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FRONTISP] ECX
FIGURE

A. Prophase "reductionmal” grouping from untreated material.

B. Metaphase "redustional” grouping from untreated material.

C. "Scattered” metaphase with chromosome fregment from root
tip taken after four hours of continucus trestment with
40 prm solution of Acti-dione.

D, Split telophase from root tip taken six hours after
initiation of short treatment with 8 pm solution,

E. "Scattered” metaphase (c-mitosis) in whiech chramatids
have "fallen" apart, fram root tip taken after nine
hours of eontinuous treatment with 40 ppm solution,

F. Disorganized anaphase from root tip taken four hours after

initiation of short minute treatment with S ppm solutiom.

B
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Mary Elisadbeth Hawthorne

To study the nature, and possibilities of the origin, of the
eytological aberrations produced by the antibiotic Acti-dione in the
meristematic tissuss of onion root tips and to determine the thresh-
olds of toxic as well as of cytological effectiveness were the main
objectives of this investigation,

The meristems were treated with solutions of varying concentra-
tions ranging from 1 ppm to 80 prm continuously for twelve hours and
also for a 15 minute period followed by a distilled water leach. From
Feulgen stained smear preparations, a study was made of the various
types of division figures which appeared at hourly intervals during
the first twelve hours after treatment was initiated.

With the excecption of the oytologically ineffective 1 pmm shors
treatment, it was found that the first five hour period following the
initiation of treatment was the most critical period for the odbserva-
tion of the effects of Asti-dione upon this meristematic tissue.
Ultimately there was a genersal trend toward a reduction in the numbers
of division figures following the short treatment and an eventusal
stadility in these numbers in the continuously treated root tips.
Differences in the relative frequencies of the individual stages of
mitosis appeared depending upon the concentration end the method of
treatment. Evidence was found that the frequencies of the aberrations
in the different stages varied; the highest percentages cocurred in
prophase and the lowest in anaphase. The frequency percentages of the
several types of aberrations appeared to have been correlated with time

rether than with either the concentration or the method of treatment,
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No recoversbdle sberrations were found,

The possidbilities of the interrelatiocnship of the several types
of sberrations as well as the oytological and genetical potentialities
of each are discussed.

It was suggested that the threshold of toxicity may be very close
t0 that necessary for the production of the cytological aberrations
and the threshold of each may de found in some combination of concen-
tration and time bdetween 1l ppn and S prm and between O and 15 minutes,
It was concluded that Acti-dione appeared to have acted in a manner
similar to that of a slow £ixing agent with a differential effect upon
the nuclear and eytoplasmic conatituents of the cell and, as the degree
of ths fixation was increased, the several types of aberrations appeared.
Assuming this analysis of the observed mitotic bdreakdown to be correct,
the following postulates concerning the activities in normal mitosis
were offered: (a) a gradual formation of the spindle, (b) eytoplammiec
origin of, at least, some parts of the spindle, {(c¢) the possibility of
the origin of anaphase movements from some mechanisms erising within

the shromatids themselves.
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INTRODUCTI1ON

The cell may be considered a pivot around whioch the funstioms
of living organimms revolve. When oonsidered in this light, the
activities of the living cell assume such fundemental significancs
that one is stimulated to seek answere to unsolved diologicel prodlems
at the cellular level.

One of the intriguing processes of cells that, so far, has
defied analysis is the mechanimm of cell division. From observations
of the process and studies of fixed material eontaining dividing cells
there have evolved many hypotheses but few uncontestabls theories socn-
cerning the mechanisme involved. Since the stuldy of ancmalies has been
80 fruitful in other branches of diology this technique was adopted by
cytologists as a promising route toward a better understanding of these
perplexing mechanisms. Ascordingly, dividing cells have bdeen sudjested
%0 almost every oconceivadle type of chemiocal and physical treatment and
the effects noted. It is the basic assumption in this researeh thas dy
watohing the process break down ome ean, perhape, find same of the miss~-
ing clues t0o the mechanimms, either in terms of forces Or processes in-
volved, or in terms of a better understarding of the astivities of the
chramoscmes themselves. Innumerable investigators have pursued this
tack and the literature resulting from their labors is decoming inoreas-
ingly extensive. A camplete review of this previous work is beyond the
scope of the present report, but such an astivity would undoubdtedly

result in an sssemblage of fascts which, when placed side by side, might
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form the foundation of an entirely new hypothesis.

ror purposes of the orientation of the present researsh, a
summary of some of these investigations was prepared and will de found
in Appendix I. Same of the references cited there carry extensivs
bibliographies which should de studied defors the camplete picture
will be seen.

The unavcidable sudbjectivity that permeates this literature,
coupled with a complete lack of stendardization of terms, make the task
of the preparation of such a tabls a most difficult one. An observation

which ons investigatar may consider to be paremount in significancs an-

other may have neglected or overlooked entirely. In some cases it appears

that the same condition has been given different texrms. In this table

notations were made only in those cases where specific statements were

made concerning the particular condition. There is a more or less general

agrsement that the effects producsed are correlated with the comsentration
used. The table reports the cytologicel effects throughout the series of
concentrations used.
For purposss of this discussion some generslizations may be drawm
from the accumulated reports. The phases of this material that immedi-
atsly impinge upon the present research may be divided into two parts.
l. The gsneral results obtained fram other types of treatment.
2. The consensus of opinions concerning the nature of the mech-
anism involved in the bdreakdowns.
These diverse treatments, both chemical and physical, produse
results that may be classified into two overlapping categoriss: (1) the

mitotic disturbances; and (2) the chromoscmal aberrations.
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S
On the basis of the ultimate effects produced the mitotic dis~

turbances may be further partitioned into two sub-groupe: (a) Those
which can be perpetuated since the cells generally recover and continue
to divide according to a more or less regular pattern producing daughter
cells which carry on the new condition; (b) Those mitotie disturdances
the effects of which, at present, have not dbeen perpstuated since the
cells generally 40 not recover from the disorganization induced by the
treatmesnt. The first group would contain the polyploidizing esgents such
as: colohiecine (18, 40, 45, 70 and 99), cyslochlorohexane (33, 78, 06
and 115), veratrine (l44), scenaphthene (70, 79 and 99), and ehloral
hydrate (95 and 101). The second group would contain those sudbstances
which ere potentially ecapable of producing polyploidy, of inducinmg re-
dustions in chromoscome numbers and, comsequently, resulting in genetical
segregation. These potential polyploidizing sgents result in the condi-
tion that has now become known as "o--iton-."l In the absencs of the
epindle, the chramoscmes are scattered throughout the csll and the delayed
division of the kinetoohore results in the production of X-gshaped chromo-
somes. Eventually the shromatids may fall apart and restitution auclei
may be formed but, as previously mentioned, these cells generally do not

divide again. Thus they arc only potentially capable of produwing

1 "C-mitosis" is the term suggested by Levan (76) to refer to the
type of mitosis produced by colshicine. In this respect the term
implies the polyploid result. Since the appserance of cells follow-
ing other types of treatmente is prestically a duplicate of that
following colshicine but (as pointed out above) these eonditions do
not necsssarily lead to polyploidy, the term has now came to refer
to the two outstanding effects of colshicine treatment, namely,
spindle disruption accompanied by a delayed splitting of the kineto~-
chores of the over—-econtracted chromosomes.
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4
polyploidy. Tables I and II of Appendix I show the diversified types of
eshemicals that have been reported as capabdle of producing this action.
Same of these are: phosphates (52), nitrates (88), UDT (135), antibiotics
(143), salts of nucleio acid (69), othylene glyeool (107), toluidine blue
(8), certain monocsyclio organic oampounds (86), and certain anaphthelens
derivatives (88).

