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hbETRACT

Tie wain object of taic investigatica was to ctuay the wbnormal
cytological behwvior inauced by the insecticice, technicul Lindane, which
contuins Q5% wettable mixture of y-hexachlorocyclohexane and an inert
cerrier; in order to explain some aspects of the mechanism of mitosis and
some hazards encountered in practicsal application.

The root tips of onion bulbs and pea seedlings were trecuted in 0.1%
suspension of the insecticide. The mitotic indices of these treuted
meristemic tissuec remained essentially the same as “zero hour controle",
The prophase frequencies gradually dropped, metaphase frequencies signifii-
cantly increased, whelreas post-metaphase frequencies remained unchanged in
continuous treatments.

Thie investigation further suggested that there are at least two more
or less independent components involved in spindle function: 1. a aipoler
cytoplaswic orientation possibly characteristic of the cell at any stsge,
and 2. a nuclear component inherent in and airected by the chromosome or
the kinetochore thereof. The insecticide is capable of inhibiting both
components, thus inaucing so-called "c-mitosis".

The immediecte efi'ects of the insecticice upon mitotic steges are con-
traction of chromosome, poscibly breskxdown of nuclear membrane, partisl
inhibition of "gpindle tunction" and tailure ot cytokinegis. As treatment
is prolonged, over contraction of chromosomes and complete destruction of

the spindle mechaniem occurs.



Inositel untageonicm «nd radiomimetic eflects of thic insecticiae have
not been demcnstrated in this investigation, thuc further resecrch is
desirable. Wnile Lincane is theoretically & good polypleoidizing zgent,
there are a number of practical difticulties which reduce its potentislity
below that of colchicine. \

The tinal proaucts of atypical mitosie induced by the insecticide are
polyploid cells and aneuploid microcytes. The former ure $iant cells,
but possess a much slower growth rate than that of normal ones. The
latter ucually tend to be less viable. Therefore the treated meristemic
tissues are much reduced as far as acumber of cells and rate of growth cre
concerned.

The insecticide also causes "c-tumour" in the enlargement zone of
treated root-tips. Most workers believe thut this effect is inaependent
01 "c-ipitosis" and probubly is due to disturbance ol hormone peolarity at
the cellulur level. This disturbance causeg abnormal growth, such as
swelled choot znd rcoot apex, twisted purts, lack of root hair:, distorted
leavess.etcs The precise, correlated normal physiclogical bulance of some
sensitive plants is definitely afrected, when they are grown in soil con-

taining the incecticide either as soil treatment or residue of sparye.
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INTRODUCTION

Numerous reperts have been written concerning the pnytotoxicity of
the insecticide, techaical Lindane or technical benzene hexachloride,since
the insecticidul value of the cheumical was verified by Slude (1945). Sensitivity
to the insccticide difters in different species, even the same varieties of
plants react diffgrently at diftferent agec, locations or by diftferent
hendling methods (Boswell, 1952; Ashby, 1950). Thnus the phytotoxicity of
any insecticide is a representation of the balanced effect of all fuctors
involved in field work; such as genetic potentiality of the plant in ques-
tion; the soil; the climate; and the metnod of treatment,etc..On the whole,
the phytotoxicity of this insecticide may be swanarized as follows (Bos-
well, 19523 Cullinan, 1949; Ashby, 1950; Greenwood, 19439; Stitt and Evan-
son, 1949; and Stoker, 1948):

i. Seeds sown in soil, which contains the insecticide either as
soil treatment or as residue from previous spray were injured by the in-
secticide and showed reduced germination rate. Sometimes germinstion was
aot affected but emergence from the soil was.

2. Wnen the insecticide was present in the soil in appreciable
amounts, plants showed a aefinitely reduced rate of growth, reduced total
growth and decreused yield (as of seed or truit).

3. If a spray method wac used, the young leaves were easily scorched
or distorted by the insecticide. Young vegetable seeulings and orchara
trees were often injured by spray of high concentration.

4. The plant grown in soil containing the insecticide usually had a
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poorly develouped root system; tne roots were namerous, chort, stubby,
thickened, and vircually wiinoat root heirs. Thus root vegetuble crops
were derinitely damaged by tecnnical Lindane.

5. The edible crops were often off-flavored by the presence of
techaicul Linuene in soll or as a spray. The mild flavored vegetables
such as peas, beans, letiuce and polutoes expecially were tainted, but
altered tuste wus not obvious in stroang ilavored onion or rauishes.

If technical Lindune is used in a soll treutment or spray rur above-
ground parts, it eveatually accumilates in the soil. Since it is insol-
uble in water, it remuains quite stable in the goil and 1ittle ur no ce-
composition oeccurs. Owing to the volatility of the cheamical precent in
tne insecticiae and to its abgsorbtion by organisms ia soil, the incect-
icide aecreases in auwount. Some workers reportea that every year the
accunitlated amount decreased avtout L0 percent, if no adaltional applica-—
tion was made (West and Campbell, 1980).

The pure cnemical hus been used for tneoretical study by Ostergran
and Levan (1943). They stated that it caused colchicine mitosis or
c-mitosis, and that the c-mitotic property is related to water soluvility
and the relationship is an iaverse one. In addition, there is a positive
correiation beiween c-mitotic activity and lipid solubiliity.

Nybom and Knutsson(l247) countirmed the above statement ana turtner
proved that there is a negative correlation between the melting point of
various isomers and their c-mitotic activity. They also startea iavesti-

gation of the insecticide "666" which causes essentially the sume mitotic



effects as benzene hexachloride.

Kostor't’ (1948 snd 1ud9) reportec that atypical growth, sbnormel mi-
tosig, polyploidy and chromosomel fragmentetion were induced by nexachlor—
ocycloherwne. He applied commercisl powuer tc seedlings of tweive cpeciecs

ol znglosperme; rsea nays, Triticum vuigare, T. monococcum, T. cowpactum,

osculecereele, Setaria itelice, Panicum milisceum, Helianthus ennus, Creopis

capilieris, Vicie feba, V. sative and Brascice nigra. Suppressed growth
and thickened shoot sna xoot apexes ke well &5 cytological aberrations re-
sulted. Furthermore, he pointed out that the chemicsl is a cheep poly-
ploidizing agent. hReo and Kundu (194%¢) came to the saine conclusion after
they treated root tips of Corchorus capsulsris with gammexene.

More intensive work has been done by D'amato (1949). By lmmersing
root tips or shoot tips of seedlings of twelve gpecies of angiosperns in
dilute ethanol solution of pure gammexane, polyploid cells were obtained.
However, germination ol seeds in supersaturated solution did not induce
polyploidy in either root or stem tips.

Practical application of the insecticide as well as a cytological
stuoay of the eftects were carried out by Scholes (1955) on onion seedlings
with tne insecticide. She statec that tpe I'requency of nuclear aivision
was unaffected, but low doses sometimes led to exclucion of nuclear frag-
ments in subsequent cell aivision while higher doses led to polyploidy.
Strawberry ruaners rooted in 'soil treatea with tne insecticide chowed
csimilar cytological derangements.

Owing to the interesting cytological effects of the chemicsl and



aleo bhe pnysioiocical wisturbances cuiared by proctical ap.lication, the
ingecticiae provices &« c¢hallenge to botunicts, Celle ure universelly
known i bagic unite of orgenisnk ana eny devietion oi ceriuler benuvior

may caave pnysiological ac well ai genetical changes. Thus this insect-

e

cide hes been selected for recearch st the cytologicel lcvel, in orver
to expluin some encountered hazards zna if it is poscipnle, Lo throw Lome
light on one of the bsgic biological problems, i.e., the mechaenism of

mitosis.



MATERIALS - AND sbTHODS

I. The Insecticide

The molecular formula of hexachiorocyclohexane or benzene hexachloride
is CeHeClg, theoretically it muy have eighteen isomers, but only five have.
been synfnesized and the names slpha, beta, gumma, delta and epsilon have
been given according to their sequence of discovery. The insecticidal
property of the chemical was discovered in France in 1941. Ih the follow-
ing year, the Labouratory of Imperisel Chemical Industries in England veri-
fied the fact. Slade (1945) indicated that the gamme isomer is most
effective as far as the insecteradicating property is concerned. Since
then the compound has been used in Europe and America in various forms and
under different commercial names, such as Gammexane, 666, Agrocide 7, Ag-
tocide 5; Hexudow, Hexachlorane, "Lindané" etc..

The structural formula of y-hexachlorocyclohexane is

H

c

N~_g H
c——C
& d
c———C Cl
H H

The pure chemicel is a volatile crystal with a melting point of
112.5° C, insoluble in water snd soluble in orgsnic solvents especially
in acetone and ethanol. In a weak alkaline solution it splits off three

moles-of hydrogen chloride to form a mixture of trichlorobenzenes.



(Shepard, 1951). The insecticidal property of the gamme isomer of this
compound may be due to interference with the inositol (CgHp(0OH)g) metab-
olism of insects &s suggected by Kirkwood and Phillips (1946). Since
inogitol is a member of the vitamin B complex and alsgo is a common metab-
olite in animals, and in addition, suppressed the inhibitery effect of
X—hexachlorocyclohexane on growth of yeast and fungi, the suggestion is
not an unreasonable one.

The nsame Lindane is applied to thosegrades of ¥-hexachlcrocyclohexane
which have a purity of 99 percent or better. The insecticide "Lindane"
used in this investigation wes obtained through the courtesy of the Dow
Chemical Company, Midland, Michigan. It consisted of 25 percent wetﬁable
mixture.of the chemical and an inert carrier and is commonly used as a
general insecticide on plants and animals. Owing to its insolubility in
-water, the concentration of test solutions was rather difficult to ascer-'
tain. Some primary experiments chowed that there is no griking cytological
difference between 0.01 % and 1.0 % suspensions. On the other hand the
filtrate of those suspensions did not show full c-mitotic effect on mer-
istemic cells within a reasonable time. Siace only water is used for field

work, a water-suspension ofG.l% by weight was selected for tests.

