£I:038 7032021 4802027
N-26 15125060 13694017 13382028 11872043 10154054 8802025 8452050 783 2048 611:050 4762013
N-3§ 13602025 12905060 12.15+057 1068+034 10325016 9232028 907:042 B52:026 748:045 555:0.8
LY
TABLE2:  Amm mitio and S.E. of the p h in nonh Himalsysn maize
Collection Chrosomes
No.s
I I i v v vi il vinl e, - X
510 1275002 1482009 2152012 167:002 1222005 5984030 2805004 313014 2022002 262=014
521 1152009 1322005 2172005 1672006 1I8:006 648048 2515007 3074002 2075008 248007 i
s L14200) 1252003 2215006 1962003 1225006 6745008 2735006 3224006 2145004 2574008 §
538 1205000 LI6£003 2102007 1891007 1121001 689:007 2705007 3295007 2111004 255004 {
12 1265001 1192003 2055004 1771004 1082003 632012 2504012 2962003 2105007 255503 g
TI8 1222002 1212001 1SW:001 1971001 109:00) 6421002 2505005 108004 2195001 252002 31
3
121 1295001 1232003 2055004 1971002 L17:005 7004005 2625006 3145003 2121002 253006 %
Al L30£004 1452006 2032005 1823005 106003 6304019 2521008 155000 2102002 2585012 !'
M-15 1172002 119012 1902005 2041003 LI42003 5795015 2555006 1072002 200009 262003 g
N2 IBL00T LISL004 1992002 2105007 1072001 6705004 2641003 XI72002 211:005 260 500
N-26 1334002 112004 2N20M 1962002 1052002 6602004 2455005 IW00) 2105005 2632008
N3 93005 1420002 2050004 2065015 1072003 6351005 2652000 3102007 202200 249 2007
e

—— s
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L _tic Wocks on the long arm of second r?.-:.s..t._:l-
" me. he

sbsence of sitellites on the short arm of sixth 2 ncladed in the present study.

and sbrormal chromosome 10 (K _E!!u—lli;l-!!!.

SCUSSION
-ww”_:_.“«? of a strain was transformed into a_w.:.a
Data related to total length of a differential condensation. The relative r:..w:. and arm ratio
length to avoid any discrepancy due to dif . e YT grovinsed in Tobied N. g
>l s i .,u_ﬁ Jative lengths of different chromosomes in different
Marked &n.n.a.ﬁl were observed in the re A In o of T (Tripus) and N.3
or ey _M.-.M” e ﬂ.e of different chromosomes did not exhibit any such significant
(Nagaland). r, arm ra
difference.

chromosome i Himalayas (NEH)

presence of abnorm 10 (K10) in the northeastern .
i rare v&:n&.ﬂhiﬂha Tripura and Nagaland strains only in very low frequency. The
8!35..5 having K10 were N-37 (Nagaland) and T-17 (Tripura). However, B ..”Eo..:owoa..ﬂ was
382&5-5 maize i from Sikkim, Tripura, Nagaland and Assam (Table 4) in a much higher
mjcsasfaaasoaauaﬁ were found in 9 out of 45 collections studied. Collections from Assam

:

(AS-59, AS-60) and Sikkim (S-21, S-24 and S- 29) had 1 or 2 w.nv.—d_.:OmoEnm .mem__w—x_
S_Ens...ua {N-24, N-29 and N-44) had 1-3 B-chromosomes and the lone Tripura collection (T-17)
possessed 2 B-chromosomes.

i i ighest in maize strains of

The presence of satellite on short arm of sixth chromosome was hig|
Tripura and >lu_”n3.-vt 4) in comparison to those of Sikkim and Nagaland (40.0 and au.od\o
respectively). Satellites were absent in both the strains from Arunchal Pradesh. Ion.n.dor-osn:n
block near centromere on the long arm of chromosome 2 was observed with a very high frequency

TABLEY: § y of knab comp in north Himalaysn maize.
Region No.of Mean Range  Total Commaon knob position New  Rare knob positions
wll.  knob knob knob
Ne. position
Arnunachal
Pradesh 2 BS 7-10 Il 31,4165, 6Lb, 8La, 9ST - -
Assam 10 67 68 9 2La 41,68, 6Lb, 7L, 8la, - 5L,7ST
95T
Sikkim 10 5B 9 (L] 2La, 41, 68, BLa, 9ST - 28, 48, 7ST, 8Lb
Meghalaya 10 59 48 16 20ad4L,65,6Lb,7L 8La, LT 1S, ILa, 5L, 6La,
9sT 8Lb.
Nagaland 10 71 39 1% 20adL,65 6Lb,8la, 9ST K10, 1Sa, 2S, 10La
9Lb
Tripura 10 73 #1120 20ad4L6S, 6, 8La,9ST K10, 1Sa,2S, SLb,9La
1Lb,
2Lb

Kumar & Sachan: Chromosome polymorphism in maize 21
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Flg. 1:  Unusual positions and sizes of heterochromatic blocks /knobs in nonheastern Himalayan maize. *A_ 1Lb knob
:_a..u.-w._.-iw_.._.rlowiz.g.oﬁ,nun.'gi._..—q.D.<l.vr‘Eg_lu.‘.z.l.p
Satellites in tandem near 6S knob in N-44, F, Large b h ic block inating long arm of
n-..dn.eu_on.au:.z-uu‘o.riegfw.w-.;#!maa!'u-ua.rc;rn‘agnl
wvm_.._.Fs—.IuENn.F—Havm-m.u.__.FCE-{l—l.uuonagwt?Nro\a_tiEE'
m.wu.?_.u—.vr!vv..a.U_N.Z.<nQFiFEF?~Q.D.CE!E‘.!#EI.T”
_Laﬂm._.rso&.-ﬂ.u\-gc:gmhz-uu.ﬁ.ﬂ—ngiz.wd.a-_!l_!i%ra
1-A,B.C & Q).

Table 5. Most common knob forming positions in this area are 6 S, 9 ST, 2 La and 4 L. Presence of
some new knob positions, viz., 1 Lb, 2 Lb, 2 Lt and 9 Lb, have been observed for the first time in
different maize strains. Interestingly, all these new knob positions have been recorded on long arms
of different chromosomes namely, chromosomes 1.2 and 9. All these knobs are small except the
medium-sized knob at 2 LT. Two such new knobs at 1 Lb are present in 2 different maize strains
from Tripura, namely, T-7 and T-17 respectively, whereas 2 LT knob was observed in M-240
collection from Meghalaya and 9 Lb knob in N-52 from Nagaland. The presence of these new knob
positions in different regions of NEH suggests their adaptive value. They also indicate the
uniqueness of NEH maize. Some unusual new knob positionsat 7L, 8 S, 8 L and 10 La positions
in Himalayan primitives had been reported earlier also (Gupta & Jain 1971). In a series of reports
on interspecific hybrids in maize, it has been observed (2) transposition of knobs from terminal to
internal positions, (b) knob amplification and (c) interconversion of knob from heterochromatic
condition to euchromatic condition and vice versa (Eubanks 1986, 1987, 1988). It has been
suggested that knob DNA may change in alternate form of heterochromatin and euchromatin during
the period of genomic shock. Origin of knob at 2 LT position in one of Meghalaya strains can be
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of 1 Lb, 2 L, and o,_r.w Jﬂ“ o
: i 3 I-_z‘naun as suggested by 1er workerg
explained as inversion Q..ﬂ.“.“_—!ir! or upequal ni”“_””_.gow positions in NEH maize cap
be explained on the basis 1984). Hence, the OriBIR & L0 e its introduction in NEH iy
(Jotshi 1982, Pereira & w-n.r . 1o unusual climatic 3-55&._% along with usual ones on
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of the maize strat
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INDUCED MUTANTS IN YELLOW SARSON

FOUZIA ZAREEN AND PRATIBHA DEVI

of Dotany, Osmania Uni y. Hyderabad 500 007
prehistoric times. AL the same time,

(Received 24 May 1993, revised accepted 2 November 1993)

SUMMARY

A wide range of macromutations were induced in 2 sub-varieties (TM-17,
TM-21) of yellow sarson, Barassica campestris L.var, Sarson Prain by gamma rays,
diethyl sulphate (dES), maleic hydrazide (MH) and a combination treatment of
gamma rays and diethyl suplhate (dES). The different categories of macromutants
isolated in both the sub-varicties presented significant advantageous traits like large
pods with large seeds and certain seed type mutants like bold-seed mutant and
tiny-seed type mutant. A comparative study of the mutants resulting due to different

mutagenic treatments showed that the mutation frequency was random for different
characters and varied within the treatments,
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INTRODUCTION
Among the various oil yielding crops grown in India, mustard occupies a prominent
position. It is the major rabi oil seed crop of the country. The mustard plant especially yellow sarson
is not popular in Andhra Pradesh and so attempts have not been made to select improved varicties
that can adapt well to the local climatic conditions, to produce maximum yield. Hence, 2
sub-varicties of Brassica campesiris L.var. Sarson Prain viz., TM-17 and TM-21 were selected for

SACHAN J K § & SARKAR K R 1952 Plant type of “Sikkim Primitives* Maize Genel Coop Newsl56 122-124
Delhi

SINGIH B 1977 Races of matze in India ICAR New ¥

STONOR C R & ANDERSON E 1949 Maize among the hill peoples of Assam Ann Mo Bot Gard 36 355-404

the present study. The present study has been directed to induce genetic variability by means of

mutagen treatments to determine mutagenic efficiency and to screen the population for
advantageous morphological mutants with desirable attributes.

MATERIALS AND METHODS

The seeds of the 2 sub-varicties of yellow sarson were treated with the physical mutagen: gamma rays with 3
different doses of 20 kR, 40 kR and 60 kR and chemical mutagens: dicthyl sulphate (dES) and maleic hydeazide (MH) with 3
different concentrations of 0.5%, 1% and 1.5% and a combination treatment of gamma rays and dES. 250 seeds each were
subjected (0 gamma rays and presoaked in distilled water for 4 h prior 1o sowing, Similarly, 250 seeds each were presoaked
for 4 h in distilled water, prior 1o a 3 h with the h | gens and later washed thoroughly in
distilled water before sowing in the field. The seeds pertaining to each (reatment were sown in the randomized block design
field (RBD) with 2 replications and grown to matusity. Plants were screencd and s number of variants could be visually

detected in the M) ge ion and isolated in the M2 A wide mnge of macromutations were observed
in all the trestments (Tables 1, 2). Several mutants showed differences in pod characters and seed size,

o S S e .

S




Veolame 29 (1994
24 Journal of Cywlogy & Genstics

UL TS AND DISCUSSION
: RESUL J:c::... and seed type mutants produced are given i
Tabl a_._aahﬂﬂzn“ A.d_ﬂ ,ﬂn.:hhx“hﬁ.:-:a with the highest sanco:._r.wﬁsaﬂy..;ﬁ.._ frons 88
bles 1 o igs.1-3). ) . o i r
combination treatments of 40 kR + 1% dES in TM - 17 and 600 kKR .

all sced type mutants was recorded from |9,
The highest frequency of bold seed type and sm e St m
dES ._.n.ncdﬂq”_m and 40 kR gamma irradiation in case of ._1.7._*. “_ﬂ __samﬂzn?m“ .M”a ...m: rhn..ﬂ_._ﬂ.»“ ”_om.M
= rded from 1.5% y s
type mutants and small seed type mutants were reco ,
combination treatment. The highest number of mutants were recorded from combination treatment
T 5
of 40 kR + 1% dES in TM - 17 and 60 kR + 1% dES inT™ - 21.

The overall mutation frequency ranged from 1.6% to 467% in TM - 17 and 1% to 5.32% in
T™M - 21. However, with different doses and concentrations of the mutagens used, combination
trestments of gamma rays and dicthy] sulphate (dES) induced the highest frequency in both the
varieties, this was followed by dES, gamma rays and MH in T™ - 17 whereas in TM - 21, it was
followed by gamma rays, MH and dES.

All the pod type mutants and seed type mutants of TM - 17 and TM - 21 were further field

tested (M3) to asscss their true breeding nature. All the mutants discussed here were found to breed
true.

TABLE 1: Frequency and sy of mac stants in Mz popul in yellow sarson sub-var. TM-17.
Treatment Population Gianl sized  Abnormal Bold seed  Small seed  Total No. of % of mutants
pod mutant shape pod  type mutanl  type mutant mutants
mutant

Control 416 - = = -
Gamma rays

20 kR 95 1 1 2 4 8 2.02
40 kR 360 1 2 2 9 14 388
60 kR 325 2 1 3 1 7 2.15
Diethy! sulphate

0.5% 390 1 1 1 4 7 1.79 k,
1.0% n2 1 2 10 2 15 4.03
= M 2 3 2 3 10 293
Maleic hydrazde

g "o 3 1 1 3 8 202
A - ! 1 2 2 6 1.63
v — 2 2 4 4 12 3.42
Combination

20 kR + 1% dES as3 2 1 3 3 . 254
40 kR + 1% dES 342 7 " \ d o b
60 kR + 1% dES 136 4 4 ) 3 x e

F

wrin Zareen & Pratibha Devi: Induced mutants in mustasd

Figs. 1-3: 1 Giant-sized pod mutant. 2. Bluni tip pod mutant. 3. (A) Control. (B) Small seed type mutant. (C) Bold seed
type mutant.

Several reports were made by many workers claiming to have isolated advantageous as well
as inferior mutants by utilizing physical and chemical mutagens on mustard (Jacob 1956, 1957,
Mikaelson et al. 1968, Gustafsson et al. 1971, Zafar & Haq 1971, Fowler & Stefanson 1972, Kumar




in yeflow
TARLE 2 1!-[1:.&!.!".-51.&:! N
Small seed Total No. of % of

Treatment
Control
A \ 4 1 10 261
g = a ¢ 5 | 10 an
;A ”“ ” 3 4 2 12 161
60 kRt
2 1 3 2 B 204
5= ”” 2 - 3 2 7 1.86
"” 1w 1 1 2 - 2 147
. : 1 4 1.00
D5% 108 1 2
mn 4 3 2 1 10 269
"” k57 | 1 10 3 15 426
Combination
20kR + 1% dES 2 1 2 4 “ __“ w.mw
40 kR + 1% dES 145 2 1 2 12 X
60 kR + 1% dIS 330 ) & 2 1 18 532

& Das 1978, Badwal & Chaurasia 1979, Gomez Compocaesar 1980, Verma & Rai 1980a 1980b,
Das & Rahman 1988).

However, reports concerning the successful production of varied viable mutants in mustard
have also !1&?5&%5-:&3?.8?1&38&«.;&53 the Eau.maa pod
mutant (Rai 1957), coloured pod type mutant (Nayar 1968), bold-seeded mutant (Singh &
Srivastava 1975), and seed coat colour mutant (Varma & Rai 1980b).

The advantageous mutants recorded in the present study could be further characterized by
biochemical techniques and used in breeding programmes to evolve new improved varieties.
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SUMMARY

Dialle! analysis involving 8 x 8 (8 diverse genotypes and their 28 non-
reciprocal crosses) of tasar silkworm A. mylitta D. was conducted for estimating the
gene effects and the diallel analysis was carried out by Griffing method for 4 yield
component traits. Both additive and non-additive genetic variances were found to be
significant for different traits. Recurrent selection procedure for maximum

exploitation of the prevalent gene action is proposed for evolving high yielding tasar
silkworm vaneties,

Key Words:  Aniheraea mylita, diallel analysis, gene action, selection.

INTRODUCTION

The knowledge of gene action is essential for efficient breeding procedure leading to rapid

improvement. Limited information on gene action in A.mylitta is available (Siddiqui et al. 1988).

Hence, upﬂ?g.ﬁugnﬂagwﬁ%gunwg_ for estimating the nature
and magnitude of gene action.

MATERIALS AND METHODS
p in all possible combinations were made among ¥ isbreed lines of A mylitia viz. Ry, GEj,
GEz2, GEjy, Nagrii, Nagriz, ymg and Laria 8 st Central Tasar Research and Training Institute, Pisksnagri, Ranchi. The
distinguishi of the inbreeds are d in Table 1.

mEg:imui:lgirvuinpﬂg!rniliTlt[lonrt‘
_-qe._r_-!-u_..d!n-ns&l-l_.ﬁn_-qiu!ﬂn idered for one replication, Reciprocal were nol made in the
presenl investigation because Jolly et al. (1969, 1972) and Bardaiyar et al (1976) reported non-significant reciprocal
differences in Amyfitia. Observations were recorded randomly for equal number of samples from each replication for
absolute silk yield, cocoon weight, cocoon shell weight and silk rtio. Computation was made on the mean values of each
replication.

Analysis of variance of the data was done by the method detailed by Panse & Sukhatme (1961). The genetic
analysis of the diallel data was done by the procedure described

by Jinks (1954) and Hayman (1954 ab). Heritability was
carried out according to the method of Mather & Jinks (1971).
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TABLE 1, Parental inbrveds and their main festures.

Parest  Inbreed lines Main features

1 RSY Derrved from sal based ecomce Ruily, green Inrvee, grey cocoon, bivoltine, highet shell
weight. hugh yreld )

1 GE-1 ii!l&}‘gii!‘lt_%.r?i.m.
modertc yielder A selection from Daba ecorace.

3 GE-2 Cireen larvee, !li-’;i.'r‘.‘t-"t.%<l§,
A selection from Daha

4 ara Gireen larvee. grey l%.%iit.‘t:‘g.gﬂui‘s
denved from Daba ecomoe.

s NAGRL Giroen larvae, grey cocoon, bivoltine, highet shell weight, higher yielder, A selection
from (Sikinda x Dader ) x ( Laria x Daba)

“ NAGRL ozglagr_ipl.i;%.ridtf.)i{
from { Swkinda x Dada ) x (Lara x Daba)

J YMG Yellow larvac. grey and yellow eocoan, bivoltine, moderte shell weight, low yielder. A
sclection (rom Daba

L LARIA-% Derived from » sal hased ccorace Lana. higher yiclder with high shell weight, bivoltine
in nature.

RESULTS AND DISCUSSION

The analysis of variance (Table 2) showed significant differences between the genotype and
the progenies for all characters indicating the diversity of the chosen genetic components of the
parent. Component analysis was done 1o observe the contribution of additive and non-additive gene
cffects (Table 3).

The additive component ;: The estimates of additive genetic variance (D) were highly
significant for all the 4 traits,

The dominance component : The estimates of dominance components H' E&.Im.. were
significant at 1% level for all the traits. The overall dominance effect of heterozygous loci (h”) was
also significant,

TABLEZ: ANOVA for 4 yield chamcters in 8 x & diallel sel of crosses of A. mylitia.

Source DF Absalute silk yicld  Cocoon weight Shell weight Silk ratio
B ® (®) (%)
Replication 3 66730 005 0.01 041
Treatment s 2795161 Lo1** 0.75** 28.33*
Parent 7 2165268 0.51°* 1.06** 4R.52%°
Fi n 2796419 0.79% D6 21,445
Parest Fy ] TIR91.49%* 10.25%* 0.08** 73.08**
Error 108 296234 0.0 0.03 161

¢ Sigaificant at P = 0.01

Sinha et al: Diallol analysis in tasar silloworm 3

TARLE 3 Genetic parameters for absolute silk yield and its components in A. myliie.

