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1. INTRODUCTION

Importance of the use of chemicals affecting cell division is being more and more
appreciated in recent years. The results of the investigation open up new possibi-
lities towards solution of both academic and economic problems. The pioneer
efforts of Levan and his collaborators (Tjio and Levan, 1948 ; Levan, 1949 ; Tjio and
Levan, 1950) in this aspect of study provide cytologists with an extensive data on
the reactivity of chromosomes to chemicals. This has been found to be a pre-
requisite to chromosome studies undertaken whether for purely research purpose
or with a view to improving our crop plants.

A long series of chemicals, viz. phenols, alkaloids, etc., have been tested by
them and their mutagenic property worked out. The cytological reactions noted
after these treatments have been divided under reversible and irreversible ones.
The term itself implies that the latter results in an immediate killing of the cells,
whereas the former involves certain reactions conveniently grouped under narcotics.
In this case the tissue naturally recovers after certain specific periods. It has been
noted that, though certain chemicals are toxic even with the slightest dose applied,
most of the others can induce both reversible and irreversible ones under specific
concentrations.

A study of the lethal or the toxic effect naturally serves no other purpose except
revealing the internal structure of the chromosomes, fully clarified. It results out
of a dissolution of the matrical substance from the chromosome arms, an effect
attributable possibly to the depolymerization of nucleic acid. The action no doubt,
though harmful to the chromosome structure, is useful for a study of the ultimate
structure of chromosomes.

On the other hand, a study of the subnarcotic and narcotic effects yields interest-
ing data, which are of immense use not only for a study of chemical make-up of the
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chromosomes, but also reveal the possibilities of their application in the improve-
ment of plants. The lower and the upper threshold concentrations, necessary for
the activities of these drugs, have been thoroughly worked out. In addition to the
production of colchicine-tumours, other effects manifested fall under the category
of pseudochiasma, chromosome erosion, fragmentation, translocation, ete. Chromo-
some erosion, a term coined by Levan, implies the appearance of innumerable beaded
structures resembling secondary constrictions. By pseudochiasma is meant the
adherence of chromatids at certain localized points due to difficulties in separation
in anaphase, resembling a chiasma. The importance of these effects brought oub
in the ‘ Allium test’ is far reaching, facilitating also an understanding of the problem
of chromosome morphology.

Another aspect of study involves the use of chemicals for a clarification of
karyotypes. The properties of oxyquinoline brought out through the efforts of
Tjio and Levan (1950) in bringing out chromosome structure is a remarkable
advance in this direction. Since then a number of chemicals had been tested and their
properties worked out (Sharma and Bal, 1953 ; Sharma and Bhattacharjee, 1954 ;
Sharma and Sarkar, 1955). A consistent fact emerging out from such studies is the
capability of most of the mutagenic chemicals in bringing out the details of
chromosome morphology under suitable concentrations, These concentrations
generally lie near or below the lower threshold concentration required to effect
abnormalities. Difficulties encountered for a study of the chromosome complement
of a variety of plants, especially those with long chromosomes or high number, or
both, necessitated a search being made to find out a suitable chemical for their study.
The present report deals with three such substances, viz. coumarin, aesculin and
salicin, the former two especially yielding excellent results. It was desired to work
out their mutagenic property, if any, and also a study of their method of manifesta-
tion. Of these three chemicals tried, it would be noted that two of them, coumarin
and salicin, have yielded considerable mutagenic property, and the other so far tried
is devoid of the same. Though investigations on the chemicals are at present
quite rich in data, a large group of them still remains uninvestigated.

2. MATERIALS AND METHODS
Chemicals

The three chemicals so far tried in the present investigation are coumarin,
aesculin and salicin, the former two being closely related.

Coumarin.—This chemical is more scientifically known as ‘ortho-coumaric
acid-lactone’ having the structure of an unsaturated lactone. It is a plant product,
the sources being Acacias and Umbellifers, and very well known to physiologists
for its remarkable growth-retarding activities.

Aesculin.—Aesculin is very closely allied to coumarin and, as a matter of fact,
is a derivative of the latter and is chemically known as ‘6-glucoxy-7-hydroxy
coumarin’. It is also like coumarin a growth-retarding substance, obtained as a
plant product from the horse-chestnut (4esculus hippocastanum).

Salicin.—1It is a glucoside of salicylic aleohol, obtained mainly from the weeping-
willows (Salix).

