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FLORAL BIOLOGY AND BREEDING BEHAVIOUR IN BAMBUSA
ARUNDINACEA*
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Division of Plant Tissue Calture, National Chemical Laboratory, Pune 411 008

(Received 24 March 1995, revised accepted | S September 1995)
SUMMARY

Bambusa arundinacea (Retz.) Willd. was found in full bloom in Pune in 1989-
91. Anthesis occurred between 5.30 a.m. and 2.00 p.m. depending on temperature and
relative humidity. Androecium and gynoecium matured simultaneously. Stigmas re-
mained at a higher level than stamens, when the reproductive structures were fully
exerted. Pollen fertility was about 93%. Pollination was effected by wind. Geitonogamy
and adelphogamy were possible. Insects visited the florets and collected large quanti-
ties of pollen. However, they did not act as pollinating agents. There was profuse sced
production in clumps under open pollination. Bagging the florets without emascula-
tion and artificial selfing resulted in seedset indicating only sexual reproduction. Bag-
ging the florets without emasculation and artifical selfing resulted in scedset pointing
towards possible absence of self-incompatibility. Seedling populations showed a wide
variation.

Key Words : Bambusa arundinacea, breeding beh . floral biology. Mlowenng
INTRODUCTION

Bamboos are amongst the most economically important multipurpose plant species (Mc Clure
1966). They can be divided into 3 categories on the basis of their flowering behaviour: species
which flower (i) annually, (ii) gregariously and periodically and (iii) irregularly. Most bamboo spe-
cies flower at the end of their vegetative growth phase, ranging betwsen 3 and 120 years (Janzen
1976). Nearly 1250 species of bamboos occurring worldwidg present rich genetic diversity. Their
peculiar flowering makes the transfer of desirable traits between varieties, species and geaera by
conventional methods difficult. Studies on their reproductive biology are meager. In vitro induction
of flowering (Nadgauda et al. 1990) can help in obtaining predictable and synchronous flowering in
2 or more species. It is necessary o compare the in vitro flowering with in vivo flowering, so that
any changes brought about by in vitro conditions can be detected and rectified. With this view also
in mind we studied the reproductive biology in Bambusa arundinacea (Retz.) Willd.

B. arundinacea is one of the 2 most important bamboos found throughout India (Kondas
1973). Its different cohorts have intermast periods ranging between 30-54 years (Janzen 1976).
Though exact age of the clumps studied is not known, they are known to be more than 30 years old.
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The culms of this species are very useful in construction work (Yudodibroto 1987, Vivekanandan
1987, Widjaja & Risyad 1987) and is one of the major sources of raw material for the paper
industry in India.

MATERIAL AND METHODS

B.arundinacea growing in the Empress Botanical Garden and the Foona U

rersity Campus. Pune mass Nowered in
1989-91, During this period, observations on the processes involved in seed prod

n were made

The time of anthesis, anther dehiscence and pollen release as well as stigma receptivily were studied by making
regular and periodic visits 1o the field. The time when the lemma and ‘palea’ were separated fully and the reproductive
structures exeried completely was considered as the time of anthesis. When the stigma was fully exerted, its 1 lobes were well
expanded und the papillae were turgid. Such stigmas were considered as recepiive. The temiperature and relative hurmdity, and
the time of anthesis dunng difficrent seasons were recorded  Multiple regression cocflicient analysis was camed out (Snedecor
& Cochran 1967). Observations on insect visitors. their identity, seasons and frequency of their visits were recorded. The
florets al anthesis were lagged with thread and the younger and older florets were removed from the spikelet, Some of these
forets were lefi open 1o be pollinated by the natwral agents and the remaiming Naorets were bagged a day before anthesis. Some
of the bagged florets were emasculated 2 or 3 h before anthesis and the remaiming ones were left unemasculated. The following
day the latier were either allowed 10 open inside the bags or pollinated with pollen grains from anthers of the same floret. Pollen

was collected by 1apping the anthers on 1o a piece of butter paper. The emasculated florets were cither left unpollinated or
pollinated with pollen from the same or a different plant

The pollen grains were stained with Alexander’s stain (Alexander 1969) to check pollen fertility. The methods
followed for in vitro pollen germination were similar to those described earlier (Nadgauda etal 1993). Observations on the

seed predators were made when the seed shedding took place in the months of Apnl and May. Observations on the growth habit

of the scedlings were made from a large number of seedlings established afier the first few rains of the ensuing monsoon

OBSERVATIONS

In the Empress Botanical Garden, there were many clumps whereas in Poona University

campus Lhere were only 3 clumps. Each clump consisted of approximately 15-20 culms. The

flowering took place in many fushes with short resting periods in between. Flowering com-
menced in October-November, 1989 when very young spikelets were seen on the culms. The
forets started opening by the end of November and continued ull May-June 1991,

Time of anthesis, anther dehiscence and stigma receptivity

The Morets in B.arundinacea are chasmogamous. The 'lemma’ and 'palea’ opened and
exposed androecium and gynoecium which matured at the same time. Young f{lorets grew rapidly
during the 5-6 h preceding anthesis, Thereafier, the ‘lemma’ and 'palea’ gradually separated from
cach other and the stigma became exerted. At anthesis, the anthers were found situated at a lower
level as compared to that of the stigma (Figs. 1-5). The length of florets ranged between 9 and 10
mm. Individual anthers (with filaments) were around 5 mm and gynoecium around 9 mm long.

Pollen from a culm pollinated stgma of florets, at a lower position on the same culm
(geitonogamy y, forets on a different culm from the same clump (adelphogamy) or florets on a differ-
ent clump (cross pollination). The mature stamens dangled at the tips of long filaments, anthers
dehisced by apical pores and the pollen released from many florets at the same time formed a 'pollen
cloud’ which moved in the direction of the wind. Each florel required about 2 h for the completion

of anthesis. Both on natural and artificial pollination the receptive stigma attached large number of
pollen grains

,,
k
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Influence of climatic conditions

Anthesis in all florets opening in a given day took place in a span of 3-4 h when majority of
the florels opened. The time of anthesis was dependent on atmospheric temperature and relative
humidity (Table 1). Floret opening in different months of the year was as follows: in summer (April-
May) between 5.30 am. and 9.00 a.m., during monsoon (June-September) between 8,30 am. and
12.30 p.m., in September-October and early November between 8.00 am. and 12.00 noon and in
winter (late November to the boginning of February) between 11.00 a.m. and 2.30 p.m

Insect visitors

Two species of insects, Apis mellifera and Allodapha marginata visited the florets at anthe-
sis, only in seasons when the climate was not extremely hol, cold or raining. They fed on and

TABLE 1. Inf) of el factors (M v and mean air temperature and humidity) on the time of
anthesis in Bambusa arundinacea on the basis of regression analysis.

Time of anthesis regressed R F Regression equation

on to the chimatic condition g

Maxunum air temperature T33% 19.15* Time of agthesis = 21.2-0.340 Maximum air temperature

Mimmum asr temperature 51.2% 754 Time of anthesis = 13.8-0.224 Minimuom air temperature

Mean air iemperature 64% 0.48 Time of anthesis = 11.5-0.046 Mean air iemperature

Maximum humidity T\% 2361* Time of anthesis = 3 68+0. 167 Maximum humidity

Minimum humidity 1L7% 0.12 Time of anthesis = 9 81+0.0108 Minimum humidity

Mean humidity 172% 1.45 Time of anthesis = 6.84+0.05523 Mean humidity

Mean temperature and 26.1 1.06 Time of anthesis = 8.06-0.0554 Mean temperature + 0.0594

Mean humidity Mean humidity

R? = Multiple comrelation coefficient
F = Test statastics for regression cocfficient.
* = Significant,

collected large quantities of pollen. The insect visitors damaged the young florets by eating pollen
{rom even immature anthers. However, they did not act as pollinators.

Breeding system

Table 2 summarizes the details of breeding experiments. Under open pollination seed pro-
duction was high. On bagging without emasculation (1o exclude wind) seedset was low and bag-
ging afler emasculation resulted in the absence of seedset. On cross-pollination seed production
was high and on artificial self-pollination the seedset was lower.

The pollen fertility was 92.88 + 0.4% (Fig.6). Among the sugars tried, sucrose (1%) opti-
mally supported pollen germination, a lower or a higher percentage of which greatly reduced the
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TABLE 2 Effect of different pollination treatments on seedset in Bombnusa arundinacea®

Treatment " Number of Seedset Percentage
florets observed secdset
Open pollination 571 433 7581
£1.77
Bagging without 154 62 17.50
emasculation $0.69
Bagging afier 286 00 ' 00.00
emsculation
Artificial cross- 241 159 65.85
pollination +1.85
Attificial sell- 192 68 35.49

pollination 1.7

* Mean of three observations ¢ standard error

percentage of it. Fructose, glucose and maltose were ineffective. Fresh coconut milk also promoted
pollen germination. However, the pollen tubes were highly coiled in their appearance and the results
were inconsistent depending on the batch of coconut milk used. For sustained growth of the pollen
tubes, other ingredients of the Brewbaker & Kwack (1963) medium were also necessary. A modi-
fied medium standardized for in vitro pollen germination in this species contained 100 ppm H.BO,,
200 ppm Ca (NO,), 200 ppm Mg SO, and 100 ppm KNO,. In this medium, pollen germination was
86+0.99% and pollen tubes grew approximately | mm in length.

Seed predators

The seeds (Figs. 7, 8) when ripe fell from the culms and formed a thick layer on the ground
underneath the clumps. The seeds started falling by January-February. Most of the seeds matured in
March-May. In Pune, the main predators of the bamboo seeds were rats, squirrels and sparrows.
Sparrows and squirrels were seen all through the day, eating bamboo seeds. Rats were seen mostly
in the late evenings, nights and early mornings. Al limes, stray rats were observed collecting bam-
boo seeds even during the day. Since both the sites were frequented by humans, there were no jungle
animals in their vicinity.

Seedling variability

The seeds readily germinated after the first 2 or 3 showers of rains and formed a thick carpet
of seedlings. The scedlings showed a high degree of variation in their growth pattern. There were 4
types: short-slender, medium-statured, tall-slender and tall-vigorous. In one of the collections
17.50+0.81% of the seedlings were albinos. The albinos did not survive beyond the four leaf stage.

DISCUSSION
In B. arundinacea, differential position of androecium and gynoecium prevents self-polli-

nation. However, geitonogamy and adelphogamy, bringing in the same effect as sclfing are pos-
sible. Dichogamy and prologyny are reported in some bamboos which effectively prevent self

i
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pollination (Venkatesh 1984, Nadgauda et al. 1993). As in other grasses, wind-pollination and
cross-pollination were possible. The highly feathery nature of the receptive stigma could help in
capturing air borne pollen. In the present species, anthesis was found dependent on temperature
and humidity. In Dendrocalamus strictus, however, though temperature plays a decisive role,
relative humidity had no apparent influence on anthesis (Nadgauda et al. 1993). In insect visits,
B. arundinacea was comparable with Ochlandra fravancorica (Venkatesh 1984) and Dendrocalamus
strictus (Nadgauda et al. 1993). Bodekar (1930) reported insect visitations of Bambusa pelymorpha
florets in Burma. Gunckel (1948) noted that a species of Chusquea in Chile was pollinated by

wind and also "by some small insects”. In (hese species also, possibly the insects may not be
acting as pollinators.

The lower percentage of seedsct in bagged florets, as compared to those under open pollina-
tion may be due to obstruction 1o the wind and the absence of large quantities of cross pollen
available 1o the latter group. Seedset in these florets ndicates the possible absence of self-incom-
patibility. Seedset in artificially self-pollinated florets also points towards the absence of self-
incompatibility. Pollination by pollen from the same floret can be done only when anther dehis-
cence takes place in that floret, which may be slightly later than the time of stigma receptivity,
Artificial cross pollination can be done slightly carlier than the time of stigma receplivily. Pseudoself-
incompatibility also reduces seedset on self-pollination. In B.arundinacea. reduction in seedset on
artificial self-pollination may be due 10 one of these or both. From their observation of seed set in
inflorescences which were bagged, Kondas ¢t al. (1973) and Indira (1988) inferred this species to
be self-compatible. Absence of seedset in floret bagged after emasculation can be considered as
indicating only sexual reproduction in this species. Nearly 93% pollen fertility and higher per-
centage of pollen germination and good growth of the pollen tubes point towards regular meiosis
and production of viable pollen in sufficient numbers in this species. One way of overcoming the
barrier placed by nature on hybridization betwen bamboos is cryopreservation of pollen. The

method standardized for in vitro pollen germination and pollen tube growth is useful in checking
Viability of stored pollen.

Seed predators arc thought 1o be selecting heavily against the tails of the bamboo seeding.
Also against small cohorts and sporadically seeding individuals (Janzen 1976). Heavy seed preda-
tion in the forests can help in maintaining synchrony of mast crop within a cohort. However, this
may not be true in protected habitats,

Observations in this study point towards cross-pollination prevalent in this species. Kondas
et al. (1973) also reported a similar observation. Absence of self-incompatibility enables seed
production at times of sporadic flowering, which may be lower and the variability produced may
also be less. Mc Clure (1973) noted that it is common for bamboos to flower without setting seeds.
An isolated wild clump that is flowering well out of phase with the main mast crop may set little or
no seed (J C U 1883, Gamble 1902, 1904).

The results of our investigation are useful in planning breeding programmes in bam-

_.R.z and making a comparison between in vivo and in vitro flowering in B. arundinacea
which would help in further refi

ning the in vitro flowering methods for perennial seed pro-
duction and hybridizations.
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INFRASPECIFIC KARYOTYPE EVOLUTION IN CYANOTIS VILLOSA
SCHULT. F. (COMMELINACEAE) BY CENTRIC FUSION

K. LALITHAMBIKA BAI PI KURIACHAN AND CA. NINAN
Department of Botany, University of Kerala, Kariavattom. Thiruvananthapuram 695 581

(Received 24 July 1995, aceepted |5 September 1995)
SUMMARY

Cytology of plants of Cyanotis villosa, considered to be the most v-._..inﬁ
species of the genus, collected from 9 localities in South India was investigated.
Plants from Silent Valley, Wyanad, Udagamandalam and Munnar showed n = 12 and
2n=24, Plants from Kodaikanal, Courtallam, Vandiperiyar, Upper Kothayar and
Ponmudi showed n = 13 and 2n = 26, Karyotype formulae in the above taxa were n
=12=3m+2sm+7stand n=13 =2 m+ 2 sm + 9 st respectively. From a compara-
tive study of the karyotypes, it is suggested that plants with n= 12 were derived from
plants with n= 13 by a centric fusion and a loss of one centromere. An analysis of the
distribution of the 2 cytotypes suggested that the cytotype with n = 12 has evolved in
Kodaikanal and that it is more adapted to less warmer areas, away from the equator.

Key Words : Cyanolis, karyotype, centnic fusion, dysploidy
INTRODUCTION

The tropical genus Cyanotis is considered Lo have evolved from a Belosynopsis ancestry with
n=13 and C. villosa (C. lanceolata Wi.) with n=13 is reported 10 be the most primitive member of
the genus (Faden & Suda 1980). C. villosa is a perennial spreading plant with blue flowers. In
South India this species occurs at high altitudes. Cytotypes with n=12 (Shetty & Subramanyam 1962,
Rao 1970, Renugadevi & Sampath Kumar 1986), n=12 + | (Rao 1970), n=13 (Raghavan & Rao
1965, Rao 1970, Jones & Kukkonen 1971) and 2 n = 26 + 1B (Owens 1981) have been reported in
this species. Reports of the existence of different cytological races of C. villosa and the pivotal

position occupied by the species in the evolution of the genus have v_.a:._x.x_ a detailed cytological
analysis of the species from South India.

MATERIALS AND METHODS

During this study, plants of C. villosa were d from C 1l P di, Upper Kothay

Vandiperiyar, Munnar, Wyanad, Silent Valley and Udagamandalam. These were grown in the Botanical Garden,

University of Kerala. Flower buds and root tips for cytological studies were :-nn in ethanol-acetic -ni (3 1) with
atrace of ferric acetate. The root tips were _-..nna-.un_ in 0.002 M ag

ion of 8-hydroxyq at about
5°C for 2 h. The root tips and anthers were squashed in 1%
M of ch for karyotype .E&_ were !!r from photographs magnified to
2000 times. The relative chromosome length (RCL) was lculated by multiplying the p tage length of cach
chromosome by ten  The ch

were d in 3 growps, M, sm and st based on the position of the
centromere. (Levan et al. 1964)
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OBSERVATIONS

Chromosome numbers in the different collections were determined from root tip cells and /
or PMCs. Root tip cells of the materials from Kodaikanal, Courtallam, Vandiperiyar, Upper Kothayar
and Ponmudi showed 2n = 26 chromosomes (Fig.1). The haploid set consisted of 2 m + 2 sm 4 9
st chromosomes with a n.f. value of 30. One of the large st pairs is satellited on the short arm. The

chromosomes range between 1.5 pm and 3.7 um in length in the Courtallam accession with a total
chromosome length (TCL) of 65 pm for the diploid complement

K Lo - -
- - . e
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Figs-1-4 : Somatic and meitoc ch

mes of C

. villosa (All Figs. x 1400) 1. C. villosa (Courtallum). a rool tip cell
showing 2n =26. 2. C. villosa (Udagamandalam) a root tip cell showing 2n = 24. 3. C. villosa (Ponmudi). a PMC

showing 13 bivalents. 4. C. villosa (Munnar). a PMC showing 12 bivalents

n= pp—...-—n.—ﬁ-_nooum._m:- S0 Sthaad Valley, Wyanad, Udagamandalam (Fig.2) and Munnar revealed
24 v : haploid set of the accessions from Udagamandalam and Silent Valley consists of 3 m
m + 7 st chromosomes with a n.f. value of 30, A long pair of st chromosomes revealed

Latithambika Bai et al. Chromosomal races in Cyanoiis i

satellites attached to the short arms. The chromosomes range between 1.5 pm and 4.5 pm in

length in the accession from Udagamandalam with a TCL of 65.4 pm. The st pairs in both acces-
sions show a gradual decrease in length.

Meiotic studies revealed n = 13 bivalents in the accessions from 1@.&!&. (Fig. 3). Upper
Kothayar, Courtallum, Vandiperiyar and Kodaikanal and n = 12 bivalents in the accessions from
Munnar (Fig. 4), Udagamandalam, Silent Valley and Wyanad

DISCUSSION

Rao (1970) observed plants of C. villosa with n = 13 and n = 12 from Kodaikanal and sug-
gested that the n = 13 taxon is derived from the race with n = 12 as a result of tetrasomy followed by
differentiation of the tetrasomic by structural changes. However, comparative studies by the authors
(unpublished) on karyotypes in Cynatis have shown that n = 13 is a more primitive number than n =
12 in the genus and that the general tendency of karyotype evolution in the genus is towards reduc-
tion in chromosome number as evidenced by the reports of n= 15, 14, 13. 12, 11, 10 and 8 in various
species (Murthy 1934, Islam & Baten 1952, Sharma 1955, Kammathy & Rao 1961, Raghavan &
Rao 1961, 1965, Shetty & Subramanyam 1962, Lewis 1964, Jones & Kukkonen 1971, Renugadevi

& Sampathkumar 1986, Bai et al. 1984). In this background n = 13 has to be considered as the
primitive number and n = 12 as derived in C. villosa.

A comparison of the karyotype of the 2 races (Figs. 5, 6) showed that both have the same
n.f. value of 30 and almost equal TCL. But n = 12 race has one m chromosome more and 2 st
chromosomes lesser than the n = 13 race. From the composite idiogram (Fig. 7) it is evident that
the 2 m chromosomes in the n = 13 plants are similar in size to the 2 short m chromosomes in the
n = 12 plants. It is also seen that the latter taxon has no st chromosomes of comparable morphol-
ogy to the sixth and seventh st chromosomes of the n = 13 taxon. Further, it is seen that the arms
of the additional m chromosome in the n = 12 taxon is almost equal in length to the long arm of the
seventh st chromosome of the n = 13 taxon (Table 1). The short arm of the above additional m
chromosome is slightly shorter than the long arm of the sixth st chromosome of the n = 13 cytotype.

