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KNOB CONSTELLATIONS IN NORTHEASTERN HIMALAYAN MAIZE

M KUMAR AND | KS SACHAN
Division of Cenetics, [ndian Agricoliural Research [ast New Delbi 110012

(Received 29 D ber 1004, revised d 13 November 1905)

SUMMARY

Northeastern Himalayan maize is known for its uniquencss, racial diversity
and antiquity. The cytological chamcterization of 41 maize collections from different
arcas of this region has been done on the basis of pachytene knob analysis and cerain
knob constellations have been identified. One new knob st 2LT position has also
been identified.

Key Words - Maize, knob, Himalayan, |ineages.
INTRODUCTION

A lot of genetic diversity exists in the northeastern Himalayan (NEH) maize due o variation
in ecology, microniches, altitudes and complete isolation due 1o conservative socio-cultural prac-
tices of the aborigines cultivating these strains for centuries (Stonor & Anderson 1949, Singh 1977).
Primitiveness and uniquencss of these landraces are well confirmed (Sachan & Sarkar 1982, Pandey
et al. 1986, Kumar & Sachan 1992,1994). Cytological characienzation of 41 landraces of this
region on the basis of their knob composition has been attempted in (he presenl investigation,

MATERIALS AND METHODS
A 1otal of 41 NEH maize germpl llecti ined at Division of Genetics, [ndian Agncultural Ressarch
Institute, New Delhi, were d for their knob aton. The maze germp inctuded in present vt gats vited

of 16 from Sikkim (S4.5-21,5-24, $-25.5-27,5-38,5-39, S-43, S-44 (SP), 547, 5-50.5-51, $-53, §-54, 555 1nd S.59) |} from
Meghalaya (3 S.P strains of M-1. M-15 and M-25: M-6, M-8, M-12, M-17, M-240, M-249, M.250, M-252) 6 (rom Tripura (T-
6, T8, T-12, T-14, T-24 and T-26(SP) 4 from Nagaland (N-21, N-24, N-26 and N-29), 2 from Assam (AS-60 and AS-317) and
one cach from Arunachal Pradesh and West Bengal (A-1 and K-2)

Young cmerging tassels were fixed in ethanol-acetic acid (3:1) fixative and swored at 4= 1°C. Pachytene analysis of polien
mother cells (PMCs) {rom desired sized anthers were done by standard acetocarmine squash iechnique.

The position of knobs in different chromosomes was ideatified (¢ ing the sundard pachy karyorype of mave
(Neuffer et al. 1968). Characterization of these maize germplasms was done on the basis of their knob composition snd certain
knob compl. frequently p in the region were identified (Table 1) Finally these germplasms were categonised in dillosent
lentative groups based on the similarity in their knob compositions.

RESULTS AND DISCUSSION

Twentyone knob positions in different combinations were identified in Ihese maize
germplasms, with their number ranging from 4 10 7, A-1 possessing the highest number of knobs.
Of these 21 knob positions, a large new knob forming position at 2LT was also identified in M-240
from Meghalaya. 6S knob was invariably present in all germplasms associaled with aucleolus
organising region (NOR) while other common knob forming pesitions with high frequency in these
germplasms (Table 1) were 9ST (78.04%), 8 La (75.60%), 4 L(60.97%) and 2 La(56.20%),
7 L(29.26%) and 3L(21.95%). Knobs at 1La, 5L and 6Lc positions were observed in 9.75%
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TABLE 1: Ch jon of north Himalnyan strains based on knob composition

Colle- Toul Knob Positions ——— _A germplasms whereas 15a and 8Lb knob positions were present in 7.3% of the germplasms. Distri-
clions Knoh Growpy bution of knobs in different germplasms as well as geographical regions varied widely and did not

No. _1S 2L 25 2L 3ST 3L4SALSL 65__ 6L 7ST 7L BL oﬂ.la_n.l_ﬂll i follow any specific pattern.
Sa ST La [albLT 1a b Le G T ke | ¥ . of
La Lb Rare knob positions observed in these germplasms were, terminal knobs on short arms

MANSE 4 F e etale N omie e w B N - ﬂ chromosomes 1, 4, and 7 (1ST, 4ST and 7ST) present in one collection each from Nagland and
T26SP) 4 s by ey BTSN Ll e A a N e e e gl { Sikkim respectively and interstitial knobs on long arms of chromasomes 6,9 and 10 (6La, 9La,
M-8 1 ot m i w e e e e o . e 1 il S _ 10La) in strains from Meghalaya, Sikkim and Nagaland (Table 1). Out of these, 2 terminal knobs at
54 NSy IR S ¥R wm e s L | IST and ST positions were observed in N-29 collection from Nagland. Similarly, & larget new
T4 $ e M B4 » oo v g o DREE k knob at 2LT position in addition to normal knob position of 2La was identified in M-240 collection
mwwa R R S it L IR PO . | from Meghalya. The 6La and 10La knobs were observed in M-8 (Meghalaya ) and N-24 (Nagland)
M.249 “ el H e H SRR H ....... Wi =t e A _ respectively. While 9La knob was observed in two collections of Sikkim, S-38 and 5-39.

M-252 5 o S R S R T R i M STt - H + D H___ | These germplasms were lentatively characterised in 13 groups 1 10 XIII depending upon
N-29 5 I R e e S o oo o HARE similaritics in their knob positions. Among these 41 germplasms, 5 Sikkim Primitives (SP) collec-
Lo S e e S S L TR S - R R u___ tions, namely M-1, M-15, M-25 (all from Meghalaya), S-44 (Sikkim) and T-26 (Tripura) were also
§$23 e s S P 4 o oo , included. Out of these, M 25 and M-26, although both having 4 knobs cach, differed in their knob
s B 2e Sy WY n e i S +- 4. . NS composition. But M-1 and M-15, both having 6 knobs each, resembled cach other in their knob
M”w“ “ + e + s = | composition except the knobs at 7L and 8La, perhaps due to their adaptive value in different
S84 § = e =l KEAn s - e A v ; microniches, hence, they were placed in a single group-X. Similarly, S-44, differed with other S.P.
S50 " B i et el o + o= ; + - | strains having 3ST knob position. Strangely, this 3ST knob was restricied 1o Sikkim only, being
5.53 5 2 2 T s S R SRR SO ST present in 3 collections, namely, S-21, S-44(SP) and S-50 all of which possessed six knobs each,
e G S ++- F- o= - DAL _ although placed in different groups due to difference in their total knob composition. Similarly, 2
K2 EISS . T e H L fa ik < ==l S 4 HT | collections from Assam, AS-60 and AS-312 though possessed 6 knobs each, differed in their knob
AS-60 e S E RERE + a5 i + ¥ | composition, hence, placed in different groups.

&

..... + e st e e *
i A s e A S oo BN SPrlE ety a1 H_s | Knob at SL position was present in only 2 collections, K-2(W.B.) and AS-312 (Assam), but
.---.+....... +-..-+-.--. _ Eﬂnnc:nn:oi&nnaniﬁa_u?Ep-gaagﬂ!nlinnﬂﬂg!ﬂ_g

551 6 S e e e R + -
N-21 e NI R TS H H ool | et Bty . .H_ﬁ These NEH maize germplasms belonging to different areas and altitudes show a wide varia-
M-240 6 G I S S E ST Ry e Ford 42 - | tion in their total knob number as well as knob composition. Knob frequency is negatively comelat-
T$ A e T N el e L e | ed with latitude and altitude (Pande et al. 1988) hence, variation in the knob frequency in maize
Ea G S e M AR 4 | strains of NEH region is quile understandable. Knob heterochromatin plays an active (though
Nt SR G T N S B o rh e Tk e R \ indirect) role in the adaption of maize to its environment (Chughtai & Steffensen 1987, Chughtai et
z._uﬂwhv AR R SIS s e e . bty g | al. 1993). Knobs have extensively been utilized for characterizing the races of maize (Longely &
=3 : R T e LR AT e o .H_x | Katq 1965, McClintock et al. 1981).
527 15 ity X RN e i e L .H_,_ | Tentative grouping of different NEH maize germplasms in the present report indicates that
543 6 e = A8 2 M + ez s AT S _ some of the germplasms have common source of introduction in the region in prehistoric times
u”_m 6 i 3 e 3 B ” dr _ (Sarkar et al. 1974, Kumar & Sachan, 1991). Affter initial intmductions, they got diversified and
a3 M - . ‘o s LR TS uu | adapted 10 local environments by cither acquiring some new knobs through introgression/hybrid-
Yo 2l Wi ie=tt S S SUOR Ty e L _ ization between adjacent populations or through fixation/or loss of some knobs. Since knobs pos-
$21 i » £ ‘ Z LN G e o A PR TR { sess adaptive value, the regional differences in knob composition found at present are the reflec-
S44SP) ¢ e s FLF e B el e e i i u- ma.ﬂo..v-nnr-_.mﬂ:—-onn_.nnn?-Sau:-__oovﬁ-noualvr?i_fi-muac-.!l_l?
Al 4 S - ;71 - -+ T + + -3.anuananio_._nﬂvﬁaﬁ-&—ﬁgﬂeuooﬂanw-ngaﬁ!li-ﬂgi
* New knob position - + * + - + +
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al the present time because of variations in the local environment(Longley & Kato 1965, MeClintock
1978). It bas been funther suggested that migration of small populations could lead 1o foss or
fixation of one or more knobs by accident or in adaptation to local environment (Longley & Kato
1965); these contentions appear 1o hold true in case of NEH maize also, where it is grown in smal)
isolated microniches by various ethnic groups under stringent selection. Presence of a new terminal
knob at 2 LT position, hitherto unknown in American races, along with commonly found knol a1
2La position in M-240 suggests its adaptive value (Kumar & Sachan 1994). Since this 21T knob
Was presenl in the same plant along with normal 2La knob, its origin can be explained as genome’s

response 1o climatic conditions of that arca. This knob has been reported in some maize strains of
Kashmir (Jotshi 1982) also,

Similarities in the knob composition, with minor vanation, of the maize strains belonging to
different region as in casc of group IV, VI, VIl etc. suggests their common lineages (Tablel). At
the same time, presence of different knob constellations in the same geographical area, say Sikkim
or Meghalaya, can be explained on the basis of differemt introductions of ancentral germplasm,
which duc 1o conservative socio-cultural practices of the tribals, continued to be cultivated in small
isolated pockels for centuries leading to fixation of these knob complexes.,

Hence, it can be concluded that the most frequent knob complex in this arca comprises of
knobs at 6S, 9ST, 8La, 4L and 2La positions followed by less frequent knobs at 6Lb, 7L and 3L
positions. These knobs were present in ancestral introductions in the region (Kumar, 1990). Con-
servalive nature of knob constellations in different geographical regions has been cmphasized by
many workers (Longley & Kato 1965, McClintock 1981, Jotshi & Patel 1984, Pande et al. 1988,
Kumar 1990). When the knob composition of these germplasms is compared with that of ancient
American primitive races, they show similarities with races like Confite Morocho of Peru (mean
knob number 3.1 with a range of 1-7), due 1o presence of common frequent knob positions in these
NEH maize germplasms and Confite Morocho at 9ST, 4L, 2La, 6Lb positions along with less fre-
quent knobs at 8La, 8Lb, SL and Pl positions. The presence of knobs on the long arm of chromo-
some 6 in a majority of these collections places them in the lincages of Confite Morocho and not
Palomero Toluqueno, another American primitive race from Peru which has been earlier proposed
as the ancestral germplasm introduced in this region. Presence of some additional knobs at lower
frequency in these maize germplasms in NEH can be explained as a result of hybridization with
recent introductions in the region.
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CHARACTERIZATION OF INDUCED MORPHOLOGICAL MUTANTS IN
BARLEY

BRU KUMAR PRASAD AND w,l)!ﬂ: )
Department of Agricultural Botany, Chaudbary Charan Singh University, Meerut 250 (04

(Received 30 September 1995, revised accepted 3 January 1996)
SUMMARY

Four morphological mutants in barley viz., dwarf, semidwarf, early aﬂ!ﬂlg
semidwarfl (semidwarf with earliness) and early maturing types were characierized
and assesscd for their breeding value. The shoot system was altered in the mutants
and considerable reduction in plant height was noticed in all. Shortening of lower
internodes of culm along with reduced internode number was mainly responsible for
reduced plant height of mutants. Early maturing mutants matured 9-10 days carlier
than control. Grain yield was higher in semidwarf and early maturing mutants. Semid-
warfl mutant with its vigorous growth, short stature, enhanced tillering, increased
yield and higher seed protein content is highly desirable plant type with immense
breeding value. Among others, early maturing mutant is more suitable for late sown
conditions while dwarf mutant can be utilized in recombination breeding.

Key Words : Barley, induced carly matunty, short protein content
INTRODUCTION

Mutants are useful for studying plant development. They can serve as genetic tracers to
establish fate maps of organs. Characterization of mutants is necessary as it provides useful infor-
mation on the stage of expression of a particular mutation, the response of mutant in a particular
cnvironment, and the characters associated with it and also help in proper understanding of the
genetic architecture of the concerned crop. Though there were several reports on the induction and
isolation of a large number of mutants for various characters in barley, detailed studies were lacking
on many of them. This paper deals with the morphological characterization of four induced mu-
tants in barley namely, dwarf, semidwarf, early maturing and carly flowering semidwarf (semid-
warf with earliness) types and their practical utility in barley breeding.

MATERIALS AND METHODS

mosns_.r_oan_sﬁ-aEn.-_fn!?iiuaztlsl_!!&_!ﬁiallfli
with earliness) were isolated from g ray d M, populations of barley cv. K-169 in 1991 The M, seeds of these mutants
Ei&ing_iirfig?giflriflﬁ_:i
sa.-n—ou-_«ofn_d&-.qs.e_lﬂiaru!-ﬂ-lE&Iou-gvﬂnqaiggiiiil
time. w&gigl.iénsfgi_giiin!!?;ii
acid procedure of Sharma & Sud (1978).
RESULTS AND DISCUSSION

Morphological characterization of 4 induced mutants namely, dwarf, semidwarf, carly ma-
turing and semidwarf with carliness was made along with their control (cv. K-169) and the dat on
various quantitative characters are presented in Table 1.
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The Growih of plants in the early vegetative phase was slow both in control and mutants but
later on it was faster in control but not in mutants. All these mutants studied bere belong fo the
category of reduced plant height mutations, the mosi frequently arising types through mutagen
treatments (Gottschalk & Wolff 1983). They do not represent a uniform group neither morphologi-
cally nor anatomically or genetically. Significant reduction in plant height was observed in all the
mutants because of length reductions in culm (including peduncle) and spike. The reduction in
culm length of the mutants was due to reduction in number as well as the length of the internodes.
Shortening of internodes may be a result of decrease in cell number, cell length or both (Weber &
Gottschalk 1973). In wheat, short internodes (Nilson et al. 1957) and coleoptiles (Allan ct al. 1968)
were found 1o associate with reduced cell number, whereas in barley, the better lodging resistance
of ‘erectoides’ mutants has been associated with structural properties of the stem, that are functions
of cell size (Blonstein & Gale 1984). In the mutants studied here, the length reduction in the lower
internodes of the culm is comparatively higher than in the upper ones. The reduced culm length, in
general, is associated with an improved straw stiffness resulting in an increased lodging resistance.

b ]
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BR.00**=0.16
12200 * 20116
50.00**=1.77
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14.75%%=1.23
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In all these mutants, spike length was significantly reduced in comparison to (hat of parent
variety. The early maturing mutants (carly maturing as well as carly flowering semidwarf types)
came to flowering quite early and also matured carlicr (by about 10 days) than control. Flag leaf,
which has a pivotal role (alongwith peduncle) in grain filling thereby contributing in the yield of
barley, was found to be significantly reduced in size in all the mutants with the exception of semid-
warfl mutant. Grain yield was considerably high in semidwarf mutant and also in early maturing
mutant to some extent over their control. However, the grain yield in dwarf mutant was signifi-
cantly low (Table 1).

The dwarf mutant, showing more than 50% reduction in plant height as compared to its
parent varicty, is very low yielding because of reduction in tiller number, spike length flag leaf size,
seed size and weight. The seed of this mutant, however, has significantly higher protein content
over the parent variety. Further, harvest index is also higher in the mutant mainly due to more
reduction in biological yield than in grain yield. This mutant, although may not be useful for direct
commercial cultivation because of its poor yield, can be utilized in cross breeding experiments
particularly for transferring some of its agronomically desirable traits like short-stature, befter har-
vest index and high protein content.

Semidwarf mutant of K-169 with more than one third reduction in plant height has shown
vigorous growth with larger foliage, enhanced tillering and increased dry matter production and
grain yield. The mutant sced has a remarkably higher protein content to the extent of 15.46% as
compared 1o 8.75% of control. In modern varieties, the increase in yield is mainly due to increase
in harvest index and only to a lesser extent 1o increase in biological yield (Kertesz 1984). However,
in this semidwarf mutant the increase in yield was mainly due to increase in biological yield
without any significant increase in harvest index. This mutant with its better plant type, increased
yield and higher seed protein content can be utilized for direct commercial cultivation as a new
improved mutant variety after successful yicld trials.

Early flowering semidwarf mutant with significant reduction both in plant height and matu-
rity period has shown a slight reduction in yicld due to reduced number of grains per spike.

31552157
102.00**£0.16
135.00%*£0.19
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mean; b=S.Evalue; *Significant at 5%; **Significant at 1% level.
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However, the seed contained almost 3% more protein content over that of control. This mutant with
its highly desimble characters like semidwarf stature, carly maturity and high seed protein content
can be utilized in cross breeding experiments for transferring these agronomically desimble traits
into other high yielding barley genotypes. Further, it can also be considered for direct commercial
cultivation in place of its parent cultivar (K-169). especially for late sown conditions.

The carly mawring mutant besides showing 10 days carliness in flowenng and maturity is
also high yielding over parent varicty with increased tiller number and grain weight. The harvest
index is also significantly high. This mutant with increased yield and early maturity is highly
recommended in place of K-169, particularly for latc sown conditions. However, the sced of this
mutant contained significantly lower protein content (6.42%).

Sced protein content, in general, exhibited negative correlation with grain yield as scen in
dwarf, early Nowering semidwarl and early maturing mutants. However, in semidwarf mutant a

positive correlation between protein content and grain yicld was recorded, which is of great practi-
cal value in barley breeding.
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FREQUENCY AND SPECTRUM OF MUTATIONS INDUCED BY GAMMA
IRRADIATION IN RICE (ORYZA SATIVA L.)

T.P REDDY
Department of Genetics, Osmania University, Hyderabad 500007

(Received 20 November 1995, accepted 5 Janvary 1996)
SUMMARY

Rice plants were exposed to 3 doses, 2.5, 5 and 10 KR, of acute gamma rays al
8 developmental stages. [n M, both chlorophyll and morphological mutants oc-
curred with maximum frequencies after irradiation at the seedling stage followed by
tillering and panicle initiation stages. [n the M, generation of plants :....-&.-2— at
meiotic and gametic stages, mutants occurred in significantly higher frequencies closely
followed by those at the anthesis stage. Also, the spectra of chlorophyll mutants
observed at various developmental stages showed significant differences. In the M,
the widest spectrum, viz., 15 types of morphological mutants, was found after imadia-
tion at the anthesis stage. Another significant feature of the M, mutant spectra was
the recovery of certain rare and promising mutants in relatively higher frequencies
after irradiation at anthesis stage. These results amply suggest that flowering period
is the ideal phase for irradiation and recovery beneficial mutants.

Key Words : Rice, developmental stages, anthesis, gamma irradiation, beneficial mutants.
INTRODUCTION

Irradiation of growing plants at different vegetative and reproductive phases might increase
induced mulation frequency with altered mutant spectra. Changes in the radiosensitivity were
reporied by irradiation of plants at different ontogenctic stages in wheat (Matsumura & Fuji 1963),
oat (Shestakov et al. 1955), maize (Sparrow & Singleton 1953), tulip (Meshitsuka et al. 1963),
tobacco (Devreux & Scarascia Mugnoza 1964) and barley (Hermelin 1970). In rice, limited infor-
mation is available on the mutagenic effects of chronic gamma irradiation at 4 developmental stages
(Kawai & Inoshila 1965). In the present study, rice plants were exposed to acute gamma rays at

different developmental stages with the objective of identifying stage(s) which might give maxi-
mum frequency and wider spectrum of mulations.