Components Absolute silk yield (§)  Cocoon weight (g) Shell weight (g) Sifk ratio (%)
D 4640,10* ol 0.25% 11,73
F 149,49 0.4 0.03 (5]

1 18387.05¢ 0.42% 015 5.50%
2 16158.14% 0.34% 0.13% 451
b’ 8511.00° 125%* 0.25%* BRI
E 766.31 0.00 0.00. 0.39

* Significant at P = 0.05; ** Significant at P = 0.01,

The component F : This is measure of covariance between additive and dominance effects
and can cither be positive if u (the proportion of dominant or positive genes) _s greater than v (the
proportion of recessive or negative genes) or negative if u<v. In the present investigation, F was
positive for absolute silk yicld and silk ratio indicating the excess of dominant positive genes

whereas F was negative for cocoon weight and shell weight indicating that these traits were
carrying recessive and negative genes.

Ratio of the genetic components : The ratio and difference of the components have been
presented in Table 4.

The estimates of degree of dominance H1 were higher than for cocoon weight and absolute
silk yield indicating over dominance for these traits. However, partial dominance was observed for
shell weight and silk ratio as the value of H' is less than p,

The ratio H/4H denoted the mean product of Ui and Vi averaged over all the parents of a
diallel set of crosses, When uand v are symmetrically distributed i.¢., v =u = 0.5, the mtio will give

TABLE 4:  Proportions and differences in the genetic components.

Absolute silk yield (g)  Cocoon weight (g) Shell weight (g)

Silk ratio (%)

(Hy/D) 6519.52 188 o 0.68
Ha/al, 0.21 0.20 0.21 020
(4 DHy)+ F 1.03 0.52 0.84 121
(4DH))-F

bt 052 367 191 195
Hi-H2 222891 0.07 0.02 0.8
Heritability: Broad sense 081 0.62 079 0%
Narrow sense 0.40 057 04 0.10
Genelic advance in % of 4319 449 21.88 a68
mean

B e e R
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the value of H2/H!

= 0.25. In the present study all the traits exhibited asymmetrical distribution of
positive and negati

ve homozygous loci as the value is less than 0.25,

The ratio [(4DHI1) + FJ/[(4DH1) - F], which gives the relative value of dominant and
.Joolrj genes, for absolute silk yicld was about 1 (1.0385) indicating the symmetry in gene
distribution amongst the parents, f..:a other traits showed asymmetry in gene distribution as the

gﬂﬂoqgsg_g-i_gﬁn&ﬁ-?a,i.ﬂﬁg
investigation. The difference H1-H2 for all the traits, was far from zero supporting the findings
which indicate asymmetrical distribution of the positive and negative genes in the parents

the control of 2-3 genes. Contrary o this, the value of K/H?

: was less than 1 for absolute silk yield
égggnirwgfg_gs_g

one set of genes,

components, broad and narrow sense heritabilities were
calculated. Broad sense heritabilities

. ranged from 0.6126 to 0.8101 being highest for absolute silk
yield (0.81) followed by shell weight

(0.97), silk ratio (0.78) and lowest for cocoon weight (0.62).
The estimates of narrow sense heritabilities in respect of all

: traits viz., absolute silk yield, cocoon
weight, shell weight and silk ratio were 0.40, 0.57, 0.43 and 0.10 respectively.

Genetic gain : Genetic gain was worked out o
genetic gain was moderate 49.13%

n the basis of narrow sense heritability. The
while low gain was recorded for

-an_.uuﬁnﬂgnzrwa_n-bnuwo: weight respectively
cocoon weight and silk ratio.

Broad and narrow sense heritabilities were high for
the predicted genetic gain was moderate for these characters. High heritability was thus associated
with moderate genctic gain indicting that the additive gene effects contributed a major part in the
expression of these traits. Broad sense heritability was too high for cocoon weight and silk ratio but
narrow sense heritability were moderate for cocoon weight and low for silk ratio. Similarly genetic
gain was found to be low for cocoon weight and silk ratio. Thus narrow sense hertability and
genetic gain could suggest rather limited progress in obtaining better segregants in selected
families.

absolute silk yield and shell weight and

In any crop improvement programme, a superior homozygous line is essential to exploit
only the additive or fixable gene effects. Hence, knowledge of relative magnitude of the genetic
variance controlling the different traits is of great importance. In the present investigation, both
additive and non-additive genetic variances are prevalent for silk yield and its traits viz., cocoon
weight, shell weight and silk ratio as D, Hl and H2 were found to be positive and mw.m_:mnm.:r
Dominance component H1 was higher than D for absolute silk yield and cocoon weight indicating

the degree of dominance to be in the range of over dominance. On the contrary shell weight and silk
ratio showed partial dominance.

Sinka et al: Dialle! snalysis in tasar silkworm 13

The proportion H1/D was more than | for absolute silk yield and cocoon weight indicating
that non-additive components were higher for these traits, Similarly, magnitude of additive
<

omponents was higher as compared to non-additive components for shell weight and silk ratio as
(H1/D) was less than 1.

The choice of breeding methodology depends upon the nature and magnitude of gene action.
For full exploitation of the additive gene cffects intercrossing of the requisite segregants is
desirable. The presence of a significantly high proportion of dominance effects stress the need for

maintaining certain degree of heterozygosity. Under such a situation where additive and
non-additive gene effects are im

portant some form of recurrent selection programme should be
adopted for greater improvement.
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KARYOTYPIC STUDIES IN SOME SPECIES OF TRIFOLIUM
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SUMMARY

Chromosome numbers were reported for Trifolium glanduliferum Boiss., x
gracilentum Tor. & Gray, T. micranthum Viv., T bilineatum Fresen. and T.
caucasicum Tausch, Karyotypic studies were made in all excopt T caucasicum. All
the species were found to be diploids with 2n=16 except T. caucasicum which il a
hexaploid with 2n=48. Mostly, in all species of Trifolium chromosomes with median
and nearly median or submedian centromeres were observed.

Key Words:  Trifolium, hexaploidy, karyotype.

INTRODUCTION

The genus Trifolium is a member of the subfamily Papilionatae of the family Leguminosae.
There are about 248 known species of Trifolium distributed throughout the world of which only 20
species are cultivated. Some species of Trifolium viz., T repens, T pratense, T. incarnatum and T
hybridum are highly valued as forage crops. The chromosome numbers in some Trifolium species
have been reported (Wexelson 1928, Pritchard 1962, 1969, Britten 1963, Anderson et al.1972, Giri
ct al. 1981, Taylor et al. 1993). Chromosome morphology of Trifolium species has also been studied
(Pritchard 1967, Chen & Gibson 1971, Giri et al. 1981).

The main objectives of the present work were to determine the chromosome numbers and to
study the karyotypes of some species of Trifolium.

MATERIALS AND METHODS

Seeds of Trifolium glanduliferum Boiss., T gracilentum Tor. & Gray, T micranthum Viv, T bilim Fresen. and
T caucasicum Tausch. were received from the Dey of agr y, University of Kentucky, U.S.A. Source and origin
of seeds are shown in Table 1. For mitotic studies the root lips of 1-2 cm long were pretreated in 8-hydroxyquinoline for 5§ h
at 18°C. Pretreatment was done at 11.30 A.M, These root tips were fixed in acetic-alcohol (1:3). The root lips were then
stained in a mixture of IN HC1 and orcein (1:9) and kept i this stain for 24 hours and sqashed in 45% acetic scid
Chromosome number count was made. Camer lucida drawings were made at 10x100 magnification.

*  Bhagalpur university, Bhagalpur £12 007, India.
** University of Kentucky, College of Agriculture, Lexington, Kentucky 40546-0091, US.A.
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TARLE | Accession mumbet, origan and somatic chromosome numbers of Trifolinm species
Species Kentucky No USDA Mant Intro.  Source of origin Sat chrom Chrom. No. (2n)
No.
T Bilimeaum S.226-1 516744 Fihiopsa 2 16*
T comicasicwm S-150.2 516276 USSR ND i5*
T glandl iferm S-129-1 20 40Ah Turkey 2 16*
T gracilentum S 1384 516319 USA 2 16*
T micranithum S 1583 249756 Ureece ND 16

* Reponed for the Tirst time; ND Not determined

Chromosome counts were made in all 3 species but the karyotypes have been analysed only in 4 of them (7

glandwulifervm. T gracilemium, T micranthum snd T bilineatm). The chromosome categorization was made as suggested by

Adhikary (1974)

RESULTS AND DISCUSSION
Chromosome numbers of T glanduliferum, T gracilentum, T. bilineatum and T. micranthum
were found to be 2n=16 (Figs. 1-8). However, T’ caucasicum has the chromosome number 2n=48
(Fig. 9). These are the first reports of chromosome numbers of the species except for T
micranthum. Kliphuis (1962) had determined the chromosome number of T micranthum as 2n=16.

In T bilineatum (Sect. Loloidea) 2 types of chromosomes with median and nearly
submedian centromeres were observed (Fig. 6). A pair of satellited chromosomes was also

observed. The tomal length of chromosome ranged from 0.62 to 1.24 pm. The total chromatin length
was 16.74 um (Table 2).

In T gracilentum (Sect. Lotoidea) 2 types of chromosomes with median and nearly median
centromeres were observed (Fig.4). The chromosome length ranged from 0.62 to 1.53 pm. A pair of

satellited chromosomes was also scen. Total chromatin length was 19.10 pm (Table 3).

TABLE 2:  Karyotypic details of somatic chromosomes of T bilineatum

Chrom. pairs Long arm (jum) Shon arm (um) Tolal length (um)  Arm ratio (SL) centromere B
1 0.62 : 062 1 wu 1.00 m

2 0.62 0.62 1.24 1.00 m

a 0.62 0.62 1.24 1.00 m

4 0.62 062 1.24 1.00 m

5 0.62 0.62 1.24 1.00 m

6 0.62 031 093 0.50 nsm

7 0.31 031 0.62 1.00 m

- 031 031 0.62 100 m

Figs. 1-9:
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TABLE 3 Karyotypic details of somaiic chromasomes of T gracilenim

Cliri of al.: Karyotypie studies in Trifofium »

TABLE S:  Karyotypic details of somatic ch of T mlcranthm.

Chrom pairs Longsmm (um)  Shost aem (um)  Total length (um)  Arftratio () Centromere
1 09 0.62 1.9 0.6% nm
2 a9l 062 1.53 0.68 nm
3 091 062 1.5 0.68 nm
4 s 062 1.24 1.00 m
] 0.62 062 1.24 1.00 m
6 082 062 1.4 1.00 m
? o on 062 1.00 m
£ oM 03 082 100 m

Chrom. pairs  Longarm(um)  Shorarm(um)  Tolal length (um)  Arm ratio (S1)  Centromere

In T glandwliferum (Sect. Paramesus) 2 types of chromosomes with median and nearly
submedian centromeres were observed (Fig. 2). Total length of chromosomes ranged from 0.62 to
1.24 pm. A pair of satellites was seen. Total chromatin length was 16.48 ym (Table 4).

TABLE 4:  Karyotypic details of

1 0.91 0.62 1.53 0.64 am
2 0.62 0.62 124 1.00 nm
3 0.31 0.31 0.62 1.00 m
4 031 031 0.62 1.00 m
s 0.31 0.31 0.62 1.00 m
6 031 0.31 062 1.00 m
7 031 0.31 0.62 1.00 m
8 0.31 031 0.62 1.00 m

Chromo. pairs Long arm (pm) Shon arm (um)  Total length (um)  Amm matio (S11) Centromere
1 0.62 a2 1.24 L.00 m
2 0.62 062 1.24 1.00 m
3 062 062 1.24 1.00 m
4 080 031 L1l 0.3% nsm
5 0.62 o3 093 0.50 nsm
6 0.62 031 093 0.50 nsm
7 0.62 03 093 0.50 nsm
] 031 031 062 1.00 m

In T micranthum (Sect. Chronosemium) 2 types of chromosomes with median and nearly
median centromeres were observed (Fig. 7). Satellited chromosomes were not seen. The total length

of the chromosome ranged from 0.62 to 1.53 um. Total chromatin length was 12.98 pm (Table 5).

In T, caucasicum (Sect. Trifolium) the somatic chromosome number is 2n=48 (Fig.9) It is an
hexaploid with the base number of x=8. Karyotypes of the above species of ?NQ__.S_.. were
analyzed for the first time. The somatic chromosome number of T micranthum (as T .\Ec_w.d..&
with 2n=16 was in agreement with the previous report of Karpechenko (1925). In all species
examined here, the chromosomes with median and nearly median or submedian centromere were
observed. The total chromatin length was maximum in T gracilentum (19.10 um). In the rnQono
of Trifolium there is not as much difference in the type of chromosome than in other species. These
can be considered as more primitive. In some cases the chromosomes are nearly median types and

with a pair of satellited chromosomes. Specialized ones have smaller chromosomes (Swanson
1965). However, T micranthum has more number of median and short types of chromosomes.
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EFFECT OF MONOCROTOPHOS ON ROOT TIP CELLS
OF ALLIUM CEPA AND A. SATIVUM

S. IGNACIMUTHU AND M.V. KOCHUTRESSIA
Department of Botany, St. Jaseph™s College (Autonomous) Tiruchirapalli 620 002, Iadia

(Receved 21 July 1993, revised accepted 20 Seplember 1993)

SUMMARY

The cytogenetic and biochemical effects of organophosphorous systemic
insecticide, monocrotophos were studied in Allium cepa and A. sativim. The analysis
of root tip cells of treated plants revealed chromosomal aberrations. There was a
dircct relationship between the frequency of aberrations and insecticides. treatment.
Besides, various biochemical parameters were analysed and found that
monocrotophos interferes with many metabolic activities. The results indicate that
monocrotophos has cytotoxic properties and even acts as a mutagen.

Key Words:  Cytotoxic, biochemical phos, Allium cepa, A. sativim.

INTRODUCTION

In an agricultural country like India, there is a widespread and liberal use of insecticides to
increase crop production. Monocrotophos (dimethyl (E)-1-methyl-2-methyl carbomyl vinyl
phosphate) is one of the widely used broad spectrum organophosphorous insecticide. It is popular
insecticide because of its systemic and contact action against a wide range of pests including mites,
sucking insects, leaf ecating beetles, boll worms and other larvae. However, many of these
compounds and their breakdown products are known alkylating agents of DNA (Bedford &
Robinson 1972). Studies of various insecticides have shown that they do cause genetic damages
(Amer & Ali 1986, Adam ct al. 1990, Pratibha Devi et al. 1991). A continuous assessment of
genetic damage from limited exposure to organophosphorous insecticides is essential ( Degraeve et
al. 1984). Not much report is available with regard to the effect of monocrotophos. The present
work was undertaken with a view to assess the cytotoxic and biochemical effects of this insecticide
on root tip cells of Allium cepa L. and A. sativum L.

MATERIALS AND METHODS

Alliim cepa and A. sativium were chosen as the plant materials. The bulbs were grown in water. When the rool tips
reached a length of 2 cm, they were ferred 1o i icide solution with different concentrations of 0, 1%, 0:2% 0.3%,
0.4%, and 0.5%. After 8 h treatments, the root lips were excised, washed, fixed in Camoy's solution and preserved in
absolute alcobol, until further use. Squash prepamations using ine slain were made lo observe chromosomal
abnormalities. Sunderland & Mcleishs (1961) hod was followed for the esti of nucleic acids. Total arganic
nitrogen and protein contenl were esti d using microkyeldhal's method (A 1965). Buler soluble protein was
estimated using Lowry et al. (195 1) method. More & Stein's ( 1949) method was used to eslimate total free amino acid.
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RESULTS AND DISCUSSION P

There was a great reduction in mitotic zﬁﬂﬁzsoi.ﬂ%n.m.gnz# increased
(Tuble 1). This may be due to the inhibition of DNA synthesis Awn_.__ﬂan_.al ot -_.. _.3:.
Monocrotophos produced various types of mitotic abnormalities such as clumping, stickiness,
C-metaphase, fragments, laggards and bridges (Table 1). In A. cepa highest :B:o:&. of _-w.mvzv
(3.54%) and bridges (2.18%) at anaphase were seen in 0.5% concentration, In A, safivim, highest
frequency of laggards (2.42%) at anaphase were seen in 0.5% concentration, In A.cepa, there was a
stecp rise in the total percentage of abnormal cells (24.85%) at 0.5% concentration, Alkylating

TABLE |:  Chromosomal shaormalities 31 various of phos in Allium cepa and A. sativim
Species Concentmtion No. of cells observed Mitotic index (%) Percentage of cells
showing abnormality

Allium copa 00 S5 25K} 037

(A ] 2 1477 444

02 10245 11.59 1.50

03 12310 817 1193

04 18415 5% 13.40

0s 18718 458 2485

A sativim 0.0 4125 2809 02s

0.1 A668 23.50 264

D2 s417 18.00 7139

03 7RI19 10.58 10.64

0.4 STES 731 12,73

0.5 10116 6.54 16.34

agents are known to cause chromosomal breakage by binding to DNA regions rich in G-C pairs
(Cummins 1969). Anaphase bridges are formed due to unequal exchange of chromosomes (Pronoti
& Raghuvanshi 1986). Many workers have reported similar results in other materials (Kaur &

Grover 1985, Padmaja et al. 1986). Of the 2 species studied greater amount of abnormality was
recorded in A cepa than in A sativum.

With regard to biochemical parameters, in general, there was a dose dependent relationship.
As the concentration increased there was a decrease in DNA, RNA, buffer soluble protein and
amino acid (Table 2). The maximum reduction was seen in 0.5% concentration in both the species,
As the DNA and RNA decrease, the protein and amino acid contents also decrease indicating a
direct relationship between the two. Ignacimuthu & Babu (1988) pointed out that the decrease in
mean DNA content per cell is directly proportional to the decrease in the rate of RNA turn over,
Similar observations have been made by Santakumari & Stephen (1988), The reduction in buffer
soluble protein and total free amino acid indicates that monocrotophos interferes with nitrogen
metabolism as observed by Rost & Reynold (1985) in Pisum safivum.

Ignacimuthi & Koch in: Fffect of nh 43
TABLE2:  Diochemical effects at different loss of phos in Allium cepa and A sativim.
Speci C (%) DNA (mp/g frosh  RNA (mg/ fresh  Duffer soluble  Amino acid (mg/g
wi) wi) protein (mg/g fresh w1)
fresh wi)
Mean + SD Mean £ S.D. Mean £ S D. Mean . S.D.
Allivm cepa 0.0 26281 = 1.06 586.50% 1,50 18533 £ 0.74 2860 028
0.1 2181 £1.19 568.13 + 088 176.00 + 0.65 15.53 £ 0.34
02 21756 4 1.19 495943 1.19 1533321.15 13.87 £ 0.50
03 24242024 481001 £ 200 13107 £ 3.04 897037
04 172.04 + 0.8% 169.50 +.1.75 63.0720.02 6.00 033
05 107.52 + 0.65 116.5042.50 12672136 4274008
A, sativm 00 39236212 757.5021.50 205.07 2218 1220206
0.1 373382238 715.25:2.75 196.53 278 2087 + 0.09
02 355384325 69320 £ 195 190.67 £ 213 16.03 £ 0.21
03 39.01 £0.24 614.50:0.75 149.87 + 5.56 1520 £ 0.16
04 199.94 £ 0,19 481631088 123234 115 9.40 + 0.16
0.5 135.50 + 2.38 352.50+1.50 120.80 + 0.86 R27:025
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CYTOLOGICAL INVESTIGATIONS ON VERBENA HYBRIDA

P.G. LATHA®, S. GEETHAMMA AND K.V. BHAVANANDAN
Depariment of Botany, University of Kerals, Karisvattom, Trivandrum 695 581
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SUMMARY

Meiotic screening of 4 cultivars of Verbena hybrida Hort. viz., Purple White
Eye (n=5), Pinkish Scarlet (n=5), Shade of Rose (n=5) and Dwarf Sparkle (n=5) and
karyotype analysis of 2 cultivars, Purple White Eye (2n=10) and Pinkish Scarlet
(2n=10) have been performed. Both the cultivars showed asymmetric karyotypes.
The possible cytogenetic basis for the variation in the colour of the florets of the
cultivars is discussed.

