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EFFICACY OF MENTOR POLLEN IN OVERCOMING INTRASPECIFIC
INCOMPATIBILITY IN PETUNIA, RAPHANUS AND BRASSICA

D. C. SASTRI' anp K, R. SHIVANNA
Department of Bolany, Universily of Delhi, Delti 110 007, India

SUMMARY

Efficacy of mentor pollen, prepared by treating the compatible pollen with anhydrous
methanol andjor by storing them until they loss viability, was 1ested in overcoming intra-
specificincompatibility in Petunia hybrida, Raphanus sativus and Brassica campestris, Mentor pollen
was effective to various extent in Pefunia and Raphanus and was not effective in Hrassica. In botl
Petunia and Raphanus the individuals showed variation in their response (o mentor pollen, In
Petunia the leachate from compatible pollen applied to the stigma before  incomparible
pollination was more effective than mentor pollen. Results are discussed in the light of other
studies on mentor pollen and the importance of the sourceandthe method of preparation of
mentor pollen are highlighted.

INTRODUCTION

Use of mixed pollen* has been a standard method of overcoming interspecific in-
compatibility by Russian plant breeders, particularly by Michurin and his associates (sec
Tsitsin 1962). This technique has also been used to a limited extent to overcome intra-
specific incompatibility by other investigators in a few species (Attia 1950—cabbage,
Glendinning 1960, Opeke & Jacob 1969—cocoa). Although the technique is simple, the
results of mixed pollinations have been generally unpredictable and the success has been
limited to the realization of only a few seeds. Also, in instances of intraspecific incom-
patibility, an effective screening is required to distinguish between the seeds/seedlings result-
ing due to incompatible pollen and those due to compatible pollen.

The use of mentor* pollen has been shown to be more effective than mixed pollen,
Stettler (1968) demonstrated the efficacy of irradiated compatible pollen mixed with viable
incompatible pollen in achieving interspecific hybridization in Populus. It was suggested
that killed compatible pollen porvides substances which would enable incompatible
pollen grains to germinate and the pollen tubes to grow through the pistil.

Recent studies of Heslop-Harrison, Knox and his associates (sz¢ Heslop-Harrison 1975,
Clarke & Knox 1978), implicating pollen-wall substances in incompatibility reaction, not
only provided the rationale for the earlicr success of mixed and mentor pollen, but also
created a new interest in the possible utility of mentor pollen rechnique to overcome both
intra and inter-specific incompatibilities. By using this method Knox and his associates
reported success in overcoming interspecific incompatibility between Populus deltoides %
P, alba (Knox et al. 1972a, b) and intraspecific incompatibility in Cosmos bipinnatus (Howlett
et al. 1975). Even the wall leachate from compatible pollen was effective in overcoming
incompatibility. Knox ef al. (19722, b) suggested that the function of mentor pollenisin

1Present address: ICRISAT Centre, PATANCHERU P.O., Andhra Pradesh 502 324, India,
*Some confusion prevailsin the literature about the use of the terms “mixed’” pollen a;nd “mnlgr:’ pollen.
ang

We have used the term mixed pollen to a mixture of i ibl u 2 pollen
and mentor pollen to a compatible pollen sample made incfiective for fertilization,
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The plants used for investigati

TABLE 4

Effect of mentor pollen (stored and inviable) on self-tncompalsbility in Raphanus sativus

No. of polli- No. of fruits % fruit set  No, of secds/

Pollinated with pollination

nations forme:
Cross pollen 20 19 95.0 4.2
Self pollen 26 g g.g g-g
1 I .
Mentor pollen ng 12 i S

Mentor pollen and then self pollen

Brassica campestris

In this species also, the plants used for investigations were highly self-incompatible and
none of the self-pollinations produced any fruits. Neither methanol-treated pollen nor the
stored inviable pollen was effective in overcoming self-incompatibility.

DISCUSSION

The efficacy of mentor pollen in the three species was variable. It was not effecti
Brassica and eflective to various extents in Raphanus and Petunia. Mentor pollen has
reported to be ineffective in overcoming inter and intra-specific incompatibility fe
other taxa also (Populus trichocarpa x Populus species—Stettler & Guries 1976, Oenothera

organensis—Sree Ramulu ef al. 1979). z ;

Mentor pollen in Petunia, Raphanus and Brassica 1

In Petunia hybrida the use of mentor pollen along with incompatible pollen significantly
increased fruit set and seed set, However, the response was highly variable among the
individoals; among the five individuals tested, mentor pollen had a significant effect in
three, only a marginal effect in one and no cffect at all in the other.  There was no cor-
relation between the degree of incompatibility expressed by the individual and the effi-
cacy of mentor pollen, For example mentor pollen significantly promoted selfed seed setin
PH-A, an individual which was strictly self-incompatible and its effect was not significant
in PH-C in which some sced set was obtained following selfing even in the absence of
mentor pollen,

Such marked variations among different genotypes have been reported for Nicoliana
also (Pandey 1977). In N. alata, the efficacy of mentor pollen (abtained from plants of the
same species) depended on the degree of incompatibility expressed by the genotypes;
mentor pollen had a positive effect in genatypes having mild incompatibility and had no
effect at all in genotypes having strong incompatibility. Based on these studies Pandey
(1977, see also 1978) suggested that the role of mentor pollen was to provide extra active
pollen growth substance (PGS) (which in viable incompatible pollen is attached to S-gene-
determined specific incompatibility proteins and hence unavailable after incompatible
pollinations) to pollen tubes with a relatively weak incompatibility reaction to complete
growth through the pistil. In individuals with strong incompm.ibﬂity, mentor pollen
has no effect since the extra, released PGS cannot be used.

However, recent studies of Pandey (1978) have shown that mentor pollen obtained
from certain strains of N. forgetiana was effective in over ing self-i patibility even
in a strongly incompatible strain of . alata. Based on these studies Pandey (1978) modified
the earlier hypothesis on the role of mentor pollen particularly in genotypes with strong
incompatibility. According to this hypothesis, a regulatory substance rather than PGS
is released from the exine of mentor pollen, which is taken up by incompatible pollen and
results in switching on of the S-genetic element controlling the production of PGS. When
once PGS is activated, incompatible pollen also behaves as compatible. The occurrence
and extent of release of regulatory substance is variable between species and genotypes;
mentor pollen only from appropriate parents which have matching regulatory substance
would be effective.

Irrespective of the validity of Pandey’s (1977, 1978) hypothesis, it is apparent that the
source of the mentor pollen is crucial for the success of this method. The variations
observed between individuals of Petunia hybrida, Raphanus sativus and those reported between
different genotypes/species by most other investigators on the efficacy of mentor pollen

can ke, at least, partially explained by the variations in the soure of mentor pollen.
hi latory subs in the

Presumably the success depended on the presence of g reg|
mentor pollen (Pandey 1978). 2
In most of the investigations where mentor pollen prepared by different methods hay
been tried, all the methods have not been cqually effective.  For example, in sty
Knox et al. (1972a, b) and Pandey (1977) mentor pollen prepared by repeated
and thawing was most effective. In our studies on Raph salivus, hanol-treated
pollen was not effective, but stored pollen was effective. Inthelight of the studies of
Pandey (1977, 1978) on Nicotiana, it is likely that the extent of the release and/or denatura-




112 D. C. SASTRI AND K, R, SHIVANNA

1 he efiwacy ol any
veleased, and main-
on the use ol mentor

| give more emphasiy

tween different treatment

tion of the regulatory subistance varies be
substance

treatment would depend on the amount of the regulatory
tained in active state. Lt is, therefore, apparent that futire
pollen in overcoming inter and intra-specific neomp sabitity shoul ;
on the source of mewtor pollen and the me thod of its preparation I3y using nui.‘:l‘:l\ pre
pared mentor pollen, collected from proper donors, (L1 be possible not only (0 increase
the degree of suceess but also to extend the techigue to ather

tudie

systems

ACKNOWLEDGEMENTS
We are grateful to Dr N. 8. Rangaswamy for helpful suggestions and o Dr . R,
Babu for help in statistical analysis of the data.

REFERENCES
ATHA M. 5. The naturc of incompatibility in cabbage. Proc. Am. Soc. Hort, Sci. 563 369-371) 1959-
Barev, N, T. ] Statistical Methods in Biology, English Language Book Socicly, England. pp. 200,
1959
Quart. Rev. Biol. 53: 3-28, 1978.

Guarke, A, and Kxox, R B.  Cell revognition in flowering plants.

Dayrox, D. F.  Overcoming sell-ncompatibility in apple with killed pollen. J. Am. Soc, Hort. Sci. g9t
T90-192, 1974

Gresnmwine, D. R Selfing of self-incompatible cocoa. Nature, Lond. 187: 170, 1960.

Heswop-Harkison, | Male gametophyte sclection and the pullcn_—pisul interaction: 177-190. In Mul-
cahy, D. L, {Ed.}, Gamete Gompetition in Plants and Animals.  North-Holland ~ Publ. Co.,
Amsterdam 1975.

Howrerr, B J., Kxox, R. B., Paxtox, J. D. axp Hesior-Hargisow, J. . Pollen wall proteins: physico-
chemical characterization and role in self-incompatibility in Cosmas bipinnatus.  Proc. R. Soc. Lond,
188B: 167-182, 1975.

R. R. axp Asironn, A. B, Rale of pollen-wall protcins as recognition substances

Knox, R. B., Wiv
in inter-specific incompatibility in poplars. Nature, Lond. 237; 381-38g, 1972.

K~ox, R. B., Wirevo, R. R. Axp Pryor, L. D. Interspecific hybridization in poplars using recognition
pollen.  Silvae Genet. 2¢ 65-69, 1972.

Orere, L. K. AND Jacon, V. ], Studies on methods of oyercoming self-incompatibility in 7. cacao L.:
256-358.  Proc. 11 Intern, Cacao Res. Conf. Bahia, Brazil, 196g.

Pavpey, l\ K: Mentor pollen; Pusublr role of wall-held pollen growth promoting substances in over-
rorm_n;; intra- and inter-specific incompatibility. Genetica 47: 219-230, 1977

Pasney, K. K. Proposed causal mechanisms of the “mentor pollen effect”. Incompatibility Newsletter
No. xo: 87-93, 1978.

Rm‘,m'.t\": H. Stigma application of an extract from ra
bility in Brussels sprouts (Brassica oleracea L. var.
Bo-86, 1975.

Sastri, D. C. axp Suwvansa, K. R Attempts to overcome interspecific i ibility in S
by using recognition pollen.  Ann. Bot. 4x: 8g1-893, 1976.

SREE ﬁ:;’z:up [ﬁ.m., B;:_Enmuen. G. 1\?. M., Dijknuts, R., de Nerrascourt, D, and Scimmiuia, H.

elfects on ibility in Aicofu 7
. Theor. Appl. Genet. 54: 215-218, 1979. L S 2
TETTLER, R.F. Irradiated mentor pollen: its i te hybndizati d
SIS o pollen: its use in remote hy of black Nature,
Srerrier, R. F. anp Guriss, R. P. The mentor pollen phenomenon in black cotton wood. Can. J. Bot.
54: B20-830, 1976.
Tsirsiy, N. V. (ed.). Wide Hybridization in Plants. Isreal Program Scien. Trans., Jerusalem, 1962.

pe pollen (Brassica napus L.) affects self-incompati
yfera DC). 1 patibility Newsl No.

. Cylol. Genet. 153 113115, 1560

CALCIUM -~ STIMULATED TRANSFVORMATION IN
THERMOACTINOMYCES VULGARIS

U. SINHA* ann U, PRASAD (mp GULATI)
of Botany, University of Delhi,

Microbial and Mpleoular Genatics Lab 3, Dep
Delli 110 007, India

SUMMARY
Treatment of 7, oulgaris cells with Ca increases the freguency of tramforaatlon by aboul
nine fold ayer the contral, o.uz_i M (ke being more effective than o1 M Ca?s, Hawever,
noreasing concentrations of Ca*¥ decrease the eolony forming units of this acunomycete,

INTRODUCGCTION

Divalent cations are obligatory for the binding of DNA to cells or isolated membranes
and calcium ions are by far the most effective (Flumplirey ef al, 1980). Mandel (1667)
has studied the effects of a number of monovalent and divalent eations on membrane
permeability in Escherichia coli and has found that the uptake of DNA s dependent o1t the
presence of Ca® ., Mandel & Higa (1970) have reported that £ cali cells, that have been
treated with calcium chloride, can take up phage A DNA and can produce viable phage
particles. R-factor DNA can transform £, cali cells treated with CaCls to multipte anti-

biotic resistance (Cohen ef al. 1972).

As transformation involves the uptake of naked DNA frag it scems bi
to assume the involvement of Ca®* in this process. The present investigation was, therefore,
undertaken to determine the effects of Ca®* on transformation frequency in Thermoacti-

nomyces vulgaris,
MATERIALS AND METHODS

Strains: The wild type (1227) and nic, thi, slr-r (1261) strains of 7. opulgans were
kindly supplied by Prof. D.A. Hopwood of John Innes Institute, Norwich, England.

Media and growth conditions : The media recommended by Hopwood & Wriglt ( 1972)
were used. All the strains were maintained on CM slants, Cultures were incubated at
50—52°C.

DNA isolation: DNA was extracted from the wild type strain by the method of Hop-
wood & Wright (1972), which is a modification of Marmur’s (1961) method.

RESULTS AND DISCUSSION

Transformation was carried out by a variation of the procedure of Mandel & Higa
(1970). Competent cells were prepared by growing 10® conidia of strain 1261 in liquid
MMC (20 ml/250ml flask), supplemented with nicotinamide and thiamine hydrochloride
(x mg of each/litre), at 150 rpm at 52°C for 150 minutes. The cultures were chilled and 5
ml of chilled CaCl, was added to each flask at a final concentration of 0.025—o.1 M, The

*Present address: University Professor of Botany, Patna University, Patna 8ooc05, India.
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mixtures were k i Chilled DNA (22 pg) suspended instan.
ept cool for another 25 minutes, g ﬁl;cd T nnitial e

dard saline citrate, was added to cach flask, The saniples W ,
minutes. Low temperature is necessary to prevent Whe action of DNase. The nmﬂn
were shaken incubated at 52°C for 20 minutes and then chilled, Appropriate  dilutions
were made and plated on selective media. !
 There is a ignificant inerease in the number of single transformants (nic or th")
in the presence of Ca*, 0.025 M being more eflective than 0.1 M (Fig. ). The differen-
- taleffects of 0.025 M and 0.1 M Ca® may be duc 0 their differential efleets on the
. colony foroing units of stmin 1261, which is 04% in the former and 74% in the latter
 concentration of Ca®, if treated for 20 minutes under the chilled conditions after 150
‘minutes of growth in liquid medium, The reversion frequency of cither of the markers
or thi) is unaffected by Ca®. -
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- i anthocyanin molecule,
UDPG-flavonol 3-glucosyl transferase in the synthesis of an!

INTRODUCTION

The maize kernel offers a remarkable platform to study the modified di‘hyllll‘id ratios
and gene action in the control of substrates and.f‘fll)"“(‘a‘- About '4“]00 with scvcr:‘.xl
alleles, a number of modifiers and dominant inhibitor are known to a c‘ct the synthesis
of anthocyanin and related pigments in the aleurone and other plant tissues (.Rhoadcs
1952, Coe and Neuffer 1977).  Basic genes G, Gy, 4, 4,and {?n‘mst be present in domi-
nant condition in at least one dose, to synthesize anthocyanin in alcurr)nc., the outer-
most tissue of the triploid endosperm.  The recessives bz aun_l bz, vesult in bronze, pr
results in red and the intensifier in enhances the anthocyanin and related pigments,

Maize plant has contributed a wealth of information towards the undersumding of

gene structure and function (Coe & Neuffer 1977) and no attempt will be made to
review the progress made in the present study.

It is well established that the final expression of a gene, the phenotype/gene product
is often controlled by a single gene although more than one gene may be involved in a
particular biosynthetic pathway. Correns (1go1) studied the inheritance of anthocya-
nin in maize kernels and suggested that the presence or absence of purple pigment is.
controlled by a single Mendelian factor. East & Hayes (1911) discovered the com-
plementary factors € and R in addition to P (now known as Pr), which confrol the
purple pigment in the aleurone tissue of a kernel — Later studies have identified that
several genes located in different chromosomes interact to give the six modified dihybrid
ratios with two or three phenotypes.

MATERIALS AND METHODS

About 800 genes have been identified (more than 300 already mapped) whi
known to govern the morphological, physiological and bio-chemical characters in p
parts, endosperm, aleuronc and seedlings (Neuffer & Coc 1974, Coe & Neuffer 1977)-

Gens action in anthocyanin biosynthesis in maize

17

The genes CI, C, ¢; Rlr; Rajr ; Bz[bz; Bzofbz ; Pripr were used to obtain the desired
modified ratios (Table 1),

The € locus on chromosome g has three alleles, €7, €, and ¢, Inlibitor CI blocks
the pigment in dominant condition, recessive ¢ results in colourless aleurone whereas
dominant € governs the purple pigment.  The & locus Iocated on chromosome 10 has
several alleles which control the aleurone and plant color including anthers, leal tip,
brace roots, etc. Whereas Kz located on chromosome 2 controls purple color in
aleurone and either one in dominant condition can synthesize the purple pigment, The
factors bz (bronze-1) and bz, (bronze-2) are located on chromosome g and 1 respectively;
cither one in recessive condition results in bronze phenotype and the double recessive is
colorless, Purple pigment is controlled by Prand the recessive pr controls the red
pigment, located on chromosome 5, whereas the double recessive bronze and pr gives
bronze-pink pigment in the aleurone,

Crosses were made with appropriate marker genes to obtain F, and by selfing Fy
cars which exhibited segregation patterns for color and colorless (Table 1).

Distinguishable pieces of fresh excised 20-25 day old aleurone tissue of different
anthocyanin single recessive genotypes when paired and placed on 0.8%, agar, two at z
time, exhibited complementary interaction resulting in the synthesis aof purple antho-
cyanin pigment in only one tissue of the combined pair, receiver. The ‘donor receiver
relationship is interchangeable and varies with the combination tissues paired. For
example, it can be assumed that in a, :a; pairs, synthesis of pigment in a, aleurone tissue
alone means that @, must have received some diffusible sul from the combined
ap-tissue to complete the synthesis of blocked pigment, provided that there is no block
in the receiver after the transfer (Reddy & Coe 1962).

Dry mature kernels of different genotypes under study were soaked in distilled water
for about an hour and the pericarp was removed by pecli The I hocyanins

were extracted with 957 ethyl alcohol from the whole kernels with exposed aleurone

(Reddy 1964). In another study, the aleurone was scraped from the endosperm afier
the removal of pericarp and defatted with petroleum ether, then extracted with metha-
nol. The extract was concentrated under reduced pressure. The residue was redis-
solved in methanol and hydrolysed after washing with petroleum ether for further
analysis (Reddy & Reddy 1975). The paper chromatographic studies with n-butanol:
acetic acid: water (4:1:5) and forestal, acetic acid: hydrochloric acid: water (30:3:10)
were carried on Whatman No. 1 paper to characterize the pigments. The Rf values,
color reactions to various spraying reagents, visible colors beside absorption spectra of
the purificd pigments were compared with authentic samples.

OBSERVATIONS AND DISCUSSION

The dihybrid ratio of 9:3:3:1 was obtained by crossing homozygous purple Bz Bz,
Pr Pr; with bronze-pink, bz bz, pr pr; and by selfing the F1 which gave the ratio of g
purple: g red: 3 bronze: 1 bronze-pink kernels. Table 1 gives the phenotypic ratios
and a description of gene combinations used in each cross to derive the six modified
ratios. It is well known that epistasis is a general phenomenon where the gene action
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t BzBz PrPr x bzbz Dominant Bz with Pr- l'mv;; o prpr  bsbz Pr— bzbz pr'pr'
prpe Dihybrid ratio,  gives purple alcurone Bz—Fr : 4 3
9:3 whereas [z recessive 3 : :

gives bronze alcurone.
['he donble recessive
gives hronze-pink
ileuronc,
: Purple Red

2 CICI PrPr x CQ prpr Gene C in combnation Tl s PRty
Dominant cpistasis,  with dominant Pr gives CI—Pr— (C b (,-_f,;l:;
12:3:1 purple aleurone and with 9 =3 P

recessive  pr o gives
red aleurone, whereas
CI inhibits both.