TABLE 1: RCL of the long and short arms of the chromosomes 6 and 7 of the n = 13 - mce and of the addinonal m
chromosome of n = 12 - race of C. villosa

Chromosome Long arm (pm) RCL Short arm (pm) RCL

n = |3 race 6th st 26 40 04 0.6
Tth st 24 37 04 0.6

n = 12 race additional m 24 17 21 32

These findings clearly indicate that the large m chromosome in the n = 12 race is perhaps

formed as a result of the centric fusion between 6th and 7th st chromosomes of the n = 13 race as
shown in Figs. 8, 9, 10.
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Besides a reduction in st chromosomes and sddition of m chromosomes, such a cenlric
fusion will result in a small centric fragment chromosome. It is inleresting to note that a small
chromosome which divides regularly during mitosis and which could not be traced vcual— first
metaphase in PMCs is reported in plants of C. villosa having n = 12 (Rao 1970). It is likely that
Rao has struck a clone of C. villosa, which still has the small centric fragment and thi# would lend
suppori to the suggested role of centric fusion in the origin of the n = 12 taxon. However, the -n!:
chromosome has not been reported in any other collection of the n = 12 cytotype of C. villosa. This
may be because, such small chromosomes may be eliminated during meiosis and a population with
n = 12 may be established in accordance with the ‘dislocation hypothesis’ (Stebbins 1971).

The report of 2n = 26 + 1B in a specimen of this species (Owens 1981) is of considerable
taxonomic interest in the context of the present findings. Cytological analysis of a larger sample
from the whole range of distribution of the species may perhaps show that the B chromosome in
Owen's specimen is a small centric fragment formed by an carlier centric fusion in an ancestral
stock with n = 14. In such an event, the Belocynapsis ancestry of Cyanotis (Faden & Suda 1980)
will have only very feeble cytological support, because it is based on the assumption that x = 13
the original basic number of Cyanotis.

Rao (1970) could raise both the chromosomal races having n= 12 and n = 13 from a small
bunch of vegetative shoots collected from Kodaikanal and has identified Kodaikanal, where the
two races are sympatric, as the area of racial differentiation in C. villosa. This inference is sup-
ported by the occurence of a centric fragment in some plants with n = 12

The identification of the possible location of origin of the n = 12 race of C. villosa offers a
chance to study the relative distribution of the two races and the probable factors influencing it.
The cytotype with n = 13 is reported from places in South India such as, Kodiakanal, Courtallum,
Vandiperiyar, Upper Kothayar, Ponmudi (present study) Thenmalai (Raghavan & Rao 1965) and
Ceylon region (Jones & Kukkonen 1971). The n = 12 race is reported from Silent Valley, Wyanad,
Munnar, Udagamandalam (present study), Yercaud and Marudamalai (Shetty & Subramanyam
1962). It is seen that the 2 races have sympatric distribution in South India, with overlapping at
the Kodaikanal area. A critical examination of the pattern of distnbution shows that the original n
= 13 race is seen in areas nearer to the equator while the derived race with n = 12 is seen in
Kodaikanal and regions north to Kodaikanal, which are away from the equator. It has been shown
that C. villosa has Moral characters which promote cross-pollination (Owens 1981). It is also
known that in cross-fertilized species, restriction of genetic recombination by dysploid reduction
in chromosome number will work as an 'infective principle’ in colonization of new habitats (Stebbins
1971). It might be that the dysploid change has conferrgd on the n = 12 races of C villosa. a

preference to less warmer habitats and consequently it has succesfully spread to places away from
the equator.
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SUMMARY

Karyomorphological analysis of 4 clones of Hevea brasiliensis Muell. Arg.
viz., RRIM 600, GT 1, PB 235 and PB 314 was carried out. The karyotype formula
for RRIM 600, GT 1, PB 235 and PB 314 was 9 m + 8 sm + | sf, 10m+7sm+ | st,
12m+ 5 sm + | stand 8 m + 8 sm + 2 st respecuvely. Z_nnun_osnulu&_u.&nvir.r
2n = 36 and fall under 2A karyotype category. Even though there is gross similarily in
the karyotype, in critical analysis there is a significant difference in chromosome mor-
phology with reference to centromeric position and total chromosome length. More
isobrachial chromosomes are seen in PB 235, while the highest number of heterobrachial
chromosomes are found in PB 314. The karyotype of PB 314 is found to be more
specialized than the other 3 clones studied here.

Key Words : Hevea brasiliensis. karyomorphology, clones.
INTRODUCTION

Hevea brasiliensis Muell. Arg., the para rubber tree, belonging to the family Euphorbiaceae is
the most important source of natural rubber. A large number of clones are exiensively grown for
natural rubber. The somatic chromosome number of 2n = 36 has been reported previously by a host of
authors for this species (Bangham 1931, Ramaer 1935, Paddock 1943, Baldwin 1947, Ross 1959,
Majumdar 1964, Ong 1981, Saraswathyamma et al. 1984). The chromosomes are very small, there-
fore, only very few attempts have been made so far to study their morphology. Ong (1975, 1981)
made a preliminary study on the pachytene analysis and karyomorphology of this species from Ma-
laysia. However, karyomorphological studies at the clonal level have not so far been reported in this
taxon. The present study deals with detailed karyotype analysis in four clones of H. brasiliensis Viz.,
RRIM 600, GT 1, PB 235 and PB 314 10 find out the interclonal relationships.

MATERIALS AND METHODS
Fresh shoot tips of the clones RRIM 600, GT 1, PB 235 and PB 314 wee collected from RR1 experimental field.
The shoot tips were p d with d solution of paradichlorob 4 10°C for 3 b and fixed in 3 - 1 : 1 ethyl

acetic e After hydrolysing in | N HCL for 5 min at 60°C, i was kept overnight in 2% acelocanmine
5_::!_.gszsgaivqgﬁgﬁiaiuﬂcnﬂ&.

The system proposed by Stebbins (1958), Huziwara (1962) and Levan et al (1964) were (ollowed for karyotype
analysis. The ANOVA for total chromosome length and arm ratio was camed out from S replicaies of each clone.

OBSERVATIONS

All the 4 clones, RRIM 600, GT 1, PB 235 and PB 314 showed 2n = 36 in their somatic
complement. Details of chromosomes are shown in the idiograms (Figs. 1-4).
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karyotype category. Though there is some gross similarity in karyotype category, in critical analysi
they differ in chromosome morphology with reference to the centromeric position. Total short arm
length (TSL) is highest in RRIM 600 (18.1 pm) followed by PB 314 (17.5 um), GT 1 (16.2 ym) and
PB 235 (15.4 um). The average chromosome length values are 2.7 pm, 2.5 pm, 2.2 ym and 2.6 ym
in RRIM 600, GT 1, PB 235 and PB 314 respectively. The frequency of m, sm and st types of
chromosomes also vary among these clones (Fig. 5). In PB 235, 12 out of 18 chromosomes in the
haploid complement are found to be isobrachial whereas the highest number of heterobrachial chro.-
mosomes are found in PB 314, Besides these differences, variations can be noticed in F% and TF%,
These differences within clones were found to be statistically significant as revealed by the ANOVA
test.

According 10 Siebhins (1971), the 2 basic fearures which bring about karyoltype asymmetry
are (i) shifting of the centromere from median to sub-median and sub-terminal positions and (ii)
increasing intrakaryotypic size difference of chromosomes. Of the 4 clones studicd here, 2 sub-
terminal chromosomes are noticed in PB 314 while the rest have only one sub-terminal chromosome
in their haploid complement. PB 314 also possessed the least number of metacentric chromosomes
(8). The karyomorphological evidence thus reveals that PB 314 is more specialized than the other 3
clones studied. It is suggested that the structural changes might have brought about the change in the
chromosome morphology of the different clones studied in the present investigation.
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ILITY AND KERNEL
MATIN VS MEIOTIC STAB
HETEROCHRO =i 1 2

k- gy it A abvar University, Coimbatore 641 046

. revised accepted 20 September 1995)

matin content on meiotic stability and -«_dm_aamn ¢l i ol 7
amounts of heterochromatin exhibited relatively more stable me1osis more

5 b hi
sirabte agronomical characters as compared o __K EE.H_..B “.hﬂ_._ wwurlﬂ_ _883.".!-.._ =4
matin Contents. Implication of heterochromatin in meiotic kerne:
tility was discussed.

Key Words: Triticale, heterochromatin, metotic stability, kernel characters.

INTRODUCTION

i ies of its
Triticale (X Triticosecale Wittmack), the first a.-.....i__n 83-_ Na__!s- __” .".l_eo-
parents wheat and ryc. Despile enormous progress made in w-cﬂ_-“n. 5&9_«. S :un.ll&h
cultivar, it suffers from a variety of .:uo...—o. s .Er—n: often q&._on, E“_s _.&.H.Ba!!c _—IQEN gty
commercial acceptability. Cytological _i-“_:_"_h-wa-b._m_vnﬂ rn-.anak..uo-:..is o R”o nﬂﬁlllonllu el e
nent undesirable traits still associated with tri j it are ce s
heterochromatin content in triticales. The present paper reporis the effect of variation in _-nﬁ_dn
matin content on meiotic instability and kernel characters in 2 groups of triticales which largely
differ ir*heterochromatin contents.
MATERIALS AND METHODS
The following 16 hexaploid triticale cultivars. in 2 groups which were previously I-ull for t

snznno:ﬁuhin.“:m._ii 1994) were selected to evaluate the role of heterochromatin on meiotic stability and vanous
agronomic characters (Table 1).

TABLE |: Heterochromatin content in different hexaploid inticales.

Triticale varicties Heterochromatin content (%)
GROUP-1

Almos 1202

Arabian 11.89

Badiel 'C' 13.93

Borba 12.56

Beagle 13.04

Carman 13.84

Aseret 1011

Mizar 1028
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TABLE 1. (concluded) e ] sha Nandhini & Reddy Cytology of trticales e
Triticale varietics Heterochromatin content (%) e
— : TABLE 2: Data on cytological ch in different hexaploid triticales (First line is mean and second lise is
GROUP-11 range)
Bacum 649 | .
T116 ire Variety v n I Chissmata  Laggards Bridges/ !.B'. Sterile
TL 2624 1% ,m Rod Ring fragments nucler  pollen
6TA 118 451
DTS 3032 ) ! ae—"
SP— 418 . Almos 028 282 1640 150 364 13¢ 06~ 0S¢ 536
Maxi Tol 658 : 0-1) (0-8) (1519 (0-6) (3438) (04 ©-2) (0-4)
DTS 139 5.02 | Arabian 03> 1 86" 1626 156 3666~ 13 070 068 542
0-1) (0-8) (1419 (6) 34-40) (D-4) @2y 0-4)
Q‘gn_ studics were ;. ; nnaia—.-‘ 1o standard procedures. Data on chromosome associations and other Badiel 'C: 024%™ 2. 68 1672 1364 3708 | 407 0.7 ose S
CUSal gisduntes) woor o apprope stages. Data on variows agronomical characters wepe 0-1 07 1519) 08 (M40 ©5 02 ([©H
corded taking 10 plants from each of the cultivar. Duncan’s new multiple range test (P< 0.05) was applied to com) _..” i e S )
means of vanous parameters - ‘ Borba 032 282 16467 140= 702  128% 068 07> 528
RESULTS AND DISCUSSION ! ©1) (0-8) (15-19)  (06) (44D (@05 OB @I
Beagle 0.28* 2.80* 16.36" 1.56% 3664 |44 07 01 562
Among the 2 groups of hexaploid triticales which differ widely in heterochromatin conteny = o R e 5 s
there was a clearcut difference in the meiotic stability (Table 2). Meiotic stability in triticale qn_._nn_u. . . pacryy e
g the occurrence of Di—.—:—ﬂﬂn. rod bivalents, univalents, and OQDM"DEO?—.—% reduoticn in (0-1) (0-8) (15-18) (0-6) (33-40) (0-5) 0-2) (0-3)
the chiasma frequency. Meiotic abnormalities like laggards, bridges, fragments, micronuclei and Ao S ook BOMDE S e B Sl bl =
sterile pollen are Qw.o... n.w._o_oﬁnn_ parameters indicating the cytogenetic instability of a genotype. iy i N S i s i
r.. =.n present study, triticales which contain relatively higher amounts of heterochromatin showed - |~ el -~ RIS i A
significantly a higher meiotic instability as - ompared to the triticales which had a lower per cent of s s e
_I.Bcn.raa_.m.m:: content. :_.uﬁa.nwani_s. particularly telomeric heterochromatin of rye chromo- Y o
somes in g.n._n has been implicated in meiotic instability in view of its late replicating nature Bacum 0.9% Loz== i 08N EIB A I N .
Fn:..ao.ﬂ!ﬂ & _-é 1972). Thomas & Kaltskies (1974) observed that heterochromatic te- (©0-1) (0-3) (1720 (04) (3642) (@3 (0O (04
lumeres did not participate in chromosome pairing until they had finished replication. Gupta & RilG QIFS 2004 1782 086 MR Qe LS RIS SRR
Fedek (1985) also found that the relative amounts of heterochromatin in different Secale species e b O L
determines the degree of chromosome pairing in intergeneric hybrids. Frequent occurrence of rye T2624 0.04* L7682 09€= 3840° 04 G0 EER
nir..nw had major heterochromatic bands) as univalents in triticale meiotic metaphase ol & bt I o SR 8 L L
(Thomas & _na__u_nﬂ 1974) also supports the role of heterochromatin in meiotic instability. How- 6TA 118 0.04* .60 1852 084 38.78%  Os2™ 040%™ 032 2468
no”—un... -—.”o &E.”__Ma E”Een!dﬂlmn other genic factors in controlling chromosome pairing in triti- ) - e B o e b L e
could not be ruled out. DTS 30-32 0.04° 204% 1816 176 3852 0SP= 036~ 032* 272
: e ©-1) ©-3) (17200 04 @743 (0 O  (©3)
” The consequenti al effect of meiotic instability in triticale is aneuploidy which directly affects Cloiaa: 0.04¢ 168 1848  0.30% 3B80* 056~ 044  028* 288
.a&m”!mhﬂn._:awonﬂﬂ.”n__ﬁggoﬂh characters recorded on both the groups of triticales (Table 3) ©1) (0-3) (1820) (04) (742 (©04) O (0D
S OWer amo i i ior i
having significantly higher nuriber of spi unts of heterochromatin are agronomically superior in Masitol 008~ 182 1860 080 1904 OS5I~ 040~ 028 254
e —z_n_ﬂ.?n:m”:u: of spikelets, florets and increased grain yield, grain weight, and (0-1) (©-3) (18-21) (04) (3742) (04 (@b (02
L - DTS 139 0.04° L84% |86 0.5 1920 OS2 032% 036 240
A Plant fertility in triticale was significantly improved, when selections were made for reducing (-1 ©-3) (1721) ©4) @74 @3 ©O)  (©2)

hromatin content (Kaltsikes et al. 1980). The reduction of heterochromatin seems to

_.Saa_:ooo&__vrnlcig. formation and consequently the aneuploidy. Hulgenhof & Schlegel (1985) H_HF_“MM” Moﬂ_...ww.u_ followed by the same letters are wot sipsificady diffesens accrodiag to Dusan’s New Muligle
when heterochromatin reduced from specific rye chromosomes in triticale, there was a ‘
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Usha Nandhini & Reddy: Cytology of witicales
t kernel characters in different hex;
TABLE ¥ Data on various in i!aszazn_s:.z.u:g..&sﬂi_.._Z.a..!, ; b " On the hand. selection of agronomi-
‘' No.ol No of Florets Seeds/ Grain 1000. Keroel : reduction of 30% univalents than the original Karyotype. » o._!t_-n. idy, but al gl—
Variety spikeley  florets/ fertility/ spike yield/ grain V. cally superior plants not only reduced the frequency ....?Ei.l.-._ ' Sowplot ua_!un. the grain yield,
spike spike  plant (%) plant (®)  weight (1) lling the meiotic activity (Malik & Mittal 1988). Heterochromain which ulumately & 76€% Illl_ul o
Group | P grain weight and grain shape. Anaphase bridges in coenacytic endosperm _.“.3- Shovdadsbnl
Al 14.20% 42,60 4690 20:50¢ o T be the result of delayed replication of heterochromatin segments .wa_._ﬂlx_l nlni FEERTR
(13-15) (3945 (45.51) (29.34) (813 (34-39) Medium (1984) established a positive correlation between improved seed type 2
Arabian 1425 Q715 4740 10.60¢ 10:30¢ endosperm nuclol.
! . IS~ High ‘ e ;
(13-15) (39.45) (45-51) (29-33) (8-12) (33.18) " In view of the above, it is concluded that, heterochromatin content in triticales w“ Ja_n n
Badiel 'C 14.55* 4368 48 30~ 31,60+ 10.60¢ 36,70 Medi determining the meiotic stability and agronomical characters, Efforis, sn.%.!n. should be aimed 10
(14-15) (42.45) (36.52) (30-34) 9-13) (3539 & select the triticales with reduced heterochromatin content either by conventional plant breeding or
Borba 14.45 4135 49 500 32600 10.20¢ 35,80 High by induced mutagenesis.
(415 X : ‘ [
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MITOTIC STUDIES ON SOME MEMBERS OF BACILLARIACEAE
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SUMMARY

Karyological investigations on 15 diatoms revealed chromosome numbers rang-
ing from 2n=6 in Nitzschia pseudofonticola 10 2n=48 in N. obtusa. Chromosomes
organized into an equatorial ring during metaphase. Existence of chromosomal counts

as multiples of 34 or 5 in the taxa investigated currently indicate the role of polyp-
loidy in speciation.

Key Words: Diatoms, cytwlogy. polyploidy
INTRODUCTION

The diatoms (Bacillariophyceae), comprising more than 10000 valid species are difficult 1o
examine karyologically (Duke & Rewmann 1977) and chromosome numbers are available for only
43 taxa (Kociolek & Stoermer 1989). The reasons for slow progress are the rapidity of mitosis, hard
cell walls impregnated with silica, minute size of the chromosomes and lack of genetically homoge-
neous populations in nature (Geitler 1973). There have been a few mitotic studies in recent times on
these microorganisms pertaining to cell division pattern and microtubule organization (Picket-Heaps
ctal. 1978, 1984, Soranno & Pickett-Heaps 1982, Spurck et al. 1986, Wordeman et al. 1986) but
none seems to focus on chromosome behaviour, organization and numbers. The present investiga-

tion is an attempt made 1o study chromosome numbers in 15 taxa belonging to family Bacillanaceae
(Nitzschiaceac).