Key Words :  Verbena, karyotype, meiosis

INTRODUCTION
Verbena comprises a set of lovely half-hardy ornamentals cultivated chiefly for their long
peduncled, brightly coloured inflorscence (Bailey 1928). ¥ hybrida Hort. the "florist Verbena', is a
summer bedding species with many cultivars. It is extensively grown as a garden ornamental in this
part of the country. Here, an account of the possible cytogenetic basis for the wide spectrum of
colour variations noted in the florets of 4 cultivars of V. hybrida is given.

MATERIALS AND METHODS
The root tips after p with 8-hydroxyquinoli and the flower buds were fowed in Camoy’s fuid (1:1:3
an..-on.o.n..-..o:,m!n.ﬂon-!l:-l!.l-rﬂl.fii‘llr!i?.ra!zﬂar
determined by the stainability of pollen in 1:1 g.gilgf'uri"ﬂ'ﬂnu}
readings were taken. .

RESULTS AND DISCUSSION
V. hybrida var. Purple White Eye
The violet-flowered variety showed 5 bivalents at diakinesis (Fig.1). The chromosome
number is 2n=10 (Fig.2). The karyotype is asymmetric. The length of the chromosomes varies from
2.01 um to 4.33 um (Table 1). Pollen sterility is estimated to be 60%.

*  Tropical B Garden and R h Institute, Palode, Trivandrum 695 562.
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Figs. 1-6:

R LA é =

Chromosome numbers of ¥ hyvbrida (all x 1200) 1 & 2 Var. Purple White Eye. 1. Diakinesis (n=5). 2. Somatic

chromosomes. 3 & 4. Var. Pinkish Scarlet. 3 Somatic chromosomes. 4. Diakinesis (n=5). 5. Var. Shade of
Rose. Diakinesis (n=5), 6. Var Dwarf Sparkle. Diskinesis (n=5)
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TABLE I Details of diploid set of chromosomes in V. Jybrida var. Purple White Eye

.’:.i:.._:..ﬂ

( _.E.L_.i:.:m length (in jum) Total Arm ratio Cenfromere
M Senam loem e
T 233 am 116 -
2 2.00 .33 433 116 m
3 1.00 167 167 267 o
4 1.33 L.67 1.00 125 st
E-SUUS Loo 101 201 1.01 m

V. hybrida var, Pinkish Scarlet
This reddish-flowered variety at diakinesis showed one ring-shaped and 2 rod-shaped
bivalents and one 8-shaped tetravalent (Fig.3). The somatic chromosome number is 2n = 10 (Fig.4).

The karyotype is heterogeneous. The chromosomes ranged in length from 3 pm to 4,33 um (Table
2). Pollen sterility is 61.7%.

TABLE2: Details of diploid chromosome set in V. hybridea var. Pinkish Scarlet,
Chrmosome Chromosome length (in jum) Total Arm matio Centromere
—_— S WUVERTh
il Short arm Long arm (in pm)
1 2.00 233 433 116 sm
2 2.00 233 433 2.00 st
3 1.30 1.67 3.00 1.26 m
4 1.00 200 300 200 st
5 1.00 2.00 3.00 116 sm

V. hybrida var. Shade of Rose

The florets are pink. At diakinesis, 5 ring-shaped bivalents were noticed (Fig. 5).
V. hybrida var. Dwarf Sparkle

The inflorescence is deep magenta in colour. The pollen mother cells showed 2 rod-and 3
ring-shaped bivalents at diakinesis (Fig.6). Pollen sterility is 58.6%.

In "Moss Verbena® the extra chrom.

osomes of hypotriploids and trisomics induce larger
flower size and profuse flowering (Arora 19

77, 1978). The significant morphological changes have
been associated with trisomy in a number of Datura species (Blakeslee 1922), Nicofiana (Rick &

Barton 1954), Corchorus (Iyer 1968). However, genetic dissimilanity in a set of species belonging
to a particular group may or may not involve any change in the number of chromosomes. Generally,
such qualitative differences between the genomes of the different cultivars of the same species can
be ascribed to many factors of which translocation and inversion predominate. But, here the wide
spectrum of variations noticed in the flower colour of the 4 cultivars of ¥ hybrida having same
ploidy status (2n=10) is attributed to the base changes in the genetic material which accounts for
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their ancestral hybrid origin. Such a genctic diversity steadily boosts up the cffect of factors
promoting recombination,

The 2 varicties of I kybrida showed heterogencous karyotypes. The karyological differences
between the 2 cultivars worked out here reveal that a series of cryptic changes might have occurred
in the karyotypes in the long course of evolution, which finally resulted in the alteration of the
visible appearance of the chromosomes, This is evidenced by the formation of rod-shaped and
interestingly 8-shaped multivalents at diakinesis in ¥ hybrida var. Pinkish Scarlet.
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STUDIES ON OVARIAN POLYTENE CHROMOSOMES OF
ANOPHELES SUBPICTUS AND A. VAGUS

H.P. PUTTARAJU*
Centre for Applied Genetics, Department of Zoology, Bungalore Univernity, Bangalore 560 056

(Received 10 August 1993, revised accepted 17 November 1993)

SUMMARY

The ovarian polytene chromosomes of Anopheles subpictus and A. vagus are
described. The distinct and well-banded chromosomes prepared from the semigravid
females revealed a considerable homology in the banding pattern of the X
chromosomes. However, such a similarity has not been observed in respect of the
autosomes. In addition, the chromosome complement of A. vagus is characterised by
the presence of a few asynaptic regions,

Key Words ;.  Anopheles subpictus, A. vagus, Polytene chromosomes.

INTRODUCTION

Anopheles subpictus and A. vagus (Diptera : Culicidae) belong to series Pseudomyzomia of
the subgenus Cellia. They occur sympatrically and widely distributed in the oriental region.
However, morphologically, they differ only in minor features. The high density of A. subpictus in
villages in India poses a grave vector problem. Atmoesdjone & Dennis (1977) found this species
naturally infected with the filarial worm, Wichereria bancrofti in Flores, Indonesia (White 1979).
But A. vagus plays no major part in transmitting the discase. In view of these, a comparative
cytological studies of these 2 species are of interest. The polytene chromosomes of A. subpictus
obtained from salivary gland cells (Narang et al, 1973, Seetharam & Chowdaiah 1974) and their
karyotypes were described (Aslamkhan & Baker 1969, Avirachan et al. 1969, Narang et al. 1972).
However, in A. vagus, barring some preliminary reports (Kitzmiller 1976), no detailed cytological
studies have been made. Since the discovery of a well defined polytene chromosomes in the ovarian
nurse cells of mosquitoes has proved itself as a major advance in the mosquito cytogenetic studies
(Coluzzi & Kitzmiller 1975), an attempt has been made here to study the chromosomes of A
subpicius and A. vagus.

MATERIALS AND METHODS
The material utilized in the presemt study comprises the wild caught strains of 4. subpictus and A vagus The
specimens were collected from the cowsheds of a village lakshmipura near Bangal City. Since the efforts made 1o

colonize these species in the laboratory proved futile, field collected

gravid females were utilized for the study. The

*  Present Address: Dey of Senculture, Bangalore University, Bangalore 560 056.
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d from the femal d early in the moming yiclded remilfs. Slides were prepared acconling 1o the
hod for hel by French &t sl (1962). All ohservations und photomicography were carried ol with »
Zicss phase contrast The ph were made according to the method followed by Stalker (1964)
T o

OBSERVATIONS

The poiytene chromosome complements prepared from the adult ovarian nurse cells of A
subpictus (Fig.1) and A wagus (Fig.2) reveal that each complement consists of 3 pairs of
chromosomes : a short X, and 2 pairs of longer autosomes. The X chromosomes generally isolated
in squash preparations, while the remaining 4 autosomal arms showed a tendency to associate in
pairs in agreement with the nomenclature (2R with 2L and 3R with 3L). These chromosomes casily
correspond with the subtelocentric X and submetacentric autosomes of metaphase chromosome
complements described by Avirachan et al. (1969), Because of the several similarities in banding
pattern with the previously described (Kitzmiller, 1976) members of the subgenus Cellia, the same
numbering system has been employed for the present polytene chromosome photomaps (Figs 3,4).
The X chromosome contains zones 1-6; 2R zones 7-19, 2L zones 20-28; 3R zones 29-37 and 3L
zones 38-46. Lettered subdivisions of the numbered zones are entirely arbitrary,

Diagnostic features of the chromosomes of A. subpictus
X- chromosome

The X chromosome is the shortest element in the complement measuring about 80 pm in
length and may be easily recognized by its size alone, The presence of light bands followed by a
pair of thickly stained dark bands marks the free end region 1A, Another pair of dark bands, seen at
2A, followed by a small puff represents the region 2BC. A series of dark bands, present in zone 3 as
a whole is diagnostic. A characteristic puff with weakly staining dotted bands is typical of 4C and
5B. Two pairs of 4 extremely thick dark bands occurring in 5C constitute a landmark. The

centromeric end of the chromosome is typically expanded into a broad bulb (6B, 6C) with dotted
bands forming another good landmark of the X chromosome.

Chromosome 2 (right arm)

This is the longest chromosomal arm in the complement and measuring 311 um. It may be
recognized by one or by a combination of the following arcas. The free end of the arm is usually
semiflared with 3 light dotted bands and 3 slightly curved thick bands in the region 7A, followed
immediately by a fairly enlarged, diffused puff in 7B which characterises the free end. Each of the
regions 8B and 9AB contains a series of dark bands, is easily recognised in the region 10A. The
middle portion of the arm contains 2 thick bands in 13B, a series of curved thin bands at 13C,
followed by 3 thick bands in 14A and 4 bands in 14B, appearing usually intensely stained, so that
the entire region gives the impression of being darkly stained. A fairly enlarged puff, starting with 3
bands in 16B, contains one dark dotted, one thick and a few highly stained dotted bands, forms a
good landmark. A series of dark bands is usually seen in each of the regions 17BC, 18A and 18C.
The tip of the centromeric end often seems semiflared with broken dark bands,

Puttamju: Cytology of trophelex
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Chromosome 2 (left arm)

This arm measures 191 jum. The free end of the arm is casily identified with its fan-shaped
expansion followed by a series of lightly stained dotted bands and 2 thick dark bands in 28B. There
are 2 typical puffs present at the junction of the zone 28 and 27, appearing dumb-bell shaped with a
thin, Lightly stained bands nnd forming a good landmark. A thick, dark band marks the constriction
between 27A and 27B. A group of 5 moderately stained dark bands, followed by light bands
characterises the region 27C. Another group of thick dark bands present at the constriction between
26A and 26B is recognizable. Three typical puffs, cach being located in regions 25C, 24B and 23C,
are casily recognized. The region 22A is marked with 2 thick bands and each of the regions 21B
and 21C is marked with a single thick dark band. The remainder of the arm is relatively more
lightly stained and vanable, especially near the centromere.

Chromosome 3 (right arm)

The free end of this arm usually consists of lightly stained dotted dark bands at 29A
followed by 2 thick dark bands in 29C. A typical puff with 2 thick dark and 2 dotted dark bands is
seen i the region 30B. The best recognized arca is an enlarged puff with 2 thick, dark bands and
lightly stained dotted bands in the region 31C and it forms a good landmark. There are 2 groups of
dark bands on cach at the constriction between 32C and 33A and between 33D and 34A. These are
diagnostic. Another group of dark bands marks the region 35A. Two dark bands in 35B followed
immediately by a typical puff. A series of lightly stained and evenly spaced bands in zones 36 and

37 as a whole is charactenistic for the centromenc end. The length of the arm measures 198 um,

Chromosome 3 (left arm)

The left arm is the shortest arm and measuring 128 ym. The free end of this arm can be
recognized by its fan-shaped lighter area which is preceded by 3 pairs of diagnostic bands in region
46A. The middle pair is lighter than the other 2. The region 46C is marked with 2 dark bands. There
arc 5 thick, dark bands present at the junction of 45C and 44A and 2 dark bands in 44B are
consistent, A small puff with 2 thick dark bands in the region 43A and another fairly enlarged puff
with 4 thick. dark and light dotted bands in the region 43C form a good landmark for the middle
portion of the arm. There are 2 very thick dark bands casily recognized in the region 40B. The
remainder of the arm contains relatively darkly staining bands which are variable especially towards
the centromere,

Diagnostic feature of the chromosomes of A. vagus

X<hromosome

It is the shortest element in the complement and measuring about 87 um. The most striking
feature of X chromosome is the similarity of banding pattern with that of A. subpictus. This
chromosome is immediately recognized by the broad, expanded arca in the region 6. The whole
region usually is asynaptic and contains dotted bands. This arca is subject to a much distortion and
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the bands are often broken. The other landmarks of the chromosome are the presence of 2 pairs of
dark bands in 5C, 3 dark bands at 1A and also at 2A, appearing usually heavily stained. A series of

dark bands alternating with thin bands as diagnostic for zone 3. Region 4C - SA usually consistent
of a light puff with finely stained bands.

Chromosome 2 (right arm)

This is the longest autosomal arm in the complement and measures 260 um. The free end of
this arm has typically semiflared tip followed immediately by a thickly stained dark band in 7A. A
diffused puff with 3 dark bands marks the region 7BC. Another series of dark bands between 8A
and 8B and again from 10A - 10B is easily recognized. A pair of thick, dark bands present in each
of the regions 10D and 11A is diagnostic. A typical puff with dotted and thin dark bands marks
g._ﬂ. A series of 3 pairs of dark bands is consistent in the region 12. A single dark band in 13A at
times appears asynaptic and this extends upto 13C. Again, another asynaptic area, beginning at 14B
and ending in 16A followed immediately by a series of thickly stained dark bands at 16BC, is the
most diagnostic. The heavily stained dark bands are constant for the regions 17B and 17C. The
remaining arm consists of relatively darkly stained bands which are variable especially near the
centromere,

Chromosome 2 (left arm)

The free end of this arm is easily recognized by a fan-shaped lighter area followed by 2 thick
dark bands in the region 28A. The presence of a series of dark bands marks the regions 28B, 27C
and .Naw. A group of moderately stained dark bands in region 27C is characteristic. The middle
vca.onon,»_—onn: is recognized by a series of thick dark bands which begins from 25C and ends in
24A. A fairly enlarged puff with 3 dark bands alternating with light bands characterizes the region
23C. There are 3 dark bands present in each of zones 22B and 20B which are diagnostic towards

the centromeric end. The extreme end of this arm consists of a relatively lightly stained area. This
arm measures about 21 Sum.

Chromosome 3 (right arm)

The free end of this arm is easily recognizable by its li stained followed
small puff with thin bands in the region 29AB, A 81“%0“ ahur_sc_ﬂﬂr vﬂ-“lu.”nal Nﬂﬁ-ﬂh
ending in 29D is diagnostic. The region 30B is marked with thick dark bands and the region 31C
._nm-Gv..nu_v:?.ﬂﬁainuu-:Emo—_igwﬁﬂgggiiguﬂu
t© 33A. Thick and thin dark bands in 33B are consistent. A group of 4 dark bands present in 33D
and also in 35A is consistent -ing3E~§§.>8&&E§§§
36A and ending in 36B W-_S%gﬁigﬁggaigﬁg%
intensity. Most of the remaining part of the arm consists of dark bands alternating with light ones.
The arm measures abut 215um.

Chromosome 3 (left arm)

The lightly stained free end of this arm is followed by 2 extremely thick dark bands at 46C.
A small puff at 45B is characteristic towards the free end. The zone 44 as a whole, consisting of a
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sories of dark bands beginning with 44A and ending in 43B except 44C, is diagnostic. Three
extremely thick dark bands mark the region 42A. A group of thickly stained dark bands is present
in the region 40CD forming a significant landmark. Another series of dark bands, beginning from
36D, alternating with thin bands often appears variable in their staining intensity. The bands present
in the zone 38 as a whole, usually, are asynaptic and are followed immediately by a series of thickly
stained durk b.nds characterizing the centromenc end. This arm measures 157um.

X -
-0.... - 8 _ % &,4‘
" _n I/
-Io,’_w r.\.\u\ﬁ.
1 \ 2'3 ‘h MA. B — c
LLF3 R 5
Fig. 5t ' ap of the polytene X ch of Anopheles subpictus and A. vagus.

DISCUSSION

The present study of adult ovarian nurse cell chromosomes has provided diagnostic
characters of adult females and would be help in their ecological and epidemiological
investigations, The data obtained in the present chromosomal studies are compared with the
respective homologous chromosomes of A. subpicius and A. vagus to assess their relationships
based on similarities of banding pattern. The comparison of the chromosomes clearly reveal
homologies in most of the chromosomal arms, probably because of the close morphological
resemblances and the sympatric occurrence of the 2 taxa. The polytene X chromosomes (Fig.5) in
contrast to the opinion of Kitzmiller (1977) presents similar banding pattern in both the species.

Puttaraju: Cytology of Anopheles 7

The only difference observed in the X chromosome was broad, expanded centromeric end of the
7one 6 and was usually asynaptic in A. vagus. The homology of the banding pattern and puffing
pattern of autosomes between the 2 species were observed in the regions 7C, 8A, 11A, 12C, 14A,
161, 19A and a puff in 7B of the chromosomies 3, right arm. The major differences observed in this
arm are the preserice of asynaptic regions between 13A-13C and 14B-16A of A. vagus. The
chromosome 2, left arm shows the identical banding pattern in the region 288, 27C, 24A, 24C, 21B
and a puff in 23C. The chromosome 3, right arm shows the similarities in the banding pattern of
region 29C, 30B , 23C-33A, 34D and the puffs of region 31C, 35B, 35D. The identical banding
pattern of chromosome 3, left arm is shown in the region 40B, 40C of A vagus with 40B and 39C
of A. subpictus. This arm of A vagus also shows a characteristic asynaptic region near the
centromeric end. The remaining regions of sutosomes reveal some differences.

This comparative study indicates that the X chromosomes of the 2 species appears
remarkably similar, but the autosomes exhibit some differences as well as similarities. Similarity of
the banding pattern provides support for their close relationship. However, similarity of the banding
pattern alone does not necessarily indicate their genetic affinity. This can only confirmed by
hybridization, fertility and the degree of synapsis of F1 chromosomes. The similarity of the banding
pattern reflects their morphological and taxonomic status and leads us to presume that these 2

species probably are derived, one from the other, or are separated recently from some common
ancestors,

The other interesting feature frequently noted in the chromosomes of A vagus is the
localization of the asynaptic regions in the homologous paired chromosomes. It is presumably due
to the existence of some genetic differences between the homologous sections rather than to the
pressure applied during squashing. Sometimes we can suspect that these chromosomes are truly

homologous or perhaps contain an inversion or translocation. A further study is necessary to
confirm this postulate.
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RADIATION INDUCED INVERSIONS AND TRANSLOCATIONS IN VICIA FABA
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(Received 24 August 1991, revised sccepted 28 December 1993)

SUMMARY

Inversion and translocation heterozygotes were induced by using gamma rays
in Vicia faba. Inversion heterozygotes were characterized by the presence of
bridge-fragment configurations at anaphase I and I1. Translocation heterozygotes had
in most of the PMCs, ring/chain of 4 chromosomes and 4 bivalents. Both the
heterozygotes were highly sterile. It is expected that the mutants when established,
would have altered karyotypes, useful for other experimental studies on V. faba.