3 GCPrPr x ccprpr  The Prand prgenes  Purple Red & Colorless
Recessive epistasis, praduce purple and red G—Pr— C—prpr e cepr pr
9:574 aleurone with dommant 9 3 3 + 1=4

C  respectively  and
recessive ¢ gives colorless
(Fig. 1).

4 BzBz Bz2Bz2 X bzhz Bz and Bzz are coepis-  Purple Bronze Colorless
bzzbzz  Incomplete tatic (bz bz2 bronze)  Bz—Bza- Bz—bz2 bza bzbz Bza— bz bz bza bza
duplicate  recessive  and double recessive is 9 3 + 3=6 1
epistasis 9:6:1 colorless

5 CIGI RR x CCrr Dominant inhibitor CI Colorless Purpl Colorless
Dominant epistasis, inhibits pigment where- CI—R— Cl—rr C—R— C—rr
13:3. as recessive with or with- ) 3+*1=13 3 Q1

out CI are colorless
(Fig. 1).

6 CCRR x GCrr Recessive c and r are  Purple Colorless
Duplicate recessive colorless if either or both C—R— C—rr ccR— cc
cpistasis, 9:7. are in recessive condi- 9 3 3 + 1=

tion whereas dominant
Cand R complement to
produce purple aleurone
(Fig. 1).

7 RRR2zR2 x rrrarz Rand Rzarcisocpista- R—Rz—  Ri—r272  mm Ra— rrizmn
Duplicate dominant tic and double recessives =) + 3=15 1
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wnigque arganisin where all the six modified ratios can be exhibited on the se gregating
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Laughnan (1951) was the first one to suggest a gene action sequence for 4,, A,
and Bz based on interaction in the production of anthocyanin in plant. The pheno-
types of homozygous A; ay Bz and a; 4, Bz plants were indisti nguishable from that of
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Jerent genotypic tssue can be com-
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(Reddy & Coe 1962 :

Observations with all possible combined pairs of dif Y
{ollowing [inear gene aclon sequc nce
Bz« vanidin-4-glucosid (Fig. 2).

of the diffusible substrates in the established gene
biosynthesis of anthocyanin, cyanidin-g-

7 pr controls the purple and recessive

bined consistently into the
(C1)~C~(C 1 ~R=(In-)d, ~A,- Bz,

I'he isolation and charactersation
action sequence can be expeete d to reyeal the ;
East & Hayes (1011} showed that !

glucoside : < T My
pripr red pigment and hoth duler in Imlr-»_\\hmnn pattern Later T:;.‘dl \‘ s ‘h;.
l‘ 1042) and Coe (1955) confirmed and further pnmlrd out that the difle ru.u.x mn !

pig th a hydroxylgroup at the 3-position of B-ring

pigments is due ta the presence o absence of
of cyanidin-3-glucoside F :

Coe (1933) veported that homozygous 4z Pr accumulates Il'uuvr}_mlhdnl n‘m' ay, pr
o hydrochloric acid gives cyanidin and

leucopelargonidin and upon heating with 1.0% 5 : . .
pelargonidin respectively.  The double recessive aleurone tissue of e bz, a, bz, and
4. accumulated leucocyanidin while it is absent in G ay, ¢ @, €y g, T 8y and a, a,, sr]ggcgt-
H;L' that €, C., R and A, arc required in dominant condition for the synthesis of leuco-

cyanidin and that the inhibitor, €7 blocks its synthesis (Reddy 1964).

The different single and double recessive genotypes of a2 aleurone extracts upon
conversion (by heating with 19, HCI) gave purple pigment which was .nualyzcd
chromatographically and spectrophotometrically.  The a2, bz; a2z bz2; in a2 u.nd
a2 Pr converted pigments gave R values 0.43-0.46, similar to pure cyanidin chlur.ldc
(0.46). The spectrophotometric studies with the above genotypes gave the absorption
maxima of 543 myu whereas pure cyanidin chloride gave 546 mp. These obscrvations
suggest that a2 aleurone tissue accumulates leucoeyanidin which upon conversion gives

rise to cyanidin.

The aleurone tissue extracts of recessive a genotype gave an average R value of 0.63
(B:A:W) and 0.42 (forestal) and absorption maxima at 269 mu and 369 mu similar to
pure quercitin.  The studies with homozygous recessive bz-aleurone tissue suggested
thatit accumulates luteolinidin and the genes preceding bz are required for its synthesis
in known gene action sequence (Reddy 1974). These observations suggest a gene-
product relationship in the biosynthesis of anthocyanin and the genes which precede the
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product contralled by a specific gene are required for jts synthesis suggesting the close

assacation (g, 2)

oM
n

¢ &G Ay foc

[ [

i I
o4 "o % \ i CYAMION- 3G uCaminy

Ll
QUERCETIN LEUCOCYANIDIN LUTEOLINIDIN

Fig. 2. Genr controlled pathway of anthocyamin synthesis in maize,

The thin layer chromatographic and other chemical studies with different genotypes
by Kirby & Styles (1970) have led to the conclusion that the genes €, C, and K act
before the formation of quercetin; A acts between flavononol and flavenol (leucoeyani-
din) and A2 acts between flavenol and anthocyanidin in the biosynthetic pathway of
cyanidin-g-glucoside. These observations have independently confirmed the gene
action sequence proposed carlier by Reddy & Coe (1962).

The enzymatic studies with bronze pollen, llings and embryo have
thown that the endosperm has the greater activity of UDPG-flavonol 3-o glucosyl
sransferase, responsible for glycoside action and the recessive tissue does not exhibit any
activity (Larson & Coe 1977). It has been pointed out that € and R may act as regu-
latory genes and Bz as structural gene in the control of glucosyl transferase (Dooner
& Nelson 1977). .

In conclusion, the anthocyanin pigmentsystem in maize offers a unique example for
the study of gene interaction, gene action sequence and gene-substrate-enzyme rela-

tionship in higher plants,
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POLYGRAPING AND KARYOMORPHOLOGICAL STUDIES IN THE GENUS
URENA LINN,

APARNA DASGUPTA* sup K. P. BHATT
Department of Botany, Faclly of Science, The M., University of Baroda, Barada 390 062, India

SUMMARY

l-’uur populations of the genus Urena L. collocted from  different localities were giudied.
Polygraphic study revealed the existence of two merphologically distinc( (orms representing
Ui winuala L, and U, labata L, as envisaged by Linnaeus (1753). While comparison of the
karyotypes of these populations showed anly minor structural differences accompanied by

Toss resernblance in types of chromosomes and overall symmetry of their complemonts, [t
15, therefore, suggested that two morphologically distinct forins be better considered represent-
ng two sub-species viz. (. labata sp. sinuata (L) Borsurs and L. lobate L. sp lobats of the

type species Urena lobata L,

INTRODUCTION

Linnacus (1753), on thebasis of morphological characters had recognized two species
of the genus Urena viz. U. lobata and U. sinuata and Gamble (1915) also maintained the
distinct status of these two species in his Flora of Madras. In contrast to this, Hochreuti-
ner (1goo) had suggested the merger of the two species into one i.e. Urena lobata and
Santapau (1955) also suported this view point considering the character of leaf lobing
having no great significance. While, in recent times, Borssum (1966) has opined to
consider these two taxa representing 2 sub-species of the type species (/. lobata Linn.
In the present work, polygraphic and karyomorphological observations pertaining to
different populations of these two taxa have been pr 1 and di d, keeping in
view the different opinions concerning their circumscription.

MATERIALS AND METHODS

Seeds, representing different populations, were collected from localitics, such as Dilwari
forests—M. P, (Coll. No. 27), Harni (Coll. No. 29) and Baroda (Coll. No. 41)-Gujarat;
Dchra Dun—U.P. (Coll. No. 48). Seeds of these populations were grown in the Botani-
cal garden under uniform conditions. A separate voucher number was given to cach
population and herbarium sheets were prepared following Lawrence (1951). The
data concerning morphological characters and their variations, obtained for these
populations were subjected to polygraphic study following modified Hutchinson’s techni-
que (Love & Nadeau 1g6r).

For karyomorphological study, excised root-tips were pre-treated with saturated
aqueous soln. of para-dichlorobenzene (Meyer 1945) for 13 hrs. at 15°C and then fixed in
acetic alcohol mixture (1:3). Tjio & Levan’s (1950) aceto-orcein squash technique was

adopted for mitotic preparations.

*Present address: Department of Pharmacy, 8. V. Govt. Polytechuic, Bhopal, India.
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Character Variations Index value
branches crowded i

3

AsC,
ase, branches sparse
branches

Brancing from the hi
Branching from the by
Branching all along the stem,

sparsc

1. Narure of branching

5 €m. or more
Less than 5 cm but more than g cm

Less than 3 cm

Shallowly lobed; lobes acute-obtuse
Deeply lobed; lobes oblong & irregularly

—

I. Internodal length

111. Leaf-lobing

pinnarifid
More or less unlobed

IV. Number of veins with ~ More commonly 3
More commonly 1

gland near the leal-
Both 1 & 3 mixed

base

V. Flower size More than 2 cm
Less than 3 cm but more than 1 cm
Less than 1 em

VI. Flower colour Light-pink
Dark pink
Red

VII. Epicalyx segments Linear and longer than the calyx
Linear-oblong and equal to calyx ;
Oblong-lanceolate and shorter than
the calyx

VIII. Calyx segments Lanceolate

(Sepals) Narrowly lanceolate S e e iy 124
y e e
1gs. 1a-3a. Idi of different p la i of the genus Urena ! 29,

Narrowly lanceolate and notched near

the base o :
g. 4 olagraphs and a polygram of different populations of Urena lobata Linn. (Coll. Nos. 27 & 48) and

. sinuata Linn. (Coll. Nos. 29 & 41).
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(V), fowers dark pink (V1 and narrowly
Nos, a7 & 48 have (hallowly lohed leaves
features like presence of 4
V). Nowers light pink (V1)
ate and notched near the base (VI11) (Tig. 4)

aumberic. 2 n= ft in their somatic
erefore, confirms the carlier reports of Skovsted
| Bhatt & Dasgupts (1976). While Skovsted
Jso reported 2n= 50 for the taxa studied by them.
between Ip and 2.99, in length,
pes having nearly median
aryotypes of these popula-

near the base (IV), flowers less than 2 cm
ment (VITL) While, Coll
pther common morphologic al

) re g cm |
ase (TV), Howers more than 2 ¢

lanceolate calyx seg
(I11) accompanicd by
wveins with gland near the b
and calyx segments narrowly !

All the 4 collections have the
complements. The present study th
(1941), Hazra & Sharma (1971) and
(1941) and Kootin-sanwu (190g) have &
Chromosomes of the somatic complemer
which can be conveniently classified info L
(A-type) and nearly submedian (B-type) centromercs. I'he k
tions also show gross resemblance among themselves.

A detailed scrutiny of the karyotypes of 4 populadn.m (Fig.
3a) revealed differences in minor structural details of their complements. The karyo-
types of Coll. Nos. 29 and 41 show closer resf on of symmetry,

emblance in their gradati
cliromosome size and absolute length. However, the two collections differ from cach
other in number of chromosomes having nearly median,

nearly submedian centromeres
and in the nature of secondarily constricted chromosomes. The karyotype, representing
Coll. Nos. 27 and 48, differs from the 2 preceeding oncs in

anceol

same chromosome

ats vary in
two well defined ty

1, 2, 3, 1a, 22, and

having lesser number of

chromosomes with nearly median and comparatively more number with nearly sub-
ffers from others in gradation ol

median centromeres. Moreover, the karyotype also di
symmetry, chromosome size and absolute length. (Table 1). In contrast to Hazra &
Sharma’s observation (1971) of 3 pairs of secondarily constricted and 1 pair of satellited
chromosomes, the present study revealed the presence of a pair of satellited and a pair
of secondarily constricted chromosomes in the somatic complements of all the 4
populations.

TABLE 1

Comparison of the karyolypes of 4 populations of Urena lobata Li

Populations  Karyotype formula  Chromasome type Chromosomes  Chromo- Range of Absolute
A B

with secondary somes  chromo- length

constriction with some mnp
onlong onshort SATS length
arm arm inp
s’ 138
Coll. No. 29 2n=28 5 §” 20 8 — 2 2 298l 671
=A1g+AstAg+By 1.62
Coll. No. 41 2n=28 8’ S 18 10 2 — 2 2.99 to 66.27
=Au,+ Az +By+B, 187
Coll. Nos, 27 2n=28 § S’ 16 12 2 — 2 2.13 10 46.58
& 48 Apt Ay+As+By 1.28
DISCUSSION

The polygraphic study revealed the presence of two distinct forms, differing from
cach other in number of morphological characters  The form characterised by deeply
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lobed leaves represents U, sinuata 1., and th
. sinuata 1., he other fi i
leaves represents (/. lobata 1., as envisaged by Lirr\n:':xllc(}:i'lg;mﬂlcd A

The karyotype analysis of 4 populati i how:

‘ | pulations, representi isti S i
structural differences in their karyotypes. l'imfJ at lhvr:ga;\:hiitxlnnf : for:::s’: lj:xmm?r
't‘ypr‘s of r.hrumos(mmf and overall synunetry is seen in all the ;g ulratsicm mc;:cl:
{‘Iw' kar},vrulrlr;l[)llnl(;)glcal findings thercfore, do not fully subscribe g’l:he V::rx ::":o .
dering them as 2 distinct species.  In view of th i S

A cil - ¢ above tione: i C
;n;)»rllbh(ﬂogl-f:d”y (c]l:s!mct formns be better  considered rep:lz,:g:;dsfg];:g:st:;wg
obata ssp. sinuata (L,) Borssum and U, lobata 1., ; bata

; L 98p. i
L. s i PR p. lobata of the type species Urena lobata
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lNTROUUCTION
Linaceae, displays great diversity in their mop-
More than 200 species have been listed under

) ly (Hos
this genus on the basis of their morphology and foral characters only (Hooker

i i d Sou
¢ is distributed both in the Northern ans :
e e dl}_.rl‘mtatusimum L., L. perenne L., L. strict

i 2 species Viz., S
{::BLP.M;‘;:::: 1\1[;:;’!“1: {:c reported from India (HG"_k‘)-'" ‘Bt74l- vlem “‘;.::lmmum
L. commonly known as linsced plant or flax, s ;_c; W Iy, P“mﬂt
products—the well known linseed oil and the famous linen {i cr : :

r wi ies of Linum possess several gencs of agronomic importance such as =
dmur::::ﬂ?sﬂt:nsc}::i::erfmrdifcss ete. In addition, an unexplored reservoir of genetic
variability like variation in oil quality (Plessers l9§6, Yermanos el al. 96
be of great value if transferred to the cultivated specics (Sectharam & Srinivascha
1972). A clear understanding of interspe ific rclauuns‘hxp is dcsu‘.ahlrf for successful

loitation of this ped reservoir. A survey of previous works in different aspe
of the genus Linum calls for further investigations especially in the field ol'. cytology
order to add more useful knowledge of their relationship between the species. A tof
of 18 collections of 1o species of Linum from different parts of the world are studi
cytologically to help to understand more about the prospects of hybridization witl
genus and to ascertain their cytological interrelationship.

Linum, the largest genus of the family

phological and cytological characters:

MATERIALS AND METHODS

Materials were obtained from IARI (Kanpur), Bulgaria, France, Isracl,
Kingdom and Nepal. Flower buds of suitable size from the plants raised i
house were fixed in Carnoy’s fixative Propiono-carmine was used for staining the
mosomes. The slides were made permanent by using Celariar’s (1956) acef
n-butyl alcohol schedule and mounted in cuparol. The chromosome behaviours
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Figs. 1—12. Meiotic stages of Linum specics. 1. Diakinesis showing 2 qudrivalents and 2 univalents in L.

lavum L. 2. Diakinesis showing go bivalents in L.

bivalents and ?,. univalents in L.gmaarllmmm Il:. ‘2. M. Ielync.,_ 3-um hival anﬁg
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ing chromati i il i e TR P
e eyncfna(x ”2!5!;1.3: in L. maritimum L. 12. Tetrad with 1 micronucleus in L.
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OBSERVATI INS
lar meiote divisions Rare occurrence op

lents and other multivalents are recorded i
Jusively in morphologically specialized

7 1
\I(“[ [lr [I]l‘ axa \||l(l|l'(| ‘I]l\h({l eg
; i vale N AVA
UHI\'LI‘\‘IH\. lli\'«l]i'l\(\l]ll.“lll\ ‘\Il nis, |” i
3 wpved X
a few b'\t'l‘ll‘,\ L\III![I\-\II'HI\ ard th(!\(f
8 ~]m(u|.m Jeaves and H"l\p:\lﬂlivuly lar,

behaviour at its diakinesis and first mey.
¢ behaviour at this stage of diyi.

Speeies ‘

Linwm flavam, 2 ])1'|lﬂnid| herly with larg
| some speeializa
In rest of th
“l"(“lll('“ll‘ (sl

Ltions (0 meiote
© species chromost
{ uvaler
asitatissmum L (Fig. 4), L. usitatissi-
Huds. (Coll. No. 2) and g,
bserved in still less frequency in a very few species of
¢ 1 of L. flavum showing occurrence of multivalents,
Quadrivalents are observed also

oI

flowers showed
s (Figs 2&3).

phase stage (Fig. 1)

sion is normal except for rarc
re observed in L

At metaphase 1 univalents a e
L. africanum | Y /mglul(/u/mm

ymwm ( Seminibus flavis).
nodiflorum L Mulnvalents are ©
Linum. Figure 5 represents metaphi :
This species has one or two quadrivalents at Ll|!> stage. R
in L. angustifolum (Coll. No 2). This collection Imls one trivalent a fn i dA‘c\\' .Cc"s‘
Figure 6 shows 2 quadnivalents and 11 l)L\'aIc{:(s with interb) 'alt‘nl unm(-cuom in i
angustifalium at its metaphase-1 stage Interbi 1_h~m connections are observed in [,
Presence of such connections probably leads  to form multiva-

lents. L. nodiflorum also has trivalent and hexavalent in addition to uni- and bivalenis, A
collection of L. usitatissimum viz. . L. witatissimum (Seminibus flavisy has onc trivaleny,
Rest of the species of Lenum studicd showed normal chromosomal behaviours at thejr
Figure 8 represents a normal meiotic mctaphase-1- plate ‘;f
d bivalents and Fig g shows 1 univalent, § g
nadiflorum. The chromosomal configura-

maritimum also (Iig. 7).

first metaphase stage.
L. angustifolium (Coll. No 29 a) showing 15 ro!
bivalents, 1 trivalent and 1 hexavalent in L.
tion at diakinesis and metaphase I is summarised in the Table 1.