MATERIALS AND METHODS

Rice plants (cv. sona) were exposed to acute gamma rays al § developmental stages, viz., seedling, tillering, panicle
initiation, meiotic, gametic, anthesis. milk and dough stages. Ateach stage, five to ten pots,, each with 4 plants, were exposed at a
distance of 100 cm from the gamma source around a circular disc. Irradiations were done at the dose rate of 1150 R/h in the
‘Gamma Shine’ (1500 curies) with a* Co unit at the Department of Genetics, Osmania University. Plants at different stages were
exposed 1025, S and I0KR of g rays. M, progeni (ﬁui-i!-roi—s.glnllf%i!.
plants irradiated at each stage. In M, and Fﬂlﬂi?tﬁ?igigagnié
(viable) mutants were recorded from seedlings and adult plants, respectively, and averaged over 3 doses of gamma rys. The data
were based on 3,500 - 10,000 M, plants and 25,000 - 40,000 M, plants. Differences in the mutant frequencies were tested by

standard normal deviate (Z) test and variations in the specira of chlorophyll mutants were detected test. Mutagenic
nanosuinaﬁmﬁltnaﬂal-irqtinglcﬂvugl-:—ozv —_y




12 Joumal of Cywlogy & Genetics Volume 31 (1) 1996

RESULTS AND DISCUSSION

Irmadiation at the scedling stage induced a marked growth retardation, and after 10 KR
treatment about 30% of the scedlings did not survive; at other stages of irndiation no growth
retardation or decrease in survival were noticed. Maximum amount of seed sterility (41.6%) re-
sulted from irradiation at meiosis followed by that at gametic stage (33.7%), while at other stages it
ranged from 13 to 25%. The sterility may mainly be caused by chromosomal aberrations and, 1o a

lesser extent, by gene mutations. Chromosomal aberrations would be induced most frequently by
irmdiation at mejotic and gametic stages at which cell division is most active.

In the M, higher frequencies of chimeric plants were observed in those imadiated at anthesis
stage (0.08 - 0.51%) as compared 10 those irradiated

at milk (0.03 10 0.31%) and dough (0 - 0.17%)
stages. This indicates the greater radio-sensitivity of early proembryos than later stages of em-
bryogeny. It also reveals that the primordia for chloroplasts are already present in the cells of
carly procmbryos. The maximum frequency of both chlorophyll and morphological mutants, in M,
were obtained from irradiation at the seedling stage followed by those at tillering and panicle initia-
tion stages (Table 1). However, after irmdiation at meiotic and gametic stages, the mutant frequen-
cies were negligibly low, while irmdiation at later slages produced no mutants. The significantly
higher frequency of chlorophyll mutants induced in carly developmental stages are attributable 10
the identical genetic constitution of male and female

gameles for the mutant genes. On the other
band, in later ontogenetic stages, mutations are induc

ed independently
and hence, the incidence of homozygous mutants is rare in the M, ge

in male and female gametes
neration.

In the M gencration, mutants were found after irradiation at various developmental slages;
they occurred in significantly higher frequencies in the plants irradiated at meiotic and gametic
stages closely followed by those at anthesis stage. This is, presumably, because of both enhanced

induction and fixation of mutational events at these stages (Kawai & Inoshita 1965).

In M, the spectra of chlorophyll mutants due to irradiation at the seedling (x*=14.94) and
tillering (3’=20.52) stages differed significantly from that of panicle initiation stage. In M, the
widest spectrum, viz., 8 types of chlorophyll mutants, was observed in plants irradiated at anthesis
stage followed by those at meiotic (7 types) and gametic (6 types) stages. Out of 28 possible com-
panisons made among 8 stages for the spectra of mutants, 16 showed significant differences when
tested by x*beterogeneity. These spectral differences may be attributed to the differential diplontic
and haplontic sclections operating after gamma irradiation.

In the M, 8 types of viable mutants were observed out of which 6 types were found after
irradiation at seedling stage and 7 each at tillering and panicle initiation stages. However, a
majority of these mutants were characterized by high seed sterility (15 - 20%) and other undesirable
attributes. In M, a total of 17 types of morphological mutants were observed. The widest spectrum,
viz., 15 types of mutants, was found at the anthesis stage followed by that at gametic (11 types) and
meiotic (10 types) stages (Table 2). In the remaining stages,
narrow. A significant feature of the M

the spectra of mutants were relatively
ymorphological mutant spectra was the recovery of certain

rare and promising mutants, viz., exserted panicle, short-slender grain, medium-slender grain,
glutinous endosperm, lapering grain, early maturing and dwarfs, in relatively higher frequencies at
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TABLE2 : Spectra of momphological (viabie) mutsnts induced in the M, generation.
of No. of Total

Stage of No. of No. of No. of No
Iradistion vishle plant type maturity panicle type grain type types of

mutants mutants mutants mutants mutanis mutants
Seedling 108 3 2 L
Tillering o 4 2 6
Panicle 12 3 2 . 1 6
inititation
Meionc 548 5 2 1 i 10
Gametic 445 5 2 1 11
Anthesas is0 6 2 1 6 15
Milk 191 ] 2 4 10
Dough 75 3 2 2 7

the anthesis stage. Whereas, most of the carly-maturing and grain type mutants recovered after
irmadiation a1 meiotic and gamctic stages were beset with high sced sterility (25-40%) and other
developmental abnormalitics. On the other hand, mutants obtained afier irradiation at anthesis
were characterized by normal seed fentility (>90%) and were frec from any developmental abnor-
mality. Mutagenic efficiency and effectiveness were relatively higher in the meiotic, gametic and
anthesis stages when compared 10 all other slages.

In the present investigation, gamma irmdiation at anthesis gave a fairly high frequency and
widest spectrum of viable mutants with normal seed fentlity, suggesting that flowering period is the
ideal phase for irradiation and recovery of beneficial mutations.
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KARYOTYPE ANALYSIS OF THREE SPECIES OF ZEPHYRANTHES
(AMARYLLIDACEAE)
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SUMMARY

Karyotypes from 3 species of Zephyranthes, viz., Z. grandiflora Z. candida,
and Z flava have been studied. The haploid chromosome -n!wuq recorded in Z.
grandiflora is n=12. Except Z. gradifiora (2n=24) other two species exhibit great
variations in chromosome number ranging from polyploid to -!3—10:.. Z. candida
(2n=19, 32, 38, 40) and Z. flava (2n=28, 42, 48). Besides, there is prevalence of
ncarly asymmetric karyotype representing advanced nature of the species. Presence
of great numerical variation in chromosomes might play an important role in specia-
tion.

Key Words: Karytope. polyploid, aneuploid, asymmetric, Zephyranthes.
INTRODUCTION

The genus Zephyranthes is represented by about 60 species (Lawrence 1967). It is native to
tropical and subtropical America (Dimitri 1978). Three species are found in the northeastern re-
gion of India viz., Z. grandifiora Lind1, Z. candida Haines and Z. flava Haines. Z grandiflora and
Z. candida are propagated by asexual means while Z. flava is propagated by both asexually and
through sceds. They are herbaceous, perennial plants, and distinguishable from each other on the
basis of structure of leaves, lower colour clc. Z. grandiflora has pink, Z. candida has white and Z.
flava has yellow flowers. These species have great relevance in both horticulture and pharmaceuti-
cal sectors due 1o their dual importance; oramental and medicinal. It has been reported that the
decoction of the leaves of Z. candida is used as hypoglycaemic in diabetes and it yields many
important alkaloids. Farmanova & Oledzka (1978) reported that Z. grandiflora (= Z. carinata ) has
tumour inhibitory property. Many important alkaloids have been extracied from Z. flava (Ghosal et
al. 1987).

The study of karyotype and its various component characteristics are very important for
deciphering the karyoevolutionary trends in given taxa. Karyotypic features like relative chromo-
some size and the position of centromere are very important which have allowed reasonable assess-
ment of chromosomal affinities based on the concept of symmetry vs asymmetry. However, the
general form of Karyotype with respect to centromeric position and relative arm ratio provides
uscful information to deduce an approximate degree of similarity of the karyotype as shown by T.F.
% (Lavania & Srivastava 1992).

Many reports exist in literature on the studies of chromosomes of Amaryllidaceac. Chromo-
some mosaicism in the shoot species of some members of Amaryllidaceae identicated that these
somatic alterations play a significant role in the origin of species through vegetative means (Roy et
al. 1983). Several tribes studicd in Amaryllidales were chamctrized by long chromosomes. Tt has
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Figs. 1-8 : Mitotic metaphase chromosomes of Zephyranthes. 1. Z. grandiflora, 2-4. Z. flava, 5-8. Z. candida. Setellited chromo
somes are indicated by arrows.
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been reported that the chromosomes of 75 taxa of Zephyranthes were (rom 3x to 6x and ancuploid
chromosome numbers are also prevalent (Roy et al. 1983). They have ocan:aa_:.s_ homomorphic
karyolype was up to tetraploid level and heteromorphic karyotypes were at _yn..:m_.ﬁ levels. Many
authors have also reported that polyploidy and ancuploidy are widespread in the genus Zephy-
ranthes (Darlington & Wylic 1955, Omdufl 1968, 1969, Moore 1973, 1977, Naranjo 1969, 1974,
Fedorov 1974, Greizerstein et al. 1987). Although reports are available regarding the mitotic chro-
mosomes, no systematic and comparative studies of these 3 species studied here have been reported
so far.

The present study deals with the comparative kayotypic analysis of Z. candida, Z. flava and
Z. grandiflora.

MATERIALS AND METHODS

The bulbs of the plants of each species of Zephranthes were collected locally from Dibrugarh and planted under natural
conditions in pots and petndishes as well. Preparations for karyotype analysis were made using the method of Sharma & Sharma
(1980). Root tips of 0.5 10 1 cm long were excised from the plants a1 10.30 a.m. and pretreated with 0.5% colchicine for 3 hat 119
C. Aler washing with tap water they were fixed in 1:3 cold scetic acid - ethanol mixture for 24 h. Then they were hydrolysed in

19 1 N HC1-2% acetocarmine mixture at 60°C for 10 min and squashed in 2% ine. Selected best plates were then
photographed. From the ph icrographs ch lengths were d using a curveter and idiograms of each species
were made using the method of Banaglia (1955). Towl form percentage (T.F. %) were calculated using the f la given by
Huziwara(1962).

OBSERVATIONS

In Zephyranthes, the best time for collection of root tips was found around 10.30 a.m. The
chromosome number of 2 specics viz., Z. flava and Z. candida was found 1o be variable representing
2n = 28, 42 and 48 in the former and 2n = 19, 32, 38 and 40 in the latter. However, in Z. grandiflora
2n = 24 was found to be constant. All the species taken for study were characterized by lamge
chromosomes. Chromosomes of all the species were mostly metacentric and submetacentric while
secondarily constricted ones were either with sublerminal or submedian primary constrictitions,
Satellited chromosomes were not observed in Z. grandiflora. Karyotypes in all the three species
were observed 1o be nearly asymmetrical types with average T.F. value of 39.53% in Z. grandiflora
and 37.53% in Z. candida. Based on the analysis of chromosome morphology, the karyotypes of all
the varicties are given in Table 1. The photomicrographs and idiograms of somatic karyotypes for
all the three species are shown in the Figs. 1-9.

DISCUSSION

The karyotype analysis of 3 species of genus Zephyranthes shows considerable variation in
chromosome number. Only Z. grandiflora shows normal diploid chromosome number of 24. The
other 2 species i.c., Z. candida and Z. flava show variation in numbers from polyploid to aneuploid.
The different somatic numbers recorded in these species are 2n = 19, 32, 38 and 40 for Z. candida
and 2n = 28, 42 and 48 for Z. flava. Somic of the chromosome numbers observed in the present
study are different from the previous records. The previous records observed by some authors are Z,
grandiflora 2n = 24, 36 (Kapoor & Tandon 1963 b), 2n = 24, 48 (Raina & Khoshoo 1972 a) ; Z.
candida 2n = 19, 20 (Tandon & Sachdeva 1963). 2n = 38, 40, 41 (Raina & Khoshoo 1971b, 1972a,
Khoshoo 1979). 2n = 50 (Khhoo & Raina 1976) and Z. flava, 2n = 42, 48 (Singh & Roy 1973a).

TABLE I : Details of karyotypes of Zephyranthes
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Four types of chromosomes are observed, metacentric submetacentric, subtelocentric and
setellited chromosomes. But in Z grandiffora, satellited chromosome is not observed. In case of Z
candida and Z flava also, satellited chromosome is not observed. In Naaa&n.n. satellited chromo-
some are observed in plants with 2n = 32 and 38. Similarly, in Z flava, satellited chromosome are
observed only in plant with 2n = 28 and 42. In Z candida ( 2n = 19,40 )and Z \«9.&3_._ = 48)
satellited chromosomes are not observed. This difference in the same species is possibly due to
coinciding of secondary constriction in size with the nucleolus and if the latter is very small, _._.o
constriction may be invisible or many disappear later (Sharma 1976). Among the 1 species, the size
of the chromosomes of Z flava are relatively large and also the highest chromosome number is
observed in this species.

In the present study, the variations in the number of chromosome are observed in the cells of
the same tissue collected from the same bulb. The variations in chromosome number within the cells
of the same tissue in the family Amaryllidaceae has been extensively studied. For example, in Z,
mesochioa, the normal somatic chromosome number is 2n = 48, but variant cells within the same
tissue contain 2n = 24, 42, 54, 60, 66 and 72 (Sharma 1976). The variation of chromosome numbers
within the cells of same tissue may be due to non-disjunction, somatic reduction and possibly partial
endomitosis. In the somatic tissues, non-disjunction involves unequal distribution of chromosomes
in the daughter nuclei (Sharma 1976). The variation may be due to repeated cell division of the bulb
and sometimes cytokinesis does not occur during the formation of callus for vegetative rep-oduction.
Due to the abnormality in meiotic division sex cells with a wide range of numbers are involved in
hybridization in nature, a cycle of ancuploid variability arise which are preserved through a agamo-
spermy and vegetative multiplication (Raina 1980). Among the species studied here chromosome
number variation is observed n Z candida. In this species, the number ranges from polyploid to
aneuploid.

The highest chromosome number among these three species is 2n=48 as observed in Z flava.
Based on chromosome numbers we can not ascertain their evolutionary trends because in some
plants primitive ones have lower chromosome number and advanced ones have higher chromosome
number and they are derived from lower chromosome number during the course of evolution. Butin
some plants, for example in Crepis, the evolution may involve in descending series. In this genus,
the most primitive species have higher chromosome number and the advanced species have lower
chromosome number (Sharma 1976).

The karyotype of all the three species are nearly asymmetrical and show their advanced na-
ture. There is slight variation between the karyotypes of these three species. The presence of so-
matic cells with variation in karyotypes i.e., polysomaty is not a rare feature in vegetatively repro-
ducing plants and such variations in chromosome number and structure within the karyotypes of
cells of a single individual or of different individuals play an important role in speciation (Sharma
1976).

In the progressive evolution from a symmetrical karyotope to asymmetrical ones, 2 reasons
can be given, (a) submedian and subterminal centromeric chromosomes are derived from median by
reduction in length of one arm of the chromosome and (b) reduction in size of some chromosomes in

Thoibi Devi & Borua : Karyomorphology in Zephyranth 21

progressively unequal sizes (Sharma 1976). Those chromosomes which have equal and more or
less similar size and length show symmetric karyotype (Sharma 1976, Siebbins 1950). Another
point is that due to the shift of position of centromere (rom metacentric (o submetacentric or acro-
centric or accumulation of differences in relative size between chromosomes of the same comple-
ment, the gradual evolution from symmetrical o asymmetrical karyotype take place (Sharma 1976,
Sicbbins 1971). In the present study, among the three species, the highest T.F. value is observed in
Z. grandifiora, 39.53% and the lowest T.F. value in Z. candida, 37.53%.

S0, among the 3 species, the karyotype of Z. candida is more asymmelrical and shows ibe
.,,_52.2_ nature of the species and Z. grandiflora shows primitive nature. From the above men-
tioned reasons about variations in chromosome numbers within the cells of the same tissue, struc-
tural differences and their T.F. values, it may be concluded that Z. candida is the mosi advanced
species and Z. grandiflora is the most primitive among 3 species.
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MEIOTIC STUDIES IN A RADIATION INDUCED MUTANT IN PHLOX
DRUMMONDIT

R.C.VERMA. BM.REDDY AND A SHEVADE
Schoal of Studies in Botany, Vikram University, Ujjain 456 010

(Received 25 September 1995, revised sccepied 12 January 1996)
SUMMARY

Meiosis was studied in a mutant isolated in a population raised from gamma
ray irradiated seeds of Phlox drummondii (2n=14). The mutant was characterised by
flower colour variation and highly abnormal meiotic behaviour like occurrence of
less than 7 bivalents (10.63%), cytomictic cells (15.72%), tetraploid condition (7.6%),
stickiness (28.43%), laggards (11.2%), bridges (13%), uncqual distribution of chro-
mosomes (7.4%) and micronuclei (5.6%). The pollen grains were also characterised
by minipollen and cytomixis.
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INTRODUCTION

Various cytogenetical methods like induction of polyploidy and breeding, induced mutation
clc. can be used 1o achieve genetic improvement of economically important plants. Phlox drummondii
(Polemoniaceae) is one of the most common annual, herbaceous omamentals which produces beau-
tiful flowers of various colours. Under the genetic improvement programme of this plant, colchip-
loids of various colours and a few mutants have been produced (Verma & Raina 1982, 1991, Verma
et al. 1993, Reddy & Verma 1994). The present investigation was aimed at isolating useful
mutants using gamma ray treatment. An useful mutant was isolated from a large population of

plants raised from treated sceds. In the present communication, meiosis of a mutant has been
described.

MATERIAL AND METHODS

g&ﬁ!ﬂxil&ngg_.g_f_igiisi Seeds were imadiated by 5,8, 10, 12and 15

KR doses of gamma rays at the N.B R.I, Lucknow. For meiotic studies, young Mlower buds were fixed in acetic acid : absolute
alcohol (1:3) mixture for 24 h. Anthers were squashed in 1% acetocarmine. Photomicrographs were taken from temporary slides.
Pollen stainability was determined using iron-acetocarmine.

OBSERVATIONS

In the population raised from 5 KR treated seeds of diploid (red flower), one plant was
morphologically different from the others. From the very beginning, the growth of the plant was
slower as compared to the others and the leaves had some cream-coloured stripes. The flower petals

had white stripes on red and the proportion of 2 colours varied in different flowers. The petals were
uneven on margins as compared to smooth margins in control.

The PMCs in untreated materials showed 7 bivalents at diakinesis and metaphase . The
number of chiasmata per cell manged from 12-20, mean number being 16.8, out of which 9.7 were
lerminalized giving terminalization coefficient of 0.57, Anaphase | had cqual distribution (7:7) of
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chromosomes. The pollen stainability was 93.9% and the seeds per plant were about 300. However,
in plant treated with gamma rays all cells analyzed at diakinesis and metaphase | were abnormal.
In none of the PMCs 7 bivalents were observed. The bivalents ranged from 1-5 in each cell (10.63%)
remaining were univalenis or the associations were not countable. Cytomixis was observed in
15.72% of cells (Fig.5). At carly anaphase 1, uncqual distribution like 5: 6 : 3and 8 : 6 : 8 were
observed in 7.4% cells (Fig3). Bridges (13%) and fragments, lagging (11.2%), and other abnor-
malities like stickiness (Figs.1,2) were also observed, Telophase 1and Il were highly irregular.
Micronuclei (5.6%) ranging [rom one 1o many or unequal distribution of chromosomes were ob-
served (Fig.4). Many post-meiotic abnormalitics like different sizes of pollen grains, high percent-
age of sterility and cytomixis (Fig.6) between pollen grains were observed.

Figs.1-6 : Meiosis in the Phiox d dis. 1,2 Mutant M | ; nole stickiness. 3. Anaphase | showing uncqual distribu-
tion. 4. Telophase | ; note unequal distiribution of chromatin at poles and mic clei. 5. Cytomixis b PMCs. 6.

Pollen grains; note cysomixis axd pollea grains of different sizes.

DISCUSSION

The mutant of Phlox drummondii was characterised by the presence of high frequency of
univalents 2t diakinesis znd metaphase . This indicated that the univalents might have been

Verma et al.: Meiosis in 1 mutant phlox 25

produced by partial asynapsis. When the chiasmata are strictly terminal, there is -.v.au-!:.w..un
some of them being slipped off precociously and convert the bivalents 1o pairs of univalents which
move fo the poles. In the present material, the association between chromosomes might have been
maintained by some son of stickiness Il they separate at anaphase [ Abnormal associations at
diakinesis and metaphase I led to highly abnormal anaphase 1. Not even a single cell was observed
1o have 7:7 distribution of chromosomes. In some cases, a few univalents were left at the equatorial
region. Other abnormalities like bridge formation, chromosome fragmentation at anaphase [, as
observed in Scilla (Rees 1952), Sorghum (Magoon et al. 1961) were observed in the present mafe-
rial.