Materials investigated

A large number of plants, on which the study of the chemicals were made,
include both monocotyledons and dicotyledons. Among the monocotyledons,
different species of Crinum, Pancratium, Allium, Hymenocallis, Haemanthus,
Zephyranthes, and of the dicotyledons, Pisum, Lathyrus, Vicia, ete., were tried.

The plants were planted in pots in case of bulbous ones, whereas in case of species
of Pisum, Lathyrus, etc., sceds were germinated in Petri dishes over sawdust. Root-
tips were periodically collected for study.

IB
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Different types of treatment followed

Treatments of the materials with the chemicals were made with a view to make
temporary as well as permanent preparations. Possibilities were investigated of
making paraffin blocks for permanent preparations and methods of squashing root-
tips with uniform pressure for both permanent and temporary preparations,
After a series of trials the latter method was found to yield preparations much better
in quality, as regards scattering and clarity of morphology of the chromosomes.
Two methods were worked out for preparing permanent mounts from smeared
preparations, which were as follows :—

(@) staining smeared tissue with Feulgen solution,
(b) staining the tissue in aceto-orcein-HCl mixture followed by smearing
in orecein solution.

Treatments in all cases were made on plants with high and low number of chromo-
somes. As regards time and temperature required to bring out best results,
treatments of different plants revealed different cardinal points. Concentration of
the chemical also proved to be an important factor. Another aspect of study in-
volved effects of mixtures of chemicals in different proportions.

In the study of fragmentation inducing property, recovery experiments were
set up. These consist of treatments of root-tips intact in the plant for a desired
period at a desired temperature and then allowing them to grow under normal condi-
tions. The nuclear changes due to the chemical could be observed every day after
acetic alcohol (1 : 1) fixation, followed by Feulgen squashes of the root-tips.

Procedure

The first step involved the preparation of an aqueous solution of the chemical.
Most of them were found to be sparingly soluble in water. In practice, a saturated
stock solution was prepared from which. suitable concentrations could be obtained
by dilution.

The root-tips were treated in the chemical and kept within a refrigerator or at
room temperature, as the case might be, for a definite period. These were subse-
quently stained and hydrolysed in a mixture of 29, aceto-orcein and N.-HC1 (9:1)
and held over a flame for a few seconds. Squashes were made in 19, aceto-orcein
solution applying considerable uniform pressure over the coverslip to obtain a single
layered smear, with well scattered metaphase plates. The method, however, neces-
sitated the final blotting of the excess stain with the help of a filter paper. The
materials, presenting difficulties in smearing, could be squashed by repeated heating
and pressing. The slides were then sealed and could be kept for fifteen days
or more. This preparation is obviously a temporary one and cannot be kept for a
long time. The keeping quality of the slides depends upon the atmospheric condi-
tions and the materials used. Storage in a moist chamber, however, makes them
more resistant and even after a month or more they remain quite fresh. This type
of temporary preparation could be made permanent by inverting the slides over 109,
acetic acid or acetic : alcohol (1: 1), and then running through acetic : aleohol : xylol
grades, finally mounting in Canada balsam.

In the case of dicotyledonous materials, orcein failed to show any appreciable
result in staining. Feulgen squashes were applied, instead of aceto-orcein, in such
cases. Feulgen squashes involved hydrolysis of the root-tips in N.HCI at 60° for
fifteen minutes and subsequent staining in the Feulgen’s solution followed by
squashing in 459, acetic acid. For permanent mounts, hydrolysed root-tips were
smeared on a dry slide and inverted overnight in 709, alcohol. The slide after
washing and subsequent staining was run through aleohol : xylol grades and finally
mounted in Canada balsam.

For paraffin blocks, root-tips were fixed in a mixture of chromic acid 19, formalin
109 and the chemical concerned in proportionsof 1:1:1,1:2:1,1: 3 :1 respectively,
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treated in suitable temperatures for a definite period and embedded in paraffin follow-
ing usual procedures. 14p thick sections were stained following Newton’s crystal-
violet-iodine technique, and an overnight mordanting in 1%, chromic acid in case of
materials fixed in higher dose of formalin became essential.

Photomicrographs were taken of suitable preparations from temporary mounts
generally at a usual magnification of X $900 approximately, using U.C.E. compen-
sating eyepiece of X 20 or in rare cases X 10 and 1-3 apochromatic objective with an
aplanatic condenser of 1-4 N.A.