Except in a few, the chromosomal behaviour at anaphase-I and its successive stages
is normal in almost all the species studied.  Normal first anaphase with equal distribu-
tion of chromosomes in L. afncamum is shown in Fig. 10. Butin L. maritimum  stickiness
and chromatid bridge are observed in a few cells. Figure 11 represents anaphase-1 of,
iing chromatid bridge. Rare occurrence of micronuclei at diad and

L. maritimum show
(é‘tminibu.(—ﬁaz'i:) has one micronucleus

ctrad are observed in two species. L. usitalissumum
a its diad stage whereas L. mysorense has one at its tetrad stage (Fig. 12).
The pollen stainability ranged {rom 36.39 to gg.03 per cent.  The least percentag

is found in L. maritimum and the highest in L. mysorense. L. sirictum has 76.239%, and

corymbulosum has 87.9%. The rest of the species have more than 96%, and most of thm’n'7

have exceeded 989, with a very narrow range between the species.
DISCUSSION
7 Most of the taxa used in this study show regular meiosis Inouye (1938), Singh (1940
Richharia & Kalamkar (1939 and Pirson (1955) reported normal meiosis in L. u_rilaqg

Cytology of some species of Linum o
Tante ¢
o 7
‘ at duakinesis{mesaphase 1

Name of the species

Coll, No. Haploid ~ Uni- Tri- Quadri- Hexa-Valents

chramo.
1 number

L. africanum 66
L. angustifoliem 0 1% 2 = G o
L. angustifalium 5‘“ 15 - = P33 oK
L. carymbulosum 26 1y 1 i s
L. crepitans 2 9 - Ly i
L. flavuny I;‘; 15 == 2 el o
L, maritimum 54 4 2-6 P 2 S8
L. mysorense Y2 12 A - 2 —
L. nodiftorum 30 a0 ot - - 23
L. strictum 17 Y ' T o i
L. usilatissimium 19 "' 2o - — —
L. usitatisamum 22 g i — s %2
L. usilatissimum 4 2 = — 2 5%
L. wsitatissimum 5 A = = i =
L. usitatissimum 72 12 = = — -
L. usitatissimum ab ,;’ N o= — P

(Seminibus-brunneis) o o= — = 2
L. wsitatissimum =5 ;

(Seminibus-flavis) 5 3 ’ i -
L. usitatissimum 21 15 2

var, linfola

simum. Recently Seetharam (1972), Seetharam & Srini 1 ‘
&' Sen (1976) also observed regular meiosis in L. mnm:u;ha;sgﬁ) a:;\d Chaudhur;
Lmun}: tl:u:y studied. However, Gill & Yermanos (19671).“(:0“““3 uti:r;: .o
1z, u.r.ualuximum, L. angustifoltum. L. africanum and some other species. Univalent: L:
multivalents, laggards, chromatid bridge, nonsynchronized divisions' and miC:Os mll 1
are rarely observed here and there in the present study. L. angustifolium (Collc I‘? 0
L. flavum, L. maritimum, L. strictum, L. usitatissimum (Coll, No. 56) and L t n‘:q' 2
(Seminibus-flavis) exhibited univalents at metaphase-I, the hi. hest numb. Wéi ""'"‘_m
L. flavum, followed by 3 in L. usitatissimum (Semilﬁbw-)l;ub). 2 S
Most of the bivalents in all the species at metaphase-I i hiasm:
but in a few cases such as L. angustifolium (Coll. Ng. 2)5.L, :'f:n;‘::utm}'f’ :n“c\lmil (r’l:ltf:a(;i:ﬁmu;
(Coll. No. 56) ring bivalents are also observed. The occurrence of rin bi;/a]ems is not.
constant in number and does not correlate with other morphologi %and c "-‘ ical
charact;r‘s. dl%ccun’cnce of chromosomes with a single chiasma at;:ctaphase-lywasgalso
reported in different species of Linum by Gill & ¥ ¢ ), Seet
Srinivaschar (1972) and Chaudhuri &bgen (15;6?“”““ Sy e
In-egmlan'ucs of rare occurrence in chromosome behaviour during meiotic divisions
cncount.crcd in the present study are two chromosome groups at metaphase-1 in L
{?auum, interbivalent connections in L. angustifoliun and L. maritimum mulﬁvalem.;
in. L, angustifoliins (GOLRNGS I WA EE ) 67 i (Seminibiussfiands) iand) Lo
Aavum and micro.nuclci at diad in L. usilatissimum (Sminibu.r;ﬂ;uis) and ;t tetrad in L'
mysorense.  In spite of these few irregularities the meiotic behaviour points towards the
stabilized nature of these species.  There is a harmonious correlation between pollen
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INTRODUCTION
a] and fodder crop of the subtropics of the wor]
-{ogcnclic studies and breeding of the crop, a
 colchicine treatment (Krishnaswamy ef al. 1950, Ram
tetraploids were produced by colchicins i o osome hebeion T

. d Jauhar 1 : >
o e, GO 1 T T et i
the spontaneously g]{uduru& Krishna Rao 1978)- Since autopolyploidy iney

Powell & Burton 1976, topolyploids have nearly twice as
5 . ase in gene dosage PeEr cell,; altopOR, SR a2
content pe duration (Palittiet al. 1972) and Murin (1976b) de

1l may affect the cell cycle ) .
::d that) the mitotic cycle duration is not simply related to the DNA contcntper‘nuﬁl

Tn order to understand the effect of polyploidy on the dL{ranon of the cell cy,
the relation between embryo and endosperm growth during carly seed develap
an attempt has been made to compare the rates of embryo and 'cnclospcrm develog
in diploid and autotetraploid lines of pearl millet. Observations were made ft

first four days after pollination on field grown material.

Pearl millet is an important c€!
In view of their importancc int ()

MATERIALS AND METHODS

IP 482 T is an autotetraploid of spontancous origin in the inbred IP 482 (K
& Krishna Rao 1978) and is being maintained by selfing as an inbred line; in-
generation it has 58% sced set. The other tetraploid (CBHT) was obtained fro
loid outbred line by colchicine treatment and was selected for high sced fertilij
subsequent generations; in the C8 gencration it had 60% sced set (Arundha
Diploid 1P 482 and another inbred Vg 212 were used for comparison.
studied and compared to other inbreds (unpublished) and therefore it is
standard line.

The spikes on field grown plants were artificially pollinated and were
0, 24, 48, 72 and 96h after pollination. Collections were made during
third weeks of February, 1980. Temperatures during the day varied
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480 and the night sminimum temperatures varied between 21°C—26°C. For compari-
son of all the genotypes, samples were taken from corresponding times of pollination
and fixation. The florets were fixed in acetic-aleohol (1:5) and then changed to 70%
aleohol. Embryo sac was dissected out of each oyule under a dissection microscope;
the whole endosperm mass along with the embryo was macerated for 1hin 45% acetic
acid,  After maceration the embryo and endosperm were separated and squashed in
0.5, acctocarming, Total number of endosperm nuclei (or cells) and embryo cells
were counted from five ovules at each sampling time.

OBSERVATIONS

The mature embryo sac at the time of pollination had two synergids and an egg at the
micropylar end, two closcly appressed polar nuclei just below the egg and a cluster of
variable number (2-22) of antipodals at the chalazal end. Antipodals were usually
multinucleate. The embryo sac, cell and nuclear  sizes were visibly larger inthe tetra-
ploids than in the diploids. :

Endosperm: The first division of the primary endosperm nucleus occurred between
4-5h after pollination. Two endosperm nuclei were found in all the florets fixed 6h after
pollination. Endosperm was hexaploid with 42 chromosomes in the tetraploid lines
and was triploid with 21 chromosomesin the diploid lines. The endosperm was at first
cocnocytic in all genotypes but was cellular at later stages. The endosperm  exhibited
synchronous mitoses up to 48h in all genotypes. Cell wall formation was initiated at
the micropylar end at 48 itself, in some of the ovules of all genotypes. The endosperm
was completely cellular and also starch grains appeared in some of the ovules in all
genotypes at 7zh after pollination. After cellularization the rates of cndosperm
development scemed to be slightly different between the tetraploids and diploids which
was also reflected in the higher mitotic indices in tetraploids. Al the genotypes showed
high mitotic indices cven after cell wall formation which was not found in diploid inbreds
studied ecarlier (unpublished). This might be expected duc to the variation in
temperature. g s 2

Cell cycle time : The cell cycle time during the free nuclear phase was almost s.l.mxla!'in - |
the tetraploids and diploids. The cycle time increased during the transition from
free nuclear phase to cellular phase of the endosperm (Table 1) and the increase was
approximately 2.0 times in G8HT, 1.75-2.0 times in diploid and tetraploid 1P482, and
2,5 times in Vg 212 in contrast to 3.0 times increase noted previously, at, the time of
transition, in diploid Vg 212. : v $

Embryo:  First division of the zygote was transversc; the upper cell formed into the
embryo proper and the lower cell into the suspensor of 8-10 layers about g6h after polli-
nation. A number of starch grains were observed at 72h and g6h, after pollination in the
suspensor cells. Mean number and range of embryo cells were found to be slightly
higher in tetraploids than in diploids at each sampling time. FriaE

Cell cycle time:  Divisions in the embryo cells were also Ja‘rg&ly synofzron‘ous up to
48h, at which time embryos with 6-14 cells, almost all in mitosis, were Arequently
obsef'ved. Subsequent divisions were less synchronous and estimation of cyele times,
making allowance for this point, was less accurate. Mean cycle time of the erﬁb*ryo :
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to cellular phase and after cellularization of the endosperm, the cell cycle time in the
embryo inereased to about 2.5 3.5 times ity carlier value, a feature similar to that

different e S
R et et " g ) i ! lioti ‘ , il . TS
Samplo Nao. of cyvles “F“(‘,;.?.‘] “;;'r"::' m cyole Mi‘:d':‘ abserved in the development of endosperm with cellularization.
s Sl Sy S 3 Relative rates of embryo and endosperm develofment = Rate of nuclear doubling in the free
Ty ‘ : i e 7S nuclear endosperm greatly exceeded the rate of nuclear doubling time in the embryo,
)M,\ll genolypes ! % o The maximum number of nuelet in the endosperm and embryo during the free nuclear
GAHE 16-4% 0 o ’,‘7 oll genolypes  all genotypes phase in all genotypes indicates that the nuclear cycle time in the endosperm during the
:Hg;l all genotyprs : 45 period (5 7.h) was about half that in the embryo (1zh) At the time of cellularization
Vg a1 55 the cyele time of the endosperm inereased while that of the embryo decreased; and
Omm n e Sib 6 40 B89.7% subsequently the cycle time in the embryo increased to 2.5—5.5 tirnies ity miaimum
Py {oo-gg6 ol gonotypes.  all genopEs Sl Esees sRillz
1Pg82 1565092
NVgai 209-599
005 Johid < - i DISCUSSION
osur 1518-2365 LasE 3 i : : ;
1P482T 1908 “39“3‘ bl gé glﬁ The rate of endosperm development was almost similar in the tetraploid and diploid
{!’489 “:71515‘32 ‘”';"g T Bo lines of pearl millet which indicates that polyploidy has no effect on early endos-
o gar2 925 253 perm development.  Similar results showing no effect of polyploidy on the rate of
C?Hl-‘ (uza_géog :!—:)3 S5 5 endosperm development were reported in autopolyploid Cirus (Fsen & Soost 147%);
5 - e, 0 >, . .
H’ﬁi’{l‘ ;;03-78;2 l-’}ﬂ =2 = b Zea mays (Cooper 1951), Lycapersicon (Cooper & Brink 1945), Secale rereale (Hakansson
Vg 212 2707-5948 12-13 e B A e & Ellerstrom 1950), Hordeum oulgare (Hak 1956), Hordewm bulh (B 2t al.
1975) and allopolyploid wheat species (Bennett e al. 1973, 1975)

risterns was reported o be longer (Evans

The duration of mitotic cycle in the root me
et al. 1972) or the same as (Yang & Dodson 1970) or shorter (Gupta 1969) than that in
related diploid species. Murin ( 1976a) has suggested that since primary influence of
polyploidy on mitotic cycle duration is variable from relatively small to significant, there
is no relationship between mitotic cycle time and polyploidy.
¢t on endosperm development, polyploidyseems to have 2
1 development in the embryo. This is evident from a slight
f embryo cells, and hence a decrease in the cell eycle time
of the tetraploid embryos when compared with the diploid embryos in pear] millet. Thus
the effect of polyploidy can be different on different cell types within the same species.
Bennett ¢f al. (1975) also reported an increase in the rate of development in the embryo
cells of allopolyploid wheat speci and Iyploid Hordeum bulb while polyploidy

Moreover the effect of polyploidy

P
has no effect on cell develop in the endosf
on cell development in embryo is similar to its eflect on meiocytes and microspores of

the sixth and seventh cycles

) at the sixth and eighth cycles in tetraploids (Table 2-). L

ycle time again increased to 18.0h—19.0h in
Thus minimum cycle time in embryo deve-

n of the endosperm from free nuclear

decreased from about 24h of the first cycle to 7.3h at

in diploids and to 6.7h—6.9}
During subsequent development the ¢
diploids and 16.0h—24.0l in tertaploids. S 1
lopment was ohserved during the period of transitio!

In contrast to its no efle
e slightly stimulating effect on cel
increasc in the mean number o

Mean cell cyele times and mitotic indices in the embryos of C8HF, 1P482 T,

i after pollination
No. of cycles Mean cycle time Mitotic index
(in h)

IP482 and Vg 212 o different times

Sample Mean no. of cells (range)

1.0 24

24h
All genotypes 2 s
3.0~ B 13:3 7

CBHE ::’ {g‘l'f)) g:g_ig ::)g 5543°/:a, wheat, ryc and barley where increasing the level of cither allo-or auto-polyploidy
%}:‘}giT gfg (6-14) 80549 'I; -; g';’:‘;?n“ increased the rate of cell development. Il‘l Zeamaysthe effect of autopolyploidy on the
Vg 212 8.4 (6-10) 5:0A i rate of embryo development seems to be slightly different in that the diploid and tetra-
720 39"0 (38-65) s.o_-g.o g? ;ggnﬁ ploid were similar up to two days and also between four to eight days but betweensecond

1P482T 9:5 8;’_%;; 2:2.7:; 7.4 13.8% and fourth day the diploid was faster than the tetraploid (Cooper 1951).
9;';2,2 i?io (32--59) 6.0-6.5 74 gt~ The rates of development of the endosperm and embryo appear to be highly cor-
9fift 137.4 (92-7190) 8.0 16.0 10 ‘;/ related in pearl millet which is evident from the cell ratios. The ratio of the mean
1P482T 108.6 (100-119) g-o fég :?_ﬂé endosperm nuclei (or cells) to the mean number of cells in the embryois fairly constant
3 10.8 4-0% from about 48h to gbh after pollination (Fig. 1). Though the ratio varies between the
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m cells to mean embryo cells at various times after pollination.

Fig. 1. Relation between mean endosper)
it is constant for a genotype. This ratio seems to be more or less fixed for a
1d grown samples of Vg 212 in two seasons were almost identical
rences in mean night and day temperatures between the seasons,
Similarly the ratio is very similar between the diploid and the related autotetraploid
genotypes. The constancy of the cell ratio suggests that (1) either the rates of the embryo
and endosperm are subjected to the same control or (2) the embryo is dependent on
endosperm for its rate of development. The fact that autopolyploidy has no effect
on the rate of cell development in the endosperm while it has a slightly stimulating eflect
in the embryo cells suggests that the rates of cell development in the two cell types are
subject to different controls. This leads us to the supposition that the rate of the deve-
lopment of embryo is dependent on endosperm. Such a possibility is also supported by
our earlier observations (unpublished) that the cell and nuclear volumes, as also the cell
numbers, in embryos developed without endosperm were considerably rcduged as com-
pared to those in embryos accompanicd by endosperm development. :

genotypes,
genotype inthat the fie
though there were diffe
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SUMMARY

A ated in the mitotic systems of Allium cepa, A,
~(:lu‘\:‘v:m‘;‘l“vr;";,lv‘-\:i‘lu:;fr and  Pisum sabivuni. Chiromosomal bn’-’lkﬂﬂﬁ()‘l‘l“d‘ f':\jyur(:rnlnnn{u
were the ;llzlilif clastogenic resPoONses. observed in the test syvm‘é“f(ilu1I|n.:?h|i(d:¢smlzsg‘:j':,‘|
e aics like fragmented nucler, stickiness and elumping, oha aueg ERRER 2 LE et
chromosomes, multpolar farmations at .\n.'||ll_|ml' and I.nnulf éa e ui‘
With increase in the duration of recovery period, a wrend of decreas I S lusrdy(
abnormal cells was uoticed, However, meristematic Hsgics of the test s)is !m lir?tin . o
normal san did not show any such clastogenic effects. Preliminary results implicating the
clastogenic action of the solar eclipse are presented.

INTRODUCTION

solar eclipse was investig

From times immemorial eclipses have inspired awe and fear among the mau.kjnd_
Despite the progress made in understanding  the astrophysical a.spchs. of cclfps'm,
there are certain superstitions associated with them. In  certamn Indian . societies
pregnant women are shunned from all activity during the entire phases fﬂ eclipses and
are kept strictly indoors for fear of ¢xposure, for such an exposure is believed to cause
malformed babies. In order to ascertain whether any clastogenic hazards are associated
with eclipses, an experiment was conducted with four plant test systems, viz., Allium
cepa, Allium satioum, Hordeum vulgare and Pisum sativum, during the total solar eclipse of
16th February, 1980. Marked rise in chromosomal aberrations in the root meristems
of different test systems was noted upon exposure to solar eclipse. Whereas the meri-
stematic tissue exposed to normal sun, one week after the eclipse, did not show any such
clastogenic effects.  In the studies reported here, preliminary results implicating clasto
genic action of the eclipse are presented. Details of further studies will be published

elsewhere.

MATERIALS AND METHODS

Root meristems of the test systems, immersed in aqueous medium, were exposed to
the solar eclipse (2.15 PM to 5.00 PM, 1.S.T.) on 16th February, 1980, at Nalgonda,
A.P., India, which fell under the path of totality. The temperatures were recorded
every 15 minutes for the entire duration of cclipse and the same varied from 32.2°
to 25.8°C.  Another set of growing root tips in aqueous medium was kept indoors at the
room temperature of 284 0.5°C to serve as control I. 3

In order to compare the differences in the effects of normal sun and the eclipsed sun,
another experiment was conducted a week later.  All the test systems were exposed c
normal sun for the same period (2.15 PM to 5.00 PM, L.S.T.), simulating
temperature conditions of solar eclipse, which formed control I1 4

Yet in another experiment, to assess the fate of macrolesions induced in the ‘meriste-
matic cells during the eclipse period, a sct of exposed meristems were allowed to

7

N
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by growing then in agueons medium for further periods of 12, 18 and 42 h. Appropriate
recovery-controls were miaintained for all the systems studied,

The root tips were fixed in acetic aleohol (1:4) and processed following hacmatoxy-
lin squash technique (Subramanyam & Subramaniam 1970) with slight changes in the
hydrolysis timings — The standard normal deviate (Z) test was used for testing the diffe-
rences in the frequency of aberrant cells in various treatments.

RESULTS AND DISCUSSION

The data on the [requency of abnormal cells in treatments and controls is given in
Table I.  Exposure to solar eclipse provoked a wide spectrim of clastogenic effects in
the meristematic cells of the four test systems investigated,

TABLE 1

Frequeney of echipse-induced abnormal cells in the four plant systems

Systems Treatments Tatal Cells in No, of Percentage Z
no. of division abmormal of abnormal value
cells cells cells
A. copa Control 1 5025 179 o o 0
Control 11 5076 146 L 0.668 1.38
S.L. 5120 183 42 22,95 59757
S.L.+ 12 h ree. 5326 68 20 29,41 VL bk
S 18 hrec. 5122 285 9 315 1.97%
S.E.+42 h rec. 5180 770 17 2.20 0.fio
Control (recovery) 5400 760 o o o
A. sativum Control | 5056 277, o o o
Contro! 11 5024 94 2 2.12 1.41
S.E. 5170 211 71 33.65 Fanees
412 h rec. 5100 198 19 9.59 2.79**
.18 hrec. 5180 652 16 2.45 0.21
2 hrec. 5050 345 9 2.60 048
itrol (recovery) 5060 700, 0 o o
H. vulgare Control I 5036 322 o o o
Control 11 5020 300 1 .33 1.00.
SiE. 5040 300 45 15.00 6.49***
.+ 12 h rec. 5240 325 25 7.69 4.68%*%
S.E.+16 h rec. 5000 415 23 5-54 43307
S.E.+ 40 h rec. 5300 Hoo 14 2.35 A 2ige e
Control (recovery) 5350 has5 o o 0
P. salivum Control I 5046 400 o o o
Control IT 5016 366 & 0.54 0.4
SiE; 5776 440 3 7:59 3.92%%%
E.+12 h rec. 5100 230 2 12,17 B.30%**
+18 h rec. 5040 790 a3 417 2.60**
E.+42 h ree. 5005 730 15 2.05 1.15
Control (recovery) 5060 8oo o o o

rec.=recovery:
== ignificant at 1% P level;

Solar eclipse;
sigatficant at 5% P level;
*** —significant at 0.1%, P level.
Chromosome breakages (Figs. 1, 2, & 4) and fragmentations (Figs. 3 & 4) were
quite frequent, compared to other abnormalitics. The chromosome breakages observed
were mainly of isochromatid type. With the exception of Pisum sativum, others revealed
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fragmenterl noclei (Fig. 10) as a sequel 1o exposure 1o the solar eclipse.  Other chro-
mosonial anomalies found in the exposed incristems  were stickiness and clumping of
chromosomes (Fig, 7. ana aned telophase bridges (Figs. 66 & 8), laggards (Fig. 4),
lagging chromosome fragments, mnultipolar formations at anaphase (Fig. 5), binucleate
cells (Fig o) and occasional extreme condensation of chromosomes at metaphase.