In 15.72% of cells and in some pollen grins cytomixis and transmigration was observed.
The origin, development and function of cytomixis during microsporogenesis have been reported
and discussed by various workers in several families including normal plants, hybrids, mutants,
triploids and apomicts (Verma et al. 1986). Cytomixis resulted into the formation of micronuclei
and minipollen grains. Due to stickiness also there may be unequal distribution during microsporo-
genesis resulting in the non-functional germ cells. This explains to some extent the sierility of
mutant plant observed in the present investigation.
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BOMBYX MORI L.

B LAKSHMI KUMARL JAYAPRAKASH* AND S. R ANANTHANARAYANA
Department of Studies in Sericulture, Bangalore University, Bangalore 560 056
*Centre for Applied Genetics, Department of Zoology, Bangalore University, Bangalore 560 056

(Received 7 Sepember 1995, revised accepted 18 January 1996)
SUMMARY

The multivoltine Pure Mysore strain of Bombyx mori larvae (V instar) were
cexposed to “Co gamma rays (500 r, 1000 r and 1500 r) to study the effects on meiotic
chromosomes, Karyotypes were prepared from the larval chromosomes of the same
as well as of the succeeding generations to study the carry over effects. Ganima rays
induced chromosomal aberrations (such as [rgmentation, translocation, stickiness,
ring formation, clumping, etc.) during spermatogenesis and cogenesis at first and
succeeding genertions.

Key Words: Bombyx mori, g rays, mei

INTRODUCTION

The impact of jonizing radiations like X- and gamma rays in inducing chromosomal aberra-
tion has been reported in many holokinetic species including Bombyx mori (La Chance et al. 1967,
1970, North & Holt 1968a, b, Cooper 1970, Murakami & Imai 1974, Nayak & Padhy 1979, Tempelar
1979, Carpenter 1991). Among Bombycidae, genetical and cytological analysis of meiosis in male
and female of B.mori have yiclded valuable information on the mechanism of meiosis. Inspite of
the imporiance of silkworms as cenetic tools, the effect of gamma radiation during the meiosis has

not been studied in B.mori. This paper presents a report on the incidence of visible chromosomal
aberrations induced by gamma rays.

MATERIAL AND METHODS

Lo the p study, the multivoltine Bombyx mori L. (Pure Mysore strain) was used. Newly moulied V instars were
irmdiated with gamma rays from *'Co source (Theratron 78-C-AECL, Canada). The mdiation doses of 500 ¢, 1000 rand 1500 ¢
at the rate of 150 r/min were given at room lemperature (2422°C). The larvae were allowed 1o spin the cocoons. The rearing
methods followed were that of Krishnaswami (1978). The larvae from 11l 10 V instars picked up {rom the same and nexi genera-

tions were dissected and the gonads were taken for the chromosomal preparation. The meiotic chromosomes from testis and ovary
were prepared following the methods of Premila Chanu et al. (1988).
OBSERVATIONS

The diploid chromosome number of B, mori was 56 and the nature of chromosome was
holokinetic (Fig. 1). Gamma radiation-induced abermations in the silkworm chromosomes were
frequently observed in both spermatogenesis and oogenesis. The aberrtions were of gross as well
as individualistic in fype. The gross type aberrations were represented by stickiness, clumping, etc.,
whereas individualistic types were represented by poinl mutation such as fra gmentation, reciprocal

translocation, ring chromosomes ctc. (Figs. 2-8). The occurrence of tetraploidy was also noticed in
larvae irradiated with 1500 r (Fig. 7).
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Figs.1-6 : Pholomicrographs of ch from larvae of B.mori. 1, Male. Metaphase Il (unirradiated). 2. Female.
Pachytene (unimadiated). 3. Male. Diakinesis with an absormal chromosome (500 r). 4. Female . Mctaphase [I with
sticky branched chromosome (500 1). 5 Male - Metaphase | with heteromorphic bivalent (1000r). 6. Female .
Metaphase [ with b hic bivalent (1000r).

Ls

Lakshmi Kumari ef al: Effect of gamma rays on silkwerm chromosomes

Figs.7-81: 7. Male. Tetraploid complement (1500¢). 8. Female. Pachytene with minute (ragment (1500 r). Arrow indicates (he

abnormal chromosome

DISCUSSION

The chromosomal aberrations induced by gamma rays were of gross and of point mutation
type. Murakami & Imai (1974) also observed similar point mutations in B. mori when treated with
X-rays (1000 r). Like X-rays, gamma rays could be used for involving chromosomal abermations.
Tazima (1961) has opined that the mutagenic efficiency in the silkworm is cquivalent between X-
rays and gamma rays. Nayak & Padhy (1979) reported the chromatid and isochromatid breaks in
Philosamia ricini when irradiated with gagmma rays. The sub-chromatid type aberrations were not
reported so far in silkworms.

Since the silkworm is an insect of economic importance, induction of sterilization or lethal-
ity is not a good criterion unlike other insects which are pesis lo agricultural crops, animals and
human beings. In the present investigation, the doses of 500 r, 1000 r and 1500 r have not caused
any effect of sterilization or lethality in B, mori. Further, these low doses of radiation could be used
in sericulture industry to induce beneficial mutations. However, more detailed studies are needed 1o
know the type of chromosomal translocation/genes involved in a particular chromosome to under-

stand the beneficial mutations.
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SUMMARY

Interspecific hybridization in the genus Sesamum (Pedaliaceae) is constrained
by the presence of a high degree of cross incompatibility. The species with identical
chromosome number of 2n=26 viz., 5. indicum and §. alatum also showed a very poor
crossability due 1o some strong isolation barriers. Fertile autotetraploids ofS. indicum,
the cultivated sesame and S. alatum, a wild species reported to be resistant 1o phyllody
discase, were induced through colchicine treatment in order to assess the cross com-
patibility after genome doubling. Cytological studies showed much similarities in
terms of chromosome configuration in meiosis. A maximum of 6 quadrivalents was
observed at metaphase I of the tetraploids of both the species followed by a normal
anaphase [ separation leading to high pollen fertility. The meiotic chromosome
behaviour of autotetraploids of S. alatum is reported for the first time while the cyto-
genelical behavior of autotetraploids of . indicum clarifies the earlier contradicting
reports on the quadrivalent formation at metaphase I. There was not much improve-
ment in the cross compatibility as these autotetraploids exhibited similar compatibil-
ity relationships as their primary species with other species of Sesamum

Key Words : Sesamum, autotetraploids, quadrivalents, inlerspecifc hybridization.
INTRODUCTION

Interspecific hybridization is being performed in sesame (Pedaliaceac), a crop known for its
high quality seed oil, 1o transfer the desirable agronomic traits like resistance to biotic and abiotic
stresses from the wild relatives. S. alatum, a wild species with 2n = 26 reported to be resistant (o
phyllody discase. Attempts to transfer this trait to S. indicum (2n=26) were not successful due to the
cross incompatibility between them and the genomic relationship could not be studied. The purpose
of this experiment was 1o induce chromosome doubling in these two incompatible species and study
the crossability relationship between them after genome doubling.  Autotetraploids of different
cultivars of sesame have been developed using colchicine (Richharia & Persai 1940, Mazzani 1954
& Srivastava 1956) and described for various morphological characters and cytological behaviour.
But such studies on cytogenetical behaviour of autotetraploids of S. indicum have been at variance.
Autotetraploids of S. alatum have been recently identified (Prabakaran ct al. 1992) but the chromo-

some behaviour in meiosis was not described. Though the improved and seed fertile autoletraploid

forms of the S. indicum will have very little scope for direct wtilization as cultivars, the studies on
experimental autotetraploids are likely to elucidate problems of fundamental nature connected with

*Present address : Directorate of Oilseeds Research, Rajendranagar, Hyderabad SO0 (30,
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the type and oplimal level of ploidy in the genus. Further, the utility of these sutoletraploids in

species crosses [0 bring out the genomic relationship between species of .ma,.aiz.i with higher
chromosome number is unlimited. Hence, atiempls were made to induce autotetraploids of §. ia.:__a
Thonn, and S. indicum L. and study the cytogenetical behaviour in meiosis and their crossability

relations with other species of Sesamim.
MATERIALS AND METHODS

Seeds of 5. indicum var. CO | were presoaked in water for 12 b and troated with 0.05% (w/v) aqueous w:.:::: of
colchicine for 3 h. After treatment, the seeds were washed several times with distilled water and sown in pots. Owing to poor
germination of seods of 5. alanm, young seedlings ot 2 Jeaved stage were applied with 0 01% of colchicine on the shoot apices (by
wrapping a small piece of cotion wool), thrice a day for § r 6d continuously The treated plants were observed ?,. morphological
deviations at different stages of plant growth For cytological investigations, young Nower buds of appropnate size were fixed in
Camoy’s Muid at 11.152.m. and kepi at 4% overnight beflore transfemng it 1o 70% alcohol for storage. The smears were _.-.a_l.a.._
using |'% acewcarmine The induced ferle autotetraploids obtained in the present study were crossed both in direct and reciprocal
directions with all the other species of Sessmum by following the standard hand emasculation and pollination method.

OBSERVATIONS

The autotetraploids of both the species were recognisable based on their morphological dis-
tinctness from the respective diploids. The growth rate in tetraploids was very slow as compared to
their corresponding diploids. The tetraploids were identificd based on thick stem with langer, broader,
thick, leathery and dark green leaves. Stomatal observations revealed increased stomatal size with
decreased frequency. Flowering was delayed and the flower size of tetraploids was almosl double
that of their respective diploids. The tetraploids exhibited short but broader capsules. The total
number of seeds per capsule got reduced while the sced size increased.

The chromosome number of the induced autotetraploids of S. indicum and S. alatum was
confirmed 10 be 2n=52. Meiotic studies revealed different chromosome associations at diakinesis
and metaphase 1 with varying number of quadrivalents, bivalents and univalents (Table 1 ). The
maximum number of quadrivalents observed was 6 but the most frequent number was 5 or 6 in the
autotetraploids of both the species. Al metaphase I, the quadrivalents were of different shapes from
chain- to ring-types (Figs. 1,2). The chromosome association in each PMC varied from 6 + 14, to
5, +15, +2 witha meanof 555 + 14.85  + 0.1 in the autotetraploid of S. indicum (Table 1).
The autotetraploid of S. alatum showed an average association of 5.52  + 14.88 +0.18 in cach
PMC with a range of 6, + 14, 105 _+ 15 +2, (Tablel). However, the anaphase | separation was
regular (26:26) in all the PMCs observed (Fig. 3) and normal tetrads were formed in the autotetra-
ploids of both S. indicum and S. alatum leading 1o high pollen fertility of 69.23 - 75.33 % and 67.25
- 78.37%, respectively.

The selfed seeds of the autotetraploids of both the species were sown and studied subse-
quently in C , C, and C, generations. All the progeny plants were confirmed to be tetraploids.
When the induced fertile autotetraploids were crossed with different species of Sesamum, they readily
crossed with their respective diploids (Table 2). However, the autoletraploid of S. alatum was not
crossable with any other species in the genus Sesamum including the induced autotetraploids of §.
indicum while the autotetraploid of S. indicum readily crossed with S. malabaricum (2n=26) and S.
laciniatum and S. prostratum (2n=32). Attempls to cross S. occidentale or S. radiatum (2n=64)
with the induced autotetraploids of S. indicum and S. alamum (2n=52) failed 1o yicld any seed sct.
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Figs.1-3: Meiotic associations in 5. alatum and 5. indicum. |. Metaphase | in auto loids of S. alatum sh
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6,4+ 13, +2. 2 Meuaphase | in autowtraploids of 5. indicum showing 5 + 15, + 2, 3. Anaphasc |
in autotetraploids of 5. indicum showing equal disjunctica. (1,2 x 1500, 3 x 1000).

DISCUSSION

Experiments on induction of autotetraploids of sesame (S. indicum) are in progress since
1940 when Richharia & Persai (1940) reported the first autotetraploid in sesame.
The autotetraploids were characterized based on their morphological features and cytological
behaviour (Kobayashi & Shimamura 1952, Srivastava 1956). The first autotetraploid of S. alatum
was identified by us based on their distinctness in phenotypic expression (Prabakaran et al. 1992).
In the present investigation, the induced autotetraploids of both S. indicum var. CO 1 and S. alatum
exhibited larger, thicker and dark leaves, delayed flowering, larger flowers, larger seed size and
lesser number of seeds per capsule which is in agreement with the earlier reports. The striking
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TABLE 1) Chromosome association at metaphase | in the induced autoretraploids of §. indicum
and 5. alatum.
§. indicum 5 alatum
Chromosome association No. of Chromosome association No. of
PMCs PMCs
v ur 1} | analysed v n n I analysed
5 15 2 4 5 16 53
5 16 48 5 15 2 6
6 13 2 2 - | 14 4 2
6 14 . 61 6 13 2 \
8 14 64

TABLE 2: Crossability relationship of the fertile autotetraploids of S. indicumand S. alamum with
dilfercat species of Sexamum.

Parental species Sindicum Sindicum S alatum S alatum  S.lacimatum S prostratums.rad, S.occidental

(2a=26) (2a=52) (2n=26) (2n=52) (2n=32) (2n=32)  (2n=64) (20=64)

Sundicum D H H X X H H X X
(2n=52)

R H H X X H H X X
S.alatum D X X H H X X X X
(2n=52)

R X X H H X X X X

D - Direct Crosst R - Reciprocal cross: H - Viable seed set; X - No seed set

difference in the dimension of capsule was its reduced length and increased breadth in the autotet-
raploids.

Though higher chromosomal configurations like quadrivalents were observed at diakinesis

and metaphase I, due to normal separation of chromosomes in anaphase I and II, regular tetrads

were obscrved. The tetraploids of S. indicum and S. alatum produced fertile pollen to a maximum

of 75.33% and 78.37%, respectively which is as high as that reported earlier on fertile autoletrap-
loids of some cultivars of 5. indicum (Kobayashi & Shimamura 1952, Srivastava 1956). However,
reports on the chromosome association in meiosis have been at variance. Richharia & Persai (1940)
observed (-5 quadrivalents while Kobayashi & Shimamura (1952) reported 13 quadrivalents at
metaphase [ In the present investigation, 5-6 quadrivalents were observed at metaphase [ followed
by normal anaphase separation in the autotetraploids of both S. indicum and S. alatum. The vari-
able number of quadrivalents reported in the induced autotetraploids of different genotypes of

Prabaknoan | A loids of sesame as

L

S.indicum and S. alatum clearly explains the genotypic control of quadrivalent formation. Morrison
& Rajhathy (1960) speculated that in all autotetraploids approximately two-third of chromosomes
form quadrivalents, But the present study does not support the above conclusion. In the autotetra-
ploids of S indicum and S. alamm, less than one-half of the chromosomes associale .u. quad-
rivalents, as observed by Mehta ct al. (1963) in Trifolium. Theoretically, the autotciraploids are
expected 1o form 13 quadrivalents because of the repetition of homologous pairs by doubling. But
the reduced number of 5 or 6 quadrivalents observed in the present study may be due to the smaller
size of chromosomes of sesame, reduced chiasma frequency due to reduced rate of pairing in the
autotetmploids thereby resulting in some reduction in pollen fentility. Reduction in multivalent
formation in the subsequent generation leading to improvement in seed setting has been observed in
many plant species. However, cytological studies on aulotetraploids of S. indicum and S. alatum
revealed no reduction in the occurrence of odd chromosome configuration like quadrivalents in the
subscquent generation and hence, there was no rapid natural diploidization and increased fertility
in the later generations,

The cytological studies on autotetraploids of the 2 species utilized in the present investiga-
tion showed much similarity in terms of chromosome configuration at metaphase [, anaphase [
separation and pollen fertility (Table 1). A chance hybrid of S. alatum x S. indicum reporied for the
first time by Prabakaran et al. (1992) showed a normal course of meiosis by forming 13 bivalents at
metaphase 1. This is a clear indication of intergenomic homology between the 2 parental species.
The interspecific hybrid also showed high fertility and therefore, it was premised that the differen-
tiation of the 2 species might be due to a small structural changes and gene mutations {Prabakaran
ctal. 1992). The identical chromosome behaviour observed in the autotetraploids of 5. indicum and
3. alatum cvidently supponts the earlier assumption of more genome homology between these 2
species.

Direct use ol autotetraploids is limited due to their low seed set and poor yield despite their
larger seed size. But their utility in wide crosses where S. indicum and S. alatum have poor cross-
ability, is very high. Interestingly, S. indicarum (2n=58), an amphidiploid of the cross S. indicum
(2n=26) x 5. prostratum (2n=32) showed a high degree of crossability with Ceratotheca sesamoides
(2n=32), a related genus of Sesamum, while the primary species 5. indicum and S. prostramum were
unable to produce viable seeds when crossed with C. sesamoides (Joshi 1961). However, this can-
not be generalized as the increased ploidy status did not show any improvement in crossability. The
induced autotetraploids of 5. indicum and S. alatum exhibited a similar crossability relationship
with all the other species belonging to the 3 chromosome groups of Sesamum as reported in their
diploid primary species (Prabakaran ct al. 1995). The 2 incompatible species of the same chromo-
somal group (2n=26) viz., S. indicum and S. alatum, were imcompatible at tetraploid level 1oo
indicating a strong isolation mechanism which was unaffected by the doubled genome size. Simi-
larly, S. occidentale and S. radiatum having 2n=64 also showed a high degree of incompatibility
when forced pollination was done with the fertile autotetraploids. Hence, the transfer of desirable
genes through interspecific hybridization is continued to be constrained by a high degree of cross
incompatibility berween the species of Sesamum which could not be overcome by the attempted
ploidy manipulation. However, the new interspecific hybrids between the autotetraploid of S. indicum
and other compatible species will be of immense use in future cytogenetical studies.
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COMPUTER AIDED IMAGE ANALYSIS OF PEARL MILLET
CHROMOSOMES AFTER Q-BANDING

AL PRABAKARAN® AND P VAIDYANATHAN
School of Genetics, Tamil Nadu Agricultural University, Coimbatore 641 003

(Received 17 November 1995, revised accepted 22 January 1996)
SUMMARY

The somatic chromosomes of pearl millet (Penniserm glaucum (L.) R.Br)
were stained with quinacrine and the Q-banding patiern was analysed using an image
processing system [or the first time. The image of 14 chromosomes was processed
through different fillers and a high contrast chromosome image with a clear back-
ground was produced. Various quantitative data viz., lengths of short arm and long
arm and the size and position of bands were used to construct the Q-banded karyotype
of pearl millet. Histograms and frequency analysis were attempted for each of the 14
somatic chromosomes, The presence of Q-bands in the telomeric and centromeric
regions and the absence of intercalary bands were evident from the above paramefers.

Polymorphism in Q-banding patterns in the homologues of chromosome 13,4 and 6
of pearl millet reported earlier by us was confirmed.

Key Words : O-bands, pearl millet, image processing, histogram, frequency analysis.
INTRODUCTION

The first computer aided system for human chromosome analyses was developed in 1964 by
Ledley based on the increasing demand for obtaining high quality data and also for sparing the time
and cfforts of the researchers in the cytological, microscopical and photographical procedures.
McGurk & Rivlin (1983) used a ‘BASIC’ computer programme for chromosome measurements and
analysis. Green et al. (1984) introduced the computer assisted analysis of karyotype and wtilized
them for generation of idiograms and pairing homologues. Image analysis methods have only been
recently introduced in plant cytology and chromosome studies (Fukui 1985, 1986, 1988). Fukui et
al. (1988) applied CHIAS (Chromosomes Image Analysing System) in the identification of rice
chromosomes and the mean length, relative length and arm ratios were analysed for karyotyping.
The density distribution along the chromosomal axis can be obtained casily using an image analysing
system. [t could provide new information on the distribution pattern of condensed regions and also
the d=gree of condensation. The analysis of banded chromosomes by defining the density distribu-
tion along the chromatids or the midrib of the chromosomes was not atiempted carlier. However,
such analyses will be very effective in determining the accurate position of the banded regions on
the chromosomes. Hence, an attempt was made to analyse the Q-banding pattern of pearl millet
chromosomes using an image analysing system and to confirm thie banding patterm reported earlier.