3. OBSERVATIONS
(¢) Treatment in coumarin solution

Coumarin being slightly soluble in water, a saturated solution was obtained in dis-
solving 0-2 gm. of the chemical in 100 c.c. of water, Root-tips were treated in this
saturated solution for different periods, of which two and a half hours’ treatment gave
the optimum result, scattering and differentiation of the chromosome morphology
being perfect. Treatment of root-tips in cold at 10°-15°C. yielded slightly better
results. Although coumarin treatment resulted to some extent in contraction of
the chromosome arms, the scattering and chromosome morphology was very marked,
bringing high number of chromosomes, such as 2n = 88, 92 or more even in the same
plane of focus. The gap or secondary constrictions were rendered very conspicuous
and sometimes the arms beyond the gaps moved a long distance, and were likely
to be mistaken for fragments. Bub more critical observation revealed their rela-
tionship and sometimes the thread of the chromonema became conspicuous, bridging
the two arms (Text-figures and Pl. XIV, Figs. 1-6 and 11-14).
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TEXT-FIGURES.
Figs. 1 to 7. Effects of coumarin.
Fig. 1. Hymenocallis daphne (2n = 70), well clarified metaphage plate.
Figs. 2 to 5. Fragmentation in Lathyrus sativus with varying number of fragments given in
outline.
Figs. 6 and 7. Fragmentation in Pisum sativum. X 900 app.
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Lower concentrations, such as 070019, 0-05%, 0-01%, 0-1%,, etc., were tried
gpecially on Crinum chromosomes. Three hours’ treatment also produced good effect
and a lessening of the effect was noted with decrease in concentration.

In case of Pancratium and Crinum (Pl, XIV, Figs. 1-3; 7-10 and Pl. XV, Fig,
22) it was observed that one hour treatment can bring out the effect, optimum at
two and a half hours in 0-29, concentration. In treatments for longer periods, such
as four to five hours, the chromosomes were noted to appear as pycnotic bodies
scattered all over the cell. Sometimes granular appearance of the chromosomes
was met with after such prolonged treatments.

By application of this chemical to root-tips of dicotyledonous plants, such as
Vicia, Pisum and Lathyrus, well scattered plates were obtained no doubt, but most
of them contained fragments, which have been dealt with here under a separate
heading, namely ‘Fragmentation inducing property’ (Figs. 2-6; Pl. XV, Figs. 26-27).

In some materials, however, coumarin produced stickiness in the chromosomes,
which was overcome by using a mixture of coumarin 0-2%, and 0-0029%, 8-oxyquinoline
(1: 1) and treating the root-tips for two and a half hours in cold, which yielded quite
satisfactory results in Haemanthus sp. (Pl. XV, Figs, 16-18).

Paraftin blocks were prepared after fixing Crinum root-tipsin 1:1:1,1:2:1,
1:3:1, chromic acid 19, : formalin 109, : coumarin 0-2%, mixture and keeping in
cold for one hour. But the slides were in no case better than squashes. The last
mentioned proportion proved to be slightly superior to the other two.

(¢8) T'reatment in aesculin solution (Pl. XV, Figs, 20-22).

Aesculin is also very slightly soluble in water. Water saturates at 0°049, of the
chemical. The aqueous solution emits a bluish tinge. Treatments were performed
in saturated as well as in dilute solutions. The time factor in case of aesculin was
very remarkable. 0-00269%, solution gave very satisfactory results in Crinum after
treatment for three to five minutes only in 10°-15°C. Saturated solution of aesculin
was found to be the standard solution for application in different materials. In all
cases controls in room temperature showed stickiness. The extremely short period
of treatment, needed to bring out best result in case of Crinum, is not applicable to
other materials. In general, the optimum effect in aesculin solution was obtained in
thirty minutes’ treatment. As in coumarin, here also the scattering was perfect
and the constriction regions were very exaggerated due to differential contraction
of the arms. A distinct advantage of aesculin method over coumarin technique is
that in the former very little contraction is noted in comparison with that in the
latter. As in coumarin, here also prolonged treatments render chromosomes practi-
cally spherical due to heavy contraction.