The merstematic cells of all the test systems exposed to solar eclipse, when compared
to controls I & I1, displayed .'.ignihranlly high frequency of chromosomal anomalies,

A few aberrant cells were also visualized in root tips exposed 1o normal sun; however,
the [requency of such cells, as compared to control 1, was matistically insignificant
(Table 1),

The growing root tips, whiclh were allowed different recovery periods alier exposure
(0 solar eclipse, have also depicted diverse chromosomal aberrations. fn general, with
increase in the duration of recovery a trend of decrease in the frequency of abmormal
cells was noticed.  However, the recovery of cells from the damage caused by solar
eclipse seemns o be gradual, especially, in A, cepa and P. sativum (Tahle 1y. Al the four
test systems differed not only in their sensitivity to the effects of solar eclipse but also in
their ability to recover from the initial damage. Of the systemns studied, Allium satizum
appears o be most  sensitive,

The results in the present investigation support the view that solar celipse can bring
about clastogeny in cukaryotic systems.  Hence, exposure to eclipses might cause in-
creases in the genetic Joads of diverse organisms. Perhaps, in this nature’s great experi-
ment (Syutti 1939) there lies a modus operandi of generating variability in the genetic
endowments of various organisms so as to seleet the fittest variants for the evolution of
species.  However, it is difficult to visualise the factors responsible for clastogeny during
cclipses.  The whole spectrum of clectromagnetic  radiations, constituting primary
factors of solar radiations, are altered qualitatively as well as quantitatively during the
cclipse period, when compared to normal day. However, these may not directly be
responsible for the clastogeny, since all these factors are reduced in intensity as happens
during night or on overcast and stormy days (Wojtusiak & Majlert 1976). Presumably,
the atmospheric phenomena dependent on solar radiation, constituting secondary factors,
like electrical conditions of atmosphere, polarisation of light and geomagnetic field, are
responsible for the chromosomal aberrations, as these are the factors which will be dis-
turbed most during the solar cclipse.
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Fig. 1. M:taphaic chromyome breakages in d. salicum.

ig. 2. Me=taphase chromosome breakages in A. cepa.
Anapt chromosome [ in A. sativum.
L'Aq:--ng chromosome and fragments in P. sattioum.
M ilupolar formations at anaphase in H. vudgare.
Anaphase bridge in P. satigum,
Clumping of chromosomes in P. sativum.

7- T
Fig. 8. ' Telophase bridge in P. salimun:
Fig. g. Binucleate cell in 4. cipa. :
Tig. 10. Fragmented nucleus in A, salivum.
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Figs. 1-3. Ancuploid plant nos. 7, 1 and 6 respectively.

Fig. 4. Pods of ancuploid nos. 7, 6 and 1 respectively.
Fig. 5. Diakinesis with 8 bivalents 4+ 6 univalents in plant no. 6.
Fig. 6. Diakincsis with onc ring of four, a chain of three, 6 bivalents, 3 univalents (one bivalent overlapping
on ring of four), in plant no. 6.
Fig. 7. Pachytene nucleous in plant no. 6 with i Ieol st I and tisomic
- chromosome 5 in plant no. G.
ig

Tig. 9. Tetrasomic chr

. 8. Trisomic chromosome 5 in triplo-5 in plant no. 7.
g- nucleol Sonnid

in plant no. 6

Cytolagy of ansuploids in Raphanus 147 :

The gth type of trivalent forms as a result of one exchange in the centromeric region
followed by 2 ¥ taina 121 ratioin eachof the arms  Another chiasma in one of the
arrny involving the fourth chromosome in an association of four results in the rith type.
The cighth type of trivalent requires one pxchange in one of the arms followed by 2X-ta
in the same arm (Fig. #)  The ninth requires one exchange in either of the arms with
4X-tain 2:1 pattern in the two arms,  The 17th type results from a single exchange of
partners in the céntromeric region with 4X-ta diswributed in 4 2:2 patiern in both the
arme. The 17th type of quadrivalent is come across in anly 2%, of the diakinetic nuclei
but the 1 ith type in 50%, thereby indicating that the short arm of the ninthichromosome
could ace; late a second chi also resulting in the 17th type which otherwise
forms the 11th type usually (Figs. 5to g).  When the mini ber  of exchang
with appropriate number of chiasmata for a multivalent are not formed the extra
chromosomes ay remain as univalents.

In the multivalents the points for initiation of pairing and separation werce the hetero-
chromatic regions around the centromere as secn in some of the carly pachytene and the
diplotenc nuclei. The pairing pattern is 2/1 and 2/2 in the trisomic and the tetrasomic
sets at any point, the pairing extending from the centric regions centrifugally along the
cuchromatic arms,

The 11th and the 17th types of configurations indicate that there is exchange of
partners in the heterochromatic regions in the chromosomes of Raphanus species also as
in the case of the closely allied genus Brassica of Cruciferac (Venkateswarlu & Kamala
1974, Kamala 1976) and in Sorghum (Reddi 1970).

Segregations at anaphase I and 11 (Table 2) shows that the extra chromosomes passed
intact at random in a high frequency of the nuclei and divided in only a few cases.
Inspite of the irregular scgregation at microsporogenesis the pollen fertility is fairly
high (Table 1). The high percentage of ancuploids with 19, 20, 21 and 22 chromosomes

TabLe 3
G gations at anaphase-I and anaphase-I1 in aneuploid Raphanus raphansstrum L.
Segregation pattern Percentage nuclei inl plant numbus'
. 7
3.6 17
Rl
o
i 6
2
6
Anaphase-TT
10 : 10 :9 : 0 92 96
10 : 8 4 o
TONCEORS ‘o 4 =
100512} 1
other types 63

Note: *half univalents.
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:'immia his being the only marker character in this plant can be due -mu;hc :]P'-‘Clﬁc
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i p [ anthocyanin deposity
But for this, and other minor VAriations like length of pod and o . Y IpO on
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type in these aneuoploids, a fact w hich is secn also in triplo-g and !L:lrasnml.c-g' of this
of duplicate factors in the diploid com-

species.  This is apparently due to the presence -
plement Further addition of duplications hardly could u'xpsct the gene balance and
lience the viability, a characteristic of palyploids (Jute, Paria & Basak 1979, Rfyflmnu:,
Kamala 1g80). Normally a diploid complement could not tolerate any addition of
duplicauons, but the tolerance of this species to the addition of upto 4 chromosomes
associated with a high transmission frequency of these extra chromosomes both from the
male and the female side is further proof to the conclusion made earlier from an analysis
of the diploid complement of Raphanus raphanistrum L. that the haploid number n=g
is not the basic number but originated duc to secondary balance from a basic set of 6

chromosomes.
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N M U INDUCED VARIATIONS IN BRASSICA

I'" KAMALA arp I, NAGAMANI

Department of Botany, Andhra Unizersity, Waltar 550 ooy, India

SUMMARY

ivars, Torch, Lehw, Polar, Span and Candle were tseated with thioe coneentrations,
o007, 0.00% and 0.0a%, of mieemethiyl urea,  The response of e five cultivars (o the
chemical ds almost the sane in the (heee concentrations and o017, and 6027, dosages are
Lethal sice all the plants died after 5 weeks, Leaver with Xantha type patches and cup shape
and a significnnt reduction in the st with 100 percent pollen and seed sterlivg i nouced
1o all the five varicties in ©.005%, ronceueration,

Five vull

INTRODUCTION

Mutation breeding with physical and chemical mitagens is more widely resorted to
than conventional breeding, in order 1o get a wider spectrim of viable mutations with
respect to the polygenically controlled characters like plant height, number of branches,
number of pods, number and size of pod and of seed. Five cultivars of Brassica campestrs L.
(2n=20), namely, Polar, Torch, Leho, Span and Candle were treated with three concen-
trations, 0.005%, 0.01%, ando.02%, aqueous Nitrosomethylurea and the relative sensi-
tivity of the five varietiesis compared. The variations observed in the M, generation on
the morphological side and the cytology of these treated lincs are dealt with in this

paper.
MATERIALS AND METHODS

Dry sceds of five cultivars, Torch, Echo, Span, Polar and Candle of B. campestrts L
(2n=20) were treated for 6 hours with three concentrations, 0.005%, 0.01%, and 0.02%,
aqueous solution of Nitrosomethylurea withintermittent shaking, at room temperature,
The seeds were washed thoroughly with deionised water after treatment and sown in
pots along with their controls.

For eytological studies young flower buds were fixedat 10 a.m. in a fresh mixture of
113 acetic acid- rectified spirit for 24 hours and transferred 10 70%, alcohol. Staining

was effected with 1%, iron acctocarmine. .
0

RESULTS AND DISCUSSION

Germination on the 15th day after sowing was progressively lower at higher concen-
trations of NMU in the different varieties (Table 1). Some of the seedlings in all the
{hree concentrations are albinotic and others with chlorotic cotyledons. 0.01%, and

.02%, concentrations are toxic since the plants died after five weeks. Detectable
morphological variations in 0.005% concentration are, leaves with Xantha type
patches and cup shape (Fig. 1) and significant reduction in gereral stature, flower and

pod size.
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wreated population. The frequency of such mutanis was high in 0:02% NMU

treatments (Table 2) but the highest yield was recorded i gnmmuamyu-bma

(reatment with 12.19g per plant as compared to the §.520 8 pe plant of the control,

The increase in the yield, in general, is positively associated with methionine content
Itered as camy d to the control.

but protein and tryptop!

Tasir 2
Payformance of high yielding mutonts
Treatments Mutans  Total grain yield Protein  Methionine  Tryp
%) Mean+ SE () content content cnn:;l;n
Variety Pusa Baisakhi
0.1% EMS 0615 11,3701 128 25.2750 3015
:'.;, EMS o.aﬂ;; . tjji r.ar 92.2250  2.172
0.30 12, 112 1500
0.01% NMU 0.571 Sgo;t 100 :tlgGo
0,02% ' 1.33 m +a.on 24.4650
0.0 MU 0.547 11.854F 1.8 24.9687
20 qlmma-nyl-f-o.l% EMS o.50 12.190+ 13 21,6135
Control —_ 9.529+ 0.87 24.1937
 CDats% — 1.722 1705
Vmuyu o
0.564 10.100% 1.12 0
0.911 16.040% 1.08

0. ‘lﬂ xé:ﬁ;i "g
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LS OF LATHYRUS SATIVUS

OF SOME VARITI :
ADIATION

‘0 GAMMA IRR
avp A K DAS

RELATIVE SENSIT IVITY
Tzl

A. B PRASAD*®
Botany Department, L.S. College

o “ylogene sralon)
Mutagenesis and Cylogene tics Laboratory,
: (University of Bikar) Muzaffarpur 842 001, India

SUMMARY

of Latfruy satigus L. (20 = 14) were treated
Intive sensitrvity of the variety was evas

germination, root and shoot length and

" although indicated genotypic difleren-

«is of their sc nsitivity with respect to

m size of sIX varictes
o kR of gamma rays. The t¢
radiatons an
Overall analysis, a

Healthy seeds of unifor
with 10, 20, 30 40 and 5 i
luated through the elfect of 1onising
arity was recorded.

survival at matu i ; ;
ces in radiosensitivity, they may be grouped on the bs ¢ : : T
Mt indices  On the hasis of effect on gevmination Pyeg, Poos L " v\l'{fn ‘l(h: r o ml,h -O'thr
/ q 1 P, was entirely different genotypically

Py, and Py, which form a different group. Pgy was of r ]
et i "t root and shoot length, the following

than the rest of the varieties. Simularly, in respect

groups were found :
Root—{Pay, Pra)s (Paga,
Shoot—(Pyg, LGrg) (LCrs:

1.Cqg) and (LCzg Poyer Pyes)

P 1o, Pags) and (Pega, Poss)

Dose differences at M1 and dose and varietal differences at Mgy were found to be highly signi-
fcant. Pygs among varictics and root in all varieties were noted to be more radiosensitive.
The regression co-efficient (regression of shoot o1 root) and correlation co-efficient between
root and shoot at different varietics were highly significant.

INTRODUCTION

Therc are several evidences to show that radiosensitivity is influenced by both
environmental and biological factors. Among biological factors, differential response
to radiation of seeds of cereals has been reported to depend on the genetic background
of test material (Tsunewaki & Heyne 1959, Jagathesan & Swaminathan 1961, Frey
1964). But the survey of litcrature reveals relatively little work on radiosensitivity
of Leguminoceous species and especially Lathyrus satious KL—one of the important
pulse crops. However, influence of genetic factors among legumes have been reported
by Monti and Dfmini (1968) in pea and Ukai & Yamashita (1968) in Soybean. This
work, therefore, intends to study the varicetal differences in response to gamma radiation.

MATERIALS AND METHODS

Dry seeds of Var. Pyg, Payy Pyyg Pugs, Psss and LGy of i
s Pro, > Lase 5 Lathy
(an=14) having 10% moisturc were irradiated with 10, 20, 3(;: 40 a.n; ;f)rku;{ c:; MammmL‘
rays at the dose rate of 330 kR from 1675 curies gamma cell. The method of lrrafix {
has already been reported by Das and Prasad (1980). 5
All the treated and untreated seeds were allowed to germi
; : Tminats i
in pctn?latcs un.dt?r laboratory conditions at 527:!:7"0.g All g:!;uii[;l;utzsts‘(i:lcts: s
planted in field giving a distance of ’XI'. The germination (on 7th day) rootwer;
i}:::: I:yngr.h (on 10th day as detailed by Prasad & Godward 1965) and ,sumvg]mat
ity were measured in each variety and were used as criteria - . hei
rcl.anvc bxlolc?g-iwl response to gamma rays. The data wer: prr:;:e:m“_m thmr
priate statistical methods. e
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RESULTS AND DISCUSSION

The response of variety Pig, Py, P88, Py, Pugg and LCsy to the various doses
of gamnma rays was cvaluated through the indices of germination, root andshoot lengt}
and survival at maturity in My and M, generations, 3 ot length

GERMINATION

M, (Table 1) showed no effect of treat e
LGy nnd. upto 50 kR in Py and Pyy; whcrgiufcdlm":’i?hm;c:rz& . dl;,.. i
uhs(;'rved in Prag an'd after 30 kR in Pzo and Py, At M, generation (rﬂ.if:d ﬁsoc:n\;;s
iicems&, fal: mﬂgcnnuminn percentage from g0 kR onward in Pya, Py and Pyg; and ml;
ogthcfgw: ect N\Iwerc noticcable in l"m. Pus and LCy (Table 1). A comparison
e o OM" 5 ﬂﬂ'ﬁ its My progenies showed greater reduction in percentage ger-
potential of the’va:il::g::s azorc”:;'d}:cl)ut;r‘{gh A s UL s Sfteontid
into (a) Payg, Pegy and LCye g,) Pro a;:jr ;«:p(r;r)u; :Z:r‘?atmcnm, they may be grouped

TanrLe 1

Germanation as percent of conlrol in some varieties of Lathyrus satious L. ofter gamma rays (reatment

Var Generation
Deoriis
10 20 ‘;‘; o #0 Joriy
Py M, 103.7 10!
3 2.2 100.4 £
Yo le['h 10%6 99.5 713 g; gg.s
Ml 100.9 101.2 100.5 95-9 o
Paus M. 101.6 95.6 88.0 73-4 9°»’
M 98.2 96.6 97.6 97.9 i
i My 99.3 9.7 o2 036 a5
s 103.4 101.6 logﬁ 102.1 lgx’ Vo)
Pou M 93 373 33-4 96.3 94:; 3
M 2 3. .4 587 55.%
Tifef My s 94 70.7 825 =
5 99.8 100.6 100.2 (ke s =
My 100.3 101.0 98.6 96:4 l;gj

P, ¥ ST 5
‘resent address: Professor of Botany, L. N. Mithila University, Darbhanga 846004, India.

The effect of radiation on germination is dire r yportio %
1944, Matsumura & Fujii 1958) or there is no e;':l!?tl;f?zéaﬁnnézlt:a nm-y&Ramx
1961, Bose & Banerjee 1968, Bari 1971, Roy et al. 1971, Prasad & Godward 1 ‘-ﬂ)l
451:‘1 1(;}:::; cli:nmulamry effect (Sax 1963, Suss 1966, Coutinho 1971, Joseph et al ‘199 75)'

to mutagenic treatment has been related to differences in ﬁhe.genbtyixic 1:73)1-

stitution of seed. Even single gene
sensitivity (Sparrow et al. 1965). spe )

v S 65). T : spectrum and  fr T
:lutt;t:on depends on degree ofhclosm,ess varictics (Enken 19662 and 1;&;:)‘10)7‘335
suggcstctclo:;r:z- ﬂl:;:' pr;cent aﬁx:ld.\nch,on percz:\ta.ge germir ation in both the generations

! - Parg, Pagy . ¢ are closer to each other than var. P, ¢
which showed an almost identical effect; the differences in relation to othc;ov:nnfleg;

significant changes in radio-

a5 exhibited by Pggs can be ascribed to its entirely different genotypic constitution.
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t v . ¥ ith 2 vel T,
Our results of no effect on ge rmination percentage, coupled with |)1|l;7 mhler rl[]m-,_
Pegy and LCye are in agreement with the finc ings o ~l{)"
at lower doses associated with

But no effect @
8 g p ’
ination pereentage in Pia and lu are

on survival in var. Py, ¥ 3
& Matsumura (1958) and Micke (1961).

considerable reduction at higher doses on germ : e
in agreement with the findings of Goud ¢ al. (1970), Roy el al. (1g71) and Prasac &

Godward (1975). Dose dependent reduction in germination |\|-rrrn|;lgr‘in 'P,,.,, in
similar to that of Gustafsoon (1044) and Matsumura & 1 wjii (1058). R eduction in ger-
mination percentage after 30 kR in Py and Py, and after 20 kR in P",' in Mg gcr\cm.
tion confirms Amer & Hakeem (1964) and Prasad & Godward (1975) 4 findings of per-
sistent nature of chromosomal abnormalities induced at M.

The overall picture which emerges (rom this study 1s that vai Pays. Paca and LC,,
are closer to each other as compared to Pio and Paq which are closer to one another:

But Pgs has no close relationship with any of the varieties under study.

TADLE 2

Mean length of roof in em. based on daily observation for 10 days in some varieties of Lathyrus sativus L. (My amd My)
s Jollowing gamma rays treatment
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ROOT AND SHOOT LENGTH

o A general teend of higher the dose greater the damage in root and shoot length
("Tables 2 and g) was apparent besides both root and shoot being langer in length at M.

Tante g
Meon length of choot in em. based an daily abseruation for 1 i i
0 days in vame varieties of Lathprus sofit
and My) following gamma rays treatment Y e

I)r;:lr( in > ; Variety Mean
1n P Pray Pay Pine LG,

G 5
ﬂlﬂntwl 95 885 9.93 .55 767 789
20 6:!!! ;Zg ;gz o i 5

b 5! A 49! 7

3: 551 2,23 .37 .71 tig g o
q,o 318 3.04 2.21 0.08 1.21 2,43

M5 2.92 1.95 1,51 1.58 2.43
ean 4.68 411 4.23 448 449

“Dose in Variety

MR e VS IR SRR s M
P Py Page Ouns Pyas LCyy
M

Control 3.04 3.7t 3.45 4.76 2.85 3.29 3.68
10 355 2.40 2.51 3-92 2.61 3-31 3.05
20 344 3.43 2.45 2.54 2.80 2.4 2.8
30 2.51 2.03 1.99 2.12 2.54 2.48 2.9
40 1.93 2.8 1.86 1.29 1.51 1.95 1.79
50 2,30 1.78 2.11 1.50 1.62 2.20 1.2

Mean 2.78 2.59 2.40 2.69 2.49 2,61 2.50

S.E. Varicty or Dose (Mean)= + 0.20

C.D. at 5% Dosc=0.58

C.D. at 1% Dose=0.79

Dose at 5% = Control, 10kR, 20 kR, 30 kR, 50 kR, 40 kR

S.IL. Varicty or Dose (M =

C.D. at 5%YDmc=f.:(,x o ol

C.D. at 1% Duse=2.05

At 5% Dose=Control, 10 kR, 20 kR, go kR, 40 kR, 50 kR

M,
Contral 5.69 530 4-57 507 478 .
10 181 5.97 541 47 457 T 25
20 527 5-50 3.76 442 4-32 4.04 4.55
30 5-22 5.03 4-31 5:10 3-35 412 4:52
40 4-94 4-90 3.60 4.07 317 3.95 410
50 4.95 4.99 3.61 4.91 2.74 3.54 4
Mean 515 5-28 4.21 4-52 3.82 4.33 4:;3
ANOVA
Source D.f. S.S. M. Ratio
Variety 5 77.3262 15.4652 B.19**
Dose 5 64.3122 u:agu gl:;?”
Error 270 109.3360 0.4049 g

S.E. Variety or Dose (Mcan) =+ 0.0825

C.D. at 5% varicty or Dose=0.23

C.D. at 1% variety or Dose=0.30

Varicty at 5% Paq, Pyy, Pags, LCsg, Poss, Pess

Dose at 5% Control, 10 kR, 20 kR, 30 kR, 40 kR, 50 kR

M
Control 743 8.86 6.47 ’
2 572 6.61 {7 K
10 7.2! 8.82 5.3 6.01 5.35 Zﬁ ;?3
20 6.60 7-50 6.32 5.83 6.54 .31 6.71
30 6.00 740 5.68 592 5.27 .00 .08
40 4.98 7'§7 562 5-37 5.2 526 5-66
s 546 7.62 524 5.00 43! 4.98 544
ean 6.33 7-95 6.05 5.64 5.56 6.55 6.35
ANOVA
Source D.f. S.S. M.S. Ratio
Variety. 5 227.9593 455019 A%
Dose 5 ,5&924,3 1.3930 e
Error 270 247.6002 30.3227'0 I 3
S.E. Varicty or dose (Mean) = +o.12 i : o
C.D. at 5% variety or dose= 0.33
C.D. at 1%, variety or dose= 0.

