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SCIENTISTS occupied chiefly with applied

science, especially such working in the
fields of agronomy and medicine, often
demanded with right, from the ¢ytogeneticists,
when thev work on some theoretical problems
to pay attention at the same time to the practi-
cal outcome of their studies givineg sufficient
thecoretical background for elucidation of the
methods adopted in the applied work., Having
often heard such reproaches from various
sides I have occasionally directed some of my
studies to satisfy, as far as possible, some of the
demands of the applied sciences. The resulits
of such a recent study [ have summarized and
should like to report them. I shall menfion
here thatf the 1nvestigations are not yet com-
pleted in many respects but there are many
points that deserve {o be reported even at this
stage of development.

The work of cytogeneticists and plant-
breeders can often be methodically criticized
when they treat material with certain insecti-
cides or fungicides in order to protect their
experimental material from parasites, but
without considering the cytogenetic effect of
chemicals apnlied in such cases,

The best insecticides and fungicides will be
those which Kill the plant parasites without
affecting the plant organism. In fact they all
affect more or less the host plant in various
ways and degrees.»t A series of fungicides
and insecticides have similar effects on the

plant organisms. Ethyl-mercury chloride
(CH;CH,HgCl) for example, which is the
active substance (2%) of the fungicide

‘*Granosan”, 1induces atypical growth, abnor-
mal mitosis and polyploidy** reminding the
effect of colchicine and acenaphihene.®s
Similar and at the same time very strong effect
of this kind has hexachlorocyclohexane—
another chlor-organic compound, receantly re-
commended under various names, The insec-
ticides ‘““Agrocides”, 7.3 etc., for example. the
active subsiance of which 18 gamma isomer of
1,2,3,4,5,6-hexachlorocyclohexane, induce aty-
picsl growth suppressing the devalopment of
the roots, stems and rcoleoptyles of Grammi-~
cious plants, conditioning very striking thick-
ening of these organs, especially of the grow-
ing points (roots, stems and coleoptyles).

Active insecticides, manufactured in various
countries (hexachloran2z, 668) and containing
several isomers of hexachlorocyclohexane,
includinz the gamma isomer, actin asimilar,
thoughnot in an identical way. Hexachlorane,
for example, stimulates the germination of
certain Cruciferee (Brassict nigra) and other
plant seeds during the first two days of germi-
nation, so that they were even ahead in growth,
when compared with th=2 control sampoles and
much ahead when compared with the germi-
nating seeds treated with ‘““Agrocid27’. But
soon after this, the controls grow furthoar,
while the growth of the treated seedlings
becomes strikingly suppressed. Some of the
data of this material are given in Table .

TABLE 1

Suppression of the growth by hexgchlorane
and agrocide 7. Length in mm.
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1 Zea mays (roots) 22.03 12.07 8:90
2 Pasncum miliacoum 10-00 4+76 | 3-32
{coleoptyles) 1
3 Pisum orvense (roots) .| 23+21 9.62 | 7.73
4 Cannabis satzvus  (stem) 2119 7 15.95 | 12.79
and cotyledon)
5 QBrassice migra (stem and] 28+48 | 8.40 | 5.31
cotyledon) .s
8 Secale cereale (roots) 2048 2.65 | 1-33
7 ’ ” (colenptylas)l 41+30 4.75 | 2.81
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We have treated with insecticides containing
hexachlorocyclohexane sgerminating seeds of
the following plants: Zea mays. Triticum
vulgare, I. monococum, I.compactum, Secale
cereale, Setaria italica, Panicum miliaceum,
Helianthus annuus, Crepis capillaris, Viecig
fc%ba, V. sativa, Pisum sativum, Brassica nigra,
ete.

The cytological studies of the affected root
stem, and coleoptyle tissues show that thet
agents act first of all upon the cytoplasm and
interfere with the cutoplasmic procesgses
involved in the formation of achromatic i gures.
The chromosomss do not arrange 1n an equa-
torial {(metaphasal) plate after prophase, but
remain sScatt:red approximately as they are
during the prophase They appear less bent
than usually. The ““thickening” of the chromo-
somes and their reproduction and splitting
proceeds although the process involved in the
formation of achromatic figures are highly dis-
turbed or even entirely inhibited, The chromo-
somes thus reproduce, but remain where they
are, withou! moving toward the poles. In fact,
poles are not form2>d Aftsr such a reproduc-
tion, the chromatolythic (nuclecproteolytic)
processes proceed and nuzleus is formed con-
taining twice as many chronosgomes as hefare
the beginning of the abnormal mitotic pro-
cesses. The main trend of the processes
conditioning chromossome doubling resemble
those induced by colchicine, acenaphthene and
other poltyploidizing agents.

Since the insecticides continue to act further,
the next abnormal Ab-mitosis ends with
second chromosome doubling and soon. Thus
tetraploid and octoploid cells are formed and
even celisof amuch higher degree of polyploidy.
Along with these, certain diploid ececlls, that

have not yet undergone Ab-mitosis can be
still found.



No. 10

Oct. 1943] Cy togenelic Changes and Atypical Growth Induced by CeHsCls

- Chromosome multiplication Jeads to the
Increase of the size and oceasionally of the
number of the nuclei and further to the increase
ot the size of the cells. Thus the cells grow
instead of mulliplying and differentiatiug
resulting in the swelling of the roots, stems
and coleoptyles.