This chemical, showing such remarkable property of revealing karyotype in
monocotyledons, proved to be of no use in dicotyledonous plants so far tried.
Pisum root-tips were treated for five minutes, thirty minutes, one hour, two hours,
two and a half hours, four hours in cold, but no considerable effect was noted. Differ-
ent concentrations ranging from 0:0026%, to 0-04%, were tried also, but without any
appreciable result. Aesculin was also applied in mixtures with 0-0029, 8-oxyquino-
line (1:1, 1:2,1:3) and treated in cold for two and a half hours. Of these, a
mixture of 0'04%, aesculin and 0-002%, oxyquinoline in the proportion of 1: 3 yielded
satisfactory results. Controls kept in pure oxyquinoline for the same period pro-
duced preparations of much inferior quality. .

Aesculin, apart from all these, showed another interesting phenomenon in
Pancratium and Haemanthus root:tips, which has been termed as‘ Erosion’ by Levan.
The chromosomes show beaded appearance forming innumerable constrictions (PL
XV, Fig. 22).

(49%) Treatment in salicin solution (P, XV, Figs. 23-25).
Salicin being readily soluble in water, no difficulty was obtained in preparing a
2%, solution.
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Root-tips were treated in 1%, solution of salicin for three hours in cold (10°~15°C.)
and at ordinary temperature. In both the cases stickiness was obtained. 1-59,
and 2%, solution produced heavy fragmentation in cold.

2%, salicin in 30%, alcohol was applied to check its property of inducing frag-
mentation. But in this case any effect of the chemical could not be noted on the
chromosomes. 29, solution in 5%, alcohol showed stickiness. 1-59 salicin mixed
with 109, alcohol (1: 1) proved to be a failure in bringing out any scattering or good
effect. Best result was obtained by using a mixture of 1-59, salicin and acetic:
alcohol (1: 1) in equal proportions in cold (10°-15°C.). But morphology of the chro-
mosomes was not so sharp as in coumarin or aesculin treated ones. Mafterials
treated were species of Crinum and Hymenocallis.

(tv) Fragmeniation inducing property

Of the chemicals tried, two, namely salicin and coumarin, showed mutagenic
property, while aesculin did not show any such effect. It is remarkable to note that
in case of coumarin, fragmentation was only noted in dicotyledonous materials. The
mutagenic property of coumarin has been previously mentioned by D’Amato (1950).

Dicotyledonous materials tried were Pisum, Lathyrus, and Vicia. Vicia,
however, was found to produce fragments spontaneously (Kihlman and Levan, 1951 ;
Sharma and Bhattacharjee, 1954). So the study was centred around Pisum and
Lathyrus.

Root-tips were treated in 0-29, coumarin solution for three to three and a half
hours at 10°-15°C. In every case, controls were kept in acetic : alcohol (1 :1)
fixation. The treated root-tips showed metaphase and prometaphase plates with
one, two, three fragments (Figs. 2, 3, 4, 5, 6, and 7), the latter phase showing
more plates with fragments. Controls kept at ordinary temperature also produced
fragmentation.

Monocots, such as Crinum and Allium, were treated in coumarin solution for even
six hours with no fragmentation effect. But the chromosomes gradually contracted
to produce pycnotic bodies, and finally become granular by separation of those bodies
into smaller units.

In order to trace the fate of the fragments, recovery experiments were set up.
The root-tips of Pisum were treated in the solution keeping them intact with the
seedlings for three hours in cold and then after washing in water, they were allowed
to grow in Petri dishes, over moist sawdust. It was observed that on the subsequent
day following treatment only 259, of the seedlings were healthy. On the second
day 37%, recovered to healthy condition. Root-tips of these healthy seedlings
were fixed in acetic: alcohol (1: 1) and the fragment frequency was found to be very
low (vide Tables) as compared with the immediately treated one. This shows
possibly that fragments do not persist for several cell generations.

The chemical salicin was found to produce fragmentation in Crinum at a con-

centration of 1-5%, and 0-29%,, but alarge amount of data in this direction has not
yet been taken.