). -44
Variety at 5%=Pay, LCys, Pio, Passs Paezs Pogs A
Dose at 5%=10 kR, Control, 20 30 40 kR, 50 kR.
N.B. Varietal as well as dose differences are highly significant.

than M in all the varieties and at all the doses. P at20 kR and Py, at 1o kR in M1,
h , showed stimulation in root length. This stimulatory effect was found to dis-
appear by roth day in P, and 7th day in Py. The shoot length showed no stimula-
tion in any variety whatesoever at any of the doses and in any of the generations in-
vestigated.
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The growth depression expressed as ratio of mean length of root/mean length of shoot
per variety (Table 4) which is comparatively more pronoun ed at M, than M, at
various doses, revealed that the root was more sensitive to radiation than shoot in each
variety. Different varieties, however, showed variation in the degree of sensitivity
and they may be arranged in order of their dec reasing radiosensitivity as such:

1. For shoot ltnglll--»l“m:,]’“_,>l’:n~>l’]"_\_,l,(f." and>P g,

2. For root length—P, > P> LG, > Py > Pro and > Pyy
TanLe 4
Rutio of mean length of roatjieza length of shoot on voth day afier garma ray treatment in six varieites of
Lathyrus safwus L
Dasc in Generation Variety
kR
Pig Paa Pous Pyoa Psi LCyq
0.0 M, 0.47 0,35 .31 0.51 0.48 0.40
M, a.by 0.50 0.71 0.87 0.68 0.1
10 A, 0.51 0.80 0.20 0.68 0.45 0.47
M, 0.67 0.67 0.68 0.76 0.8y n.?m
20 M, 0.48 o.58 0.93 0.51 0.62 0.49
M, 0.71 0.73 0,58 0.72 0.64 0.55
30 M, 0,56 o.82 0.46 0.56 0.94 0.53
M,y 0.5 0.67 0.73 0.86 .63 0.67
40 M, U'éﬁ 0.66 0.70 1.07 115 0.44
M, a8y 0.65 0.64 0.74 0.56 0.74
50 M 0.64 0.89 0.9 0.90 0.84 0.77
M, 0.90 0.65 0.68 0.83 0.64 0.71
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rent varieties at diflerent doses (Tables 5 and 6) both at My and M, showed that they

were all highly significant and both root and shoot showed a similar pattern of response
to dose differences.

TanLe 6

Corselation co-effictents between rool and shoot of different varictiss af different doses of gamma rays in Lathyrus saticu. L.

Dose in  Generation Variety
L Fig Py Page Poys Pess LCog
0.0 M 0.9871 0.9712 0.9358 08877 0.9931 .97
My 0.9876 0,990y 0,989 0o99; 0393%' 0%53
10 My 0.971 0.0774 0.9759 a.991 04811 0.9123
M a‘gi!q% 0.9819 0.0960 08035 0.975%5 0.9965
20 M, 0.9991 a.gﬂﬁd 0.9602 0.9921 0.05¢ 0.4782
M, 0.9921 0.g660 0.45916 0,9920 0.9723 0.9978
30 M; 0.9930 0.0672 0.9662 0.9738 0.0874 0.9920
My 0.9932 0.9743 0.9975 0.0005 99535 o.ghoa
40 My 0,9750 0.9633 0.9839 0.9612 0.9551 05752
My 0.9317 0.9819 0.9807 0.G882 0.0930 o,gga
50 M, a.9808 0.8940 0.0645 0824 0.0367 0.9836
Mg 0.9953 0.9735 0.9971 0‘990% 0.0874 0.G026

Thus variety Pgss appears to be more radiosensitive than the other varieties, in
respect of both root and shoot length. g :

Analysis of variance of root and shoot length (Tables 2 and 3) showed that dose
differences were highly significant at M, and both dose and varietal differences at Ma,
Regression  co-efficient by x (i.c. shoot on root) and correlation co-efficient of diffe-

TabLE 5
Regression co-gfficients by x (i.c. of shoot on root) of different varieties al different doses of gamma rays in Lathyrus
sativus L.
Dose in  Generation Varicty
kR Py Py, Pyyy Pass Pygy LGy
Control M, 2.63 4-35 497 2
.31 2. i
Ir:d! 1.66 2.02 1.75 1.37 lgg :x,g?
10 \l. 1.52 1.65 4-53 1.78 2.78 2.75
M, 1.76 2,04 1.56 1.08 L5 2.1§
20 R}, 2.70 2“135 3.67 2.66 1.8 2.91
2 1.51 1.82 2.04 1.70 .8 E
30 M; 2.52 1.82 2.53 a.;g ;Gg :;T
M, 1.47 2.08 1.80 1.54 2.00 2.06
40 ‘I&l. 3.28 2,08 1.47 1.93 1.20 3.31
M, 1.24 1.94 1.90 1.8 2,15 1.04
50 M, 2.17 1.58 1.04 1.0l 1.61 1.85
M, 1.36 2.09 1.84 1.70 2.15 1.81

N.B. All the regression co-efficients (i.e. regression of shoot on root) of different varieti i
doses are highly significant in both the generations. ) = o

N.B. Al the _cor;f_:latioq co-efficients between root and shoot of different varieties at difiezent doses are
highly in both the ions except Pagg at 50 kR My which is only significant.

It has been shown by Sparrow & Christensen (1953) that the response of genotype
to radiation depends upon endogenous level of auxins and ascorbic acid. Gordon (1957)
has suggested inhibition of auxin synthesis as a result of irradiation of seeds is responsible
for reduction in seedling height. On the other hand inhibition of mitosis by irradiation
has been ascribed as a probable reason for decrease in the seedling height and root length
(Evans et al. 1957, Evans & Scott 1964, Prasad & Godward 1975). Chromosomal
aberrations are also supposed to be one of the causes of retardation in growth (Yamagata
et al. 1969). However, our observation of dosc dependent decrease in both root and
shoot length indicates that growth inhibition at higher doses is the consequential effect
of gross injury at cellular level, cither of gene controlled by biochemical or
physicochemical processes or both. Less pronounced effect on growth retardation in
root and shoot at Mj than M, suggests dilution of initial injury to radiation. Yamagata
et al. (1960) reported after comparing number of bridgesin root and shoot-tips that the
seedling growth could be separated into two parts; the growth closely correlated to the
frequency of chromosome bridges and growthind dent ofchr aberrati
The former is considered to be negatively correlated to the degreeof inhibition of
cell-division and the latter may possibly be attributed to more enlargement of cell in
volume. Sax (1963) and Micke (1961}, on the contrary, have reported increase in
growth of seedling as compared to that of control at lower doses similar to that of Py
and P, at 10 kR and 20 kR M| respectively observed in the present experiment. Such
stimulation may be either due to enk of cell division or enlarg 1t in the siz€

1

of the cells, which might have been the results of the disturbances i 1 by irr }
in the growth regulating mechanism of the cells. Miuraet al. (1974) reported that the
elongation of Avena coleoptiles was inhibited by the increase of gamma rays doses which
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1b2
reduces the [AA activity. Absence of stimulatory eflect at My indicates the disappear-
ance of such effect.

an shoot is inagreement with Avanzj

Our finding of root being more radiosensitive th

Dumanovic & Ehrenberg (1955), Johns
(1966) reported that 109 inlubition of root

than the same percentage

et al. (1966) tone & Klopinger (1967) and
Prasad & Godward (1975). Avanzi ¢/ al.
growth is combined with the fewer chromosomal aberragons
of inhibition in shoot growth, The cause of difference in the radiosensitivity is difficult
to explain but it may possibly be cither due 1o their anatomical and physiological diffe
rences or differences in growth mechanism. A great deal of shoot growth is associated

with cell elongation whereas root growth is more dependent on cell division.
It is interesting to note that no significant varictal differences appear in M, but
M, specially  when  the

significant varictal differences have been observable in
No varictal

varieties are genotypic and no karyotypic differences exist among them,
differences in response to radiation in M; is in contrast to the findings of Kumar ef al.
(1969), Goud ¢t al. (1967 and 196g) and Soriano (1971). But this is comparable to
Borojevie & Borajevie (1968) and De Nettancourt & Devreux (1969) where they have
observed no genotypic differences to mutagenic treatnients. However, it is difficult to
suggest any conclusive reason for no varietal differences in M, generation, specially
when these are genotypic. These findings, no doubt, are suggestive of the need of the
better understanding of the role of heterozygosity or heterozygosis in the genetic response
of genotypes to radiation because of its possible practical application in the area of
mutagenesis. The varieties showed significant differences in radiosensitivity at M,
and that Py, and Py, occupied  the two extremitics. This establishes the fact that
variety Py is more radiosensitive and Py is more radioresistant.  But Anova for root
::: i:;ooigix) l;u 5“/; for l\;ari(:tics indica.tcs P.u, P1o; P LC,.,. P.m, Pt root

2 LGqa, Prg, Pygy, Py, P, relationship among the varietics.  Grouping
of varieties has also been suggested by our obscrvation on percentage germination. Such
grouping of varieties suggests that they comprise different sensitivity group. However,
::1 d\:;::, ;:'s I;Zg:x;;; n( 159631 Sl:lggl‘.sﬁon that' gamr:lil\) irradi-ar.ion impaires a possible
e :;xlxld i:;u:g system, it may be c.onsxdcred that Pgg had low

e high growth retardation than the rest.

SURVIVAL

A general exponential fall is indicated in all the varieties in both the generations
(Tabl.: 7‘) although Py and Pags at 20 kR showed slightly higher survival percentage
than its m?mcdiate lower dose. This stimulatory effect has completely disappeared at
M,. : Sumval percentage at M, is much less than M, at all doses. This indicates
persisting bature of namage induced at M,. Although no significant difference between
varieties is seen at M, Pyg; appears to be more radiosensitive than others.

The problem of survival after sced irradiation has been discussed by many
workers (Ehrenberg 1955, Fujii & Matsumura 1958, Amer & Hakeem 1964, Bari 1971,
:Pmad & Godward 1975). The survival percentage would be expected to fall  with
increase in doses although Fujii & Matsumura (1958) have reported an increase in the
germination percentage followed by the death of scedlings at higher doses. It appears
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Thavre 7

Parcentage surolval as that of contral - after gamma rays treatment in different varieties of Lathyrus satious L. at- maturity

Dose in Variety

kIR Generation Pio Ps, i Pir o T
) M, By.9 B2.2 g6.2 72.2 70.0 714
My !l.'i-g 96.0 91,3 85.0 89.4 90.0
Y My 5 H4.0 By.3 bo.4 68.0 1.4
My gg.n 9.8 B4.9 2.9 86,0 2.3
30 M, 0.4 62.0 9.2 58.3 0 41.9
M, H0.4 83.3 0.0 0 0 79.9
40 M, 59.1 66.0 61.8 641 48.0 46.9
M, 79.6 Bo.o 73,5 79.0 74.9 76.0
50 M, n2.8 62,4 6o.4 7.2 3.0 35+
M, 9.9 757 700 .9 big 70

that although the germination may not be affected heavily by increase of dose, the sur-
vival is much less at higher doses. The present observations on germination percentage,
although show a great deal of diversities following gamma irradiation, the survival
percentage showed a general exponential fall with the increase of doses. ‘This may be
expected as the doses are directly proportional to the chromosomal damage. So far
as the percentage of survival at M gencration is concerned, absence of any marked
cffect as compared to control is in close agreement with the findings of Amer & Hakeem

(1964) in Lupinus termis.
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EVOLUTIONARY SIGNIFICANCE OF (Jl-IROM()S(:)M/\L ASSOCIATION
IN PONGIRUS—CITRUS HYBRIDS

MOHAMMAD ANIS* axp S. S, RAGHUVANSHI

Botany Department, University of Lucknow, Lucknow 226007, India

SUMMARY
Meiotic behaviour of chromosomes in pollen mather cells was examined in Poncirus (rifoliata, ity
selections and in two intergeneric hvbnsuﬂlhcﬂnu spp, Pairly regular bivalent I’m:mnuon takes
lace during meiosis. Relatively complete patring between Cifrus nndll’ammu cliromosormes in
intergencric hybrids implies close sinularity m the chromosome compliments of the two genera.
The stability of chromosome conjuganon seems (o ncrease with time intervals that have
ed since the initial hybrdization bad taken place. An cva‘lpmmn of the cytological
indings of the hybrids has Lcrn di d for phylog C

INTRODUCTION

It is now well recognised that botlh interspecific and intergeneric hybridization has
played a role in the evolution of new species in nature. It goes without saying that the
examination of hybrid meiosis is of special value in comparing karyotypes of distinct
entities for it is only when thescare brought together into the same cell that we can assess
their structural and genic homologies. The chromosome rearrangements that have
played a role in evolution are principally exchanges in which parts of a chromosome or
chromosomes establish new spatial relationship. Therefore, the study of intergenceric
hybrids have become an integral part of new systematics, since it serves as a valuable
clue in determining the inter-relationship between the two genera and following their
probable mode of evolution. The present paper deals with the details of cytalogic
behaviour of Poncirus trifoliata Raf, its selections and their hybrids with Citrus sinensis
and the appraisal of evolutionary significance

MATERIALS AND METHODS

The plant material consists of Poncirus trifoliata, anallicd genera of Citrus (Rutaceac),
its two selections, Roubidoux and Pomeroy and two intergeneric hybrids between
Poncirus and Citrus sinensis.  These were collected from the citrus orchard of Horticultural
Research Institute, Saharanpur.

For cytological examination, young flower buds from individual trees were fixed
randomly in Carnoy’s fixative supplemented with FeCl,. Only half or one third of an
anther was squashed in 2%, rine.  Analysis of various stages of meiosis were
best done from fresh preparations, chiefly atfirst metaphase and anaphasc.

The meiotic data was statistically analysed by partial analysis of variance proposed
by Mather (1936).

RESULTS AND DISCUSSION

The monotypic genus Poncirus, its two selections and their integeneric hybrids 1
C. sinensis, examined in the present investigation had the expected chromosome ‘number

*Present address: Department of Botany, A. M. U, Aligarh, 202002, India.

Figs. 1-7. Various ch 10us at meiotic divisi
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Qf ax=18 (Fig. 1), Chromosone behaviour in PMCs in the two  hybrids, Troyer
(naval orange # ftrifoliate orange; and Carrizo  (trifoliate orange x sweet orange)
showed the occarrence of nine bivalents in most of the cells at meiotic metaphase 1.
The nature and frequencies of various types of chromosome associations and cliasmata
hag been summarized in Table 1. Although pairing was observed to be predominantly

[aric o in PMCs of hybrids between Poncirus
trifoliata and Cifrus sinensis. 1. Somatic cell wath ox=18 chromnso);m-s in Carrizo hybrid.
2. Diakinesis showing regular nine bivalents. 3. Diakinesis, 8 I1+2 I, in Troyer hybrid.

4. Mctaphase I, g E] in Troyer hybrid. 5. M-I lhowini: ring of four chicmosomes in Troyer
hybrid. 6. A-I, g normal g:9 ion. 7. M-IL 10-8 distribution and precocious
movement of one chromosome.
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bivalents (Figs. 2 & 40, the only excepiion was that onc or two cells had a |;u.1(F||\;||, ,'”
No trivalents or any other higher valents were noticed any time I'wo uni
while four  were
ceand division metaphase

Iig. 5 5
K- varely observed,  The

valents commionly ocenrred in a cell (Fig

hivalents regalarly disjoined to the p es
showed precocious n

I O '

i [ . woverent of one chromoson
spindles functon novioally but often
The pollen stenility ranged trom 7.0 10 25%,

(g

Tanie 1

s trtfoliate, its velections and in the fntergeneric Jybids

ar metaphnse L in PMCs of Por

Ghromasems e

Ring bivalants Rod bivalents  nivalents
chiromosome  stain

Number — Percent
Range Mean (AN 4 S E) ability
@

Name of PMCs af almormal
studied  cells Range Mean Range Mean

o o-2 ooy o814 002

Yomcerns Irfoliata g2 1226 a8 5.98 1% 3.00
:h-\.l...i.-u\ 65 12 0b 39 Ggy -0 1.7 o0-2 0.9 0084003
Pomeroy 6y 20.06 $0 700 16 g7 o2 o032 o8jtoog
Citruy seensts (o 16.45 1-g 581 17 288 o2 o006o o085%0.04
Trover 1800 29 637 1-6 249 0-4 o040 0434003
Carrizo 13.04 30 632 1-6 236 o2 o1 083002

Ghigsma per Pollen

= Actual Mean+ Standard Error

The chromosome pairing in intergeneric hybrids throw light on the homaology of
chromosomes between the genera involved, and secondly, the fertility on the male and
female side in hybrids gives a measure of true homology between parents.  In inter-
generic hybrids if bivalents are formed it is inferred that certain degrees of homology
proportional to the frequency of bivalents exist between the taxa.  However, it should
not be overlooked that certain amount of autesyndetic pairing may also occur due to the
presence of translocated duplicated homologous segments on otherwise non-homologous
chromosomes within the genome. The presence of such homologous segments on other-
wise non-homologous chromosomes within the genome is non-discernible in parent
species because of preferential pairing restricted to homologous set.  Whether auto-
syndetic pairing occurs can be assessed by the occurrence of multivalent in hybrid plants
where alongwith intergenomic pairing there may occur intragenomic pairing too.
This is possible in a hybrid condition because of the absence of true homologues. Pairing
between strictly true homologues in pure species is an evolutionary process and has been
achieved through generations of reproductive cycles.

Of the different species and varieties of the genus Citrus (Anis 1980) and their hybrids
studied in the present investigation, all have shown 2n=18 chromosomes. Nine biva-
lents have been observed clearly in a large number of meiotic cells.  Such a regular

constancy in chromosome number in a genus with extensive vegetative propagation is

quite remarkable.  However. the explanation of such a stability possibly lies in the fact
that in addition to vegetative propagation, seed setting is profuse and sexual reproduc-
tionis normal In the absence of any other peculiarity in chromosome behaviour the nine
chromosomes may for the present be cons idered as notonly haploid but even the basic

set for the genus Citrus.  The rare occurrence of multivalents with very low frequency
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in Troye i

'"‘lwoci 0 "Yl;"d may probably result from stickiness or 4 homocologous attraction

b d. n non-homologous chromosomes, The size of the chromosome of course
s in the way of the formation of multivalents. ¢

Ty oo :
e et A s o e
chromosomes,  The ﬂb-m-nw of u':uh.' '“;”’“"f' C;: [h": Bl am‘mty et
the parental Species ;liﬂcr: in cumtil‘:n;l‘:ﬂ ctr;'u tllt'lfr L e il
cearrangehants Whish tel4 e Moo 3, 1e di crc.nu:j are the rcsuh of s:‘nall structural
eYogenetis difosioe et o te bycm}vcntmn‘ ! cyr?iogxca] wclu'uf;ucs_ Thmc
ite v claga] rc!P . might have I)r?n gradually stabilized in course of existence giving
s A r);lciu:it:' species group., Pur{ther, du: absence .o[ genvine multivalent forma-
0138 it T mc";::ibcr’gcncnc hybrids p.rovxdc uncqt‘uvacal cmTobr;raLive c"vid.ence
Wi otic chromosomes in the hybrids are paired exclusively as
inw’li‘:::;:': {)‘ 93:. 1942) obfcrvcd the prc'valancc of chromosomal affinities in  the
b thc!)' :}l“ between Citrus and {’ananu or Fortunella, as well as in the trigeneric
B ¢ three genera,  From this fact he concluded that Citrus, Poncirus and

nella could be represented by the same genome.

hybﬁdi:a:l;‘:‘":hl)bs-cfvcd in Pw'wim: lnfaliafa, its selections and in one of the intergeneric
Al e LR ncgzm'vc correlation between bivalents in relation to inter-

omosomal distribution of chiasmata, while in Troyer hybrid positive correlation was
m?hoed‘(Tablc 2). A positive correlation between the chiasma frequency of bivalents
OF th‘e.gr oups of bivalents tend to suggest that when the numbers of chiasmata is less or
more in one bivalent or group, it tends to be lesser or more in other bivalent groups in
th? same nucleus. A ncgative correlation means that an increase in the number of
chiasmata in one bivalent or group is followed by a decrease in the chiasma number in
the other or the same nucleus, These findings are in accordance with the results report-

_ed by Mather (1936).