*Present add, < Di of Oilseeds R

h, Rajendmnagar, Hyderabad 500 030,
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MATERIALS AND METHODS

crine by follov "
Chromosome spreads were prepared using ro ned with quinacrine by following the

detailed procedure outlined by Prabakaran et al. (1991) tomicrogmphs of the Q-banded chromosomes were
ultraphot microscope using 400 ASA 35 mm colour film. The image of photomicrog

system using a video camer with zoom lens and stored in a MHS image processing unil on

analyses. The stored images of 10 well spread cells were

rocessed using

{Terent types of filters. |

graphs which are the measures

he intensity of Nuorescence ng the lengt

he complement. A TV monitor was uscd 1o visualize the above characte

RESULTS AND DISCUSSION

14 somatic cb

YMOSOMES

Contrast of the image was usually low at high magnifications but the same could be en
hanced once the image was processed through different fillers ol the system viz., high pass, low pass
and sobal filters. The unwanted particles in the background werc climinated and the image of 14
chromosomes with a clear background was obtained (Figs. 1,2,3). Midrib lincs were drawn on
every chromosome manually to mark the short arm, long arm and the size and position of bands
The various quantitative data oblained were used to construct the Q-banded karyotype of pearl
millet. The quinacrinc-stained chromosomes of pearl millet showed Q-bands in telomeric and
centromeric regions and intercalary bands were absent. This was clearly cvident from the histo-
grams and the [requency distribution graphs obtained for each chromosome after image proce
(Figs. 4,5,6). Further, by viewing the magnificd image ol the chromosomes ina TV
different filters, it was possible to identify the banded reg
size of every band was made easy by g
The Q-banded karyotype of pearl millet is given in Fig. 7 which is identical 1o that reported by
Prabakaran ef al. (1991). When the chromosomes were paired and compared based on the similari-
ties in [requency distribution and histograms, the homologues of the chromosomes 1,34 and 6
showed slightly dissimilar pattern of (requency distribution and histograms, thus exhibiting poly-
morphism. This is in conformity with the carlicr observations of Prabakaran et al. (1991). The
homologues of chromosome 1,34 and 6 differed by having bands of unequal size or different band
positions thus exhibiting polymorphism. Fukui ct al. (1988) used CHIAS to identify rice chromo-
somes based on mean length, relative length and arm ratio and constructed the karyotype. But the
analysis ol banded chromosomes by defining the

ssing
monitor through
jons more clearly. The measurement of the
citing a print out of the processed image of the chromosomes.

density distribution along the chromatids or mid-

arlier. Image analysis scems to be very effective in
determining the accurale position and the size of 1

rib of the chromosomes has not been reported ¢
he banded regions on the chromosomes.

Thovgh

yage analysis has recently been used in plant cytology, its applications in this field
are many. Apar from saving a greal deal of time by autom:

atization of detection of chromosome
aberrations, it has become possible 1o obtain vanous kinds

of quantitative data viz., number ol
chromosomes, lengths and arm ratios with much precision in a shorter time. Further, lo construcl
karyolypes of banded chromosomies it will be much useful to locate the bands and to measure the
band size accurately. Even very faint and small bands can be located and the polymorphism in the
banding pattern can be brought out. It appears to be a very powerful tool and continuously gener-
ates (he data that cannot be obtained by the conventional methods. Thus, computer aided image

analysis will be of immense usc in future cytological and chromosome investigations to obtain quick

and precise resulls and 1o circumvent the conventional methods.

Figs.1-7: Images of the qu

acnine stained soma
2. After the eliminatio

filter. 5. Histogram. 6. Frequency

metaphase chromosomes of pear
the background. 3. Asingle chromosome

1 m

et. 1. Before processing the image

4. Image of a single chromosome through sobal
Q-banded karyotype. (1,2 x 1500, 3 x 15000, 4 x 000)
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DEVELOPMENTAL EXPRESSION AND VARIABILITY OF MALATE
DEHYDROGENASE IN ANOPHELES STEPHENS] (DIPTERA : CULICIDAE)

5.K. GAKHAR AND VANDANA
Department of Biosciences, Maharshi Dayanand U ity, Rohtak 124 001

(Received 24 April 1995, revised sccepted 19 January 1996)
SUMMARY

Two separate gene loci seem to govern the developmental expression of 2 dif-
ferent forms of malate dehydrogenase (MDH), probably cytoplasmic (cMDH) and
mitochondrial forms (mMDH). Laboratory survey revealed that m MDH locus was
monomorphic and cMDH locus was polymorphic with 5 different clectromorphs at-
tributed to be governed by 4 codominant alleles. The ¢ MDH appeared from third
instar larval stage and m MDH from pupa onwards. However, no activity could be
observed in the cggs and first 2 larval instars. Adult insects probably metabolize the
pyruvate and NADH via mitochondria or through malate shuttle. cathodal (mitochon-
drial) MDH scems to be more suited (o fuel the predominant flight activity. This
locus scems 1o be switched on as an evolutionary necessity or an adaptive effort for
the change from aquatic to terrestrial life. Tissue distribution indicated that the activity
was predomenantly concentrated in the abdomen and no activity was detected in the
head. Quantitatively, the activity increased conlinuously during the complete devel-
opment. The higher activity in male stages could be due to their high energy re-
quircments to lcad more active life. Changes in isoenzymes and specific activity have

been correlated with the various physiological and morphological events occurring
during development.

Key Words : Anopheles stephensi, Develop malate dehydrogenase, isozymes.

INTRODUCTION

Studics on the specific gene-enzyme system during development promise for elucidating
regulatory events underlying differential gene expression which forms the basis of cukaryotic devel-
opment. Malate dehydrogenase (MDH, EC 1.1.1.37) is known to exist in 2 forms, cytoplasmic
(cMDH) and mitochondrial MDH (mMDH) in many organisms. The oxidation of malate in the
mitochondria by the action of NAD linked MDH to produce oxaloacetate forms the last reaction of
Kreb’s cycle. Inaddition, mMDH alongwith cMDH is involved in a malate shutile process in some
insect tissues (Sacktor 1974).

Qualitatively, there are only a few studies on the MDH activity during post-embryonic devel-
opment and adult life of Culex quinquefasciams (Narang & Narang 1975), Aedes aegypti (Mukiama
1980), Apis mellifera (Nunamaker & Wilson 1981, 1982) and Caledia captiva (Colgan 1986).
Similarly, quantitative studics pentain to only Tenebrio molitor (Ludwig & Bursa 1958), Cr.
quinquefasciatus (Narang & Narang 1975) and Ae. aegypti (Mukiama 1980). No systematic study
secms to have been made on the developmental genetics of any particular insect species. Age and
sex specilic studies on the expression of MDH are also lacking,
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The present study was undertaken with a view 1o examine the qualitative and AE;_:_...:,,..
expression of MDH during the complete development of Anapheles stephensi ‘r.. a 42.._2 of 5._._ ria
on the Indian subcontinent (WHO 1982) where its control is hampered .3 :_.an.:_q:_._ resisiance
(Subbarao et al. 1982). In addition, the effect of glucose and blood feeding on isoenzyme patiern
during ageing in both the sexcs have also been studied. The present study ..oa_,_n_.saaz the de-
tailed analysis (Vandana 1992, Gakhar & Vandana 1994) of developmental variations in the expres-

sion of house keeping genes.

MATERIALS AND METHODS

strain * stock obiained from Malaria Research Centre, N. Delhi) was maintained in
following the routine method of colonization The adults were fed on 4% glucose
solution soaked in coiton pads and females were allowed 1o feed on rat blood The mosquitoes were sexed from third instar larva
onwards on the hasis of the presence of testes as the black spot on the sixth abdominal segment. The blood fed fernales had the age
of about 25 d while the glucose fed females and males both had much lower life span of about 17 or 18 d. Whole bodies and also
difTerent regions (head., thorax and abdomen) were analysed for MDH activity More than 3 replicates were used for each stage
Different developmental stages of known chronological age were pooled and stored al -20°C.

Isoenzymes of MDH were scparated by horizontal starch gel electrophoresis. The gels were made from 1% starch in
.01M Tris-0L0028M ciric acid buller, pH 70 .:Hn_nnzaﬂsa.lr.q-:;ﬁlaos a1 250V and 25 mA for 2and 1/2h. using
0.15M Tris-0.043M citric acid, pH 7.0. The gels after run were incubated st 37°C in the following staining solution (Brewer
1970). Phenazine methosulfate (IPMS) was added afier 45 min of incubation.

Staining solution : 100m1 0.2M Tris-HCl buffer, pHi8.2 + 30 mg malic acid + 20 mg nicotinamide adenine dinucleotide
(NAD) + 15 mg thiazolyl blue tetrazolium bromide (MTT) + 5 mg PMS

The quantitative activity was assayed 51 340 nm using wv-visible spectrophotometer (CICEL - 534, double beam) by the

rate of change in absorbance over a period of S min. The 1otal volume of enzyme reaction mixture (containing 5-10 mg wel body
wi.) in the cuvelle was 3.0 ml. It contained 100 of enzyme extract and other components i.e., 0.1M Tris-HCl buller, pHo04+1

The culture ol An. stephensi (Delhi
the laboratory at 28+2°C and 70-80% RH

mM NAD + 25 mM malic acid.
Protiens were determined using the Bovine Serum Albumin (BSA) as the standard protein (Lowry et al 1951). All the
data was subjected to student’s 1-test to & ine the smtistical signifi
OBSERVATIONS

The survey for MDH in the laboratory strain revealed 2 different zones of activity, The
cathodal zone was designated as MDH-1 and anodal zone as MDH-2. The survey of electrophoretic
variability revealed that MDH-1 was invariable and monomorphic while MDH-2 was polymorphic.
A total of 5 electromorphs were attributed to be governed by 4 codominant alleles - Mdh®, Mdh'®
Mdh"®, Mdh'™ present at MDH-2 locus (Fig. 1), Mdh-"™ being the most common allele.

The qualitative and quantitative variations in the pattern of MDH during the complete devel-
opment and ageing of A. stephensi are presented in Figs. 2-4. Electrophoretically, no activity was
observed in the cggs and first 2 larval instars. The cathodal zone, MDH-1 appeared in the pupae
and was present subsequently throughout the adult life without any variation. The anodal zone,
MDH-2 appeared from third instar larvac which also persisted during further development. This
zone had only one band of broad arca in pupac and adult males, however, in females 2 distinct bands
were resolved. No sex-specific difference was present in the immature stages of development.

The maximum concentration of MDH was found in the abdominal region of all the stages
examined. No activity could be detected in the larval head.

Cakhar & Vandana - Developmental expression in mosquitoes 43
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Fig, 1 : Electrophoretic phenotypes of MDH inA. stephensi.

._..rn specific activity of MDH increased continuously during development. The activity ap-
peared in first instar larvae (58 [U) and increased by more than 5 times during larval growth
(p<.001). During metamorphosis, there was no significant change up 10 the mid-pupal stage, afier
which it almost doubled (p<.001) in the late pupae. Newly emerged adults of both the sexes had
mcoc_ 70% higher MDH level (p<.001) than their preceding stage. During adult life, the activity
increased by more than 2.5 folds (p<.001) in both the sexes. The blood fed females showed a lower
level of activity (by about 30% ; p<.001) than the glucose fed females of corresponding age. Re-
garding the sex-specific differences, the male larvae; pupae and adults always had higher level of
activity than their female counterpans (p<.001)
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DISCUSSION

The activity of MDH has been viewed in terms of physiological and physical environment of
both immature and mature stages. Twao zones of activity in the present study, presumably represent
the cytoplasmic and mitochondrial forms. These 2 forms may control the malate shuttle (Sacktor
1974). The cytoplasmic enzyme (MDH-2) is involved in the cytoplasmic generation of NAD* and
malate. The malate diffuses info the mitochondria, where it is involved in the energy producing
reactions through MDH-1 isozymes (Everse & Kaplan 1975). Herrera & Mukherjee (1982) also
revealed 2 multiple banded zones in 8 insect cell lines derived from different mosquito species.
Conlrary 1o earlicr reports from Pakistan (Van Dricl et al. 1987), we found this to be polymorphic in
A. stephensi. However, our findings concur with Yong et al. (1985) who found cathodal MDH to be
monomorphic and anodal MDH polymorphic in Mansonia. In the present study, 5 electromorphs
seem 1o be governed by 4 codominani alleles. The most common allele, MDH-2 '® controls the
phenotype with intermediate mobility. This phenomenon has been taken as supporting evidence
that profein polymorphism is not primarily influenced by random genetic drift acting on a number
of neutral isoalleles (Bullini & Colluzi 1972). Recently, this locus inA. stephensi has been assigned
to the linkage group I1I (Adak et al. 1992).

The developmental sequence includes the switching on of MDH-2 locus {cytoplasmic form)
from instar-111 larva onwards and MDH-1 (mitochondrial form) from pupa onwards. The genetic
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Fig. 3: Electropherogram for MDH isoenzymes and its lotal and specific activity in ageing maleA. stephensi.

basis for this phenotypic variation ma i i

. : | ¥ be due to differential regulation of i

in Drosophilla (O'Brien & Macintyre 1978), in A. stephensi also, the a-“_uw-—.“_-n._mn __:”_.Or_ru o
wnm.: to be controlled by different structural genes. The findings mn separale genetic M.u:o"—n?q__u
< lorms seem to be the rule as has been found in other species of diverse phylogenetic oan:..x. -.“ne
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Fig. 4 : Electropherogram for MDH isocnzy mes and its 1otal and specific activily in ageing femaleA. stephensi.

viz., maize (Yang et al. 1977), mice (Shows et al. 1970) etc. However, the appearance of an
additional isozyme band-c in MDH-2 zone in female mosquitoes only could be attributed to the
epigenctic modifications. Further experiments concerning breeding and molecular genetics are in
progress 1o confirm the above preposition.

The appearance of mitochondrial form from pupa onwards reflects the adaptive cffort as an
evolutionary necessity for the complete change from aquatic to the terrestrial habitat. This isoen-
zyme may be more suited for the high energy reactions in the mitochondria required for active adult
life. The high level of activity in larvac as compared 1o other dehydrogenases (Vandana 1992)
indicates the overall need for energy during this active growth phase.

The continuous increase in activity during metamorphosis also finds the mc.vucn .‘.31.
Mukiama (1980) in Ae. aegypri. On the other hand, a U-shaped pattern was found in Tenebrio

Gakhar & Vandana - Developmental expressionim mosquitoes 9

molitor (Ludwig & Bursa 1958). Namng & Narang (1975) also found the maximum activity during
the adult Cr. quinquefasciatus. The higher activity in male mosquitoes could be due to their high
energy requirements 1o lead more active life. Interestingly, there was no significant difference in
the activity when the females were fed on blood and glucose sepamtcly.

. It could be far more advantageous for the adult insect 1 metabolise the pyruvate and NADH
via mitochondria than utilize the LDH reaction to malate (Gakhar & Vandana 1994). Most prob-
ably, the malate shuttle takes over the available pyruvate and NADH, thus effectively competing

,_M“_N LDH reaction. This may explain the low activity of lactate dehydrogenase in adults (Vandans
).

e ._.__n developmental profile of MDH is not the same as of Aedes (Mukiama 1980). General
similaritics do occur and generalizations have been suggested. However, dehydrogenase activity
profiles during ontogenesis are most likely species-specific.
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KARYOMORPHOLOGICAL STUDIES IN ALLIUM SATIVUM
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Department of Botany, University of Kerala, Kariavanom, Thiruvananthapuram 695 581
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SUMMARY

Karyomorphological studies have been carried out on 4 accessions of Allium
sativum Linn. They are diploids with 2n=16. Heteromorphic pairs were observed in
the cighth chromosome of nccessions 2 and 4. Sattellited chromosomes were noticed
in the second and fifth chromosomes of accession 4, whereas, it is absent in the other
3 accessions. The presence of satellited chromosomes in the second and fifth chro-
mosomes of accession 4 is a deviation from the carlier reports. The absence of satel-

lites in other accessions might be due to deletion of clromosome segment carrying
satellite.

Key words 1 Allium sativum, karyotype, satellited chromosome.
INTRODUCTION

Like all species of Allium, A. sativum Linn. (garlic) has a very favourable chromosomes
inviting detailed studies. But little work has been done especially in comparison with the classical
chromosome material of A. cepa. However, a few investigators have made cytological studies in
A. sativum from various geographic regions and found that different clones of this species differ in
their karyomorphology (Levan 1935, Mensinkai 1939, Battaglia 1963, Ved Brat 1965, Konvicka &

Levan 1972). The present paper embodics the results of detailed karyomorphological studies in 4
accessions of A. sativum.

MATERIALS AND METHODS

.H._.nv.__woo?an__ouﬂo..;.?nit«%ﬁ:ﬂln?eln-a};ﬂ.;ﬂ-_!;nnNv!wlltpuﬂuv-ln
Thiruchirappalli (Acc. 4). Eswg.ﬁiiiiiﬁs!liinilﬂgxi
lution of 8-hydroxyquinoline (Tjio & Levan 1950) and kept at 12-16 'C overnight. Treated root fips were thoroughly washed
with tap water and fixed in 3:1 ethyl alcohol and glacial acetic acid. A trace of ferric acetaie added 1o the Fixative prior to staining
considerably i d the stainability of the chromosomes. Acciocarmine (2%) squash technique was followed for mitotic
ion. Forch phol llsgiiiisibiiﬁg‘

mn_--a!ﬂ_.
OBSERVATIONS

The somatic complement of all clones agree in having median or submedian chromosomes.
The details of individual chromosomes of the 4 accessions vary.

Accession 1

The bulbs had medium-sized cloves with white coats. The root tip cells have 16 chromo-
somes in cach (Figs. 1,5). The longest pair is metacentric, the rest are all submelacentric. the

* Department of Botany, St. Gregorios College, Kottarakara 691 506,
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TABLE 1 : Chromosome metrics in 4 accessions ofA llium sativum.

Acc.  Characters Chromosome pairs
No. 1 2 3 4 s 6 7 8
1 AL 16.60 16.60 13.30 13.30 13.20 11.60 11.60 ”Mw
LA 8.30 8.30 £30 B.30 6.60 6.60 830 )
SA 8.30 830 5.00 5.00 6.60 5.00 330 130
AR 1.00 1.00 1.66 1.66 1.00 1.32 2.51 1.51
cr M M nm nm M nm nsm nm
. 11.60 11.60 11.60 0.90 8.30
2 AL 14.90 13.20 13.20 P
6.60 6.60 6.60 6.60 6.60 5.00
LA 830 6.60 T
SA 6.60 6.60 6.60 5.00 5.00 5.00 330 www
AR 1.25 1.00 1.00 1.32 132 1.32 2.00 1.51
. 312
cP nm M M nm nm nm nsm nsm
3 AL 13.20 13.20 13.20 13.20 11.60 11.60 11.60 9.90
LA 6.60 6.60 6.60 6.60 6.60 6.60 6.60 6.60
SA 6.60 6.60 6.60 6.60 5.00 5.00 5.00 3.30
AR 1.00 1.00 1.00 1.00 132 1:32 132 2.00
cr M M M M nm nm nm nsm
4 AL 19.80 16.60 16.60 16.60 16.60 14.90 13.20 11.60
6,60
LA 13.20 10.00 830 10.00 £30 8.30 6.60 o.w“
3
SA 6.60 330 £30 6.60 530 6.60 6.60 5.00
330 030 330
AR 2.00 151 1.00 1.51 1.00 1.25 1.00 1.32
1.00
cP nsm nm* M nm* M nm' M nm'

AlL=Absolute length; LA=Long arm; SA=Short arm; AR=Arm ratio; CP=Centromeric position.

Accession 4

The bulbs had medium-sized cloves. 16 chromosomes were seen at metaphase (Figs. .a.mw.
The length of the chromosomes varied from 19.8 to 6.6 pm (Table 1). ._._.n. second u._a fifth pair
possessed sativum-type satellites in their short arm. These pairs also differed in arm ratios and sizes
of satellites and of the chromatin segments between primary and secondary constrictions. The eighth
pair was heteromorphic chromosome. The TCL and ACL were estimated (o be 132.5 pum and
14.72 pum respectively. The length of the chromosomes varied from 19.8 um 1o 6.6 pm.

Jacobkutty & Bhavanandan : Karyomorphology of gadic "
DISCUSSION

Karyotypes in all cases indicate 8 common general pattern in their morphology proving that
they form a homogenous assemblage originating from a single basic set (x=8). This agrees with the
earlicr reports of Levan (1935), Mensinkai (1939), Khoshoo et al. (1960), Battaglia (1963), Kovicka
& Levan (1972), Howevver, on critical analysis the accessions of the present study show distinct
karyotypic differences. Even though the different accessions shag a few chameters in common
cach has its own distinctiveness with respect fo the morphology of certain individual chromosomes.

On analysis, each accession is different from the other in respect of chromosome types, TCL

content and ACL value (Table 1). On the basis of centromeric position, accession 3 possesses more
of symmetrical chromosomes followed by accessions 1, 4 and 2 (Table 1).

The lowest value of ACL is observed in accession 2 (11.21 pm) whereas, the highest in
accession 4 (14.72 pm). The accessions also differ in their TCL content, lowest in accession
3 (97.5 pm) whereas the highest in accession 4 (132.5 um) (Table 1).