MATERIALS AND METHODS

Fifteen diatom taxa viz . Hantzschia amphioxys [ (Ehr) Grun. [. capitata Muel., H. amphioxys (Ehr.) Gran. v.

densesiniata Front., Bacillaria paradoxa Gmel., Nirzschia pseadoforticola Must., N. palea (Kg) Wsm ., N. fomticola
Grun., N. heuflenana Grun., N. philippinarum Hust.. N. regula Hust. v. fenmica A cl., N. subrostrata Hust, N.
gandershemiensis krasske, N acicularis Wsm_, N. clausii Hantzsch., N. obrusa W. smov. sealpelliformis Grun and N.
abtusa

W. Sm were collected from freshwater ponds in Varanasi. They were identified using monographs of Hustedt
(1930-66), Foged (1979) and Sarode & Kamat (1984). —

Axenic cultures of expenmental algae were raised in Chu- 10 medium (Chu 1942) a1 25 = 1°C with an imadiance
of 50 u mol m™ 2 $7" and a photoregime of 16:8 h. Inoculum from statonary phase cultures (15 day old) was subcultured
to grow for 48 h under aforesaid standard culture conditions. Subsequently, the matenals were fixed in |3 acetic acid-
alcohol mixture at an interval of 10 minutes during 24 h cycle in order to excise the cell cycle and kept n fixative for 24-
48 h 1o ensure complete pigment extraction. Before preparing the matenal for cytological observations, they wene sub-
jected to acid pretreatment for curing the cell wall. Since the cell wall in diatoms is highly impregnated with silica, they
were given acid bath with 0.5 M hydroflouric acid for 3-5 min followed by water nasing to remove acid tmces. After the

Present Address: Soil and water environment division, Central Institute of freshwaler aquaculture, Kausalyagnnga.
Bhubaneswar 751 002,
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acid treatment, the cells were squashed in 2% warm acetocarmine compounded with iron alum Karyological characteris.
tics and chromosoime numbers (2n) of a taxon were inferred from 25 mitotic squash preparations under occular dividey
fitted to compound micrascope

OBSERVATIONS

The interphase nucleus was spherical and lies in the central area durin

taxa except in Bacillaria paradoxa and Nitzschia fonticola where it was localized towards the polar

region and parictal layers of cytoplasm respectively. Approximately 100-150% increment in the nuclear
diameter was recorded during prophase over its interphase size, A distinct nucleolus (1.8-2.0 jm)
was observed in Hantzschia amphioxyx var. densestriata and persisted till the end of prophase,
Metaphase chromosomes were organized into a ring or plate in the equatorial region. Chromosomes
appeared as dot-or rod-like structures devoid of structural organization into centromere and chroma-
tids. Table | summarizes nuclear characteristics of different taxa during cell division while Figs. |-
15 depict metaphase chromosomes.

g cell division in all (he

TABLE 1 Karyological charactenstics of some 1axa of Bacillanaceac

Name of the raxa Imerphase nucleus Prophase Metaphase Chromosome
nucleus
Shape Diameter  Diameter Amange- Diameter  Shape Size Number

(pm) (wm) ment (um) (pm)  (2m)
Hanizschia amphiaxys { .
capitata Spherical 4048 5070  Ring 60-64 Dot 0312 16
H_amphioxys v. densestriata Spherical 3540 35-80 Plate 4850 Dot 0.3-08 40
Bacillaria paradoxa Sphencal 32 S8 Ring 4850 Dot 03-09 10
Nitzschia psendofonticola Sphenical 20 30 Ring 20 Dot 0.25-06 6
N. palea Sphenical  2.0-3.0 4450  Ring 32 Dot 0508 8
N. fonticola Spherical  1.8-20 3842  Ring 2528 Dot 0510 8
N hewflenana Sphencal 4.042 6.0-6.6 Plate 5.0 Dot 0815 12
N philippinaram Spherical 30 5.0 Ring 3240 Dot 0508 12
N. regula v. fennica Sphenical 3240 6.0-6.6 Ring 4550 Do 0.25-08 18
N. subrestrata Spherical 3035 5.0 Ring 4.0 Dot 05-08 I8
N. gandershemiensix Spherical 2030 5060 Ring 4045 Dot 0.5-08 22
N. acicularis Spherical 3034 6064  Plae 48 Dot 05-1.0 24
N clausii Spherical 2.0-3.0 6.0 Ring 5.0 Dot 0815 28
N. obmaa v. scalpeliiformis  Spherical  3.8-42 7.0 Ring 5060 Dot 03-1.0 32
N obiusa Spherical  4.0-5.0 7075  Plae 6070 Dot-Rod 05-1.0 48
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(2n=24) 13, N. clausii (2n=28). 14, N. obtusa v. scalpelliformis (2n=32). 15. N. obtusa (In=48)



128 Journal of Cytology & Genetics Volume 30 (2) 1995
DISCUSSION

All the taxa of the family Bacillariaceae were characterized by spherical nucleus locateq in
the central area prior to onset of the cell division. Even though, spherical nucleus exists in mogy of
the diatoms, other nuclear shapes such as girdle in Surirella ovalis (Drum & Pankratz 1964), len-
ticular in Melosira varians (Crawford 1973) and discoid in Pinnularia gibba (Giri & Chowdy
199 1a) are also not uncommon, Central disposition of nucleus during cell division although n_E-M
teristic of diatom cells, presence of excentric nucleus as recorded in Bacillaria paradoxa and
Nitzschia fonticola may be encountered rarely (Gini & Chowdary 1991a). This was also reported
carlier by Manton et al. (1969) in Lithodesmium undulatum and Melosira varians (Crawforg
1973). Though, nucleus is characterized by the presence of one nucleolus, occurrence of heteromor.
phic nucleoli was reported in S. evalis (Drum & Pankratz 1964) and M. varians (Crawford _3..:.
Nucleolus usually appears conspicuously till the end of prophase as in conventional mitotic nn__n.
However, it may persist through larger part of the cell division as in case of few naviculoid diatom :
Gyrosigma kutzingii and Navicula cuspidara var. ambiqua (Gin 1992). o

i Most of the taxa examined exhibited ring-like arrangement of chromosomes in the equatorial
region al metaphase. Geirler (1932) termed such arrangement as 'equatorial ring' and no_._mEo.dM
such an arrangement in diatoms more an animal character than plants. Wordeman et al. (1986) autrib-
uted this organization to microtubules radiating from all directions of the cell. Ring-like arran
ment of chromosomes i1s predominant among diatoms although plate like organization of n_:damo.
somes at metaphase is not rarc. Arrangement of chromosomes in the equatorial region need not roo.
consistent factor at higher taxonomic level such as family or in lower taxonomic units such as n:n_.“
:mi & Chowdary 1991a). Both plate- as well as ring-like organization of chromosomes s_nwn see
n n.:...“a.: taxa m; Hantzschia and Nitzschia in the present study. Chromosomes in most of the Eu_“
..._ﬂu_, investigation possess dot-like configuration. They were devoid of centromeres and chroma-
:.._u. m._E_-.- to the type of chromosomes reported in Navicula halophila (Subramanyan 1945)
Lithodesmium ::&:r.__ia (Manton et al. 1969) and Synedra ulna (Roy & Sarma 1977). Z_Nqnin.
obtusa has ni-qon.._in. and <..vn_.= chromosomes (Neocentric?). Similar types of chromosomes
“.M_n uup_WM Mﬁwﬂuﬂs@ﬁn _.nmwnoﬂm “mvﬁnoﬂn_. al. 1986) and in P. gibba (Giri 1992). Earlier,

on - i i i
s o S ey g rod-like metacentric, sub-metacentric and telocentric

ol ﬁﬂu%“ﬂwnuﬂugﬁ uE_..cnq recorded for this _.w..E,_w is 2n=61n Nitzschia pseudofonticola
e nr_d:.E-Q:nE_ _nen_. in 2.‘ obtusa. Morphologically distinct taxa of Nitzschia revealed
e _Em. ; of 2n=8 in N.palea and N.fonticola, 2n=12 in N. heufleriana and N.
w_._n__mm..:n_.:i and N._.l_m in N. regula var. fennica and N. subrostrata. Sarma (1982) stated that
s n._..“.sg. rﬂ existence of same n_:a:_cmoao.::E_.una in taxa belonging to different families or
taxa belonging 1o same genus are of prime significance in establishing evolutionary rela-

lion .?. M- E_Q—huﬂ_. hﬂ.ﬂut occurrence of same ﬂ—.—nc i i 1 i
H—ﬂ . m
-— O = i osome number in n_—n.m.ﬂ—.ﬂ-.-— _-mcuﬂC_G:— dia

had 2 :H.u“wﬁnw“___in r_-au_..gosan numbner of 2n=48 whereas, N. obtusa var. scalperlliformis
i a.n.._n e E.M ﬂn ationship in other diatom taxa namely, Cyclotella meneghiniana (2n=60)
exilis _.Nan_chw - unipunctata (2n=18); Navicula cryptocephala and N. cryptocephala var.

was reported by Giri & Chowdary (1991b) and Giri (1992) respectively. Further
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chromosomes in the current bacillarian taxa exist in multiples of 3, 4 or § n!..nu in Nitzschia
gandersheimiensis (2n=22). This suggests that speciation in diatoms was effected by spontaneous
polyploidization. Recently, Kociolek & Stoermer (1989) also supported this view of evolution of
diatoms

Due 1o close structural affinities between Nitzschia and Bacillaria. Boyer (1927) merged
both the zenera. Hustedt (1930) pointed out the differences in transapical planes of these 2 genera
and treated them as distinct genera. Hendey (1964) also favoured the retention of the genus Bacillaria
until a revision of all the species having a central keel has been worked out. Karyological features
reveal close interrelationship between these 2 genera. Equational ning arrangement of chromosomes
At metaphase, existence of chromosome number as a multiple of 5 and their dot-like appearance
without structural organization are some of the common features shared by these 2 genera. Nucleus
is not placed in the central area during cell division in Bacillaria paradoxa which is a predominant
character in various taxa of Nitzschia. Anyhow, current status of karyological information as re-
gards these 2 gencra does not justify any discussion on their retention as separale genera or merger
into one. More information on few more species of Bacillaria is awaited.
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KARYOMORPHOLOGICAL ANALYSIS IN VISCUM LINN.
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SUMMARY

Karyomorphological analysis on 3 species of Viscum was camied out for the
first time. The cytology of Vverruculosum (Wt & Am.) is the first report. The
present report of n=12 in V. angulatum Heyne and n=13 in V.orientale Willd. differed
from the previous reports. The primary basic chromosome number for Viscim is
suggested as x=7. The chromosome number n=14 might be a polyploid origin from
x=7 and the numbers x=13, 12 and 10 are ancuploid derivatives from n=[4.

Key Words: Viscum. karyomorphology, speciation
INTRODUCTION

The genus Viscum comprises about 100 species of which chromosome number reports are
available for only 15 species (Wiens & Barlow 1971). Cytology of the Indian representatives of the
genus remains largely unworked.

The present study was undetaken as part of an attempt to characterise the Indian representa-
tives of Viscaceae in the hope that this will expand the picture of evolutionary trend of the family.
Detailed karyomorphological analysis on 3 species of Viscum is reported here.

MATERIALS AND METHODS

Materials for the p study were collected from Udhagamandalam and Kodaikanal in Tamil Nadu. Mesotic
studies were made from pollen mother cells (PMC). Mitotic chromosomes. of V. orientale and V. verruculosmum were
prepared from young leaf tips. Mitotic studies on V. { as there are no leaves in this species) were camed out
_—nm:ugggnﬂ._no:o.:ﬁ?:.ﬂ.?%-ﬂﬁ.oﬂni&ﬂl«ﬂ‘«ﬂlio‘g:?riﬂli
at 8°C for 4 h. The materials were fixed in acetic-alcohol (1:3). Squashes were prepared in 2% acetocarmine. Karyologi-
cal analysis was made from photographs taken from paraffin-scaled temporary slides. Karyomerphological analysis was
done as per the systems proposed by Stebbins (1958) and Levan ct al. (1964)

RESULTS AND DISCUSSION

The PMCs of Vorientale exhibited 13 bivalents at metaphase I (Fig. 1) and the somatic cells
showed 26 chromosomes at metaphase (Fig.2). The gametic number of V. verruculosum was found
10 be n=14 (Fig.3) and the somatic number was 2n=28 (Fig. 5). One B-chromosome was observed
in about 3% of the PMCs (Fig.4). B-chromosomes of different sizes and number (0-6) were fre-
quently observed in somatic cells also (Fig.6). Vangulatum exhibited a meiotic number of n=12
(Fig.7) and a somatic number of 2n=24 (Fig.9). Sticky association of bivalents was of common
occurrence in this species, sometimes persisting up to late anaphase I (Fig.8). The details of

* Present address: Rubber Board, Thadikarankonam PO., Kanyakuman 629 851
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I
1 TABLE | Characterisation of chromosomes in three species of Viscum
~ Chromosome Chromosome Frequency of chromosome
L Species b length (gm) types in the haploid set TCL ACL  Karyotype
n M m Sm N t (um)  (pum) category
«.\ orientale o imri $55-11.32 I 12 0 0 0 4219 1622 1A
livcaam b} am-nan o 8 5 1 0 3MI906 1246 B
I ([} I ] D 24910 1225 A

V. angulaium 24 246 -838

karyomorphology of 3 species studied here are shown in Table 1.

The karyomorphological analysis of a viscaceous taxon (Viscum capitellatun) was first car-
ried out by Soman & Bhavanandan (1993). The present investigation revealed 3 different gametic
numbers of n=12, 13 and 14 in the 3 species examined. The chromosome number n=14 recorded in
V. verruculosum is the first report for the genus. The present report of n=12 for V. angulatum differs
from Feuer (1965) who has reported a gametic number n=11 (in Wiens & Barlow 1971). Likewise

n=13 recorded in V. orientale differs from the previous count of n=10 reported by Schacppi &
Steindl (1945).

Difference of opinion exists among the cytologists regarding the basic chromosome number
in Viscum. Wiens & Barlow (1971) stated that the direction of aneuploid changes is not clear
Viscum and the basic number of the genus can be any of the numbers in between 10 and 13.

As far as the authors are aware, chromosome number reports are available in 6 of the 7 gencra
of Viscaceae out of which 4 (Arceuthobium, Korthalsella, Phoradendron and Dendrophothora)
possess a basic number of 14. Barlow & Martin (1984) porposed a basic number of 14 for Viscum
also. However, Raven & Kyhos (1965), Rudenberg (1967), Ehrendorfer et al. (1965) and Walker
(1972) have suggested that angiosperms had monophyletic origin from progenitors with x=7.
Goldblatt (1980) has also suggested that almost all angiosperms with gametic numbers above 9
probably had polyploidy in the evolutionary history. So, it is suggested that n=14 (as observed in V.
verruculosum) might have originated from an ancestral number of n=7 through polyploidy followed
by stabilisation. The gametic numbers of 13, 12 and 10 might be a step-wise aneuploid derivation

from n=14. The chromosomal evidence also suggesis that ancuploidy has played a significant role
in speciation in Viscum.
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A LINE X TESTER ANALYSIS FOR COMBINING ABILITY AND GENETIC
COMPONENTS IN TASAR SILKWORM
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SUMMARY

A line x tester analysis involving diverse 8 females and 3 males of Antheraca
mylitta D. was conducted for estimating combining ability effects and genetic compo-
nents which may be useful in planning future breeding programmes for yield and yield
components. Genetic parameters were estimated for 8 characters. The progenies
differed significantly for all the characters. The variation due to general combining
ability were significant for only 4 characters viz., absolute silk yield, fecundity, hatch-
ing percentage and effective rate of rearing. The specific combining ability variation
were also significant for 4 characters. Overall estimates of nonadditive genetic vari-
ances were higher than additive variances. The best general combiners and specific
cross combinations for absolute silk yield, fecundity, hatching percentage and effec-
tive rate of rearing were S, GF,. S _and N and S, x RS, N, xRS, GE, x N, and N-
2 x Raily respectively.

Key Words: Antheraea mylirta, combining ability, genetic components
INTRODUCTION

Silk yield potential in the varieties of Antheraea mylitia D. is poor, therefore, it needs to be
imporoved for commerical exploitation. Effective improvement in complex trait like yield may be
brought by understanding their genetic make up for improving yield. In A. mylitta, several hybrid-
ization programmes had been taken up carlier like diallel, single, doube and 3 way crossess (Bardaiyar
et al. 1976, Jolly et al. 1969, 1972, Siddiqui et al. 1988a, b). Of these, Line x Tester analysis of
combining ability is fairly effective and popular. No such effort has so far been made in tropical
tasar producing species. Therefore, the present investigation was undertaken to know the genetic
architecture of the populations which may be helpful in choosing the promising parents to be used in
hybridization programmes to improve the yield potential.

MATERIALS AND METHODS

.:.n .. .Lo:.. ..q.woﬂ‘ﬂ..nﬁ.z-_.z.u._.qu.lu__iul-_l:as:.
and their 24 F, hybnds of tasar silkworm A myl The females were selected from genetic stocks maintained on the
basis of their per se performance. Thirty-five progenies (11 p and 24 hybnds) were reared in randomised block
design with 4 replications at CTR. & TL., Nagri, Farm, Ranchi dunng commercial (Oct-Nov) crop, 1988. Data were
collected on 8 metric traits namely, absolute silk yield (g), fecundity (No), hatching (%), larval weight (g), larval duration
(days), effective rate of reanng (E R R %), cocoon weight (g) and shell weight (g). The estimates of combiming ability
effects, geneti P and were esimated according 10 the method developed by Kempthorme (1957)

*Regional Muga Rescarch Station, Bokq 781 123, Assam.
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OBSERVATIONS

vao_&-u-_wuwe—e!._!ﬁn..imngn.n:s-u :oa:?aﬂ:.na,i_uv_n_,>____..n _:dnns_un
differed significantly for the characters studied.

The estimates of variances of general combining ability effects due 10 males (lines) and fe.
males (tester) and specific combining ability effects of lines and tester were significant for fecundity,
haiching percentage, effective rate of rearing and absolute silk yield s_..._-n 1t was found nonsignifi-
cant for larval weight, larval duration, cocoon and shell weights. (Table 2).

TABLE | Analysis of vanance for § characters in A. mylina

Source DF Mean sum of square
of Absolute  Fecundity  Hatching Larval Larval ERR Cocoon  Shell
vanation silk yiedd (g)  (No) (%) weight duration (%) weight  weight
® (days) ® (@
Replication 3 306592 2661 80 T8.88 318 2.26 29733 070 o002
Treatment 34 1183696 632S60°* 37] 51 1011 10.12%*  S513.R4e" 1.83* 208"
Parent 10 687276  1106027** 296.63 s 2040%* 24425 212% Q.25
Lines 7 484178 1280996** 11734 6.89 2863** 30375 3.12° 02|
Testers 2 1148719 963775 4 197 429 6.75 127.94 4.41* 0.14
LT 1 1186074 1657 51 1260.96 0.22 4.13 6036 053 013
Crossess 3 13446 76 4541 99 41526 12.T)% 6.06 624,22%+ 070  0.14%=
Parent x crossess 1 2445378 12.02 11481 0.48 0.64 671.06 0.82 0.1
Ermor 102 6501.12 IB04.04 21020 6.08 6.21 25461 077 0.05
*, ** Significant at 5% and 1% levels respectively.

TABLE 2: Estimate of variances duc 1o combining ability effects.
Source *‘DF

Fecundity  Hatching Larval Larval ERR Cocoon Shell  Absolu-

(No) (%) weight duration (%) weight weight  silk yield
(8) (days) [F3) (g) (g
GCA (Line) ] 317.00%= A 051 0:52 21,22 0.064 0.004 541.76**
GCA (Tester) 3 118 88 657 0l9 0.19 796**  0.024 0002 203.16**
SCA 24 951.00% 52.55% 132 1.55 63.66** 0192 0.013 1625.28**
** Significant a1 | % level,

General combining ability affects

T w.:_n estimates of general combining ability effects for all the eight characters are presented in
) _
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TABLE U Extimates of general combining ability effects for § characters.
Progenies Fecundity  Hatching Larval Larval ERR C

(NOY) (%) weight (g) duration (g} (%) weight (g7 weight (g)  silk yield (@)
Lines
ar 1120 -1.26 +0 08 035 +3.05 an 010 -2A60
GE, 6.03 +482 +1.59% 4023 412 0 008 #3271
GF, +55.14%* am 146 «ld)** 1268 007 +0.04 3191
N-1 1162 013 030 127 +11.64% a1 +0.01 34 584
N-2 128 064 003 +0.73 -0.50 +0.06 Q.07 994
L8 1762 +0.42 128 069 -191 +0.15 002 -28 66
g 012 490 +0.44 035 155 +0.16 +0.04 -16.25
s17 +172 +572% 410%™ 4040 +581%  s0.12 +0.004 +29.21*
Testers
N, +691* -0,60 +021 0.01 +0.06 0.1 005 A7s
Raily 681 +0.05 020 -0.04 508 +0.07 +0.02 274
RS 609 +0.55 -0.01 +005 +5.02 004 +00m +26.48

*, ** Significant at 5% and 1% levels respectively.

Absolute silk yield

Three female parents N, GE, and S _ exhibited highly significant positive general combining
ability effects for absolute silk yield. The female parent N, followed by parem GE, were the best
general combiners for absolute silk yield. The parents GF,, L, and GE, showed significant negative
general combining ability for absolute silk yield.

Fecundity

One female parent GF, and male parent N, exhibited positive and significant general combin-
ing ability effects. Remaining parents showed negalive general combining ability effects excepts S
Hatching percentage

Only one parent showed significant and positive general combining ability effects. Remain-
ing male and female parents possessed either positive or negative but nonsignificant general com-
bining ablity effects.

Larval weight

Two female parents showed significant general combining ability effects for larval weight

None of the male parents showed significant general combining ability effects. The best general
combiner for larval weight was GE.,.
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Larval duration

One female parent GF, showed positive and significant general combining ability ¢(fecq,
Rest of the parents exhibited positive or negative but nonsignificant general combining ability ef-
fects.

Effective rate of rearing

Two female parents exhibited significant gencral combining ability effects for this character.
Remaining parents (female and male) were cither positive or negative but nonsignificant general
combining ability effects

Cocoon and shell weight

~ None of the female and male parents showed positive and significant general combining
ability effects for cocoon weight and shell weight except N-2 which showed positive and significant
general combining ability effects.

Specific combining ability effects

The specific combining ability for all the 8 characters are presented in Table 4,
Absolute silk yield

. ._.ia 3;5& namely S, x RS. and S x N, out of 24 hybrids showed significant specific
combining ability effects for higher silk yicld. One hybrid viz., S,x N, exhibited significant negative
specific combining ability effects.

The best cross combination was S, x R.S.
Fecundity

None of the hybrids exhibited positive and significant specific combining effects. Numeri-
cally the best hybrids were N, x R.S. and GF, x N,.
Hatching percentage

Two hybrids exhibited significant and positive specific combining ability effects. Only One
hybrid exhibited negative and significant specific combining effects, for hatching percentage. The
good specific combiner crosses were GE, x N, and GF, x R.S.

