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ABSTRACT

Sporadic instances of tetrasomaty in the primary and secondary roots
of five varieties of Cicer arietinum Linn. are illustrated. The phenomenon
was more common in Varieties I and II. The SAT-chromosomes are
reliable guides to estimate the degree of polysomaty, since pre-treatment
with p-dichlorobenzene revealed that cell types with 32 chromosomes at
metaphase had two pairs of SAT-chromosomes associated with the
nucleolus at prophase. Tetrasomatic cells appear to be limited to the
dermatogen and periblem. Higher degrecs of polvsomaty were not
observed. ‘

INTRODUCTION

IN Allium cepa, rare instances of haploidy and tetrasomaty were observed
in successive crops of roots from the same bulb (Royan-Subramaniam, 1964
Subramanyam, 1964). In Pisum sativum rare anaphases had 49 (7n) and
21 (3n) chromosomes (Gopinath and Royan-Subramaniam, 1964). While
in A. cepa the origin of the haploid and tetrasomatic cells could be surmised
to be the consequence of spindle abnormalities in different directions,
asynchronous replications of chromosomes have also to be visualized to
explain the peculiar segregations in Pisum sativurn. In the above context
a detailed study of polysomaty in Cicer arietinum (Milovidov, 1932; Iycngar,
1939 ; Meenakshi and Subramaniam, 1963 b) was considered intercsting.

In the cells of the root-tips of Cicer arietinum, the SAT-chromosomcs
are prominent in the side views of meta- and ana-phases (Meenakshi and
Subramaniam, 1962, 1963 a). Using the SAT-chromosom:s as markers it
was possible to detect a rare triploid (Meenakshi and Subramarizm, 1966).
A few of the cells in some of the roots were observed to have four SAT-
chromosomes. The rarity of such cells and their presence near the actively
dividing meristematic cells necessitated their consideration as a category
distinct from the meristematic cells and concerned probably with tissue
differentiation.
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PoLYSOMATY

The occurrence of tetra-, octo- and 16-ploid cells in the tissues of plants
whose meristematic cells had only a diploid chromosome complement was
termed polysomaty by Langlet (1927). This phenomenon obscrved initially
in Spinacia by Stomps (1910) appearsto be common, especially in dicotyledons,
and its origin is conceived to be by a double chromosomal reproduction in an
otherwise normal mitotic cycle (Berger, 1941 a; Lorz, 1947; D’Amato,
1952; Royan and Subramaniam, 1954; Partanen, 1959; Bouharmont,
1960; Das, 1963). The polysomatic cells have been observed in the pariblem
(cortical ground meristem), dermatogen (protoderm) and in rare instances
in the plerome (procambium) as well. From the size of the nucleoli and the
number of heterochromatic satellites in association with them, Berger (1941.5)
has shown that polysomaty occurs in the periblem of the radicle of Spinacia
even before the beginning of germination.  In leguminous plants, polysomatic
cells were found at a definite time and place during development (Berger,
Witkus and McMahon, 1958). The presence or absence of polyploid divisions
can even be used as a criterion in studies on the systcmatics of Leguminosac
(Berger, Witkus and McMahon, 1958).

MATERIAL AND METHODS

Four varieties which could be distinguished on the basis of the size and
colour of their seeds were used for this study. These were: Variety I with

big white seeds; Variety IT with small white sceds; Variety I1I with fairly -

big green sceds and Variety IV with small brown sceds. Another commercial
strain of C. arietinum purchased at the local market was also investigated.

Primary and secondary roots of the five varieties were fixed in acetic
alcohol (1:3) for aceto-carmine, haematoxylin and Feulgen squashes and in
Navashin’s and Lewitsky's (1%, chromic acid and 109, formalin 1:1) fluids
for staining serial longitudinal and transverse sections with haematoxylin
as well as Feulgen.

Some of the material was exposed {0 a saturated solution of p-dichloro-
benzene for 90 minutes prior to fixation in acetic alcohol to cnable an accurate
estimate of the chromosome number and evaluate the relation beiween the

SAT-chromosomes and nucleoli in squashes (Mcenakshi ard Subramaniam,
19630 ).

OBSERVATIONS

The criteria employed for the identification of polysomaty were: (1) the
size of the nuclei and the number of chromocenters in them ; (2) the chromo-
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some number of such cells; (3) the number of SAT-chromosomes in
the complement and (4) the number of SAT-chromosomes associated with
the nucleolus.

To locate and study the distribution of polysomatic cells in the meriste-
matic layers, sections had to be scanmed. But the inherent limitations
of sections preclude the use of all the criteria enumerated above.

In squashes, the cell and nuclear sizes are unreliable and hence more
reliance had to be placed on the number of chromocenters. To estimate the
chromosome number in squashes, pre-treatment of the material with an agency
which inactivates the spindle became essential. Thercfore, in the descriptions
that follow, the observations are collated from the different methods
employed.