II. Experimental Procedure

The root tips developed from bulbs of the common commercial yellow

variety of Allium cepa L., and from young seedlings of Pisum sativum ver.

Alaska provided the meristemic tissues for the study of the mitotic effects.



The onion bulbs were obtained frow a single crop produced by HMr. Fuil
Pontsck of Elsie, Michigan. The pea ceed: were furniched by the Ferry-
Morse Seed Compuny, and repgorted to be frech stock from & diseeseo-free
strain of relative genetic unifornity.

The onion bulbc were rooted in zerated distilled water until the mu-
Jority of roots were two centimeters in length; tour roots from each bulb
were excised eond designated as "zerc hour controls®, Then the rooted
bulbs were transferred to treatment suspension or serated dicstilled wester
which was usged as control.

The pea seedlings were germinated in mwoist paper towel about two and
one-half duys. The roots of selected young seedlings, about two to three
centimeters long,were inserted in half strength modified Hoayglsnd's nutri-
ent solution (Huskins and Steinitz, 1948) by means of a wax coated metal
grid placed on & beaker. Constant aeration and agitstion was furnished by
bubbling air through capillary openings in the ends or gless tubec inserted
into the solution through the grid. The sir was obtained from the lebora-
tory service outlets but was first rendered free of cdust and oil particles
by being passed through e filter consisting essentislly of eighty mesh char-
coal. After six to twelve hours of nutrient solution treatment, four roct
tips were collected as “zero hour controls" for each run; the rect of the
secdlings were trunsferred into the tect cuspension containing quarter
strength modified Hoagland nutrient and 0.1 % of ®"Lindane" by weight. A
control run treated only with the nutirient solution was alsc carried out

simul taneously with each test.



Collections were nude at intervals up to one hour for short time
treatwents of onion, up to twenty-four hours for onion and pea continuous
treatments. For recovery runs, twenty-four hours were algo used. All the
experiments were carried out under laboratory conditions, with & room tem-
perature of about 249 C and un average relative hunidity of 50 percent.

Excised root tigs were fixed in three to one absolute alcohol-gleciel
acetic scid mixture for 10 minutes at 60° € for pea, and 15 minutes for
onion. Hyadrolysis in one normal hydrochloric acic for nine minuteg for
pea, 12 minutes for onion at 60° C was followed by steining by the Feulgen
technigque. Squesh preparations were then dehydrated over night in 9% %
ethanol conteining a small amount of fast green as & counterstain, and made

permanent with Diaphane.

III. Cytological Examination

All examination of slides was done with a 90X 0il immersion objective
and 12.5X oculers. Critical illwaination of the slide was provided by a
ribbon filament lamp with a type B green filter between the lamp and the
microscope mirror. The phase microscope also weas used for checking the
presence of nuclear membrane, spindle and cell pleate.

Qualitative information concerning mitotic effects was obtained by
random checking right aiter the temporary slides were made. Careful notes
were taken on apparent frequency of division figures, types of abnormale
ties and finally evidences of polsoning efif'ect in both dividing cells and

resting nuclei.



Quantitative vate were procured by a rigia systew. FEach slide was
exeuined in horizontel strips in order to obtezin a mitotic index and a
mitotic formula. The former wac based on 1,000 merictemic cells, the
latter wae calculeted upon 100 dividing cells.

Data teken in this investigation are summerized in Appendix tsables
1 to 6, and form the basis for all quantitative ana stetistical snaly:sis

of the mitotic effects.
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OBLERVATIONS
I. Variation in KMitotic LEffects With Duration of Treutument

Any spontaneous or lnduced variation in normal mitotic activities

of a meristemic tissue mnay be consideréd us mitotic effects of a certain
disturbance. The effects may be classified mainly as changes in mitotic
index, mitotic formula and mitotic behavior. The so-called mitotic index
is the frequeacy of mitotic figures per huadred merist-emic celle. The
mitotic formula is an exprescion which is composed of percent distribu-
tion of various stages of mitosis. And finully, the mitotic behavior is
usually described by deviation frow normal stages or phases which are

characteristic of the normal mitotic sequence.
1. Onion:

The results obtained from treatmeats for 15, 30, 45 and 60 minutes
showed that the mitotic indices decreased then steadily increased (Fig.2);
whereas the control root—tips_excised within one hour had an index similar
to that of the zero nour coatrols (Fig. 1). As for long time coatinuous
treatments, the mitotic indices showed a slight drop at the half-<hour
point followed by a steady increase up to 2 hourssthece the iadex reached
a maximun which was maintained through 7 hours treatment, after which it
dropped abruptly to normal (Fig. 4). The results of the recovery after

one hour treutment were rather erratic, but an ascending teandeacy was
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obvious (Fig. 5). The long tiume continuous controls were somewhat irre-
gular; the average index, however,was cloce to that of zero hour controls
(Fig. 3).

The mitotic formula of controls remained within the range of the
zero hour controls; in other words, the mitotic formula at any tine was
more or less constant (Figs. 6 and 8). In continuous treatment, the
prophase percentage gradually decreased and remained significantly lower
than that of controls. The metaphase percentage on the other hand increased
rather rapidly and remained definitely higher than that of controls (Figs. 7
and 9). In the materiuals which were recovered after treatment of one
hour, the mitotic formula reached maximum deviation at one hour after the
treatment, then gradually approached normal. However, the eftect still
remained,'i. €.y the prophase percenﬁages were lower than that of normal,
metaphase percentages were higher than that of normal, and postmetaphase
remained within normal range (Fig. 10).

The mitotic behavior of treuted onion root-tips was definitely different
Ifrom that of controls. In untreated or control root-tips there were
never more than 20 percent of the total of any mitotic stage (Figs. 1 and
3), but metuphase abnomalities quickly jumped‘to 100 percent within one
hour's treatment and remained so provided the drug was not removed. If
£he drug was removed after one hour, the efi'ect still remained but to a
milder degree, and consequently some normal figures gradually appeared
as W"recovery" proceeded. Postmetaphase reacted similarly but somewhat

later. Prophase responded quite rapidly showing some aberration within
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one hour'!s treatment. H0wéver,moat propheces were normal ghortly ulter
the roots were removed from trewtment (Figs. 2, 4 and &).

If one tukes the mitotic inuices into consideration, the mitotic for-
mula may not be & good meuns for comparison. Thus it iv necessary to put
all data on the same basis and analyze them stutistically in order to
obtain & reasonably coaplete picture. The frequencies of prophace per
10,000 meristemic cells from 9-14 hours treatment and 1-4 nours recovery
uf'ter treatment ol one hour showed that they were statictically lower
than that of normal, otherwise there were no airferences from those of
normal. Thé frequeacies of metaphase were signiiicantly higner than
normal both in treatments and recoveries. As for post-metaphase, only
9-13 hours recovery material showed definitely higher trequencies than
normal. The divisional rates were signiticantly higher than controls
both after -4 hours tresatments aund 9-15 hours recoveries at 5 percent

level (Table 1).
2. Pea:

A definite drop of mitotic indices in the first six hourc was obtgined
in continuous control peea root-tips followed by an increase at eight hours
(Fig.All). Continuous treatment oif pea proauced oniy apparentliy normal
fluctuation of index(Fig. 12).The statistics showed no significaat aiffer-
ence in mitotic index between continuous treatments &nd zero hour controls.
The mitotic indices however during the tirot four hours of continuous

control appeared to be decressing but no difterence was found after 5-8
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hours (Tuble «).

The percent aistribution ot various mitotic steges in continuous con-
trols were ruther cloce to thut or tne zero hour controle, but further
stetistical anulysis revealed that tne trequeancies of prophase in 1-4
hours were signiticantly lower than that of the zero hour. The frequencies
of other ctages were not different from the control (Fig. 15, Table &).
In continuous trectments, the tfrequencies of prophace showed & slight
uptrend at one nour then gracually decressed till 6 hours and then in-
crezsed again. The irequencieg of metaphuse, on the contrary, went down
first then up steadily till 6 hours anda aropped sgain. The ireguency
changes of post-mmetaphace were rather incipaliilcant diagramaticslly and
staticstically. As for prophase and metaphase, Lhe decrease snd increcse
were statistically significant after 5-8 hours treatment.