Key Words 1 Ficla faba, |

on, translocation rays.

INTRODUCTION

Though Vicia faba L. (Leguminosae) is one of the most favourable materials for the study of
induced chromosomal aberrations at mitosis, chromosomal mutants are rare. There have been
limited studies on induced translocation and inversion heterozygosity in ¥ faba (Michaclis &
Rieger 1959, Sjbdin 1971a, b). The usefulness of these lines cannot be overemphasized. Besides

aﬁ.:Eomamnnn__‘nauuv..:m.._da_oﬁ.._o:u:. established, may alter the normal karyotype of the
species too. Inversions also, under certain conditions might change the karyotype by repatterning of
chromosome segments. The altered karyotype in ¥ faba is of immense value in the study of induced
chromosomal aberrations at mitosis as it facilitates the recognition and differentiation of ST
(subtelocentric) chromosome involved in the aberration which otherwise are difficult to pinpoint.

As we are interested in the study of induced chromosomal aberrations at mitosis, we have
been trying to establish some lines of ¥ faba with new karyotypes. This is expected to be achieved
by treating the seeds with gamma rays, analysing the PMCs for translocation or inversion, if
detected, selfing the plant and then raising the progeny. During the last 2 winters, we have analysed
about 100 plants of M; and M> generations, Here, we describe 2 inversion and translocation
heterozygotes each, detected in the population raised after treating the seeds with gamma rays,

MATERIAL AND METHODS

Dry seeds (6% moisture) of ¥ faba were irmadiated by _oinor’i&‘l'gl.rgﬁ.i
The confrol and irradiated seeds were sown in the pols. For meiotic analysis, young flower buds were fixed in 1:3 (acetic
acidabsolute alcohol) mixture for at least 24 h. Anthers were hed in 1% inc. Pollen stainability was
estimated by staining the pollen grains in acetocarmine. Photomicrographs were taken from lemporary preparations using the
JENAVAL b mi pe with h graphic equipment EXPOMET.
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note fragment. 5. Anaphase |1 note bndge-fragment. 6-% Translocation heterozygote. Metaphase | note a ring
of 4 chromosomes and 4 bivalents in all
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OBSERVATIONS
Control : Control plants always formed bivalents (2x = |2) at diakinesis and metaphase | in
all the 25 PMCs observed (Table 2, Fig. 1). There was always a characteristic bivalent of a larger
dimension and 5 small bivalents of almost equal size in each PMC at metaphase I. The chiasma
frequency _5...” 20.4 per cell and terminalization coefficient was 0.31. Anaphase | distribution of
chromosomes was normal (6:6), Pollen stainability was more than 95%. On an average, there were
5-7 seeds per pod and 50-60 seeds per plant. Seeds were brown and black in colour.

Inversion heterozygotes : Two plants (15, 12) exhibiting mversion heterozygosity were
isolated from the population raised from irradiated seeds. One plant each was from 10 and 20 kR
dose. 50 PMCs analysed at diakinesis and metaphase | had 6 bivalents in each. However, in some of
them, typical inversion loop was observed and in some preparations as depicted in Figure 2, the
absence of crossing over in the loop was ecvident. It may be made clear here that these
configurations did not give definite clue to the presence of inversion heterozygosity.

At anaphase 1 and II, 100 PMCs analysed in both the plants Iy, and I2, were found to have
various configurations indicate of the presence of and a fragment heterozygosity (Table 1). At
anaphase I, a bridge and a fragment (BF) was observed in 18% of PMCs of I; and 12% PMCs of Iz
(Fig.3). Loop and fragment (LF) was observed in 7% PMCs of I and 4% PMCs Iz of (Fig. 4),
although in all the PMCs loop was not clearly visible due to superimposition. Two loops and 2
fragments (LLFF) were observed in 2% of cells of I only. At anaphase IT also BF configuration
was observed in 21% of 11 and 10% of 1> PMCs (Fig.5). Two bridges and fragments (BBFF) at
different poles were recorded in 4% of cells of [1 and 2% of cells of 12 BFF and FF configurations

were also recorded in some PMCs (Table 1). The pollen stainability was only 30-40% and only one
sced was collected from one of the plants,

Translocation heterozygotes © One plant each (T, T2) was isolated from the population
raised from 10 and 20 kR irradiated seeds. The T was characterized b

Y the presence of a ring/chain
of 4 chromosomes and 4 bivalents in 88% of its PMCs (Table 2, Figs. 6-8). The shape, size and

configuration of ring of 4 clearly indicated the involvement of the biggest (M) pair and one of the 5
smaller (ST) pairs of the karyotype in the interchange complex. Chain of 4 was found in only one
cell. The anaphase [ was highly abnormal. Of the 50 cells analysed laggards were present in 8% and
bridge without a fragment in 12% of cells, Pollen stainability was 60% and seed set was very poor
(10-15 plant). The colour of the seed was greenish-yellow and they seemed to be inviable,

The T2 was also characterized by the presence of a ring/chain of 4 chromosomes in 80% of
its PMCs (Table 2). But in this case the biggest pair was not involved. instead 2 of the 5 ST pairs of
chromosomes were involved in the interchange complex. The anaphase | was abnormal in this plant
also. Of the 50 cells recorded, 8 had bridges and 7 had laggards. Pollen stainability was 70%. Seed

set was poor (6-8/plant) and the colour of the seed was greemish-yellow. A few seeds kept for
germination failed to do so.
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TABLE |+ Frequency of differcul fig o im inversion heterozygotes in Vicia faba,
Anaphase | Ansphase 1
Genotypes  No.ofcells  IWF (%) LF(%) LLFF(%)  BFM)  BEFF(%) 0Fr W) ¥ (%)
analysed
Control 25 . x :
I 100 18 7 2 ) ) M °
It 100 12 4 2 10 2 : %

TADLE 2 Chromesoal associations n control ani translocation heterozvgotes in Vicia foba

Diakinesis'metaphase |

Genotypes  No.of Ring of 4 Chain of 4 Ring + Chain of 4 No. of
aolls bivalents
amalysed O Mean No. Mean No. Mesn w Mo
Control 25 - - - 6.00
T 25 2 0.84 1 0.04 2 088 88 424
T 25 I8 amn 2 0.08 20 080 80 4.40

DISCUSSION

Since the radiation studies were started in our laboratory, various doses of gamma rays (5,
10, 20, 30, 40, 50 kR) have been used, however, our past experience showed that while the lower
doses did not give any significant result, in higher doses (40, 50 kR) seeds failed to germinate.
Therefore, only 2 doses 10 and 20 kR were used for the present investigation, The production of
only 2 plants cach of inversion and translocation heterozygotes out of a population of about 100
plants showed that the induction of stable chromosomal changes is not of a common occurrence. It
should be noted here that the same dose produced about 50% of cells with aberrant chromosomes
ohserved at mitotic metuphase. This indicated that most of the cells with abnormal chromosomes

are eliminated or the aberrations are repaired and only the cells with normal complement enter into
the germinal tissue.

Relatively, a low ?o.wﬁ..nq of induced inversions and translocations in ¥ faba has been
recorded by Sjodin (1971 a,b) also. The possible reason for such a behaviour could be that the short
arm is too small to participate in any of the aberrations requiring substantial portion of
chromosome arm. The rarity of induced inversion can be judged from the fact that till Sjddin’s
(1971b) report there was anly one such record of Michaclis & Rieger (1959).

Both the inversion heterozygotes isolated in the present investigation had bridge-fragment
configuration at anaphase 1 and 11, indicating paracentric nature of inversion. As evident from Table
1, various possible types of configurations resulted from different numbers and positions of cross
over inside and outside the inversion loop. The presence of one bridge - fragment at anaphase [ was
due to one crossover inside the inversion loop. In PMCs where only the fragment was visible it was
presumed that this was due to overlapping of loop by other chromosomes at the poles and that the
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original configuration was loop-fragment. That this conclusion was correct was evident from
bridge-fragment configuration observed at amaphase Il which could result only from one
loop-fragment of anaphase I. The above configurations were the consequence of one crossover
inside and one outside the inversion loop. On the basis of meiotic stages it was difficult to precisely
pinpoint the chromosome in which inversion had taken place. However, mitotic complement could
be helpful, provided the marker region was involved., This aspeet is still under investigation,

It was also observed that in some cases though the inversion loop was formed, no crossing
over took place (Fig. 2) and therefore, did not result in bridge-fragment configuration. In the

present case, therefore, actual frequency of bridge-fragment configuration must have been much
more than the observed one.

The 2 translocation heterozygotes produced characteristic configuration of ring/chain of 4
.n=a=5838 and 4 bivalents at diakinesis’/MI. However, in T| the chromosomes involved in
_En.a__u:wo were the first metacentric (M) pair and one of the S smaller subtelocentric (ST) pairs,
i_,__oE.ENo:_smug_fﬁﬂigwg_i?wgggﬂn&
translocation breakpoints, although Sjédin’s (1971a) studies have shown that first, second and fifth
chromosome pairs displayed lower aberration frequency than the other 3 chromosome pairs,

In both Ty and T, the ring of 4 chromosomes showed predominantly adj i i
nd T2, ljacent orientation as
has been observed in other plants like Crofalaria (Verma & Raina 1990). As is known, this would
vB..E.P.. unbalanced types of gametes, and this was reflected in the present case by high sterility
exhibited by both the plants. There are certain conditions for predominant directed orientation like
symmetry in chromosome size, centromere position, chiasma frequency and location, genotype
Aw,E._...EB 1956, Sybenga 1972) but there are many exceptions and real understanding of ho.n
principles is poor (Rickards 1983). It is also established now that each translocation is unique to
ﬁ_”wn%nman and must be considered accordingly (Ford & Clegg 1969, Jacobs et al. 1970)
ore, 1t was not surprising to find contrasts in the i jodi .
vy e : many in the observations of Sjédin’s and ours,
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DIPLOIDIZATION IN AUTOTETRAPLOID ERUCA SATIVA
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SUMMARY

Induction of autotetraploidy has been achieved in Eruca safiva Mill, (2n = 22)
by using 0.2% aqueous colchicine. The autotetraploids ( 2n = 4x = 44) were
advanced to C2 generation. A comparative morphocytogenetical analysis has been
carried out on both generations of tetraploids along with their diploid parent.
Autotetraploids exhibited the gigantic nature due to enhancement in their vegetative
parameters. Meiotic diploidization was observed both in C) and Ca generations of
autotetraploids.

Key Words :  Diploidization, Erwca, aufotetraplowd.

INTRODUCTION

Eruca sativa Mill., commonly known as “taramira’, is grown in northern India as a fodder
plant. The oil extracted from the seeds, in is used chiefly for burning. Successful induction of
polyploidy, using colchicine as a polyploidizing agent, is a well established phenomenon. This
potential cytological technique is a handy tool in tampering with the genotypes and in widening the
variation in gene pool The present study was undertaken to study the morphocytogenetical features
of Eruca sativa autotetraploids in Cy and Ca generations along with their diploid parents and to
explore the possibilities of developing high yielding polyploid strains.

MATERIAL AND METHODS

m...&.o..m.ﬁ-l.ﬁ!oﬂs!:ivo.h?Elulszwgilll!trﬂ?i
colchicine solution was kept on growing meristem for 12 b, Seeds from C) generation autotetraploids were collected and
sown in next scason with their parcntal diploids. For meiolic studies the Mower buds of adequate size from C; and C
autoletraploids and also from diploids were fixed in Carnoy’s fluid 11 and preserved in 90% alcohol. Anthers were squashed
in 2% acetocarmine to study the meiotic behaviour and pollen fertility. Data on morp i
Cy and Cz i ploids were statistically analysed to determi
vigour and fertility.

n of diploid,
iation and impact of polyploidization on

RESULTS AND DISCUSSION
Eruca sativa autotetraploids exhibited luxuriant vegetative growth over their diploid parent.
C2 generation autotetraploids were more vigorous showing significant enhancement in most of the
parameters (Table 1). Autotetraploids had delayed flowering which continued for longer duration.
Gigantism, a common feature exhibited by all the synthesized autotetraploids, is due to increase in
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TABLEL:  Chamcter mesns of 2x and 4x (Cy and Cy generstions) in Krwea sariva

Character x ax

Cy G -

Plant height (em) FIR:01 10314086 134 08
No. of branches 1Hez04 22009 278400
No. of nodes 153207 W03 260201
PodsPlant 1010210 ®60208% 612213
Pod length (cm) A7:08 10401 32108
SeedPod WO+08 168504 200 4 1.8
Yield'pland (g) 64401 16204 18103
Pollen fenility (%) %4 330 786

cell size (Arya et al. 1988), Retention of gigantism by polyploids even in Ca generation is viewed as
an advantageous phenomenon, Morphological changes in autotetraploids appear directly
propartional to the quantitative change in chromosomes,

Meiosis in diploids showed 11 bivalents at metaphase | and an equal anaphasic separation
11:11. Also, the meiosis of both C; and (2 autotetraploids had mostly bivalents and a few
univalents at metaphase 1. There was an equal chromosomal disjunction of 22:22 at anaphase 1. On
an average, diploids had 4.8 ring and 6.2 rod bivalents per PMC. C) autotetraploids had 11.6 ring,
9.8 rod bivalents and 1.0 univalents per PMC, whereas C3 autotetraploids had 11,7 ring 9.7 rod
bivalents and 1.0 univalent. The mean chiasma frequency per chromosome was 0.7 in diploids, Cj
autotetraploids and C2 autotetraploids (Table 2). Chiasma frequency in tetraploids, higher or almost
equal to that in diploids has been reported by Levan (1937) and Ghosh et al. (1974).

Pollen fertility in diploids, Ci and Ca autotetraploids was 96.4%, 33.0% and 78.6%
respectively. Poor pollen fertility in C; autotetraploids may be due to physiological or biochemical
factors (s). Seed yield in C2 autotetraploids got doubled in comparison to Cj plants, Distinct
improvement in pollen and seed fertility was noticed in Cz autotetraploids. Similar results were

TABLE:2 Means of ch | wtions and chi per cell and per chromosome in diploid and C), C2
autotetmploid Erieca sarma

Ch ) cond 2 2x ax

C Cc2
Bivalents:
Ring 4% 116 1.7
Rod 62 98 9.7
Univalents - 1.0 1.0
Chinsmata/cell 158 30.7 312

Chiasmata/chromosome 07 0.7 07
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obtained by Gupta & Roy (1986). The autotetraploid Eruca may be more suitable for fodder due to
gigantic nature of plants,

In case of autotetraploids, the basic genome is represented four times and hence it is
generally expected that the chromosomal association in them should be in the E._! of all
quadrivalents (Arya et al. 1988). But Eruca sativa autotetraploids had mostly bivalents which could
be due to the diploidization and few univalents which could have been due to precocious separation
of bivalents,
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ACROCENTRIC ASSOCIATION IN HUMAN CHROMOSOMES -
AN INDICATOR OF PREDISPOSITION TO GENETIC DEFECTS

SUSMITA SENGUPTA®, PUNEET GANDHI, BABITA JAIN AND LK. SENGUPTA**
Department of Genetics, Darkatullsh University, Bhopal 462 026

(Receivod 29 Seplember 1993, revised accepted 16 F ¥ 1994)

SUMMARY

Screening of 2718 metaphases from 75 individuals (38 females and 37 a-_!
consisting of women with 2 or more recurrent abortions/still births their respective
spouses, individuals with congential malformations, diagnosed cases of cancer and
normal population clearly indicates that acrocentric association (ACA), a known
cytological feature that may lead to nondisjuctional and/or translocational events, is
found even in normal individuals at a frequency we have designated as "baseline
value". In our opinion, although there may not be any direct concordance between
the degree of association and specific disease/symptom(s), there exists a pattern. The
relatively higher frequency of ACA even in the known developmental defects
(congential malformations) which are either polygenic or single gene disorders also
indicate the significance of ACA in the destabilisation of genomic balance. We
suggest that the frequency and behavioural pattemn of acrocentric associations may be
used as an indicator of predisposition to genetic defects.

Key Words: A i 1ati ch s, cancer, congenital malformations, genctic
predisposition.

INTRODUCTION
The characteristic pattern of, ‘acrocentric associations’ (ACA) was first reported by
Ferguson-Smith & Handmaker (1961) and is now an established phenomenon. ACA has gained
importance in cytogenetics because there are reports indicating concordance between variability
and frequency of ACA with a number of clinical states including Down syndrome, increasing
frequency of spontaneous -ggiggB?iﬂgE’g

Cnnruo:.dcork_wg_oﬂ. Murthy et al, 1989). Some of this vanability has been shown to
follow familial patterns (Mikelsaar & Hsu 1979),

According to Ferguson-Smith & Handmaker (1961), acrocentric associations may be
considered a preamble to nondisjunction and/or structural rearrangements. There are reports that

of Microbiology, Barkatullah University, Bhopal 462 026.
** For correspondence.
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404 - ic NOR-bearing chromosomes (Boue &
e
Morton 1977). A number of rescarchers have attributed @ high risk of melotic nondisjunction
involving D and G group chromosomes 108 high frequency of ACA in parents of Down syndrome
(Babu & Verma 1985, Hansson 1979). In addition, the involvement oqn..gioaon, 13 and 14 in
consfitutional translocations in premalignent disorders (Pathak 1986), has prompted investigations
on the bebaviour of human acrocentrics.

Considering the reports that variations in size and number of satellited acrocentrics and the
frequency of ACA occur in mitoses even in normal individuals .:2593:.1 Atwood 1976), we
felt it necessary to evaluate the degree of variability in the frequency of ACA ina wide spectrum of
age groups of normal individuals of both sexes and then to compare this value with that of in a wide
range of referred cases (Table 1). The basic objective of this investigation was, however, to assess
the possibility of using ACA frequency as a dosimeter in identification of high risk individuals,

MATERIALS AND METHODS
A total of 75 individusls (38 femsles & 37 males) aged between six months to 70 years, consisting of 4 groups of
referred cases and normal individuals were evaluated (Table 1)

itigilii%iﬂuv.%;!n&g RPMI 1640
(HiMedia, India) supplemented with 10% FCS (Sigma, USA), 40 pg/ml PHA (Sigma, USA), penicillin (100 TU/ml) and
L-ghutamine (0.29 mg/ml) Harvesting was done aficr 70 hrs. incubation at 37°C following the usual colchicine (18.18

wg/ml, Ihe, 37°C) - hypotosic (0.075M KCL § mil, 15min, 37°C) - fixative (1:3 acetic methanol) schedule (Watt & Stephan
1986).

Air dried slides were inilially stained in ¥% buffered Giemsa (pH 6.8) and then GTG banded following
modification of Seabright (1971). Ag-NOR staining was carried out following Howell and Black (1980).