As previocusly mentioned the treatments which may result in mitotio
conditions which potentially may lead to the redustion in eshromoscme num-
bexrs and, .eonsequently, genetical segregation, ashould de placed ia this
aon-rescoverable category. The terms "reductional™ or “"segregational”
groupings are frequently used to refer to this situation (1, 63, 64, 113,
148 ot al). Because, at first he folt he had found an homology with the
regular method of redustion preceding the shange from sporophyte $0 game-
tophyte numbers, Huskins originally used the term "somatic meiosis™ ¢to
Tefeor to this situation (63). This type of effect is reported as sush
after the following treatments: sodiwm nucleato (63), colshicine (%), and
Acti-dione (148). The "exploded c-mitoses” of Harber and Callan (6) and
the "distributive c-mitoses” desoribed by Mybom and Knmussson (106) appear
t0 involve the same arrangement as that tormed adove "redustional” or
"segregational” groupings. On this basis scme chemiocals may be added to
the list of treatments that inerease the incidense of these arrangsments
of chromosomes in actively dividing tissue; such as methyl maphthoquinone
{106) and the nitrates (82). It should be pointed out here that decause
of this difference of opinion eomcerning their significance it is quite
likely that this effect has dbeen oOverlooked by some investigators, and
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-
that many more shemicals may de found $0 cause the same effect if later
workers are alerted to look for them,

Among the chramosome irregularitiss in Appendix I "stickiness,"
shortening, lengthening, erosion, and fragaentations are listed. OFf
these, probably the eroceions and fregmensations ars of greatest eytolog-
ical and genetical significance. One is impressed with the similarity
between the chemieal and phyeical treatmeate in produsing same of these
effects on the chromoscmes. Fragmented chromoscmes have deen reported
after treatments with the following chemicals: asenaphthene, 9-emino-
acridine and phosphene-85-G (34), methylene and toluidine dlue (8),
borneol (43), aitrogen mustard (105), rediophosphorous (44), and several
phenols (87 and 88). The same result has beed cdtained through the use
of the following physical agents: X=rays (87 and 180), fast neutrons
(57), and ultreasonic vibrations (103), It may be of interest to note
here that Levan and Tjio (87) pointed ocut that, unlike X-rays, the
phenols seldom induse translocation and reported that the damage saused
by the chemical in cutting shrough the chromosome thread usually does not
allow healing. Whether or ot this is true of other chemicals eoculd not
be discerned from the reports.

Numerous investigators bave attempted explanations of the mechanimm
of c-mitosis. Most of the work was bdased upon the assumption that, because
of the similarity in the appearances of the result, mechanism was similar
for all treatments and ccamon fastor in all treatments was the main objest-
ive in these researches. Both chemical and physical explanations bave been

proposed. On the chemical side, the early workers attempted to leara which
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8
part of the colschicine molecule was responsidle for the activity. As a

rosult of their work, Brues and Cohen (20) pointed out that, of the
varioty of molecular groupings which ocampose the colshicine molscule,
it was not possible to say that any single group is cssential for the
activity of colshicine on mitosis and because of this lack of specificity
urged an examination of other synthetio compounds of analogous strusturo.
Following this work, a large series of organic compounds was tested and a
great many reports appeared. A review of these earlier opinions was pre-
sented by Levan and Ostergren (86). Fram the latter survey one may deduce
that the diversified conclusions wero about as numerous as the investigat-
ors, and the astivity was attriduted to whatever particular variable the
worker happened to choose to vary. For example, the activity was asscridbed
to the aromatio nucleus by Simonet and Guinochet (127), to the smino group-
ings by Favorsky (47) and to some chemical structure similar to that of the
carcinogenic hydrocarbons by Shmuck and Gusseva (125). Finally, Steinegger
and Levan (133), working with iso-colschicine concluded that the “e-ring of
the colshicine moleocule is of decisive significancs for the specific astiv-
ity on Allium roots, bdecause if the keto- and methoxyl-groups of ring C
are iaterchanged, as it 1s in the case of iso=colshicine, the speeifis
effeot of colochicine disappears.”

A few explanations stem fram the basic assumption that a physical
mechaniam is involved in the produstion of s-mitotic activity. Altbhough
he assumed some changes of a more "qualitative™ nature to be present,
Wada (139) opined that the action of colshicine 1s mainly due to its
ability to reduce the surface tension of the "atrakoplasma™ and Shigenaga

{121) concluded that the spindle disturbances producsed by the various
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poisons, chloral hydrate, nicotine, and caffeine, operated in a manner
similar to that of hypertonie sugar solution, that is, Shey caused a
dehydration of the "kinoplamm™ (spindle or phragmoplast). It might de

of interest t0 note that doth of these latter ideas were developed from
observations made On living cells. As a great variety of chemicals of
widely divergent nature were reported in the literature as capadle of
inducing c-mitosis, Levan and Ostergren (86) noted that the vast majority
of these materials, which were most astive, were lsast soluble in water,
and bdegan working on a new hypothesis. In testing the alphes and deta
derivatives of naphthalene they found a definite positive, inverse eorre-
lation betweenr water socludility and the thresholds of c-misotic assion;
1.0., the latter insreased as the former decreased. This fast, coupled
with the wide divergence in the chemical nature of the c-mitotic sub-
stances, as well as the faet that many of the nareotics tested were found
highly effective, led them to the opinion that the essensial nature of the
c-mitotic astivity is physical and dces not depend directly upon the chwm-
ical composition of the substance. Because of the inverse sorrelation,
they arrived at the comolusion that fundamentally the assion of these
s-mitotic substances wae a narcotie ome and that the "Meyer-Overtom theory
of marcosis may hold in the cases of the c-mitotie substances, 1.e., the
decieive concentration of the substance may be that im the lipeids, not in
the water phase of the sells.” Ostergren (108) elaborsted upom this ides
and described the protein chain folding he delieved responsible for
spindle destructiom after the pemstrasion of the sudbstance. He resognized
that eolohicine does not fit into this hypothesis and because of this sug-

gested that some substances probably reect chemiocally.
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8
The observations that some Of these ¢hemicals, in addition to in-

hibiting the spindle, had other effects started some new lines of think-
ing. Kodani (69) noted, among the various effects of sodium nusleate
solutions, an imhibition of chromoscome reduplication and the formation