4. DiscUSsSION

The disturbances in the cell activity up till now noted following chemical treat-
ments have mainly been attributed to the direct change in the physical property of
the cytoplasm. The change no doubt in turn affegbs other cell constituents and the
disturbances in this activity of the chromosomes are thus to be considered as end
result of the process. The nucleic acid cycle too is seriously hampered and the
sticky appearance of chromosomes is claimed to be due to partial depolymerization
of nucleic acid. It needs no comment that the obstruction in chromosome division
and their normal activity can be caused by disturbance in the nucleic acid
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metabolism. So far as oxyquinoline is concerned, which is mainly used for the study
of karyotype, complete solidification of plasma is claimed by Stalfelt (vide Tjio and
Levan, 1950, pp. 62-64) as the result of the effect.

The reactivity of the chromosomes towards the chemicals tried here reveals
further certain interesting facts. The chemicals, though possessing the common
property of affecting chromosome structure, differ in their way of attack as well as
in degree.

It has been emphasized in the text that coumarin and aesculin have yielded
best results in bringing out chromosome structure, salicin being the least effective
one. A differential response of the chromosomes to coumarin and aesculin has
further been recorded.

As far as coumarin is concerned, it has been noted that satisfactory results
are obtained by using the saturated concentration of the same. In revealing chro-
mosome structure in well scattered plates, with morphology fully clarified it possibly
finds parallel in oxyquinoline. Here the effects seem to be brought about through
viscosity changes in the plasma. Little difficulty is encountered in this treatment
in eomparison with that of oxyquinoline, as strict temperature control in cold is not
found to be necessary in the former. In that way coumarin is to be considered as a
much more effective chemical than oxyquinoline, so far as its effect on cell structure
is concerned. Precisely, oxyquinoline is ineffective in bringing about solidification
without the assistance of cold temperature, whereas the other chemical is endowed
with the property of carrying out the process itself.

It is to be admitted, however, that low temperature no doubt accelerates the
process even in treatments with coumarin.

The time factor in bringing about the process is remarkable and quite significant
from the point of view of suitability of technique concerned. A prolonged treatment
for two and a half hours to three hours has been found to be essential for oxyquino-
line, whereas treatments for a lesser period are also effective in the other process.
In addition to their importance in the study of karyotypes other effects have also
been recorded. A discussion of these seem to be necessary for those interested in
cell metabolism in general and chromosome structure in particular.

The effect needed to bring out chromosome structure in detail also involves
differential contraction of chromosome arms, thus helping in an exaggerated mani-
festation of the constriction region. It is noteworthy that in cases where stickiness
of chromosomes results in coumarin treatment possibly causing slight depolymeri-
zation of nucleic acid in certain cases, it has been observed that the difficulty can be
overcome if a solution of coumarin and oxyquinoline be used in equal proportion.
It seems that desoxy-ribose nucleic acid of chromosomes of such plants is liable to be
depolymerized even after treatment with coumarin (this property of the chemical
being not manifested in any other plant), and the effect is counteracted by the prop-
erties of oxyquinoline (Pl. XV, Figs. 16-19).

So far as the mutagenic property of coumarin is concerned, manifested in bringing
about fragmentation, significant results have been obtained in different groups of
plant. The saturated solution of coumarin used in the present investigation has
been found to show no mutagenic effect on monocotyledonous plants, so far tried.
The trials, however, included most species with long chromosome types, but a
few with shorter ones have also been worked out. It is remarkable that the reacti-
vity of monocotyledonous chromosomes to this chemical finds no parallel in the
dicotyledonous ones. A prolonged coumarin treatment (3-3%4 hours) in saturated
solution effects fragmentation in dicotyledons, specially in the leguminous ones,
tried during the present investigation. The differential behaviour of the chromatin
matter towards coumarin in the two major groups of plant is significant and may in
turn be a reflection of their differential composition, at least in the proportion of
the constituents present. This difference might involve the cytoplasm or the
chromatin maitter itself or both. A detailed investigation is highly desired to find
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out whether any specific regions of chromosomes are involved in this fragmentation.
Though the observations so far made reveal the presence of fragments mainly in the
prometaphase and prophase chromosomes, still in absence of much more confirmatory
evidence under rigidly controlled conditions, it would be premature to infer as to its
origin.

The fate of the fragments have also been studied following recovery experiments.
Root-tips after treatment were allowed to grow and observations, carried out at
intervals, reveal the decrease in the number of fragments in dividing cells. This no
doubt indicates that such disturbed cells possibly fail to survive in competition with
normal ones.