A total of 2718 metaphases were screened for scoring of ACA. The criterion for ing was the p of
Hlite ion b the sated (Zang & Beck 1976). We have not discriminated between
Rmsologas sest L

The association index (Al) was calculsted according 1o following formula (Hansson 1979):

Al= ber of rated ch of a specific type
total number of chromosomes in this group

For statistical evaluation, lest for signifi of the mean ACA b the referred cases and | individuals
was carried out using students 1" test and 2 test was performed to verify the hypothesis whether the invol of D and G
group ch in the ion complexes fits into the expecied 3:2 malio or whether there is any significant
deviation. This would indicate any bias in panticipation by any ch group in a disord

g

Sengripta ef al. Acrocentric sssociation in human chromosomes bl

OBSERVATIONS
Frequency of assoclation
Group Id showed the highest frequency of ACA (42.38%) followed by group la (38.86%), Ib
(27.96%) and Ic (20.97%). The same for normal individuals (group II) was 7.14%. We have

considered this as the baseline value (Table 1). The range of association frequency has been shown
in Fig. 1.
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Statistical analysis clearly indicated the presence of total ACA in highly significant (p
greater than 0.0001) frequencies in all the referred groups compared to normal individuals
excepting group Ic, where it was significant at 0.05% level.
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TADLE 1+ Details of the cases evalusted and distribution of ACA.

Group description No. of No. of ACA type (%) Cells with (%)

mmples wetaphmes r DD DG GG Muli- 1 2 3
evalusted  screened

ple  ACA ACA ACA
la  Women wih two or more 15 S66 3286 1024 1554 24T 459 BAT) 1465 0.8)
recurrenl ahorions =il
births

Ih  Their respective spouses s S65 279 1026 1203 83 283 EOR6 948 0.67
Individuals with 15 $6 2097 S£&7 KR0S 23 469 92.)7 7R3
congenital malformations
(skeletal abnormalities:
phocomelia, Klippel feil
syndrome, Talipes,
Apent’s syndrome,
scoliosis)
Id  Individuals with 15 361 4238 1108 - 277 692 7966 1949 0.8S
diagnosed cancer (breast,
ovary, cervix-ulen,
rectum, urinary bladder,
hairy cell leukemia,
osteasarcoma).

-
"

I  Nommal control IS 630 704 301 22 190 000 97.78 222 -

Types of association

With respect to the type of association (DD, DG, GG and multiple), DG association was
found in maximum frequency with highest value in group Id (21.61%) and lowest in group (Ic
(8.05%). The frequency of DD association was almost the same in group la (10.24%), Ib (10.26%)
and group Id (11.08%). However, this frequency was relatively lower in group Ic (5.87%). GG

association was present in a very low frequency ranging between 2.34-2.83% among the referred
cases (Table 1).

Multiple associations (involving more than two acrocentrics) were present in all excepting
group II (Table 1). The highest (6.92%) and lowest (2.83%) frequencies were in group 1d and Ib
respectively, while intermediate values were present in group la (4.59%) and group Ic (4.69%).

Number of associations per cell

When ACA containing cells were grouped on the basis of number of ACA per cell, a
preponderance of cells with one ACA was observed in all the groups with the highest frequency in
control group. Interestingly, there was a clear decline in the frequency of cells with one ACA in the
referred cases with a concomitant increase in cells with two or more ACA (Table 1). Cells with two
or more ACA were observed in higher frequency in cancer cases and in recurrently aborting

women, The male partners (group Ib) showed only 7.83 percent cells with two ACA and no cell
with more than two ACA.

Songupta et al - Acrocenific association im human chromosomes "

Association Index

Association Index (Al) was highest in group Id being 0.13 for D and 0.15 for G group
chromosomes. The X analysis clearly indicated that the values fitted well in the expected 3:2 ratio
in cases of congenital malformations (group Ic), __-n_i..—&.nnaﬁ Id) and control population
(group 11). However, there was preponderance of participation of D group chromosomes in
recurrently aborting women and their spouses (group la and Tb) (Table 2).

TABLE 2:  Statistical snalysis of the dats on Al

Group Participation in sumber Associstion mdex 7] Probability
D group G group D a
Obs Exp Obs Exp

la 217 93 186 124 o1 0.06 1250 Overdomina
nee of D"

b 179 B6 159 106 0.11 0.06 598 Dominance
of D"

Ie 120 76 18 ™ 0.07 0.06 0.076 05-03

id 293 207 300 200 0.3 0.15 0.352 07-058

n 52 1n 51 M 002 0.02 0.012 09,
accepted

DISCUSSION

The formation of association between human acrocentrics can be explained on the basis of
their molecular nature. They share two types of repeated DNA sequences, satellite (Gosden et al.
1975) and rDNA (Evans et al. 1974). It has been demonstrated that multiple copies of rRNA genes
are _oﬂuonn:_ﬁm»n_rawwcaoﬁnsgﬁaﬂ%iznrrﬁgili
homology needed for crossover events between non-homologous chromosomes (Evans et al. 1974).
This hypothesis was further extended by Kurnit et al. (1984), and Choo et al. (1988). It has also
been suggested that various Ev?i:ﬁ&-i&&gggsgﬁi
arrays in tandemly repeated 170 bp menomeric or 340 bp dimeric units and shared by the NOR
bearing chromosomes, provide further sequential homology (Kurnit et al. 1984, Willard & ‘Waye
1987). Choo et al. (1988), proposed recombination and exchange between non-homologous
chromosomes as the evolutionary process responsible for the ‘homogemization” of the p TRA-2
subfamily of alphoid DNA on the different acrocentric chromosomes. According to them such a
process appears to be more selective for chromosomes 13, 14 and 21. Sharing of alphoid DNA

sequences by chromosomes 14 and 22 under stringent hybridisation conditions has also been
reported (Jorgensen et al. 1987).

However, according to Cheung et al. (1990), rearrangement can occur between regions of no
obvious homology, suggesting that homologous recombination may not be the only mechanism for
acrocentric association.



™ Joumal of Cytology and Genetics Volume 29 (1994)

1t is worth mentioning here that we observed participation of chromosomes 13,14 and 21 in
association complexes in 78% of the cases. The frequent involvement of these chromosomes in
Raobertsoian translocation is well documented ( Dutrillaux et al. 1973).

An interesting picture emerges when our data, which is unbaised as we have covered a wide
range of age groups in five categories, is taken in conjunction with the existing knowledge on
acrocentric assocition in different symptomatic groups.

Data presented in Table 1 indicates that both male and fomale partners of recurrently
aborting cases have significant level of ACA frequency. But when calculations were made after
removing the four individuals belonging 1o group Ib who exhibited very high frequency of ACA
(36-59%), the mean ACA frequency was reduced to 7.81%, almost at par with the baseline value.
This scems to indicate that in the present scries, the female parents contributed more in the
spontaneous/recurrent abortions rather than the male parents. In an carlier study of 4088
spontaneous abortions, Hassold & Jacobs (1984) observed that 26.1% was due to the trisomies of
different chromosomes, in which acrocentrics were significantly involved. The in vitro cytogenetic
study of unfertilized vocytes also revealed frequent involvement of D and G group chromosomes in
nondisjunctional events (Pellestor et al. 1991). It may also be pointed out here that human sperm
karyotypes show a prevalence of structural aberrations over aneuploidies. Martin (1989), reported a
mean frequency of 7% structural abnormalities whereas ancuplowdies were 1.6% in a sample of
4347 sperm karyotypes.

According to Mamaev & Mamaeva (1990), the increased NOR activity of the acrocentrics in
tumor cells should be considered the most important factor in oncognesis since it increases the
synthesis of rRNA and allows the cell to use its proliferative advantage more completely rather than
the other cellular elements. Since it is well documented that the degree of ACA is directly
correlated with the DNA synthetic actity (Yan & Stanley 1988), our observation of the highest
percentage of total ACA and multiple associations in group Id clearly reflects the physiology of the
cell in malignancy. it may be mentioned here that the Ag-NOR proteins (nucleolin) syntheized by
fDNA has been obscrved to play a significant role in nuclear exchanges and retention of
proliferative state of the cell (Pession et al 1991). This protein also has significant role in
disjunctional events. It may be of interest to point out that ACA has not only been observed in
metaphase but also in interphase nuclei, using kinetochore specific antibody in a breast tumor cell
line (Haaf & Schmid 1991).

Our data confirms the fact that ACA is found even in normal individuals at a frequency that
has been designated as "baseline value”, which however, may vary for different population groups.
When the frequency exceeds to bascline value, it becomes detrimental to the cells or the
individual(s) carrying it. We have observed statistically significant higher frequency of ACA in all
the referred cases. The increase in the frequency may be due to internal and/or external factors or
stimuli which trigger higher synthetic activity. Figure | clearly indicates that deviation of the ACA
frequency was not significant from the mean value of respective groups. Slide-wise variation was
also in the same range.
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In our opinion, although there may not be any direct concordance between the ...nu._du of
nssociations and specific discase/symptom(s), there exists a pattern, that has been summarised in
Fig.2. The presence of cells with more ACAs may be significant in contributing to the
destubilisation of the genomic balance which may lead to nondisjunction and/or structural

rearrangements,

In addition, it secms that cach behavioural pattemn of human acrocentrics has its own
importance in the manifestation of a disorder which may or may not directly involve -ndo.us:.nu.
The relatively higher froquency of ACA even in the known developmental defects (group Ie), which
are either polygenic or single gene disorders, also indicate the significance of this study. There are
carlier reports indicating their association with cellular and organismal development (Denton et al.
1981, Yan & Stanley 1988),

We suggest that all cytogenetic laboratories should look for the ACA frequency. This would
not require amy extra cffort except scoring. Such an approach would generate data to set the
"baseline value” for different population groups.

We feel that this very simple approach if used as a "preliminary’ screening procedure, may
facilitate wentification of high nsk individuals who can be further monitored for specific disease or
defect.
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INTRODUCTION
The family Coccinellida js a medium-sized cconomically very important group of lady-bird
beetles comprising about 5000 species (Richards & Davies 1979). The members of this family are
also known to exhibit chromosome  polymorphism. So far abour 200 species are known

cytologically (Smith & Virkki 1978, Miral ctal. 1989, Yadav & Gahlawat 1992, _;uu.r.uh Yaday
et al. 1991), The Present communication deals wi i i .
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TADLE 11 A classified list showing collection deta and other cytological details
Species 1 rr.-_.ﬂn Penod of Na of In Male X T
collection  individuals meio-
sacrificed formula A R

Owder Coleopien
Sub-onder Polyphaga
Family Coccinellndac
Tribe Scymnmi
Pharescymmus flexibitis *BCRS April 1991 12 X0 9+ Xyp 1232 0.83
P larwi Bangalore Nov. 1992 2 n 10+ Xyp 15.32 0.8l
TubePsyllobonni
Hieiy bistigmosa Bangalore Nov. 1992 &% 20 9+ Xyp 12.00 0.74
Letncra Bangalore  Nov. 1992 % - 9+ Xyp 13.25 0.8S
Tribe: Cocomellini
Coccinella ransversalis Kuniksheira Feb 1993 4 20 9+ Xyp 1232 0.74

*BCRS = Bialogical Control Research Station. Solan

X = Mean chissms frequency per aucleus

T.C Termnalization coefTicient

OBSERVATIONS

Pharoscymunus flexibilis 2n = 20 (9 + Xyp)

Spermatogonial metaphase exhibited a diploid set of 20 chromosomes (Fig. 1). The
karyotype comprised 8 pairs of metacentric (pairs 1-8) and one

autosomes and a metacentric X chromosome (Fig.2). W

in size, the X chromosome overlaps with the autosome
autosomal bivalents and the sex

pair of submetacentric (pair 9)
hile the autosomes show gradual decrease
pair 4 (Table 2). Nine rod and ring shaped

bivalent Xyp are observed at metaphase 1 (Fig. 3). Two types of
metaphase II, one with X and the other with ¥, in addition to nine autosomes, occur.

P. hormi 2=22 (10 + Xyy)

Diploid complement of 20 chromosomes was revealed at spermatogonial metaphase (Fig, 4).
Owing to overlapping of clements, karyotype could not be prepared. However, biarmed nature of
most of the clements is clear. The dot-shaped y chromosome is the smallest clement of the
complement, Metaphase | plate showed 10 dumb-bell shaped autosomal bivalents and the sex
parachute (Fig. 5). Two types of metaphase II plates were encountered, one with y and the other
with X in addition to 10 autosomes.

Ulleis bistigmosa 2n =20 (9 + Xyy)

The diploid complement of 20 chromosomes was observed at spermatogonial metaphase
(Fig. 6). The karyotype is constituted by one pair of metacentric (pair 6), 4 pairs of submetacentric

bt

—————

Figs. 1-15;
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(pairs 1-4) and 4 pairs of acrocentric (pairs 5,7-9) autosomes and an acrocentric X chromosome
(Fig.7). The X chromosome is seventh in order of size (Table 2). Diakinesis revealed four crosses,
three rods and two rings in addition to the Xy, (Fig. 8). Metaphase I depicted rod - and - ring
shaped autosomal bivalents and the sex parachute (Fig. 9). Two types of metaphase 11 plates, one
with y and the other with X (Fig. 10), were observed. Owing to separation of chromatids
morphology o the chromosomes was clear at this stage, The description matches the observation at
spermatagomal metaphase.

TABLE 2. Percentage relative length of ch wnd TCL of karyolype

Species 1 2 3 4 s 6 ? L] 9 X b { TCcL
Pharoscymmus
Pexibitis 1123 1.0 102 95 £92 74 B42 824 9% 471 4Ry
Mllews bistigmaosa ISS6 1325 1194 1069 1006 759 696 655 575 727 458 3137
Coccinelia
transversalis 1394 1307 178 97 10T T4 699 662 621 1283 339 2840
hiwluna.v*w.!

Karyotypic details in this species were earlier described by Yadav et al. (1991) from
Kurukshetra. The present material from Bangalore depicted only meiotic stages. Metaphase 1
depicted 9 dumbbell and-rod-shaped autosomal bivalents and the Xyp (Fig. 11). The first meiotic
division resulted in 2 types of metaphase 11 plates, one with X (Fig. 12) and the other with y
chromosome. At metaphase 1I, morphology of chromosomes was clear due to separation of
chromatids revealing 2 metacentric, 5 submetacentric and 2 acrocentric autosomes and an
acrocentric X. The Bangalore population, thus, differs in morphological details from the
Kurukshetra population which carried 2 metacentric, 4 submetacentric and 3 acrocentric autosomes
and a metacentric X.

Coccinella transversalis 2n = 20 (9 + Xyp)

Spermatogonial metaphase exhibited the diploid complement of 20 chromosomes (Fig. 13).
The karyotype comprised 6 pairs of metacentric (pairs 3,5-9) and 3 pairs of submetacentric (pairs
1,2,4) autosomes and a submetacentric X chromosome (Fig. 14). The X is fifth in order of size
(Table 2). Metaphase I was constituted by 9 dumb-bell-and rod-shaped autosomal bivalents and the
Xyp (Fig. 15) Two types of metaphase II plates were observed, one with y and the other with X.

DISCUSSION

A perusal of the existing literature on family Coccinellidae elucidates the cytological data of
191 species belonging to 13 tribes of subfamilies Coccinellinae and Epilachninae (Dasgupta 1977,
Mittal et al. 1989, Takenouchi 1976, Yadav et al. 1991, Yaday & Gahlawat 1992, 1993a, b,c. present
report) Karyotypic variation ranges from 12 in Mulsantina hudsonica (Smith 1963) to 28 in Ortalia
pactoralis (Yadav & Gahlawat 1993d). This family is characterized by the possession of typical
primitive polyphagan modal karyotype 2n=20 (9 + Xyp) possessed by 85 species. Four of the

Yadav & Cahlawat: Cytology of coccinellids LE]

species under present investigation also depicted this karyotype. P horni with 2n=22, however,
deviates from the modal number.

The simple male sex chromosome mechanism Xyp m- the most common and t{
system depicted by 94 species. All the species under report uniformly possess this mechanism.

Yadav & Pillai (1974) reported the diploid number of chromosomes and sex ng
mechanism in /. cincta, whereas Yadav et al. (1991) described the karyotypic details in this species
from Kurukshetra population, The morphological details of the karyotype in specimens from
Bangalore differed (vide supra). This has evolutionary implications, the change in morphology of
one pair of autosomes and the X chromosome suggesting the involvement of pericentric inversions.
This also calls for a detailed investigation of different populations.
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EFFECT OF FUNGICIDES (BAVISTIN AND DIATHANE M45) ON
SOMATIC CELLS OF PENNISETUM AMERICANUM

S B. CHOUDHARY AND 5.8 N. SINHA*
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SUMMARY

An attempt has been made to study the effects of fungicides (Bavistin and
Diathane M45) on the somatic cells of pear] millet (Pennisefum americanum Schum).
It was noted that abnormalities like fragmentation, clumping and an increase in
number of chromosomes were observed at mitotic metaphase. Clumping of
chromosomes, disturbed metaphase, anaphase and telophase, occurrence of bi-, tri-
and tetranucleate cells and micronuclei comprised the most dominant types. Cell
vacuolation, polyploid cells and anaphase bridges were found less frequently, The
cytological effects decreased with the decrease of concentration of fungicides,
Bavistin caused greater frequency of abnormalities than Diathane M45.

INTRODUCTION

The introduction of high yielding varieties has necessitated the use of plant protecting
chemicals and now they have become indispensable. Among chemicals used in agriculture, the use
of fungicides stands next to pesticides. Increased utilization of fungicides for crop protection in
modem agriculture has raised the question whether these chemicals induce any detectable
cytological damage to the cells. These studies will be beneficial not only from the viewpoint of
understanding the mechanism of cytological damage and recovery but also its role in environmental
pollution,

Ezﬁ_ﬁng.nrﬁggggggg
abnormalities in higher plants (Ramel 1969, Fiskesjo 1969, Ahmad & Grant 1972, Moban 1975,
Soliman & Al-Najjar 1980),

The present study deals with the studies on cytological effects of 2 fungicides, Bavistin and
Diathane M45 on pearl millet.

*  Department of Botany, Bihar University, Muzaffarpur §42 002
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TABLE 11 Mitotic index and types and frequency of cytological ab in cells of pearl millet treated wih fungicide
Typeof Comc.  Totsl Miwtic Percentage of cells with
irement (%) waof index Laggands Dridges Binue-  Nuclear Cellular Fragmen- Clumping  Miero-
cells leate  disntigral vacuola-  tafion nuclei
examiwcd cells 1on tion/
marginal
micle
Bavistin Cootrol 1888 200 -
0.08 2054 17§ . " - 04 0.6
o.10 21236 146 0.36 - 0.2 1.2 40 0.7
028 2581 125 26 14 087 1.1 16 S8 1.5
0.50 2549 103 41 26 092 13 52 10.6 53
o0 237 82 6.3 A8 2K 3 17 6K 111 9.2
Diathase
Mdas a0s 213 182 08 09
o0.10 on 150 - 1.7 3s -
02s 2448 134 0.72 0.4 - 33 50 26
050 245 114 36 17 0.85 1.2 5.6 6.1 6.4
Lo 2537 10.4 59 2 22 2] 0.7 6.1 LE} 75

MATERIAL AND METHODS

Dry, dormant, pure line seeds of the variety giant bajra of Pennisetum americanum Schum. were soaked in distilled

water for 4 h. The seeds were then immersed in Bavistin and Diathane M45 solutions of 0.05%, 0.10° . 0.25% 0.50% and
1.00% ioms. The duration of seed

in all the cases was 24 h with intermittent shaking. At the end of the

treatment, the secds were washed thoroughly in running tap water. ﬂiil&gagi_fﬂiqg-_oaﬂs&v
the control. Seeds were lefl 1o ge .n_vn..r

24 ditions to have rools with 3 minimum Tength of 1 mm for
cytological studies. Afer p in p- dichlorob the roof tips were fixed in acetic-alcoh I (1:3) and d in
2% acetocarmine.