of akinetic fragmente. D'Amato (31), after testing s series of shemicals,
observed that two different effeots must be distinguished: (1) preprophase
inhibition and (2) an inhibition of epindle formation givimg rise to c-
mitosis. He was of the opinion that "the spindle-inhiditing effect, mani-
fested in typleal s-mitotie poisons, may dbe of quite different sort than
that by which preprophase poisons induce the e-mitotis effect.” Galinsky
(53) found that following the phosphate treataents the deviations from
normality were observed during prophase in the dalay of nuclear membrane
"'Wreakiown.” He pointed out that this effect had mot beea observed after
the use of the c=mitotic poisons. These substances had been reported to
pPermit mitosis to proceed normally (76) until metaphase when their specifiec
effect On the spindle mechanism was manifested. Ascordingly, he ooncluded
that, "the unoriented prometaphase chromosocmes must therefore imvolve
forees other than thoss associated with the oriesnted spindle mechanimm.”
A distinotion between the "mitotio poisons” of whioh colshicine was son-
sidered a type sudbstance and the "physiological substences” exemplified
by the nucleate salts was made by Allen, Wilson and Powell (8). Working
fram the chemical viewpoint, Loveless and Revsll (91) attempted to corre-
late the chemietry and modes of astioa of cortain of the different slasses
of oompounds that had been desoribed as having an effeot upon dividing
cells. They felt that the "mitotiec poisona” could be classified into at

least three distinct slasses each of whioh would show a chemical
a
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homogeneity eorrelated with biological activity: (1) eampounde nown for
some physioclogical activity which include the bdasteriocstatic and anti-
protosocal agsnts and anti-growth substances of plant origin which exert
e highly toxic, nom=-specific effect upon the cell, (2) the vesicante,
such as sulfur, nitrogen mustards, 4i-epoxides and protoanemonin, whieh
have e highly specific effect upon the resting nusleus which is mani-
fested in sudbsequent mitosis by the appearance 0f breakage and rearrenge~
ments of various kinds, (3) the ecmpounds capable of destroying or pre-
venting the formation of the mitotic spindle without undue toxic effect
upon the cell, sush as colshicine. Hence, the question of the underlying
mechanism of c-mitosis remains unanswered, and will prodadly coatinue to
be unsettled until the underlying issues related to the modes of opera-
tion of the several treatments are first deocided upon.

The objective of these previous investigations was primarily the
determination of the type of effect produced by a particular chemiecal,
the chemical group, or raiical responsidle for the reactiom. The
"effective”™ concentration threshold was stressed. The teshniqus for
determining this threshold essentially involved the application of the
chemical for an established period of time., Among the several investi-
gators the time period varied. For example, four hours, twelve hours
and three days were the established times for examination of test material
et the Cysogenic Laboratory at Svalof (1S1). This was the standard pro-
cedure for Levan, Ostergren, Steinegger and all workers at that station.
The Wisoconsin group mention exsmination of their material at "various
tines” (52 and 69)., Hence, the bulk of the present literature contains

reports of observations made on fixed material after comtinuous treatment
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with diverse chemicals at varying conceantrations amd examined after

rather wide intervals of time.

Some investigators have bdeen studying the effecte 0f chemical
treatasnts on living tissue (100, 121 and 139). In this research,
stamea hairs or young petal cells, fram the duids of Tredeseantia sp.,
provided she dividing cells for the work. Although these experiments
have resulted in some very interesting obdservatioas, in using this
technique, the worker is limited t0o the reactions of a single cell at
any particular time and, of sourse, is encumbered by optical limita-
tions when making deductions from unstained cells.

This is & report of a detailed quantitative analysis of the eyto-
logical effects of a single chemical, the antidbiotie, Acti-dione. In
a preliminary report of odbservations made aftexr 24 hours exposure t0
100 parts per million, Wilson (143) showed that the effects of this
sudbstance run the gamut of aberrations produced by most other chemioals.
Accordingly, he stated that this "is one Of the most interesting anti-
biotios Yet investigated since it reedily and consistently induces spe-
cific aberrations in mitotic behavior.” For this reason it was selested
for this study.

By verying not only the conscensration, but also the time of treat-
ment, and by studying the effects produced in sequential periocds of time,
particularly in the eritical early interval after exposure, it was hoped
that data could be obtained that would give some speocific clues concera~
ing the origin of some of these aberraticns, and would yield some infor-

mation eoncerning the nature of, if not the mechanism involved in, these
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irregularities. More specifically, by a quantitative study of the
sberrations it was hoped that it would de possidble to learn whather or
not any specific relationship existed between the osccurrencs of the ir-
regularities and such fastors as the concentration, the time and the
method of treatment. VWith these data available it was thought that it
would be possidble to define, in terms of comcentration and time, a par-
tiocular threshold at which recoveradle aberrstions might be obtained.
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MATERIAIS AND METHODS

The fungicidal ansibiotic Acti-diome (137 and 141) produced by
Streptamyces griseus (49 and 73) and used in this series of investiga-

tions, was obtained through the eourtesy of the Upjehan Cempany,
Kalsmazoo, Miehigan. With a melting point of 1135 - 115°C. and a solu-
bility of 21 mg./ml. at 2°C. and betweea 25 to 30 mg./ml. at room Semp~
ereture, it bhas a chemiocal formula as follows:

E o o U
GN‘-T/ \c“ -:'u-Clla- CIH \clno
|
CcH aM "'! -
()

The root tips developed from the common commercial yellow variety
of Allium Cepa L. provided the meristematic tissue for the study of the
eysological effects. JFor prastically all of the experiments inslwied in
this report, the bulbs were obtained from a single orop produced by Mr,
Emil Pontack of Elsie, liehinn.l

1 Three seriss 92, 95 and 96 had been campleted before the Pontaok
onions were obtained but this supply was exhausted in subsequent teats
50 1t was not possible to duplicate them. However, since éuplicates
of these three series produced gonsistent results it was sonsidered
unnecessary to repeat these treatments.
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In the earlier series the bulbs were rooted ia tap waser and the

treataent solutiocns were prepared with distilled water. After treat-
BRent and a thorough washing with distilled water, all onions were then
Placed in distilled water which was changed every hour for the resovery
tests. lLater, the onions began %0 produce fewer and fewer roots in the
tap mater rrovided in the laboratary and it beceme necessary to change
this teshnique samewhat. After testing water from a variety of sourees,
1t was found that asrated distilled water was the most suscessful root-
ing medium, Ascordingly, this prosedurs was used for all the subsequent
series., The rooting medium and the treatment that followed is shown in
Tadble I.

TABIE I
ROOTING MEDIA AND SUBSEQUENT TREATMENTS OF THE VARIOUS SERIES

TAP WATER AERATED DISTILLED WATER
Series Treatment Series Treataent
PP Duretion PR Duration
145 & 17¢4A 1 Short (18 mia.)
138 & 1888 O Shors (18 mia,)
98 20 Short (15 min.) 140 20 Shorts (15 min,)
96 & 120 40 Short (15 min.)
118 & 122 80 Short (15 min,)
148 & 182 ) § Continuous
1359 & 158A . ] Continuous
188 20 Comtinuous 134 20 Coatinuwous
95 & 125 40 Continuous
102 & 113 80 Continwous
126 40 Intermittent 1395 40 Intermittent
(13 min./s8 hrse.) (18 min./1 hr.)
127 Untreated 138 Untreated
(Conseeutive hrs.) (Consecutive bhrs.)