The difference in TCL content may be possible due 1o the chromosomal aberrations possibly
of deletion. The deletion of comparatively inert chromatin segments, the heterochromatin paris,
might have occurred in nature resulting in diminution of the chromosome size. [t is suggested that
the reduction in the total TCL content observed in accession 3 might be due to deletion of hetero-
chromatin from the complement. The genetic and evolutionary significance of heferochromatin
has also been reported by Darlington & Mather (1950).

The sccondary constriction in the chromosome serves as good marker which enables 1o un-
derstand the morphology of the chromosomes. Out of 4 accessions of A. sativum under study,
secondary constriction in the short arm has been noted in accession 4. the second and fifth chromao-
somes in accession 4 possesses satellites. They differ in the size of short arm, chromatin segmenis
between primary and secondary constrictions and also in the size of long arm. Normally the sixth
and seventh chromosomes bear sccondary constrictions on the short arms (Sharma et al. 1988,
Konvicka & Levan 1972, Verma & Mital 1976). All of them conform 1o the sativum-type of
nucleolar chromosomes. The 2 nucleolar pairs differ in arm ratio, size of satellites and of chromatin
segments. In the present study the second and fifth chromosomes possess salellites in accession 4.
This shifting of satellites from sixth and seventh chromosomes 1o second and fifth chromosomes
may be due to translocations. Satellited chromosomes show much more variation in arm ratio than
the other chromosomes. They are liable to greater bazards leading 1o breaks and translocations.
But, the accessions 1, 2 and 3 do not bear any satellites. The absence of satellites in these accessions
may be due to deletion of satellites and subsequent loss during evolution. Satellites do not contain
functional genes and hence these accessions survive in nature. Banttaglia (1963) and Ved Brt
(1965) also suggested that in Allium the origin of the variations in the morphology and its structural
heterozygosity has been presumed to be due to the susceptibility of the nucleolar chromosomes (o
natural mutations.

Heterozygosity has been noticed among homologous chromosomes in accessions 2 and 4.
Heterozygosity in nucleolar chromosomes is due to difference in length of the arms of the
chromosomes. This may be possibly due to deletion in the satellite region. But the possibility of
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unequalness of the homologue due 1o the difference in condensations cannot be completely ruled out

< . 78).
as has been previously reported by Verma & Mittal (19 . .

From the analysis of the nature and degree of karyomorphological difference in respect of
different chromosomes of different accessions of A. sarivim .._.Suzw-_.& here il appears o ._Z,__S__a
that notable degree of chromosomal structural changes like translocations and/or _.n:wn_:an inver-
sions have operated during the course of evolution of the clones and E.,_aa_.-_ -..n-...@..u ol chro-
mosomes are powerful tools of evolution particularly among the vegelatively reproducing taxa.
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NON-HOMOLOGOUS ASSOCIATION OF PACHYTENE CHROMOSOMES IN
. SOME SPECIES OF MOSQUITOES
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SUMMARY

A companative study of non-homologous association of pachylene chromo-
somes of 17 species has becn made. Based on the extent and nature of non-homolo-
gous association they were classificd into 3 groups: star-like, flanking and bouquet-
like. Star-like and flanking types are prevalent in anopheline mosquitoes, whereas
bouquet like configurtion is evident in culicine mosquitoes.

Key Words: Pachytene ch { associabon.

INTRODUCTION

The occurrence of non-homologous meiotic chromosome associations and the tendency of
their coascling at the centromere region 1o form a common chromocentre during earlier meiosis has
been reported for a few animal and plant species (de Jong & Stam 1985, John 1976, La Cour &
Wells 1970). In recent years, it has been implied that these associations are generally produced
through heterochromatic segments located at the centromeric and paracentromeric regions (Drets
ct al. 1983, Driscoll et al. 1979) or at the telomeric regions resulting in chain-like associations or
bouquet configurations (Ashley 1979, Sadasivaiah & Kasha 1971),

During the earlicr studies on pachytene chromosome mapping for some mosquito species
we came across the occurrence of non-homologous association of pachytene chromosomes either at
centromeric or at telomeric region (Venkatachalaiah 1992, Chowdaiah & Venkatachalaiah 1989).
In the present paper, obscrvations made on heterologous association of pachytene chromosomes for
each species are pooled and categorized based on their extent of association within the complement.

MATERIALS AND METHODS
The list of species analysed s cited elsewhere (Venkatachalaiah 1994). The hypotonic prefixafion treatment and aie-
._Q.,unaa__ﬂtim-_rwm_E<tl_.n_Elnn_-<:—nlo&mnn_nnrl.aﬁl:ii:nq:aﬂ_rnsl—l}&%
chro and these preparations were subjected 1o ional Giemsa staining (Chowdaiah & Venkatachalaiah 1987),
OBSERVATIONS

Prolonged hypotonic pretreatment yielded several well spread pachytene cells. A pachytene
cell contains 3 bivalents of variable length. A typical chromocenire was observed in pachytene
complement of some anopheline species while telomeric associations resulting in bouquet-
configurations was a common feature of culicine mosquitoes. In most of anopheline pachyiene
complement, the shortest bivalent is intensely heterochromatic and is known as sex-bivalent. The
paracentromeric regions of the 2 autosomal bivalents are also distinctly heterochromatic in

comparison with the chromomeric arms. No such heterochromatic stainability can be seen in
culicines.
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Figs. 1-9 1 Representative Giemsa-stained pachy h compl of m

~\ A 7 5 ) \“ & HA;;
culicifocies. 3. An. subpictus. 4. An. aithensi. 5. An. stephensi. 6. An. vagus. 7. Culex quinguefasciatus. 8. Aedes
albopictus. 9. Ae. aegyphi.
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Inanophelines there are several modes of non-homologous associations of pachytene bivalents
during the carlier meiotic stages. However, the occurrence of typical chromocentric formation is of
special interest. These heterologous associations appear first in late zygolene and could be seen up
to early diplotene. They are most prevalent at pachytene. At the typical pachytene stage, about 30-
50% of pachytene cells of most anaphelines exhibit complete association resulting in star-like con-
figurations of heterochromatically coascled chromocentre formation with bivalent arms projecting
out. During the later periods of pachytene, the fused connections stant 10 detach resulting into 3
synapsed components (Figs.1-9).

In culicine species, the telomeric association of the 3 pachytene bivalents with a tangled
association is a common feature. As they start condensing the typical bouquet picture emenges with
the telomeric region beginning to segregate and orient towards one pole and the centromeric  regions
towards the other pole.

Depending upon the extent and nature of heterologous association in the complement, they
arc classified into 3 types: 1) star-like configuration, 2) flanking type and 3) bouquet type.

Star-like configuration is characierised by the presence of complete fusion of all 3 pachytene
bivalents at the centromere region with 5 arms projecting out. Such configuration was commonly
observed in the pachytene complements of Anopheles fluvatilis, An. culicifacies, An. jeyporiensis
and An. aconitus all belonging 1o serics Myzomia which belong to subgenus Cellia of genus
Anopheles (Figs.1-3).

Flanking type is characterized by various modes of association al centromeric region of 3
bivalents in the complement. In a typical situation, 2 bivalents are associated completely at the
centromere whereas the third one tends to lay near the other fused centromeres. This type was
cvident in species belonging to subgenus Anopheles; viz., An. nigerrimus, An. aitkenii and An.
gigas. In some others, in pachytene complement the centromere of each bivalent tends to stay
nearer to each other within a very narrow circular range. This type was cvident in the case of
anophelines belonging to neomyzomyia series of subgenus Cellia, i.c. An. leucospyrus elegans and
An. tessellatus. However, while in some, the centromeres of each bivalent tends to lay on the outer
circular range. This type was prevalent in the species belonging to series Pseudomyzomayia and
Neocellia of the subgenus Cellia: An. stephensi, An. annularis, An. pallidus, An. vagus and An.
subpictus (Figs.4-6).

Bouquet type is characterized by the complete telomeric association of the 3 bivalents. This
type was seen in culicine mosquitoes: Aedes albopictus, Ae. aegypti and Culex pipiens quinquefas-
ciatus (Figs.7-9).

DISCUSSION

An analogous  situation in somatic and in meiotic chromosomes of some animal and plant
examples has been reviewed in the light of new staining techniques by Yunis & Yasmineh (1971),
Yoon & Richardson (1978) and in a more comprehensive manner by Carpenter (1987). They have
considered several other related aspects including the role of C-heterochromatin in such
aggregation effect. A more detailed analyses of this decisive factor has been attempted in
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Drosophila melanogaster females by Novitski & Puro (1978). Davring & Sunner (1975)and Nokkala
& Puro (1976) demonsimted cytologically in D. melanogaster oocytes, the occurence of nuz___:x....a_ ©
during early meiosis. Driscoll ef al. (1979) have studies non-homologous n__aaoue__.q association
and the influence of C-heterochromatin al human male meiotic prophases and imply of the
influence of C-beterochromatin in the chromosome aggregation.

The results of present study pertaining to some anopheline examples in which the non-
homologous chromosomes association at centromere resulting in incomplete or complete
chromocentre formation al pachytenc stage confirm the hypothesis of Noviski & Puro (1978). As
opined carlier about the specific pairing of non-homologous chromosomes and of ectopic pairing
observed in the salivary gland nuclei of certain dipterans (Barr & Ellison 1972, Cohen 1976, Mitial
& Dev 1979). Based on these observations it is possible to ascribe these features due to some
inherent biochemical property. Such commonness might facilitate in the cytological expression of
Manking effect, as proposed by Driscoll et al. (1979).

The formation of bouquet configuration duc 1o the telomeric association of the pachytene
bivalents resulting in the telomeric and kinclochore polar clustering is highly specific to culicine
group of mosquitoes. In the moderatcly condensed pachytene complements, due to telocentric
connections, the bivalents appear as tangled bivalents held at the telomere region resulting in chain-
like oricntation. The present finding on culicine pachytene complements are also in agreement
with observations made on both polyienc and pachyiene synaptonemal complex karyotypes (Fill
1978, Wandall & Svendsen 1983). Less information is available on possible association between
non-centromeric regions.  Ashley & Wagenaar (1974) in plants, Miklos & Nankivell (1976) in
grasshoppers, Kirshc-volders et al. (1980) in humans reported specific lelomeric associations. More
recent studies on the molecular nature of these regions have revealed their possible existence of 2
major types of repetitive sequences: satellite-like, short, tandemly repeated sequences and more
complex, moderalely repetitive sequences (Biessmann & Mason 1992, Kenton 1991).

Pertaining to the results of the present study, it is possible 1o imply that in anophelines those
of the postulated sequences are congregating in and around centromeric regions and in culicines
they could have been distributed individually each into centromere-specific and telomere-specific
sites.
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SUMMARY

Guar bean (Cyamopsis teiragonoloba) is a legume which is an economically
important minor crop. The origin and domestication of the species have not been
well understood. We analyzed the genetic variation in the 3 species of the genus
using isozyme and ribosomal DNA markers. Our preliminary results did not show
any clear pattern of relationship among the species. DNA markers are possibly more
reliable than the isozymes.

Key Words: Cyamopsis, isozymes, rib | DNA, polymorphi
INTRODUCTION

The genus Cyamopsis is represented by three species. C. serrata and C. senegalensis are of
Affican origin and occur in east and southwest Africa. C. tetragonoloba is known only as a culti-
vated species mainly from the Indian subcontinent. [t is grown as minor crop and is known as
“Cluster bean” or “guar bean”. Since the second World War, it is also being grown in experimental
gardens in parts of Europe and the USA. The endosperm of the seed is a source of gum which is

being extensively used in paper, textile and food industries. There is little information on the origin
and domestication of C. retragonoloba.

The use of isozyme markers in evolutionary studies has been well-documented (Liu & Furnier
1993). Eukaryotic ribosomal DNA (rDNA) exists as tandemly repeated clusters of long and similar
repeating units, Each array includes a highly conserved coding region and a non-coding region.
The non-coding region is also called the intergenic spacer region (IGS) since it separates 2 adjacent
repeat units. tDNA polymorphisms arise mainly as a result of vanation in the number of sub-
repeats in the IGS (Rogers & Bendich 1987). Length variants in the IGS are called spacer length
variation and have been successfully used in recent years in a number of different species(for review,
sce Knaak et al. 1990). In the present study, we present somie information on the genetic varition in
the 3 species of the genus Cyamopsis using sozyme and ribosomal DNA markers.

MATERIALS AND METHODS
Four genotypes of C. gonoloba and 2 ions of each of C. serrate and C. sencgalensis were selected for the

study. Seeds of C. tetragonoloba were collected in India and those of the other 2 species were obtained from the USDA, Belwsville,
Maryland, USA. Plants were grown in the greenhouse of the University of Calgary.

Starch gel electrophoresis, as outlined by Soltis et al. (1983), was followed for the isozyme studies. Nine sozyme sys-
tems, namely, aminoacyl transferase (AAT), aconitase (ACO), isocitrate dehydrogenase (IDH), leucine amaio peptidase (LAP),
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malate dehvd «(MDIH), phospho glycero (PG and _..__oaﬁf.n_.:o.._a_..i_:iq:sﬂ_?,._:. phospho gluco mutase
£ 4 . o 5
(PGM) and shikimaie dehydrogease (SKDIT) were studied. .
[ "

Genomio DNA (rom the three species was extracied using 8 modified CTAB procedure _=n_.g_s_:..:,“”_d.,a _\”. 1994), Five
restriction enzymes, namely, Bam HI, Eco RI, Eco RV, Hind 111 and Dra [ were Eu,._ o festnict the an:o:_;.._ ,_ q_._.“.:\.,_ X | ly
10ug of the genomic DNA was digested with 10 units of restriction enzyme al 37°C ovemight. Nylon aaaqﬂ.ﬁ”_ ...H:Z m _”Z,_s
were used for Southern blotting and was carried oul overnight according 1o the alkaline transler method of Ree ann i )
Membranes were baked 51 100°C for an hour after a briel UV cross-linking

rDNA from soybean (G hane max) was used as probe and a non radioactive labeling and detection procedure using
Digoxygenin-dUTP (Bochnnger Maanheim) was followed. Labeling, hybridization and detection were done using the random
_.:.En_.._-_.nﬂ_:n kil according 1o manufacturer s recommendations. Resmiction fmgment polymerphisms were em.E._Q..,p using
Lumigen ™ PPD(Boehringer Mannhcim) within few hours. Shannon-Weaver diversity values (Bowman et al. 1971) were calcu
lated using the isozyme and ribasomal DNA phenotypic [requency data [rom the three species

RESULTS AND DISCUSSION

Five of the 9 isozyme systems were polymorphic in the 3 species of Cyamaopsis. Maximum
variation was observed for PGD followed by MDH and LAP. Shannon-Weaver diversity values for
dilTerent enzymes and different species are presented (Table 1), Fig. 1 shows the PGI pattern of
C. tetragonoloba, C. senegalensis and C. serrata. Ovenall, C. tetragonoloba exhibited maximum
diversity followed by C. senegalensis.

TABLE 1: Shannon-Weaver diversity values using isozyme phenotypic frequencies in C.iefragonoloba, C_senegalensisand

C.serrata.
Species/Enzyme PGD PGl LAP PGM MDH OVERALL
C. tetragonaloba 0.6 D3 0.6 0.0 04 1.04
C. selegalensis 0s 03 03 03 0.5 0.69
C. serrata 03 03 03 0.0 0s 0.44

Fig. 2 shows the rDNA patiern of the 3 species after digestion with 5 restriction enzymes and
hybndization with soybean rDNA probe. Table 2 summarizes the restriction fragment patterns of
C. retragonoloba, C. senegalensis and C. serrata. Of the 3 species, C. senegalensis exhibited
variation for 2 of the 5 enzymes whereas in C. tetragonoloba and C. serrata, vanation was observed
only for one of the 5 enzymes.

Isozyme data suggests that C. tetragonoloba is the most vaniable followed by C. senegalensis.
Results from rDNA data show that C. semegalensis is the most variable species of the 3. Ovenll,
our preliminary results show that the 3 species are not related to each other. A comprehensive study
using more number of probes as well as a new marker such as random amplified polymorphic DNA
(RAPD), is under way 1o understand the cvolutionary relationships between the 3 species of
Cyamopsis,
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Figs. 1 & 2 1.Starch gel clectrophoretic banding paticrnss of PGlinCyamopsis. Lane A-D represent accessions of

C. tetragonoloba, lanes E and G - C. serrata and lanes F and H represent C, senegalensis. 2 rDNA restriction
fragment length polymorphism in three species of Cyamposis after hybridization with soybean rDNA probe. TET
denotes C. tetragonolobe, SER-C serrata, and SEN- C_senegalensnis. Lane | for each species represents Bam HI,
Lane 2 - Eco RI, Lane 3 - Eco RV, Lane 4 - Hind [1l and Lane 5 - Dra L.

TABLE2 : Restriction fragment data for tDNA in C.fetragonoloba, C sencgalensis and C.serrata.

Restriction enzyme C.letragonoloba C.serrata C senegalensis
Bam HIl L0kb 22kb 24kb
58kb 3

53 kb
EcoRI 21kb 65 kb 43kb

6.5 kb
Eco RV 33 kb 75kb 6.5 kb

38 kb

Hind 111 58 kb 6.5 kb 6.5 kb
Dra | 19 kb 1.5 kb 15 kb




64 Joumal of Cytology & Genetics Volume 31 (1) 1996

ACKNOWLEDGEMENTS

This project is being funded by Natra) Sciences and Engincering Research Council of Canada operating grant to CCC
and a sabbatical fellowship 1o SCH. The authors wish 1o thank Ms. Zamila Raja for help with the siarch gel electrophoresis

REFERENCES

BOWMAN K O, HUTCHINSON K. ODUM E P & SHENTON L R 1971 Comments on the distribution of indices of diversity
Stat Ecol 3 315-366

KNAAK €, HAMBY R K. ARNOLD M L. LEBLANC M D, CHAPMAN R L& ZIMMER E A 1990 Ribosomal DNA variation

and its use in plant biosysiematics [n kawano S (ed) Biologrcal approches and evolutionary trends in plants Academic
Press London pp 135-157

LIUZ & FURNIER G R 1993 Comparison of allozyme RFLP and RAPD markers for ling genetic variation within and
hetween trerabling aspen and bigtoothaspen Theor Appl Gener 87 97105

RAMAMOORTHY 1, CHONG D K & CHINNAPPA C C 1994 Comparative assessmen! of genetic diversity in wild and
cultivated barley using ribasomal DNA spacer length variants [sraclJ Bor 42115-123

REED K C & MANN D A 1985 Rapid iransler of DNA {rom agarose gels 1o nylon membranes NuclacAcids Res 137207-7221

ROGERS S O & BENDICH A J 1987 Ribosomal RNA genes in plants: vaniability in copy number and in the intergenic spacer
PiMol Blel 9 508-520

SOLTIS D E, HAUFLER C H, DARROW D C & GASTENY G J 1983 Starch gol electrophoresis of ferns: a compilation of
grinding bulfers gel and electrode bullers and staining schedulesAm FernJ 736-27

J. Cywol Giener 31 (1) : 6571 (1996)

CHROMOSOME NUMBERS OF SOUTH INDIAN CUCURBITACEAE AND
A NOTE ON THE CYTOLOGICAL EVOLUTION IN THE FAMILY

S SUHARA BEEVY AND PHILOMENA KURIACHAN
Department of Botany, University of Kerala, Kariavattom., Trivandrum 695 581

(Received 2 January 1996, accepted | March 1996)
SUMMARY

Chromosome mumbers of 41 taxa belonging to 33 species in 19 genera of
Cucurbitaceae are determined. The chromosome counts of Trichosanthes
anaimalaiensis (n=11, 2n=22), T.nervifolia (n=11), Gymnopetalum wightii (n=12)
and Momordica denudata (n=14) are ceported for the first time. The family is found
1o have several basic numbers such as, x=7,8,9,11,12,13,14,15,16 and 20 of which
x=12 is the most frequent number. It is suggested that x=14 is the original basic
number of the family, derived from x=7 through tetraploidy. Other basic numbers,
x=13, 12 and 11 are evolved from x=14 by ancuploid reduction and x=15 and 16 by
ancuploid increase. Basic number x=7 in  Cucumis sativus is the ouicome of
reversion 1o the diploid level. Highest basic number x=20 is suggested as secondary
polyploid. Among the cytologically known members 26% are polyploids, of which
75% are tetraploids. Infraspecific polyploidy has been encountered in Trichosanthes
bracteata and Solena amplexicaulis. A positive correlation berween polyploidy and
vegetative reproduction is suggested. Incidence of ancuploidy is met in species of
Cucumis, Momordica and Mukia. In Sechium infraspecific ancuploidy is indicated.