The mitcotic pehavior ol continuous controle was very regulzr, and the
abnornelity of any ctage at any time selaom exceeded ten percent of the
total percent o1i the stage. Prophases had the tewest eterrations and
metaphases tne highest (Fig. 11). In the casge of coantinuous treetment,
the prophases, comparatively speuking, were wmosgt inert, while metaphusec
changed rapidly to 100 percent aberrant within four hcurs treatment.
Post—anetaphases algo reached maximum aberrations &t four hours, but more
gradually. In comparicon to continuous controls, even prophase showed

almost double the abnormelities at any stage of treatment (Fig. 12).
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Taclk I

CUMPARICON OF CONIROL, CUNTINUOUS THEATAENT

AND msCouVERY wUNS OF ONION

Time No. of No. or pro- No. of meta- No. of post- No. of aivi-
(hr.) slide phase per Qhase per metaphsse per uing flgures
10,000 cells 10,UJ0 cells 10,000 cells /10,000cells

Control 16 <61% 18.6 69 £ 4.7 1186 +10.3 4462 28.7

Treatument

3-4 5 R70£17.8 218+ 44.6x 126+ 21.5 614 & 55.3%

5-8 4 181 £ 49.2 L3R 27,9 157 5.1 550% 78.7

9-14 4 140+ 26.3 142+ g2 126% 52.8 405+ 38.6
Recovery

1-4 4 198+ 10.5%% 138 t 31.7% 151% 24.9 488 43.8

5-8 4 287+ 30.9 134 £ 18,0 112+ 21.1 533X 67.8

9~15 4 250 * 36.4 182+ 30.8%% _ 153% 9,7%  585% 39,7%

#  sigaificant at 54 ievel

#3%  significant at 1% level
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IABLE IX

COMPARICON OF ZERU HOUKR CUNTROL, CONTINUOUS CONTROL aND

VUNTINUOUL ThEATMENT OF PEA

[P p—

Time No. of pNo. of pro- No. of neta- No. of post—- ﬁg. of divi-
(ar.) slide  phase per phise per metaphase per aing figures
10,000 cells 10,000 cells 10,000 cells /10,000cells

Zero
Hour
Cantrol 51 388 +£18.5 123 = 6.3 131 %+ 6.3 631t 25.9

Continuouns treatment:
1-4 14 371+ 57.3 154 = 2.2 118*33.8 6431t59.3
5-8 8 299 £ 37 .1% 207 £18.8%¢ 104%x£21.3 606 =60.5

Continuous control:

1-4 8 355+ 17.1% 110 £ 9.6 120+13.1 OB31-22. 5%
o=8 4 _376+69.6 124+16.7 120+ 9.4 613+ 84,9

s significunt at 5% level

##%  gignificant at 1% level
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Mitotic iadices ae % of control
....... -% absrrations in prophuce
— - — - —% uberrations in unetaphase
— — — —% aberratioas in pogtumotuphzse

120

100 —

7 N——

o 18 350 45 60
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Figure 1. Querterly Variation of Mitotic Indices and sberrations in
Various Stages in Control Runs of Onion
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Figure 2. Quarterly Variation of Mitotic Iandices. and aberratioas in
Vurious Stages in Treated Runs of Onion
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II. Aberrations

For the purpose of compariscn, normsl mitoscis tor both onion ana pes
is: chovn in Plate I, Figs. 15, 14, 15, 16 and Plate IV. In general the
normel sequence hus been intensively studied and well established. The
description can be obtained in any cytologicgl or genetic text book.
However, it is worthwhile to stress one of'ten overlooked point here, that
is, after the breaking down of the nuclear membrane‘at the end of prophace,
the chromosomes clunp in center of' the cell sna form a more or less solid
ball with the nucleolus or nucleoli included. The chromosome ball may
or may not zo through a brief pause, then the chromosomes in the tangled
maes start to line up on the equatoriel plate. This untangling action
aund line-up movement may appear to be rather chaotic before all the
chromosomes are arranged on the metzphase plete. This interphsce stage
is designated as prometaphace. It is rather infrcquently seen in normel
onién root-tips, and tnis mey be attributed to its relatively short dura-
tion. However, there is no doubt that this series of events is normel
tor onion though not as cleur cut as in peas in which 3-8 percent of the
dividing cells in normel root-tips may be clessificd as prometaphace.

The entire process of mitogis involves continuous change, thus inter-
stages andMwkward#iigures can not be avoided in & sudden stop by fixation.
Thue the abnormaliiies or aberrations are scored in a rclative gence.
Criterie ucsed for claegciflicuation of gkerrations are degree of chroinocomal
contracticn, arrengement or relationship of cnromosomes or cnromatics,

directicn of chromosome or chromatid movement or degree of spindle



inhibition, «nd finclly revercion of chromosomesr or chrometiu:. 41l the
criteric are self-explenutory, excepqt the cegrce of chromosomsl contrac-
tion wndch needs sowe further explenation. The normel cize ic the cirze
vhich can be found in the correcponding stage of untrested neoterizsl.,
Chroworomes are referred Lo as overcontractea when they are much shorter
and deaser than usual for the stage concerned. For instence, in onion
acteriel the over-contracted metaphase chrowmosovmes were only approximately
one tunira of their norwsl lenygth.

The claseiricetion ana occurrence of aberraticns way be cescribed as

follows.
1. Prophase:

There are three kinus oi detectable aberratioas ia prophasess namely,
spread, cegregated, and overcontracted. The spread prophases are
composed of contrected prophase chromovowes lying ranaocwmly incide a
nuclear membrane which is more expanded than normelly, thus they give a
spread uppearance (Plate I, Fig. 1l; Plate II, Fig. 1, Plute V, Fig. £).
Gegregated prophases, often referred to as "reductionul groupings", are
aggregated ilnto two or more groups. The nuciear membrane mey or may
not be virible depending upon the developmental stage of’ the cell (Plate I,
Fig. 1; Plate II, Fig. 1). Over contrected prophuses are cells with over-
contracted chromosomes arranged along the nuclesr membrane or in &
agefinite sphere (Plate I, Fig. 4).

The spread coadition is a stage in tne normal sequence ol witosis,

but its duration is short and its &ppearence seldom exceeds five percent
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in & roct-tip. Treutment roised ite incidence srevtly both in onion anco
pea. This cuacitlon was comwon in shorter tiue ol troatucat cac hel aever
peen found loter tien two nours recovery ufter one nour trestment of onion
(Tetle D). The cegres:tea prophsse hus been obcerved in onion contrels
but not frequeatly. In this investiution, it cccured ruther sporadically
both in treatument and recovery, the hi_hect point being reacned uatter

£4 hours trestwent. So far tne overcoatracted cases have not been observed
in controls, &nd were rare in treatment und nave only been found arter 4%
minutes treatment of onion und eignt nour treatment or pea. None of these

prophase sbnormalities showed any very definite trend.
. Metaphase:

All the metaphuse sberrations may be clesgsified into seven categories:
(1) The least abnormal one is the disorganized metaphtce which consists
of more or less normal sized chromosomes but without definite orientation
or disturbed orientation. Qccasionally this type of abnormalily appeared
in control raterials, but was common witnin one hour trestment of onion,
though sporadic in recovered naterials af'ter one hour treztment of onion
and continuous trestment of pea.

(2) Spread metaphase; Tnis is characterized by contracted chromosomes
in random arrangement. (Plate I, Figure 5). Tane hignest Irequency of this
kind of abnormality was reasched at one hour treutment in continuous
treatment of onion and two hour tfor pea, then grauually tapered off as

treatment was prolonged. Tnere were two peaks in recovery runs of onion,



i.e. &t one hour treatment waa eight hour recovery witer treatment. This
reristion was uncomwon in controls but did occur.

(3) Statiered metuphauses This aeviution is characterized by over-
contracted chromosomes, or so-called diplo-chromosomes, which ure scotlerec
all over the cell (Plute I, Fig. o; Plate V, Figure %). This is the ¢lassic
c-ietaphase ana hes not been observed in control tissue. The irequenciec
ol the scettered metaphase increcsed with time of treatment in both
continuous trestments of onion and péa. In recovered natericls of one
hour treatment ot onion, the peak was reached at two ﬂours after treat-
ment &na gracually tapered ofi. At eleven hours tine scattered metaphuses
appecred again but were much less trequent (Table b).

(4) Segregated metauphases Separations into groups may occur in
nuclei in wnich the chromosome orgunization is otherwicse normul, spreead
or scattered. The chromosomes may be normul, coantracted or overcontracted
depenaing upon the uegree of the effect (Plate I, Fig. 2, Plate II, Fig. ).
This abnormal condition appesared sporadically both in treztment and
recovery (Tables 3, 4, b and 6). Segregution ol normul metuphuse occasionally
cccured in onion and pea controls.

(5) Thne clumpea condition: The chromosomes way be normal, coatrwctec
or overcontracted, aana tney are arranged in such a way that stickiness
und clumping of chromosomes are obvious (Plate V, Fig. 1). This type of
aberratioa was very comuon in continuous treatment ol peu (Table €),
infreou oab in coatinuous treatmeat of onion (Table 3 and 4), and rather
inconspicuous in recexery runs (Table $). None hus been iound in contrcl

meterials.
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(6) The ball type metuphice: In this type of &pberration, the chromo-
somes bana togetner to form a solia ball, in which cily < Tow "o wads o0
mosomes cuan be observed. Although the occurrence of this type in an
eariier stuge of mitosis is known as typical normal prometophuce, 1t does
not usually persiste It was also not especislly persistent after "Liadane"
treatment as it is al'ter colchicine treatument (Bowen 195%, Hyypio un-
publicned).

(7) The telomorphic metephace:s Tne chrowocomes of tnic ty.e revert
to telophice appearance in metaphase condition. Such & condition has
never been found in control materials of either onion or pea, but is
fairly common in colchicine treuted animal tissue. Such reversion was
not comnon in most cases but aid appear in one onion run after one heur

recovery following one hour's treautment (Table 5).
b Post-metaphace:

All the post-met&phuase aberrations so tur observed may be put into
five classes s (1) The mildest eflect on post-metaphuse is shown by
dicorgunized figures, in wnich the normal arrangement ol chromatids are
somewhat aistorted, altuough tineir shape and cize are not aiffereat from
control ones. This wbnormalitly occasicnally can be observed in untrected
root-tips. Tnis is & common: aberration euarly in treatment of both pe&a
and onion (Tebles 3, 4, 5 and 6).