1378 Untreated (Same k».)
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MaocFarlane and her oco-workers (93) stulied the effects of water

source on the taxieity of some mereurial poiscms. They reported that
the transfer fram tap to distilled water retarded growsh of the ocaion
root tips and proved fatal scmetimes unless the change was made through
mixtures of the two waters. In addition, they pointed out that almost
any suddea physicel ehange in the mediwm impedes growsh,

In numerocus tests conducted in this ladoratory all sorts of water
combinations were tried in the general procedure patterm of rooting,
treating and lsaching after treatment., So far, no appresiadle 4iffer-
ences have been Observed among the numerocus somdinations investigated.
It must be pointed out, however, that in these studiee a transfer from
either tap water or treatment solution directly to tshoroughly distilled
water was not made and hence, the poesidility of the physical shoek of
suiden change in water alone can be eliminated. In addition, the dis~-
tilled water availadle in this ladoratory is once distilled in a metal
still and is Dot eompletely free of all ions.

Since the roots tolerated more poison in "rew” water taksa defore
purification in the water works, MacFerlane soneluded that the imbalansce
of fons in city water plays an importans role in dedilitating the tissues
and urged that the tonicity effeocts should be taksa into eonsideratiom
in the intereet of the standardisation of the Allium test.

It will be Observed in Teble I that, in this investigatiom, for
those eeries in whish the greatess dilutions were tested, onioms were
used which had been rooted in asrated distilled water. For the 20 ppm
concentrstion there was one series of each type. Refereace to Appendix

II, Tables S and 8, will reveal that the results odbtained from the onioms
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rooted in tap water were coaslistent with data odbtained from those rooted

in the distilled water. In the higher sconcentration series the transfers
were made fram tap water to 40 and 80 ppm solutions. Ome control series
for eash rooting medium is included ia these results. In the highest
dilutions (1 ppm and 8 ppm), rooting, treatment and recovery solutioas
were prepared from distilled water thus precluding the poesibility of a
distortion of results by tomisity effects.

A more Oor less standard method of procedure for the treatmentss was
used, For rooting, the bBulds were arranged oa small glass comtaimers in
such a manner that from one~fourth to ome-half imch of the duld protruded
into the rooting medium, When roots were from ons and one-half to two amd
one-half inches in length the root tips were examined and, if high misotic
activity were in evidence, treataents were starsed by plasing the young
roots in the treatment solution and supporting the dulb over the soamtain-
. When treatments were campleted all Duldbs were placed over distilled
water which was changed every hour and a cheek for recovery of the
tissues was made.

Root tips were colleocted in a three $0 one absolute alsohol-asetic
e01d4 mixture, fixed for fifteen minutes st 60°C, hydrolised in ome mormal
hydrochloris ascid for eight to ten minutes, stained with Feulgea's stais
and smear preparations made. After dehydratiom in a 95% ethyl alsobhol
%0 which a little fasts green for counterstain had been added, the slides
then were made permanent with diaphane.

A stock solution of 100 pym was prepared by dissolving the powdered
Acti-dione in distilled water and kept refrigerated until time for use.
When dilutions from the stock solution were prepared, care was taken that
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the treatment solutions assumed room temperature dbefore the roots were
placed in them.

A preliminary series of experiments were oonducted in which the
root tips were colleocted every fifteen minutes and exmmined. Counts
aade on these elides indicated that this interval was t00 short to re-
veal changes occurring and it was decided that during the course of the
further series the root tips would de eollected every hour. It was
further decided, as a result of these exploratory \utn. that two main
types of treatments would be followed for the detailed, eomparative,
quantitative study: (1) a short treatment in which the young roots would
be exposed to the test solution for a period of fifteen minutes and then
transferred to the leash water and (2) a eomtinuocus treatment in whieh
the roots would remain in the solutiom for a period of twelve hours.
For each of these, two types of treatments concentrations of 1, 5, 20,
40 and 80 ppm were used. JFor purposes of comparison, two intermittent
series were included with the comncentration of 40 pmm for fifteen
minutes out of every hour and also the same period every two howrs.
When it was found that these two series produced results similar to
those of the coantinuous and short treatments respectively, they were
abandoned.

Early investigators have reported a periodicity in the mitotie
cycle in onions. Lewis (89) concluded that under conditions of normal
light and dark, there were two waves of mitotiec astivity, the maxima of
which came at midnight and at noon. Kellicott (86) was of the same
opinion but set the maxima at 11 P.M. and 1 P.M. Frissner (51) reported
that the marima and minims depended not upon the time of day but rather
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on the time of initiation of metadbolic activity. These oconclusions

were reached after odservations were mede of samples taken at two hour
intervals. As & result of their investigation in which root tips aof
Allium wera eollected every hour and the numbers of division figures
for a predetermined area were counted, Solomcn and Treant (130) con-
cluded that under normal conditions of day and night, there were no
definite waves of mitoses dut rather an hourly rhytimiecity of mitosis
in this particular plant. Their graphs show maximal mitotic activity
at 5 AM,, 8 AM,, 10 AM, and 8 P.M,

In order to determine the regular mitotic pattern of the root
tips treated in this series of experiments, three types of controls
were set up. (1) A consecutivs hour control for which root tips were
taken from an umntreated onion at the same time that they were colleoted
from the treated buldbs. (8) An individual root eontrol which was pre-
pared by taking 85 root tips from the same onion at the same hour and
preparing the slides. From this group, twelve slides were selected at
rendom for the study. (3S) A series control for which & sample was
taken just before the roots were placed in the treatment solutions.
The deata from all these eontrols are included im Appendix II. Sinece
the variation among the roots taken from the same onion at the same
time was even greater than the varieation among those taken at consesu~
tive hours the significance of mitotic cyoles may be minimiszed.

Throughout the entire investigation the onions were kept under
normal conditions of day and night. All experiments were conducted at
room tempereature, and, although this fluctuated a littls, the variatioa
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was not great enough to have had any appreeciable effect upon the re-
sults. During the course of the research ths duldbs were started at
various hours of the day and night, and the root tips were checked
before treatment for high mitotiec astivisy.

After the preliminary, exploratory experiments, in whiech the
various types of sffects were observed, discussed and categorised, a
standard deata sheet was prepared. Tadle II, page 19, 1s presented as
a semple of the recording method.

JFor eash set of treatments two root tips were taken every hour
and placed on separate slides. In order t0 reduse the sudbjective
element, one slide for every hour of eash treatmsnt was sounted by
Dr. G. B, Wilson, the direstor of this researscsh, and the duplicate
elide by the writer.