Larval weight

Only 1 hybrid, GE, x R.S. was exhibited positive and significant specific combining ability
effects. Remaining hybrids showed either positive or negative but nonsignificant specific combin-
ing ability effects.
Larval duration

No significant specific combining ability effect was observed for any cross combination for
larval duration. Maximum specific combining ability effect were found in the cross L, x Raily.
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TABLE 4 Estimates of specific combinimg ability effects for R characters

Mybnd

GE, x N,
xRaily
xRS

GF, x NS
x Raily
xRS

N-1 x N§

x Raily
xRS

N-2 x N5
x Raily
xRS

L-8 x N5
x Raily
xRS

S, xN§

x Raily
xRS

SI7x N5
x Raily
xRS

= ~ Shell Absolute
p il S wight () weight(g) ik yied )
1 1 s 5 6 7 5 ,
+17.00 +1.48 -196 +001 “6.99 +024 +0.10 1898
is2 +1121 0m 046 631 033 -n.08 +1258
-13.49 1269 4129 045 +1330 +0.09 0.02 +6.40
-24.16 +19.41% 4186 +1.68 +358 »0.38 002 +62 86
+31.06 1243 115 179 118 016 +0.06 2069
691 698 £301%* 4012 2140 054 .06 4216
+42 68 -12.06 +1.31 +034 +465 025 +0.0 +547
+590 370 +0135 088 626 +047 +0.09 a2n
-48.57 +15.76*  -148 +0531 +1 61 022 ol +16.86
+3268 -19.95 0.57 4R +0.71 032 010 4951
-17.10 +11.19 084 4021 +8.06 025 -noz +52.63
-15.57 +8.76 +1 41 +0.12 878 +0.57 +0.11 -110
2416 +5.14 +1.57 007 -5.60 +0.58 +0.06 24 30
2819 364 +0.92 +096 +1799**  +0.19 +0.04 +76.24
45234 -1.50 249 -0.89 1239 o717 ] 5194
3432 +0.15 +0.41 -1.91 +8.49 046 0.06 +2096
+10.65 +6.49 0.62 +213 -12.99 =032 -0.04 -29.00
+23.68 6.64 +0.21 022 +4.50 +0.14 +0.10 +8.04
932 +1.09 +1.49 +101 -16.71 0.t -0.03 -80.47
+5.15 -5.14 +0.79 021 +7152 054 oan 940
+4.18 +4.08 an -0.80 +9.19 +0.65 +0.14 +89 87
041 +4.75 022 074 +11.87 005 +0.02 +8399°
-394 399 +0.40 +0.04 -6.83 -0.02 +0.06 -60.02
+434 076 -0.68 +0.70 5.04 +0.07 -0.07 2397

*, ** Significant at 5% and 1% levels respectively.

Effective rate of rearing

Only one hybrid out of 24 hybrids showed positive and uml.En-.n. Sﬂumn oon&t&un.-v:..ﬂ
effects for higher effective rate of rearing. Remaining hybrids were cither positive or negative but
exhibited nonsignificant specific combining ability effects.
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Cocoon and shell weight

i ibi 1 sific combining abilit efTy
{ the cross combinations exhibited significant speci : y effecty foy
both _:U_M_...M.-on_a. The hybrids §, x R.S.. N, x N, and N-1 x RS for cocoon weight and hybrids s,
xRS and N-1 x RS were found numerically supenor,

Genetic components/variance and heritability

The estimates of genetic components/variances and heritability are presented in Table 5. The
estimates of nonadditive genetic components/variances (D) were found higher than (he additive
genetic variance (A%) for absolute silk yield, fecundity, hatching percentage, larval wiehgt, effective
rate of rearing and shell weight, but the estimates of additive components/variance were higher thag
nonadditive components/vanance for larval duration and cocoon weight. Moderate heritability (nar-
row sense) was recorded for all the characters ranging from 23.08% in shell weight 10 33,739, i
effectve raje of reanng.

TABLE 5:Esimates of genetic vanances and heritability for & characters.
Genetic component/ Fecundity  Hatching  Larval Larval ERR.  Cocoon Shell

Absolute
vanance (No.) (%) weight (g) duration (g) (%)  weight (g) weight (g)  silk yield (g)
Al -1 46.06 0.61 0.15 21.34 -0.07 0.00 98 98
13 5138 96.54 1.99 -0.09 71.65 0.06 -0.00 188024
Hentability 2489 27.73 2489 2394 3373 2875 23.08 29 10
DISCUSSION

Any breeding programme aiming 1o evolve an outstanding widely adopted variety must be
based on the estimates of nature and magnitude of genetic variances present in the population. The
<-_..m§n- due 1o general combining ability effects of females and males and specific combining
ability effects were significant for 4 characters viz., absolute silk yield, fecundity, hatching percent-

is indicates that both additive and nonadditive gene effects

genetic diversity.
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SUMMARY

Detailed karyomorphological analysis was made in 21 diploid (2n=28) and 24
triploid (2n=42) morphotypes of taro (Colocasia esculenta (L.) Schotl.) recognised
from 239 accessions assembled from all over the Indian subcontinent. The data showed
that 4 chromosomes (Chrom. 1,3,7 and 9) in both the ploidy groups exhibited marked
variation in their morphology, possibly due to pericentric inversions at the diploid
level. A dozen karyotypically distinct cytotypes were recognized based on the mor-
phology of these 4 marker chromosomes, 6 among diploids and 6 among triploids.
The magnitude of karyotype distinction is very striking between the first and the fifth
diploid cytotypes; all the marker chromosomes being metacentric (m-type) in the former
and subtelocentric (st-type) in the latter. Plants of these 2 cytotypes differed for a
number of qualitative characters such as petiole colour, leaf shape. leaf margin, corm
shape and cormel shape. We postulate that these 2 cytotypes may have evolved either
from a common ancestor or the latter may have evolved from the former during the
carly evolutionary history of the species.

Key Words:Taro, Colocasia esculenta, morphotype, karyotype distinction, marker chromosome, cytotype.
INTRODUCTION

Taro (Colocasia esculenta (L.) Schott.), belonging to the family Araceae, is an important
tuber crop extensively cultivated in the tropical world. Throughout the islands of the Pacific, Asian
Archipelago, Central Africa, West Indies and the islands of Caribbean and Central America, taro
forms an important item of diet. In India, the corm, cormels and leaves of this crop are used as
vegetable. Innumerable morphologically distinct plant types occur in this vegetatively propagated
species which exists at 2 ploidy levels, diploid with 2n=28 and triploid with 2n=42(Sharma & Das
1954, Mookerjea 1955, Yen & Wheeler 1968, Vijaya Bai et al. 1971, Ramachandran 1978) and in
addition, a few aneuploid variants in both the ploidy groups are also known (Rao 1947, Delay 1951,
Sharma & Sarkar 1963). Despile the usefulness of karyomorphological information in assessing the
nature and magnitude of karyotype variation and its possible bearing on plant morphological diver-
sity in species complexes, the data available on this polymorphic species are scanty and scattered,
covering only a limited number of plant types from narrow distributional ranges (Sharma & Sarkar
1963, Kuruvilla & Singh 1981, Sreckumari & Mathew 1989, 1991a, 1991b) barring the study on the
South Pacific taro forms (Coates et al. 1988). This paper concerns the results of detailed karyotype
analysis in a very large number of accessions from all over the Indian subcontinent representing
different latitudinal, longitudinal and altitudinal regions. The study has revealed the existence of a
number of karyotypically distinct cytotypes among the Indian taro forms.
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e pairs showed heteromorphism with respect to position of the cen-
ers being metacentric and the other subtelocentric

In the triploid groups of morphotypes also similar types of karyotype differences were no-

iced he 24 iriploid morphotypes, 11 had all the 4 marker chromosome pairs metacentric, while
rs chromosome 3 was subtelocentric and the other marker chromosome metacentric. In a
{4 other morphotypes (1,2.8 and 14) chromosomes 3.7 and 9 were subtelocentric and the

1e (1) was metacentric. [n one morphotype (11) chromosome | was nearly
), whereas the other 3 marker chromosomes in this were subtelocentric. In 3
morphotypes (20,15 and 23) all 4 marker chromosomes were heteromorphic with respect to cen-
tromere position (Fig.2). In morphotype 20, one member cach of the 4 marker chromosomes was
metacentric and the other members telocentric in marker chromosome | and subtelocentric in marker
chromosomes 3, 5and 7. In morphotypes 15 and 23, the reverse condition was noticed in which 2
members each of the marker chromosomes were metacentric, and the other member telocentric in
marker chromosome 1 and subtelocentric in marker chromosomes 3,7 and 9

DISCUSSION

Most of the previous karyotype studies in taro were confined 1o a limited number of forms
from restricted distributional ranges such as a few types from the North-east India (Sharma & Sarkar
1963, Kuruvilla & Singh 1981 )and South and Central India (Sreckumari & Mathew 1989, 1991a,
1991b). The study reported from the South pacific region (Coates ct al.1988) included a large
sample from a wider distributional range in the region. The results of all these studies have yielded
evidence suggesting that major alterations of chromosome structure have played a significant role in
taro karyotype variation. Previous studies on the South Indian taros and those on the South Pacific
region have led to the identification of certain karyotypically distinct cytotypes, one in the former
group (Sreckumari & Mathew 1991b) and 5 in the latter (Coates et al. 1988). The present study
which covered very large number of accessions from all over the Indian subcontinent revealed in-
stances of a large scale chromosome structural repatterning occured during the course of evolation
of this polymorphic species. Deletion of parts of chromosome arms. pericentnic inversion and un-
equal translocations are known to be the major cytological processes which bring about karyotype
vanation (Stebbins 1971). It is generally considered that in plants the original karyotype form is
relatively symmetrical and unspecialised, and during the course of evolution, differential diminution
of chromosome size and changes in the relative position of the centromere occur leading to karyo-
lype asymmetry and specialization. In the taro types studied here, most of the morphotypes in both
ploidy groups possessed karyotypes predominated by metacentric chromosomes. In the others, chro-
mosome structural repatterning has resulted in increased frequency of submetacentric and acrocen-
tric chromosome at the expense of reduction in the frequency of metacentric ones.

r marker cl

ric (r=6

Of the 12 cytotypes reported here (2-a to 2-fin the diploid and 3-a to 3-f in the triploid) the 2-
a in the diploid and 3-a in the triploid groups constituted the majority, having all the 4 marker
chromosome homomorphic metacentric chromosomes. In the diploids, the cytotypes 2-b and 2-c
had one marker chromosome, 2-d had 3 marker chromosomes while in 2-¢ all the 4 marker chromo-
somes subtelocentric. However, the 2-fcytotype in this ploidy group displayed heteromorphic con-
stitution with one member in each of the 4 marker chromosome pairs metacentric and the other
subtelocentric corresponding in morphology with the respective pairs in 2-a and 2-e. It seems that
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this heteromorphic cytotype could be of hybrid origin involving 2-a and 2-¢ as pulative parents,
Since the respective pairs in all the 6 diploid cylotypes remained appreciably same in size irrespec.
tive of the difference in position of their centromeres, the change in position of their centromeres
could be the result of pericentric inversions rather than deletion of sizeable segment of their shop
arms,

The karyomorphology of the triploid cytotypes characterised by each chromosome present jn
3 doses is very much suggestive of their autoploid nature. Meiotic behaviour in the triploids, exhils.
iting incidence of trivalents in appreciable frequencies (Sreckuman & Mathew 1993) supports thig
possibility. Since the morphology of the marker chromosomes in the cytotypes of both ploidy groups
is appreciably similar, it may be rationalized that the transformation of these chromosomes from the
metacentric to subtelocentric and acrocentric states must have occurred initially in the diploid group,
and from them they were carried over to the triploids along with their formation by autopolyploidy,
The triploid cytotypes 3-a and 3-h appear to be direct derivatives from the diploid cytotypes 2-a and
2-b respectively. Similarly, the triploid cytotypes 3-c and 3-d must have originated from diploid
€ytotypes 2-d and 2-c respectively. The karyotype of the triploid cytotypes 3-¢ and 3-f which showed
all the marker chromosomes in heteromorphic state, the former showing 2 doses and latter one dose
of subtelocentric chromosomes and their homologue metacentric, appear to be suggestive of their

hybrid origin with one of the putative parents possibly being the diploid cytotype 2-¢ and the other
2-a

Among the 5 cytotypes identified by Coates et al. (1988) from the South Pacific region based
on the morphology of 3 marker chromosomes (3, 7 and 9), one diploid and triploid had all the 3
marker chromosomes metacentric. These are similar to the types denoted herein as diploid 2-a and
triploid 3-a respectively. The triploid cytotype identified by Coates et al. (1988) as having 3 acro-
centric chromosomes is comparable to the cytotype identified herein as 3-e. They predicted that a
progenitor of their JAAA 7AAA 9AAA type might be found from Karyotype studies of Indian taros,
the region pressumed to be the original home of the plant (Onwueme 1978, Coates et al. 1988).
Cytotype 2-d in which all 3 marker chromosome pairs are subtelocentric seems to be very close Lo
their predicied diploid cytotype. They envisaged 2 karyotypes in taro, i.e., one with all 3 marker
chromosome pairs being metacentric and the other with all 3 marker chromosome pairs being acro-
centric. The striking difference in chromosome morphology between the cytotypes 2-a (1mm, 3mm,
7mm, 9mm) and 2-e (1stst, 3stst, Tstst, 9stst) involve more chromosome structural alterations than
would seem likely to have occurred in the recent evolutionary past. Moreover, the plants belonging

to these 2 cytotypes are significantly different in certain obvious éharacters. Those o_.nw_o_wvnu-w

have all green petioles, broad leaves with an entire margin, eylindrical corms and linear or club =

shaped cormels, whereas plants of the 2-e cylotype have purple petioles, narrow leaves with an
undulate margin, globular and stout corm and cormels. It may be that the 2-a and 2-c types have
evolved from the former during the early evolutionary history of the species.
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SUMMARY

Chromosome numbers have been reported for the first time in Biophytum
reinwardtii Klotzsch (n=9), B. nudum Edgew. & Hook. (n=8), B. intermedium Wight
(n=16), B. candolleanum Wight (n=7) and the Tirunelveli collection of B.sensitivam
DC.(n=10). The basic number 7 was suggested as oniginal base number of the genus
from which other base numbers such as, 8.9 and 10 maght have originated by siepwise
ancuploid increase. On the basis of branching nature of stem and cywlogy, B.
intermedium is inferred as a tetraploid, very close 0 B. nudum phylogenetically. The
plants of B. sensitivum collected from Tirunelveli differed from typical B. sensitivam
in morphological characters, chromosome number and in having spontancous cytomixis

acq_am_znnoEunc;!Ew.:n._nn._.ﬁ necessity Lo treat it as 4 new species is sug-
gested.,
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INTRODUCTION

The species of Biophyrum are mostly shade-loving herbs, occurring in plains, hills and for-
ests. Hooker (1875) described 8 species of Biophytum from peninsular India. Gamble (1957)
recorded 2 more species viz., B. insignis and B. longibracteatum and also raised B. semsitivim var.
condolleanum of Hooker 10 species status with the name B. candolleanum. Nair & Henry (1983)
also given a separale species stalus 1o B. sensitivum var. nervifolium of Hooker as B nervifolium.
Since the species determimation of some of the taxa is obscure, Mathew ( 1983) held the view that the
genus badly needs a revision, at least for India. Cytological studies have a very important role in
resolving problems in systematics. Data on chromosome numbers provide a valuable adjunct to
taxonomy normally based on plant morphology. As the chromosome number report in the genus so
far is confined to B. sensitivum (Raghavan & Arora 1958, Mathew 1958, Chatterjee & Sharma 1970,
Sarkar et al. 1982), a cytological study of the South Indian species of the genus was undertaken 1o
gather supplementary evidence towards taxonomic interest and the results are reported here.

MATERIALS AND METHODS

The plants were collected from different places in South India. Matenals of B. sensitivum were collected from
Trvandrum, Upper Kodayar, Vadakkankulam and Tirunclveli, B. emwardnii from Trvandrum. Palode, Ponmudi hills,

Calicut and Peechi dam site, B nudum from Agasthyar malai, B intermedium from Upper Kodayar and B. candolleanum
from Idukki.

For meiotic studies, Mower buds were fixed in 3:1 ethanol-acetic acid mixture. Iil&'j
results with the matenial. a few drops of ferric acetate were added 1o the fixative. The anihers were smeared n 2%
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acetocarmine and the PMCs and tapetal cells photographed from temporanily sealed preparations using Olympus BY. 3
research microscope

OBSERVATIONS

B. sensitivium

Two morphologically distinct accessions of the species were studied.
Accession 1

The plants were collected from Trivandrum, Upper Kodayar and Vadakkankulam. Leaflet
tip obtuse, apex apiculate, length/breadth ratio 3.6. About 30-40 bracts present in each umbel:
bract, ovate with tapering apex. Sepal length S mm, Flower colour yellow. Seeds seven - ridged,
tubercled. Chromosome determination from pollen mother cells (PMCs) in all the collections of this

morphological form revealed 7 bivalents (Fig.1). Tapetal mitosis in the material from Vadakkankulam
showed 14 chromosomes (Fig.2).

Accession 2

The plants collected from Tirunelveli were found to grow in black cotton soil only. They
could be distinguished from Acc. | by their brick-red flowers. Leaflet-tip rounded with compara-
tively shorter apiculate apex. The length/breadth ratio of Ieaflets is 2.6. Number of bracts varied
from 10-20 in each inflorescence with broac »r base and shorter apex when compared to the collec-
tions of Acc.1. Sepal length 3.5 mm. Seeds 9-ridged and non-tubercled.

PMC:s of this material revealed n=10 (Fig.3). Cytomixis was observed during the different
stages of meiosis. Cytoplasmic connections could be clearly discerned. In some of the cells, the
chromatin material as well as the nucleolus were seen to migrate to the adjacent cell (Fig.4). The
participating cells showed variation in the chromatin content due to partial migration (Fig.5). How-
ever, 98% of the pollen grains were stainable in acetocarmine.

B. candolleanum

Itis a tall plant with a stout stem reaching the height of 20-30 cm. The plant shows branching
tendency. Leaves arc 10-12 cm long and clustered at the top. There are 20-25 leaflets which are
closely appressed. The peduncles are also long with 10-15 cm. Flowers, in umbels surrounded by
tufts of long bracts. All the plant parts are strigose. Meiosis showed gametic number of 7
(Fig.6).Percentage of stainable pollen grains was 82,

B. reinwaratu

B. reinwardrii resembled B. sensitivum in several morphological characters in general. The
long pedicels and short sepals give a characteristic appearance to the inflorescence of B. reinwardtii,

Corolla lobes yellow with reddish streaks in 4 collections but in the collection made from Palode,
the reddish streaks were lacking.

Meiotic studies conducted in materials of the species collected from all the 5 different locali-
ties showed n=9 as the gametic number (Fig.7). Pollen sterility was found to be about 17%.

T————
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Figs. 1-9: Chromosome numbers in Biophytum (all x 1500). | B sensunvum (Trivanorum), metaphase 1 (n=7). 2. 8.
sensitivum, Tapetal mitosis (2n =14) 3. B. sensitivam, (Tirunclveli), diakinesis (n = 10). 4 B. semsitiviem,
(Tirunelveli). Cytomuxis at prophase L 5. B. sensinvem, (Tirunclveli), Cy atamaphase L 6 B candolleanium,
metaphase | (late) (n = 9). 8. B. nudum, metaphase Il (n=8§). 9. B. | diam._ carly anaphase (n = 16)
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B. nudum

The plants are slender and dichotomously branching. Leaves consist of 20-25 leaflets. The
haploid number was determined as n=8, (Fig 8). Percentage of stainable pollen grains was found 1o
be 50.

B. intermedinm

The u._anmﬂ has a prostrate habit and an umbellate branching pattern. The leaves have
leaflets which are comparatively larger in size than that of N.mwdum with 6 x 3 mm, Sixteen bivalents
were observed in each PMC (Fig.9). The pollen sterility was determined as 40.8%.