TABLE 2

Analysis of variance for differences between nuclei and between bivalents within nuclei in Ponzirus trifaliata, its
selections and in intergeneric hybrids

Genotypes Items S.S. N. M.S.  Variance  Intra-class
Ratio (VR) correlatic
Poncirus trifoliata  Between nuclei 20.05 111 0.181 1.965** (—) o. ; ' :
Within nuclei 221.88 839 0.246 2 el
Roubidoux Between nuclei 7.88 g 0.12 1,507** (—) 0.0304
Within nuclei 95.77 50l 0.181 o
Pomeroy Between nuclei 7.25 62 0.117 2.094* (—) 0.0616
Within nuclei 121.55 6 0.24
Troyer hybrid  Between nuclei :B.sg 4 0.33 0.652  (+) 0.0535
Within nuclei 150. 683 0.220 .
Carrizo hybrid  Between nuclei 17.46 121 o.144 1.414* (—) 0.0339
Within nuclei 198.44 972 0.204
*Significant at 0.001 % P—level
**Significant at 0.05 % P—level
} €
A rational evaltation of the role of sexual and asexual reproduction in sp
the former.

in this group suggests that the latter is more suited for the process than
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The chromosome pairing in intergencric hybrids throw ]ight-r?n the homology of
chromosomes berween the genera involved, and secondly, the fertility on the nml‘c and
female side in hybrids gives a measure of true homology between parents. In inter-
generic hybrids if bivalents arc formed it is inferred that certain degrees of homology
prnpnrlin;ml to the frequency of bivalents exist between the taxa.  However, it should
not be overlooked that certain amount of autosyndetic pairing may also occur due to the
presence of translocated duplicated homologous segments on ot herwise non-homologous
chiromasomes within the genome. The presence of such homologous segments on other-
wise non-homologous chromosomes within the genome is non-discernible in parent
species because of preferential pairing restricted to homologous set.  Whether auto-
syndetic pairing occurs can be assessed by the occurrence of multivalent in hybrid plants
where alongwith intergenomic pairing there may occur intragenomic pairing too.
This is possible in a hybrid condition because of the absence of true homologues. Pairing
between strictly true homologues in pure species is an evolutionary process and has been
achieved through generations of reproductive cycles

Of the different species and varieties of the genus Cifrus (Anis 1980) and their hybrids
studied in the present investigation, all have shown 2n= 18 chromosomes. Nine biva-
lents have been observed clearly in a large number of meiotic cells.  Such a regular
constaney in chromosome number in a genus with extensive vegetative propagation is
quite remarkable. However, the explanation of such a stability possibly lies in the fact
that in addition to vegetative propagation, sced setting is profuse and sexual reproduc-
tionis normal In the absence of any other peculiarity in chromosome behaviour the nine
chromosomes may for the present be cons idered as not only haploid but even the basic
set for the genus Gitrus.  The rare occurrence of multivalents with very low frequency
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- Troyer hybrid may probably result from stickiness or a hnrmedlogo‘m attraction
between non- homologons chromosomes. ‘The size of the chromosome of course
standy in the way of the formation of multivalents.

.lt 1 apparent from the foregoing discussion that the different species share a common

basic struciypa) genome which would account for the high pairing affinity among their
chromosomes. “The absence of multivalens in hybricls suggests that if the genomes of
the parental species differ in constitution, the differences are the result of small structural
rearrangements which could be desected by conventional cytolugical technigues,  These
Cytogenetic distuption might have been gradually stabilized in course of existenice giving
1€ o closely related specics group, Further, the absence of genuine multivalent forma-
tion during meiosis in intergeneric hybrids provide unequivocal corroborative cvidence
10 the fact that the meiotic chromosomes in the hybrids are paired exclusively as
bivalents,
9 Nakamura (1934, 1942) observed the prevalance of chromosomal affmities in  the
ntergeneric hybrids between Citrus and Poncirus or Fortunello, as well as in the trigeneric
hybrid of these three genera. From this fact he concluded that Citrus, Poncirus znd
Fortunella could be represented by the same genome.

Lt has been observed in Poncirus trefoliata, its selections and in one of the intergeneric
hybrids that there is a negative correlation hetween bivalents in relation 1o inter-
chromosomal distribution of chiasmata, while in Troyer hybrid pesitive correlation was
noticed (Table 2). A positive correlation between the chiasma frequency of bivalents
or the groups of bivalents tend to suggest that when the numbers of chiasmata is less or
more in one bivalent or group, it tends to be lesser or more in other bivalent groups in
the same nucleus. A negative correlation means that an increase in the number of
chiasmata in one bivalent or group is followed by a decrease in the chizsma number in
the other or the same nucleus. These findings are in accordance with the results report-

_ed by Mather (1936).

TAnLE 2

Analysis of variance for differences between nuelei and belween bivalents within nmucle in Pancirus Irifoliata, its
selections and i intergeneric hybrids

Genotypes Items S8, N. M.S.

Variance  Intra-claw
Ratio (VR) correlation

Poncirus trifoliata Between nuclei 20,05 e 0,181 1.965%% (=) 0.0317
Within nuclei 221.88 Ly 0.246 s

Roubidoux Between nuclei 7.88 g 0.12, 1.507** (—) o.0394
Within nuclei 95-77 50! 0.1 %

Pomneroy Between nuclei 7.25 62 0,117 2.094* °(—) 0.0616
Within nuclei 121.55 496 0.245 )

Troyer hybrid ~ Between nuclei 28.45 84 0.338 0652 (+) 0.0535

Within nuclei 150.88 683 0.220

QCarrizo hybrid  Between nuclei 17.46 121 0.144 1.414* (—) 00339
‘Within nuclei 198.44 972 0.204

*Significant at 0.001 % P—level
**Significant at 0.05 % P—level

A rational evaliation of the role of sexual and asexual reproduction in speciation
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: ith vari Josomal aberration
_dividing cells along with various ¢ hrou 3. i
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i ac -ontrol and dose,
5 rool Lips, cach from control ¢ |. B Ak L i sl i
fixed and 25 spots were scored from each set. Mitotic 1 (%
applying the formula-—
No. of dividing cells observe d
i 3 TIOO

No. of total cells studicd
Mitotic indices of young shoot tips and number of sccondary roots werce recorded
after 144 and 288 hours of germination, respectively

RESULTS AND DISCUSSION

Percent of control data on root growth of 2x and 4x genotypes clearly indicated that

constantly superior to their 2x progenitors (Figs. 1 and 5) though

aried at different durations. Susceptibility of 4x ofsel. 2 was

Comparison of 2x and 4x of scl. 4 to rest of the
genotypes was not possible as growth in this case was measured at 120 hours only. How-
ever, at this duration 4x of sel. 4 was superior than their 2x. Growth inhibition of roots
following irradiation may be attributed to Doth inhibition of synthesis of growth stimulat-
ing auxins and inhibition of cell division in the meristem.

In controls, mitotic indices of 4x were reduced than respective 2x. At dose 2x of
different genotypes showed severe effects (Figs. g-11). Initially in 2x mitotic index was
highest in scl. 3 while among 4x sel. 2 was leading (Fig. 10). When 2x was comparcd
with the corresponding 4x, at this parameter sharper differences were shown by sel. 3
(Fig. 11). With passage of time mitotic index decreased in all the sets both at 2x and
4x levels. At dose, response was similar on the first day.  Clearcut resistance of 4x of
sels. 1 (Fig. 2) and 3 (Fig. 6) was apparent leaving 4 x of scl. 2 again to be radiosuscepti-
ble (Fig. 4). It may be mentioned that in 2x values of sel. 2 were constantly higher
than sels. 1 and 3, though its 4x suffered marked loss. Obviously, radiorcsponse of
diploid may not always be a measure for predicting the sensitivity of corresponding
autotetraploids. Radiation induced stimulation in 4x of sel. 1 at 72 hours and in sel. 3
at 48 hours is apparent. Peaks in number of dividing cells were noted by Raghuvanshi
& Singh (1978) in 2x Trigonclla foenum-graccum at 6o K rad and in 4x at 30 K rad and
they concluded that comparatively lower dose may cause maximum stimulation in 4x.

1t is now well established that DNA content and cycle timeare directly related
diploid plants. A cell which has to replicate twice as much DNA as another cell
take twice as much time to complete the replication (Von’t Hof & Sparrow 19
Assuming this as a case it is possible that 4x may take more time for their replication

~ would have resulted in lower growth rate and division frequency in autotetraple

gxofsels. 1 and 3 were
degree of their resistance v
evident at 24, 72 and 120 hours (Fig. 3).
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£

ig.
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Fig.
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Lagga-rds, fragments (Figs 12 and 14), strays and ring chromosomes (Fig. 13) were
observed in the irradiated material of different genotypes. Comparing 2x with 4x with
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Fig. 10. Mitotic index (meant of 2x and 4x of sel. 2.
Fig. 11. Mitotic index (meant (S.E.) of 2x and 4x of sel. 3.

regard to frequency of abnormal cells, genotypic differences become apparent, 4x in
general showed higher frequency of abnormal cells than their progenitors (Table 1).
While at 2x level sel. 3 had highest frequency but at 4x level itis sel. 2 which showed
maximum abnormality. The higher frequency of abnormal cells noted in 4x may be
fiuc to double the number of chromosomes than present in 2x. We have alrcady noted
L-ntcrphasc chromosome volume (I CV) of polyploid lines of Trigonella fornum-graccum to be
stgr_uﬁcandyincrcascd in comparison to their diploid progenitors (Raghuvanshi & Singh,
Am..l K. 1980). Higher 1CV may also explain greater chromosomal damage in tetra-
ploids due to larger target area for radiation damage. With the passage of time
ab.norma] cells were gradually being climinated in all the cases (Table 1). However,
this elimination was fasterin sel. 3 though thisis also a genotype having highest frequency
of a_bnormal cells at the initial stages. If this data is recalculated on per chromosome
basis then obviously 2x in all the cases will prove to be mostly sensitive. Aberrations per

chromosome indicated 4x of sel. 2 to have higher anomalies in comparison to their 2x

(Table 1). This is the genotype which is most radiosensitive among different 4x at
growth and mitotic index parameters.

Gradual decrease in aberrations per chromosome with passage of time is evident
from Table 1. Decrease or complete absence of certain anomalies in last set

Gamma irradiated 2x-4% Ferugreek

SR S 2

ase in 4x of sel. 2
2x of scl. 3.
.

Iig. 12. Numerous fragments and laggards at anaph:
14, Ring chromosome and fragments at metaphas
Fig. 14. Laggards and fragments at anaphase in 2x of scl

(120 hours) was noted. However, at 24, 48 and 72 hours 2x and 4x of different genotypes
do not follow an uniform pattern in elimination of various aberrations, obviously their
response is genotype dependent One important point to be noted is that though in
4x of all the selections at different durations one or other anomaly was in higher
frequency but compared 1o respective 2x, 4x of sel. 2 took the lead. Prasad & Godward
(1974) reported exponential type of elimination pattern in Phalaris. In the present case
the reaction of 2x and 4x of different genotypes appears to be rather complex that
cannot be covered in a single explanation.

Mitotic index from shoot tips indicated inverse correlation to dose. At this para-
meter greater radiation tolerance of 4x of sels. 1, 3and4 was evident, leaving scl. 2 to
be radiosusceptible than their 2x relative (Fig. 8). Parameter for number of stcondary
roots follow the same pattern with the parameter of mitotic index of shoot tips upto the
extent that 4 of scls. 1, 3 and 4 were resistant and that of sel. 2 was sensitive (Fig. 7).

However, when we make comparisons among paramcters for mitotic index, root
growth and abnormal cells, cellular heterogeneity with regard toradiosensitivity should
not be ruled out. It is not certain that we are comparing homogencous population of
In Vicia faba differences beaveen cells with regard to

cells at particular fixation time.
h 1970) and mitotic cycle (Murin 1967) have

radiosensitivity (Savage & Wiggleswort
been reported.
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DIFFERENTIAL MUTAGENIC Sl‘.NSI‘I‘IVl']'\’ OF THREL VARILETIES OF
; ALLIUM CEPA L.

SARQ]J BHAMBURKAR AND J. K BHALLA
Cylogenetics Laboratony, Department of Batany, Osmania University, Hyderabad, A.P.
SUMMARY
tays, EMS and Mitomycin C on
ite, N : as studied with regard
o .. White, Nask Red and Bellart Red, was stuc g
micl:d‘Ii\:gh;\:\igln‘:“mn‘:\JJ and mitotic abnormalities, Al the three
) DR e mulagens and Bellari Red was found 0 be most
Onc peculiar Teature observed in the response o flowering
fety flowered much rarlicr than control,indicating that there
Jation between mutagen sensitivity and !nducuon of
cd in the light of previous work on these lines,

Differential mutagenicity of three different mutagens L.e.
three varietics of Allium
(o percentage germination
varicties showed a different respons
sensitive among the three varieties.

time was that the most resistantvar
need not necessarily be direct corre
carly flowering. The results are discuss

INTRODUCTION

{ importance and presently in use in higher
alkylating chemicals. They all induce changes cover-
The response of any organism to the mutagen depends
¢, intensity, method of treatment, genotype, variety,
<how different radiosensitivity as shown by

The potent mutagenic agents of foremos

plants are ionizing radiations and
ing a broad range of mechanisms.
on various factors such as total dos

ploidy level etc. Different plant species may
Sparrow & Konzak (1958). A large amount of work has been done on the study of

radiosensitivity of plants (Caldecott ¢f al. 1952, Conger & Stevenson 1969). Intervarictal
variations in radiosensitivity are genctically controlled (Davies 1962). The
mutagenic effect is manifested differently in the germination, growth, survival, sterility
etc. To determine the radiosensitivity of the material under consideration, biological
criteria such as germination, scedling height and  survival are usually taken into consi-
deration. Chromosome aberrations are most closely associated with the various muta-

genic effects.

In the present study,
rent varieties of Allium cepa L. to different mutagens, as very few studies like thos
Minakshi Banerjee & A. K. Sharma (1971) have been conducted on intervarictal radio-
sensitivity in A/lium cepa L. Only a few cases of such intervarictal differences in sensitivity
to alkylating agents such as DES & EMS are reported in crop plants (Ashri &

Herzog 1972).

an attempt was made to determine the sensitivity of three diffe-
¢ of

MATERIALS AND METHODS

cepa L. White Desi, Nasik Red and Bellari

Seeds of three different varieties of Allium
Corporation, Hyderabad and subjected to

Red were obtained from the National Secd
different treatments of Y-rays, EMS and Mitomycin C. For each treatment 200 seec

were used. Dry sceds were subjected to Y-rays (1, 2, 4, 5, 10, 25 & 50kR) from a Co!
source at the Department of Genetics, Osmania University.  In the case of EMS and
Mitomycin C, the seeds were presoaked for a period of 12 hours before treatments. For
EMS treatments, the concentrations tried were 0.03%; 0.25%; 0-35%> O- 50% aqueous

Mutagenic sensitivity of Allum variztics £79

solutions, In th € Case o omyecin
y he case of Mit cin (! % 5
i ] yein €, 0.001%,, 0.005%, and 0.01Y%, aqueous solutions
fthe R
0 ceds thus treated 160 w own in
A 0 Were in the ficl 0 g i
At field and 00 allowed
H.wut ﬁlllcrl‘ i petri dishes at 23" 19 €, Root lips were harvested al dtf cd in b
on e f 4 5 nd fixe: i3
ﬂ(lcli.l“lcIS (; :n“:md ;quawhed in 2%, acetocarmine for cytolagical studies Phommicr’o-
gr' lacr : (wl e} q. aken rorn tr.mPnrury preparations, The  germination count was taken
af ays and su:dlmg hmght after 14 days for all the treatments,

RESULTS

Germinati . :
Al ’::;:l:ntilueil"fr[’"g height: The differential sensitivity of the three varieties of
et 11 -o o ie different mutagm.u can be clearly seen in Figs, 1-6.  For the white
Red sc::mcdS e around 30 kR while for Nasik Red it was around 10 kR. Bellari
s r}fust sensitive, .th.rc LD5o was about 4 kR. At lower doses of ¥-rays,
Nasik Red Zucl l::ltlar;? If:(rim:anon :mdxc.:d.liflg height was seen for the white varie!)'j
height with increasing dosessn;’ ";’I-c:l;s‘dmhm in percentage germination and seedling
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With lower congentrations of EMS, n stimulatory elieet on ff.lltml‘m:'w;“' i '«?""
for the white varicty while Nasik Red and Bellary R..-(I showed |‘<.x ¢ ‘f“ x\‘l.l;rn r'rasu\g
concentrations,  However, the white varicty exhibited a f'"‘\“' tion in seedling hoight
: JMS, while there was a stimulatory eflect on the seod]-
asik Red & Bellar Red.

with increasing concentrations of b ¥ )
ing height ar lower concentrations of EMS for N ' . »

All the varioties showed a deoline in percentage !1""?“‘“:‘“"" and seedling heighy
with inercasing concentrations of Mitomycin ('». Bellart Red “PPF'“""‘!.'” I”C most
sensitive, exhibiting the least percentage germination and l(-t:»:rr seedling height amongst
the three varieties in all the treatments, while the white vanery seemed to be the most
resistant. e

Growth, survival and sterility: At higher doses of irradiation (10, 25, 50kR) ’lhl' ﬂ"-'cdlmg. G
of all the varictics failed to grow into mature plants. The plants from scc'd.s.xrta(bnzmjjm‘
lower doses showed only vegetative growth, With EMS, for all the varieties, rcdum..mn
in survival was scen, The surviving plants, in all the varieties showed early flowering.

Plants obtained from seeds treated with 0.05%. and 0.25% LEMS for the .whjn,
variety, flowered 32 days before control, which took 170 days to flower. However, in the
case of Nasik Red, plants obtained from sceds treated with 0.25% EMS fAowered 42
days before the control, while plants from seeds treated  with 0.35% EMS, ﬂowcru.i 32
days before the control which took 164 days to flower. In the case of Bellary Red variety,
the plants from seeds treated with 0.25% and  0.35% 1MS flowered 5 days before the
control, which took 162 days to flower. For the higher concentrations of EMS i.c. 0.35%
and 0.50%, in the White variety only vegetative growth was observed whereas Nasik
Red and Bellari Red varieties exhibited only vegetative growth at the lowest and highest
concentrations i.c. 0.03% and 0.50%, of EMS. For all the three varietics, plants
obtained from secds treated with all the concentrations of Mitomycin G were sterile
and showed only vegetative growth.

Mitotic abnormalities : These included misorientation of the spindle, precocious move-
ment of chromosomes at metaphase, single, double, criss-cross and multiple bridges and
fragments and laggards at anaphase. Stickiness and clumping of chromosomes and
bloating of cells were some of the abnormalitics observed at mitosis with all the treat-
ments with higher doses/concentrations (Table 1, Figs. 7-14).

Arrestation of cell division accompanied in general by bloating of cells, seemed 1o be.
indicative of the highest degree of cytological damage causcd by the mutagens, and
more sensitive variety i.e. Bellari Red, showed such a condition in almost all
treatments.