(2) The polar post-metaphase: The typical chromatics of thic type

of sberration are more or less normal in size uznd shape. Their arrangement



may be star-bipoler cr multipolar, the former cppears ac two equal
tized M"sturs" located wore or leis in the ceater of the cell (Plute 17,
Fige 4, o and 6), the latter is composea of three or more unegual Metarsh
scattered apbout tine miuale or the cell (Plate [I,Fig. 7 and 8). Similar
figures have been found in controls but with very low {requency. in this
inyeatigation, the hignest frequeucy wac recched after one hour of con-
tinuous trectment of onilon (Table 3 and 4) &na two hours for pea after
which it became graduslly rare (Table 6). These star-anaphases and telo-
phases were comaonest in oaion in the early recovery stages following one
hour's trestment (Table 5).

(3) The apolar post-metuphase: This ic the wost common effect of
continuous treatment and the frequéncy increased with time (Tablec 4 and 6).
In reccveries, no definite trend of any sort was appareat except that it
appeared quite irequently (Table 5). The so-called spolar arrangement
is @ couaition in which the overcoatracted, bar-like chromuatids do not
show any airection of movement and lie loosely or clumped in one group
at raandom ia tne cell. (Plate I, Fig. 7; Plate V, Fig. 4). It the
chromatids show any sign ol reductional grouping, then it may be sub-/
claubified.into the followin, group.

(4) The apoler cegregated post-umetephuse (Plate I, Fig. 3): This
was Lound mostly curing continuous treatwment of pes ; thic type of deviation
showed a more or lecs increacing trend with time (Table 6€).

(5) The clumped post-wmetapnase: This ie not a clear cut multipolsar

or apolar segregauted post-metaphase, but is characterizea by stickiness



of chomatids waa grouping.. Thic type ol vbunormality chowed no aefinite

trend and was rere in treuted pea rocte in all runs (Taubles 4, & and 6).
The lact mentioned three types of wberrations huve never been round

in control materials, auu &re more cmuracteristic of colchicine treeted

materials.
4. Recsting stage:

Aberrant resting stages way be clasciiied in five groups; namely’
polypleic uninucleate, binucleate, multinucleate, fragmeatul nucleate,
and pycnotic. The uninucleate cells have been found after two hours
treatment in both onion and pea (Tables 4 and 6). Binucleate cells occured
as early as 10 minutes in treated onion material:s, but gradually decreased
in number in longer treatmeats. Multinucleute cells were more frequently
ceen in both treusated wad recovered materials. Some workers uced sticky,
lobed, dumbbell, ring, etc., to describe the appesrance. 4As & whole, the
fragmentel-nuclei resewmble tnat ¢f leukocytes in blocd. Only in long
time treatuweat (about 24 hours) or treatieat of higner concentration (more
than 1%), pycnotic nuclel have been observed; occasionally, some patches
of cells appeared pycnotic in less wifected and even untrested muterials,
thic may not be considered as o result of treatment but rather as of

unknown nature.

III. Comparicon of hesulte

In summarizing the results obtuined from this investigation, several

remarks seem worth stressing both tor theoretical and practical reasons.
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1. Comparicon of Cnion and Pea:

Generally speuling, the pea seedlings provice better muterisl tor ex-—
perimental cytology of tue type reported hercin. It ic cimply because the
mitotic incices are higher ana mitotic sberratioans lower in untreated
pea than that in onion (Tablesl and 2). 1In tuic the writer zyrees with
Bowen (19£3). The standard errors of the means of mitotic indicee for
pea &nd onion are almost iaentical (pea *.25Y, onion t,287, first row of
Table 1 and 2). So individual variability ic about the sawe. The
fluctuation of the mitotic rormula is similar in both cages (first row
of Tables 1 and 2). The irequencies ol metaphase in onion controls are
more stable, and the frequencies of post-metaphase in untrcated pea, on the
otner hana, are less variable.

As for reaction to treatment (Tables 3, 4 anc 6), the onion meristemic
cells are aftected more guickly and uniformly, while the pea root-tips
showed maximum abnormality at three hours later during the treatment.
D'Amoto (194¢) reported that onion is more sensitive to Y~hexachloro-
cyclohexsne than pea, however the nutrient soclutioan used in experiment
mey lecsen the effect to a certain degree. The kinds of aberrations are
similar in both materials, except that clumped wetaphase is much more
frequent in pea than in onion. Presumably the clumped metaphnacse is
derived frow clumped prometaphase; since the tightly packed type orf
prouetaphase is more frequent in control pez, it is not unexpected that
there would be more clumped metaphase in treated pea. In additioa, the

size of the meristemic cells of pea are far smaller than that of oaion,
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some less spread or scattered figures mey be easily lumped into clumped
condition. Tihe clumped post-metapnuse is a retioer common effect in
onion but not in pea, this way be explained by the fact tnat onioa is

more sensitive tnan pea to this particular insecticide.
£. Compurison of Contrcl, Treuted wnd Kecovered Muterialg:

The coatrcl materials are rether normal ond can be used as stendard
for comparison.

Thelre ure tnree definite types of wberratiovas in treated material
(Tables 3, 4 and 6) i.e., spread prophase, scattered metaphase and apoler
post-metephuse. The first type of abnormality aoes not have any trend,
but the last two kinds definitely increase with time. Other aberrations
described in the second part of this chupter may be considered as either
intermediate between control and treated cells, such as disorganized
figures, or as sub-groups of the above mentioned three distinct aberra-
tions, e. g.,apolar segregated anaphases. Some segregated polyploid
figures observed at <4 hours treatment both in onion and pee may not be
considered &s sub-group oif any simple aberration, since their origin is
not due to chance zlone but lie in binucleate or multinucleate cells
which are formed in treatment of tne previous mitotic cycle.

In reccvered muterisls after one hour treatment (Table 5), no definite
trend of aberrations can be observed. Spresd metaphase and polar post~
metaphase are ratuer common abnormalities. Probably, spread metaphase

originutes from relutively normal prophase. polar post-metaphase indicates
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partial inhibition . of spin@le ectivity, and alco way be a sign of re-’
covery after complete destruction of cpindle function (Levan 1938).

Since "Lindane" is insolubie in water, recovery is relatively difficultjand
the characteristic effects, scattered metaphase and apolur post-metaphace
still continue to appear sporadically preswnably because of residual

traces of the chemical in the tissue.

IV. The Abnormal Mitosis Induced by Technical Lindane

Dépending upon the mitotic stage of the cell at the time the technical
Lindane became efiective upon it, there are four possible ways to complete
the mitosis. The first one is that the complete mitotic cycle proceeds
under the influence of the chemical, the last three will be partially
affected by the chemical. The procedures are illustrated in Figure 1E.
The parenthetical names are possible subgroups.

In any treated root-tips, thesé.four typés of abnormal mitesis can
‘be observed simultaneously; howevér, the first type will be predominent

in longer treatmentse.
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TABLE 3

PERCENT DISTRIBUTION OF ABERKATIONS IN MITOTIC STAGES

IN SHOKT TIME TREATMENT OF ONION

Prophase
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E o [__#of totar | _ fof Total . |, | # of Total
F %12 v v ol o v v v alc =z © v 5 »
EE§ Y 6815 5 5 8 & FIEIS F 8 E G
L g ®© e I B E; <! o o ot B 5 E =] O N o M
—~ W &J ® » P | &. ] & c+ [} LT 1 ﬁ. H i feie [
, B ®a8 = & 2 8 % 2 T & 8§ °
o ® 3 E- @ ct E o .
o Q1 . 13 o o 4
[ =8 [ (=8 N | e ]
1] ® [
=3 [+H Lo ]
1557 |78 17 5 — |[15|27 13 47 7 6 — 12860 14 14 4 8
3060 {88 10 —1{161{13 19 50 6 — 12|24{35 13 35 11 8.
45/60 (84 12 2 2|20|10 15 55 15 5 --|20]|30 -— 55 20 15
60/55 [94 6 — ——-|36|— 16 62 12 - 3| 9l -- — 45 33




1¢]

TAbLE 4

PRACENT DISTRIBUTION OF ABERRATIONS IN MITOTIC STAGES

IN CONTINUOUS TREATMENT OF ONION
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TABLE 6

PERCENT PISTRIBUTION OF ABERRATIUNE IN MITUTIC STAGES
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LILCUELION

I. mMitotic Acpect

One immediate etiect of tnie insecticice on mitotic meristemic cells
ic tne complete suppressioa of cytokinesis. &o long as trectuwent 1is
continued no cell will diviue regardless of nuclear organizution. Even
in recovered waterials aiter trestment of one hour, no cell plate has
been noted before 48 hours. That might be attributed to the fuct that
(1) the cnemical is practicaliy insoluble in water, o does not readily
leach out within relatively short times, and () it takes purt in
cellular metabolic process and is utilized or translocated in the tiscue.
A binucleate cell is capable of undergoing a second mitosis which is
normal if treatment is stopped. In the case of continuous treatment, each
nucleus will trevel any path illustrated in Figure 15, thus numerous
complications result, figures 1 - 6 in Plate III, Figures 5, 6, 7 in
Plate V, aemonstrate some oif thnese.

Polar anaphases originate from normal eurly anaphuse or metaphase &s
iliustrated in Figure 15. Multipolar anaphuses probably arice from
purtial breakdown of the spindle wechanicm. "Star® bipoler anaphase is
difficult to explain by spindle walfunction. In the chort time trestment
of onion, some intermediate stages between normal early uanaphase and
Wstar® bipoler or wultipolar snaphase have been observed (Figures 4, 5
and 7 Plate II). The contiguration and relutively abunaant occurence

of these cells led the writer to believe that there are aefinite attractions



amony anaplvse kinetocnores witer tue "spinale wmecneanivn" lwe been
innibited partially by wny chemical or physical wesnc. The spatizl re-
latioaship is rataer a determining factor in grouping, since "eegregetional

grouﬂiﬂgs" are ore or leL:S I'&n_d()m.