The procedure for counting was standardized bdetween the two
observers. Eaoch slide was placed on the calidbrated mechanical stage,
the count was started at a conssant, predetermined poiat on the verti-
cal axis and this reading recorded on the data sheet. Comsecutive high
powered fields were counted from edge to edge of the 28 x 228 mm cover
slip and these totale are recorded in the tabdbles as "axis” totals.
The vertical axis was increased by one unit sasch time and the count
continued until a total of approximately 100 division ncuronl wore
obtained from each alide. In the slides where the 100 figures were

schieved in the middle of the axis, the count was continued until the

1 ihere was ome sxception to this: in crder t0 equalize numbers
in the case of the untreated buld in which several roots were col-
lected at the same hour 200 division figures for eech slide were
eounted,
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readings on that axis had bdeen ocompleted. In those casee where, in

the later hours, the division figures were lees nummerous, it was fre-
quently necessary to0 g0 back over the slide and taks readings at the
one-half unit intervals. In several cases duplicate counts were made
fram the same elide to check omn the consistency of the results. Sum-~
maries wers prepared of the two sets of readings and these are pre-
sented in Appendix II, Since two slides of the root tips taken at
hourly intervels in two series of esach treatment were prepared and
counted and this data later combined, the hourly percentages and aver-
agee in most cases were based on totals ranging from 450 to 500 sells.
It 1s readily recognised that, aside from the subjective element
menticned above, two factors may influence the counts: (1) the even-
ness of the distridution of the material and (Z) whether or mot the
most actively dividing areas of the meristem happen t0 have fallen with-
in the predetermined area of the count, However, since it can be
assumed that all areas of the root tip have an equal chance of being
evenly distriduted within the predstermined area of the count, it ie
believed that this technique may be used to obtain an indicatioa of
trends and should be interpreted ascordingly. Sinss, for the most
part, the several series upheld, within reasonable limits, under the
consietency test, it was felt that the influence of these two factore

in distorting the picture could be minimized.
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OBSERVATIONS

Qualitative Aspects

The various types of oytological effects on the onion root tip
neristemns of the Aoti-dione treatments can bde seenl by examination of
the plates. Yor purposes of ecmparison, Plate I was prepared. It eoma-
tains series of mitotic figures which illustrate what is generully eon-
sidered as noamally organized figures. The lateral view of a prophase
in Pl. I, Fig. A, shows the chromosomes as they reappear with their %elo-
phasie polarity (Pl. I, Fig. E) retained since the previous division. AS
this stage it is thought (136) thas, at the kinetochores, they are ssill
in eontast with the nuslear memdrane even though, "eocmsiderabdle shifting
may take place as the cshromosome arms, whieh filled the nuslear space,
come t0 lodge thamselves more Or less sgainst the membrane.” In the
polar prometaphase (Pl. I, Fig. B), the contrastion of the chromosomss
is approximately sampleted and their positions just prior to the meta-
phase plate aligmment (Pl. I, Fig. C) are shown., JNormal anaphase sSepa-
ration, 1.e0., kinetochores first, ean be seea in Pl, I, Fig. D, while
later stages of anaphase movement appear ia the two following figwres
(Pl. I, Figs. E and 7). This movement is campleted in the early telo-
phase of Pl. I, Fig. G. The recrganisatioa of the daughter nuslei,
initiated in Pl. I, Fig. H, 1is completed in the two sets of adjacent
eells in Pl. I, Mg. I, where two imterphase nuclei can be seet lying
to the right of the late telophase stage.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



32

The oytologiocal effects of the Asti-dione treatments may be sudb-
divided into two major categories: (1) those whieh are primarily of
interest decause of their eytologieal and genetical potentialities and
(2) those which reflect varying degrees of toxieity.

At the outset, it must be pointed ocut, that the cytological aber-
retions shown ia the plates may de found as sampareasSively rare ocecwurr-
ences in the untreated material (See descripsiom of the plates). Nurther-
nore, with the possibdle exsception of those toxicity effects which invari-
adly develop after long periocds of eontinuous Sreatmens, and with the
higher eonsentrations after treatment for 15 minutes, no partisular aber~
rant figure can be said to bde exslusively the result of a siagle type of
treatament, their cocurrence being more ¢losely correlated with time than
with conscentsration. These quantitative aspecte of the prodlem will dbe
discussed more fully later after a survey of the several types of effeets
has been made.

There are two main sypes of effects of partisular cytologieal in-
tereet. (1) The organized figures which give the appearanse of having a
partially inhibited spindle and which, depending upon the degree of
spindle suppression, can probadly retura $0 the normal condition in the
succeeding stage. (2) The disorganized figures which reflect total in-
hibition of the epindle mechaniam and which ordinarily seem unable $o
return to the normal patterm im that partieular divisiom.

The single type of organized figures are those which bhave been
called "reductional” groupings. A series of cells oontaining “redustiosal
groupings are assembled in Plate I1. In general, shese sonfiguratioas
ccourred most frequently in the early period after treatment, i.e., abdbout

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



four hours or less.

Probably depending upon the mitotie stage of the cell at the tims
the Asti-dione bdecams effective upon it, there are two possidilities of
the origin of these "redustional™ groupings. In the first place, it 1s
possible that these separations, in same cases at least, may develop from
"aormal” figures. JFor example, the metaphases shown in Pl. II, Figs. C
and D may have developed from an inhibition of the middle section of a
normal spiandle, and, likewise, the split anaphase im Pl, II, Fig. ¥ may
have followed a normally organized metaphase plate by a dismruwption of
the usual by-polarity of the spindle. By the same toksn, the split in
Pl. II, ¥ig. H telophase may have ariginated during or after normal ana-
phase movement.

On the other hand, it seems equally plausible that, depending wpoa
such fastors as the sizne of the cell, width of the gap, and the orieata-
tions of the groups of ehramoscmes, the separstioa may be retaianed through
subsequent stages of the division and thus a divided metaphase plate
(P1, II, Fig. C), which may have originated from a prophase "reductional”
grouping (Pl. II, Fig. A), may, in turm, develop into split enaphase and
telophase figures (Pl1. II, Fig. F, G and H),

These "reductional” groupings involved either equal (Pl. II A,
Frontispiece A) or unequal (Pl. II, Figs. B, C and D; Froatispiece B)
ohromosome nwmbers. In addition, metaphase plates were observed in which
the groups of chromoscmes had either similar (Pl. II, Figs. C and D) or
dissimilar orientatioms (Frontispiece B). This orieatation may de &
factor in determining whethser or not she separation would dbe maintained
in succeeding phases Of the division. If the two sections of the splis
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plate are properly oriented (Pl., II, Figs. C and D) 1t is quite possidle
the gap bdetwesn the ehromosome groups may be closed (parsicularily in
smmaller cells) as they proceed shrough the nsxt stage forming e normal
late anaphase (Fl, I, Pig. F). In the cases where the divided groups
have different orientations (Fromtispiece Fig. B), it seems logical to
assume that the separation is more apt to be maintained in the later
stages. A eamparisom of Pl., II, Fig, ¥ with Pl. II, Figs. H and T will
illustrate this point. The wide separation between the upper groups in
the first figure may be maintained so that the following telophase may
appear similar to, or perhaps evel more acsentuated than, that showm in
Pl. II, Frig. H. Furthermore, depending upon the sise of the intergroup
space, as well as the size of the cell, the gap may either remain sepa-
rated or be closed during telophase as showm in Pl, II, Fig. I. If the
latter ocours ths result will de a return to the regular shromosome
number. If the gap persists, however, three nuslei would bde formed, one
with the regular and two with reduced chromosome numbers. These muclel
night present the appearance of a triad such asg that illustrated in
Pl, VI, rig. D,