DISCUSSION

Although much work has been done during recent years on radiosensitivity of se
to ionizing radiations and cl 1 mutagens, there is hardly any record of re

radiosensitivity of closely similar genctic systems. Effects of mutagenic tre:
are usually measured by parameters like percentage germination, seedling
survival at maturity, chr 1 aberrations at mitosis and meiosis etc.
1955, 1964; Blixt ef al. 1963, Santos 1964). Inhibition of scedling growth -
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Fig. 3. Precocious movement, 3
Fig. 8. Misoricntation.
B mmme

fig. 12. Bridge and laggards. Fig. 13. Single bridge.
'l-*lg. 11. Laggards and fragments. ik St

Fig. 10, Criss-cross bridge. Tig. 11. Laggards.

ment ol: seeds is a convenient technique for studying effects of ionizing radiations and
radiomimetic chemicals in plants (G. Ahnstrom 1974). Inhibition of scedling growth
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A stimulatory effect of lower doses on seedling height has been reported by various
workers (Johnson 1937, Shull & Mitchell 1953, Kersten e al. 1943). The stimulatory
effect may be due to increased activity of auxins (Ehrenberg 1955).- Reduction of seedl-
ing height after irradiation is reported by several authors (Caldecott et al. 1963, Gunckel
1957, Jagathesan 1960). Complete cessation of cell division was observed by
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Mackie (1g52) in barley, Haskins o al. (1958) did not find any appreciable
‘"'f’il_ of dose levels on cell size, But they found drastic mitotic inhibition at increasing
l!&!ql.~ Vant Hofl & Sparrow (1903) and Gunckel (1657) have attributed growth inhibi-
fion 1o mitotic arrest and inhibition. Growth irlibition may also be due to auxin
destruction (Smith & Kerstein 1g42) or inhibition of auxin synthesis (Gordon 1954).
Other workers have offered various other explanations,

Shah & Patel (1975) observed failure of cmbryos of irradiated seeds of Solanum
melangena and Capsicum to groy into mature plants, Sterility in M; generation, cansed
by irradiation is actually tie first sign of genetical effectiveness of the treatment (Kivi
1962), ‘The failure of flowering and serility indicates correlation in 2 harmfol way.
Chromosame aberrations have long been known to be intimately associated with muta-
genicity for radiations and certain chemicals like EMS. The cytological effects of
ionizing radiations have been described in detail by various workers (Lea 1G53, Sparrow
1951, Bacq & Alexander 1955).

Clumping of chromosomes has been reported following treatments using radiations,
chemical mutagens, pesticides and a variety of other agents (Pritchard & Count 1968,
Amer & Ali 1969, Abraham & Cherian 1978). Clumped chromosomes and stickiness
might be due to some disturbances at the cytochemical level (Evans 1962). Precocious
movement and unoriented chromosomes at metaphase could be interpreted as arising
from a disturbance in the formation of the spindle. Misoricntation of the spindle
can be interpreted thus that the mutagen might alter the gene controlling the bio-
chemical pathways of the substances which determine  the number and position of
poles of the spindle and thus it may disturb the position of the spindle (Prasad 1974) -

The fragments might be duc to interstitial deletions due to breaks caused by
ionizing radiations (Lea 1955). They may be very small acentric rings which cannot
be observed well due to microscopical difficulty (Moutschen 1968).  The presence of
single and double anaphase bridges might be due to inversions of different types
(Lewis & John 1966).

Trom the data it is obvious that the three varieties thus differ in their radiosensitivity
for different biological characters, the extent ol which was variable for different doses
and treatments of the mutagens. Large varietal differences were carlier found by
Gelin ¢t al. (1958). These arc in fact very large with varying LDsos from 2 to 40 kR-
This variation in sensitivity has been shown to originate from effects of several systems.
Similar intervarietal differences have been reported for barley by Joshi & Sharma (1975)
and the present observations scem to fall in line with the above workers. One peculiar
feature observed in the response to flowering time was that the most resistant variety
flowered carlier than the control, indicating that there need not necessarily  be
direct correlation between mutagen sensitivity and induction of early flowering.

REFERENCES
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authors is at some variance; this variation is reflected in the karyotype formulae pro-
duced below: £

Sato (1938)
Fernandes (19309)
Kurita (1955)

. one=14m==10 Ly-2M42 N
2 Lm-p-2 Lm+9Lp+"

N 14 == Li+4
043 Ly 2L Mg

¢ an=14=aly ™+ 2ls
T L'Il +‘ L("' %
Hirahara & Tamno (1967) have not pmvid?d karyotype formula for the maf s
which they investigated but have stated categorically that the chromosomes mate, j
7 perfect pairs.  Thus, except for Kurita (1955) who abserved 4 heteromorphic chromo.-
somes in the somatic complement, all others have reported that the two genomes are

ly quite hor

The present investigation on . jonquilla from Kashmir reveals that the two haploid
sets are karyomorphically alike. Pairing of chromosomes at meiosis indicates per-
fect genetic homology between the two genomes,  These observations support the view
that . jonguilla is a true species. REans: J

Tt is difficult to make conjectures about

the origin of material worke

on the basis of karyotype alone. In the hybrids ‘Orange Queen’ and ‘O Plenus
mvine oliEhe 7 chr of the preudomarcissus and jonguilla genomes match perfectly;
ratio are observed in second, third, fourth and

prominent differences in size and arm
seventh pairs. Absence of p iring at shows plete lack of b 1
the two. The 4 hetcromorphic chromosomes observed by Kurita in

which are heteromorphic in the present material also. However, the absence of data

on meiosis in this variety makes it 1

difficult to conclude whether the heteromorphi

its chromosomes is due to hybridity or structural alterations.
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ATIONS AND CONCLUSIONS
the end ol which burrows into
the gametophyte and serves It is conspicuously glandular
(Lal 1g62. Lal & Bhandari 1968) having a peripheral layer of richly eytoplasmic elongat-
od cells. It also has a basal quadrant of similar cells arranged in two tiers.  The tissue
interior to the peripheral layer, 4-6 eclls across, is composed of clongated, narrow, thij
walled and lightly staining cells.
Enzyme localization <tudies reveal that there is & dense deposition of enzyme reacti
product for Ca?* -activated ATPase along the inner face of the outer walls of
peripheral cells of the foor (Fig. 4). Activity of this enyzme is also observed in t
cytoplasm of these cells and is comparatively more than in the other cells of the
“This is due to the abundance of plastids and mitochondria in the peripheral eclls (Fig
Lead precipitation is very weak in the core cells of the foot (Fig. 4)- 2
Gells of the vaginula (gametophytic tissue) at the sporophyte-gametophyte int
also show a heavy depasition of lead precipitate along the walls facing the foot
(Fig. 4). The cytoplasmic contents, however, show a fecble reaction for C
_activated ATPase, Since the presence of Mg®* -activated ATPase is mors
known in plants, the material was also tested for this enzyme. Heavy
of its reaction product was also noted (Fig. 2) and its distribution followed
same pattern as described for Ca®* _activated ATPasc. Similar findings ha
reported regarding the distribution of Mg** -activated ATPasc in Polylrichum
(Maier & Maier 1972)- Ultrastructural studies of the foot revealed extensive
invaginations. These inger-like ingrowths ol the secondary wall fuse at their
to form a complex labyrinth ining pockets of cytoplasm (Figs. 5,6

OBSERVY

The sporogonium in P. cyathicarpum has a short seta,

as the haustorial foot.

1
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xli:g ; 7 ’é‘cs‘l'not l(‘lTJ s'urrogndcd by vaginula (v} [comrolll, 2 L7

fig. 2. Section showing ition of Mg?* -activated ATPas i in the thickencd

F peripheral walls of the foot and vaginula cells surroundi im‘;:,\:‘!)?t xgg;u e

rl_g. 3. T.S. foot ':mdAvngmula representing control for Ca*t-activated ATPasc. x 217 oI

g ¢ Section g - _activated ATPase activi The deposition of the hon product is
slightly Tess but follows the same pattern, x 563. :

cell wall labyrinths result in a marked inereasein the surface area of the wall as well as
plasma membrane. There would thus be a corresponding increase in the amount of
ATPascs present.  The amount and pattern of distribution of the reaction products
cor.xﬁrm this belief, Similar wall labyrinths were observed in the cells of the vaginula
(Figs. 5, 6) abutting the foot cells, which likewise show rclatively high activity of
ATPases.
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Fig. 6. An enlarged view of

m) along with a nu |
hought to be involved 1n a range of physiological
arc e 4 ;
: s (Sexton & Hall  1978),

i h different cellular me mbranes ( St 4 7 V)‘ i
. 1s on the oecurrence of membrane-bound AT Pases
A 5 S
A\brams & Smith 1974, Simoni & Bostima e

Adenosing triphosphatases

SRR
prokaryotes extensive literature Xis
; i 2 srization
and their biochemical characterizatl

. - 1077. Downie ¢ al. 1979) ! SPOATE SE AL
.HJd;ij I& }l“l’\;“ nl|l\“|Il;l>]' ,;::)‘Imnh & Kidwai 1969, Hall 1971, Ldwards & Hall 1973,
in other plants (Px 7

. : b, 1974; Yapa & Spanner ”.]7_" Hodges l')7ﬁl.' x.\ d“l.ﬂ'llcd

Gilder & Cr:m\l\.\\\ 1€ TP ’\:. has been made in animal systems and it is believed

study of Ca*! 2 s “;il:\, ‘]: <nthesis of ATP may be derived from the transmem-

:)‘“‘ ”“g_”,‘_‘)rg‘:;;}::":ri"”\lﬂrml;hmm, reticulum (Barlogic #f al. 1971, Makinose &
Y“lr;‘::::lb;:h Ik;:j’L Makinose 1972, de Meis & \ mnuz} 1979). s :

The d(:mr‘\mlr;nliun of the activity of Ca® _"“‘“‘"“"d ;\”ﬂ&c ‘“5!-'"“'5“ Sp(’cral

issue involved.  Sporophyte is nl)hgalnnly

However, very few reports are nvailnh]u

L - be - uniqueness of the t
:llf;:clﬁ(ci?‘?l?l};;::ulblfcr':z:;::::p(llnu for its nutrition. Foot is }hj‘ only point of contact
between the gametophyte and the spe rophy l.c, and mlul? uptake by the sporophyte ﬁ:o::
the gametophyte must take place in this n:_umn.. .ln this context ll‘u* |)r(:sanc of Ca’
-activated ATPase may be indicative of an additional transport ATPase which can be
mobilized for the synthesis of ATP.  The exact role played by this enzyme in the present
system, however, ﬁlu«'l await further work.
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rtance of pulses inour daily dict because of their high protein content
In India pulses arc in great demand because most of us
o not eat meal. Besides  proteins the pulses are also rich in
+ ol these (groundnut and soybean) contain a fairly high amount
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of fatty oils.  All these metabolites are store
of seed.

Because the cotyledons in legumes are the chicf organs to store food, recently they
have attracted a lot of attention. However, the studies on the synthesis, mobilisation and
storage of various metabolites in the cotyledons of pears (Bain & Mercer 1966, Smith
1971), beans (Opik 1968, Walbot 1973, Mantcuflel ¢f al. 1976) and soybean (Tombs
1967) are mostly restricted to {he storage parenchyma.  Very little data is available to
chow the subcellular events occurring in other zoncs of the cotyledons. The present
communication deals with the cytochemical studies on the origin and development of
protein bodies in different zones of cotyledons of pigeon pea, Gajanus cajan (Linn.) Millsp.

during various stages of seed maturation.

MATERIALS AND METHODS

Seeds of Cajanus cajan (Linn.) Millsp. alocal varicty belonging to the family Fabaceae
(Papilionaceae) were procured from Pulse Division, Indian Agricultural Research
Institute, New Delhi.  The seeds were sown in the month of July 1977 in the University
!Bman.ical Gardens, Delhi.  To obtain a high-yielding and healthy crop, Rhizobium
inoculum was mixed at {he time of seed sowing (for details se¢ Gandhi 1979).

Tl}c plant bears fruits during October to April. However, in order to have unifo
material, collections were made only during the months of February and Mart
Seeds at various stages of development were fixed in FAA (5 ml formalin, 5 ml laci
acetic acid, go ml 70%, ethanol) for 24 hours. The material was dchydratc;lin a lfmzu:y

H Texas, US.A.

1Present address: Department of Biology, University of H
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Fig, 1A-C. Longisccti -
m‘::g“j:l‘i_";r’lsn ‘Zf Eg:‘:legi of cotyledons stained with haematoxylin-erythrosin (A4, B) and
R el \ie/(@): A Portional cotyledon (30 DAAP) fromithe peripheral Aan
oaelitis b ozP')-thPﬂdt‘fm“ (hy) and storage parenchyma (stp) R e
fee grﬂ:‘g)hﬁl GmUE (pt); ote: nacrow and clongated cells o‘r'pmé{nﬁ;&l
badics (pb) of different ;izcys and ?Ik\:lpl:”:::nzr the cotyledon (19 DAP). showing protein



Fig. 2A-D. Longisections of portions of cotyledons stained with —mercuric bromophenol blue. A

Portion of cotyledon (30 DAP) showing a few central cells in the storage parenchyma zone,
Note the distribution pattern of protein bodies (arrows) an cells. x 610. B, C. A few cells
of cotyledon (34 DAP) full of protein bodies (Pb).

Note protein bodics (dark stainj surround
tarch grains (sg) which arc unstained. Arrows indicate partally (B) and totally (€) filled
:ulr:rullul;n spaces. B x 7405 G x 520. . Portion of cotyledon (38 DAP). The entire

cytoplasm, with the exception of starch grains (sg) shows dense staining  due o the formation
of proteinaccous matrix (pm). X 492.

I

Cytochemisiry of prolein bodies in pigeon fpea 99
butyl aleohol serics and embedded in paraffin wax. To soften the hard material the blocks
were soaked in water at 45°C for 10-12 days, The mature sceds were kept in water for
about a month and re-embedded,  Sections were cut at 12 pin and for histological
studies stained with haematoxylin-crythrosin combination ( Johansen 1940). For the
cytochemical Jocalization of proteins the scetions were stained either with mercuric
hramophenol blue (Mazia el al. 1954) or aniline bhie black (Sehgal & Parikh 1977)-

OBSERVATIONS

Development of Colyledons :  "T'welye days after pollination (DAP) a young creamish-
white dicotyledonary embryo is formed.  “The cotyledons attain their masimum size 30
DAP and occupy the entire seed cavity.  After thig, the phase of dehydration scts in and
there is a gradual dehydration ofcytoplasm. During the subsequent #-10 dayithe entire
cotyledon dehydrates.  Due to dehydration the cytoplasm  appears shrunken and is
separated by a large space from the cell wall.  Each cotyledon is made up of 4 distinct
regions. Thescare outer epidermis, hypodermis, procambium and storage parenchyma.
The cells of the epidermis are small, narrow and elongated. The hypodermis is made
up of more or less isodiametric cells (Fig. 1A). The cells of the procambial strands are
narrow and elongated (Fig. 1B). Storage parenchyma coroprises large, isodizmetric
cells having large intercellular spaces (Fig. 1A).

Development of protein bodies :  During the cell expansion phase (13-17 DAP) of the
embryo, development of protein bodies is observed. The protein deposition starts in
very small vacuoles which are subsequently converted into protein bories. The synthe-
sis and deposition of proteins in the vacuoles occur rapidly with the result thatmost of
the vacuoles are replaced by protein bodies which stain densely with aniline blue black
or mercuric bromophenol blue (Fig. 1C). The protein bodies are devoid of any inclu-
sions like globoids or crystalloids. The size and number of protein bodies increases as

the seed matures (Figs. 1C; 2A, B).  The increase in size of the protein bodyis duc to
the following reasons:

(i) Theincrease in the size of vacuoles which later on get filled with proteinaceous
material. 5

(ii) Small protein bodies coalesce to form bigger ones.

A higher concentration of protein bodies is observed in the peripheral layers as
compared to central zone (Figs. 1A, 2A).  The corners of intercellular spaces in storage
parenchyma are partially or totally filled with proteinaceous material (Fig. 2B, C).
Occasional unstained areas in the protein bodies have been observed. Due to rapid
accumulation of reserve metabolites the cells of the cotyledons are seen laden with
protein bodies (Fig. 2B C). Later on due to the dehydration of tissue, protein bodies
come close and form a proteinaceous matrix in the cytoplasm (Fig. 2D.)

DISCUSSION

The formation of protein bodies during different stages of sced development has
been described in legumes e.g. Arachis hypogaeca (Dieckert & Snowden 196o), Glycine max
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- owe their origin to plastids.  Graham
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mut;;g.;:}c ttlll\l;lif!)\“c (1g35) observed various leal abnormalities in Cilrus  seedlings
AsSKins & C il s

- . . i ‘hlorophyll deficiency noted by them was many-
%(::Iv}: ﬁh(::lm\ L::‘:z:;;cll:r:‘;d “_;S:‘ n\(sci\llfnl:uld i—mr tially bifoliate and trifoliate leaves '{n
mgmf plants.  Johnson (1936) noticed altered phyllotaxy and deformed leaves in
Zinnia after X-ray-irradiation. =
i various I¢ )
mm?:lf:l:lgjrgyz?y).{:;v)x::zi}ml varicgated ]ax}f\na showing puckering ;mq tumor-
like structures were also observed by them. Bishop & Aald’crs (19%5) notu:e'd leaf
bifurcations in apple scions cxposed to thermal neutrons and I\Ia]y-ﬂ- hey ??tnbu.tcd
these to the delayed cxpression of some radiation cffcctt Gunckel (1957) in his review
on the cffect of ionizing radiations in plants (morphological C_haracgcts) has stated that
leaves of irradiated plants usually show induced changes in their colour, form and
texture. The irregular development of leal bla(.lc was reported by Gunckel & Sparrow
(195¢4). They suggested that these morphological changes were due to chromosomal
aberrations induced by the mutagen. : :
Jana (1962) observed a rolled Jeaf mutant in X, generation of Phaseolus mingo. He
found that in this mutant, the margin of the leaves was bent downwards giving the

abnormalities in cotton following sced treat-

rolled effect. He also obtained some other leal mutants in the above mcm:iqncd pla..nt &
with X-ray treatment. Kumar & Das (1971) reported a cup-leaf mutant in Brassica

campestris var. Brown sarson from gamma ray cXposures. They. found '.hat.‘ this mutant
had margins involuted in the form of a cup. He attributed this phenotypic change to
the induced chromosomal aberrations. y s
Roy et al. (xg71) observed chlorophyll deficient leaves in plants of Cucumis satigus
subjected to X-ray-irradiation. ~Similar observations were mad? by GoPal et al. (1
in Guar (Gyamopsis tetragonoloba L.) They obtained two variants with chlpro
deficiency in the plants obtained from EMS-treated seeds. 4
In the light of above findings, the change in shape of leaves, chlorophyll ds cier
and chlorotic sectors (albinism) observed in the present investigation may be chiefly
attributed to the chromosomal aberrations induced by the mutagenic treatment..
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SUMMARY
+ were treated with 0.04M EMS, 0.02M 1A anq

Sy «d PIB-ag1 of pearl mille : :
:)hl—\a{llrii;lor "I‘:X \‘!‘ -‘ slmv w“-nnnl BEMS produced Inuluvdhl-l‘}m v-;\ .IIH'I‘\Id"I ;P'r!rum of
ol SR L, by HA an Some degree of mutageny
d e tations followed Is » ene
Llnlf-f;\[}h\ll f‘““ 1\‘\.‘\:;I L:"{"\}\wiwlmﬁl dark xantha and JIA tre \u»nn,m induced exclusively
specifcity was natced s EMS JpUC ol ons affcting onc or mpre e one assocated

served in treated populations ijmhtd grain mutant
g covrred only in EMS treatment. A positive
of chilorophyll and viahle mutations,

morphological characters were ol :
and murants having more than ont rmudrib L
correlation was observed between the {requency
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ded as an cffcctve and important tool in improving
{ crop plants. Mutagenic actions of a number of
mbinations have been reviewed (Konzak ef al,
1965) » but very little information is available on their efficiency and c‘m‘Cﬁveness Th
pearl millet. This investigation repore the effects _OTEMS» HA and HZ in pearl millet,
inbred PIB-251, on chlorophyll and viable mutation frequency :.md lhmr. spectrum in
M, gencration. It is hoped that this information wr;u.ld help in planning chemical
mutagenesis experiments to increase the frequency and w}dcn the spectrum of desirable
mutants for use in the improvement of this important grain and fodder crop.