Sections

The polysomatic cells were confined to the dermatogen (protoderm)
and to the 2 or 3 outer layers of cells of the periblem (cortical ground meristem).
The first identification of polysomaty was in one of tke fifty roots of the
commercial variety examined. Though such cells were observed more fre-
quently in Varieties I and 11, the easy germination of tke former led to a
concentration of attention on this strain alone. No cvidence for polysomaty
was obtained in 12 of the primary roots and in only 3 among the 30
secondary roots were such cells observed.

Squashes

In squashes, the polysomatic cells occurred singly or in groups of 2 or
more near the diploid ones (Photo 1). Their occurrence in Varieties I and
II was about 2-5%. In two instances they constituted almost 109, of the
cell population. They were less than 29, in Varicties 111 and 1V, though
such cells were relatively more in Variety 111.

Untreated Raots

Interphase and Prophase.—Tetrasomatic interphase and prophase nuclei
are shown in photos 2 and 3 respectively. The number of chromocenters in
photo 2 exceeds sixteen. In the tetrasomatic prophase shown in photo 3
the satellites are seen on the nucleolus, but their mode of attachment is not
clear. In arare prophase (Photo 4) the chromosomes occuired as pairs. Only
15 such pairs could be distinguished clearly.

e ——

&



Tetrasomaly in the Roots of Cicer Arietinum Linn 195

Metaphase.—Metaphases from the diploid (Photo 5) and polysomatic
(photos 6 and 7) cells from haematoxylin (Photos 5 ard 6 of Variety IT) and
Feulgen-aceto-carmine (Photo 7 of Variety 1) squaskes are presented for
comparison. The metaphases exhibited in Plotos 6 ard 7 tave twice the
number of chromosomes. The pair of SAT-chtomosomes is clear in the
diploid (Photo 5) while only three SAT-chromosomes could be located clearly
in the tetrasomatic metaphases (Photos 6 and7). The two examples illustrated
in Photos 5 and 6 were from the root of the exceptional seed of Variety IT
which had normal instead of tandem satellites (unpublished data).

Anaphases.—In side views of anaphases, the overlapping of the chromo-
somes necessitated the use of satellites as guides to estimate the degree of
polysomaty. A diploid anaphase with a pair of tardum satellites in cach
group is illustrated in Photo 8. The two pairs of SAT-chromosomes in the
top group of the anaphase shown in Photo 9 implies that each daughter
apaphase group has thirty-two chromosomes.

Roots treated with p-dichlorobenzene

The contraction of the chromosomes produced by p-dichlorobenzeme
enabled the identification of the satellites at prophkase. In Photo 10 the
sixteen chromosomes are easy to count. The intercalary SAT-grain is
connected to the arm of chromosome A (Photo 10) by two SAT-threads
while the SAT-thread of chromosome B is rather hazy. Two pairs of tandem
satellites could be identified in Photo 11 of a tetrasomatic cell. The threads
connecting the SAT-grains to the chromosome body are, however, not visible.

Unlike in the diploid where only a pair of SAT-chromoscmes is associ-
ated with the nucleolus at prophase (Meenakshi and- Subramaniam, 1963 a
and b), four SAT-shromosomes could be dumonstrated in association with
the nucleoli in tetrasomatic prophases. In Photo 12, four chromosomes
with tandem satellites (A, B, C and D) are shown in intimate association
with the nucleolus. Two SAT-threads connect the intercalary grain to the
body of chromosome A, while the pair of threads could be traced from the
intercalary to the terminal grain in chromosome C. In chromoscme D,
the SAT-thread between the chromosome body and the intercalary grain is
enclosed in the nucleolar matter and a relatively deeply stained 1ing (¢f. Photo
2 of Meenakshi and Subramaniam, 1963 b) could be made out (Photos 13 and
13 A).

The chromosomes shown in Photo 14 occur as 16 discrete pairs. p-di-
chlorobenzenc is said to keep the chromosomes at metaphase only for a
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limited duration (Evans and Tonkinson, 1959). Other diploid anaphases
have also been observed in treated material. The thirty-two. drploid anaphase
chromsomes appear scattered in Photo 15. - In the above context it became
necessary to separate the anaphase of a d1p101d from the ‘metaphase of a
tetrasomatic cell. This is possible from (g) the width of . the metaphase
chromosomes and  (4) the presence of a 10ng1tud1nal split in. many -of them
(Gopinath and Royan- Subramaniam, 1964). Besides, the anaphase chromo-
somes' had a tendency to accumulate a lighter stammg substance
around them (Meenakshi and Subramamam, 1963 b). :

Photos 16 and 17 are of metaphases of tetrasomatic cells. The action
of p-dmhlorobenzene being not uniform, the contraction mduccd is often to
different degrees. While the four SAT-chromosomes (indicated by arrows)
are clear in Photo 16, thexr morphology becomes indistinet when the chromo-
somes are h.lghly contracted (Photo 17). 'The longnudlnal split is distinct
when they are highly contracted and thirty-two cluomosomes could be countcd
clearly in Photo 17.