Gauloon wna Carleon (19ol) stated that:

Observations on living neuroblacts reveul tnat stars
(wetaphases) can be tormed in two wayss First, they
ey appesnr during either partial or complete cestruc-
tion of & lully formed spindle boay by strong concentra-—
tion of colchicine. Second, enough spinale muterial
will be orgunized at prometupnase to form a focal point
of a star. Thus we see why Barber anda Callan observed
stars most frequently during the first hours of exposure
to a relative strong colution, ana wrny Levan and Peter
observed tnem most {requently duriag recovery when the
intracellular conceatration oif the alkaloid was being
diluted.

They also sensed the attraction oi metaphase xinetochores which may be
preseiat in partial iannibition of ¢pindle eitner on the way to total
breakdown or recovery. |

Tae ebove mentioned fucts furtaer illucstrated our notion (Wilson
Hawthorne aand Teou,1951l) that the spindle action in metaphase and ana~
phase can not be adequately defined in terms of a single force, but that
at least two more or lece independeat Iorcec are involved: First, the
forces between kinetochores and so-culled spindle "poles"; and second, the
affinity among kinetochores. The kinetochore attrection is probably
partly responsitle tor metaphase Wline-up" end anaphase migration in
normel cell division. Laggard chnromocomes or chromutias could be con-

cidered as too far separacted to be attracted, or are in equilibrium
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with two or wmore attractive torces initiated from adjecent groups; a
thira possibility is thet tne kiuetochore of laggardas is partially in-
wctivated by the chewicals (Daniel and Wilson, in press).

The cleavege of tne kinetcchore seeuws to be a unigue process regard-
less of degree ana kind of effect. Sometimes it may delayed as in the
cage of acti-dione ana colchicine (Hawthorne and Wilcon,1952; Bowen,1853).
Omissicn of this process is ratner rare in treated plant tissue, thus
Levan (1954) claimed thet the ditterence between colchicine effect in
plauts and animals is that there is usually reversion from metaphuse in
the latter.

The scattered metaphause is likely the result of complete inhibition
of both "kinetochore-poles" and ‘kinetochore-kinetochore" forces, so tnut
the "diplo-chromosomes" or "c-pairs" remain in the arrangement of
prophuse or,in most instances, may "explode" a little under the influence
of & diakinetic like force. Segregated figures of this scatiered type
showed no derinite orientation, so that it muy be assumed that segregation
is partly due to chance, und partly due to attractioa of kinetochores,
Apolar postmetaphase is just the continuation of tnis type of abaormal
metaphase.

Spread prophase causea udirectly by chromosomal contraction appears
to be a more or less immediate eiiect of technical Lindéne on onion
meristemic cells (Table 3, Fig. 1 in Plate II; Fig. 1 in Plate 1). Over-
contraction of chromosomes seems to be a common eflect of any chemical,
from the simplest ethanol (Vaarema,1947) to heavy metal salts (Macferlane,

1953), alkaloids (colchicine) nucleates (Powell, 1952) and antibiotics
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(Wilson, 1950; Wilson wuna Bowen, 1951; Bowen ana Wilson, l9sd4). Tt ic
untikely that chromosome contraction cen te explained by ciwple dehyorstion
us Cigenaga (1949) proposed, since come efiective concentrations wele too
low to cause a nypertonic conaition.It,as in meny other biological phenomer .,
is a result of complicated bio-physico-chemicual interzctions, involving
surface actions on the matrix und degree of chromonema spiralization.

The relatively irequent appeurance of cegregated prophuses in short
time treatment ol onion supggested tnut "segregutional groupings" or
"reductional groupings® can not be defined as splitting of the spiadle
into several parts, but is ratner due to curomosome contraction plus
relative expansioqn of the anuclear membrane and possibly inter-kiaetochore
forces. As for metaphuse aad anaphuse, the cegregated fijures have been
discussed above cud it nas been suggested tonat chromosomul autonomy and

chance also play some important role in the initiation of these aberrations.

II. Chromosom&al fregmentwtion

Isoluted chromatias wnd chromo:omal iragments huve been observed in
angiosperm ceedlings after airect treatmeant with tne insecticical powder
(Ko: toft, 1949). Dramato (1950) treated onion root—tips with dilute
ethanol solution of pure gammexane and iound & irequency ol chromosomal
fraguents in 150-160 anaphase figures obtoluea irom taree root-tips after
three deys recovery of wpproximately ke percent.

The writer nas snalyzed wore than tairty ceriec of cnion tecty, with

euch series coantaining about nirty root-tips. The 1requency of true



Iree coromosomal fragments wus oniy vae ior each of tix trested root-tips.

On the otner nuna, four cuases alio have been Lounu in untreated mutericlic.

Attached Iragaente were wore tregueatly cbuerved in botn treated wno un-
treated pea root-tips; tuic ey be utiribated to tie entungle.cnt o thne
Your secondury constrictions of chromomosmec in ped.

Levan aand T;io (1¢48) found es high as sixty perceat of phenol
treated cells conteaining fraguents. Sponteneous chromosome Iragmentation
has alco been detected in Vicia fabe (Levan zad Lotfy, 1wb0). Moreover
radiomimetic activity has been dewonstrated itor calorine in merigtemic
cells of pPisum roctlets (Von Rosen, 1953). Ia view o1 conrlicting recults
concerning tne potential racviomimetic erfiects ol Linuane, rurther investi-

gation seem desirable.

ITI. Polyploidizing RKiTect

Nybom and Knutsson (1947) cluimed thut Linaane i u better polyploi-
dizing egent than acenaphthene and oualy secoad to colchicine. The writer

did several experiments on water soaked rye (Secale cereale L.), radish

(Rappnanus sativus L.) and pea seeds. The majority ol meristemic cells

became polyploid witnin 48 aoure trestweat witn 0.0l to 0.5 percent
suspeasion of the tecihwmical Linasne. Selected polyploid seedlings huve
been pluated in green nouse or fielu, but, Lo aute, oaly diploia parts
have grown out. Soaking seeds directly in a suspeasion of the insecticide
also was used as a means of inaucing polyploiay, but none of tne emergent

B

seedlings grew to mauturity.
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With colchicine one may expect successtul recovery of polyploiuy
once in several hundred trsutmeats. Witn Lindaae the perceatuge of succes

-
L)

is obviously much less.

IV. 1Inositol Aantagonism

Accordiag to Kirgwood und Phillips (1946), the growth inhibition

of Saccaromyces cerevisise by ¥-hexachlerocyclohexane can be overcome

by a suflicieat amount of m-inositol. Buston, Jacobg and Goldstein (1948)

reported that m-inositol is an antagonist of Lindune on Nematoospora

gossypil in some growth experimeats. In additioa, Churgafi, Stewart and
Magasanik (1948) cluimed taat "...meso-inosital is able to inhibit the
mnetaphase arcest and tumor formutioa induced in Allium cepa by colchicine
or gamnexaae.h,

On the coatrary, Schopler, Posteraak and Boss (19+7) dia not succeed
in aemoustrating en antiguanexane actiova o1 w-inositol ia oluer species

of Saccaromyces, and Eremnothecium ashbyii, Candias spp., Phycouyces

blakesleanus and Ustilago violacea. Fuilure of w-inositol to protect

tea urchin eggs from the toxic action of §~and Y-hexucnlorocyclohexuie
has been also reported by Chaix and Lacroix.(1948).

In between, D'amato (1949) considered that m-inositol deluyed the
eftect of gammexane on onilon root-tipsin & similar munner as sugar
solution; which nmerely chenged cell permeablity.

These conilicting reports led the writer to re-investigute. Exact

repetition of Chargaff's experiments failed to show any antugonism of
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Lindane w@nd m-inositol. As a matter of fuct, m-inositol alone induced

similar ?ffects in onion dividing cells as those inauced by Liadane.
Further experiments, using equel parts of technicul Lindane aad m—inositol
of compurable conceatration on pea seedlings, guve the came rezult. The
slideg made from the first four hours treatment as well as after twenty—
four hours treatment demoastrated perfect Lindane etiect --Mc-mitosish.
Woolley (1952) expluined the antagoaism of m-inositol aznd Yehexacilo-
rocyclohexane or Lindane in terms of solubility and configuratioh, i.e,
the former enters tne cell tarough the aquevac phase of the cytoplasmic
membrane, tne latter the lipid phase; since both chemicals have the same
L) . . s S e ,. ~
conliguration, antagonism arises. Accordiang to Ostergrea and Levan
- (1943), c-mitotic activity is a kind oi narcotic efiect. HOber (1945)
says:
Typicully, narcotics do not eater into a chemical reaction’
with cell components; they are cnemically "indiiliereat".
The reactions tney enter into with cells are of physico-
ehenical ratner than of chemical nature. Tiey muke coatact
with cells by seconaary valences, changing the surface
properties of exterior or interior cellular structures and
microstructures, wiich become apparent as changes of ais-
persity, ol hydration, of collodial aggregation, of dissolv-
ing power, of absorption afrinity.

Therefore inositol antagonism mey be found oaly in inositol-requiring

organisms, but not in others.