Bvidence that redused nmuclei can be formed in a few cases follow-
ing unequal separatiocns was found im the Occasiocmal ogcurrence of unbale
anced late telophases (Pl, V, Fig. I), of binucleate sells with nuslei of
unequal size (Pl. VI, ¥ig. C) of trinucleate cells (Pl. VI, Fig. D) and
the very rarely occurring reduced cells (Pl. VI, Figs. E and 7). The
latter were found in the material takenm too soon after treatment $0 have
been the results of the Acti-dione influwsnce and more than likely repre-

sent two maturally ocecurring “"acsidents.”
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In Summary:

l. These "redustiomal™ groupings were charasterized dy the
presence of elements of organization,

2. They may have developed fram the normal comndition at any stage
in the mitotie eycle.

S. The separations involved both equal and unequal awmbers of
ehromescmes.

4. The separated groups had Hoth similar and dissimiler orieanta-
tions.

S¢ Depending upon such factors as sise of the esll, the orienta-
tion, and the width of the gap between chramoscme groups the separations
may or may not have been retained.

6. As far as this study is concerned they generally resulted in
the produstion of nuclei which had lost their ability to divide.

Two types of disorganized figures that appear t0 have resulted from
the eamplete inhidition of the spindle, namely, the “segregatiocsal” group-
ings and the "scattered” arrangements may be recogniszed. I1n this report
the term "segregational” group is used to refer to those disorganised
Plates in which the chromosomes havs been separated into two groups. Ia
contrast to the organized "reductional™ groupings which are most eharacter
istically found in the early hours after the beginning of treatmeat, these
more disorganised figures were found more frequently in the later hours
after the initial exposure to Asti-dione.

Plate III eontains a series of these "segregational” groups. In
Pl. I1I, Pig. A and the upper cell of Fig. B, equal numbers of chramo-
somes have been grouped. The separation of the coastituent ohromatids
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started in Pl, I1I, Fig. C has deen eompleted in P1, III, Fig. D. It
will be observed that this movement differs from the normal type, in
which the kinetochores move first (Pl. I, Fig. D), since bere the shrom-
atide appear t0 havs merely fallen apart. In the adsence of an orienta-
tion mechaniem, it ie highly probadle that they may remain more or less
close together with the result Shat eash group of ¢hramosomes may become
insluded in a single nuslsus. If the daughter nuclei are formed in this
manner, the return %0 the origimel shromoscme number will follow with
the possible result of genetis segregation without a reduwctiom in shromo-
sOme mumber.,

An unequal (10-6) numerical separetion of one of these disorgan-
1sed figures 1s 1llustrated in Pl. III, Fig. D. The possidle gemetical
significanse of this will be discussed later.

Ia Sumsary:

l. These "segregational” groupings may be said to 4iffer from the
"reductiocnel” type in their lasck of organisation, in being inscapable of
returning to the normal division pattera in the next phase of divisioa,
in being found more frequently when & lomger period of time has elapsed
after the beginning of sreatment and in affecting segregatioan without
redustion in chromosome aumbers.

Examples of the second type of disorganised figures, i.e., those
to which the term "scattered” arrangements has been applied are shown im
the figures of Plate IV and Frontispilece Figs. E and F. They are of par-
ticuler significance because, potentially, they may lead to the polyploid
conditiom.

From the observations it appears that this disorganisation may ocour
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at either prophase, metaphase or anaphase of normal mitosis. Fl. IV,

Fig. A, shows the results of a prometaphase disruptionm (Cf. Pl. I, Fig.B).
It is quits possible that these prometaphase disorganizations may have
developed from "affected, non-segregated” prophases such as that shown
in Pl, V, Fig. C. Neglecting the possidility mentioned adbove, of groups
of ohromoscmee segregating, there are two possidilitise of sudbsequent
develomment of these disorganizations. In the first place, the prometa-
phases may give rise to "scattered” metaphases (Pl, IV, Figs. B and C),
Also characteristic of these “"scattered” metaphases 1is the delay in the
splitting of the kinetoohore as shown in Pl. IV, Fig. D. However, eveat-
uwally the eplit may oscur, the chromatids appear to fall apart (Pl. IV,
Fig. ¥ and Frontiepiece Fig. E) and, for a time, lie parellel to one an-
other. If thess chromatids should "drift"” apart the result ocould de the
disorganized anaphases such as shomm in Pl, IV, Figs. H and I and Front-
iepiece P. Eventually all of these shromatids may be inscluded within a
single nucleus and in this manner the polyploid eondition is sstablished.
This has been shown t0 have been the sase after treatment of onion root
tip meristems with colohicine (76). The second possidbility for the sub-
sequent disposition of these disorganised prometaphases, especially of the
type shown in Plate IV, Pig. B, and also of the “scattered™ metaphases,
such as figured in Pl. IV, Fig. C, sametimes became "sticky"” amd appear
to fuse together at the ends resulting in a "clumped”™ metaphase such as
that shown in Pl, V, Fig. F. IEventually the whole group of chramoscmes
contrasts giving rise to a restitution nusleus, whiobh, depending upon
whether or not the chromatids separate may or may not bsocome polytene.

It is poseible that sametimes the disorganization may take plase
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during metaphase. This appears to have occcurred in the figure shomm in
Pl. IV, Tig. E. In this case, because of their appararent aligmment at
an equatorial plate, it seems logiocal t0 assume that the spindle inhidbi-
tions must have cocurred after the chromoscmes bhad maneuvered to their
“"normel”™ metapbase aligmment. Evidence of the odbstrustion of the spindle
Bechanism may be found in the fast that the chromatids appear $0 bave
fallen apart and lack the orientation of their "mormal®™ separatiom (Pl.I,
Fig. D). These cells may follow either of the patterns ocutlined above
for division figures affected dwring prophase.

Spindle inhibition may also occocur in an early anaphase cell such
as shown in Pl., I, Fig. D, Assmming that chramatids separated in a
normal manner, i.e., kinstochores firss, and then the spindle ceased to
function, the oriented chromosomes may then “drift™ in all directions
and prectically f£ill the cell, in a manner shown in Pl. IV, Fig. G.
This situation may result in the polyploid condition in the same manner
as that desoridbed adbove for the unoriented chromatids that arise from
the falling apart of "scattered” metaphases. It is equally reasonsble,
however, that there may be & oclumping into more than ome group with
nuslei formed from each group and, as a result, bi-mwsleste (Pl. VI,
Tig. C) sri-nusleate (Plate VI, Fig. D) or even mmlsimucleate ocells de
formed. Nuclei formed in such a manner would be ameuploid,

These "scattered” metaphases ocourred in the highest frequensy
after exposures to the higher concentretions im both types of treatments.
Furtharmore, there wWas nNo recovery from any of the treatments in which

the "soattered” metaphases approximated 100% of the total metaphases.
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Sinse, in this investigation, nsither polyploid nor aneuploid cslls
were found that soculd havs ocourred as a result of treatasnt, it may
bs assumed thas, under the conditions provided by the leech water,
thers were farmed restitution nuclei, whieh varied in their chromoscome
oumbers and whieh d4id mot divide again. |

In Susmary:

l. These disorganized figures reflect complete imhidition of
the spindle.