Key Words : Cucurbitaceae, cytology. basic number
INTRODUCTION

The family Cucurbitaceac is a moderately lange family with 108 genera and 825 species
(Jeffrey 1980, 1990). In South India, Cucurbitaceac is represented by 52 species under 24 genera

- (Chakravarthy 1982). Considerable amount of investigation has already been done on the chromo-

somal analysis and inter-relationships between various taxa of the family. But there are differences
of opinion regarding the origin of basic numbers and their evolution. The total chromosome num-
ber reports available accounts for 141 species in 41 genera. This includes the chromosome defermi-
nation in species belonging to 20 genera from South India. The present paper reports the cywlogy
of 33 species belonging to 19 genera from South India of which four are new chromosome counts.
The aim of the study is to review and analyse the chromosomal information in order to have an
insight into the evolutionary processes operative during the cylological evolution of the family.

MATERIALS AND METHODS

Materials for the pr study were collected from different localities of Kerala and Tamil Nadu. lo the case of a (ew
cullivated species seed materials procured [rom a seed firm, Pocha seeds, Poona were also utilized. The matenals for cytological
studies were fixed in 3:1 cthanol-acetic acid mixture. Two per cenl acelocarmine was used for both smear and squash preparations.
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OBSERVATIONS ] Table | | (Concluded)
Chromosome counts of 41 taxa belonging to 33 species under 19 genera carried out in this Luffa acutangula var. acutangala Trivandrum 13
u.l-_u are listed in Table 1. i L. acutangula var. amara (Roxb.) CB.CL Nelliampathy 3
i - : — L. eylindrica vac. minor Chakravarty Coimbatore 13
L Penincasa hispida (Thunb.) Cogn. Pocha seeds, Poona 12 x
Momondica charantia L. Trivandrum n 2
M. divica Roxb. ex willd Adimali 14 E
M. cymbaalaria Hook.f. Tirunelveli 1 s
*M. denudata(Thwaites) C.B.CL Sherthalai 14 3 (Fig5)
Cucumis pubescens Willd. Tirunelvell 12 .
C.tngonus Roxb Tirunelveli 12 &
C. melo var. melo Pocha seeds, Poona 12 24
C. melo var. agresiis Naud. Pocha seeds, Poona 12 F
C. sativus L. Pocha seeds, Poona 7 14
C. sativis var. hardwickii (Royle) Alef. Poamudi Hills 7 14
C. prophetarum 1. Sholayar . 24
Citrullus colocynthis (L) Schrad. Ambasamudram 11 -
C. lanatus (Thunb.) Mats & Nakai Pocha seeds, Poona n -
Praccitrullus fistulosus (Stocks.) Pangalo Pocha seeds, Poona 12 24
Coccinia grandis (L.) Voigt Trivandrum 12 ~
Cucurbita maxima Duch. ex lam. Trivandrum 20
Diplocyclos palmatus (L) CJeffrey Trivandrum 12
Mukia maderaspatana (L) MJ Roem Trivandrum 12
Zehnana maysorensis
Var. 1 Peechi forest area 24 48
Var. 2 Bracmore 24
Solena amplexicaulis (Lam.) Gandhi
Cytotype 1 Trivandrum 12 24
Figs.1-5: | Trichasanth folia, PMC showing 11 bivalents at metaphase | ( x 1500). 2.7. laiensis, PMC showing aowohuﬂnwx?ahjwna-@ Vadakkankulam w“ 26
| MY, T amsivaloiomts, s & (20=22) (x 1500). 4. Gymnopetalum Corallocarpus epigacus (Roettl) C B.C1. Caimbatore 1326
Mﬂr—.wav showing 12 bivalents a1 diakinesis ( x 1000). 5.M. denudata, PMC showing 14 bivalents al metaphasc n%-!ﬂsm (Burm.£) C.B.C1. Palayamkottai 12
Sechium edule (Jacq)SW.
: 4 Cytotype 1 Upper Kodayar 13 -
TABLE 1 : Chromosome numbers of different taxa of the Cucurbitaccac. _ 1 Cytotype2 Ponmudi Hills N 28
Species Locality Chromosome number 4 * New chromosome counts
n 2n
Tnchosanthes anguina 1. Trivandrum 11 22
= 2oy i h 2 DISCUSSION
*T. nervifolia L. Upper Kodayar 1 . (Fig1) The available data on chromosome numbers in the family reveal the presence of basic num-
WEE Upper Kodayar 1 2 bers x-7,8,9,11,12,13,14,15,16 and 20 (Darlington and Wylie 1955, Ayyangar 1967, Federov 1969,
rill_l._l.rlnll . Moore 1970, Goldblatt 1981, 1984, 1985, 1988, Virendra Kumar and Subramanian 1986). It is
O.I-IH wzl._il M 2 _ found that most of the genera are monobasic, while Cucumis (x=7,12), Ibervillea, Mukia and
4«. ll!-ral..:... Bedd. m.__l._..i i i pe ) Gymnopetalum (x=11,12), 96.?:&.@6 (x=8,11), teq.el..n- (x=11,14) and Corallocarpus
it mighti A Nelliampathy 2 i ﬁn_rnneu.u (x=12,13) are dibasic. An analysis of the frequency of various basic numbers among the genera and
Lagenaria siceraria (Mol) Stand. Tivandram 1 ] species of the family reveals that x=12 is the most prevalent basic number in the family, occurring
(Table 1 Conid,) in 41% of the species followed by x=11 which occurs in 22.7%. Otber basic numbers occur ina low
-
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percentage of the genera, The lowest basic number x=7 is found only in one genus Cucumis along
with x=12 and the highest number x=20 is found in specics of Cucurbita.

Various suggestions have been made with regard 1o the origin and evolution of basic num-
bers of the family. Thakur et al. (1969) and Thakur & Sinba (1973) suggested an:. as the most
primitive basic number whereas Varghese (1973) considered x=5 as the ancestral basic number of
the family. However, Trivedi & Roy (1970), Singh & Roy (1974), Sen (1976), Sen & Datta (1978)
and Yadava, Singh & Arya (1984) opined x=12 as the primilive basic number from which the other
basic numbers have evolved, According to Roy ctal. (1983) and Sinba ¢1 al. (1983) x=11 and 12 are
the most widely represented numbers from which the other numbers have evolved. Stebbins (1967)
and Ehrendorfer et al, (1968) have ucm..n..z...n_ that x=7 is the original basic number of the
angiosperms.  Affer reviewing the chromosome numbers in Cucurbitaceae, Raven (1975) indicated
x=14 or x=13 might be the original basic chiromosome number of the family and that these numbers
in turn have originated from x=7, the basc number of the order Violales by tetraploidy and ancup-
loidy preceeding the onigin of the family. The occurrence of x=14 in three genera viz., Dimorphochla-
mys, Apodanthera, Sechiwm and x=14 and 11 in Momordica and the presence of other combina-
tions of ancuploid basic numbers such as x=13 and 12 and x=12 and 11 in at least four other genera
of the family indicate that, basic numbers x=13, 12 and 11 scen in 71.2% species are derived from
the original basic number x=14 by sicpwise dysploid reduction.

There are conflicting views regarding the origin of basic numbers x=7 and 12 in the genus
Cucumis. Whitakar (1933), Bhaduri & Bose (1948) and Ayyangar (1967) have suggested that x=12
in Cucumis has derived from x=7 by [mgmentation whereas Trivedi & Roy (1970), Singh & Roy
(1974) and Sen & Datta (1978) considered that the basic number x=7 has evolved from x=12 by
fusion of chromosomes. Ramachandran & Sheshadri (1986) refused both interpretations. In their
opinion the two subgener are not closely related phylogenctically because of differences in number,
size, onganization and behaviour of chromosomes and geographical distribution. The diversity in
origin of subgenus Cucumis (x=7) in India and the subgenus Melo (x=12) in Africa (de Candolle
1882, Purseglove 1968, Jeffrey 1980, Zeven & de Wet 1982) points to the possibility of their
different evolutionary pasts. It is thercfore likely that subgenus Cucumis, endemic to the Indian
subcontinent has reverted to the diploid level from the original polyploid base number x=14. The
subgenus Melo with x=12 has evolved from x=14 by ancuploid reduction. The reversibility of
tetraploids to diploid cytological condition is an established phenomenon in nature (Omduff 1960,
Raven & Thompson 1964, de Wer 1971). It is through the derivation of functional diploids from
polyploids as a result of parthenogenetic development of unfertilized gametes. De Wet (1971) and
Harlan & De Wet (1975) after reexamining the possible evolutionary implication in the light of a
few described cases of polyhaploidy established the evolutionary potential of such taxa formed by
reversion of tetraploidy.

The occurrence of gametic numbers n=8 and n=11 in M. cymbalaria besides the gametic
numbers n=14 and n=11 in other species of Momordica strongly suggests that x=9 and 8 are part of
Ihe ancuploid reduction series from x=14. The origin of low basic numbers through stepwise reduc-
tion from high chromosome numbers is a common feature in polyphids (Jones 1970), The basic
numbers x=15 and x=16 reported in Zanonia and Gomphogyne respectively might be the result of

Suhara Beevy & Philomena Kuriachan: Cytology of Cucurbitacese L

ancuploid increase from x=14. Morcover Zanonia is a genus of only two species and Gomplogyne
is monotypic. This indicates that they are not the starting point of any fervent speciation. This
would suggest an ancuploid rather than hybrid origin of the basic numbers x=15 and x=16. The
highest base number x=20 observed in Cicurbita is in all probability a secondary polyploid derived
from the ancuploid basic number x=10,

Of the cytologically known geneea only 26% are polyploids. Moreover majority of polyp-
loids are tetraploids. Polyploids based on the lowest haploid numbers above the tetraploid level are
met with only in the genera Trichosanthes and Cucnmis, the highest chromosome number reported
in the Cucurbitaceae being 2n=72 (hexaploid) in Cucumis figarei (Dane and Tsuchiyn 1979). The
twa cylotypes in Trichosanthes bracteta (n=11 and n=22) and Solena amplexiculis (n=12 and 24)

obscrved during the present study give evidence to the evolution of infraspecific polyploidy in the
family.

Members of the Cucurbitaceae are annual or perennial climbers. In Trichosanthes where
most of the species are annuals, those species exhibited polyploid nature have thick tuberous roots
for vegetative propagation. The polyploid taxa of Zelineria studied presently also showed tuberous
perennial habit. Dane & Tsuchiya (1979) in their study found that all polyploid species of Cucumis
arc perennials. The data on the incidence of polyploidy among annuals and perennials strongly
suggest that there is a fair degree of correlation between polyploidy and vegetative reproduction

also.

\ Since uu._a. is suggested as the original basic number of the family, the basic number x=12
seen in the majority of the genera in the fanuly can be considered as an ancuploid derivative of

un“M. Itis likely that the other numbers are also products of ancuploid changes cither [rom x=14 or
x=12.

EFWn:an aneuploidy has been observed in a few genera such as Cucumis (n=7 and 12)
Momordica (n=8, 11 and 14) Sechium (x=12, 13 and 14) and Mukia (n=11 and 12). The occurrence
of :...m baploid number n=7 along with n=12 in the genus Cucimis supports the fact that n=7 has its
wn_s.:o:uw:. to n=12 through polyploidy and ancuploid decrease. Reports on species of Momordica
:.a_nu_n the occurrence of the gametic numbers n=14, 11 and 8. It is likely that n=14 is the original
situation in the genus and from which n=11 and n=8 have originated through ancuploid reduction
The existence of haploid numbers 11 and 12 in Melothria maderaspatana indicales aneuploid ._iu.-“

tion in chromosome number within the species. It is possible that the chromosome numbers n=12,
13 and 14 in Sechium edule are ancuploid derivatives of n=14,
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CYTOMIXIS IN PLUMERIA RUBRA
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SUMMARY

The process of cytomixis occurs spontaneously in Plumeria rubra Linn. from
very early stage of meiosis. Cytoplasmic connection between adjacent pollen mother
cells with or without migrating chromatin material was noticed during meiosis. A
correlation between temperature and cytomixis has been observed. It is suggested
that the physiological change due to higher temperature brings about cytomixis and
related abnormalities in Plumeria rubra.

Key Words : Pl rubra, cy ixis, temp
INTRODUCTION

The phenomenon of cytomixis was defined by Gates (1911) as the passage of chromatin
materials from one pollen mother cell to the adjacent one through cyloplasmic connections. Since
then, a number of investigators have reported this phenomenon both in mitotic (Sarvalla 1958,
Bowes 1973) and meiotic cells of different plant species. (Lakshmi & Raghavaiah 1981, Datta
1982, Bahl & Tyagi 1988, Lakshmi et al. 1989, Koul 1990, Soman & Bhavanandan 1993) Gortschalk
(1970) pointed out its occurrence limited to genetically unbalanced types such as haploids, triploids
and other genetically disturbed plants. Certain other investigators reported that this process could

be induced by the use of mutagen, clastogen and carcinogen (Morisset 1978, Sasikumar & Susan
Abrabam 1993).

While studying the cytology of Apocynaceae from South India, extrusion of chromatin mate-
rial from one PMC to the adjacent PMC was observed in Plumeria rubra collected from different

localities at Trivandrum. The present paper embodies the results on cylomixis observed at different
temperatures in P. rubra.

MATERIALS AND METHODS

For meiotic studies, the young buds collected from different localities at Trivand dunng diffe eas0ns (monsoon
season with maxi day temp by wﬂa.igaiiﬂuii{'lu-
.ouw.d-luegﬂg!ﬁ!mislkmiﬁuu!lqngw%ﬂwtl-nl.lng.-gn#—gqin!t"
chloroform : ethyl alcohol) and squashed in 2% acetocarmine.

OBSERVATIONS

Meiosis was regular in 75-80% of the PMCs with n=18 during post-monsoon season (Fig.1)
with a little amount of abnormalities like cytomixis, univalents, laggards etc. As the lemperature
increases a gradual reduction in the bivalent formation and increase in the frequency of the above
mentioned abnormalities were observed in the PMCs (Table 1). Chromosome clumping, sticky
bridges and lagging chromosomes were more frequent during summer season (Figs.2-4). The
incidence of cytomixis and other irregularities were at maximum (27%) in summer. The meiocytes
were found to contain chromatin bodies in the cytoplasm in leptotene and diakinesis.
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5. Cytoplasmic connections between PMCs. 6&7

Figs.1-7: Cytology of Plumeria rubra 1. PMC showing n=18. 2. PMC showing clumping of ch 3. PMC showing
sticky bridges at anaphase [ 4. PMC sh g lagging ch
g the of condeased chromat

ial from one PMC to the other PMC. (All Figs x 1500)

PMCs sh

Santhosh & Omanakumari Cytomixin in Plemeria ]

During cytomixis, the PMCs were connected either by direct eyloplasmic connections or by
cytoplasmic bridges (Figs.5,6). In both cases, the chromatin materials in 8 condensed stage moved
from ane PMC to. the other (Fig.7). The PMCs involved in cylomixis were in a uniseriate row, and

the flow of the chromatin material was always in s unidirectional manner. All these mejotic irregu-
lnrities led to high pollen sterility (56%).

TABLE 1 : Cytomixis and other mefotic irregularities (%) a1 difTerent seasons

Max. aimos Total Cywo. Otber Sterile Cywo- Other Swrility
pheric lemp PMCs mixis irtegu- pollen mxis irregy-

erature analysed lngties lanities

27-31%C 110 3 B 41 20 73 37
(Monsoon)

31 -33°C 120 4 1 52 33 92 4
(Normal tem

Post monsoon)

Above 33°C 150 40 38 24 27 25 56
(Summer)

DISCUSSION

The materials from different populations of Plumeria rubra in the present study showed
normal meiosis al normal temperature. As the atmospheric temperature increases a corresponding
increase in the frequency of cytomixis is also noticed. The relationship between cytomixis and
fluctuating atmospheric temperature has been reporied carlier in different plant species like Urochloa
panicoides (Basavaiah & Murthy 1987), Jasminum (Geomge & Geethamma 1983), Capsicum anuum
(Lakshmi et al. 1989) and Helicanthus elastica (Soman & Bhavanandan 1993).

Cytomixis is usually presumed to be the result of unknown physiological disturbances, which
may themselves be associated with other meiotic irregularities or with hybridization (Bell 1964).
However, based on the occurrence of cytomixis in meiotically normal plants of Cluoria ternatea,
Banerjee et al. (1988) suggested that meiotic irregularities may not be the sole criteria of cytomixis.

There exist differences of opinion among cytologists regarding the ongin and significance of
cytomixis. Woodworth (1931) and Sarvella (1958) explained cytomixis as due to mechanical in-
jury. Several other reasons arc also there like faulty fixation and bandling (Linnert 1955, Kamara
1960) and nutritional deficiency (Milajajev 1967). Some others have the opinion that cytomixis is
due to pathological phenomenon (Maheshwari 1950, Morisset 1978) or genetic mechanism (Brown
& Bentke 1974, Omara 1976). Koul (1990) suggested that some changes in the biochemical process
are responsible for cytomixis. Soman & Bhavanandan (1993) suggested that cytomixis occurs as a
natural phenomenon. They further suggested that some bio-chemical changes might have initiated
at high atmospheric temperature which ultimately culminate in a deviation in the physiological
process.

Contradicting views were put forward by different authors regarding the role of cytomixis in
cvolution. Sarvella (1958) suggested that ancuploid plant could be originated by cytomixis. Soman
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& Bhavanandan (1993) suggested that cytomixis may result in hyperploid plants. It may be noted
\hat all the species of Plumeria so far reported are diploids with 2n=36 on the basic chromosome
number x=18. However, there is every possibility of the origin of ancuploids due 1o cylomixis.
Repeated observations in 2 successive years by the present authors led to suggest that transmigra-
tion of chromatin could be attributed to some physiological changes in P, rubra to initiate cytomixis,
and the frequency is enhanced by increased atmospheric temperature.
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CHLOROPHYLL MUTANTS OF ONTOGENETICALLY DIFFERENT

TILLERS IN RICE

[VV SEETHARAM] REDDI, J. RAMESH AND D.V. RAMESH
Department of Botany, Andhe University, Waltair 530 003

(Received 16 January, 1906, sccepted 4 March 1996)
SUMMARY

The mutagenicity of sodium azide in ontogenctically different tillers of rice
with reference to the effect of concentration and presoaking time in inducing chloro-
phyll mutations was studied. Dry seeds of 2 rice cultivars, Heera and Ravi were pre-
soaked in distilled waler for 0, 8, 16, 24 and 32 b and treated with 0.1, 0.3 and 0.6%
concentrations of azide solutions, The tillers of M, plants were marked as they devel-
oped. In both the cultivars 32 b period induced high frequency of mutants. Second-
ary tillers in Heera and primary tillers in Ravi produced maximum number of chioro-
phyll mutants. In both, xantha mutants dominated the spectrum.

Key Words - Sod azide, p ling period,

genetically different rillers.
INTRODUCTION

In rice, every auxiliary bud is a potential tiller. Primary or first-order tillers appear in acro-
petal succession on the main culm and give rise, in due course, fo secondary or second-order tillers,
the latter in turn produce third-order tillers and so on. Earliness and duration of tillering vary with
variety. Tillering capacity determines ear number which is a yield component. Environmental
factors profoundly influence the propertion of total tiller number that ultimately produces cars.
Chlorophyll mutations are used to evaluale the genetic effects of various mutagens and are widely
uscd as genetic markers since they can often be identified in the seedling stage. Experiments with
irradiated rice seeds have shown the highest rate of mutations in the main tiller (Osone 1963).
Reddy & Reddy (1971) reported in dES treated rice, maximum frequency of chlorophyll mutations
in (he secondary tillers compared to other tiller types. In the light of these reports, the present study
evaluates the mutagenic effect of sodium azide in ontogenetically different tillers of rice based on
the frequency of chlorophyll mutants in M, generation with an emphasis on presoaking period.

MATERIALS AND METHODS

The cultivars of the present study fii?igai:u.gluznvingiﬂi Seeds of these
2cultivars were presoaked in distilled water for 0, 8, 16, 24 and 32 hand weated with 0.1, 03 and 0.6% concentrated solutions of

azide for 6 h. In M, gencration, in each plant, 4 tiller types viz., the main, primary, secondary and tertiary were marked depending
on their emergence. Selfed M, seed was harvested separately from each tiller and sown as tiller progenies in nursery beds. Chio-
rophyll .rna.B.Bgl_.wSalo.&paaosiaEzu% Mutation frequency and spectrumn were worked out on the
basis of M, pancile progeny and M, seedlings.