DISCUSSION

Chromosome numbers in Biophytum reinwardtit (n=9), B.nudum (n=8), B. intermedium (n=16),
B. candolleanum (n=7) and Tirunelveli collection of B.sensirivim (n=10) have been determined for
the first time. An extensive chromosome study conducted in Geraniales by Chatterjee & Sharma
(1970) indicated x=7 as the basic stock from which different chromosome numbers and others ¢x-
hibiting numerical alierations. From the chromosomal information on the genus, it is inferred that
x=7 is the basic number of Biophytum also. The data of chromosome counts determined presently
revealed n=7 in 2 specics, B. candolleanum and B. sensitivum. Other numbers such as, n=8 in B.
nudum, n=9 in B, reinwardtii and n=10 in B. senstitivum from Tirunelveli might have originated
from x=7 through stepwise ancuploid increase.

10-15

B. nudum and B. intermedium are unigue in having slender and branched prostrawe stems.
Gametic number of 8. nudum (n=8) and tha of B. intermedium (n = 16) suggest that B. intermedium
is a tetraploid based on x = 8 and phylogenetically closer to B. nudum than any other species re-
ported here.

The earlier report of n =9 in B, sensiriviem by Raghavan & Arora (1958), Mathew (1958) and
Chatterjee & Sharma (1970) could not be confirmed during this study. It is found that B. sensitivum
and B. candolleanum share a common gametic chromosome number, n = 7. Morphologically, they
do not differ much from each other. Hence, a varietal status for B. candolleanum as done by Hooker
(1875) 1s favoured on the basis of cytological studies.

The plants of B. sensirivum collected from Tirunelveli were restricted to black cotton soil
arcas. They are distinct from other collections of the species in having brick-red flowers and in
number, shape and size of bracts in the inflorescence. Nine-ridged and nontubercled seeds also mark
its distinction as against the 7-ridged tubercled seeds of other collections. Besides, these 2 forms of
B. sensitivum were found 1o have 2 unrelated gametic numbers, viz., n = 10 in the Tirunvelveli
material and n = 7 in others. Spontaneous cytomixis observed in Acc. 2 seems to be the characteris-
tic of it. A positive correlatior: between the frequency of cytomixis and temperature has been noted
by Basaviah & Murthy (1987). The hot and dry conditions of the region of collection could have
played a role in bringing about the phenomenon. The theroy that the process is under genetic control
(Omara 1976, Banerjce & Sharma 1988, Geethamma, 1993) seems more feasible. The low pollen
sterility in Acc. 2 can be attributed to the degeneration of abnormal pollen grains produced as a
result of cytomixis as suggesied by earlier workers (Bhandari et al. 1969, Morriset 1978, Kopul
1990). The distinct morphological characters, chromosome number and the occurence of cylomixis
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during the course of meiosis in the Tirunelveli material may warrant its treatment as a species dis-

tinct from B. sensitivum.
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SUMMARY

Consiguinity study carried out in the Nayars of Trivandrum District, Kerala,
revealed a fairly high rate of inbreeding (14.71%) in the group. First cousin, first
cousin once removed and second cousin were the common types of related marriages
with first cousin type predominating and matrilateral cross type showing an edge over
patrilateral. Genetic effects of consanguinity scored in terms of mortality (pre- and
postnatal) and morbidity showed the frequency 1o be significantly high in the consan-
guineous group than in the nonconsanguineous control group. The genetic load due to
inbreeding in the community evaluated in terms of A and B statistics showed the load
lying between | and 2 lethal equivalents per gamete, The high value of B/A ratio was
suggestive of the mutational component being appreciable in the group.

Key Words : Nayars. consanguinity, genetic effects

INTRODUCTION

In consanguineous matings the likelihood of spouses possessing the same gene is consider-
ably increased and hence such marriages are prone to produce offspring who inherit 2 identical
alleles in higher frequency than those of unrelated parents. Many harmful traits in man are recessives
and therefore inbreeding tends to bring into open such recessive alleles present in heterozygous
carrier parents resulting in affected children being born more in consanguineous families. Data of
consanguinity effect provide useful clues for estimation of the magnitude of genetic load in the
population concerned, and in addition, yield information relevant to genetic counselling.

Related marriages are preferred and encouraged in many castes and communities in Kerala
because of the strong caste bind, social customs and traditions. A systematic study of consanguinity
and its genetic effects is very much lacking in the inbreeding populations of the state barring a few
isolated studies in small groups (Kumar et al. 1967, Mathew 1987). The present paper concerns the
results of consanguinity studies carried out in one such caste, the Nayars, from Trivandrum Dastrict,
with a view 10 assessing the frequency of inbreeding and cvaluating the genetic effects of the phe-
nomenon, and also to estimate the component of genetic load due to inbreeding in the group.

MATERIALS AND METHODS

In Kerala. Nayars constitute a major Hindu caste almost evenly distributed mostly in the Central and Southern
districts including Tnvandrum, among whom the practice of related marriages has long been favoured and encouraged,
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Among groups lieracy level and socio-cconomic status this custom iy still prevalent in appreciablec
degree. .“."“-ii:“.huﬂﬂa collected fram a random sample of 1802 familics belonging to urban, suburban snd
rural regions of the district by interviewing the spouses and using an elaborale questionnaire. Genetic effects of consan
guinity on mortality, both prenatal (abortion and still birth) and postnatal (infant, child and juvenile death), and morbidity
(congenital defocts and diseases) were evaluated using Chi-square and fests for proportion, while the data in the non-
consaguineois group was taken as control The mean coefficient of inbreeding (F) was calculated following Wright (1922)
The genetic load due 1o inbreeding was determined in terms of two vital statistics, A and B, using the regression equation
S=¢ P4-" where § is the proportion of survivors and F is the coefficient of inbreeding (Morton et al. 1956).

OBSERVATIONS

The data regarding the type of marriage and frequency of consanguinity in the three regions
(urban, suburban and rural) are furnished in Table 1. Among the related marriages, first cousin type
was the most common (12.71%) with a high preference for matrilateral cross types (9.77%). Others
were second cousin type (1.33%) and first cousin once removed (0.67%). The total consanguinity
rate in the community was 14.71%, and mean coefficient of inbreeding 0.0092. The rate of consan-
guinity was highest in the rural areas (17.80%), intermediate in the suburban (14.39%) and lowes! in
the urban (10.22%). The relationship between consanguinity rate and region was highly significant
(P< 0.01).

The effects of consanguity in terms of mortality and morbidity are presented in Table 2.
Prenatal mortality was 5.46% and postnatal mortality was 5.42% in the consanguineous group as
against 1.56% and 2.64% respectively in the control group. Morbidity rate in terms of congenital
defects and discases was also higher (11.07%) in the consanguineous group than in the control
(2.76%). Both mortality and morbidity rates were highly significant(P < 0.01).

Estimates of genetic load in terms of A (the measure of the amount of expressed damage in a
random-mating population (F=0) and B (the measure of hidden genetic damage that would be ex-
pressed fully in a complete homozygote (F=1) statistics computed separately for pre- and postnatal
mortality and collectively for total mortality are shown in Table 3. In all cases, B values were higher

TABLE | : Frequency of

ity by type and region in the Nayars of Trivandrum district.

Frequency
Type of mamage Urban Suburban Rural Total
% % % No %

First cousin (IC) B.76 1223 1553 229 1231
a)  Matnlateral cross 730 9.11 1171 176 977
b)  Parrilateral cross 1.46 32 382 53 294
First cousin once removed (1 5C) 055 0.72 0.72 12 0.67
Second cousin (2C) 091 144 1.55 24 133
Consanguincous® 1022 1439 17.80 *265 1471
Non-consanguineous (NC) 89.78 BS.61 8220 1,537 8529
Mean coefficient of inbreeding (F) 0.00611 0.00835 001131 0.00920

* Consanguinity in relation to region - Significant (P; 0.01)

Pillai & Mathew. Genetie affects of consanguinity 159

TABLE 2 . Effect of consanguinity on mortality and merbidity i the Nayars of Travandrum Diswrict.
e

Pacameters No. of cases Non-conssnguineous  Comsanguincous
Pranatal mortality 16 1 56 546"
Postnatal mortality 156 164 542
Total mortality 274 416 10.58*
Morbidity 210 176 1Lor*

* Significant (P 0.01)

TABLE 1 - Estimates of genetic load in terms of A and B statistics for prenatal. postnatal and (otal mortality in the Nayars
of Trivandrum District.

Mortality A B A+B © BIA

Prenatal 00124 0.7693 07817 62,045
Postnatal 0.0303 02793 0.3096 9212
Total 0.0402 1.2602 1 3004 31387

than A values. The B/A ratio was relatively high for prenatal mortality (62.045) as againsta consid-
erably low value (9.212) for postnatal mortality, and for total mortality 31 387,

DISCUSSION

The patterns of related marriages in the order of degree of relationship between spouses
known in inbreeding groups are uncle-niece/Aunt-nephew (UN/AN), Double first cousins (DIC),
first cousins (1C), first cousins once removed (1.5C) and more distant relationship, mostly second
cousins (2C) of which 1C is the most common. In the case of 1C, the second level of classification
comprises 4 sub-groups, the patrilateral and matrilateral parallel, and the patnlateral and matrilateral
cross. In the Nayars of this region 1C type was the most common (12.71%) followed by 1.5C and
2C (Table 1), the total frequency being 14.7%. Within the IC. the cross type is the most popular
with the matrilateral cross type showing an edge over the other. This preferential type is reported to
be the most common practice in most countries including India except the Muslim countries in the
Middle East where patrilateral parallel type is preferred as part of the Arab culture (Bittles 1992).

Consanguinity rate varies from population to population due to variation in population struc-
ture and socio economic and religious factors. In majority of world populations the level of inbreed-
ing is very low, rarely exceeding 5% with F=0.0001 especially in most Western Countries (Cavalli-
Sforza & Bodmer 1971) while medium (5-15%) and high (above 15%) inbreeding rates are known
in populations of Japan (Fujiki 1987), Brazil (Freire-Maia 1990), India (Rao & Inbaraj 1977) and
Middle East Countries (Khlat & Khudr 1984), the highest ever known being 87.6% in the Mudugars
of Auappady in Kerala (Joseph & Mathew 1991). The frequency in the Nayars (14.7% with F=0.0092)
apparently comes under medium frequency level. In this group, significant urban-rural difference
was noticed in the consanguinity rate, the urban section with higher socio-economic and literacy
level registering lowest, and rural group the highest frequency. Similar negative correlation between
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consanguinity rate and socio-economic levels has been reported in most studies in all parts of the
world (Freire-Maia 1982, Bittles 1992, Rao & Inbaraj 1977).

i the genetic theory, ntal consanguinity resulls in increased homozygosity
and aﬂhun-n“ﬁ_. _Wm.h.-rﬂu“_w al nnn__.wi_““ﬂo__os&:m on the duration and _nwn_ of inbreeding (Mc
Kusick 1983). Homozygosity of lethal or sublethal genes results in offspring =.... become non-
viable in the pre-and postnatal stages leading to mortality and morbidity. Most 2..&3 have brought
oul evidence of increased rates of prenatal mortality, postnatal mortality and morbidity. The data of
these effects in the Nayars are significantly higher in the consanguineous group of families, the total
mortality being 10.58% in the consanguincous group as against 4.16% in the control (Table 2). The
morbidity rate is also significantly high in the consanguineous (11.07%) than in the control (2,76%).
This is indicative of alarming harmful effect of consanguinity in the group

Morton et al. (1956) suggested that inbreeding effects can provide a measure of total genetic
burden in different populations in terms of lethal equivalents, a lethal equivalent being defined as a
group of mutant genes which would cause on the average, onc death if dispersed in different indi-
viduals and made homozygous. The lethal equivalents are estimated in terms of A and B statistics,
The measure of total genctic damage is a quantity which is equal to the sum of A and B. The lethal
equivalent per gamete lies in between B and A+B. In the Nayars of Trivandrum District, the B
values are higher than those of A. The lethal equivalent lies between 1 and 2 per gamele.

The ratio of the load in a fully inbred population to that of a random-mating population is
estimated by the B/A values, the magnitude of which provides, according to the load theory, critical
information on the relative jmportance of the mutational and segregational loads. According to
Crow's (1958) concept, high value of B/A is suggestive of mulational load. In the present study the
B/A value for mortality 1s relatively high (31.39) which is suggestive of the load in the present
population being mostly mutational.
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SUMMARY

Dry seeds of groundnut were subjected to mutagenic treatments of gamma rays,
EMS and sodium azide. Seedling height, contents of chlorophyll. free amino acids,
proteins and nucleic acids (DNA and RNA) were increased in lower doses/concentra-
tions up to 300 Gy/30 mM but were decreased in higher dose/concentration (500 Gy/
50 mM) of mutagens. The stimulation was a dose dependent response. The cultivar
VRI-2 was found to be better for mutagenic treatment than TMV-7 cultivar. It is
suggested that the plant height, contents of chlorophyll, free amino acids, proteins,
DNA and RNA can be enhanced in lower doses/concentrations of mutagenic treai-
ment in groundnut.

Key Waords: Arachis hypogaea, mutagens, biochemical analysis.

INTRODUCTION

The methods of experimental mutation research are utilized in plant breeding since about 40
years. Induced mutations in crop plants contribute by increasing genetic vanability. Mutagenic
cffects on plants generally have been associated with disturbances of chromosomal and extrachro-
mosomal origin and finally detected as growth retardation or death (Gaul 1970). Mutagens affect
the metabolism of the individuals and influence the activity or synthesis of enzyme and growth
regulators (Jain & Khanna 1987). Such harmful effects of mutagens lead to various forms of physi-
ological expression of damage such as retarded plant growth, induction of mutations, sterility and
death. Mutagens induced biochemical and physiological changes during seed germination in rice
(Inoue et al. 1975) and cowpea (Khanna 1988, 1991). Low doses of radtations have been found 1o
have a stimulatory effect in different crops (Sparrow 1966, Khanna 1988),

Hence, the present work was carried out to examine the effect of gamma rays, (GR), EMS
and sodium azide (SA) on the physiological and biochemical changes in M, seedlings of 2 ground-
nut cultivars.

MATERIALS AND METHODS

Two non-d local, g | ‘hi»na.ctnﬁnrwcligti!i!!
(1) Virdhachalam 2 (VRI-2), with 48% oil content, and (2) Tindivanam 7 (TMV-7), with 49 6% oil content. All seeds
were hand-shelled and only fully mature, undamaged kemels were used in the present sfudy
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seeds of groundnut with a waler content of 11%, were trestod with gamma rays, EMS and SA. Differemt
n--uq %i_ssagmugéiwﬁ.ﬁ EMS dissalved in phosphate buffer a1 pil 6.0 was applied
"al. q-in-n:oi!!ua M for 2h. SA treatment was conducted at concentrations of 10 mM to 50 mM for 2 h

in phosphate buffer at pH 3.0, All cl 13 were performed a1 2022°C and were immediately
anuis-uauv..ﬂ..%l!..a-.aasaiui.!lﬂ

Fifty veeds of each treatment were allowed 10 grow in red soil in the laboratory at 2522°C and seedling height was
d on the h day after planting. Presh leaves were harvested from the plaris and chlorophyll extracted and
estimated by fhe method of Amon (1949). Proteins were d ively by the method of Lowry et al (1951)

Free amino acids wene analysed quantitatively by the method of ....d—w.t Canan (1957). Nucleic acids were extracted and

estimated q y ding to the method of Jayaraman (1988). The experiment was repeated twice with duplicate
samples.

OBSERVATIONS

The effect of mutagenic treatments of gamma rays, EMS and SA on seedling height, chloro-
phyll contents, proteins, free amino acids and nucleic acids of M, generation was studied. Changes
in seedling height during M, gencration are presented in Table 1, which.indicates that there is a
gradual increase up to 300 Gy gamma rays and 30 mM EMS and SA treatments as compared to the
control. In contrast to this, seedling height was decreased with the increase in the dose/concentra-
tion of mutagens. Gamma rays were found 10 be more effective for increase in seedling height than
EMS and SA treatments. The highest mean value of seedling height was 13.6 cm in gamma rays

TABLE | - Effect of gamma rays, EMS and SA on seedling height, chlorophyll content and free amino during M, genera-
tion in two groundnut cultivars (Values are MeansSD)

Seedling height Chlorophyll Free aminoacids
(em) content (mg / g FW)

Mutagens.

VRI-2 T™V-7 VRI-2 TMV-7 VRI-2 TMV-7
Control 78212 73213 111223 10.5£2.0 11.242 5 10.5+1 8
GR (Gy)
100 B9=16 85215 13.0:29 122226 12,027 11.5£26
200 108223 105225 149235 142432 154+3 8 142430
300 13.622.7 12519 179+37 17.5429 167£25 . 15.0£21
400 79=12 T4=11 16422 4 160222 15319 121218
500 66=13 6512 154225 15.0£23 13.2¢23 10.0£20
EMS (mM)
10 B.1=17 74214 13.7226 12.5¢27 11.5£19 10.622.1
20 96218 93+19 15.7=3.0 148226 132424 12.0£1.8
30 115221 10E=1 8 188239 182435 15.4+28 14.2£2.6
40 62«17 54215 16.8£29 16,422 4 13222 121221
50 5.0:13 49=13 16.122.6 15723 11.02.1 10019
SA (mM)
10 BB217 82=15 166228 11.0£1.8 11519 108217
20 10820 10322:1 158226 15.2£29 12,4422 12220
30 122423 11.6+2.1 193235 189232 15.6£29 142423
40 T5+18 71218 17 623.0 17.3£2.6 14.2+23 13.5£2.1
50 67215 65214 163227 158223 12222.1 113x19

50

i

|

|

|
T
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(VRI-2) whereas the mean values were 12.2 cm and 11.5 cm in SA and EMS weatment (VRI-2)
respectively, as compared to the mean value of 7.8 em in the ontreated.

The chlorophyll content was increased in all the 3 mutagenic treatments, While the chloro-
phyll level was increased up 1o 300 Gy and 30 mM mutagenic treatment and later slightly decreased.
The chioraphyll content was more in SA treatment 19.3 followed by EMS ireatment 18 8 and gamma
ray (reatment 17.9 in VRI-2 cultivar whereas it was 1.1 in control (Table 1).

The results obtained for free amino acid content, are given in Table 1. Free amino acid
content steadily increased up to 300 Gy/30 mM in both cultivars, while the content was slightly
annan-ma in higher doses/concentrations, Free amino acid content was high in vRI-2 cultivar in
gamma irradiation treatment (16.7 mg/g FW) at 300 Gy dose whereas the content was low in EMS
treatment (15.4 mg/g FW) at 30 mM concentration as compared to the control (11.2 mg/g FW).

The results depicted in Table 2 indicate the protein content in both cultivars. Protein content
was maximum at 300 Gy/30 mM mutagen treatment, and thereafter slightly, decreased in both culti-

vars. Protein content was more in VRI-2 cultivar with gamma rays treatment 20.6 mg/g FW at 300

Gy followed by SA treatment 20.1 mg/g FW at 30 mM and EMS treatment 19.7 mg/g FW at 30 mM
whereas it was 14.3 mg/g FW in control.

_q order to analyse the effect of mutagenic treatment on nucleic acid contents, DNA and RNA
were estimated in leaves. The results are shown in Table 2, where it is seen that DNA and RNA

TABLE 2 : Effect of physical and chemical m on ins and nucleic acid
tag p (DNA and comtents in | secdlings.
of two groundnut cultivars (Values are Mean=SD). . i

Protein content

i DNA content RNA contemt
v mg / g FW) (mg I g FW) (mg / g FW)
VRI-2 T™V-7 VRI2 ™7 VRL2 ™V7
Control 14321 139220 20206 18205 08203 07202
GR (Gy)
100 152432 140225 22:04 ) 08203
/ ; 3204 0920
w% %.qu 163234 28206 25:08 i ul..ﬂ 12505
. 1237 35210 32s1 19207 8203
MS 143221 129518 1.8£0.6 1.620.4 12203 "b-pu
00 127219 12,1220 12203 09402 08203 0620.2
EMS (mM) .
10 154232 136227 19206 09204 0202
9 18206
ww 17439 155432 215:09 23207 15206 12:04
30 19738 17843 5 19208 38=11 22:0% 22+09
% 134224 121521 1.820.8 17206 1807 16205
118219 10221 8 10203 09202 10203 09202
SA (mM)
10 163229 154232 19:08 9203 7202
; 19205 o
wm 19038 18036 28206 13204 18203 H_.,Hb.
% 0.154.1 18323 5 36211 35210 21207 19204
152232 143223 28208 17205 12:06 11205
134221 125:18 18206 15207 08202 0.80.1
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: 300 Gy/30 mM of mutagenic treatment thereafter, decreased with an
_n_”_._unhpn- ._._..a Bﬁhﬂ“&ﬂ?ﬁ;h.g, The oucleic acid content was more in VRI-2 cultivar than
TMV-7. Both DNA and RNA contents were found to be high at 30 mM of EMS treatment (DNA 3.9
mg/g FW and RNA 2.2 mg/g FW) followed by SA and gamma ray treatment as compared Lo the
control value (DNA: 2.0 mg/g FW and RNA: 0.8 mg/g FW).

