J. Indian bot. Soc. 65 : 100—157, 1986

STUDIES IN COLCHICINE-INDUCED TETRAPLOID OF
ATYLOSIA SCARABAEOIDLS
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ABSTRACT

Autotetraploids of ylosia scarabacoides were vaised artilicially by colchicine treatment.

Tetraploid showed giganticism in many vegetative and reproductive characters, Many PMCs

. . . . : -
showed univalents, trivalents and quadrivalents besides bivalents at metaphase 1. Very lew

PMCs had all bivalents only. 22% PMUCs showed uncqual disteibation ol chromoomes, lag
gards ete at anaphase I and the remaining 78% PMCs  had normal and regular separation of
chromosomes. Slight decrease in pollen fertility was observed in tetraploids and it resulted i

almost normal seed setting and fruit formation.

INTRODUCTION

The effects of induced polyploidy
are various and they may have economi
cally desirable characters also.  They
also help in understanding the evolution-
ary mechanism by comparing the morpho
logy, breeding behaviour and cytolotical
features of induced polyploids with those
of their diploid counterparts.  With this
aim, induction of polyploidy by colchicine
treatment in Atylosia scarabaeoides, an cco-
nomic plant of considerable importance,
has been taken up by the authors. No
Natural or artificial tetraploid of  this
species 1s known as ycL This induced
tetraploid when crossed with other tetra-
ploids and higher polyploids of Atylvsia
cpecies may help in deternnining - their
phyvlogenet
e induced wetraploid with 1ts normal

relationship. By crossing

diploid plant it may further help in ob-
taining  wiploid  and  aneuploids  which

ceonomcally mproved  plana

ide

yode et B b
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MATERIAL AND METHODS

3-6 days old seedlings of Atylosia scarab-
acotdes were subjected to apical bud treat-
ment with aqueous colchicine solutions
(0.19,, 0.2°,, 0.5, 047, 05" 0 Apical
buds were covered with absorbent cotton
soaked with colchicine solutions -8 hours
a day for one, two and three days. Hours
of treatment were trom 7.30 ame to 3,30
p.m. to synchronise with the tme of divi-
sion ol apical cells. After cight hours of
treatment  soaked  cotton  was removed
from apical buds and they were wash-
ed lll()l'()llghly with water. ‘L\lnl‘l)iudn},{lutl
and  cytological  studies  were made i
treated plants. Cytologieal stadies were
made by root tp and voung anther

squashes stained with acetocarmine

OBSERVATION

029 and 0.3, colchicie  solutons
were observed to bhe ellective i l‘“"l”‘

ing polyplowd shoots. Out ol 180 planis

toraer Head o the Departaen of Botany . Paa U



STUDIES IN COLCHICINE-INDUCED TETRAPLOID ATYLOSIA 151

treated with above solutions, 21 tetraploids
were induced and only 3 could survive till
maturity. The rest 18 plants died due to
heavy infection of fungi (Powdery mil-
dew).  The eflect of colchicine treatment
was evaluated by making morphological
and cytological investigations.

Morphological  studies—Morphological
characters of both control (diploid) and
induced tetraploids were very carefully
observed and their comparative accounts
and measurements of various parts have
been summarised in Tables T and II.

Cytological studies—Anther squash ol
induced tetraploids showed n ==22 in PM-
Cs at diakinesis and metaphase I having
various associations and configurations of
chrmosomes (Figs. 7, 8 and 9) (Table III).
The range and mean of univalents, bivale-
nts, trivalents and quadrivalents were also
letermined by analysing PMCs at metap-
hase I. A comparative account of chrom-
osome pairing and chiasma frequency at
mectaphase I of diploids and induced tetra-
pleids have been summarised in Table—
IV.

At anaphase 1 regular and normal
scparation of 22-22 chromosomes was ob-
erved in 78°) PMCs while remaining
229, PMCs showed unequal separation
of chromosomes and laggards (Table V).
Leggards were also observed in  some
PMCs at anaphase II.  The size of pollen
grains increased in  induced raploids
but their fertility decrcased (Tables II
and [T1).