V. Difference Between Lindane and Colchicine

Ever siace 88tergren and Levan (1943) used hexaéhlorocyclohexane

~ to study c-mitotic activity, it bas been recognized that tnis chemical
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und colchicine belong to the came category ws far as their mitotic
effects, inaiction of polyploidy und c-twmour are concerned. 5£tergren
(1945) stated thaet both cheuwicals cause nurcotized wmitocis aad Proosed
a precipitation nypothesis of nurcosisz to expluin the mechenism of c—
mitosis. Levan (12£1) classified tine efiect of both chemicals as
reversible physiological reactions, but"...colchicine differs from
the substances (include Lindane) of simple narcotic effect in so tar as
c-mitotic activity is extended far down Into concentrations which are
at & great distance from the saturation point.n

Judging by the results that have been obtained by Bowen (1353) and
Hyypio (unpublished), Lindaae and colchicine differ in degree but not in
Kind ol eff'ect on mitotic activity. For instence, bull metuphuce is
a prominent wberration al'ter colchicine treutment, but relutively rare
in the case of Lindane. It muy be attributed to the fact thet colchicine
immmobolizes prometuphase chromosomes, whersas Lindune affected chrowosomes
s5till are cuapable of moving out of the prometuphause mass; but due to in-
hibition of spindle runction and ginetochore attraction, the arrange-
ment oi chromosomes is completely destroyed.

According to Powell (1951), various nucleates show eiflects at late
prophase, with colchiciae primary efiects are at metaphase. The
results obtained in this investigation suggest thut Lindane exerts an
initial efifect at prophase which is revealed at late metaphases. This
sugpestion also explains why spread prophases and metaphuase can persist

in continuous treatments; and why Lindane affected chromosomes are capable
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of moving oﬁt from prophase.

The quantitative disugreements are: First, Lindane is not as potent
& mitotic stimulator (Table 1 and 2) as colchicine as Bowen coacluded
(1953). This point agrees with the result of Scholes (19:3). Second,
Lindane does not block metaphese to unaphuse movement to such a degree
or for so long a time as Hindmarsh (1951) showed im her colchicine
treated material (Tables 3, 4 and 6 post-metaphuse frequency decreased
ouly within one hour, after that the percentuges remained essentially the
‘same). Third, the frequency of prophase is relativély reduced in Lindane
treated materials.(Tables i, 2, 4 and 6). This may be attributed to
shprter duration of prophases or to a relatively increasing number of
metaphase-like figures which without chromosomal contraction and absence
of nuclear membrane will be classified as prophuse. This suggests that
- the nuclear membrane may break downvin @ rather shorter time than normally.
As was suggested by Huston (1952) when she studied the cytological effect
of the fungicide, Thiolutin, there is a correlation between "over-
contfaction" and increase in the relative number of metaphzases.

A1l this may indicate another possibility that the total division
cyele is somewhat lengthened as Guttman (1952) noted in colchicine treated
material, but not in the same proportion to that of a normal one or of
a colchicine affected one.

In 24 hour treated pea root-tip, octoploid cells were detected.
According to Brown (1951), the mitotic cycle of pea root meristemic

cells is about nineteen hours. Thus the cycle is definitely shortened

*



50

by the chemical. Bowen found the sume efiect in colchicine treuted pea
root-tips (1958). Whether the duration of mitosis or interphise is

being shortened is difficult to determine from fixed meaterial.

- VI. Explanation of Phyto-responses

Growth hus been separated traditionally into two rather distinct
phases, cell division and cell enlargement. The former involves the
mechanism of cell division and chemical reactions of protoplasm synthesics,
the latter with growth of cell wall, possibly some bio-synthesic, and the
Physical process of hydration or vacuolation. The superficial cytological
course of cell division and cell elongation have proved to be rather
similar in roots and shoots, although they are different with respect to
their physiological behavior.

The mechanism of cell division is still not well known. However,
the insecticide aifects the normal cell division as observed by the
writer and many other workers. The products of the abnormal mitosis are
polyploid, binucleate, and multinucleate cells and fragmental nuclei,

In subsequent cell division, the tetraploid becomes octoploid in continuous
and residue treatment. The binucleate und multinucleate cells, under in-
fluence of the chemical, may divide and form polyploid cells with higher
or lawer number of nuclei, depending upon the distanca between nuclei. If
the chemical is completely leached out, cell plates may form and aneuploid
. microcytes are formed. The fragumentzl nuclel react sometimes &s polyploid

cells other times as multinucleate, largely depending on the manner of



grouping. Levan und astergren (1943) stated that an increase in the
number of chromosomes in plants recults in slower growth und lower
growth energy. Aneu?loid cells tend to be less viabie, and Kogtoff
(1949) thought that they may become deud cells in tissues. Reduced cells
or micfocytes generally posses redaced viability.

As for protoplasm synthesis, Chao and Loomis (1947) stated that hormones
were formed as a by-product of protein synthesic; while Baldovinos's (1953)
results suggested that protein synthesis was depeadent upon hormones in
non-green tissue. Nevertielcss, some correlation betweea growth hormones,
protein synthesis and cell division seems to be present.

Burstrom (1951) stated that; "Cell elongation proceeds in two phases,
the tirst phase involves an increasing elasticity of the wall, which has
been explained on the basis of a loosening elasticity of the wall, which
has been explained on the basis of a loosening of the joints between the
micellae." Some protoplasm synthesis occurs at this stage in order to
keep pace with enlargment of the cell. "Tnhe second phace is characterized
by a hardening of the wall, as evidenced by a decreasing elasticity.
During the second phase there is, further, a very rapid supply of nutrients
to the cell so that the osmotic concentration does not decrease despite
the rapid increase in cell volume." Increcase in cell volume involvés
largely an absorption of water. "Elongation does not teke place uniformly
over the whole cell surface. Apical growth is a well known feature of
many cells, and such differential growth is probably a wide spread

phenomenon in ordinary tissues." The mechanism of cell elongation whether
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it is a hormone problem or a question of morphologic and metabolic chaznges
in the cell is rather beyond our preseant knowledge. However hormones are
almost certainly involved.

Hence we may say that hormones ure likely responsible for the direc-
tion of growth, and growth is the product of metabolism. Anything inter-
ferring with hormone activity or metabolic processes, will disturb the
precise, correlated growth.

It is a well known fact that Lindane and colchicine induce sweiling
or c-tumour in the elongaution zone oi roots or stems of most plaats.
Ostergren (1944) considered thut c-mitosis and c-tumour effects are re-
‘lated but independent, and that the c~tumour effect is due to "...nurcosis
of the cell growth control." Havas (1949) further stated that colchicine
induces u,..deviation of the polarity of hormonés' trans-location.” It
is probable that Lindane behaves in a similar way, and disturbs the dis-
tribution of hormones.

In the course of this investigation, another interesting physiolo-
gical response has been noted. The onion root-tips at'ter 72 hours treat-
ment with 0.1% technical lLindane suspension showed a much reduced meristenm
beloﬁ the . c-tumour, and sometimes protoxylem strands extended to the
promeristem or elongation zone. A similar result was reported by Mac-
farlane and Schmock (1948) in colchicine affected onion root-tips. They
believed this is an irreversible cytoplasmic efiect of poisoning, which
is comparable to the effect of Pnenylmercuric nitrate on onion meristemic
cells. Phenylmercuric nitrate is a respiratory poison which probably

attacks the —-SH groups of succinic dehydrogenase, lactic and gluco
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dehydrogenases, cytochrome oxidase and catalase. In conclusion, they
proposed that the colchicine and colchicine-like reactions are possible
responses to enzymatic poisoning.

All the metaubolic processes involve mostly enzymatic activity, thus
it is not improbable that prolonged treatment with colchicine or Lindane
.will inhibit metabolism wnd growth.

Ip'field contitions, at planting season, the amount of residual
"Lindane! in the soil and the kind of seeds probably are the determining
factors for germination of seeds. When colchicine was used for seed
treatment, the following results were observed. ILow concentration
stimulates germination. More concentrated solutions delay germination,
and sometimes, even inhibidt. Bond (Croker and Barton, 1953) suggested
that a concentration which was low emough to stimulate germination is
still effgctive,enough to induce polploidy.

2, 4-dichlorophenoxy—acetic acid has been reported to cause c-
mitosis and c—tumour in onion roots (Croker, 1953). It also prevents
oxygen from penetrating into barley seeds and thus inhibits aerobic
germination (Croker and Barton, 1953). Lindane differs from 2,4-D in
two respects. First, Linduane is known to cause narcotic effects on the
cell; 2,4-D, on the other'hand, reacts chemically with cellular compohents.
Second, 2,4-D is a definite hormone-mimetic substance. Since they in-
duce similar cytological effect, there may be some correlation present.

Hocking (1950) found that & mixture of trichlorobenzenes prepared by

the break down of the alpha isomer of hexachlorocyclohexane caused plant
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deformation and ultimately inhibition of germination with relatively
small doses.

In addition, Lindane dissociutes a little in solution to give some
chlorine ions. Chlorine is known to prevent germination of seeds {(Croker
and Barton, 1953). Even if the residue is not concentrated enough to
inhibit germination, the growth of emerged young roots and choots is de-
finitely affected by physiological and cytological disturbances caused
by the insecticide.

- The writer garried-out a germenation test on pea seeas by the puper
towel method. The germination percentages after three days for control
and 1,000 ppm suspension were 99 and 97 respectively. The average
lengths of shoot and root were 1 and 3.7 inches respectively for control
seedlings, 0.7 and 3.0 inches for treated seedlings. After ten days
treatment they increased to 7.8 and 6.0 inches for control seedlings, and
4.75..and 3.5 inches for treated seedlings. The control seedlings were
straight and with nunerous side roots; on the other hand, the treated
seedlings were twisted and with.very few thickened side roots on stubby,
brosmish main roots.

Root huirs are projecting tubes of epidermal cells, and chiefly
function as gbsorption organs for water and mineral nutrients from the
soil. The production of root hairs is believed to be due to hormone
action, this may be the reason why there are no root hairs on "Lindane"
affected plants.