DISCUSSION

In the present study, the seedling growth measure on thirteenth day indicated that the reduc-
tion in seedling height was proportional to dose but a stimulation effect was observed up to 300 GY/
30 mM dose/concentration. Reduced growth has been explained on the basis of auxin destruction,
changes in ascorbic acid content, and physiological and biochemical disturbances (Gordon 1957,
Gunckel & Sparrow 1961, Singh 1974, Usaf & Nair 1974). Chromosome breakage during mitotic
inhibition (Sparrow & Evans 1961) and inhibition of DNA synthesis (Mikaelsen 1968) have also
been implicated as causes of reduced plant growth. Stimulation of growth observed at lower doses
might be caused by elevated auxin level (Gordon 1957, Gowda 1977). A similar response was

noticed by Krishna et al. (1984) in Rhodes grass, Ashri & Herzog (1972) in peanut and Cheng &
Gao (1988) in barley.

In our study, the chlarophyll content was increased in lower doses/concetrations but decreased
in higher dose/concentration. Roy & Clark (1970) observed significant changes in chlorophyll con-
lent due to mutagenic treatment in the seec”ings of Vicia faba. The total chlorophyll content was
increased in lower doses/concentrations whereas it was slightly decreased in higher doses/concen-

trations of mutagens. Similar result was observed in barley seedlings and reported by Giacomelli et
al. (1967). )

Our observations clearly indicate that the free amino acids, proteins, and nucleic acids were
increased gradually in lower doses/concentrations but they were slightly decreased in higher doses/
concentrations of mutagens. In corn seedlings, Cherry (1968) noted that the production of proteins;
soluble nucleotides and RNA was reduced by X-irradiation and ‘indicated that this reduction was
roughly parallel to growth reduction (Sparrow & Evans 1961). Similar results also were observed in
peanut by Van Huystee et al. (1968). Both DNA and RNA conlents were increased in lower dose
and decreased in higher doses in cowpea (Khanna 1991). Similar results were obtained in our study.
In the present study, the mean values of plant height and contents of chlorophyll, free amino acids,
proteins, and nucleic acids were increased up to LD, dose/concentration, thereafter; they were slightly
decreased than of the control. This may be due to the saturation effect of mutagens. Similar obser-
vations have been made in rice (Inoue et al. 1975) and chickpea (Khanna 1991).

The results reported here are consistent with earlier studies in peanut (Van Huystee
et al. 1968), rice (Inoue et al. 1975), kidney bean (Nirale & Gaur 1988) and chickpea
(Khanna 1988, 1991). In general, gamma rays, EMS and SA treatments showed a similar
response on both cultivars and lower doses/concentrations increased the mean values of

all the'parameters. Therefore, the lower doses/concentralions of mutagens could enhance
the biochemical products in groundnut.
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DOMINANT TRAITS IN WINGED BEAN MUTANTS
VS, KOTHEKAR, AM HARSULKAR, R.D DADKE AND AR. KHANDELWAL
Department of Botany, Dr. Babasaheb Ambedkar Marathwada University, Aurangabad 431 004
(Received 28 May 1995, revised aecepted [5 September 1995)

SUMMARY

Winged bean is a perennial climbing system having trifoliate leaves, uberous
roots and quadrangular pods. Inheritance of 10 morphological characters has been
studied by crossing true breeding mutant lines. Mutant characters such as, long
inflorescence axis, early maturity, flowering at lower nodes and tallness were found to
be dominant. While linear leaves, flat pod shape and wingless pods displayed reces-
sive features. Presence of anthocyanin on different plant parts also revealed a domi-
nant nature.

Key Words: Winged bean, d traits,
INTRODUCTION

Winged bean (Psophocarpus tetragonolobus (L.) DC.) has been described as a wonder le-
gume for the tropics. Itis a climbing system and comprises a fine source of good quality protein and
oil. Virtually all parts of the plant are edible and immensely nutritious. A few crops have risen so
quickly from total obscurity to the winged bean's current level of prominence. Inspite of the out-
standing nutritional potential, the winged bean has failed to gain popularity and acceptance
among the farmers. This has been chiefly due to the high cost of production (on account of the
need for staking), photosensitivity and presence of antinutritional factors. After carefully screen-
ing several hundred germplasm accessions and for overcoming the problems in winged bean,
Eagleton et al. (1985) emphasized the utility of mutation breeding in winged bean. Keeping
this in view a mutation breeding programme was initiated in our laboratory which yielded sev-
eral true breeding mutant lines having useful features of high economic value. Atlempts were
made to cross some of the promising mutant lines with the hope of evolving a desirable recom-
binant type.

MATERIALS AND METHODS

The winged bean variety, JC 4198, obtained from NBPGR, New Delhi, and its true breeding mutanis were grown
in botanical garden. Sowing was camed out in 3 batches, cach with 15 d interval so as to ensure availability of receptive
fowers for an extended period.

In a mature flower bud (corolla extending about 8 ta |12 mm beyond the calyx and having changed colour from green
1o whitish-green), the anth lly occurs dunng the mght and pollination wakes place while the flower remains closed.
For the cross poll the 1 were lated in the ing before anthesis. The flower buds were opened
through a slit along the base of keel petal with pointed forceps and all the anthers were removed. Such buds were lagged
and pollinated the following moming  The pollen was transferred from a polien parcat using the heavily pollen loaded
hairy style as a brush (Erskine & Bala 1976). The mutants were compared for thear abilities to accept foreign pollen and
the successful development of pods/seeds
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RESULTS AND DISCUSSION

The parental characters of winged
varied markedly in their abilities 10 accept
mutant showed maximum percentage of successful
(21.73%), as compared with the control JC
lowest, 6.97% was shown by lincar leaf mutan

rate was 11,11% and 10.69% respectively.

bean mutants are presented in Table 1. The mutany
foreign pollen when used as female parents. ‘The dwarf
crosses (22.70%) followed by long pod mutan;
4198, which showed 17.39% success in crosses, (lie

«. In case of triangular leafl and antho bud the success

TABLE 1 : Ch of winged bean - o —
i " colow  colr
Control O Obovem Shon  Omen  Rowang. Winged  Green Groon
B Uew | Divg | Gaw - Mwowiy Wiged Qe CCa
Antho bud Green Obovate  Short Purple Rectang.  Winged Purple Purple
Antho stem Purple Obovate  Short Green Rectang. M..wsn& MM““ Green
Flat pod Green Obovate  Short Green Flat ﬂ_....wu&
Wingless pod ~ Green Obovate  Short Green Squarish  Wingless -
Long pod Green Obovate  Shon Green Rectang,  Winged Green Green
Early maturing  Green Obovate  Short Green Rectang.  Winged Green Green
Tall Green Obovate  Short Green Rectang.  Winged Green Green
Xantha Greenish  Obovate  Short CGreenish  Rectang. Winged * Greenish  Greenish

yellow yellow yellow yellow
Triangular leaf Green Triang. Long Green Rectang.  Winged Green Green
TABLE 2 : The hybrids obtained after crossing winged bean

Cross F, hybnd

Lincar leaf X Normal leaf Normal leaf
Antho bud X Normal Antho bud
Antho bud X Antho stem Antho bud & Antho stem
Flat pod X Normal pod Normal pod
Early maturing X Lincar leaf Early maturing & normal leaf
Stiff stem x Normal stem Normal stem
Tall X Dwarf Tall
Purple flower X Blue flower Purple flower
Long inflorescence axis X Normal rc:m inflorescence axis
Xanrha X Normal amtha
Long pod X Normal pod og pod
Flat pod X Normal pod Normak pod
Linear leaf X Triangular leaf Linear lcaf
PR Do X Winewt ped Winged pod

Kothekar et - Dominant waits In winged bean A

The analysis of F, plants after crossing indicates traits of dominant nature (Table 2). Erskine
& Khan (1977) demonsirited in winged bean a complete dominance of purple over green stem
colour, purple over green calyx colour, purple over green pod-wing colour, purple ibcl.n-l
and rectangular over fMat pod shape. Our present studies of winged bean mutants are quite -In.qnlr
mity with the foregoing findings, besides indicating the existence of some new dominant traits in
that system. Such traits comprise normal leaf shape over linear, normal pod over flat pod, winged
pod over wingless pod, long inflorescence axis over short, early maturity over late, taliness over
dwarfness and flowering at lower nodes over the normal.

The other mutant characters like linear leaf, flat pod, stiff stem and winglessness have, how-
cver, revealed a recessive feature. Further studies are underway to understand the genetics of winged
bean mutants.
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THE PRODUCTIVE MUTANTS IN SAFFLOWER

R A SATPUTE AND V5. KOTHEKAR
Department of Botany, Dr Babassheb Ambedkar Marathwada University, Aurangabad 411 004

(Received 28 May (995, revised acoepted |5 September 1995)
SUMMARY

In the present investigation different mutagens like gamms rays, ethyl
methanesulphonate, N-nitroso-N-ethyl urea and sodium azide were employed for in-
ducing variability in safflower. Several mutants could be seen while iﬂn.ﬂ' M,
population. Majority of such mutants bred true during the subsequent generation. A
critical assessment of the varied mutants revealed the productive potential aitained by
some of them. These mutants can be successfully exploited in conventional breeding
programme for generating a desirable recombinant type.

Key Words: Mutagens. mutants, safflower.
INTRODUCTION

Safflower (Carthamus tinctorius L) is one of the important oil crops of our country belong-
ing 10 Asleraceae. At global level, India occupies the first position in terms of acreage and produc-
tion of safflower followed by Mexico, USA, Ethiopia and Australia. Initially, the safflower oil was
used in the preparation of paints, varnishes and surface coatings. But in recent years, it has gained
substantial importance as a highly nutritious edible oil. In view of the immense applications of
safflower, studies were planned to accomplish its genetic improvement through mutation breeding.
It was visualised that this particular approach would help in evolving desirable plant types in case of
safflower carrying useful alterations with reference to maturity characters, yield traits and the level
of seed oil.

MATERIALS AND METHODS

The seed material of 2 varicties of safflower viz., Sharda (Bsf-168/4) and Annigers- | (A-1) obtamed from Ma-
hatma Phule Agncultural University, Zonal Research Stabion. Solapur was used in the present study. Four mutagens
namely, gamma rays (GR). ethyl methanesulphonate (EMS), N-nitroso-N-ethyl urea (NEU) and sodium azide (SA) were
employed in the present study.

:&E«i&wg&ﬂag;a-?il%l-;iigi
exposed 1o gamma ray doses of 10, 20, and 30 kR During chemical mutagenic treatments, the seeds were immersed in
aiE.&.ﬁﬁ%ﬂ:rl&r.n..s..saiins.s.llr!ar!.&.oisg The secds soaked in distilled
water for 20 h served as control.

ﬂfaggﬁniﬁaiﬁnng l..itEiP&i.o._alﬂuu‘r
EMS, 0.003%. 0.005% and 0.008% for NEU and 0.001%, 0.003% and 0.005% for SA_ .

Immediately after completion of treatment, the seeds were washed thoroughly in 1ap water Later. they were
post-soaked in distilled water and sown in field following randomized block design (RBD) with 3 replications along
with control for raising the M, g 1 The seeds of 25 normal looking M, plunts selected at random were
collected on individual plant basis from all treatments and control, They were used for raising the M, on
plant to a row basis
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was canried o6t and the detailx of different momhologica) Mutanty wen

A critical screening of the M, population estimated o0 NMR.

noted. The seed oil content in different mutants was
Ouaﬂzh_.—OZm

g generati { safflower revealed the presence of a broad spectrum
:...Bu..-—.ﬁz_ a 5_....—”-«”“&”‘ of Bo.ﬂsusohan_ variability in both the s.an.n. Sharda and >==.u~:.ﬂ—
3 5 : (1) robust, (2) luxuriang y
" qants in M. generation were of the following types o, (3) il
.A_..___,n.wﬂ.ﬂ_ .&_.:. Gw__z.__. stem, (6) curved stem, (7) curved branch, (8) cymosely branched, ©)
divergently branched. (10) dark green leaf, (11) early flowering. (1 2) late flowering and (13) sterile,
in both the varieties of safflower.

' hological mutants of saff]
pertai 1o the Eﬁ:&iuﬁn_aaeﬁg BIC safflower are
given __.__..%.r._ﬂ.. 1 .L_ms The frequency of mutants showed a declining trend with the gradyy

increase in dose/concentration of majority of tht mutagens. The only exception to this was obseryed -

in case of the NEU treatment of variety Sharda where the maximum frequency (8.27%) was induced
by the 0.005% concentration of mutagen. The lowest mutation frequency could be seen at (he
highest dose/concentration of the four mutagens. The relative vn._.nm.:-wn of individual mutant lype
was found to be random in different treatments in both the varicties of safflower. The details of
morphological characters of the mutants were collected and the pertinent descriptions have been
indicated in Tables 3 and 4 respectively.

DISCUSSION

The observations recorded in the present study revealed induction of a broad genetic vari-
ability in case of safflower. The promising utility potential of mutation breeding has already been
demonstrated by several researchers for increasing productivity of oil seeds like groundnut (Gre-
gory 1956, Emery et al. 1964), soyabean (Rawlings et. al. 1958, Koo 1992), mustard (Jacob 1957,

Rai 1957, Zareen 1991) and safflower (Beard et al. 1958, Chatterjee & Prasad 1970, Sahu et al.
1980, Reddy 1991).

The induced genetic variability has been critically evaluated for developing high yielding

varieties in groundnut and castor (Ankineedu & Kulkarni 1968). The important aspects like quan- -

tity and quality of oil and protein have been successfully improved through mutational techniques
(Seetharam 1971, Hakande 1992). It is agreed by different mutation breeders that the desirable
mutants in different oil crops would be able to contribute effectively towards the oil and protein
production besides providing induced genetic variations for getting the much sought after disease/
insecU/pest resistance (Labana et al. 1979).

_ In the present stdy, the majority of morphological mutants could be observed as breeding
true in the subsequent M, generation. A perusal of Tables 3 and 4 sufficiently indicates the attain-
ment of positive atiributes by some mutants of safflower. In this regard, the early flowering, robust,
——, Qam-.n_w branched and large leaf mutants are specially of great value. A good scope
exists for exploiting such mutants on a commercial scale. They can be very well incorporated in the
cross breeding programme of safflower o help evolve a desirable recombinant type.

Early Late Stenle
ing __ing

leal

7.1

Dark

green  flower- (lower-

Relative percentage
Large
leaf
branched

Tall Extreme Bent Curved Curved Cymosely Diver-
stem branch branched gently
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of productive mutants in M, generation of safllower var. Sharda.
dwarfl  stem

y and sp
nant

)

Robust  Luxu-

on i

concent- productive

ration  mutants (%)

Mutagen Dose/  Frequency of
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9.0
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7.1
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9.0

7.1
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9.0
10.0
16.0
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9.0
71
9.0
9.0
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B3
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9.0

100
71
920
10.0
83
10.0

7.1

1.7

83

9.0

10.0
7.1
9.0
10.0
83
10.0
142
153
16.6

78
69
9.7
78
1.6
70 -
82

68
98
9.0
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0.05%
0.10%
0.15%
0.003%
0.005%
0.008%
0.001%
0.003%
0.005%
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NEU
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TABLE 2 © Effect of mutagens on frequency and spectrum of productive mutants in M, generaion of safflower var Annigeri-|.
Mutagen Dose/  Frequency of Relative percentage

s R T e o e T e
GR 10kR LIV 9.0 9.0 - 181 9.0 90 - . 90 90 - 154 90 90 - N
20kR 78 10,0 100 - 200 100 100 - - - 100 - 200 - 100
30kR 6.7 222 . 1l 222 1 N . - - - 22 - Wy oo i
EMS 0.05% 9.1 153 77 1.7 . iy 7.7 TR 153 i = - 153 1A 2
0.10% B4 8.3 - 16.6 83 83 83 83 - 16.6 83 = 83 i3 i
0.15% 718 18.1 9.0 - - 9.0 9.0 9.0 9.0 90 . - 9.0 %0 90 i
NEU 0.003% 9.2 83 166 83 83 - - 83 16.6 83 - 83 83 83 - =
0.005% 89 153 o 77 17 77 - 17 7.7 1.7 17 - 153 11 17 =
0008% 7.3 100 100 ~ 100 200 - 10.0 - 100 100 - - a0 100 g
SA 0.001% 8.2 22 1Ll 1) 11 - - - 11 - e . 1
0.003% 78 9.0 - - 920 181 < 9.0 9.0 - 9.0 - 9.0 90
0005% 7.0 10.0 = 10.0 : 10.0 = - 200 10,0 - 100 100 100 100 100

TABLE 3 - Morphological characters of productive mutants in M, generation of safflower var Sharda

Characters Control  Robust Luxu-  Tall Extreme Bent Curved Curved Cymoscly Diver- Lage Dark Early Laie Sierile

o riant dwarl siem siem branch branched geatly leal green flower- flower

branched leaf ing ing
Plant height (em) 106 116 110 125 65 9% 95 100 96 W Mo o w B oa {
No. of branches 6 10 10 1 5 s s " 7 9 6 7 0 7 2 »
Days to flowering B4 B0 79 82 2 8 &7 2 87 79 83 86 74 8 WS E
h Days to maturity s, 108 108 0 UL 1 M 10 W6 107 w2 U 102 WY 14
Toul duration 139 136 136 135 137 3% 137 18 40 137 137 41 130 142 13 [
No. of capitula per plant 8 wo oW w e & 13 Y S e s l
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Weight of 100 seeds (g)
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HIGH RESOLUTION G- AND R-BANDING PATTERNS OF THE
PROMETAPHASE CHROMOSOMES OF THE MURRAH BUFFALO
(BUBALUS BUBALIS 1..)

15 YADAV, 5. VATS AND B.R YADAV*
Department of Zoology, Korukshetra University, Kuruksherra 172 119

* Dairy Canile Breeding Division. National Dairy Research Institute, Karnal 132 001
(Received 15 March 1995 revised aceepted |3 October [995)

SUMMARY

BrdU incorporation (RBA). However, these have failed to give sufficient details (GTC,
CBG), are difficult to reproduce (RHG), or require fluorescent microscopy (RBA).
We have successfully applied to buffalo chromosomes the simple R-banding method
using BrdU, the fluorescent 33258 Hoechst stain followed by blue light exposure and
Giemsa staining (RB-FPG). As compared to other R-banding techniques, the RB-
FPG method produces a very precise banding pattern. It enables definite identifica-
tion and easy pairing. We consider this as most reliable and useful technique for studying
Bovine chromosomes.
Key Words : Chromosomes, banding, idiogram, karyotype, Murrah buffalo
INTRODUCTION

The discovery of the RB-FPG banding procedure by Romangnano & Richer (1984) has pro-
vided a remarkable improvement in the identification and description of individual chromosomes of
mammals. The benefits of this technique are quite evident in the family Bovidae, whose chromo-
somes, especially the smaller elements of the karyotype, are not easily distinguishable when G- or R-
banded. The difficulty lies in the fact that in Bovidae, both centromeres and telomeres in the chro-
mosomes are mostly G-negative and, therefore, the smaller autosomes have to be identified by rely-
ing upon a very few and often undefined bands.

The various workers have been using RBS technique for definite identification of chromo-
somes in Bovidae (Popescu 1975, Gustavsson & Hagelthorn 1976, Di Berardino et al. 1981, 1987,
Hayes et al. 1991). lannuzzi et al. (1990) compared G- and R-banded chromosomes of caitle and
river buffalo at prometaphase. The karyotype of heifer with 2n = 59 was studied using C- and high
resolution G-banding techniques by Sharshov & Grafodatskii (1990).