Prolonged treatments for more than three and a half hours in coumarin solution
in monocotyledons result in extreme contraction of the chromosome arms
resembling droplets embedded in plasmatic mass. The number of droplets also
increase with increase in time of treatment, possibly due to transformation of the
mass into smaller bodies (Pl. XIV, Fig. 15).

As regards the effect of aesculin, though excellent effects have been obtained, it
must be admitted that the results so far noted are, unfortunately to some extent,
erratic. The chemical, if suitably applied in proper concentration, strict timing and
temperature control, is much more effective than coumarin, in the sense that the
effect can be brought about in far less time. It is apparent from the test that some
materials even provide brilliant plates with treatments extending only for three
minutes in cold with a concentration of 0-00269, of the chemical concerned. But
majority of the materials yield best result, or more precisely, the optimal effect in
saturated concentration with thirty minutes’ treatment. But consistent results
have not been obtained in any of the material, so far as concentration and the time
are concerned. It is quite likely that the physiological condition of the root-tips
at the time of treatment is one of the limiting factors in the technique. A standardi-
zation of the method would naturally involve different prescriptions for root-tips
collected from different soil conditions. In order to achieve this result, a series of
trials following different concentrations and time on different plants, including
plants from different ecological conditions, is essential.

A different way of reactivity of dicotyledonous chromosomes as observed in
treatment with coumarin has also been found to some extent in aesculin too. Strictly
speaking, aesculin itself is absolutely ineffective in revealing the karyotype in dico-
tyledons. The purpose can be served if it is applied in the form of a mixture of aescu-
lin and oxyquinoline (1 : 3). That the effect is not due to oxyquinoline alone has
also been checked from control experiments with oxyquinoline, whereby satisfac-
tory result has not been noted. This different behaviour towards aesculin of the
dicotyledonous chromosomes so far tried, thus serves an additional evidence of the
possible subtle chemical difference in the composition of chromosomes of diverse
groups of plants,

A constancy in the effect has been noted in all plants in continued treatment.
Prolonged keeping in the fluid results in a granulation of the chromosome matter
as observed in coumarin treated ones.

Of all the chemicals tried, salicin has been found to be the least effective in
bringing out details of echromosome complement. Experience with other mutagenic
chemicals reveals that the concentration and time needed for karyotype manifes-
tation lies below the one required for mutagenic effect. The inability of salicin to
be used as a fixative lies in the too vigorous response of the chromosome structure
towards this chemical. It is unfortunate that an in-between gradient of the solution
could not be found out between an ineffective concentration and one bringing about
fragmentation. This might be due to some limitations of the technique whereby
this suitable concentration could not be detected or the result might indicate a
different mode of action of salicin towards chromosome structure, absolutely differ-
ent in its fundamentals from those of aesculin and coumarin.
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5. TABLES

Tables showing the occurrence of fragments in Pisum root-tips just after
coumarin treatment.

Root-tip No. 1.

Number Number of Number of .
of fields dividing cells with Number of Stage of the dividing
studied cells per fragments fragments cell with fragment
field per field
1 3 1 1 Late prophase
2 1 .. .. ..
3 2 . ..
4 3 2 3,2 Late prophase, metaphase
5 6 5 2,31,2,3 Prometaphase 3, meta-
phase 2
6 3 2 2,1 Prometaphase, prophase
7 1 1 2 Prophase
8 1 .. .. ..
9 5 1 1 Prophase
10 2 e .. ..
11 4 .. .. ..
12 4 1 1 Metaphase
13 1 .. .. .
14 3 1 1 Metaphase
15 1 1 1 Prophage

The frequency of dividing cells with fragments = 37-5%,.

Root-tip No. 2.

Number Number of Number of
of fields dividing cells with Number of Stage of dividing
studied cells per fragments fragments cell with fragment
field per field
1 6 1 2 Prophase
2 4 .. .- .
3 3 2 1,1 Late prophase
4 2 1 1 Prophase
5 2 .. .. ..
6 2 1 2 Metaphase
7 5 2 1,2 Prometaphase, prophase
8 1 1 1 Metaphase
9 1 .. . ..
10 1 . ..
11 2 .. .. ..
12 1 1 1 Prophase
13 2 .. .. ..
14 1
15 2

The frequency of dividing cells with fragments = 25:6%.
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Tables showing the occurrence of fragments in Pisum root-tips after one day
recovery, subsequent to 3-3}% hours’ coumsrin treatment.

Root-tip No. 1.