As for scorching of young leaves, the effect probably is partly due

to physiological blocking of the carrier, and partly due to narcotic



influence of the chemical on the lcutf tissue. The "ot -flavored" effect
is believed to be due to chlorinated impurities preceat ia the chenical.
Since thne pure chemical has been ased for preparation of tne comuwcrcial

insecticide, no ofi'-flavor has been reported.
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The reculls ovbelaca iron tals investigation coulu ve cwaisarized ac

rollowss

1. The U.1% cuipencion of Liadane aic not stimulate mitosic ia root
meristewic tissuer ol onion bulbe ana pea seedlings.

2+ Unaer the influence oif Linaune, the prophase frequencies in divia-
ing cells aecreased thun that of untreated materials. The metaphace
frequeacies increased signiticantly, anc the poct-metaphuase trequencies
remained essentially the swne. Therefore, the "piling—up" of metuphuse
was probably due to shorteninyg of prophase.

3. The immediate mitotic effects caused by Lindane were contraction
of chromosomes; possibly bresk down of nuclear membrune; inhibition of
cytoplasmic "spindle" mechanism; ana failure of cytokinesic. As treatment
was prolonged, over-contraction of chromosomec, and inhibition of chromosomé&l
attraction occured.

4. Inositol wuntagonism and radiomimetic efrects of thic incecticiae
have not been demonstrated ia tuds investigation, tnus further research
is desirable. While Linacaune ic theoretically a gouvd polyploiaizing agent,
there are a nuaber of practicul ditficulties which reauce its poteatiality
below that of colchicine.

5. The final products of atypical witocis inauced by tne incecticide
were polyploidy cells und zneuploia microcytes. The former are gaint cells,

but possess a much siower growth rate than that of norwzl ones. The
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giétter usually tend to be less viabie. Tnerefore the treated meristemic
ﬁissues are much reduced as far as number of cells and rate of growth were
eoncerged.

6+ The insecticide also caused "c-~tumour" in the enlargement zone of
tfeated root-tips. Most workers believe tnat this effect is independent
of "c-mitosis" and probably is due to aisturbance of hormone polarity at
the cellular level. This disturbance causes abnormal growth, such as
swelled shoot and root apex, twisted parts, lack of rooﬁ hairs, distorted
leaves etc. The precise, correlated normal physiological balance of
.Some sensitive plants is definitely affected, when they are grown in
soil containing the insecticide either as soil treatment or residue of

sparye
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PLATE I

Control uand AfiecteG Mitotic Stages of Allium Cepa

Figures:
1. Spread sepregeted prophate with two Lragments ana two diceatric

10«

1i.
12.
15.
14.
15.

l6.

chromosomes baken alter taree nours tresatuent with 1,000 ppm cus-
pension.

Segregated c-metaphuase teken aiter nine hour treatwent with 10 ppm
guspension.

Segregated apolar anaphase tuken aefter four hours trestment with 1,000
ppm suspension.

Over-centracted prophase teken after 24 hours treatment with 1,000 ppm
suspension. . ‘

Spresd metaphase taken after 30 minutes treatment with 1,000 ppm sus-
pension.

Scattered metaghdce taken after six hours trestment with 500 ppm sus-—
pension.

Apolar anaphuse teken after five hours treatment with 500 ppm suspension.

Normal tetraploid metaphase taken after 48 hours recovery of 24 hours
treatment with 150 ppm suspension.

Normal polyploid anephase and resting stage after 48 hours recovery
of 24 hours treatment with 180 ppm suspension.

Clumped metuphase with two fragments taken after 5 Jelrs treatment
with 1,000 ppm suspension.

Normal enaphase with two fragments taken from untreated material.
Micro-nucleus teken from untreated muterisl.

Normal prophase taken from untreated materisl.

Normal metaphuase teken from untreated material.

Normal eurly anuphuse tuken from untreated muterial.

Normal anaphase &nd telophuse taken from untrested material.

Each division of the scale represents ten microns.
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rLaln I1

pitected Mitotic_Stapes of Allium Ceps Trested With 1,000 ppm Su: peacion

1. Spresd pegregated prophase tuken aelter 30 minutes trewtwment.

2. GSegreguted contracted metaphase tuxen witer 30 minutes treatment.
2. Tetrapolar anaphase teken alter 15 minutes trestment.

4, Farly "ster" bipclar anaphase taken after 30 minutes treatment.
5. W"gtar" bipclar anaphuacse taken wlter 1f minutes treatment.

€. "Star" bipolar anuphuse tuken after 50 minutes trewtment.

7. Early nultipolar anaphase taken aiter 15 minutes tresatment.

8. Multipoler snaphase taken after 3 hours treatment.

€. Trinuclecte cell taxken «lter 24 hours recovery of % hours treaztment.

Each division of the escale repgresentse ten microns.
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PLATE II

*k



rLaTh  III

ditooes 01 binuclzete Ceily 0f adllium Cepa Tuken bFecoum 27 Hours

h 1,000 ppm Suspension

Recovered Root-Tipe al'ber 1 Hour Treatuaeat Wi

1. Propnase

2. Prometaphase
3. Farly anaphace
4. Anuphsse

Se Telophase

Fach divicion of the scale reprecente ten microns.

v
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PLATE III



PL&aTE IV

Aitotic Stages From Untrectec Pisum

Sativun

Figures;

Interphases.

Eurly prophuses.

Midprophuse.

Late prophuse.

Lute prophuse, prometeaphase, and eurly prophase,
Early proumetuaphsse.

Prouetaphase.

Prometephase with a lagging chromosome.
Prometaphuse and ewurly anaphase.

arly metaphase and prometaphace.

Early zna late propnase, and early wetaphacse.
Metephase.

Farly prophases, and anaphuase.

Telophase with two lagging chromatids.

Each uivicion ol the scule reprecents ten wicrons.
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PILATE IV

*



PL&TE V

Afectea Mitotic Staper in Pirum petivam Treatea with 1,000 ppm Sucpension

Fistvrec:

l.

Clunped metuphace and normol proumetephase taken wfter cae hour treat-
ment.

Spread and segregated proghase, clunped telophuse tuken af'ter four
hourg trestment.

Scattered metaphase teken siter four hourse trestwent.
Apolar snaphase taken aiter one hour trectment.
Binucleate scattered metaphase taken &f'ter 24 hource treatment.

Binucleate prophase with one fragmental nucleus taken after 24 hours
treutment.

Apolur segreguted polyploid anaphase taken witer 24 hours treatment.
Nine nucleate cell taken after Z4 hours treatment.

Polyploid apolur anapnuse taken after &4 hours treatment.

Tetraploid scattered mnetaphuse taken af'ter 24 hours treatment.
Octoploia scettered metaphase taken after £4 hours trectment.
Tetraploid normal prophase ana metaphuse tuken af'ter six duys re-—

covery al'ter eight hours treatment.

Fach civicion of the scale represents ten microns.
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APPENDIX TaBbLE I

PERCENTAGE DISTRIEUTIUN OF MITOTIC LTAGES

IN SHORT TIME TREATWENT OF aLLIUM CEPA

. Time(min.) 0 15 30 45 60
No. of glide 186 4 4 4 4
i Normal 23 13 16 13 24
HiSpread —_— 1 1 1 —_—
§§Segregated —_— 1 - _ -
of
al |Normal 31 30 32 35 25
AT ! Spread 1 8 5 . 6 2
H|=:Segregated —_ 3 1 1 _
Overcontracted-— - —_— 1 —
oiNormal 3 1 S 3 3
g'Spread _ — 1 1 1
) Segregated —_ - — _— -—
2! Normal 14 4 2 2 —
4! Disorganized -- 2 3 3 2
2 Spread - 7 8 1L 29
'% Scattered - 1 1 3 4
=} Segregated —_ 1 — 1 _
Clumped —_ —_ 2 _— 1
o Normal. . 11 7 2 2 -
@ipisorganized 2 4 3 —_— —_
'é‘star bipolar -- 2 5 1 —
diMultipolar - 1 1 —_— 1
‘5 Apolar - 2 2 2 2
2{Normal 14 10 6 6 2
gistar bipolar -- 2 3 4 _
S{Multipolar - ~— 2 4 3
o | Apolar —_— -— —_ 1 1
| Apolar+seg. —— - - -— —
| Prophase 58 57 60 60 55
8|Metephase 15 15 16 20 36
S| Anaphase 13 16 13 5 3
Telophase 14 1z 11 15 - 6
Mitotic index 4.5 3.5 3.2 5.6 4.2

nucleate
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APPENDIX TabBLE IIX