Chemical mutagenesis is regar
the vield and quality characters o
chemicals either singly or in different co

MATERIALS AND METHODS

Dry seedsof inbred P1B-251 of pear] millet were presoaked for 6 hr in distilled water
and were treated for 6 hr with freshly prepared phosphate buffered mutagenic solutions
of 0.04M EMS (ethyl methane sulphonate), o.12M HA (hydroxylamine) and o.12 M
HZ (hydrazine) at pH 7.0, 5.5 and 8.5, respectively, at room temperature (22°C
+ 1°C). The treated seeds were thoroughly washed in running tap water for 4 hr.
For control, seeds were soaked for 4 hr in distilled water. The seeds of all the treat-
ments were sown in the ficld to raise My generation. At maturity all the M, plants
were harvested individually and in the next scason the M. generation was raised as
plant to row progenies. The M, populations were carefully screened for both
chlorophyll and viable mutations and expressed as per 1000 M, plants.

RESULTS

Chlorophyll tion: The freq y of chlorophyll mutants per 1000 M, pl
highest in case of EMS (18.74), followed by HA (13.48) and HZ (6.9). Eight
types of chlorophyll mutants were observed among different treatments (Table ¢
xantha was quite rare and occurred only in EMS treatment, whereas albino, vi
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maculata and striata appeated in all the treatments, Chlorina appeared only in HA
treatiment :

Tasre 1

Frequenty of ehlprophylt putants (o 106t Ma plants) in the inkred PIB 251 of peari millet

Treatment Total Na, Na. of Chlorophyil Lhlo
. Na. “hloraphyll mutants
of Mz chlaroptiyll mllungppfyr Al
plants  rantants oo Mz A b, g 0 ), N e Tl S M

plants
Control 1240 =5 It HEAIEEIN & ()
:‘mz‘:;&“ ggg 18 b7 416 207 1.04 = 20 207 342 416
% 12 13 1,12 3437 . uay 2.4, 2. 2.5 112
HZ 0.1aM 720 5 [?.g 277 e -2—4 o x.ﬁ 1.33 1.38

AS“MSL:.";':: h’ﬁ:ﬁ;&h{; l1‘))( —Dark Xantha, G—Chlorina, T—Tigrina, V—Virescence,

; Viable mu.laliom: The treatment showed significant differences in the induction of
vmhlc? mutation, HZ was least effective in inducing mutations, whereas EMS was most
effective and HZ had an intermediate effect.  Some 19 different viable mutant types

were identificd (Table 2), The mutants such as tall, vigorous, dwarf and late, bifur-
cated car, notched grain were observed only in the EMS treatment, whereas weak,

TanLe 2

Frequency of viable mutants (per 1000 M2 plants) in the inbred PIB 251 of pearl millet

Treatraent No. of M2 No, of viable Viable mutants/ Types of viable
plants mutants 1000 M2 plants mutations
Control 12 — e ey
EMS  o0.04M 5 38 40.3 )
HA  012M g‘;ﬁ 27 30.7 3
HZ  o.2M 715 9 12.5 5

leaves with two midribs, twisted and protruding car mutants were rare and ex-
clusive to HA treatment. Semidwarf, thin, short ear and narrow leaf appeared in all the
treatments. Brachytic, long leaf; broad leaf, late, thick, short ear, drooping and
knobbed grain mutants occurred only in EMS and HA  treatments and not in HZ..
Late dwarf and knobbed grain mutants occurred both in EMS and HA treatments but
their frequency was greater in former than in latter. HA treatment was more effective
than EMS in inducing drooping car mutants. d

DISCUSSION

The frequency of both chlorophyll and viable mutations was higher in EMS than
HA and HZ treatments, which is in agrcement with the previous report (Augustine
et al. 1975)  Chlorophyll mutations may originate because of mutations in chlorophyll
gene(s) (Goud 1967), which are situated on seyeral chromosomes loctaed near the
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centromere or proximal segment { the chromosame Swaminathan 1965),  The
relative cfficiency of mutagens in induciny chlorophyll mutations M"""l upon  their
specifications on DNA. EMS treatment causes g \pe Or  minor e ll\lt:luuw“ﬂnv-uu],
depurinaton, incorporating mistakes in replication wndd repatr |"-"“‘N~ in DNA, |‘|‘\
{reatment, instead, induces one-way transition  (¥Freese et al. 161) [y reacting

with cytosine {Tessmman: of el 1904) 0 BUC f o way that altered cytosine prefers

guanine.
EMS. HZ reacts with the pyrimidine bases
o to the removal of the base from the nucleotide

reacting with Oy and causes damage

pairing with adenine in place ol Hence the cffect of HA on chromoso-

mal level is weak as compared 10
breaking the pyrimidine ring leadin

chain of DNA. Besides, it produces Hel); alter ;
radicals produce d are not neotralized in site.  EMS

ta the biological system if the
aps mduced by EMS

induced drastic dark xantha mutations cin b
through depurination of DNA bases Chlorina mutants induced by HA exclusively
ht be cytosine rich, HZ treatment induced

attributed to  the

indicate that chlorina mutation sites g
a number of mutants such as albina, virescence,
reported to be a weak mutagen (Travis e al. 1972).

The ek tion of morphological characters such. as dwarl-
ness with B semidwarf mutants either without flower-
ing or very late with long and broad leaves and ears can be attributed to mutations in
genes having plciutrnpic.cﬂ]‘ms (Sjodin 1971)- The mutagens also showed specificity
in inducing viable mutations, the frequency of which was positively associated with the
frequency of chlorophyll mutations and this observation is in agreement with carlier
report (Doll & Sandfacr 1969). This information may be efficiently and effectively
used in deciding a particular treatment (on the basis of chlorophyll mutation frequency)

for use in mutagenesis programme for obtaining higher frequency of viable mutations.

sirata and muculata.  HA has been

of mutagens on a constella
ly flowering, short thin ears, bushy
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INDUCED POLYGENIC VARIABILITY IN BREAD WHEAT (TRITICUM

AESTIVUM Ly 111, COMBINING ABILITY FOR THREE YIELD
CONTRIBUTING CHARACTERS

H. 8. BaLvaw anp P. K. Gupta
Depariment of Apricultural Botany, Meerut Universily, Meerut, Indea

SUMMARY

A six parent diallel crow was made separately in the normal and the treated (12 Kr gamina
rays) parents, ‘The derived Fy and Fy populations were studizd to study combining  ability for
spike length, spikelets per apike and keraels per spike, Both G,C.A. and 5.G.A mean uares
were significant for all the three characiersin both i and Fy o the normal as well asin the
treated sew except 8.C.A. for spike length and kernels per spike in normal Fy and the GC.CA.
for kernels per spike io normal . To general the estimates of 5.0.A.  component intresed
for the three characters due w b nent, Generally the §.C.A. variance  was zleo relatively
smaller in Fy's as compared to Fi's. The per s performance of the parents was a good indication
of high general combining ability of at least two characters i.2. gpike lengih and spikelets per
spike. Both high x low and low x low combinations extiibited higher 5.G.A.  effects,

INTRODUCTION

Combining ability analysis, in general is atilized for selecting the parents for any
hybridization programme, irrespective of whether it is meant for developing inbreds or
for exploiting heterosis, There is, however, some evidence that corabining ability
variances and hence the inheritance pattern can be altered to some extent through
mutagenic treatments as shown by Romirez ¢f al. (1969) in wheat. If it is so, it would
be worthwhile to find out to what extent mutagenic treatment can alter the estimates
of combining ability variances and effcets and nature of gene effects as well  Keeping
this in view, a 6 x 6 diallel cross was attempted in wheat utilizing untreated (normal)
material in one sct and the material raised after seed treatment with 12 Kr gamma
rays in another set. In the first two papers (Balyan & Gupta 19783, b) of this
series, results pertaining to protein content, pelshenke value, days taken to heading, days
from heading to maturity, yield per plant, tillers per plant and 1oo-grain weight were
presented. The results pertaining to spike length, spikelets per spike and kernels per
spike are presented in this paper.

MATERIAL AND METHODS

The experimental material for the present study consisted of six diverse. wheat
varieties of bread wheat (Triticum aestivum L.) belonging to three height groups viz. tall
(C 273 and K-68), double dwarf (Sharbati Sonora and Shera) and triple dwarf (Hira
and UP g01). Incach variety, a part of the sced was treated with 12 Kr dose of gamma
rays. The two populations (normal and treated) were grown during the rabi season of
1973-74. All possible 15 cross combinations in each treatment excluding reciprocals
were prepared. I, seed along with parents was sown during the rabi season of 1974~
75 to advance the material to F, gencration.

The thirty six progenies (including 6 parents+15 Fos+15K,s) cach for the normal
and treated sets were raised in a randomized block design with three replications during
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sabi kenson of 1g75-76. - The parents and F,’s were sown in two plots cach whereas
I.' in four plots cach. Lacly
crs within the row and 3o ems between the ¥
depth of g to 5 cms. N‘-u-r\|wrunrnml rows were
climinate the border effects. Normal recommends d cu
The data were recorded for parents

Jlot was a two meter rTow of 14 plants ©a¢ h spaced at 15
The seeds were hand dibbled ar the

Janted all around the border to
[tural practices were adopted
and F)’s on  five plants

OWS.

for raising the crop.

cach ;1ndrl‘nr Fg’s on fifteen plants in cach replication
| analysis, the means of the above nlm*r\‘.:\!innswvrr used.
ied out according 10 the method given by Panse &
estimation of general and specific combining
was used for the present investigation

For carrying out st wstica
The analysis of variance was carri
Sukhatme (1967) The proc edure of
ability as developed by Grifling (1956)
using Method 2, Madel 1.

RESULTS AND DISCUSSION

The mean squares and appropriate degrees of freedom arc gi'th} in Ta{)h‘ 1 for

analysis of variance.  The T-test indicated that there were highly significant differences

among progenies for three characters under study in both normal and treated sets.

TABLE 1
Mean squares and coefficieni of variabilily tn a 6 x 6 Iy and Fy diallel cross (normal and treated sels) for three characters

in iheat (values in parentheses belong o Fy)
it s g L

Mean squares

Spikelets per spike Kernels per spike

i s Nu:r}::‘aklc lcn%‘l::mrd Normal Treated Normal Treated

Replications 2 5.44%* 2 .31 6.25 17.81 130.07%
T Swt GR oy, (eBsty  Gan Ganeon
Progenies 20 4-15* 5.25%* 2.43%* 5.01%% 7b.gx" 923.56'"
(@55*0)  (asgrn) (o5 (257E) (59.64**) (120.03**)

Error 40 0.47 18 0.61 117 25.20 27.13

(0.89) (0.49) (0-55) (0.90) (24-13) (22.83)

C.V. 18.98 21.17 8.43 13.78 15.85 29,36

(20.12) (21.47) (7.21) (9.45) (15.45) (22.69)

*Significant at 5% **Singificant at 1%.

It would be interesting to note that for all the three characters, the magnitude of
progeny mean squares and coefficient of variability were higher in treated sct than in
the normal set in both Fy and F, generations. This indicated that irradiation treat-
ment has released variability for these characters. However, t-test indicated that mean
squares in the treated populations were significantly higher than in the normal set only
for spikelets per spike (Fy) and kernels per spike (F)).

During the present study it could be noticed that both G.C.A. and 5.C.A. mean
squares were significant in normal as well as mutagen treated sets (Table 2), indicating
complex nature of characters studied. Therefore both additive and non-additive genc
effects are important in the present material Similar findings were reported by
Borojevic (1963), Paroda & Joshi (1970) and by Smocek (1971) for yield
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Tasue 2

Mean squairas for conbineng oabifity v G x b Py and Fa diallel eross {normal and (reated sets) for fhree characlers
10 whent (ralues tn parentleeses belong to Fy)

Mean squares

Source Dt Spke length Spikelets per ipike Kernels per spike
Normal Trented  Mormal Preated Normal Treated
G.GA 5 404%8  ap®e logRd 27 17.67 67.15%*
(4-52*%) (430%%) (. 83%%)  {0.97%%) (a6 0%, {15.530%}
CA 15 0,46%% n.90* o 7}" 6" * b5 " 77.02%%
| (o.51) (0.47*%) (04D*%) (026%* (13.80] (48.64%*)
Aoy 40 0,15 030 0,40 0.9 4 504
(0ag) {0.10) {08 (0.30) (go4) b
Components i S T T T L
3l 2 : A 0.49 .48 082 0,26 .16 7:26
5 };i“' (o520 (0,52) (0.6i3) (n.08) (395 {0.66)
' z Z 0,91 0.51 0.5% 1.41 20,09 6798
15 ot
1 sij (0.22) (0.30) (0.27) (0.56) (5.96) (41.0%)
J
7
1 S .60 0.05 1.54 0.6 0.05 @.10
5 o {7
z 5 Z z sit (2.40) (1.73) (2.31) (0.14) (0.65) (D02}
[l 1<

*Significant at 5%, ; **Sigmficant at 1%,.

and other attributes in F, as well as F, generation, It can also be seen from the ratio
of G,C.A. and S.C.A. components (Table 2) that mutagen treatment inereased the
non-additive genetic variance relative to additive for spike length and spikelets per
spike. However, for kernels per spike there was a relative increase in additive compo-
nent duc to treatments, Burton & Powell (196g) for forage yicld in pearl millet
(Pennsetum typhoides) and Micke (1969) for green matterin sweet clover (Mnliln{u.r albus L..)
also reported an increase in non-additive variancein treated populations. Conversely,
Lawrence (1968) for flowering time in Arabidopsis thaliana, Gardner (1969) for
grain yield in maize (Zea maize) and Sharma & Singh (1975) for brown rust
resistance in spring wheat reported an increase in additive genetic variance in treated
populations. However, Gupta & Virk (1977) also reported an incerase in additive
type of gene effects, but only av higher doses of gamma irradiation (20 Kr and 30 Kr)
and notat lower doses of 10 Kr. The properties of induced variability depend on genetic
architecture of a particular cl of the genotypes utilized (Mather 1960,
Lawrence 1965). Therefore, the induced variability and changed gene cffects
could be due to interaction between the mutations and other genes.  In the normal
set, G..C.A. mean squares in respect of kernels per spike however, became significant
only in estimates obtained for F,. The reverse was the situation for spike length
and kernels per spike with respect to S.C.A. mean squares which became non-signifi-
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i 1o breakage of hnkages

Both thest trends can b attributed 1€

.o E :

cant in Fy generation

i i¢ variance.
favouring non-additive gene tic va

g it G CA, effects were
new posiing wnd signdic

K ”;‘l parent K-68, for spike length and in the parent
N PE ) sl ;
5 4 for spikelets per spike the m.u;ml\.uh ol ('.( \ 3 ‘|“T.r.‘; u\:ln'v '..m lllt:_l
Sharbati Sonora lor sy - Both Fand Fy generations, Jndicating theveby that muts
et e 1 lfi ve w.n(‘ effects in these cases. This suggests that
et l\ : |||‘;n' accumulated in the crosses where the above
i\'ltl‘\l(‘ be more clleetive in these crosses of wreated

It is obvious from T able
. it
induced in treated sct. However, 1

gen treatment has in
majority of genes with addutive eflec
parents are iny alved and selection

i ormal or
population compared to the normal one

Fanue §

5 narents in Iy and F2 generations of Gxb diallel eross (nurmal and treated sels) for three
Edtimates of g.c.a. ffects of parenit 5 F ver “(oalues in’ parentheses belong 10 F2)

cr spike Kernels per spike

’ Spike length Spikelets per spike &

iy Nomal pike SPE% . Normal - Treaed . “Nopmalll f Uhresto
0.05%* a.50"* —0.34
< m(ii’i": (—0.27) (—0.8)
2. K-68 1o 0.04 -0.26
-. (1.17%%) (0.02) lo,|7x'
3 > ara —0.67%* 0.4 . I.Ql!
4. Sharbat Sonara ( .4,,52,0'-, iy (0r6%%)
—0.85 010 —ao.0h
Lo { v.:,_:?,-u (—o0.41**) (-0 17;
—0.04 0.23 0.59**
A 1—-:;;:) (K 18) —0.44""*) (0.01)
6, Shera —0.69** a.30" 0.22 0.10
(—0.64%*) (—o002) 0.07) (0.04)

S.E.4 (gi) 0.20 015 0.20 0.97

S (0.13) (0.14) (0.18) (0.89)
S.E # (gi-gi) 0.31 0.23 031 150

= (0.20) (0.22) (0.27) (1.38)
*Significant at 5%, level; “*Significant at 17, level.

There are some cases where G.CLA. effects were significant in I, gencration only
(Table 3). This situation could be attributed to the presence of dominance and/or
dominance x dominance type of interactions in Iy generation. Similarly, in some cases
the G.C.A. effcets are significant only in F, generation. This could e auributed to the
breakage of linkages contributing to non-additive cflects.

The analysis of S.C.A. effects indicated (Table 4) that for all the three characters
some new positive S.C.A. effects (desirable) were induced in treated set which were
absent in the normal set.  However. in some of the cases, S.CA. eflects were signifi-
cant in the normal set, but became non-significant in treated set. In general per s
performance of the parents was a good indication of high general combining ability for
at least two characters i.e. spike length and spikelets per spike. However, crosses wi
performed better were cither high x low or low x Tow combinations.
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Tanve 4

Jistlmales of so,a offects dn Iy and ¥ wenerations of b dialle| cross (normal wid treated sots) of three characters in
wheat (ealues in pareihesis helong lo 12)

: Spike length Spikelets per apike Ketnels per spike
Clrusse i - Nornal 'lgfalul Normal ?l'rl'nlcd Normal TrI:‘alt‘d
1 Cagy X K68 —034 0.1 - B.50%* —o.dy
2 7~ — 0.l —1'19%%) .
2. Cay X Shahati e o
Sonora .21 (1.22%%) (0.76)
4 Gazg X Hira : i e T
: —013) (0. {4-26)
4. G273 X UPzus u.;; |2.7;) 338
PG (0,36 (0.43) (5.102%)
5. Ua3 X Shera —0.f2* o5 "Hrgg
7' —o.f 0.98)
6. K-68 X Sharbati : _.,23’" 2:10
onora (~=0.39} (FAany
7. K-60 X Hira —0.20 ?‘4’6.
—(0.19) 6.2%)
8. K-68 X UP jo1 —0.35 156
2 (0.01) ’g e
0. K68 X Shera 0.27 ag
{ : (—o0.33) ‘ﬁ%‘
10, Sharba(i Sanara 0.03 I
X Hira (—o0.27) (297}
11. Sharbati Sonora —o0.28 12,00 "
P3o1 (—0.96) (0.77}
12. Sharbati Sonora —0.29 2.0%
hera (0.14) (0.02)
14, Hira X UPj01 —0.17 2.60
: (—1.13) (1.84)
14 Hira X Shera u.3g 20
(—o0.22) (318}
15. UP301 X Shera 0.91% 6.88%*
U (1.29) 0.1 L0g¥ ™)
S.E + (Sij) (0,35 (g_:o) (;-082
S o 48 .
.5k (Sij-Sik) (05%% (po?&)) 3.83 ('14953)
el 0.80) 0., 2. X
SE. 4 (Sij-Sikl) 0.48 .77 (og? 0.77 (35354) gSG%S)
(0.74) (0.50) (0.53) {0.67) (4-85) (3:37)
*Significant at 5% level; **Significant at 1% level. T

out carlier, the magnitude of total variance for progenies (Table 1) was higher in case
of treated st than that in the normal set. Therefore, the scope for improvement shall be
more in treated population than in the normal. Simul ly, itis also envisaged that
due to the use of different mutagenic treatments (physical and chemical) the ink i .
of different characters are altered in different ways in different cropspecies.  To be more
precise, in wheat itself, different studies (Sharma & Singh 1975, Gupta & Virk
1977, Balyan & Gupta 1978a, 1978b) revealed different types of changes in gcn:
effects with the use of different mutagens and their doses. Therefore, it would be
inferred that the nature of induced genetic variability is genotype and dose specific.
This observation is also supported by Gupta & Virk (1977), who pointed out that
5 l!me magnitude of induced variation ingene effects varied with the genetic constitu-
tion of the cross and the dose of mutagen applied. Since different materials and
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