As a contribution 1o the establishment of the standard RB- FPG-banded karyotype of Murrah

buffalo (Bubalus bubalis), this paper presents karyotype and idiograms of the RB- FPG- banding
patterns of prometaphase chromosomes.
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MATERIALS AND METHODS

Short-term whole blood culture methed originally developed by Basrur & Gilman (1964) and modified by Yadav
& Balakrishnan (1985) was used. The technique involves the fallowing sieps . peripheral blood drawn Trom the jugular
vein of 4 male individuals of Murrah breed was cultured for 72 h in TC-199 medium supplemented with 10% adult catlle
l!‘.nilliniﬁll-l—ﬂi.li.uﬁ!riﬁu harvest, 5-bromodeoyuridine was added 10
cullures a1 4 concentration of 50 jig/ml of medium. Thirty min before harvest. colchicine was added to a final concentra.
tion of 0.1 pg/ml. The cells were treated with hypotonic KCl and fixed i | 1 acetic-methanol and the slides were prepared
and air-dred

“The resulting chromasome preparations were R-banded by the FPG hod (Perry & Wolf 1974, Gagne 1980)
g‘ﬁi.ﬁ?i.:&l«%ﬁq_.45._:55ui.no_.._.:!a_.:uus:aon?.r-wn::g._
derivative (Misawa et al 1977). Afier rinsing thoroughly m tap water the slides wore first immersed and then mounted in
2 x SSC solution. Next . they were placed at a distance of 2 or 3 cm from a fluorescent blue light tube for approximately
2 h (110-130 min). After exposure. the preparations were thoroughly ninsed to wash off both the coverslip and the sali
solution: Slides were transferred 1o a 2% Giemsa solotion for § min and the resulting pattern was analysed under a light

microscope Karyotypes were prepared ding 1o Tenth European Colloquium on Cyltogenetics of D ic Animals
(lannuzzi 1994) The complementary G-bands were prepared on another slide. according to the technique of Seabright
(1971), The C-bands were ob d using barium hydroxid hod of § (1972)

OBSERVATIONS

The majority of cells in the RB-FPG banded preparations showed chromosomes exhibiting
clear and definite bands. In order to compare the bands of each chromosome with a complementary

TABLE | : Morphometric data of somatic karyotype of Murrah.

Chrom. S. Ann L Am Mean Relative  Arm C i Ch
Pair Total Length  Length (%) Ratio Index Type
1 4.10 10.09 14.00 709 249 2861 Submetacentric
2 4.00 999 1400 691 249 28.62 E
£} 357 962 13.19 651 2,68 27.10

4 341 8.40 11.81 583 246 28.90

5 274 6.48 922 455 1.46 40.55 .
(] 0.00 947 947 442 0.00 0.00 Acrocentric
7 0.00 2.01 9.01 440 0.00 0.00 ¥
8 0.00 867 8.67 428 000 0.00

9 0.00 B17 817 404 0.00 0.00

10 0.00 8.02 802 396 0.0 0.00

1 0.00 £.00 8.00 395 000 0.00

12 0.00 737 7.37 364 000 0.00

13 0.00 7.12 742 151 0.00 0.00

14 0.00 6.76 676 134 000 0.00

15 0.00 634 634 33l 0.00 0.00

16 0.00 627 627 3.09 000 0.00

17 0.00 557 5.57 284 000 0,00

18 0.00 567 567 280 0.0 0,00

19 0.00 5.56 5.56 274  0.00 0.00

20 0.00 5.46 5.46 269 0,00 0.00

21 0.00 4.96 4.96 245 000 0.00

2 0.00 465 465 229 000 0,00

Bl 0.00 447 447 221 0.00 0.00

24 0,00 3198 398 196 000 0.00

X 0.00 10.60 10.60 506  0.00 0.00

Y 000 3y 319 1,57 0.00 0.00

Yadav et ol Chromosome banding in buffalo
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Fig. 1: G-banded karyotype of Murrah buffalo.
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7y
Fig. 4: 2 Prometaphase showing G-banded chromosomes b Prametaphase showing R-banded chromosomes. ¢. Metaphase
showing C-banded chromosomes
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Fig. §: Idiogram of chromosomes of Murrah buffalo
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The first five pairs of autosomes of Murrah bmetacentric; pairs
. . M S
submetacentric while pairs 3 and 5 are almost Ensn””.”o”-nﬂ “.“50 -SOS:I.- _ﬁr.-_.au “&hul!__s

acrocentrics of decreasing size. The X :
: size. -chromosome is the | gl
some is among the smaller acrocentrics. argest acrocentric while the Y-chromo-

DISCUSSION

The present paper has to be considered as a contributi
10n to the establ
RB- FPG-banded karyotype of Murrah breed of buffalo. ishment of the standard

The remarkable increase in the R-band resolution was achieved ining wi
/ s combining with BrdU,
.._man.:. 33258 which links to DNA by hydrophobic bonds (Bontemps Q.N_. 1975, W-a.l-ﬂ 1975)
with a 4-fold strong affinity to poly (dA-dBrdU) than a poly (dA-dT) segments (Latt & Wohlleb
1975). The combined incorporation delays chromosome contraction and enhances band contrast
(Ronne 1983),

The present RB- FPG-banded karyotype can be utilized for further studies on detection of
numerical as well as structural chromosomal abnormalities, evolutionary relationship among the
members of the family Bovidae, and gene mapping by using in situ hybridization procedure (Geffrotin
et al. 1984). It is known that after BrdU addition at the mid-S-phase of the cell cycle, the late
replicating regions become elongated (Zakhrov & Egolina 1972) and sensitive to light (Hutchinson
1973). In comparision to the normal chromosomes, the BrdU substituted chromosomes become
extended along the regions that have made their replication in the presence of the thymidine ana-
logue. In our second half of the S-phase, it is incorporated in the G-bands and also in the late repli-
cating R-bands of the inactive X-chromosome. These regions will break readily when exposed 1o
blue light in the presence of 33258 Hoechst (Comings 1975, Galley & Purkey, 1972, Huichinson
1973, Misawa et al. 1977). Subsequently, Giemsa will not stain the damaged chromatin that wall
stain darkly (Gonzalez-Gil & Navarrete 1982). Thus, the carly replicating R-bands are visible on
otherwise uncoloured chromosomes.
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ADH POLYMORPHISM AND UTILISATION OF ALCOHOLIC RESOURCES
IN THREE DROSOPHILIDS

- cm<....nn.-r >._1 >m=wsr_n MUNJAL AND RAVI PARKASH
T = ’ i Dy d University, Robuk 124 001
ecieved 20 March 1995, revised accepted | October 1995)

SUMMARY

Gel electrophoretic analysis of 7 Indian geographical populations of 2 colonising drosophilids

(Drosephila melanogaster and Zaprionas indi i
anus) revealed clinal variation of alcohol dehydroge-

nase-fast (Adi") (3% for 1° latitude in D.melanogaster, > 1% for 1° latitude in Z indiames LD,

melanogaster and Z. indianus revealed significantly higher ethanol and acetic acid tolerance levels

maintained by natural selection mechanisms.

Key Words : Gel electrophoresis, alcobol g&iﬁ.!iliig
INTRODUCTION

Ethanol stress is a major environmental constrai it breedin ' cthanol
tolerance is a significant trait in their ecology :fuo.ﬁ....w%” Un_“ﬂn _ouuunmﬂ!“__n&- t
ﬁ%.SE:.F melanogaster is related to the occurrence of a high alcohol .—n? (Adh) -ﬂ.ﬂ
ity and to a widespred polymorphism of 2 major alleles at the Adh locus (Van Delden 1982, David et
al. 1989). Since gel electrophoretic analysis has helped in elucidating the genetic n-...nllu of
mB_.uEMm.._ populations of diverse taxa, it was considered worthwhile to characterise the nu.nn
genic divergence at Adh locus in some latitudinally varyi i 1
melanogaster and Zaprionus indianus. i s o

The phenomenon of ethanol tolerance has been studied from the ecologi genetic poi

of view in D. melanogaster (Chambers 1988). Alcohol dehydrogenase ;Uﬂ_“_h.& known 8_”“-'
volved in the utilisation and detoxification of exogenous alcohols. The fermentation byproducts
produced in the environment depend on the type of microflora (yeasts and other microbes) involved
and the types of organic matter undergoing decomposition. Thus, it can be predicted that diverse
types of drosophilids could reflect interspecific differences in tolerance to different alcoholic re-
sources (David & Van Herrewege 1983). Alcoholic fermentation of sweet resources is followed by
a bacteria-mediated acetic acid fermentation, so that acetic acid is released in the feeding substratc.
Although Drosophila flies are called vinegar flies, little attention-has been paid to the effect of acetic
acid in these species.

Isopropanol, a secondary alcohol has also depicted higher metabolic utilisation n D.
melanogaster while reports on its selection effect on alcohol dehydrogenase-fast (Adh* ) frequency
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seem to he contradictory (Van Delden et al. 1975, 1978) However, ..x__ﬂ secondary “__,.::_‘._, have
revealed lower metabolic utilisation and showed even toxic effects in D. melanogaster (David &
Bocquet 1976, David et al. 1976). Thus, studies on utilisation of primary and secondary alcohols
have only been attempted in D. melanogaster which is mainly adapted to metabolism of manmade
alcoholic fermentations (Chambers 1988). Thus, it was considered worthwhile to find oul utilisation
patterns of primary and secondary alcohols as well as acetic acid in D. melanogaster, Z. indianuy
and D, immigrans.

MATERIALS AND METHODS

D melanogaster, D immigrans and 2 indianus are successful colonising species Zaprionus is a related genus
that evolved from close wo the immigrans st group radi Isofemale lines were established from population samples
of D melanogaster and Z indianus from seven geographical sites (Cochin to Kullu: 10° N'to 31* 85'N). Single individual
homogenates were subjected to electrophoresis at 250 V and 25 mA at 4°C for 4 h. The gel slices were stained for alcohol
dehydrogenase by standard staining procedure (Harms & Hopkinson 1976). Genelic control of alcohol dehydrogenase
(ADH) banding pattems was T | from the segregation patterns of enzyme electromorphs of parents, F | F, progeny
of several single-pair matings. The genetic indices were calculated by following standard statistical formulae (Ferguson
1980). The adult wtilisation of prnimary and secondary alcohols and acetic acid was assessed following the procedure of
Starmer et al. (1977) and David & Van Hemewege (1987). Adult survivorship was expressed as the number of adults alive
afler various time intervals. The LT values were calculated as the number of hours at which S0 % of flies had died and
were estimated by lincar interpolation. The ethanol concentration was obtained at LT, maximum/LT _ control = | Lo,
denotes ethanel concentration killing S0% flies

OBSERVATIONS

ADH polymorphism

The ADH electrophoretic phenotypes included segregating 2-banded patterns (of either faster
or slower mobilities) and 3-banded patterns at a single polymorphic zone of ADH activity in D,
melanogaster and Z indianus. Species-specfic genetic crosses between individuals having triple/ 4-
banded ADH' patterns produced 1:2:1 proportions of offsprings with alternating 2-banded variants
and triple/4-banded patterns in accordance with monogenic control of ADH electrophoretic pheno-
types. Thus, the observed ADH electromorphs were represented by post-translational or conforma-
tional isozymes 1.e. homozygous genotypes depicted 2-banded patterns. D.melanogaster and Z.

indianus revealed only 2 types of Adh electromorphs (Adh* and Adh® ) and no rare variant was
observed in any species.

Population genetic structure

The data on sample size, allelic frequencies, observed and expected heterozygosity at the
polymorphic Adh locus in 7 Indian populations of D. melanogaster and Z. indianus are given in
Table |. The data on Wright's Fixation Index (F_) and correlation coefficient of Adh” allelic fre-
quency with latitude are given in Table 1. The allelic frequency changes at Adh locus in
D.melanogaster populations were found 10 be significantly higher ( 3% with 1° latitude). In Z
indianus, the Adh" frequency increased significantly with increasing latitude (>1% with 1° latitude).
The data on Wright's Fixation Index (F_) at Adh locus revealed significant genic differentiation in
D. melanogaster and moderate in Z indianus populations.
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Karan ot g A |
‘ . , [ bn polymorphism in drosophilidy 14 w
The increased longevity data due to ethanol revealed lesser effects in D. immigrans (105 h) 160 |
as compared with D. melanogaster (180 h) and Z indianus (250 h) (Fig.1). The adult threshold [ . |
values were found to be lesser in D, immigrans (2.7%) and Z indianus (7.10%) but higher for D ﬁ ./ —_— Zlvxov
melanogaster (11.3%). The LC cthanol concentrations were calculated from mortality data of adults = " )ZO—-
after 4 d in all the three species. The LC,, values were found as 3.0% in D. immigrans, 8.0% in Z. 2 120 R ), ISO-PROPANOL
indianus and 11.30% in D. melanogaster (Fig.1). The increased longevity data revealed parallel but - ;
lesser effect of acetic acid utilisation. The data on acetic acid threshold values, LC_ values, mortal- [ | g >
ity and longevity responses further supported that acetic acid was utilised as resource in the 3 spe- T Kale
cies (Fig.1, Table 2). The ranking of 3 Drosophila species on the basis of ethanol and acetic acid m .-f....ll.
tolerance is D. melanogaster > Z. indianus > D. immigrans, —II__ .il-.ﬂdal»..ll.....
b M
| e
TABLE | Distribution of Adh -_ES —aac.u-n:u iﬂ#&ﬁ& heterozygosity, F values and correlation (r) with L
1 'Y in ‘1 por 1 e A !’-’./
D melanogaster Z indianus IOL u-m M
Populations Latitude  F s HoMe F s Ho/He _ /m B
Cochin 10°N 1 89 15120 25 75 35137 M - ki
Tirumala 13° 40N 16 84 15126 36 64 A47/.46 s O 1.0
Nagpur 21I".16N 30 7 242 M8 57 44/.49 & e
Bhopal 316N 56 4 33/49 45 55 46/.49 m o P
Rohtak WN 4 26 2738 49 s 497,50 = | H
Dehradun W° 19N 80 20 2232 48 52 52/.50 - 1058 ! i
Kully IESN B2 18 2029 55 A5 46/.49 . !
F,, value 329 037 .
Correlation (Adh Vs latitude) 497 +.93%n | M !
~*Significant a1 5% level. F & § represent fast and slow allelic variants. Ho/He refer to observediexpected heterozygosity. F, 100(0 | I 2 i
indicates Wright's Coefficient. \t\\\ P . _
” 4 d
s ) ’ !
Y '\ \\ ~.\
TABLE 2. Data on acetic acid, primary and dary alcohols utili (LT, h, threshold values and LC,, values ) in D. - iy S
melanogaster, D. immigrans and Z .ILEI.F u OO-
D. melanogaster Z indianus D. immigrans m E ||..J_| 1|ln I.sla |
LT hrs  Threshold  LC, LT hrs  Threshold LC, LT hrs Threshold LC [0 4
value (%) (%) value (%) (%) value (%) (%) o
Acetic acid 130 93 92 153 6.1 73 98 s 35 Mo
Ethanol 180 11.30 1130 250 710 800 105 270 3.00 -~ Noi
n-propanol 188 3.00 310 156 130 180 90 0.80 0.80 ;
n-butanol 110 251 270 186 145 170 84 0.65 0.60 L m x
Iso-propanol 74 260 250 137 070 120 72 0.50 0.65 0 M,l [N ]
Iso-butanol 68 0.82 090 127 058 068 71 0.40 0.42 —— CONCENTRATION S—» :
e y Fig. 2: Data on (A) LT, hrs, (B) LT,, maw/LT,, control and (C) percent mortality at different concenirations of n-propancl
and iso-propanol in D. mel (@ — @) Z indianus (o — A)and D. immigrans (B — W)
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The ¥ drozophilids utilised ethanol, o

pmmigrans populatic gqﬂqﬂ.‘ﬂ’i.!‘uﬂ-‘lﬂ.ﬁ.

~—Hﬁ¢!.—n.&sgiﬂmp
threshold values s

values were [ound to be lower than (hy

that acetic acid and primary aleohols Constitute paralle] reqq _x“nnu The present results revealed
also metabolised by all the three drosophilids (Fig.2) _..-w:.n_._.ﬂﬂ
putanol. The LT h for n-butanol have revealed oy

mary alcohols were also utilised as resourcey

v metabolised more than that of 2-
significant increase in longevity Inlerestingly pri-
¥. The alcoholic resource utilisation
of =._=:.2_=:_ and 2-propanal are nontoxic to Z indiamuy and D. me| Howe butanal
(>0.5%) revealed toxic effect for D. melanogaster, 7 indianus aa__h Ma.”“””nﬂr :.n,_nwu. which
the longevity hours were equal to that of contr| . R

DISCUSSION

The occurrence of parallel clinal allelic fre

quencies divergence at Adh locus scross =
species (D. melanogaster and Z. indianus) are in agreement with the variable cl u.narlﬂl-

; AL The observed latitudinal variation at Adh locus
in Indian populations of D. melanogaster and Z. indian

. us concur with other reports on Adh -
morphism in different continental populations of D. mela oy poly

. nogaster \.e. Russia (Grossman et al, 1970),
U.S.A. (Vigue & Johnson 1973, Singh & Rhomberg 1987), Mexico (Pipkin et al. 1973), Australia

(Oakeshott et al. 1982, Knibb 1983), China (Jiang et al. 1988), Japan (Watada et al. 1986). The
clinal variation across different species as well as across di

verse biogeographical regions cannot be
explained on the basis of stochastic process (genetic drift) and/or gene flow. Thus, the occurrrence
of parallel clinal allozymic variation at Adh locus in Indian populations of D, melanogaster and Z.
indianus can be explained on the basis of natural selection mechanisms.

The present results revealed significant increase of longevity of D. immigrans adults at lower
ethanol as well as acetic acid concentrations i.e., overall fitness in this species increased by environ-
mental ethanol and acetic acid at lower concentrations and was reduced at higher concentrations.
This is in sharp contrast to that of Z indianus and D. melanogaster in which fitness increased at
ethanol and acetic acid concentration up to 7% or more. Thus, it can be inferred that all the 3
drosophilids utilised ethanol and acetic acid as resources at lower concentrations but slightly higher
concentrations became toxic to D. immigrans but not 1o Z. indianus and D. melanogaster. The 2
primary alcohols (0.65 to 1.45% n-propanol and n-butanol) and secondary alcohols only at signifi-

cantly lower concentrations(0.4 to 0.7%) were utilised as resources and were not found to be toxic in
Z. indianus and D, immigrans.

In the present studies, D. melanogaster and Z. indianus were found to be highly tolerant
While D. immigrans revealed intermediate response for utilisation of alcoholic resources. Since
ethanol tolerance is genotypic dependent, the observed inter-specfic differences in ethanol tolerance
may be due to regulatory genetic mechanisms rather than structural differences wﬂ!ﬂi >Umm
allozymes (David & Van Herrewege 1983). The 3 colonising drosophilids revealed significant inter-
specific divergence in their potential to utilise primary and secondary alcohols i.e. !rE threshold
Values, LC,, values were found to be significantly higher in D. melanogaster and Z. indianis as

b
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ompared i _The lower but almost parallel threshold values Tor primary and second

r::.._oer Wnb.i..”.h“ﬁ“au seem to be correlated with lower levels of different alcohols in diverse
o _.M.&R La <nun2nv—a resources. The comparative profiles of alcoholic utilisation in D
W.wﬂ:“nnh& D. immigrans and Z. indianus reflect the species-specific adaptive characteristics for
alcoholic metabolism.
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(CHRYSOMELIDAE noﬁowﬂﬁ. 5
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SUMMARY

Karyological investigations were carried Out on 6 species Cassidinae vi
Aspidomorpha dorsata F., A. nigrovittata Boh., Cassida l..n-..&a“_. Hbst., C. i
Boh., C. vibex L. and Epistictina vividemaculata Boh. Both _-.o.. M.lz..“
Asipdomorpha showed 7 autosomal bivalents durin poe

g I and X
sex determining system. All the species of Cassida nn.:.n;mlaw_a au&mu.wﬂn u?-l"
vibex (2n=21; 9+Xyy,). E. vividemaculata possessed 2n=18 with Xy male sex nl.o.

mosome system. Karyotype comprised meta-, submeta- and acrocentric chromosomes.
Chiasma frequency varied from 10 to 14 per nucleus.

Key Words: Col

piera, Chrysomelidae, karyotype, ch frequency. sex chromosome system
INTRODUCTION

Chrysomelidae comprises over 37000 species (Jolivet 1988). Cytological data of 745 species
and subspecies have been recorded by Petitpierre et al. (1988). The diploid chromosome number
varies from 8 in Homoschema nigriventre (Virkki 1965) to 64 in Disonycha bicarinata (Vidal 1984)
in this family. In the present paper, cytology of 6 species belonging to subfamily Cassidinae has been
described. Karyotypic details of 4 species, Aspidomorpha dorsata Fab., A. nigrovittata Boh., Cassida
enervis Boh. and Epistictina vividemaculata Boh.are new additions to the cytology of Coleoptera,
whereas, C. circumdata Herb. and C. vibex L. were reinvestigated.