PLERCENTAGE DISTRIBUTION OF MITUTIC STaGES IN CONTINUOUS
CUNTROL OF ALLIUM CEPA
Time(hr.) 3 1 2 3 4 5 6 7 8 9 10 11 12 14 24
No. of slidel 1 1 1 1 1 1 1 1 1 1 1 1 1 1
> Normal 23 21 27 25 28 28 26 25 28 25 16 22 24 27 23
4| Spread —— = = e e e e mm em e e e e
Segregated —— == — @« —— 0 ch ch = 0 e e e
o Normal 35 34 30 40 30 25 23 35 35 27 27 22 24 29 31
gl Spread _— == == 1 == — = 1 2 - 4 — = — -
aj -4 Segregated —- = o o cn an et em ]l e e 4 e me e
E A overcontract —— —= —= = = o e e e e e
Normal 5 3 2 1 &6 2 &5 2 1 3 5 6 4 1 4
§ Spread e T T
Segregated —_— m—— o e - - —— m— e e e mee e e
‘} Normal 11 10 12 8 14 17 19 16 14 15 25 15 22 11 17
e Disorganized 2 —~— — - 1l - - 2 4 - e e e e e
& }Spread -— 1 - -~ —~ - - 1 = - 2 6 -~ 2 1
2 1 Sprseg. -— == 1 1 = = e = —— e e ee e =
+ ¥ Scattered e R
o
= |Sc.+seg. et e R S
Clumped el I
© Normal 9 13 11 6 14 13 13 S 6 12 g 11 11 11 10
@ ) pDisorganized -—— 2 2 — 1 2 4 1 1 1 3 2 2 1 1
-g‘ Polsr e R T B
a Apolar el T T B
Apolar+segs —-— == = == —— —— = —= —= —= —= —= == == ==
— e e T T T LT T
'g Normal 17 16 15 18 8 13 10 14 9 16 8 8 10 1g¢ 12
2 ] Polar il e et e e e
o
& jApolar — == me s = e e mm = mm e e e =
= | Apolardseg. —— == == == == == == == == == == = - - -
Prophase 61 58 59 67 63 55 54 61 66 65 53 57 52 57 68
d |Metaphase 15 11 13 9 15 17 19 19 18 15 27 21 24 13 18
o | Anaphase 9 15 13 6 14 15 17 6 7 14 12 14 14 12 1&
© |Telophase 1% 16 15 18 8 13 10 14 9 16 8 8 10 18 12
) Mitotic index 4.0 5-8 5.9 6.8 4.2 4.0 6.0 3.4 512 5.8 5.6 2-5208 5.5 4.6
nucleate —— == == —= - T == O .- = T
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APPENDIX TABLE III

PERCENTAGE DISTRISBUTION OF @ITUTIC STAGES IN CONTINUQUS

TRE4 IMENT OF aLLIUM CEP4L

Time(hr.) I 1 2 3 4 14

No. of slidel 1 1 1 i1 1 1 1 1 ¥ 1 1 1
Normal 14 22 12 8 9 8 10 12 2 8 8 19 11 1
4l Spread U,
Segregated — @ — — o~ — .1 = - L —u e e .
o |Normal 38 27 25 24 22 21 21 20 12 13 25 25 15 3
.§’d Spread - -— 1 1l 1 — = i am am 4L -1 -
o Segregated —— — 1l e e e = 1l —— - e e -
af [Overcontract— —- == —— — o 0 e e e e . —_ 4
8| Normal 4 4 & 5 & 3 2 9 -— 1 5 6 3 3
@ Spread 1 1l — = — 1l s e e e e e 6
H Segregated —-— @ —= ~. ~n e o et el e e e e —
® Disorganized 3 @— <« = = = 0 an e e e e —
n | Spread 10 30 29 38 27 27 256 28 12 16 16 8 10 --
S |sp.tseg. - 2 2 2 —— 1 — — 2 — 5 — 1 —
3 Scattered - 2 7 7 10 14 17 12 31 14 17 26 29 50
2 |sc.+seg. e
Clumped - 1 - e == 1 — —= 1 1 1 — - —
Ball SIS Y
Normsl U U
@ |Disorganized 5 —- == —= = = —= —m —— o= e — e e
g |polar — 2 2 1 2 - = - e - —
> A-polar 3 2 5 7 10 12 10 9 12 21 9 14 13 10
5 |a-polar+sege— -- 3 -—- 2 2 4 — 28 — 1 — - 3
Clumped T e H
® |Normal 9 B —m em —m e em e e e e e
8 |Polar — e e e e e m e e el -
8 |apolar 1 — 5 612 9 9 8 1514 13 4 7 10
@ lApolar+sege -~ — — == -— = — — — 3§ 2 — 5 3
4 | Clumped 11 4 < 3 1 1 2 2 9 8 —" - — -
Prophsse 57 54 44 36 35 33 33 41 15 23 38 48 30 17
T |uMetaphase 13 35 58 47 37 43 42 40 46 51 37 34 40 57
o |Anaphase 9 4 11 8 15 14 14 9 .15 21 10 14 18 14
“ l7elophase 21 7 7 9 15 10 11 10 24 25 15 4 12 12

_M;LQQQJBQQL_M 505 75 625 6.9 5.6 6.1 7.0 3.3 49 Je5 425 3.5 4.3

i-
Bi, mult S S W S S S TS S S SR Nl

nucleate ——
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APPENLIX TaBLE IV
PERCENTAGE DISTRIBUTION OF #4ITOTIC STAGES IN

RECOVERY RUN OF ALLTUM Chra

o~

Time(hr.) 1 141 142 143 144 145 146 1+7 1+8 149 1410 1+11 1+13 1423

L
2
No,of slide 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1
“Normal 25 27 14 22 17 22 23 26 1lv 15 16 13 21 12 23
alSpread — e e e e e _— - 3
WSegreguted  — = - = 0~ am e el o L . . _—

9 |Normal 39 23 15 16 22 27 20 31 32 34 32 28 26 10 =21
Spread ' 3 b 3 1 = e e e e e e e e am
Segregated — — — — -~ 1 1 ~— 1 ~— = 2 = — -
lovercontract —— == = — = e —m e e —

Normal 2 2 1 2 2 3 4 5 2 5 5 2 1 5 2
Spread 1 —- e e e e e e e e e e e —— e
Segregated —— == == = w= o= em ag = e e —m e — =
Normal 2 == e e e = 2 e = 1l e— - 1 2

a Disorganized ——~ —-- -~ — 4 2 = - 2 — 1 i 1 1 -

2 |sprend 11 29 24 10 12 13 20 19 17 30 22 28 20 32 20

% lscattered -— 6 13 11 5.10 3 1 4 — - — 1 9 4

» |Segreguted 1 1 1 — 1 2 2 —— 1 — 1 1 1 — -

= Clumped - e e marw e mean emem e e cmem mee e —_— —_— —-—
Normal 1 == = e = e e e e em 1 = — 1 2

b Disorganized 3 ~— == -~ o= == = o= o= == == = e= ==

g |Maltipolar 2 1 5 9 1 4 7 5 5 8 8 9 4 4 4

@ |apolar - 2 14 12 10 5 8 4 4 6 2 9 10 18 10

| Apolaryseg. 1 — 3 1 2 1 1 — — — =-— == - ==

-5

'g Noraal 7 - em - e == —m = = =—m b e — 1 2

o, [Multipolar 8 3 == == 5 = = = 13 - - & - -— -

3 |apolar — 1 5 9 8 1 — == — — 1 2 5 2 -

& |ipolarsege -~ — L1 7 — 9 11 7 — 2 11 — 8 "6 7

- 3 5 48 27 49
Prophase 70 57 35 41 41 53 48 62 54 54 51 4

f§ Metaphase 14 %8 39 21 22 27 25 22 R4 30 26 30 25 45 26

o |Anaphase 7 % 22 22 24 10 16 9 9 14 11 18 14 21 16

® |Telophase 9 4 6 16 13 10 11 7 18 2 13 7 18 9 9

tic index 4.9 2.9 5.9 5.5 4.2 4.1 6.0 4.2 6.9 4.2 6.5 6.2 4.7 6.0 4.3
Bi-,multi- ' ‘
nucleate ~—— + .+ 4+t M 4y 44 5 5 6+ 6f 6F 4t Ht




APPENDIX TABLE V

PEACENTAGE DISTRIBUTION UF @ITUTIC LTaGES IN CUNTINUOUS

CUNTROL OfF PIoUM calIVyid

Time(hr,) 0 1 2 3 4 6 8 24
No. of slide 351 4 2 P 2 2 2 P
=Normal 29 29 29 26 25 25 40 28
"g"., spread - - - - - - - -
é&egreg&tad - - - - - - - -
H
of ; Normal 27 16 24 25 24 24 20 20
g-u pread 1 - - - - - - -
o'g egregated - - - - - - - _
! ver-contract~ - - - - - - -
Ae
ormul S5 S 3 7 5 8 3 10
pread - 1 6 1 - - - -
egregated - - - - - - - -
Normal 19 20 17 16 20 19 19 17
o Disorganized 1 1 - - - 1 - 1
u Spread - 2 1 1 1 1 1 -
-g. Sp.t seg. - - - - - - - -
3 Scattered - - - - - - - -
o ISc.+ seg. - - - - - - - -
= Clumnped - - - - - - - -
all - - - - - - - -
ormal 9 9 8 7 5 8 6 8
% isorganized 1 - 1 1 1 1 - -
& oluar - - - - - - - -
& [Apolar - - - - - - - 1
5 Apolar+iseg. - - - - - - - -
Normel 8 17 13 16 9 15 11 14
& lpolar - - - - - - - -
2 3lapolar - - - - - - - -
& Apolar+seg. - - - - - - - -
Prophase 62 51 62 59 64 L33 63 59
~ etaphase 20 k3 18 17 21 21 20 13
3 |ansphase 10 9 7 8 6 9 6 9
& |Telophase 8 17 1% 1.6 9 15 11 14
Mitotic index 6.3 6.2 b.1 5.5 7.4 4.1

5.5

5.0

Bi-,multi-
nucleate
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APPENDIX TAEBELE VI

PERCENTAGE LISTRILUTIuN UF MITUTIC LTuGES IN CUNTINUUGUS

TREATGENT OF PISUM SATIVUM

Time(hr.) 1 2 3 4 6 8 24
No. of slide 4 4 4 4 4 4 4
HNormal 20 22 16 18 15 24 13
c
] S pread — — — _ —_— — —
=) Segregated —-— - —_— - _— — 3
al |Normal 35 28 27 26 21 25 18
£lolspread 6 9 6 3 6 1 1
2| =|Segregated - - - —_— - - 3
o [Overcontracted-- —_ —-— - -_— 1 _—
o|Normal 4 2 2 3 3 3 3
- Spread 1 1 - J— _ 1 -
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