DISCUSSION

The production of polyploids experi-
mentally by colchicine treatment pro-
vides an opportunity to assess their  im-
portance in the improvement of yicld of
crops and some other characters. The
review by Nogele (1946) and survey of
literatures on polyploidy with increased
mstances of induced  tetraploids reveal

that gigantism is not always an attending
feature of polyploidy. In the present
study  colchicine  induced tetraploids
were found to be superior to their diploid
progenitor in height and size of leaves.
Height of a tetraploid does not increase
only by elongation of internodes, rather
the number of nodes is also responsible for
it. It is thereforc quite natural that the
number of secondary branches and inflo-
rescences would also increase due to for-
mation of more nodes.

The poor reproductive pertormances
of induced tetraploids versus diploids as
regards the size and number of seeds and
fruits may be explained due to a number
of cytological situations that are found in
tetraploids and absent in diploids. The
various types of quadrivalent configuration
and their irregular seggregation lead to
formation of unbalanced gametes resul-
Due to these cyto-
logical irregularities induced tetraploids

ting in poor fertlity.

were lound to be inferior to diploids in
the present investigation as observed in
some cucurbits and many other plants.

The death of tetraploid plants by
intection shows that polyploidy does not
confer disease resistance to this species
although Rajan (1961) reported the case
of aphid resistance to be associated with
autopolyploidy in Brassica compestris.

A perusal of the frequency of chro-
mosome configuration i the induced te-
traploid of .
occurrence of multivalents together with
univalents and bivalents in 909, PMCs.

scarabasoides  shows the

This higher frequency of cells showing
multivalent formation 1s characteristic of
awtopolyploids. The observation of Mor-
rison and Rajhathy (1960) that the muli-
valent formation is higher in plants with
smaller  chromosomes than with longer
chromosomes is in keeping with the find-
ing of the authors as the chromosomes of
A. scarabaeoides ave very small. However,
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MEASUREMENTS OF VARIOUS PARTS OF THE DIPLOID AND INDUCLD TETRAPLOIDS-

TABLE [

Tetraploid

A/y[t)xl'a' scavabaeoi e

Diploid
Characters T
Mean S.B.+ hiean S.E.g
Leaf :
Length of the petiole (cm) 2.5 0.02 3? 0'0;1'
Length of the terminal leaflet (cm) 4.2 0.38 (,)'" 0"1‘“)
Breadth of the terminal leaflet (cm) 2.4 0.41 3 7 O'W
Length of lateral leaflets (cm) 3.5 0.52 ]"f 0.66
Breadth of laertal leaflets (cm) 1.9 0.24 2 - V.38
Thickress of the leaf (Am) 321 0 »
Average number of hairs on the leaf (cm?) 49 0.62 92 V.66
Stomata :
No. of stomata per fizld (1015 24.9 0.12 12,8 0.18
Length of the guard cells (m) 20.6 31 .2
Breadth of the guard ceil (um} 7.2 10.9
Length of stomatal aperture (um) 10.8 13.7
Breadth of the stomatal aperture (m) 5.6 1.9
Flower :
Length of the pedicel (mm) 6.2 0.58 8.0 0.12
Thickness of the pedicel (mm) 0.8 0.60 1.1 0.54
Length of the calyx tube (mm) 6.1 0.48 8.7 0.42
Breadth of the calyx tube (mmj 1.4 0.38 2.2 0.20
Length of the corolla (mm) 3.4 0.60 10.9 0.54
Standard 8.4 0.60 10.9 0,54
Wings 7.0 0.58 9.9 0,46
Keel 6.4 0.52 7.2 0.38
Breadth of the corolla (mm) 4.0 0.46 5.8 0.28
Standard 4.6 0.46 5.0 0.28
\}ﬂngs 2.8 0.56 3.4 0.46
Keel 1.8 0.64 2.2 0.52
LCI.]glh of tl%c anther (mm) 0.5 0.24 0.8 0.32
Thickness of the anther (Km) 1.8 9 9
l)iametgr of the pollen (#in) 30,4 |E:)
Pollen fertility 98,9204 53,89,
Length of the ovary (mm) 4.8 0 38 5 (.42
Thickness of the ovary (mm) 3.6 038 -l l 0.4
Uruit -
‘[:‘m‘xg[h of lh.t) pod (ecm) 2.0 030 1.6 (.36
Thickness of the pod (cm) 0.5 0 20 0.6 0,02
Seed
\\ fri;xccds /p(‘r frutt 5.8 2.9
x/ of ~'.c<-((l (o min) 2014 £1 6
hickness fmm) 1.2 I 4
(‘&(’3 i ¥ ‘ { ‘ltA “’)) Se0s (o S iy )
1 { ds fem 1.282 1,604