DISCUSSION

'I'he occurrence of polysomaty appears to be sporadlc in: the roots of
'_ C' arietinum as reported by Iyengar (1939). Whether it is a regular pheno-
menon * during tissue differentiation can only be judged by stimulat-
-ing the differentiated cells to - divide. The fact that some -of the poly-
somatic cells were in division enabled.the use of several criteria. While
- sections are necessary to locate the position of the cells, an accurate estimate
of the chromosome number is rendered possible in squashes by the use of
C-nntotm agents (Berger and W1tkus 1943 Berger McMahon and Wxtkus,
1961) ’ |

, A further advance is the use of heterochromanc reglons of satellites
| assocmted with the nucleoh to.judge the degree of polyplo1dy in restlng nuclei
(Berger, 1941 g and b). 'These have been extended in the present mvestxgauon
by the use of haematoxyhn as a stain for squashes and a critical study of the
‘number and- mode of association of the satellites. to the nucleolus at prophase
 in roots treated with p-dichlorobenzene (Photos 11. and 12). This was a
logical extensxon of the analysis of the SAT—nucleolus relationship in normal
diploid: prophases (unpubhshed data). - It could be shown - in- favourable
instances of tetrasomatic prophases, that the SAT-thre ads and grams ‘are
often double (A and Cin Photo 12) (Royan—Subramamam and Subramaniam,
: 1965), that the nucleolar matter surrounds the - SAT-threads ‘(Patau, 1937;

| «Pathak 1940; Mulnard, 1956; Subramanyam and Royan, 1962; Meenakshl
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and Subramaniam, 1963 a; Gopinath and Subramaniam, 1963 i
. s - 3 - s 3 ,

such regions a deeply stained ring could sometimes be discerngd a(lll:igfc?: ;]'3’

and 13 A) (Meenakshi and Subramaniam, 1963 b). R

The occurrence of chromosomes in pairs in polys . _
1941 @; Berger, Mc Mahon and Witkus, 1%61) was I;ee}xg zlllnlflz;ni(r:x caﬂs]isngl3 oro-
phase (Photo 4) and hence does not appear to be a common featlfrpr?"
C. arietinum. A critical distinction of a diploid anaphase from a tetrason:at]in
metaphase is also possible (Gopinath and Royan-Subramanizm, | 564) ;
pre-treated material by the presence of a longitudinal split only ine s tla :
phase chromosomes (Photos 16 and 17). It would appear that chy OMOGONTIE
numbers higher than tetrasomaty do not occur in C. arietinum,
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EXPLANATION OF PLATE I

Squashes of Varieties I and II. Acetic alcohol fixation.
Photos 10-17. From roots pre-treated with p-dichlorobenzene prior to fixation.

PHOTOS 1-6 AND 8-17. Haematoxylin. Photo 7. Feulgen-acetocarmine.

PHoTo 1. Illustrates the distribution of 4 » cells near the diploid ones.

PHOTOS 2 AND 3. Interphaée nucleus with chromocentres and Prophase from tetrasomatic
cells respectively.

PrHoTO 4. Prophase (4n). Only 15 pairs of chromosomes are clear.

PHOTOS 5-7. Metaphases from diploid (Photo 5) and tetrasomatic cells (Photos 6 and 7). The
pair of SAT-chromosomes is clear in Photo S. Only three SAT-chromosomes are seen
in Photos 6 and 7.

PHOTOS 8 AND 9. Anaphases from a diploid with a pair of SAT-chromosomes (Photo 8) and a
tetrasomatic cell with 2 pairs of SAT-chromosomes (photo 9).

Proto 10. Diploid prophase with 16 chromosomes including a pair of SAT-chromosomes
(A& B).

Proto 11. Prophase (4n). Four tandem satellites are seen in the middle of the cell.

Proros 12-13 A. Prophase (4r). Four chromoscmes (A, B, C & D) with tandem satellites
are attached to the nucleolus (Photo 12). The deeply stained ring seen around the SAT-
thread of chromosome D (Photo 13) is stippled with India ink in Photo 13 A,

PuoTOS 14 AND 15, Anaphases(Z’n). The chromosomes are lying in pairs in Photo 14. They
are scattered in Photo 13,

PrOTOS 16 AND 17. Metaphases (4r). The four SAT-chromosomes are indicated by arrows
-in Photo 16. The 32 chromosomes illustrated in Photo 17 are highly contracted obscur-
ing the satellites completely. '
Magnification of Photos 2, 3 and 4 as given in Photo 4.',
do. 5-10, 12-13 A and 16 as given in Photo 9.

do. 11, 14, 15 and 17 as given in Photo 17.