OBSERVATIONS

Presoaking the sceds prior to mutagen treatment had differential response in both the culti-
vars in the induction of chlorophyll mutants. On the basis of M, panicle progeny, in Heen, highest
rate of mutated panicles was observed in 32 h period followed by 24 and 8 h, whereas in Ravi, zero
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Fig.1: Effect of dilferent presoaking periods on rice cultivars in producing chlorophyll mutants. A. M, panicles. B. M, scedlings.
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TABLE 1: Frequency and specirum of chlorophyll mulants among dilferent tillers in M, generation.
Tiller HEERA RAVI
Type Albino Vindis Xantha  Albovirids Total Albino Vindis Xantha Alboviridis Totd
Control - - . - -
Main 1.07 3.28 342 0.45 8.2 453 6.15 07 11.39
(13.02) (39.90) (41.61) (5.47) (100.00) (39.77) (54.00) (6.23) { 100.001)
Primary 0.38 z.21 s 7.70 3.55 12.57 L9 17.31
(4.94) (28.70) (66.36) 100,00 (20.50) (T2.62) (6.88) ( 100.00)
Secondary 1.40 136 432 9.08 0.56 444 1139 16.39
(1542) (37.00) (47.58) (10000 (341) (2709) (69.50) (100.00)
Tertary 0.65 376 278 1.76 5.95 123 416 11.01 5.00 2.4
(7.26) (4201) (3L.06) (1967) { 100,00y (9.96) (18.537) (4915) (2231 { 10000y
Figures in pa indicate percentage of individual i total mutant popalation

1]
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hour period was followed by 32 and 16 h (Fig. 1A). High [requency of n=_o.3_._.<__ mutanis was
observed in secondary and primary tillers in Heera and Ravi respectively (Fig. ,~.£. In both the
cultivars, highest concentration of azide (0.6%) induced high mulation frequencies (Fig. 3A).

Mutation frequency expressed on the basis of M, seedling population is more reliable and
has been used 1o test the effectivencss of particular mutagen. Among M, seedlings, 8 and 32 h
periods in Heera and 32 and 16 h periods in Ravi produced high frequency of mutants (Fig. 1B).
Lowest mutation frequency was observed in zero and 24 h in Heera and Ravi respectively.

Secondary tillers in Heera and primary tillers in Ravi produced highest frequency of mutated
seedlings. In both the cultivars, lowest frequency was recorded in main tiller (Fig. 2B). Mutation
frequency progressively increased with increase in concentration of the mutagen in both the culti-
vars (Fig. 3B).

Xantha mutants dominated the frequency of mutants in main tiller and declined gradually in
other tillers in Heera (Table 1). In Ravi, higher frequency of xantha mutants were observed in
primary tillers and their frequency is very Jlow in main tillers. Vindis mutants increased gradually
from main to tertiary tillers in Herra. In Ravi, main tillers showed maximum frequency of viridis
over the lertiary, secondary and primary tillers. Albinos were at their maximum in main and tertiary
tillers in Heera and Ravi respectively. In both, maximum frequency of alboviridis was observed in
fertiary tillers. The spectrum of mutants induced include xantha, viridis, albino and complex phe-
notype alboviridis. In Heera, xantha mutants dominated the spectrum followed by viridis, albino
and alboviridis and in Ravi the order is xantha, viridis, albovirdis and albino.

DISCUSSION

Hydration of seeds through presoaking in water was known to facilitate rapid mutagen infu-
sion as well as to increase the sensitivity manifold. According to Gopal-Ayengar et al. (1969) the
first onsct of DNA synthesis in rice seeds was found to be initiated between 24 and 32 h after
hydration. Mutagenic treatments given to presoaked seeds at highly metabolic stages of G, S and
G, results in increased sensitivity, high mutation frequency and spectrum. In both the cultivars, 32
h presoaking period was found 1o be most effective in producing the chlorophyll mutants. Differ-
cnces due 1o azide treatments 1o the sceds at pre-DNA synthesis stages (i.c., 8 and 16 h periods)
might be due to the physiological condition of the treated plant at the time of mutagen treatment.
Sarma el al,, (1979) reported azide induced maximum mutations in rice seeds presoaked in water
for 4-12 h.

The observed differences in the mutation frequencies of ontogenetically different tillers might
be due to vaniation in the degree of differentiation of various shoot meristems (Reddy & Reddy
1971). The higher mutation frequency observed in secondary tillers in Heera might be due to more
severe diplontic selection in the meristems of main and primary tillers after mutagenic treatment.
Similar type of diplontic selection was observed in the main tillers of Ravi. The frequency and
spectrum of chlorophyll mutants were higher in Ravi than in Heera. This differential sensitivity of
the cultivars in producing chlorophyll mutants suggests an influence of genome on the effect of the
mutagen. Such variation in the cholorphyll mutation frequencies among rice cultivars was reported
carlicr by Reddi & Rao (1988) and Reddi & Suneetha (1992). Konzak et al. (1965) attributed the

Reddietal, : Chlorophyl mutamts in rice &
diversity of the chlorophyll mutatjo
these observations it may be conclu
the genetic effects of the mutagens
cally older panicles but also colle
maximize the mutation frequency

N 10 variations in the intragenic effects of the mutagen. From
ded that in practical mutation breeding, especially in evaluating
like sodium azide, we should not only aim at getting ontogeneti-
l as many panicles from primary and secondary lillers so as to
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NON-MUTAGENICITY OF TWELVE sysTEMIC PESTICIDES IN
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K] GROVER, N ADHI I .
Department of Botgnicas Sciences, Crura _.._n.>.".. ﬂmwﬁnu Amitaar 143 005
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SUMMARY
In the presens investigation, 12 systemi i
X emic pesticides, ly, " y
carbaryl, 2.4-D, derosal, dime . o ko qh”r..“u””l.r_lluh.
following plant and animal
97a and TA100 strains. [t was
howed mulagenicity under any of the

g Ames' Salmonellq assay in TA/
observed that none of 1he 12 pesticides tested s
experimental conditions,

! tha pesticides being mutagenic, coupled with their extensive, wide-
spread and indiscriminate use have subjected them 1o close scruity for genotoxicity (Shirasu et al
1976, Moriva et al. 1983, Grover & Malhi 3 i

India being predominantly an agricultura] country, used more than 100,000 MT of pesticides in the
year 1990 and its use is rising by an approximate rate of 3%. Literature survey revealed that many
of the pesticides either have not been Studied or the study is incomplete. Moreover, when a pesti-
cide, especially systemic one, is sprayed over, the crops undergo transformation and in certain cases

“plant activation”, Wildeman & Nazar (1982)

days old scedlings is supplemented with a chemical 1o be examined for genotoxicity, This protocal
is a rather modification of standard Salmonella/microsomal assay, where a test chemical is supple-
mented with S9 liver homogenate (from rats/mice) which endowed mammalian potentiality to metabo-
lize a chemical in in vitro condition. Wildeman & Nazar (1982) reported that several pesticides,
such as atrazine, simazine, propachlor, heptchlor, captan, .

€Xposure o pesticide, the resultant data are of immense value. This lacuna prompled us to examine
critically the mutagenicity of pesticides, especially systemic ones, employing Ames assay in
Salmonella as modified by Wildeman & Nazar (1982). ’

MATERIALS AND METHODS

The commercial formulations of 12 pesticides procured from Eilrarlﬂul-ﬂin]tl‘s.'
(Table 1). Seven log concentrations (1, 5, 10, 50, 100, 500 and _'gri—eqoﬂr%[i.-!_i
(DMSO), were examined for its mutagenicity using plate incorporation assay (Maron & Ames, 1983) and pre-incubation assay
(Yahagi et al. 1975) employing TAS7a and TA100 sirains of Salmonella typhimurium. The t!rl procedure. 2 given by
Wildeman & Nazar (1982), for testing the elficacy of plant homogenate (S14) was used. Each pesticide is cxamined in the
following conditions : (1) without supplementation lﬂ..w.!fliilmpsfvﬂm_o?vgi
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supplementation of S9 (Rat), (iv) with supplementation of S 14 (maize), and (v) with !.....a.!.....t-i S14 (Brassica). These
are run ly with negative and positiv 1s. The exclusion of pesticide, but the addition ol ¢ ponding
_E..!.l of solvent (DMSO) for all the above d bi ituted negative control. Several kinds of positive
controls were also st up as de tmiled helow.
Mutagen Dependence Strain of
(SO or S14) Salmonella typhimurim
A-nitro-o-phenylenediamine (NPD) S9-independent TA97a
Sodium azide S%-independent TA100
2-aminoNuorene [ 2AI) SO dependent TA9Ta, TAI00
Captan S14dependant TAOTa
Ethylidibromide (FDB) S1d-dependent TAL100

Faor ench experiment. at least three plates with or without $9 or 14, as specified ahove, were run concurrently with the
corresponding positive and negative control. Each experiment was ropeated at least once and the data were pooled. All mutagens
and DMSO were obtained from M/s Sigma Chemical Co .. St. Louis (USA). 9 mix was prepared acconding to standard p d
grven by Maron & Ames (1983) using Wistar rats induced with 0.1% phenobarbitol in drinking water. Five day old scedlings of
maize/lrassica campestris were used 1o have cell-free S14 homogenate employing the protocol of Wildeman & Nazar (1982).

RESULTS AND DISCUSSION

All pesticides were examined directly and with cither mammalian or plant metabolic activa-

tion system. The range of spontancous reversion for TA97a and TA100 was found 1o fall between
110 10 185 and 120 10 200, respectively. It was significant to nole that none of the pesticides
induced any significant increase in his® revertants.  The reversion rate with diagnostic mutagens,
like 4-nitro-o-phenylencdiamine (NPD) and sodium azide, was found 1o be ranging from 937 to
1032 and 2199 10 2473 in TA 97a and TA 100, respectively. 2-aminofleurino (2AF), which is S9-
dependent mutagen, induced his+ auxotrophs varying from 772 to 1005 and 808 to 883 in TA97a
and TA100, respectively. Captan and EDB, which get activaled with S14, was found to induce his*
revertants from 319 1o 374 in TA97a and from 411 10 533 in TA100. In TA97a strain, maximum
his® revertants were found to be 208.0049.78 at a concentration of 5 pug/plate of anthio. The supple-
mentation of S9 or S14(B) or S14(M) did not cnhance his+ revertants. However, the lethality
noticed at a concentration of 1,000 ug/plate was overcome with supplementation of S9 or S14(B) or
S14(M). With benomyl, maximum his+ revertants (209.3327.45) were encountered with S14(B)
supplementation. Both S14s overcame the lethality at a concentration of 1,000ug/plate. Similarly,
the maximum number of his* revertants, i.c. 222.00+5.78, 228.00+10.42, 215.66+3.67, 183.33+9.53,
184.33£2.96, 191.00+2.64 and 214.6623.71, were found with carbaryl, 2,4-D, derosal, dimecron,
ckatin, metasystox and rogor, respectively. The supplementation of 514 or 59 did not enhance
revertants significantly. With rest of the pesticides, at cerlain concentrations, the induced
revertants were less than the spontancous number. It is significant to note that none of the induced
revertant values was more (han the expected 2-fold increase of spontancous revertants of a chemical
depicting mutagenicity. Similarly, it was observed that even in TA100, which is base pair substitu-
tion strain, the his* revertants noticed following pesticide treatment with or without $9/S14 did not
cross 2-fold increase over spontancous value.

Girover ef al. : Non hnlcity of pessicid &

TABLE 1 Trade/Common and chemics) of st
Trade/Common nane(s)

Chemical name (CAS number)
Anthio, Formothion m‘u.:!_lw_i-i =
. Phosphorodithioate (2540.82.1) '

v Methyl-1.

(butyl ami honyl-1H-benzimidazole-2.y1

Carbaryl, Sevin bmaade o .~ yl-carbamate (17804.35.2)
e vl carb (63-25.2)

24D

Derosal, Carbendazim
Dimecron, Phosphamidon

Methyl-H-benzimidazole. 2.yl-carbamate (10605-21.7)
2-chloro-3.(diethyl amino)-1-methyl-3-ono-1-

s propenyldimethyl phosphate (13171-21.6)

Ekatin, Thiometon S-2{ethylthio)e thyl 0, 0-dimethy! phosphorodithioate
(640-15-3) -

ystox, Oxyd S-2ethyl sulfinyljethyl 0,0-dimethy!

phosphorothioate (301-12-2)

Monocrotophos Dimethyl (E)-1 -methyl-3-(methyl amino}-3-ox0-1-
propenyl phosphate (6923-22-4)

Rogor, Dimethoate 0,0-dimethyl S-2{methyl amino)-2-oxoethyl
phosphorodithioate (60-51-5)

Thimet, Phorate 0.0-diethy! S-ethylthiomethyl phosphorodithioate
(298.02-2)

Vitavax, Carboxin 56-dinydro-2-methyl-N-phenyl- 1, 4-oxathiin-3
carboxamide (5234.68.5)

Out of the 7 organophosphates found to be negative in the present study, 5 viz. anthio,
ckatin, monocrotophos rogor and thimet, have been found negative too in the Ames test by different :
workers (Shirasu et al. 1976, Simon 1976, Simon et al. 1978, Genetile & Plewa 1982, Waters e1 _
al.1982, Wildeman & Nazar 1982, Klopman et al. 1985). However, contradictory to the present
results, both metasystox and dimecron were found to be positive in Salmonella with and without S9

and 514 (Wildeman & Nazar 1982, Pandita 1983, Vishwanath & Jamil 1986).

The reports of the non-mutagenicity of three carbamate pesticides, namely benomyl, car-
baryland derosal, are also available in the Ames test following animal and plant activation (Marshall
ct al. 1976, Shirasu et al. 1976, Carere et al. 1978, Wildeman & Nazar 1982, Moriya et al. 1983).

Vitavax and 2, 4-D have also been found to be negative in Salmonella strains after mammalian |
activation (Moriya et al. 1983, Klopman et al. 1985). ,

The relatively small effect observed with S14s, in the present investigation, is in conformity
with the observations of Wildeman & Nazar (1982), who concluded that since the cell-free extracts
used are very crude, they may also show an increased activity after appropriate optimization of both
the preparative and assay conditions. Another possible rcason of the failure of the pesticides to
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HERITABLE COMPONENTS OF QUANTITATIVE CHARACTERS IN
FRENCH MARIGOLD*

TIANAKIRAM, TM.
T Inndins of Horga Jﬁb.uu‘%_saungg

*ghatta Lake Post, Bangalore 560 (89
(Received 18 November 1995, revised accepied 4 March 1996)

SUMMARY

. » number of flowers per plant and
total yield per plant. Number of main branches

y per plant, average weight of flower
and yicld per plant had a high genotypic coefficient of variation.

Key Words : Variabiliry, heritability, genetic advance, genotypic coe(ficient.
INTRODUCTION

French marigolds (Tagetes patula) are amongst the most popular flowers and are ideal for
garden display and loose flower purpose. High variability for both quantitative and qualitative
characters arc available in this crop (Fig.1). The extent of variability in metric trait is the basic
requirement in formulating a successful breeding programme of any crop. Therefore, the present
experiment was conducted to generate information on above aspects.

MATERIAL AND METHODS

Twelve varicties were grown at spacing of 30 cm bet rows and b plantsTn randomized block design with 3

plications at IHR, Bangalore during 1991.92. The cultural operations were uniform for i th varities. Five plants per variry
in cach replication were selected at random and observations were recorded on 9 quantitative traits, viz. days 1o flawer, plaat
height (cm), plant spread (cm), number of main branches per plant, number of lateral branches per plant, flower size (cm),flower
weight (g), number of flowers per plant, total yield per plant (g). The data were subjected 10 statistical analysis. The analysis of
vaniance, coefficient of variation (c.v.) were esti d ding 10 the meth .l?-lhmg:emqur-li-l
genotypic coellicients of variation were calculated acconding to the formula of Burton (1952). Heritability in broad sense, genetic
&gnnﬁ_wane_hnﬂnag!ﬂa!oi&en.ﬂé&_sghU~<-In:ou3l._‘llo:r:o§

RESULTS AND DISCUSSION

Range, mean, coefficient of variation, phenotypic and genotypic coefficients of variation,
heritability and genetic advance for various characters are presented in Tables 1 and 2. The varietal
differences in respect of all the characters were highly significant. Variation was high for number
of main branches per plant, number of lateral branches per plant and number of flowers per plant as
shown by mnge and coefficient of variation. The genotypic coefficient of variation was highest for
number of lateral branches per plant followed by number of flowers per plant -1_ total yield per
plant. Though genotypic coefficient of variation helps to measure the genetic variability present in

* IIHR contribution No.20/1994,



Fig, i Floral variability in mangold

ition the heritable components of variation with this alone
2) has suggested that a genotypic coefficient of variation
give the best picture of the amount of advance to be
expected from selection. The heritable portion of the variation thus, worked out with the help of the

beritability estimates. High heritsble values were observed for plant height, number of lateral
branches per plant, flower size, flower weight, number of flowers per plant and total yield per plant,

whereas the heritability values were medium for days to flower, plant spread and number of main

branches per plant. Heritability along with the genetic gain is more useful in expecting the result-

ant effect for selecting the best individuals Johnson et al. (1955). In the present study, number of
lateral branches per plant, number of flowers per plant and total yield per plant showed high genetic
advance as percentage of mean. According to Panse (1957), inheritance governed by nonadditive
gene action results into a low genetic gain, while that determined by additive gene action gives 3
high genetic gain. Therefore, selection for number of lateral branches per plant, number of flowers
per plant would be very effective as these characters have both high heritability values and genetic
m&:.-.& are controlled by additive genes. In the present investigation, high heritability along with
E&EE genetic gain was observed for flower weight, so selection for this trait would also be effec-
tive. High beritability and low genetic advance were found for days to flower, plant height, plant

different traits, it is not possible to part
(Swarup & Chaugale 1962). Burton (195
together with the heritability estimates would

Tanakir:
am et al.: Heritable variability in marigold
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TA L] ve actens in French ma
anance for differen: F h ngold
Juantitative ch
¢ characters in Fr
el

\M Range
Me \
= o an CVi(% F" value CD.ui%
Pla - e 47.00 944
r . : o
16.06 31.90 13,37 o
Plant sprea 4 e ;
f 19.52 - ¢ : i =
: v.32 37.06 16.35 1 % i
hes per plamt 6.60 11.72 - it o
. : i .37
No. of Isteral bras rpla -
{ Iatera nches per plant 13,88 112.97 o 19.99 1,78 283
_ o ) 3 15.22 19.0
= | 15.17
< - 141
Y o s 3.61 7
B i i = 45 2591 0.28
- 1.48 8.5
No. of Nowers per plant 7 e -
per p 0.13 249.00 120.23 g Du“
Total yiel ) 7 s i
ytal yield per plant (g) 117.46 304.24 174.63 o =
13.29
2 20.04 3931

TABLE 2 : Variance, coelficient of variation heritability and
: y and gene

gt tic advance lor different quantiaative charagters in French
Character
Varianc C
= c oefTicient of variation Herimbility Genetic adv
enot ; L
ypic Genotypic  Phenotypic Genotypic (% %
) as % mean
Days 1o flowe
r 61.16 4143 16.63 13.68
Plantheight (cm) 25.82 18.75 21.74 ‘ = -
Plantspread (cm) ; = e J.
30.14 16.97 20.83 15.63 =
No. of main branches per plant 5.36 2.56 27.67 a S
No. of lateral branches per plant 562.48 482.14 ai e - e
, 40.28 372
Flower size (cm) 0.26 0.23 1427 3 2 s i
Flower weight ( a e A
) ght () 0.14 0.113 25.80 2434 8 A
o. of flowers per plant 2285.62 1894.42 39.76 wo; o #5
: ‘ 2 T 20
Total yield per plant (g) 3951.23 3421.93 36.04 e =%
f 33.49 86.38 7
. 76.39

spread, number of main branches per plant and flower size

heritability along with low i S

Zen B ited a P Wﬂ . c,
elic gain ﬂﬂ-‘g /¢ _ﬂﬂOH:u‘_—nn OHDOB&Q_ECH ne -ﬂﬂ,O—- :ﬂ_sﬂ
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SUMMARY

Six of the primary trisom; ia axillari

the progenies of an -:.N:!oh.”&!&o_. .vnﬂnﬂhuumﬂ m““.ﬂn.v u-ﬂ.m.”u”!g .
.._a from diploid control line. Morphological distinction was clear M-qr L”n_..
ling stage in terms of plant stature in general and leaf shape in _-.En-..__“-).”ﬂ-l!!
i.... J.n_o to determine protein differences of the leaf extracts of =u 6 pri
trisomic and the disomic control lipes by polyacrylamide slab gel n_on.aiﬂo“““
>_==Em,= the trisomic lines closely resembled each other with respect to the -a.vﬂ.
of protein bonds, differentiation mong the different lines was possible based on the
differential staining patterns of the particular bands.