RESULTS AND DISCUSSION

The most significant radiomimetic expression of these fungicides perceived during
cytological investigation was chromosome breakage. Two types of fragments observed (micro and
macro) might have originated either due to single breaks occurring in the terminal region or they
were the outcome of incomplete exchange. A comparative number of these fragments were centric
E:-E_uEaégﬁaaﬁssgEgnnxu:vaonﬁaon:&<iouvc.ﬁo
presence of micronuclei indicated that at least a few of them might have participated in their
formation at various concentrations of chemicals. The micronuclei might also have arisen as a result
of misdivision of the nucleus. From the results, it is quite evident that the number of micronuclei
was always less than the number of fragments. This indicated that more than one fragment was
involved in the formation of single micronuclei. Bavistin produced more fragments and micronuclei

et Lo
Chowdhary & Sinha: Effect of fungicides in peard millet

than Diathane M45, Wuu & Grant (1967b) stated that pesticides and chemicals may »Uls-lu_
and enhance the synthesis of enzymes and so upset the cell system. The production of broken
damaged chromosomes are the possible effects.

A change in mitotic index was also noticed due to the treatment of these in.t.d‘
chemicals inhibited cell division in the treated roots as shown !..._.-wl ._. The o? of higher
concentration is obvious from a decline in the mitotic index value ih:_-.. increase 58&1.
and exhibiting a marked decrease at higher concentration. The effect is more pronounced with
Bavistin than Diathane M45.

The clumped configurations which were very commonly present might have .In_l._ due to
stickiness of chromosomes arising out of disturbances created by fungicides at cytochemical level.
In such cases, the shape and outline of chromosomes were not firm. The effect was more due to
Bavistin than Diathane M45,

Bavistin treatment has resulted in greater frequency of abnormal anaphase cells at anaphase
and telophase stages as compared to that of Diathane M45. A good number of cells were with
lagging chromosomes with both the fungicides in almost all the concentrations of treatment. The
percentage of abnormalities increased with the increase of concentrations. It may be noted that
treatment with the present chemicals induced a considerable percentage of lagging chromosomes
and chromosome fragmentations which might have induced micronuclei. The phenomenon of
lagging chromosomes may be attributed to hindrance of the chromosome movement accompanied
by adhesion of the centromeres to the nuclear membrane or the surrounding surface of the plasma.
Adhesion of contromeres of one or more chromosomes to the outer layer of the plasma and

movement of the others towards the equatorial plate Icad to the appearance of such lagging
chromosomes (Barthelmess 1957).

Bridges at anaphase was less common than other abnormalities. The formation of bridges
might have been caused due to vanous inversions and translocations occurring as a result of
chromosome and chromatic interchanges. In some cases, stickiness appeared to give rise to bridges.
A very few of the bridges persisted till late anaphase and early telophase. Mohan (1975) also
reported chromosome bridges with the treatment of fungicides Plantvax and Vitavax on Allium
cepa.

Bavistin treatment has resulted in a greater frequency of abnormalities during anaphase and
telophase stages as compared to that of Diathanc M45. Besides the pycnotic cells, bi-, tri and
tetranucleate cells were observed. Bavistin treatment has resulted in the induction of tri- and
tetraploid cells and cell vacuolation, of course, in less number of cells.

In general, the cytological effects of these fungicides rescmble the aberrations caused by
radiomimetic chemicals, radiations and some other pesticides. These abnormalities have been
reported with many fungicides, chemicals and pesticides by Wuu & Grant 1967a, 1967b. Amer &
Farah 1969, Amer & Ali 1969, Mohan 1975, Singh et al. 1977, Sharma 1982.
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KARYOLOGICAL STUDIES IN DIPCADI ERYTHRAEUM

P.SJAKHI, N.S. DESAI AND G.B.DIXIT
Department of Botany, Shivaji University, Kolhapur 416 004

(Received 22 October 1993, accepted 20 February 1994)

SUMMARY
Dipcadi erythracum Webb. et Berth., endemic to deserts of Rajasthan, is
studied cytologically. The somatic chromosome number is found to be 2n=22 and the
karyotype is of asymmetrical nature. Meiosis is found to be normal with a low pollen
fertility.

Key Words :  Dipacadi eryth karyotype, mei

INTRODUCTION
Dipcadi (Liliaceae) comprises about 55 species, distributed in Mediterranean region, Africa,
Madagascar, Pakistan, Nepal and it is represented in India by about 9 species of which 3 are
endemic (Deb & Dasgupta 1981). Dipcadi erythraeum Webb. et Berth. is one of the endemic
species found in deserts of Rajasthan. Cytology of 4 Indian species, D montanum (2n=20,12,10),
D. saxorum (2n=12,14), D. ursulae (2n=20) and D. concanense (2n=12) has been worked out so far
(Mahabale & Chennaveeraiah 1954, 1962 Naik 1954, Kanmani 1975, Dixit et al. 1992).

In the present investigation, an attempt has been made to study the karyotype and meiotic
behaviour of D. ervthraeum.

MATERIALS AND METHODS
th;.%iail;nifi?ltauﬁu.‘vlr[lul-[f}&

Botany Department &Fi,csfg?!ra?lmliigtgili
same as presented by Dixat et al. (1989).

The gradient gaﬂ-..lu«!ﬂﬂi?l’%!‘l'?i?ﬁ[
1967):

Length of sh
Length of longest chromosome

Gl = X 100

sl= Erlirp_.-rn:ll.-x 100

For analysis and comparison of the karyotype. the chromosomes of Dipcadi were categorised into following types
on the basis of their leagth and centromeric position.
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A 1 Very long chromosome (6.5-8um) with constriction al sublerminal (s1) region. A1 : As above but constriction at
The submadian (xm) region. A2 : As sbove however, constriction sl median (m) region. B | Long chromosomes (5-6.5 jum)
with constriction st subterminal () region. 1 - As shoye bt constriction st submedian (sm) region. C : Short chromosomes
{3.5-5 yom) with constriction st subterminal (s1) region. C1 : As shove with constriction st submedian (sm) region. D « Very
short chromasomes (1.5 yum) and consiriction st subterminal () region, DI : As shove with constriction st submedian (sm)
region. D2 1 As above with constriction al medisn (m) repon.

OBSERVATIONS
Somatic chromosome number of D. erythracum is 22 (Fig.1). Its idiogram is presented in
Fig. 4. By considering the above catcgorisation it is possible to classify D. erythraeum
chromosomes as follows :

TYPE B : Onc pair of long chromosomes (5.24 + 0,97 um) with constriction at subterminal
(st) region. TYPE C : Two pairs of short chromosomes (.1740.84-4.51 + 0.72) with constriction at
subterminal (st) region.

TABLE 11 Karyotypic details of Dipecadi eryihraem

Chrom. pair  Longarm (1) Shomtarm(s) Totallength *d “valuels ‘'rvalue I/s i’ value 100  Centromere

(jim) (ysm) (jum) (jum) (pm) s/c position

1 an 1.00 524 i 421 19.16 st
(-0.90) (-0.60) 7

n 353 126 479 77 279 2633 ~ sm
(-08T) (D.K2) (-0.69)

m i3 123 463 215 274 26.69 sm
(-0.7%) (0.51) (042

v 3.50 101 451 249 345 243 st
(0.64) (<0.86) (0.72)

v i 053 7 2328 4.00 19.95 - j
(-0.80) (-0.32) (-0.84)

Vi 221 1.04 175 1.66 258 2787 sm
(-0.43) {-0.31) (-0.78)

v 228 093 32 1.35 245 2891 sm
(-0.83) (-D33) (-0.62)

Vi 1.78 0.86 264 0.92 207 1247 sm
(-0.46) (-0.28) (-077)

X 1.63 07 21 0.89 2.21 11.05 sm
(-0.63) (-0.31) (<0.55)

X 124 0.66 1.91 058 187 39.77 " sm
(-036) (-0.39) (-0.38)

X1 119 052 1.70 0.62 132 30.04 sm
(-0.27) (=0.07) (-0.26)

(Gl = 3249, S = 34.49,8% = 32.49, TI% = 25.92, TCL% = 38.97)

B B

Jakhi ¢t al.: Karyology of Dipeadl ”
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BRI DR R 5w

Figs. 14 Dipeadi ervih . WL S hro (2n=22). 2. Idioy takinensis showing 0
' . gram. 3. Diakinensis 11 bivalents
with nucleolus. 4. Metaphase 1. (1-3x1450; 42500)

TYPE C1 : Three pairs as above (3.7-0.78-4.79 + 0.42) with constriction at submedian (sm)
region.

‘._.<1m D1 : Five pairs of very short chromosomes (170 % 0.07-321 + 0.62) with
constriction at submedian (sm) region.

Thus the karyotype formula of D ndagitggluﬂugunwl+mﬁ~|+
4C¥+10 D1

Karyotypic details of D.erythraeum are presented in Table 1. In meiosis, PMC showed |1

bivalents at diakinensis at metaphase [ (Figs. 2.3). In general, polien fertility was low. Precocious
separation of few bivalents has been noticed in some pollen mother cells.

DISCUSSION
Eiuuoégﬂcnsnmnzuganliiggggﬁn
somatic complement as 2n=12 and 20 (Machabale & Chennaveeraiah 1954, 1962, Naik 1974, Naik
& Nirgude 1983, Dixit et al. 1992) and are mostly diploids. The somatic chromosome number,

2n=22, reported here for the first time in D.erythraeum is thus the highest number known so ?..wh
the Indian species of Dipcadi.
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Apart from numerical variations of chromosomes, differences are also observed with respect
to the number of submetacentric and subtelocentric chrosomes and haploid chromatic length, TF%
Gl and SI values in D eythracum (Table 1), The chromosome size varies from 5.24 to 11,70 pm in
Derythraeum. The length of the haploid complement is influenced by chromosome number as well
as chromosome size. Analysis of data of length of chromosome is of immense value in
understanding the evolutionary status of the raxa. Analytical studies of karyotype symmetry provide
2 valuable eriterion to indicate the nature of evolutionary processes and trends in taxon in which
evolution has taken place (Stebbins 1971). Low values of GI and SI in Derythraeum indicate
asymmetrical karyotype of ‘3B’ category as observed in other species of Dipeadi. This indicates a
relatively specialised status of the taxon under study.

Derythraeum with 2n=22 appears to be secondarily evolved through ancuploidy at
tetraploid level, which is further supported by its meiotic behaviour with low pollen fertility, In
Dipcadi, meiosis is in genecral associsted with some unusual events. This nature is not clearly
understood (Levan 1944, Mahabale & Chennavecraiah 1959, Naik & Nirgude 1982). However,
Ruiz et al. 1981) attributed these irregularities to the phenomenon of gene duplication. Further it is
supported by electrophoretic analysis of isozymes variability in natural population of D. serotenum,
where 2 ADH loci and 2 esterase were found duplicated (Pascual et al. 1980, 1981).

The basic number for the genus Dipcadi is considered to be n=4 (Naik 1974). However, this
is not tenable sicne 2n=6 is reported in D.marlothii from Natal (Ratter & Milne 1973) and basic
karyotype proposed as 2VL + |M pair for genus Dipcadi.

Considering the above view of basic karyotype, chromosome number and data from
previous and present investigations it seems that genus Dipcadi is affected by polyploidy and
structural alterations, at the same time possibility of hybridisation can not be ruled out.
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CYTOLOGICAL EFFECTS OF WATER EXTRACT OF MORINGA OLEIFERA ON
VICIA FABA ROOT TIP CELLS

AM_JHA, A C SINGH, N.KJHA AND RASHMI
Department of Botany, Samastipur College, Samastipur 848 134

(Received 24 May 1993, sccepled 3 Pebruary 1994)

SUMMARY

Aqueous extract of fruit of Moringa oleifera was evaluated for cytotoxicity
using Vicia root meristem protocol. Five different concentrations of the extract were
tested by treating the root tips for 2,4,6, 8 and 12 h. Decrease in mitotic indices and
ncrease in per cent mitotic depression was found to be dependent on both
concentration and the period of treatment. No significant change in prophase index,
increase in metaphase index and decrease in ana- and telophase indices as compared
to control suggests that the fruit extract interferes with the spindle mechanism and
thus contain some stathmokinetic compound (s).

INTRODUCTION
Reports on cytotoxicity and clastogenicity of natural products in plant extract are on record
(Tarkovska 1971, Srivastava et al. 1973, Hussein & Hakeem 1961, Shehab 1979, Adam & Rashad
1985, Medeiras & Takahashi 1987). Moringa oleifera which belongs to the family Moringaceae is
grown for their fruits consumed in large quantities as green vegetable by Indian population. The
gum obtained from the bark is of medicinal value and used in carache, headache and also n
syphilis and rheumatism. Oil obtained from the seeds is used in acute rheumatism and gout. In this

naz.s.caﬂzo?ioagﬁugﬁgwnrqgﬁgoxg% ta‘w.nnnawi_‘qn&\n&ng
tip. .

MATERIAL AND METHODS

.“.rng.iensnﬁ\n&ar.‘ﬂiﬂnﬂnillliﬂiﬂgn:\!&..‘;lli‘
n_.cu-.m._u..cuonq«s:n!v:-_sﬂ_ennml:[!!oqqoquoll.-il;ri;i—ur
the extract was filtered through a fine cloth and the Bc:r-.rla!isi-tll_;oolllll.lr!
Solutions of 4 different strength ie. 10, 25, 50 and 75% Ei!&i‘_géttmtii
-as.um?e:ﬁininﬂ_alun!..rﬂn-gﬁ_inﬂﬂh.?-l‘_urliﬂligil
maintained in all the cases in distilled water. The control as well as treated roots were excised, th ughly 4, fixed in
methanol-acetic acid (3:1) for 24 h and stored in 70% Lﬂrﬁ.wﬂnx‘oiigl’%i'
_.u.\.-nﬂ_vn..un.-l-i.-uruso-ntn-&&?F*rﬂl;ﬂaﬂn.iif—eligru
slides. Data on the frequency of mitolically dividing cells and cells in different phases of mitotic cycle were reconod.
Mitotic index, prophase, metaph phase and tclophase indices were calculated for each t Student’s t-est and
>ZO<>!242219:.2§,9_I-¢!-.
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TABLE 15 Mitotic indices of Vieks firha voot fip cells rested with different concentration of M. oletfera fruit extract and
the respeciive contral al variaws time of iremiment

Concentration (%)

Period of Number of
treatment (h)  cells scored

0 L] 25 S0 75 100
0 4500 1938 IR7s 19.20 19.15 18.60 19.30
2 4500 1865 18.35 14.10° 1545 12.35%* 10.15%
4 4500 19.10 1820 16,30 14.20* 12.68%* 930+
6 4500 1918 115 12.20%* 10.10* 980 7350
& 4500 18,60 1130~ 9.75%* 1.70* LB ] i 4,19
12 4500 19.10 131e* T.10* 6.15% 430+ 220
Amnslysis of Vanance
dar Mean squarc F
Between
treatments - 8470 15.01°**
Berween
penods 5 £7.98 15.60°*
C. D at 5% 156

*.** significant a1 0.05 and 0.01 levels respectively.

RESULTS AND DISCUSSION

The results showed that the treatment with the fruit extract produced significant effect on the
cell division and the distribution of cells in different phases of the mitotic cycle. It can be seen in
Table | that the treatment caused significant reduction in the mitotic index. The inhibition in the
mitotic index is correlated with both the duration of the treatment and concentration of the solution,
The effect of treatment was most pronounced in the 12 h duration with all the concentrations, After
this period of treatment the minimum percentage of mitotic depression was 30.13 at 10% and the
maximum 88.60 at 100% concentration (Fig. 1). Slow growth of roots, nuclear vacuolation,
pycnosis and chromatin granulation were of frequent occurrence. No significant effect on mitotic
index has been seen at 10% concentration up to 6 h but after that the mitotic depression increased
considerably (Fig.1). The value of C.D, at 5% level showed that in most of the cases the mitotic
index of the control and the treated group differ significantly from each other.

Table 2 shows the effect of 12 h treatment on prophase index (PI), metaphase index (MI),
anaphase index (Al) and telophase index (T1). All the treatment resulted in considerable alteration
in the distribution of cells is different phases of mitotic cycle. In all the treated groups M [ was
found to be higher than the control. Prophase indices of the treated group did not differ

significantly from the control as well as from each other, nevertheless, all treated groups showed
considerably low values of Al and TI.

The aqueous extract of Moringa fruit exerted a marked mitodepressive effect and caused
mbalance in the frequency of mitotic phases in the root-tip cells of Vicia faba. The degree of

Flg. 1=

TABLE 2:

T et ol K flect of Movinga frnt exienct 00 cell division 97
100 o o 10%
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0 2 4 6 8 12
Duration of treatment (h)

Per cent mitotic depression in Vicia root tip cells treated wath

the following concentrations of Moringa oleifera
fruit extract

Prophase, metaphase, snaphase and tcloph

indices after 12 hours treatment with different concentralion of
M. oleifera frait extmct.

Concentration (%)  Total number of

Per cent of mitotic phases
il T tien i it A lophase index

) 850 5129 235 1541 470

10 589 5687 26.31 1205 475

25 20 $8.50 30.56 751 2

S0 m SR9S 3874 1024 288

75 195 5535 40.10 455 -
100 99 5245 4535 220 .
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depression on the concentration of the extract and the duration of the
“_cﬁ.aa“s. The .:Eﬂ:..”a_ﬂ _..W ﬁ.ﬂnﬂ“ natural compounds present in plant extract has also been
reported carlier (Tarkovaka 1971, Shehab 1979, Adam & Rashad 1984, Medciras & Takahashi
1987). Mitotic depression has been attributed to vanous metabolic disturbances in the intemal
milieu of the cells due to effect of treatment, These disturbances generally lead :,, inhibition of cell
division and in tumn are believed to be the effect of treatment on the _..y_.::..ﬂ_a of DNA, RNA,
protein and cnergy. These results in arrest of cells in Go stage or a retardation in the pace of events
during S and G2 phases. No significant changes in P | of the treated groups as observed in the
present study indicates that the extract does not interfere E_z_.._a normal metabolic processes
taking place in the interphase stage. Nevertheless, considerably higher value of M and lower value
of A land T I indicates that the treatment caused blockage at metaphase stage and sufficiently large
number of cells which could have entered the second division cycle are stopped from doing so, thus
reducing the mitotic indices. It seems that the extract upon entering the cell, interferes with the
mechanism of formation of the mitotic spindle and/or causes hindrance in the chromosome splitting
from kinetochore and thus retarding their movement towards the pole. The results obtained in the
present study clearly indicate the presence of some cytotoxic or mitodepressive compounds in the
aqueous extigcts of Moringa fruit. Since the effect of the compound is on spindle mechanism so it
may be considered as a stathmokinetic.
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DIFFERENTIATION OF X CHROMOSOMES IN SOME INDIAN ANOPHELINES
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SUMMARY
The karyotype studies of mitotic and meiotic chromosomes of 13 Indian
anopheline species have revealed significant differences in the sex chromosomes and
n particular X chromosomes. These differences are largely due to the position of the
centromere, and the variable position and amount of the X chromosome
heterochromatin and euchromatin. These findings have revealed the X chromosome
differentiation among the specics under study,

Key Words: X ¢ difTe & e

INTRODUCTION

The present investigation was undertaken to analyse the metaphase chromosome karyotypes
of some commonly available species of the genus Anopheles from South India, based on G-, Q- and
R-banded patterns. It was also aimed to analyse the probable mode of X chromosomal
differentiation that might have occurred during the course of the divergence.