2. The 4disorganization may occur at prophase, metaphase Or ana-
phase stages of mitoeis.

S. Sudbsequent develomment of these disorganized figures prodadly
depende npon that stage &t which the disorganization occcurred.

4. Like the "segregational™ groupings these "scattered™ figures
are found more freqQuently in the later edservation periods,

S. Reversions to "reeting” sonditioa ccourring when cells whish
have been affected in the early stages of mitosis result in the formatioa
of restitution nuslei which may sometimes de polytene.

The toxieity effects Of treatments may be sub-divided into three
categoriss: (a) those which appear te affeet the nusleer membrans, (b)
those which seem to affeet the matrix resulting in a ochromescme "stioki-
ness” and (e) deterioration of the nuclear comstituents leavisg only the
spiral strusture. Examples of these variocus texie effests are showm in
Plate V and Troatispiece Fig. D.

Celle in whish the nuslear membrane appears to have been affected
are showa in P1. V, Pigs. B, G, D and E. When affected in prophase, 1t
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appeared that the membrane may bhave beet retarded in its astivity while
the chromoecmes ecatinued to proceed through their regular morphological
ehanges. Iater the membrane appeared to have eoatrasted drawing the eoa-
tents of the nucleus into a tight dall. AS this stage it is referred to
Qs "necrotic” in shis etudy. In Pl. V, Fig. B the ehromoscmes seem to
have ashieved almost their metapbhase appearanse while etill ocosupying
their early prophase position (Cf. Pl. I, Fig. A). In Pl. V, Fig. C the
chromoscmes bhave reached their metapbase length dut they appear to de
"held” insids the nuslear membrane, and ia addition, some have lost their
normal orieatation as showmn in Pl. I, Fig. B. It seems quite reasocnable
that nuslei of thie type may revert to interphase in & mamner siailsxr to
that shown in Pl. V, Fig. D. Evensually the nuclei of the typea shewm in
Pl., V, Pigs. B, C and D coatract drawing the csontents of the nusleus to-
gether and the "mecrotio” comdition results (Pl. V, Fig. R). These
"necrotic” nuslei sometimes may arise by reversions of "scattered” meta-
phases by way of the "stickiness™ of chromoscmes as showm in Pl. V,

Fig. P. Stages of this reversion bave been observed in this study.

The second toxic effect mentiomed above appears to involve a
liquifestion or dissolution of the matrix and the ehromoscmes develoy &
"etickiness” manifested by their apparent fusions, firet at the ends and
later at points along their leagth. This type of toxis effect is 1llus~
trated in the metapbase plate of Pl, V, Fig. ¥, in the anaphsse of Pl. V,
Pig. G, and the telophase of P1, V, Fig. H. There is also some of this
“gtigckiness” evident in the split telophase of Pl. II, Fig. G. In the

ecase of the unequally separated telophase groups of Pl. V, Pig. I, 1t
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seems probdadle that this situation could have arisen from clumpings re-
sulting from "stiockiness” in a disorganized anaphase. It is possidle
that such a figure might result in a bdi-mucleate cell such as that showm
in P1. VI, Fig. C.

The deterioratioa of the nuslear oconstitusents is a third type of
toxis effect Observed in the course of this study. The spiraled ¢hrom-
onemata alone appears %0 be resissant to this, and as a result, in the
sells affected in this manner often the spirel strusture deocomes evident.
Frontispiece Fig. D and Pl. VI, Fig. G contain telophase figures in whiech
the spireals are evident. The interphases ahown in Pl. V, Fig. A give an
indication of what happens whea toxic oconditions manifest themselves at
this stage. Here it appears that the constituents of the nusleus have
deterioreted until only the umcoiled chromonsmata remained giviang the
mucleus a "thready” appearance not unliks that of the xygotene nusleus.
These interphases are quite typical of the later hours after treatmeat
with higher concentrations.

In Sumary: The following were ocnsidered as indjcations of toxie
conditions.

l. Interference with the nuclear membrane and eveatually sauwsing
a oontraction of 1it.

2. Chromosome "stickiness” manifested by fusions, by stranis ex-
tending from chromosame groups and by unequal separations.

S. Disintegration of the contents of the muscleus and/or the

chromoscme BAYrix in dividing cells.
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A group of miscellaneocus observations, most of which are eom-
paratively infrequent, compose FPlate VI, With the exception of the
binucleate (Pl. VI, Fig. C) and the trinucleate (Pl. VI, Fig. D), the
figures in this plate may bde said to have deen odbserved only rarely.
These figures, as well as the reduced cells (Pl. VI, Figs. R and 7)
have been discussed.

The polyploid amaphase (Pl. VI, Fig. A) ccourred in a root tip
taken three hours after exposures to 1 ppm for 15 minutes. Since suffi-
cient time hed Dot elapsed after treatment, this could not be attriduted
to an effect of Acti-diome. It is significant in this study as an indi-
cation that, occoasionally, polyploid cells are provdused in the "normal”™
sourse of eveats.

Another occasiomal observation was chromoscne fregaentation
(P1. VI, 71g. B and Froatispiece Fig. C). Sinoce these fragmsnted chrom-
osames appeared 80 rarely in the slidea, it seems most likely that they,
like the single polyploid cell mentioned above, also may have been
“natural” acecidents.

A destrustion of the late anaphase or early telopbase polarity and
consequent separation of thse chromosomes may have been responsidle for
the peculiar telophase shown in Pl., VI, Fig. G. It might be of interest
to note that this figure contains an indicatioa of toxieisy in the revela-
tion of the eo0il structure.

The cell in Pl, VI, Pig. H may be classified as s sort of "tran-
sitional” metaphase. It appeared in a root tip which was takea after

three hours exposure to 80 ppm of Acti-dione and appears to reflect a
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transition between a split metaphese and a eompletely disorganized

one. The delay irn the splitting of the kinetochores seemed to as-
company the obstruction of the spindle and this delay 1is evideat in
the figure. It seems reascnadle, therefore, that there may have deen
a partial inhidbitiocn of the spindle at first and the split metaphase
developed, that this was followed Dy the suppression of the astivity
of the remainder of the spindle. As the split metaphase started to
fall apart the root tip was removed and fixed and thus the ¢ell was
caught in a stage transitiocnal between an organised split metaphase
and a disorganised arrangement of either the "segregatiomel”™ or
“scattered™ type.