Key Words: Primary trisomics, Petunia, tlectrophoresis.
INTRODUCTION

The uscfulness of trisomic series in cytogenetics and breeding researches of diploid species
is ﬂn:-r:o.;:.. and has been adequately discussed by Burnham Caa...unv. Hermsen Qau.%u and Khush
(1973). Trisomic phenotype is genenally characterised by altered cellular processes and develop-
mental patierns because of genic imbalance.,

Addition of an extra chromosome may induce protein variations which can be revealed by
clectrophoresis and such electrophoretic patterns could be used as genetic markers for identification
of trisomics. Electrophoretic techniques have been used 1o characterize trisomics in crop plants
such as, barley (McDaniel & Ramage 1970), Datura (Carlson 1972, Smith & Conklin 1975),
Sorghum (Suh et al. 1977) and pearl millet (Sidhu et al, 1984). In the present study, an attempt is
made to distinguish 6 of the primary trisomics of Perumia axillaris (Lam.) B.S.P. on the basis of
morphological phenotype as well as profile of total proicins scparated by polyacrylamide gel
clectrophoresis.

MATERIALS AND METHODS

?Eiﬂogiivliigi'i&[%
axillaris (Lam.) BS.P.

_..213.&-gngintiria'u;riiriiitli
macerated with 1 B_o:__._ch&laﬂu!;vavzgh-lnll{!—ul!_gi The
supernatant was dialyzed overnight at 4°C against several changes of 0.1 M Tris-glycine (pH 8.3). The dialysate is centrifuged for
30 min at 15000 rpm. The pellet is discarded and is added 10 the sup 10 a final of 0.5 M and it was
taken as a protein sample. Bromophenol blue was added to one of the gels as 3 marker. The soluble proteins obuined were
separaled on polyacrylamide gels as per the procedure outlined by Moore (1981). Nulw‘lllin—.ll.-.l[l
protein mobility expressed in R values which represent the distance travelled by the protein band io the distance travelled by the
indicator. The relative inteasity of the bands were judged visually.
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OBSERVATIONS

Six of the primary trisomics {2n+1=15) isolated from triploid progenies could be distin-

disomic (Zn=14) by their late germination, poor seedling vigour, gross 33_..__:_.
“ﬂ”ﬂ w_ﬂﬂ_ﬁ_:a and _W-a n...u.-wnw_«? Since Jeaf shape, size and lexture showed visible differ-
ences in the trisomic lines, classification and nomenclature of the Insomics were a-..-.. 3.22_ oJ
these features. They were provisionally named as ‘Oval’, ‘Semi’, ‘Slender’, ._-8...83_.3_: ] >:=i.
and ‘Narrow'. The classification and description of the trisomics is in agreement with that of Reddi

& Padmaja (1982).
The resolution patiern of proicins of disomic and 6 of the primary trisomic lines by polyacry-
lamide gel clectrophoresis is presented in the form of zymograms (Fig.1). A total of 8 anodal
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Fig.1: Zymograms showing protein profiles on polyacrylamude gel electrophoretic scparation in disomic and tnsomics of Petuma.

protein bands were observed with a range of Rf value between 0.031 and 0.303 in the different lines.
Both qualitative and quantilative differences were observed in the protein bands. The control dis-
omic plant showed 7 bands while in trisomic lines the number of bands were either 6 or 7. Further,
particular trisomic lines possessing cqual number of bands diffcred with respect to 1 or 2 individual
bands present in them.

Oval and Semi trisomics were characterised by the absence of band number 6 and appear-
ance of a novel band (Band No.5). On the other hand, Slender and Narrow trisomics showed
absence of band number 2 and 6 and appearance of a novel band (Band No.5). However, Slender
trisomic could be differentiated from Narrow by the decreased intensity of band number 7.

China Pullaiap g
Padmajq .
Electropharetic siudies inPetunca

risomie, "pparenily fesembling that o ’

Pseu

inten i nuimbe T
which " L Amow trisomic was cha W disomic was characterised by increased

present in all tisomje ang Control disomije ____nu S
.
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ysis

Vanations in ge 3
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POsition
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the complement may g side chaing op wu
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© vatiant proteins. The v
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In the present
in the activity of ge
the bands were tota
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study, there was ap i
: Increase in the actjvi i
%cs ot ofher sk o activity of pan
1y g “".”.. 45 indicated by faintly stained .“-a_un.-.__“_-«nnan\«nnﬂ. ao-oaln-n-pn
R__.uo_ bands appeared. Band number | jn ...- qu______—"ﬂvnﬂ -
arrow i o S
o (i Emunh...ﬂ =5.a Intenscly stained than in the ....Sahﬂ.a_ﬂ e,
an additive manner. Carlson (1972 i Popdemanion ; it
the genome of Datur, 1972) and Smith & Conklin (19 el e P
McDanicl & Ram WPy observing uaﬂaaai_nao.,ﬁ& _oﬁ.ﬂvo_sna oz _o....:.-oﬂ!—!-
. Liass
different primary __.WMM_MQ Mn-“““navaana gt nnnﬁ-unn“—. u_gﬂ_ﬂa_ i g
iy protein quantities in
In the case of Arrow trisoms
. Insomic dis
which may be due to the reduced -&S.-ﬂm-a.ﬂa ,
resolution 5o as 1o be not detectable el
__.Gcm_u trisomy is Accompanied by d
omic condition, the balance between
expression of the latter, while in parti
could cause genic imbalance of an y

{ one of the bands AW.
nd No.7) was noted
o o ke .512 at the particular site, au.._:-u-:.
nn_ﬂxw - An increase in the dosage of regulato I
ey _-.“.”“u nonn _.oB__a H. more specific enzymes, _.._..Nrﬂn “..B
And structural genes resull in a 4
normal

cular trisomic, action of the th
i third allele for the regulatory gene

m_ain:_az-:.oi 58:..
than one : ICs are characteristic in ; .
tered __naa._ﬂ.n_w—n v_w"”nz_“nnaaﬂ.as of the bands as well E:..“.”Nhﬁ« from disomic in more
thex e polypecaii » ,._. _“_q protein resolving at the given Rf value js 5 _.o_whn-oen_ 31_. IS encoun-
iween alleles fmvolv] nit, ‘_an could be specified by different alleles O“. 3.!_.1:-' of more
Thus a novel band oy single basc pair may act through trisomy to s - -
oo nd number 5 could be seen in the b v ks uvan..@ a novel protein.

nce of band number 6, particular trisomic lines with the concomitant

In the present study 4 of the trisomice v
of gene action, indicati y ) of the trisomics, viz, Slender,

Narrow, Oval and i di ’ :
mobili Semi display this type

. . g?.ﬁgaamﬂ,naunu. . .
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INTRODUCTION

The importance of ic di

: genetic di
choosing parents for recombination ”Mu
.—JFAB & Paroda (1983) reported that de
divergence between parental lines. Earli

ty has already been ¢ i
di !"OE several workers

oy aze__ et al.(1965), :_.aa..n piees 1966) snd
nma_“u of heterosis was related to the !ﬁL f nn-w -Bln
CrT ﬁﬂﬂ-‘ I i i £ ;
ure of genctic divergence. Murthy & Arunachalam A—ﬂﬂunﬂuiuh-wnl considered (o be the meas-

h Murthy (1968), Bhat (
. 1970)

Further, Yadav et al. (1974)
L . and Garg & Ga
Beton e utam (1
&s.am“.q_s_..._n“”_w VLY gt ves wd mniﬁw“w:._._!“._a_..o:a bl w
pekon sl v o i ol perens fo Ry nﬂann. i %.n....i_...
Cailying G mn._w_mwzm...m::_ﬁw (Mahalanobis 1936) has 8“._. LH..H_.IR =
ence in several J Yy as a lool i
assess the extent of genetic diversity among Amn“”.--.ﬂniﬂ.ncﬂu v.“.n! study was conducted ““
vars of spring wheat.

MATERIALS AND METHODS

Fortyfive genotypes of whea
tal resea 1(Table 1) were grown in a randomi .
~ae_._u”nu“._w”u._“!a..oqga_g?s-vnrnhh.m-iuulti. design block with 3 replications at ¢ xperimen-
selected competit gth, spaced 30 cm apart with plaat to plant distance maintai __u._ Meerut. Each genotype was represented by
(cm) Z-Bcn_—u.no_.“.mr_“_ﬂ..ﬁ _ea“nno_gnrghpfs?ﬂ“gh“a —.’lﬂu.lltl-?_l[“
. cls/car, be; s (
Yl ) Gy e G Yol ). 10 g e —— s B,
- . H_w means for different ng_nﬂlnﬂ - z
e wwua:ouuv!ﬂ.ﬁ&snrl._w_ nl"“uEa D-statistic (Mahalanobis 1936). Tocher's
genotypes into different clusters. method

RESULTS AND DISCUSSION

Analysis of variance for yi
or yield and othe: i - i
genotypes for all the 11 quantitative cha -un-“”.na indicated significant differences among

CS, M m% m-
A V
mum n-_—_—n-wg- n: wﬂ-i-13 r 3;‘_3 were —ﬂagii ’ﬂ—g —- Egi E ﬂ[!
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TABLE | : Clusiering patiern of genoty
Cluster Nuaiber Name of genotypes
number of
genotypes
| PBW 225,
I W WIH S41, CPAN 1973, 1D 2189, TID 2320, UP 2122, CPAN 3051, S;ﬂ“. _”_.m __wﬁ _..m_,_i 5
HUW 330, HUW 327, HP 1101 PBW 227, HD 2336, MUW 120, MUWRE, T 500 D0 o
HD 2327, PBW 154, K8027. PBW 62, 1l 7080, UP 2204, n_.x,_,_.,n_,.u 5,
CPAN 1734, MUW 221, 12237, CPAN 3067, HD 2177, PEW 288, 1D 2
1 2 UP 2121, UP 2069
1} 1 HUW 257, CPAN 2002, HD 2281, HP 1578
1\ 2 VL 404, HD 2397
v 1 PEW 11
vi 1 HUW 139
Vil 1 HU 2001

TABLE : Inter- and Intra -cluster distances of dilferent clusters

Cluster 1 I i v v Vi vl
Neo
1 (2420)* 47.4% 35.70 30,00 £6.76 39.14 3398
] (9.34) 2415 4531 2084 46.20 97.51
m (16.63) 4137 39.60 26.62 7188
v (14.74) 56.12 63.02 28.77
v (0.00) 61.82 100,91
Vi (0.00) 65.63
Vi (0.00)
* Values in parenthesis are intra-clusier distances
TABLE 3 . Cluster mean values for 11 characters in wheat
Cluster Daysio  Plamt No.aol Ear No.ofl No.of No.of Grain 100 grin Biological Grain
flowering height  spikelets length  gmins  grins  grains  yield  weigh  yield  yield
fear fear  Jspikelet  fear /plant
I 8680 87.78 7.88 Q44 16.40 41.69 2.52 2.06 487 3454 1103
n 200 8548 848 938 11940 53.07 267 227 4n 4887 1479
m 9108 9199 6.86 0.62 1844 5354 289 17 463 3180 1069
v T84 8419 7.80 904 1744 382 226 1.85 433 2967 823
v 9400 76.77 7.10 1093 1933 4450 230 2.08 497 3333 1045
Vi BO67 9567 327 09 1700 4593 269 248 5.07 3443 14.28
vn 7167 89.13 793 9.07 1490 3193 200 L.75 467 26.00 8.54

u..nr-:_..ol.t.i!.lt
[T1 (4 genoty e« ) and clusters 1] and [V (2 103
ﬂn::?.:. cach n
desirbli
cluster distances. Performance of the pa he clusiers which wege ¢
ered.

Intra- and inter-cluster dista
Slances are .
from ”.“a (c _.__,“_._ 1) 10 24.20 (cluster ) ,E_“Mﬂ...“.ﬂ_:.“_aﬁ.zn 2. The intra-cluster distances nnged
morphological features and performanee th notypes in cluster [j
n the remain; were more similar in

ters, number of fillers, ear length, number of spikelets/,
€ar, num

In the same cluster, moderate mean val
; ues were f
number of grains/car. Moreover, the genatypes of EM..-”_.._B”” n-” to flowering, plant beight and
were more divergent relative to those

of the other clusters. Therefore this clust,
] €r was deemed “best™ for sel
; ccting genotypes.
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Short Communication :

THE OCCURRENCE OF B-CHROMOSOME IN PETUNIA AXILLARIS

PCHINA PULLAIAH, VPADMAJA AND P'S.R.L.NARASINGA RAD
Department of Botany, Andhra University, Visakhapatnam 530 003

(Received 14 December 1995, revised accepied 26 March 1996)
SUMMARY

A supernumerary unpaired chromosome of about one-third the length of the
smallest A chromosome was recorded among the selfed progeny of ‘Oval’ type pri-
mary trisomic (Triplo-1) of Petunia axillaris (Lam.) BS.P. Mean A-chromosome
chiasma frequency per cell was not significantly altered but increase in per cell chi-
asma variance was observed. Based on the morphological resemblance of the plants
carrying the ‘incipient” B-chromosome to the Oval trisomic, probable trisomic origin
of the B-chromosome is suspected.

Key Words : B-ch P

B-chromosome is the name given to accessory or supernumerary chromosome present in
some cells of certain plants in addition 1o the normal chromosome complement. The cffects of B-
chromosome on the phenotype are manifold and often pronounced. Under centain circumsiances
these effects are adaptive conferring a superior fitness upon individuals or upon populations.

In Petunia, B-chromosomes were recorded in Pparodii (Jones 1975) and Phybrida (Gohil &
Kaul 1980). The present report of B-chromosome in Paxillaris (Lam.) B.S.P. (Solanaceae) is the
first in this species. While much literature has accumulated and reviewed on different aspects of B-
chromosomes, their origin continue 1o be conjectural (Jones & Rees 1982). In the present report on
cytomorphological study over three successive generations of the Oval primary tnsomic progeny
enabled 1o trace the origin of accessory chromosome in Paxillaris.

The primary trisomics were obtained from the progenies of induced autotriploids of Pemunia
axillaris and maintained at experimental farm, Andhra University. Among the selfed progeny of an
Oval type of primary trisomic (Triplo-1), one plant had apparently the same morphology as the
parent trisomic. [t was crossed with a disomic (2n=14) sibling and 2 plants of the progeny showed
2n=14+1B in some pollen mother cells at diakinesis. Both the plants with 2n+1=15 resembled the
parental Oval trisomic in morphology Aﬂw.c_ but were weak in staturc; and were charctenised by
prolonged and delayed flowering compared to disomics. Leaves were narrow and there was marked
increase in pedicel length as well as corolla tube height.

Out of 145 PMCs examined at diakinesis, the extra chromosome was present in 28 cells
(19.3%) (Table 1). The extra chromosome was about one-third the size of the smallest A-chromo-
some and was not distincily heteropycnotic and remained as a univalent in all the cells examined
(Fig.2). The pachytene obscrvations included instances of apparent ‘fold-back” pairing and a
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primary constriction. Yet another similarity with typical B-chromosomes was that :_... extra
chromosome was absent in some cells; i.c.the mange was zero to one. With reference to A-chromo
some chaisma frequency a manginal increase was noticed. :aﬁ,..;...... the mean >..,___:::.;:=:.
chiasma frequency per cell was not significantly altered in the —w.::._a_..:_. Ermant behaviour at first
meiotic division was occasionally observed; chromosome stickiness (Fig3) and presence of micro-
nuclei were observed in 13.15% and 7.89% of the cells respectively at anaphase |

w —

Fige1-% Morphological and cywological features of B-chromosome plant. 1. B-chromosome plant just before Nowering.

2 Diakinesis in B-plant sh g 7 bivalents and an unpaired B¢l (arrow). 3. PMC showing stickness of
chromosomes in B-plant. (Scale Bar = 10jum)
TABLE | : Ol pairing and ch frequencies in B-plant and non-B control at diakinesis.
Bivalents
CATEGORY  No.ofcells Rings Rods Unival B-Ch Average ‘' value

analysed Average/Cell  Avemage/Cell  Average/Cell  Average/Cell  chiasmata

145 3.08 384 013 0.19 10.01 2.0757°
+
o 00684
(0.6803)
B-FLANT 106 i1 377 022 9.99 2.1244*
(Flowe: +
it ﬂ.._w : 0.0776
0.6378
2 7. 0.08 10.19
CONTROL 200 3.2 375 <
0.0533
(0.5698)
Numbers in parenthesis indicate variance value ; * Significant at 5% level

Ch

h et al: Boch, e in P 3
In the present study, the B-¢ hromosom,

J € Was not distj -
of extensive segments proximal 1o the centromere ang _.nw.xo.___w heterpycnotic. U.n.nﬂnnr_n-mu.la

Petunia by Padmaja & Reddi (1981). The same feature of n___»quu..nn_c”_!oa_-,:._. r-.u been reported in
P hybrida ﬂ>_:3.._=.._.0..:=3n< ctal. 1992), m.a__Baoaa.:D “_“_ =-._==.m 18 also reported in
A-chiasma frequency as in Festuca marei (Malik & Tripat H....Sa bring about an increase in
;un__:,s:m.__.ﬁ?._u__:_s: _oxN_:Z_na-nn_...u u.!.\:is:ﬁc ?.?-!E

S in Lolium
speltoides (Zarchi et al. 1972) and Trigonella ?«::i.w..%“fan (Cameron & Rees _oamu&an.fvu

um (P »
present study, mean A-chromosome chiasma frequency per nn__ah-..m_ ”._”_”_w_._._ﬁﬂ_.. _omS.. In the
ance for mean for the same parameter showed an increase. : Y decreased while vari-

Regarding the origin of B-chromosome, there is so
been expressed about the origin of B-chromosome Patton
presumably responsible for the genesis of the Ja

me renewed interest. Several views have

(1977) suggested (hat centric fusions are
TE¢ metacentric chromosomes

species of the genus Coix through natuml interspecific hybridizations. Puertas et al. (1985) intro-
duced supernumeraries from Secale cereale into the related S.vavilovi through contmlled bybrid-
ization experiments. This body of evidence shou

Id not be interpreted to discount the concept of
‘trisomic-origin-of-Bs’, even though in the said instance ‘hybridization' is the source of duplicated
chromatin which in tumn affords the opportunity for B-chromosome formation. Had the present
material been analysed for DNA sequences, cic. the evidence would have

been at the molecular
cytogenetic level. We have the opinion that data at the molecular level would

> suppont the concept of
‘B-origin-via trisomy’ and such an approach does not rule out alicrnate pathways for origin of
B-chromosomes.

Oanom.tﬁﬁ.wvwnﬂlas_vn:g??iqﬂiﬁw.. hipn Special A Pr
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ERRATA

In "A line x tester analysis for combining ability and genetic components in tasar silkworm”
(A-ASiddiqui, J.Cytol.Genet.1995, 30 : 135-141), the name of the second author, D.P.Das
Mabapatra was inadvertently omitted. We regret the error.
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BOOK REVIEW

Winslow, R.M., Vandergriff, K & Intaglietta M (eds) 1995.
Blood Substitutes: Physiological Basis of Efficacy,
Birkhauser, Boston. pp 205, ISBN 3-7643-3804-0.

The Book "Blood Substitutes: Physiological Basis of Efficacy” is published by Birkhauser,
Boston and it is a Proceeding of the meeting *Current Issues and Blood Substitute Research and
Development - 1995 sponsored by the Departments of Medicine and Bioengineering, University of
California, the National Institutes of Health and the US Army.

It contains 13 chapters covering the wide area of transfusion alternatives to synthetic blood
and its delivery by lyposomes. Each chapter is written by the expen, however, the information on
this technology is not much and the authors have tried their best to collect the literature and given
their critical views on the subject.

Chapters by Dr. Peter Tomasulo and Dr. Joseph Fratantoni are aimed at issves of efficacy
demonstration. Dr. Fratantoni distinguishes between efficacy, the capacity for a product 1o do
something physiologically useful for a patient and activity in case of synthetic blood or blood substi-
tutes. Dr.Robert M.Winslow describes the broad physiological basis of transfusion trigger. Dr
Herman Suit describes the existing applications of cell free extent carriers in the treatment of can-
cer. All the three editors have contributed chapters in this book which are also worth reading.

This book has its importance in the context where there is a possibility of transmitting agents
such as HIV which causes the deadly shyndrome AIDS through blood transfusion. The technology
for development of a substitute for transfusion red blood cells is a highly sought area however, the
physiology of the applications of the blood substitutes have to be worked out in detail so that we can
climinate the blood transfusion taken from one person and give to a patient.

This book is a good reference for all those who are interested in physiology of circulatory
system and the researchers and technologists who are interested in synthetic substitutes for
biomaterials.

P.D.GUPTA
Centre for Cellular and Molecular Biology
Uppal Road
Hyderabad 500 007,
India.
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