~The chromosome reproduction and separa-
lion in Zea mays should be considered as a
somewhat special case, We have obhserved in
a series of cells that the chromatids of the
somatic chromosomes are bent at the centro-
meres reciprocally to each other, each one,
like V, thus both halves forming rather 3 X,
the chromatids being attachedq at the ceniro-
mere. These figures can be interpreted py
postulating certain repulsion forces existing
between the chromatids, the reproduction
(rather the division) of the centromere, being
somewhat delaved. This phenomenon occurs
when the achromatic figuie 1s highly or com-
bletely disturbed, In other words, it does not
seem to be regulated to any extent by the
forces evolved from the achromatic figure.

If we compare the polyploidizing potency of
hexachlorocyclohexane with that of acenaph-
thene, we can with certainty affirm, that in
Graminew the activity of both agents is appro-
ximately the same. Acenaphthene as polyiploi-
dizing agent in Jleguminous plants, is not
effective enough, while the activity of hexa-
chlorgcyclohexane is much maore effective and
we obtained in Pisum swellings resembling
those induced by colchicine, as well as cells
and tissues in Vicia faba having various
degrees of polyploidy.

The solubility of hexachlorocevelohexane in
water is very low, therefore, if is applied in the
form of small solid particles, The particles
act when they are 1n contact with the plant
tissue. It has a specific smell, but the experi-
ments failed, when 1t was tried to 1nduce
specific atypical growth from a distance. In
this respozet its effest differs from that of
acenaphthene, the sublimatling particles of
which act from a distance even when the crys-
tals are not in contact with the plant tissue.
Floral buds of Nicotiana tabacunt and raddish
covered with hexachloroevclohexane (mixture
of variousg isomers), Agroclde 7, or hexachlo-
rane showed none, gr very few disturbances in
the meiosis, as for example, occasional univa-
lents and laggards or slight irregalarities in the
arrangement of the chromosomes in the equa-
torial plate, which probably may be due toa
sequence of disturbances in the achromatic
figure. Contrary to the very well expressed
effect of acenaphthene upon meiosis in Grami-
newe hexachlorocyclohexane dozas not affect, or
its effect is quite insignificant upon meiosis in
rye, when spikes were abundanily covered
with Agrocide 7, Hexachlorane or mixture of
isomers of hexachlorocyclob2xane and insertzd
into test-tubes for 24 hours. Spikes of rye
plungedinto test-tubes with saturated solutions
with some excesses of these substancas, did not
show sighificaut effect, i.e., significant distu-
bance in the meiotic processes. Similar experi-
menits were carried out with tobatco and
]eguminous plants with similar results.

All these observations suggest that hexachlo-
rocyclobexane acts upan the plantcells when
jte particles are in near ¢ontact with tne tissue,
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The pollen mother cells, béing protected,
first of all, by the tissye of anther gni then by
the corolla aad callyx tissues (or by the glumes
In rye) are not effectively affected by the
agent.

Experiments were 2lso carried out with
yeast in the= following way: Sterile grape juice
was inocuylated with pure culture of yeast ta
some Of the flasks Agrocide 7 was added, ta
others Hexachlorane and to yet oth?rs hexa-
chlorocyclohexane (mixture of isomoars).
After 24 and 96 hrs. no striking changes in the
size of the yeast ¢2lls weare observad and when
compared with the eontrols the farmeantiation
in the treated cultures bheihg s9m=2wvhat sup-
pressed and later completely inhibited.

Preliminary experiments were conducted
with caterpillars of Limantrie dispar, to study
whether the agent acts upon the caterpiliars
first as polyplowdizer, and the death being as a
subsegquent effect of it, But the observalions,
hitherto carried out, do not seem to support
such supposition. The studies in this line are
now confinuing.

The effect of hexachlsroctyclohexane upon
the somatic tissues of the plants jis so striking
that it can be used as polyploidizing agent,
especially when one considers the fact that 1t
is much cheaper than other polyploidizing
agents, We are now carrying out {urther
experiments in this direction.

In studying the disturbances in the mitotic
processes induced by hexachloroeyclohexane
we have found that ip certain cases chromo-
some group Or groups may move slightly in
some direction or directions info cytoplasm.
Such a slight separation may occasionally end
in the formation of two or miare than tweo
aneuploid nuelei. Thus polynueleate cells or
cells with monstrously deformed nuclei appear,
In certain cases between such huclei, a cell
wall Is formed. This leads to formation of
cells with aneuploid chromosome numbers.
Dead cells were accasionally found in the roots,
stems and in the coleoptyles. They may have
been aneuploid.

All these phenomena leading to polyploidy
or aneuploidy are due to the activity of the
agent upon the cytopiasm.

But the active agent, i.e., hexachlorocyclo-
hexane also induces certain changes in the
nuclear elements, i.e., in the chromosomes, no
matter how rare they may occur Fragments
of one chromatid or of chromosomes (both
chromatids) were also observed, although very
rarely. _

Such insecticides or fungicides, when applied,
may increase the hereditary changes in the
cultiviated “pure lineg” leading thus to more
rapid degeneration of the highly bred uniform
varieties. This means that when one applies
such insecticides or fungicides one should more
frequently change the seeds of the varieties
which he pronpagates, by using a fresh non-
degenerated stocks.

Thanks are due to Dr. Manol Stoylov for help
throughout this work,
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