MATERIALS AND METHODS
The various anopheline species used for the analy and the localities of collecti !Iirir
The gonadal and neuroblast cells of larvae -n?.._lnldﬂ.u_._ml.:.o-.rn. paration of chy Gravid females
collected from the ficld were identified and transferred to the insectary, and were allowed 10 deposit eggs into individual
vinls. The larvae and pupac of individual females were reared in separsle pans.

The modified air-drying tech que of H ford (1971) was employ 4 for the preparati of mitotic and meiotic
chromosomes (Chowdaiah & Venkatachalaiah 1987). Chy Ppreparations were subjected to G-, Q- and R-banding
following the procedures of Sumner et al. (1971), Caspersson of al. (1971) and Lubs et al (1975) respectively. Karyolypes
were preparcd by following the procedure of Avirschan et al. (1969). Zciss photomicroscope 111 was used for both light and

Muorescence microscopy.
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TADLE 1+ Classified list of wpocies belonging 10 the gemuc dnopheles used in the present stidy an

callection made in South [ndia

Species

Collechion site

Subgenus-Liroup Senes
Anopheles.
Anupheles 4« The Nilgiris, Tamil Nadu
Anopheles i gigan
Myzorhyncus A migerrimis Bangalore, Kamataka

Cellia-Myromyia Mandya, Karnataka

Cellia-Myzomyia do

Cellia-Myromyia do-

Celhe-Myzomyia A wevporiensis Mercam, Kamataka
Neomyomyma A. lew s elogans The Nilgins, Tamil Nadu
Pseudomyzomyra (P yretophorus) A ssibypacius Dangalore
Paudomyzomyia/ (Pyrelophons ) A ~do-

Neocellia 4

Neocells 4 stephensi

OBSERVATIONS

The karyotype of each species investigated is characterised by the presence of 3 pairs of
mdividual chromosomes, designated as 1. 2 and 3 based on the total length and the position of the
centromere. The smallest pair 1s designated as sex chromosome pair (XX-female and Xy-male) and
the remaining 2 pairs of mediocentric chromosomes as autosomes 2 and 3. The latter 2 pairs differ
in their length. The sex chromosomes in Anopheles stephensi, A. annularis, A. vagus, A. fluviatilis,
A. culicifacies, A. jeyporiensis, A. acomitus and A. nigerrimus appear to be submetacentric with
arms of uncqual length. In the case of A subpictus, A. aitkenii, A. gigas, A leucosphyrus elegans
and A. lessellarus, the sex chramosomes appear to be acrocentric with identifiable short arms (Figs.
1-3).

The differentiatial staining of chromosome profiles (G- and Q-bands) are helpful in
distinguishing the 2 autosomal pairs withun the complement of each species. The banding patterns
obtained by the use of both G-and Q-banding always offered corresponding results, whereas the
R-banding resulted with a reverse banding pattern. In support of the observations of these results,
the photograph of cach metaphase complement and the corresponding karyotype of A. stephensi is
presented (Fig. 1). For other species, only the represemtative G- banded complements of cach
species are presented (Fig. 2). In addition, a diagrammatic representation of the X chromosome of

each species 1s also included for its corresponding banding pattern (Figs. 3-5)

The X chromosome identified by G-, Q- and R-banding patterns can be used for species
identification, The Y chromosome morphology appears more condensed and higly heteropycnotic.
Moreover, it does not provide clear banding patierns for species identification. In the present
investigation, a detatled descnption of G- banded patterns of X chromosome alone is described for
chromosomal charactenzation (Table 2
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Fig. 1: Meiotic chromosomes of Anopheles stephensi. G-ASG-banded metaphase
cells (lestis) from fourth instat larvae. Q-banded metaphase
from fourth instar larvae. R-banded metaphase chro
mstar larvae

chromsomes and karyotype of male
chromosomes and karyotype of female cells (ovary)
mosomes and karyotype of female cells (ovary) from founh

DISCUSSION
, During the earlier cytogenetic studies of anopheline mosquitoes much emphasis was given
for the role of polytene chromosome banding sequences in the understanding of speciation,
systematics and evolution (Kitzmiller 1976, White 1980). It is interesting to note that the cladistic
approaches employed to elucidate polytenc chromosome arrangements of these species of
anophelines beloinging to Afro-tropical and Oriental regions have demonstrated interspecific



us Cellia. These studies have implied the role of paracentric

differentiation (Green et al. 1985a, b)

However, these polytene chromosome studies have permitted only a part of cytological

the constituents characterised biochemically as satellite DNA of the total genome and known

Fig. 3
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cytologically as constitutive heterochromatin. Hence, these portions are not included during
polytenization and as such excluded from the total genomic analysis (Redfern 1981).

In recent years, the application of Giemsa and fluorescent dye staining of mitotic and
meiotic chromosomes of certain dipterans including mosquitoes have offered useful information
pertaining to the variations in the amount and location of constitutive heterochromatin content for
differentiating karyotypes of closcly related species (Leumeniuer et al. 1978, Bonaccorsi et al.
1980, Motara 1982, Mezzanottee & Ferrucer 1983, Marchi & Rai 1986, Mays 1987),

The karyotype and heterochromatic X chromosome compositional differences observed in
the present study are of primary importance for understanding the chromosomal differentiation in
the sympatrically distributed South Indian anophelines. In the present study, the structural integrity

of the autosomes and the plasticity of the sex chromosomes with particular reference to X
chromosome has been observed.

i g,

Venkatachalainh: Karyotypes of anopheline mosguitoes 105

My TevaalT avy
: J
’ m Bt u
-
u..F._n_r.- BATE Eass
. Py
ﬂ: IV 5 UMI Ihr -h- m
U U £ =
LCTOTe AnsuLapiy 4
5 Qe

.
*
-

| -I(]
|
..
..
o~
‘Epal
|
-
e
[

PLUVIA T iy

SYLICIMMCH A Py
ﬂnnrr.lbu ' CYwnesuly -

AT E Ry

ANDPWRELES

Fig. §: Disgrammatic representation 10 show the probable

phylogenctic relationshep of the 13 anopheline cies
studied based on their X chromosome differentiation s

In the present case, the use of G-, Q- and R-banding patterns on metaphase chromosomes of
13 species have helped to draw a tentative scheme for X chromosome divergence (Fig. 5). The G-
banding sequences of A4 stephensi is chosen as an arbitrary standard since it possesses simple
pattern through which other species could have possibly be derived. Such an assumption is based
on the fact that the state of X chromosome of different species can be constituted by involving at
least one pericentric inversion for a change in the centromeric position to characterise a species.

This species-specific character is subsequently swbilized by the occurrence of one or more
paracentric inversions.

Based on present observations, the differentiation of anopheline X chromosome could be
made by denving the anmularis type from the stephensi type by involving | pericentric inversion
during the course of X chromosome evolution. 4. anmuaris state can then be used to derive the
vagus type by involving both | pericentric and 1 paracentric inversion. As such vagus appears to be
a common point for the onigin of other species of the genus by the involvement of inversions at
different times during the course of evolution. Thus, the X chromosome of subpictis can be derived
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from the vagus by imvolving 1 penicentric and 2 or more paracentric inversions, At the same time,
the subpictu type can be used for the X chromosome derivation of lewcosphyrus elegans and
fessetlatus through one pericentric inversion to begin with and subsequently by 2 paracentric
inversions. However, other variable modes of arrangements of paracentric inversions leading to 2
different patterns characterising cach status is also possible, Thus, the vagus type of X chromosome
might be the possible basis for deriving fluviatilis, culicifacies, feyporiensis and aconilus status

mvolving | peri- and 2 or more paracentnic inversions.

The vagus X chromosome can also be used as a common point of origin for deriving the
specics belonging to subgenus Anapheles including nigerrimus, aitkenii and gigas. As such the
migerrimus type can be derived from the vagus type through 1 pericentric and 3 or 4 paracentric

TARLEY  The X ch

profiles of intense, moderste snd lightly-stsined

G-banding paty were W

d s dark, and light hand based on their staining
ively. The banding deseny starts from the

distal end of the shon arm (P) 1o the distal end of the long arm (Q). X chromosome type is shown is parenthesis
-

i
Specier Shon arm (P} Long arm (Q)
A xtephensi (sm) Consistz of dark hand Includes a medium band
A aumdars (sm) Includes a dark hand Proximal end includes dark band and the following
portion consists of medium band
A wagres (8m) Prominent dark bands with 3 muddle  Proximal portion includes dark band and the remaining
Tight band portion of medium band
A subpicins (a) A distal instense band The proximal, middle and distal poftiong contain a dark
band, each separated by a light band
Adewcosphyrus-clegany  Includes a hight band Includes proximal dark, then a light, followed by two
(=) dark bands
A tessellaties (a) 1s represcnted by a dark band Four prominent dark bands, each separated by a light
band on the distal end
A. fMlaviarilis () Distal end includes o med, and Includ, proximal and a middle dark band, each
proxamal dark hand followed by a distal light band
A crdicifecies (sm) Includes a light band Is ch d by the p of 1 I dark,
middle light and distal dark bands
A. jevporiensts (sm) A dark. light and a proximal dark Proximal 1o middle region consists of two prominent

A aconine (sm)

A migerrimus (sm)

A aitkenii (a)

A gigas (a)

band
Includes a light band
Distal 1o middle by » medium &

proxamal by dark band
Consists of a dark band

Includes a dack band

dark bands followed by a light and a distal medium
band

Includes proximal dark, middle a light and two dark
hands followed by a distal light band

Ch d by three distinet dark bands, each
separated by a light band
I1as 2 proximal prominent dark band, followed by a

light band and the distal region includes n dark and a
light band

Proximal to middle by a prominent dark band followed
by & light band

Venkatachalamh: Karyotypes of anopheline mosquitoes -Dm

mversions and in the case of aitkenil and gigas, through | pericentric and 2 or 3 pa
Inversions in appropriate combinations.

Thus, it can be stated that the repositioning of X chromosome heterochromatin in relation to
euchromatin in the total chromosome morphology will reflect the derived state of species-
specificity. King (1980) while endorsing White's (1978) hypothesis of * Karyotypic Orthoselection’
has generalized the chromosome lincages assuming that a particular type of chromosome
rearrangement could have dominated over the other types during the process of speciation. In the
light of the above theory and also other related works carried out on the interspecific differences in
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EVALUATION OF Fy HYBRIDS USING NEWLY EVOLVED SEX-LIMITED
BIVOLTINE SILKWORM RACES OF BOMBYX MORI

1M REVANASIDDAIAN®, WU YUCHENG AND YANG MINGGUAN
Depariment of Sericulture, Zhejiang Agricultuml University, Hangzhou 110029, P R China

(Received 16 Fehrunry 1994, revised accepted 15 April 1994)

SUMMARY

In the present investigation, through hybridization 15 quantitative characters
of the Fy hybrids were analysed for the first time involving newly evolved Chinese
B60S, B61S sex-limited and 8608 sex-limited and 8618 normal marking Japanese
varieties of Bombyx mori with known genotype ZW+P PP, ZW+ P+® females and ZZ
PP, ZZ +° +" males. The quantitative characters of the parcnts and their hybrids were
compared with the check variety hybrid currently used in summer and autumn
breeding programmes. The use of sex-limited varieties in the breeding programme
has been discussed.

Key Words:  Bombyx, mori, sex-limited hrybrde

INTRODUCTION

China is the first country in the world to have known the rearing of silkworm, Bombyx mori
with mulberry Ieaves, to reel cocoons and to weave silk fabrics. In China, change of traditional
silkworm breeding method to scientific techniques evolved during the recent years has enabled
synthesis of high productive supersilk silkworm varicties suitable to local conditions and
agronomical practices in China with desirable genotypes of known genetic constitution with an
objective to increase not only quantity of silk but also quality of superior silk to cater the
international market. Hence, after the reform, Chinese silk industry has made a remarkable progress
in both silk production and exploration. In the present investigation, through hybridization, an
attempt has been made to analyse 15 quantitative characters such as fecundity, hatching percentage,
duration of all instars, duration of the fifth instar, cocoon crops per 10000 fourth instar silkworm,
larvae cocoon shell weight per 10000 fourth instar silkworm, cocooning ratio to the fourth instar
silkworm larvae, rate of dead worms and cocoons, larva-pupa rate, cocoon weight, cocoon shell
weight, cocoon shell rate, filament weight, filament length and size of the filament of sex-limited
varieties of Chinese 8605, 8615 and sex-limited Japanese 8608, normal marking 8618 silkworm &
mori and their hybrids. Further, there is no documentary evidence at present with reference to use
of thesc sex limited varicties of A mori in breeding programmes for commercial exploitation.
Hence, in the present paper a comparative sequential investigation on above 15 quantitative

* Present address: Dep of Studies in Sericulture, Bangalore University, Bangalore $60 036, India.
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present check varieties Xinhang x Keming hybnds. This investigat
evidence to use these sex-limited varieties in the bree
rearing in the coming year to produce superior ligh grade silk

MATERIALS AND METHODS

The 4 silkworm varietios of Bombyx mari viz, 8805, %61 %, RSOR sex-limited and 8618 normal marking with kn

pevotypes snd phenotypes were used as the parent matenals for the present investigation. Among them, 8605 and %61
Chinese bivolline varieties spinning white oval cocoons. The remainimg 8608 and 8618 are Tapanese bivoltine
white dumber cocoons

aricties §

The positive and megative crosses were made by

es. The first pos

€ cross involves

Chunese normal markimg sex-limited XW+p pp 8605 fomale and Japanese normal marking ZZ +p+p 8618 male. The negntive

cross iovolves Japancse normal marking ZW +p+p 8618 female and Chinese plain ZZ pp 8605 »

The second positive cross imvolves Chinese normal marking sex- limited ZW+p pp 8615 female and Japanese plain

7Z pp W608 male The ncgative cross involves Japancse normal marking ZW+p pp B608 female and Chinese

plain ZZ pp
8615 male

During the prepamation of hybod layings synchronization of moth emergence was achicved by brushing and
commencing the reanng of the above parest variotics st (he same time. The sexes were separated during pupal stage and the

moths were isolated immedisicly after emergence for the crossing expenments. After copulation the moths were despaired

and kept in the dark for egg laying o 25°C and relstive humidity 70-80%. The eggs were collected and subjected to acid
treatment within 20 h of oviposition

The discasc free laying of the Fy hybrids and respeciive parcats vaneties were incubated at a tempenature 25+1°C
with 75-85% (R.H.) until haching The ccliular reanng of replicates of 5 each was conducted by feeding Hu Sang 197
mulberry vaniety lesves harvested from the garden maintsined in the Zhejiang Agnicultural University campus following the
general reaning methods. While rearing disinfectam No. | powder was sprinkled on the body of the ant worms immediately
after brushing. This procedure 15 applicable 1o all the age sillworm larvae immediately after respective moults and also to the

maitured worms before placing on to the montages. This powder was used 10 prevent muscardine discase during the larval

development

The rearing data pertain 1o the 15 Quaniiiative characters namely - fecundity, hatching percentage, duration of all
mstars, duration of fifth instar, cocoon crops per 10000 fourth instar silkworm, cocoon shell weight per 10000 fourth instar
silkworm, cocooning ratio to the fourth instar silkworm larvae, rale of dead worms and cocoons, larva-pupa rate, cocoon
weight, cocoon shell weight, cocoon shell rate, filament weight,

assess the performance of the parents and their F hybrids.

filament length and size of the filament were compiled 1o

The data assembled were analysed by employing the following statistical methods: The data pertaining to the
expression of heterosis and overdominance in Fy hybrids with regard lo quantitative characters under study in the respective
crosses were estimated by employing the formula

Fy -MP Fi - BP
)= ey SR IN
H (%) MP x 100 0D (%) BP x 100

Revanasiddatah of al.. Evaluation of silkworm hybrids I

percentage of overdominance; Fy = mean value of the bybnd;
alue of the better parent

OBSERVATIONS
The

Mean values of 15 quantitative characters of parental varietics and 2 single cross F

overdominance are presented in Tables | and 2. In addition, the
he parents 8605, 8615, 8608, 8618 and their hybrids are presented
and phenotypic expressions of the larval characters were represented in

brids along with heteros

photographs of cocoons spun |
in Figs. 1-8, The genotypic
10

The performance ¢

parent vane

ties used in the breeding experiments and their hybrids
obtained during summer and autumn re.

anng scason in China with respect to increase or decrease of
tive characters were presented below

k]
> 3
| NS
& o

Cocoons of Bombyx more. 1. P1 8605 Chinese variety 2. P2

2 E618 Japanesc vanety 3. Fy hybrids of the positive
hybrids of the negative cross 8618 x 8605

Flgs. 1-4:
cross 8605 x B61R 4. Fa



2. P2 8608 Japanese v

Figs. &8

ety 3. Fy hybnds of the positive

a8 R60R x 8615

Fecundity

The Fy hybrids of the 2 single crosses 8605 x 8618 and 8615 x 8608 revealed a mean
fecundity rate of 663.67 eggs, heterosis 21.32%, overdominance 5.17% and 659.33 eggs and
heterosis 31.16% with overdominance 3 o respectively (Tables 1 & 2). On the other hand,
comparison of fecundity rate among the parent varieties. the Japanesc 8608 and 8618 revealed
highest mean fecundity rate

Hatching percentage

The Fy hybnds of the single cross 8695 x 8618 showed a mean hatching percentage of

98.52%, heterosis |.58% with overdominance 0.73% (Table 1). The Fy hybrids of the other cross
8615 x B6OR revealed a3 mean _;E::m percentage of 97.25% 1.12% and

o with heteros
overdominance -0.092% (Table 2) Further,

hatching percentage recorded in Chinese parents was

very high

veuddaink ot al - Evaluation of silkworm hybrids 13

POSITIVE CROSS

( ES JAPANESE
8605 FEMALTF 8618 MALE
SEX-LIM X NORMAI
NORMAL MARKING MARKING
zw+" pp zz4T +F

Fi HYBRIDS

ZwW+" +"p FEMALF ZZ +"P MALE
ALL NORMAL MARKING
DARK LIGHT
NEGATIVE CROSS
JAPANESE CHINESE
8618 FEMALE 8605 MALE
NORMAL MARKING X PLAIN
zw +'+" zz pp
Fi HYBRIDS
ZW +'P FEMALE 27 +"P MALE

ALL NORMAL MARKING

Flg. 9: Genotypic and phenotypic expressions of the parents (8605, $618) and their F) hybrids.
Duration of all instars

The Fy hybrids of the two single crosses 8605 x 8618 and 8615 x 8608 showed 560 h,
heterosis -0.70%, overdominance 0.70% and 539 h, heterosis -0.99% and overdominance 0.88%
respectively (Tables 1, 2). There was no significant variation observed among the parental varieties
but marginal variation was noticed in hybrids.
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CHINESE
8615 FEMALE

SEX-LIMITED
zw+" pp

ZW+* PP FEMALE
NORMAL MARKING

JAPANESE

8608 FEMALE
SEX-LIMITED
NORMAL MARKING
zw +" pp

Zw +" PP FEMALE
NORMAL MARKING
SEX-LIMITED

Fig. 10:  Genotypic and ph
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POSITIVE CROSS

F; HYRRIDS

NEGATIVE CROSS

Fi HYBRIDS

Duration of fifth instar

Ypic expressions of the p

JAPANESE
8608 MALE
PLAIN

zz rp

ZZ PP MALE
PLAIN

CHINESE
8615 MALE

SEX-LIMITED
PLAIN
ZZ pp

ZZ PP MALE
PLAIN
SEX-LIMITED

(RGOS, 8615) and their Fy hybrids.