e e bl D i sl O el

T A et e I el st
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TABLE 11

MORPHOLOGICAL DIFFLRENCES BETWEEN DIPLOID AND INDUCED TPETRAPLOID

Characters Diploid Tewaploid
Plaut \igorous Less vigorous in the beginning but  wore
vigorous later on.
Stem Protusely branched, thinner stem, long - Smparatively less branched, thicker stem,
ternodes. rter internodes.
Leaves Petiolate, thin petiole, greenish with pre dolate, comparatively thicker and longer

nent vein and veinlets, margin almost entire  petiole, dark green  with more prominent
veins and veinlets and  have a tendency ol
serration on the margin.

Stomata Small Big (about 1.5 times the diploid)
Hairs Leaf surface rough due to large no. ol minute  Leal surface more rough as it is covered
hairs. with comparatively long and dense minute
hairs.
Flower Small and yellow tlowering-Aug. -Dec., Big and yellow, flowering delayed by one

month (Sept.- Jan.)

Different parts of the flower comparatively Different parts bigger in size.
smaller in size.

Pollen :
Size Small Big
Fertility 98.2% §3.8°%
Fruit Comparatively bigger (with seeds ranging Smaller & thicker (with seeds ranging
from 5-7) with an average of about 6seeds in  from 2-4) with an average of about 3 seeds
cach pod. in each pod.

TABLE III

FREQUENCY OF TYPES OF CHROMOSOME CONFIGURATIONS IN THE INDUCED TETRAPLOID 4. Scarbacoides
AT METAPHASE .

Chromosome configuration No. of PMCs Percentage
of 4. ] 5 10%
B S e ¥ 1 2%
OF - L0 - CJID - IV 6 12%
AT SRR ¥ BT Y 1 2%
T & BIT  °IM - 4V 14 28%
SRR § BN § § G Y 15 30%
LR 0 TN 08 R S A Y 4 8%
of - [T L OIIT 4 IV 3 6%

o -l MIT .- oI - 8IV l 2%




R. P, JHA AND H. C. JHA

154

Name of the species No. of  No. of Univalents
pM( —— .
analysed Range Mean S.B.

) I o ‘ 2 3 | )

Diploid 10 — N _

luduced tewaplod 0 O-—1 0.1 0.02

due to presence ol four homologous chiro-
mosomes, multivalent association 1s expec-
ted 1n all PMCs of autotetraploid. But
the formation of only bivalents in 10V,
PMCs (Table I1I, Fig. 9.) suggests that
the presence of more than two homolo-
gous chromosomes is not the only requi-
site for multivalent formation. ‘The fre-
quency of multivalents was considerably
lower (Table IV) and no association ol
more than 4 chromosomes was observed.
Hence, on the basis of these lindings, it
can be suggested that there must be a
genetic control so far as chromosome pai-
ring is concerned.  Such reports are avail-
able in the literature (Riley and Chapman,
1958).
curs in norwmal sexual species is the apical
stage 1u the evolutionary adaptiveness ol

Pertect bivalent fermation as oc-

the species.  Duplicaton ot chromosome
sel at one stage creates a novel  situation
with the result that in the limited time and
space, four homologous sets arc not able
to behave as normally as two ses do.
Morcover, genctic control ol cliromosorme
pairing has also been observed in colehi-
e induced diploids of haploid Pelargo-
naum (Daker, 1967). Induced tetraplods
display a series of cytological irregularities

CHROMOSOME P

Range Mean S.

0—1

1 ABLE

AIRING AND CHIASMA FREQUENCY IN g3,

e - 8

No. of bivalents per PMC

-
Rod Ring ‘
e e—————— Range \Meg,

L.+ Range Mean S.L.71

e S i

7 8 9 10 bl 12 13

—7 53.15 0.22 4+-85.8 u.l8 - -
132 0,03 12—22 106.28 0.25 0—1 U 2

at meiosis  leading ulumately repros
ductive deliciency.