MATERIALS AND METHODS

Adult male individuals of Aspidomorpha dorsata . A. nigrovittata and Cassida circumdata were collected from
Dehradun (Untar Pradesh), C. enervis and C. vibex from Bangalore and Episticting vividemaculaa from Paonta Ssheb

(Himachal Pradesh) during 1987 - 1992, Karyological preparations were made from testes by mir-drying techmique (Yadav
& Lyapunova 1983)

OBSERVATIONS
Aspidomorpha dorsata

Only meoitic stages were observed. Number of bivalents at metaphase _ and haploid sumber
of chromosomes at metaphase II revealed 16 as the diploid number in this species. The metaphase M
karyotype comprised 6 metacentric and one (7th) acrocentric RIOSOmES and a gﬂ:ﬂﬁ
chromosome (Fig. 2). TCL was 35.74 um (Table 1). The size of X is close o that of the %
aulosome. Seven autosomal bivalents and a Xy sex bivalent were observed during o

| .

R
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metaphase 1 (Figs. 13, 14). Chinsma frequency Was 14 per nucleus. The cells at metaphase [1

uniformally carried 7 autosomes. However, only one sex chromosome, either X or y, was present
(Fig. 1). Male meioformula for this species is TAA+Xy.

TABLE |. Percentage relative lengths of chromosomes and TCL of karyotypes

Species ] 2 1 5Ty S caba A Y T
A. dorsara 1455 (368 1348 1233 1162 1050 10.40 C 1344 1 3574
A migrovitata IS14 1505 1323 1311 1236 1038 1011 062 7 4921
€ circumdata 1358 1338 1196 10251012 937 895 803 123 313 2537
C. enervis 1522 (39S 1271 1068 1147 1126 1051 517 523 283 5232
C. vibex 1427 1274 1239 1189 947 883 855 763 737 481 203 6098
E vividemocwlsta 1492 1143 1084 1023 947 947 817 697 - 1361 489 28.18

TCL = Towl chrosome length in um.

A. nigrovittala

Metaphase II Karyotype revealed all the 7 autosomes to be metlacentric and the X to be sub-
metacentric in nature (Fig. 4.). TCL was 49.21 pm (Table 1). On the basis of the size, the X lies
between fifth and sixth autosomes. Diakinetic and metaphase 1 cells carried 7 autosomal bivalents

and a Xy sex bivalent (Figs. 15, 16). Chias na frequency was 13 per nucleus. Male meioformula is
TAA+Xy.

Cassida circumdata

The diploid number of 18 chromosomes 1s in conformity with earlier reports (Manna & Lahiri
1972, Yadav 1973, Yadav & Pillai 1975). Karyotypes prepared from cells at metaphase II revealed
S metacentric (1, 3, 5-7), | submetacentric (2) and 2 acrocentric autosomes (4, 8); a metacentric X
and a dot-shaped y chromosome. TCL was 25.37 ym. The X lies between third and fourth auto-
somes (Table 1). Metaphase 1 showed 7 rod-shaped autosomal bivalents and the Xy sex

.uoucn_o!éoﬁ:ﬂ.w._qv.n—_wﬂap?aacnanwimuIvn_..____n_n:m,gomo..c:::_u_m BAA+Xy . ,m_.mn_»,..
& Pillai (1975) observed 2 y chrosomes in some cells.

C. enervis

Spermatogonial metaphase showed 2n=18 (Fig. 7). This is similar to an earlier report (Sharma
& Sood 1978\, The karyotype consists of 5 pairs (1, 3, 6-8) of metacentric and 3 pairs (2,4, 5) of
submetacentric autosomes. The X seemed to be metacentric while y is a small dot-shaped element
(Fig. 8.). TCL was 52.32 um. The X was close to eighth pair of autosomes according to the size
(Table I). During diakinesis and metaphase I, 8 autosomal bivalents were observed. The sex bivalent

M"a.h__.um_ﬁ form of Xy, (Figs. 18, 19). Chiasma frequency was 10 per nucleus. Male meioformula is
+Xy,.

201

s../d«,m () €l ten gt

Figs. 1-10: Karyotypes. 1. 2. Metaphase Il with X chromosome and karyotype of Aspidemerpha dorsara. . 4 and
Il with X chromosome and karyotype of A. nigroviftata. u-.w.o.;ﬂttrulxnr..irﬂ_ol y
Karyotype of Cassida cirumdata. 7, 8. Spermatogonial metaphase and karyotype of C. enervis 9. 10. e
matogonial metaphase and karyotype of C. vibex.
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Figs. 11-24; Meiosis. 11, 12, 23, 24. Epistictina vividemaculata 11, 12. Sper 2
14. Diskinesis and M 1 of A dorsata. 15, 16. Diakinesis and M Lof A. nigrovi

. 18, 19. M I and diakinesis of C enervis. 20-22, C. vibex 20, 21. M Il wi
“anaphase 23, 24 M 1and Il with X and y chromosomes

| phase and karyotype. 13,
frata. 17. M Lof C circumdara
h X and y chromosomes. 22. Gonial

Yadav e ;33
C. vibex

Spermatogonial metaphase revealed 2p=7} (R
7, 9) of metacentric, 4 pairs (|, 2. 6, 8) of

‘ . a_._fgnn_._—h—n ..sn——.
,_c_,;n.x?.:»._nro:_:nn:a ¥ is dot-shaped, Pair (4) o_.nn_.ano..in

._.uﬂm\ was 60.98 pm. The size of X was me_q_vd”ﬂﬁﬂiggsﬂu”ﬁ
matogonial anaphase showed normal Segregation :__n_ﬂﬂ..o.oa—nv“.”_%.. -lo-a.-nu (Table 1), Sper-
chromosomes were paired with the X chromosome in the Pemmr _-n. 2) During metaphase | 3 ,
somes represented 9 dumb-bel] shaped bivalents Male al.aqan_._h_-lu _xa&a!c-{g-:_o.
types of Bn_w_.._.r;..ﬂn Il configurations were observeqd. One wity the X (5, 3~.”.>>+x§.‘ Cells wih 2
(Fig. 21), in addition 10 9 autosomes, However, Petitipierre :au.q: n.;i_al ‘
-w.vn o_.mnun:_.c-:eﬁ::nBnn_._ns_u:._ :..5?;

Pecies,
Epistictina vividemaculata

23

Fo..?gﬁ*ﬂung.g;u.

mal bivalents and Xy sex bivalent (Fig. 23). Chiasma f; y wes 1] p and 3“.-“:&!9?
is BAA+Xy. Cells with 2 types of metaphase [1 configurations, one with X ..lﬂ_.n..“”g
observed (Fig. 24). At this stage, most of the chromosomes appeared 1o be j ¥. were

number of Poly
number in Chry

Xy, is the most common male sex chromosome system possessed by 55 species out of 65
TEPOrts on 62 species of Cassidinac, Three species of Stolas possess multiple sex chromosome
Systems : X..ﬂﬂQX:n%«.. by S. angulata (Vaio & Postiglioni 1974) and X' X, neo X neo Y by §.
bonariensis and Stolas sp. (Panzera et al. 1983). 8. duodecimverrucata uhoca XO (Vidal 1984).
Cassida Subferruginea has neo-XY (Petitpierre 1985), Laccoptera guadrimaculata (Sharma & Sood
1978), C. vibex (present report) and Chiridopsis sp. (Yadav & Pillai 1975) besides Xyp, have Xyyp
aso. Lanier ( 1972) recorded Xy system in Plagiometriona clavata. Xyy, and the multiple systems
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1985), <.&-< etal. ()

L 03:1332_
16 zoinﬁr 2n=16 ..75‘. in nn.unna_eqch&
ﬁuvgni;nrxq
morphism a:n_'a!o!ll. A
a..s:ua__.u-u..&ﬁ.q—imlﬂn

Jorsata. The number has been now revised 1o 2p=
irilineata (Yadav etal. 1987) is a new report. Earlier

. . Yada illai
in this species As such, this species needs to be rej ool

nvestigated, Dy
on situation in polyphagan Coleoptera, the a&iun e

(Smith & Virkki 1978)
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(1967), a complete series of intermediate forms con
sed the cytotaxonomy of chrysomelidae. Since then there is not much addij; :
| data of beetles belonging to subfamilies Hispinae and nuua._““sn which i E_l&,f How
ever, even the meagre data give good indication of phylogenetic relationsh; 3.“...‘
most widespread meioformula obtaining in these subfamilies. An v xq. PP ko

ence of conspiciously large-sized metacentric chromosomes in uﬁ«ﬂhﬂ-&,n”ﬂ_“ﬂﬂ-u.rn_’?
havin chromosome

numbers. However, Stolaini Cassidines are highly derived species both wi —
! number and multiple sex chromosome systems. The Hispi With regard 1o the diploid

. nae, on the other hand,
towards decrease in the number of chromosomes. As compared to the agg-ﬂ

——

Chrysomelidae, Hispinae and Cassidinae are nr_.caamoap__w rather ¢ s So e
some species of Cassida and the Stolainini (Petitpierre 1988) i RII«!”.—.—IE—“E in
tional. g iR 2 excep-
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Short Communication

GENETICS OF POD AND SEED SHAPE IN GROUNDNUT

s _Mo K MURTHY AND T RADHAKRISHNAN
esearch Centre for Groundnut (ICAR), Junagadh 362 001

(Received 28 May 1995, revised accepted 31 October 1995)

crosses between 4 genotypes producing normal sha :
pods and button type seeds indicated that pod ped pods and seeds and the one with humped

independent _oo,.. Psd psd and 1 i . The action of Psd is partially inhibited i fin dicatas ;

Key Words: Groundnut, seed, pod, inheritance.

" The pod of groundnut, Arachis aea L., is one-| indehiscent lomenti
(Gregory etal. 1951). It consists of 1 to u@_”%a gﬁoﬂ%..s.“.n_.oho.gg-- The L””“Jh
and deeply constricted pods are commercially unacceptable because of difficulties in mechanical
shelling. Absence of pod constriction was reported to be controlled by 2 independent dominant
genes (Badami 1928), 3 complementary genes (Hassan 1964) or interaction of nuclear and cytoplas-
mic factors (Coffelt & Hammons 1974). The seeds of groundnut are round to elongated in shape

(Hayes 1933). The inheritance of unconstricted humped pods and button type seeds in groundnut
has been reported here.

PBDR 25, a stabilized advanced derivative of the cross Co 1 x NCAc 17090 was observed to
produce small (1 - 2.5 cm long), unconstricted. 2-4 seeded pods with hard humps on the ventral side
of the pod (Figs. 1, 2). In 2-seeded pods, the seeds at one end were always flat while in 3- or 4-
seeded pods the middle seeds were flat at both ends, looking like buttons. The genotype was selfed
for 5 generations and found to breed true for the above traits. It was then crossed as male parent with
4 cultivars, namely , M 13, GAUG 10, C 363 and Karad 4-11, all having moderately constricted 2-
seeded pods with usual round or elongated seeds. The F, generation was space-planted for realising
maximum number of F, progeny. The F, generation was grown in kharif 1989 and observation on
pod and seed characters were recorded after harvest. The F, plant-to-F, progeny rows were grown in
summer 1990. The validity of expected genetic ratios was tested by the chi-square test.

All the F, hybrids produced unconstricted humped pods with button type seeds, as in PBDR
25 (Figs. 1, 2). In F,, the segregation of plants with humped pods and button type sceds and those
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Figs. 1 & 2: Pod and sced

seeds (bottom). 2. A close view of pods of genotype PBDR 25 showin
on ventral side of the pod (top)

shapes in groundnut. | Normal pods and sceds (top) and humped pods containing button type

£ button type sceds (bottom) and humps

TABLE | Inhentance pattern of bution type seeds in groundnut

ot Segreganon in F, F, progeny grown from button type F, plants
Button type Normal type Totl X*(13:3) Scgregating Non-segregating  X* (6:7)

GUAG 10 x PBDR 25 162 25 187 35S 45 59 1.42

Karad 4-11 x PBDR 25 52 9 61 0.64 11 20 0.34

M 13 x PBDR 25 83 16 99 048 _

C 384 x PBDR 25 43 6 49 1.36

X* values were non-significant

producing normal type of pods and seeds was distinct in all the 4 cross combinations, and showed a
good fit to the expected ratio of 13 button type : 3 normal type, indicating presence of inhibitory
genes (Table 1). There were no plants with intermediate seed shape in the F, generation. The number
of segregating and non-segregating families was recorded in F, generation for 2 cross combinations,
GAUG 10 x PBDR 25 and Karad 4-11 x PBDR 25. In both the crosses, the ratio of segregating and
non-segregating families derived from F, plants with button type seeds showed a good fit to the
expected ratio of 6 : 7. 4 of the 20 F, families derived from normal seeded F, s of the cross GAUG
10 x PBDR 25 also segregated for plants with normal seeds and those with button type seeds.

1
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These results suggest that the button type

sceds are contr e
proposed that the locus Psd psd is essential for normal :o:..:_ﬁu““:f_nv“ _un__._””ﬂin&a.! .8)52!.. e
locus, / i, inhibits the action of Psd- when in dominant condition. Thus, F - -
k ; F . . F, plants with the genotypes
|- Psd-, I- psd psd and ii psd psd produce button type seeds, whe 1 Wil
pormal seed shape Whereas those with ii Psd- will have

The butlon type seeds were viable and produced healt
gene, [, affects the action of Psd- only during the later stages
pods and button type seeds are always associated, it is pr
linked or pleiotropic. This is the first report on the prese
ment in groundnut

hy plants, suggesting that the inhibitory
of seed development. Since the humped
oposed that these traits are either closely
nce of inhibitory genes for seed develop-

The authors are thankful to the Director. NRCG, Junagadh for providing the necessary facil
; ities
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Bacuerle, P.A. (ed) 1995, Inducible Gene Expression. Vol.| : Ep.
vironmental stresses and ..

Birkhauser, Boston-Basel-Belip, - Xii + 284 (each volume), Price
per set: DM 298./$ 140,00/ £ o5 © A g

This two volume collection of “Inducible Gene Expression”

molecular basis for the control
Tession is controlled most effectiv

elegantly summarizes the rapd
of gene expression, especially in
ely and economically at the level

expression while rendering the rest of them s
about 10" cells, each one of its cell

which is in vast excess of the information that is needed to code

The intense investigations in molecular biology of the 1960s and 1970s unravelled several

mechanisms pertaining to the contro] of gene expression using the prokaryotic organisms, especially
the bacterium Escherichia coli and the viruses (phages) infecting it, as model systems. These stud-
ies having laid the foundation and together with the galloping advances made in recombinant DNA
, and genetic engineering methodologies of the 1970s and 1980, the biologists today have been

altempting to unravel the mystiques of the process in higher organisms including man. The network-

ing is extremely complex in higher organisms and transactivators often exert their effects

In the first volume of the present series, concise reviews have been 19:....& on various
eukaryotic transactivators that allow cells to respond to different extracellular stimuli by the expres-
sion of new proteins. There are chapters devoted to features of gene expression in heat shock
fesponse and influences by an oncogene transcription factor JUN, as well as such other factor as NF-

L
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; PPAR (Peroxisom |
; and other stress, and o
kB which respond to a varicty of pathogenic ng.””.-g of steroid hormone superfamily which
Proliferative Activator Recoptors) belonging (0 3_.!5_ also contains an article on the molecylar
respond to administration of Baati.aa.uﬂﬂ_ n (o drug) receptor modulates signal transduction,
details of how the helixloop-helix region son by hoavy metals, exemplified by the metallothionine
followed by a chapter on wranscriptional regulation on prokaryotic transcriptional control and how i
genes. The volume rightly starts with a chaptet g give for things that follow the
differs from cukaryoles, providing the reader tn_u__ ne expression is at the level of transcription
chapter. While the major targel —o_.. ﬁn:.-aﬂvom_m.n wranscriptionally) by suitable modulators. One
.aa_-.mg._,.ﬂ_! also be “...ﬂ”._ ”t -._H. qz..uam&..:o: is discussed in the last chapter

such modulator is iron aspec

transactivators that allow cells to respond to
The second volume deals n..._.an_nh_s o”.wa-.__:m__ﬂ__._d.ﬁnn are the physiological signals used by the
hormonal stimuli by the expression of ne gﬁn changes, cell proliferation, differentiation and devel-
organism to control and coordinate a”aﬂ:.n effect of cyclic AMP, scrum growth ?ﬂoﬂ. (and various
opment. ._..x.ﬂ_x!uﬂnoi incly coid hormone , thyroid hormone and retinoic acid recep-
growth promoting stimulii), the m_..._n_ano:_ ate gene expression through phosphorylation of nn.::__:
tors as well as Eq!ﬂiw 1__88____.“”:_# regulation and signal transduction. The regulation of
receptors and 2_..”5_ .-....n,.o_ . ““ o ogen Dorsal in Drosophila form the topic of the final
nuclear transport acuw morph
chapter.

; rs in the appropriate fields, mostly
e ..o_.—a._n”nw_“ﬂnﬂn.aawm ””woo.. nnnn_mwn. because the progress
o _-vilv.ﬁnﬂﬁaaﬂi_. over the past few years and it has become impossible to
- n-n_.on&pl!wro.as _Econ..ncnw iews. The illustrative presentation of data in most chapters
e e A e _E:.M.ﬁ_.: ,on:-._u_q prove to be very useful to the graduate m:_n_oih
E“...ﬂ-.—ni“.ﬂ.hu—uﬂ“«i .-—.._”“nﬂ“a-un more 50 1o research workers interested in the area of eukaryotic
n
transcription.

The set of two volumes is 8 welcome addition to any good library notwithstanding the fairly
high cost of approximately Rs.5000.

: K.P. GOPINATHAN
Microbiology and Cell Biology
Department, Indian Institute
of Science, Bangalore 560 012,
India.
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OBITUARY

P.N. MEHRA (1907 - 1994)

fessor Pran Nath Mehra died of a
as the Life and Honorary member of the Society of
Cytologists and Genetists, India. He played an important role as Professor of Botany together with
Prof. G.P. Sharma of the Department of Zoology of Panjab University, Chandigarh in organising the
First Congress on Cytology and Genetics from 5th to 9th October 1971 under the auspices of the
Panjab University.

Professor Mehra was born on 27th October 1907 at Amritsar. He obtained his M.Sc. and
D.Sc. degrees in Botany from the Panjab University. He was the Professor and Head of the Depart-
ment of Botany of the Panjab University for a number of years. He had the splendid opportunity 1o
shape and progress the department (o its excellence. He was known as the eminent Botanist of the
country,

He made a yeoman service to the Panjab University in various capacities as Director of UGC

centre of Advanced Rescarch, as Head of the Pharmacy Department, as Dean of the Faculties of
Science and Agriculture for many years.

He had the unique honour of being clected as _un__Qu._ of many academic bodies such a Na-
lional Academy of Sciences, Allahabad and the Indian National Science Academy, New Delhi. He
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Botany of Indian Science Congress ,p.a:__:s at xao:ﬁo.
also the President of the Section _cq 1971, of the Asian Zone of the World Palynologiey)
“”nu“”_ of the Indian Botani monﬁ_.uu L“_i.non. for promotion of :...Ea: culture (1971), the Gen.
Organisati BR. Wi t Chandigar!
s _o.:m oh._“ozmsc_oﬂﬁ_ Congress in 1974 al .
L number ial and invited lectures and to list them here js really 4
< st e nwﬂﬂn’!_a Seward Memorial Lecture { _aaq“. _Za,.:_a_ Memo.-
difficult task. To meation afew & al Lecture (1968), P.R. White Memonial Lecture (1971),
rial Lecture (1968), Z-_.Bzou.ﬁ xnanﬂ:zﬂaﬂ.:_ < crare (1974), Strect Memorial Lecture (1978
1al Lecture (1973), JO
Chavan Memorial on Lecture (1985) and & host of others. , e
i essor inient of many awards like Education Minister's Gold Medal
g Z%ﬂ:ﬂﬂpﬁuﬂnﬁo& (1975), Sunder Lal Hora Medal (1984), Seth z_nan..,
(1951), G. Erdtman [nternation B ha Paiima Shri Awand of the Government of Indla a
vl pacl (1509). 108 _Ev:n!._g_no ! the cause of science particularly of Botany in
1972 in recognition of his exceptional es 10
India. | i m
areas anical research im include Cytology in particular, Morphology of
s s s ..:_..:._. Tissue culture and Morphogenesis. He must
ryoph Vascular plants, Taxonomy, Evolution, . mus
» s 3 rescarch rs and a number of research monographs. His achieve
i -E_EHE-..& Bnro.d-a o tuden v-“._d& all over the world. His demise is a tremendous loss
le and his s! Is are o ¢ . ;
ey icists in particular. May his soul rest in peace.
to all the botanists in gencral and 1o cytogenetict
M.S. CHENNAVEERAIAH
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