.S..n mean :ﬂ_ instar larval duration of the F) hybrids of the cross 8605 x 8618 revealed that
192 h with ..al.da.u 1.31%, overdominance -2,040% (Table 1). The other cross 8615 x 8608
-Y!.aa 19 h ._.OE heterosis -2.55% with overdominance -2.55% (Table 2). There was no
significant variation observed among the parental varietics.

Re belaial et ol E

funtion of silkworm hybrids s

Cocoon crops per 10000 fourth Instar silkworm

The mean cocoon crops per 10000 fourth instar silkworm of the Fy hybrids of the cross 8605
x 8618 showed 19.671 kg with heterosis 58.41% and overdominance 52,09% (Table 1), The F;
hybrids of the other cross 8615 x 8608 revealed mean value of 17.92 kg following 38.48% heterosis
and overdominance 29.58% (Table 2). There was an increase in the trait observed in Chinese
varicties.
Cocoon shell welght per 10000 fourth instar silkworm

The Fy hybrids of the cross 8605 x 8618 registered a mean cocoon shell weight of 4.46 kg
with 69.73% heterosis and overdominance 59.94% (Table 1). The hybrid of the single cross 8615 x
B60B revealed a mean cocoon shell weight 3.94 kg following heterosis 38.47%, overdominance
26.70% (Table 2). Further, the Chinese varicties revealed highest cocoon shell weight.

TABLE 1:  Mean values of the quantitative characters of the parent mces and their hybrids in Fi generation

Metric traits Parent Parent Mid parent ~ Better Hyhnds Heterns Over -
(8605) (8618) parent ¥ (%) dominance
(P1) (P2) (%)
Fecundity (No.) 463.00 631.00 547.00 P1 663.67 nn LA )
Hatching (%) 97.80 96.17 96.9% P1 9k 52 1.58% 07
Duration f all instars (h) 564.00 564.00 564.00 Pl 560.00 -0.70 0.7
Duration fo fifth instar (h) 183.00 196.00 189.50 rn 192.00 13 -2.04

Cocoon crops per 10000
fourth instar silkworm

(kg) 12.93 11.90 1241 Pi 19.67 8.4 5209
Cocoon shell weight per

10000 fourth instar

silkworm (Kg) 2719 246 263 P 446 ®.7 59.94
Cocooning ratio to the

fourth instar larvae (%) 73.67 nan 7339 Pl 96.28 JLis 30.69
Rate of dead worm and

cocoons (%) 4.00 9.00 6.50 ™ 0.00 «100 -100
Larva-pupa mte (%) 70.712 66.54 68673 Pl 9582 3961 ELE
Cocoon weight (mg) 1636.00 1615.00 1650.50 Pl 2046.00 2196 21.3%
Cocoon shell weight (mg) 362.00 331.00 346.50 Pl 459.00 3246 2679
Cocoon shell rate (%) 21.58 20.74 2116 4] 2.1 oo 519
Filament weight (g) 0.26 0.26 026 n 0.40 51.51 4981
Filament length (m) 1003.87 981.95 992.91 Pl 1261.25 noe 2563
Size of the filamemt (D) 238 2.4 240 £ 2 19.74 179

Cocooning ratio to the fourth instar silkworm

The Fi hybrids of the cross 8605 x 8618 and 8615 x 8608 aﬂ-!; 31.18%,
30.69% and 98.27% and 4.05% mean cocooning ratio, heterosis -.E o!.&l!l!t respectively
(Tables 1, 2). The highest cocooning ratio was observed in Chinese varicties,
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TABLE 2 Mean values of the quastitative charscters of two parent moes wnd their iybruds in T genenation

Metic imsits ~ (Paremt Parewt  Mid parent Petier Fihybrd  Hetorosis Over-

(w615 (R60%) parent %) dominance
A " " 08
Fecundity (No.) W son 567 n 65031 L6 30.99
Matching percentage LA 95,00 9%.17 " 9. L2 0.0
Duration of all instars (h) Sea .00 56400 564,00 " $59.00 <088 <0.8%
Duration of The fifth msiar 196.00 196.00 19600 " 191.00 ~1.53% 255
Cocoon crops per 10000
“ﬂr instar silkworm 135 1208 1204 - 17.92 I8AR 958
Cocoon shell weight per
1000 fourth mear
silkwomn(kg) 158 2158 2188 " 194 KUY 26.70
Cocooning o 1o the
fourth instar larvae (%) 948 8435 2940 Pl " 992 4.05
Rate of desd worm wnd
cocoons (%) 6.00 7.00 650 " 1.2% -80.76 -82.14
Larva-pupa rate (%) BR7E 46 K162 Fl 97.08 1606 931
Cocoon weight (mg) 1434200 1360.00 1401 .00 rl 1814.00 29.47 25.79
Cocoon shell weight (mg) 321.00 290.00 305.50 Pl 395.00 2029 21,05
Cocoon shell rate (%) 25 2145 2199 Ll 203 0.18 2221
Filament weight (g) 0.26 035 0.2s8 ] 0.33 2804 2585
Filament length (m) 1179.00 952.50 1065.75 Pl 1131.56 6.17 -4.02
Size of the filament (D) 2 24 223 P2 263 I1R.0§ 8382
Rate of dead worms and cocoons

The mean rate of dead worms and cocoons of the above cross showed 0% -100%, -1000%
and 1.25%, -80.75" and -82.14% with regard to heterosis and overdominance respectively (Tables
1,2). This is very high in Japanese parent varieties.

-.l.—i.—-l.i

Perusal of Table 1 and 2 reveals that F) hybrids of the cross between 8605 x 8618 recorded
97.82% pupation rate following 39.61% heterosis, 35.49% overdominance (Table 1). The other F)
bybnd of the cross 8615 x 8608 showed pupation rate 97.05% with 16.06% heterosis and

overdominance 9.31% (Table 2).
Cocoon welght

The Fi hybrids of the cross 8605 x 8618 revealed a mean cocoon weight of 2046 mg with
23.96% heterosis and 21.35% overdominance (Table 1). The other cross F1 hybrids registered that
181 mg following 29.47% heterosis and 25.79% overdominance (Table 2),

Rewvs ddaiah et al - Eval of silkworm hybads nr

Cocoon shell welght

The Fi hybrids of the cross B605 x 8618 was observed to have registered cocoon shell
weight of 459 mg with 32.46% heterosis followed by 26.79 overdominance, The F) hybrids of the
other cross 8615 x B608 revealed n mean cocoon shell weight of 395 mg with 29.29% heterosis and
23.05% overdominance. These hybrids of the above crosses showed a significant difference with

regard to cocoon shell weight, The Chinese varieties showed highest cocoon shell weight when
compared to Japanese varicties (Tables 1, 2),

Cocoon shell rate

The Fy hybrids of the cross 8605 x 8618 showed mean cocoon shell rate of 22.70% with
7.27% heterosis and 5.19% overdominance. The Fy hybrids of another cross revealed cocoon shell
rate of 22.03% with hetcrosis 0.18% and overdominance -2.21%. The Chinese parent varicties
showed highest cocoon shell rate than that of the Japanese parents (Tables 1, 2).

Filament weight

The Fy hybrids of the cross 8615 x 8618 showed mean filament weight of 0.4 g with 51.51%
heterosis and 49.81% overdominance. The Fy hybrids of the cross 8615 x 8608 revealed that cocoon
filament mean weight 0.33 followed by 28.04% heterosis and 25.85% overdominance. The Chinese
parents revealed highest filament mean weight than Japanese parents (Tables I, 2).

Filament length

The mean cocoon filament length of the Fy hybrids of the cross 8605 x 8618 shows 1267.25
meters, heterosis 27.02% with overdominance 25.63%. The F; hybrids of the cross 8615 x 8608
registered the mean filament length 1131.56 meters, heterosis 6.17% and overdominance -4.02%.
This was the highest filament length observed in Chinese parents (Tables 1, 2,

Size of the filament

The Fy hybrids of the cross 8605 x 8618 and 8615 x 8608 revealed the mean size of the
filament 2.87D, 19.74% heterosis overdominance 17.39% and 2.63D with 18.05% heterosis and

8.82% overdominance respectively. The Japanesc parents showed highest size of the filament than
that of the Chinese parents (Tables 1,2),

DISCUSSION

In the present conventional cross breeding programme the known genotype used as a choice
of mating ‘system is of vital importance to obtain high productive hybrids for commercial
utilization. Generally, in cross breeding programme two or more varieties are used, which are good
in some characters and poor in others to obtain Fy hybrids with a hormonious blend of desired
Quantitative characters (Rajanna 1989),

In view of the above, 4 silkworm varieties of Chinese and Japanese newly evolved _!aw!n
varicties, which are known for their distinct phenotypic expression with respect to commercial
characters have been utilized in positive and negative crosses in order to extract the most promising
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genotype. Further, the phenotypic ex; ion of the variety is determined by the interaction
”.ils genetic and environmental ?now—.u.ﬂ._&.n.. & Harrison 1949, Robertson 1955, mn_..n:-.x-
1969, Barlow 1981, Levins 1968, Rajanna 1989). Similarly, the expression of the quantitative
characters in silkworm Hombx mori is largely dependent on the complex interaction between
polygenes governing them and environmental factors to which they are exposed (Rajanna 1989),
Therefore, suitability of the varicty is dependent on its genotypic response to produce consistently
high phenotypic expression in Fy hybnds under different environmental conditions. However, the
performance of the varicties iself will be the best indicator of the suitability of the genotype to
known environmental conditions (Rajanna 1989),

In view of the above factors, both Chinese and Japanese bivoltine sex-limited varieties of
known genetic background have been utilized in the present investigation in order to study the
performance of the parents and their hybrids during summer and autumn rearing seasons for the
first nime.

Analyses of the 15 quantitative characters of the Fy hybrids revealed the expression of varied
degrees of heterosis and overdominance, For example, the highest heterosis of all the F; hybrids of
the two single crosses with regard to productivity characters such as cocoon crops per 10000 fourth
instar silkworm (58.41%, 38.48%), cocooning ratio to the fourth instar silkworm (31 18%, 9.92%),
cocoon weight (23.96%, 29.47%). Further, comparatively lesser heterosis for larva-pupa rate
(39.61%, 16.04%) was observed (Tables 1, 2). They reported higher heterosis for productivity
character compared to visbility character and suggested that henitability plays an important role in
the expression of these characters. A close analysis of the mean values of the quantitative characters
m the F) %&gﬁngaﬁ_Enggrg&g:ﬁaaﬂnﬂ:nﬁ_ﬁ
irrespective of the parents involved. This agrees with the findings of Osawa & Harad (1944). They
showed that greater the mid parents value, lesser will be the effect of heterosis. The expression of
heterosis is influenced by two genes one acting directly on the characters and another influencing
the expression of the characters indirectly as suggested by Barlow (1981).

The analysis of the higher cocoon weight, cocoon shell weight and cocoon shell rate in the
F) hybrids can be attributed to the mheritance of sex linked dominant maturity gene (Im). The
marginal increase in the hatching percentage in F) hybrids may be due to physiological states of
male and female moths and also temperature, light and humidity during incubation (Tazima 1978).
The short larval duration in the Fy hybrids may be due to higher rate of metabolism and speed of
development of the heterozygous larvae,

From the rearing results (Table 1) of 8605 x 8618 during summer and autumn scasons
showed that the cocoon yield for 10000 larvae reached 19.67 kg, cocoon qualities such as cocoon
weight 2046 mg, cocoon shell weight 459 mg, cocoon shell rate 22.70% and length of the silk
filament 1261.25 meters in the 1 hybrids when compared 1o F hybrids of the cross 8615 x 8608,
This shows that Fy hybrids obtained by 8605 x 8618 is superior than that of the F, hybrids of the
naanwo_uug.gggﬁ»ﬂgﬁig;gwiﬁaguﬁs level. Because
agﬁgaﬁgsgggglg_gg?ggangrn.on
E:.:!.!x_Esgi!vgagmoam:&.:rdﬁu&g%?ngﬁn&
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hybrid during summer and sutumn was compared with our present rearing results and noticed that
parents involved in this breeding programme are superior than the present check varieties.

This indicates that the sex-limited variety 8605 for normal marking can be utilized with
8618 all normal marking variety to produce a high quality silk. Further, sex-limited varicties can be
utilized in the breeding programme because the identification of sex at the larval stage is very casy.
This helps the egg producing industry. The silk size of the sex-limited male cocoon is small, silk
quality is very good, neatness is very high. Therefore, it is suggested that the future, the sex-limited
races can be disseminated for commercial production of silk in China and also in other silk
producing countries.,
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ON POLLEN DEGENERATION IN CYTOPLASMIC MALE STERILE RADISH
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SUMMARY

The present report deals with the analysis of cytoplasmic male sterility (CMS)
in the anthers of radish. Sterility is postmeiotic. The first sign of varation appears in
the tapetum immediately after the microspores are released from the tetrad condition.
Radial walls of some tapetal cells rupture and the contents form an intratapetal
syncytium. The syncytium and  microspores degenerate  simultaneously.
Occasionally, the tapetum at tetrad stage becomes hypertrophied and consequently
the microspore tetrads are crushed in the locule.

Key Words:  Raphanus, pollen sterility.

Male sterility can be described as the failure or inability of the plant to produce functional
gametes. This is different from that of self-incompatibility where viable gametes are formed but
unable to fertilize. There are 3 types of male sterility in plants viz., genic, cytpolasmic and
cytoplasmic-genic. Genic male sterility results by the action of nuclear genes and its nheritance is
strictly according to Mendelian principles. Cytoplasmic male sterility (CMS) is due to cytoplasmic
factors. Cytoplasmic- genic male sterility is due to genic as well as cytoplasmic factors and follows
non-Mendelian inheritance. Cytoplasmic-geneic male sterility (CGMS) is highly useful in plant
breeding programmes to generate hybrids, because it eliminates the expense of hand emasculation
procedures. It has been reported in 342 species (Kaul 1988). The cause for pollen sterility has long
been attributed variously to the malfunctioning of tapetum, untimely dissolution of callose, poor
vasculature, biochemical disturbance, mutation in mitochondrial genome and the presence of
viruses (Graybosch et al. 1984, Shivanna & Johri 1989, Grant et al. 1986, Sawhney & Bhadula
1988, Kakihara et al. 1988, Kaul 1988, Thesis & Robbelen 1990),

While working on histochemical and biochemical aspects of CMS in crop plants, we came
across some striking abnormalities during microsporogenesis hitherto not observed in radish.
Radish (Raphanus safivus) is an important member of the economically useful family, Cruciferae.
CMS was first reported by Ogura (1968) in this plant.

* Dep of Botany, Kittel Science College, Dharwad 580 001.
** C.P.M.B., Tamil Nadu Agricultural University, Coimbatore 641 003.
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Seeds of CMS and male fertile lines of madish wore obtained from Cruciferae Genetics
co-operative, Wisconsin, US.A. The plants were mised and maintained in the pots. Different stages
of anthers were fixed in Carnoy's fixative, processed by using routine microtechnique methods, The
microtome sections of 6 pm were stained with mercuric bromophenol blue (Vijayaraghavan &
Shukla 1990),

The microsporogenesis in CMS and festile lines follow the same course of development up
to the formation and release of microspores from the tetrad. In male fertile line, the anther at pollen
mother cells stage consists of an cpidermis, endothecium, a middle layer and the tapetum. The
tapetum in fertile another remains at parietal region even after the formation of pollen grains, In
CMS line, the first sign of shnormality in the anther appears in tapetum, Following the release of
microspores from the tetrad, the rdial walls of tapetal cells begin to rupture, allowing the tapetal
contents to mix together. The tapetal cell contents remain enclosed within a continuous inner tapetal
wall and form and intratapetal syncytium. Later, intratapetal syncytium and microspores start
degenerating simultaneously. Meiosis in the pollen mother cells proceeds normally until tetrad
formation, after which the microspores degenerate cither during tetrad formation or immediately
after their separation. The tapetum becomes plasmodial, The plasmodium enlarges and invade the
anther locule and conseguently the developing microspores are crushed to death. The constituent
tissues of the anther locule are completely collapsed.

Number of histological studies have demonstrated that the aberrations leading to male
sterility may occur at any stage of anther development (Kaul 1988). It is difficult to define exactly
the stage at which the abortion is initiated because of wide range of histological disturbances and
their varying expression. The present study on Raphanus revealed that the sterility is post- meiotic.
Although CMS has been reported in large number of species, the tapetal development, the course of
microsporogenesis and its breakdown stages are known only in 12% of CMS plants studied of them
m 16% the tapetum is normal, in 35% it is abnormal and in 49% it is persistent, however the
breakdown of microspoogenesis is observed in all the cases (Kaul 1988), The tapetal tissue may
remam intact for a longer duration or breaks down earlier and becomes hypertrophied or even
develops intratapetal syncytium. Intratapetal syncytiom and hypertrophic nature of tapetum has
been reported in CMS lines of Sorghum and sugarbeet (Overman & Warmke 1972, Chauhan &
Kinoshita 1980), Raphamus (Ogura 1968, Theis & Robbelen 1990), Allium (Konvicka et al. 1978)
and Brassica (Banga et al. 1984), In the present study, hypertrophy associated with the formation of
intratapetal syncytium is observed, This deviation in the tapetum is observed before the formation
of aberrant microspores. This leads to the assumption that whether the male sterile genes come into
effect only due to the disturbance of the tapetum or the tapetum first suffers due to the expression
of male sterile genes. It is possible that bath tapetum and microspores suffer from the deficiency of
the same gene product (Graybosch et al, 1984),

Occasionally a complete hypertrophy of tapetum is noticed in the radish at tetrad stage.
Consequently, the microspore tetrads are crushed in the locule. In the CMS line of Raphanus (Theis
& Robbelen 1990) occasional release of microspores from the tetrad is also inhibited and tetrads
degenerate. Similar type of observations were also made in pepper (Homer & Rogers 1974) and
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sunflower (Horner 1977). There is an unequivocal agreement in the literature that a co-ordinated
development of tapetum and microspores is a prerequisite for the development of fertile pollen
grains (Shivanna & Johri 1985). The importance of the tapetum results from the fact that the
nutrients for the developing microspores have to pass through this cell layer. Furthermore, the
synthesis of various substances is shown to take place in the tapetum, Therefore, the male sterility
is often associated with the aberrant behaviour of the tapetum. Further insights into the initial
effects of CMS may lead to a more comprehensive understanding of the regulation and expression
of male sterility controlling gene (s) and additionally it may also provide strategies for the
introduction or induction of male sterility in commercially important plants.
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