Number
of fields
studied

Number of
dividing
cells per

field

Number of
cells with

fragments
per field

Number of
fragments

Stage of dividing
cell with fragment

W =T DU Wb

QRO Ot OO 0D 05 GO 1O LD W W DO DO I DD G0 0D M= = B hO

l

Late lt;l:ophase

The frequency of dividing cells with fragments = 1-39%,.
Root-tip No. 2.

[

i Number of | Number of
lg?g;?g; | dividing ‘l cells with Number of Stage of dividing
studied cells per fragments fragments cell with fragment

field per field
1 3
2 2 '
3 2
4 2
5 2
6 1
7 4
8 1
9 2
10 1
11 4
12 6
13 1
14 4 :
15 4 :
16 3
17 1
18 2
19 2
20 1
21 1
22 1
23 2
24 3
25 1

The frequency of dividing cells with fragments = 0%.
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Root-tip No. 3.

Number of Number of
I(\)Ifx'l fl?etl);; dividing cells with Number of State of dividing
studied cells per fragmenta fragments cell with fragment
field per field
1 2 . .
5 3 1 1 Metaphaso
3 4 .. ..
4 5
5 4
6 5
7 5
8 1
9 1
10 5
il 3
12 3
13 2
14 2 i
15 3
16 2
17 1
18 3
19 3
20 4
2 3
22 2
23 3
24 1
25 3

The frequency of dividing cells with fragments = 1-4%,.

6. ABSTRACT

The present report deals with the possibility of the use of three chemicals, namely coumarin,
aesculin and salicin, in chromosome analysis. On dicotyledonous and monocotyledonous plants
with coumarin and aesculin successful results have been obtained. In case of aesculin, method
has not yet been standardized, the treatment period varying from 3-30 minutes, but in coumarin
2-2% hours’ treatment in saturated solution in cold gives very good results. In certain cages
mixture of either of them with oxyquinoline yields nice reproducible results.

The general schedule involves hydrolysis in aceto-orcein/HCl mixture for five to six seconds
following the treatment, and followed by smearing in 19, aceto-orcein, applying uniform
pressure over the material. Their possibilities in the preparation of paraffin block have also
been worked out.

Their chromosome affecting property has been explored and certain concentrations of
coumarin and salicin following three hours’ treatment have been shown to possess the property
of causing fragmentation. Drastic effects following prolonged treatment has also been
recorded. The dicotyledonous and monocotyledonous plants were found to behave differently
and their significance discussed. Recovery experiments have also been performed to indicate
the gradual decrease in the frequency of fragments. The mode of action of these chemicals has
algo been suggested.
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8. EXPLANATION OF PraTEs XIV axDp XV

Microphotos—Effect of coumarin.
Fias. 1 to 3. Crinum sp., well clarified somatic metaphase with varying number of chromo-
somes.
» 4 and 5. Hymenocallis daphne, showing 76 well clarified chromosomes and 2 nuclei with
unequal chromosome numbers respectively.
Fie. 6. H. harrisiana (2n = 92), showing well clarified metaphase plate.
Effect of coumarin.
Figs. 7 to 10. Pancratiwm sp., showing promhase contraction, clarified metaphase plate,
diplochromosomes and anaphase stage with well scattered high number of chromosomes,
5» 11 to 13, Haemanthus kalbreyeri, varying chromosome numbers in well clarified meta-
phase plates.
14 and 15. Alliwm cepa, showing clear metaphase chromosomes, diplochromosomes and
condensation following prolonged treatment respectively,

2

Fias. 16 to 19. Effect of coumarin-oxyquinoline mixture.

s»s 16 to 18. Haemanthus kalbreyer:, varying chromosome numbers in well clarified plates.

Fia. 19. Hymenocallis senegambica, 48 well scattered metaphase chromosomes.

Figs. 20 to 22. Effect of aesculin, well clarified metaphase stages of Crinum sp., Pancratium
sp. and erosion in P. zeylanicum respectively.

23 to 25. Effect of salicin and acetic alcohol mixture, showing scattered chromosomes
in early metaphase of Hymenocallis daphne and metaphase and anaphase stages of
Crinum sp. respectively.

5 26 to 29. Hffect of coumarin.

»» 26 and 27. Fragmentation in Pisum sattvum.

,» 28 and 29. Fragmentation in Lathyrus sativus.
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