The distributon ol chromosomes at
anaphase 1s disturbed more by univalents
aud trivalents than quadrivalents due 1o
unequal assortment and laggards.  This
ts proved by the fact that 787, PMUCs had
quadrivalents in diflerent number together
with bivalents at meiaphase 1 and regular
and equal distribution of chromosomes was
also found in 789, PMCs at anaphase I.
Similarly univalents and trivalents were
tound to occur in 2200 PMCs at metaphase
I and unequal distribution ot chromosomes
with or without laggards was also found
in 22Y%, PMCs,

cluded that l‘rt:qumu"\' ol univalents and

Lhus 1t can be sately con-

trivalents at metaphase 1 may be related
with anaphasic wregularities of melosis.
As aresulc of unbalanced chromosome
number arising due o above irvegulari-
Lies autotetraploids have some pollen ste-
rility.  Ounly those pollen grains receiving
haploid or diploid sets of chromosomes are
likely o survive and the remaining with
unbalanced  number  are  sterile pollen
Qrains.

Authors find the mean value of fer-
tlity in induced tetraploids to be 83.8%
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DIPLOID AND INDUCED 11 VRAPLOI AT METAPITASE [

lents No. of quadrivalent Total  Chiasnata per PMC

per PMC In
S.E. Range Mean S 1. Range Mean S.E.
1 +
14 19 16 17 18 19 20) 21
- ~ 22 1521 17.67 0.12

0,02 05 2,18 0,16 44 3614 42 64 0.32

TABLT,

n
On

Ferminalised chiasmata Terminali- 3 chiasma

per PAIC 3aL10n €o- per chro-
—— -———— efRcient MOSI
Rang Mean S.E.

i

22 2 24 25 26
I4—19 16.85 0.12 0.953 0.803
3240 38.64  0.32 0.906 0.969

v

DISTRIBUTION OF CHROMOSOMES AT ANAPHASE | in INDUCED TETRAPLOID

Distribution of chromosome

29029
21--0--23
20 -0—24
20—1 23

20—2—22

only while its diploid indicates it to be
98.2%,.  Randolph (1941)  concluded
that sterility in autotetraploid maize is
largely controlled by specific genes or gene
combination and it is chicfly physiological
in nature.  On the basis of findings dis-
cussed above it can be concluded safely
that the principal causes of sterility in
autotetraploids as well as in some allo-
polylploids are a series of disharmonies

No. of PNICs  Percentage

39 78%
6 12%
3 6%
! 2%
1 2%

produced at various stages of sexual cycle
of which the disturbance in the spindle
and other external features of meiosis are
among the most important.

So far as induced tetraploidy in .
scarabaeoides is concerned, it has, however,
not shown much promising result in the
present investigation for its economic ex-
ploitation except for its luxuriant growth
and gigas habit of vegetative parts. Hence
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Figa. 1-11. Fig. 1. Diploid and tetraploid leaves < 4 of the natural size.

Fig. 2. Tetraploi:l stomata 2 450,

Fig. 4. Diploid stomata ~ 450,

Fig. 4. Diploid and tetraploid flowers 3 ol the nataral size.

Fig, 5. Diploid and tetraploid lruits 4 of the natural size,

Fig. 6. Diploid and tetraploid sceds <} ol the natural size.

Fig. 7. A PMCat diakinesis showing 2 quadrivalents and < 18 bivalents < 1250.

Fip;.l ., A PMCat metaphase I showing three quadrivalents, one trivalent, fourteen bivalents and one unival
2 1250,

e, 9. A PMO at metaphase T showing 22 bivalents < 1250,

Fig

, 10, Diploid pollen grains < 450,

Vig, 11, Tetraploid pollen grains X 450,

ent
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tetraploidy in plants where reproductive
parts are economically used have compa-
ratively poor chance of competiting with
diploids. Thus polyploid breeding is not
very promising in such cases except where
vegetative parts are used for fodder etc.
brom this point of view, Mehta and Swa-
minathan (1953 raised tetraploid barseem
which proved far superior to diploid coun-
terparts in forage value. But the aforesaid
account does not underrate the prospect
ol polyploid breeding. The fact that
chromosome pairing is under genetic
control has a bright future in-chro-
mosome  engineering.  Chromosome  or
sequence of chromosomes can be iden-
tiied which control normal pairing and
subsequent meiotic stages. Such chromo-
somes can be added to make the species
more efficient in reproductive behaviour.,
Hence stable ancuploids or tetrasomics

137

with specific chromosomes can be estah-
lished in crop plants.
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