The lack of orientation of the chromatids ie an indicatioa of
the disorganization in the eell in Pl., VI, Fig. I. Because of the
clumping in the center, it was impossibls to eount the ehromatids
emassed into the group, dbut there appeared t0o be a redused mmber.
On this basis it is interpreted as an unipolar asaphase of a reduced
cell, However, because it appesared in a root tip taksa only two hours
after exposure to 30 pym of Acti-dione, only the disorganization, and
not the reduction, may be considered as a result of the antibdiotie
treatment.

In Summary:

1. Polyploid cells, fregmentation of chromoscmes, reduced
cells and tramsitional stages between tbe several ocategories de-

scridbed were very rare osourreiices im the obdeervatioas.
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Quantitative Aspeocss

The results odbtained in the quantitative aspests of this stuly
are presented in the tables of Appendix II. For purposes of presente-
tion the data will be grouped into two categories: (1) Those whish
reflect the general effects of the Acti-dicne on the mitotis cycle and
includs a consideration of the total nmbers of divieion figures as
well as the camparative frequencies of the individual stages; (%) Those
which indicate the more specifiec effects of the treatment as manifested
by the coeurrences of each of the types of aberrations discussed in the
preceding section. The sombimed results of the first five hours as wll
as the hourly variatioms of the effects Of the Aocti-dione treatments
will be compared. I1n several series of treatments, (particularly the
short) after a period of five hours, there were insufficient divisioa
rtmool found in the entire elide to odtain the minimum couns of 100
(Appendix II, Tables 1 through 15), Therefore, a comparison of the
cambined results of all treatments may only be made on the bdasis of the
first five hours after exposure. Accordingly, to equalise the data for
sush a campariscn, separete Tables III, IV and V have been prepared.

A. Censral Effects of Acti-dione
The average numbers of division figuree per txu' obtained from
the comdimed data of the fires five hours are showm in Teble III. Whea

l'nnroulcr is referred to Pl. I, Figs. A through H to observe
the ramge within which the cells were comsidered as being in the
state of division.

2 wpoxis” refers to the eonsecutive series of high powered fields
taken from eodge t0 edge of the eover slip.
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the results from all untreated material are examined, (Appendix Tables

26 through 868C), it will be observed that 16114 division figures were
found on 986 axes giving the average of 17.8 dividing cells per axie.
Thie campares favorably with the mean (20.35) of the uatreated roots
taken at consecutive hours for the first five hours.

TABLE III

AVERAGE NUMBER OF DIVISION FIGURES PER AXIS OBTAINED
FROM THE COMBINED DATA OF FIRST FIVE HOURS

= - - - - — - — - - —— — - - - — - - - - - ]
Concentration Type Treatment Total Count Axes Avg.

1 PR Shors 2428 198 18.8
Continwous 2524 191 13.2

S PPM Short 2421 233 10.8
Continucus 3574 188 14.1

Short 22869 198 11.6

20 Fru Continuous 24486 100 24.5
Short 1774 2348 7.8

40 Fre Continuous 2215 155  14.3
Shert 2344 187 12.8

80 FFM Continuous 2181 179 11.8
Untreated (Comsecutive hours) 2481 119 20,3
All Untreated Material 18158 936 17.9

L}

The datse of Table III are grephically presented in Texs Fig. 1.
From this histogrem i¢ is evident that, on the basis of the average
numbere of division figures per axis obtained from the sambined data of
the firsts rive hours, the results of the two types of treatment may be
said to have been similar at either end of the eoncentration series with

a divergence ocourring im the center and the greatest difference between
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the resulss of the two types of Sreatment appearing at the 20 pm
eoncentration.

Before a considsretion of the hourly variation in the average
numbers of division figures per axis oould de undertaken, it wae necessary
to odbtain information eoncerning the variation amomng several roots takea
fram the same onion at the same hour. Ascordingly, the individual root
eontrel was prepared (S¢e description of method, page 17). The dasta
taken from the root which happened t0 have been chosen first was arbi-
trarily used es & base and the deviations of other sverages from it were
ealoulated (Appendix II, Tadle 3%3). VWhea these deviatiocas are grephed
(Text Pig. 8), one can readily see that not only is there a socasideredle
variation smong the 13 roots in the mean number of divieion figures per
axis, but also there is a wide range from lowest to highest poins
(+16.8 %0 =7.3). Attention is called to the fact that the hourly varia-
tions, shown in the graphs (Text Figs. % through 7, 9 through 13), are
superimposed upon an underlying pastern of wide variatioan from reot to
root and this faot must be kept im mind when iaterpretations of the date
are bdeing made.

In order to stwily the variation in ths aversge number of division
figures per axis, the mean of the zero houwr (i.a., just defore the treat-
ment was applied) was used as & base and the deviatiocns from thie poinmt
were calculated (Appendix II, Tables 29 through 32). When the deviatioas
from the mero hour aversge of the untreated material are plotted im their
hourly sequence (‘lext Fig. 2), oms may observe that the raage of flustua-
tion was leas (+10.1 to =7.0) than it had been for the root tips eollectel

from the same omion at the seme howr (+16.8 to =7.3). In addision, the
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hourly variation im most cases was less than that oceurring smong rooss
taken at one time. Although doth of these graphs were made on the basis
of approximately the same numbers of cells, each point in Text Fig. 8 is
based on readings taken from a single root (See method, footnote, page
18), while the data for Text Fig. £ were acoumulated fram four roots of
two different oniomns, Increasing the number of roots and of omions wes
the method used to lower some of the radical peaks that generally oeccur
as a result of individuwal variation,

Text Figs. 3 through 7 and 8 through 13 have deen construsted in
a manner similar to that described for Text Fig. 2. In those cases where
the division figures were insufficient for the sounts to be made, the
condition is indicated by a dotted line ending at & point below the
abscissa equal to the average number of divisioas found defore the in-
itiation of treatment.

After the short (15 minute) treatment with the 1 pmm solution,
the results produced (Text Fig. 3), at first glance, appear to have been
scarcely 4ifferent from those odtained from the untreated root tips (Text
Pig. 2). Eowever, the peak that developed after eight hours in this
series 1s rather interesting. Most of these divisions were within the
normal renge. This sudden spurt of normal division was rather striking
and one that occurred in doth roots of both series (Appendix II, Table
16). Although this difference was not greater in range than that osourr-
ing between two separate roots im the individual root eontrol series
(Text Fig. 8), 1t was larger than that observed between any two untreated
roots taken at consecutive hours (Text Fig. 2).

Aside from the results obtained from exposure to 1 ppm for 18
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miautes which resembled those obtained in control series, and, despite
the two usderlying varying patterns observed in untreated material, the
two types of treatment may be separated on the dasis of ths tremds od-
served in the hourly changes in the average numbers of divigion figures
per axis. Following the short treatment a genersl trend toward a redus-
tion in th; average numdbers of divieion figures was evident (Text Figs.

4 through 7). On the other hand, usder the comditions of continuous
exposurs to Acti-diome, two distinct patterns were manifested (Text Figs.
9 through 13): The 1 ppm and 5 ppm comcentrations (Text Figs. 15 and 18)
displayed the same trends as geamerelly appeared following the short treat-
ments. In the 20 ppm and 80 ppm comscentrations of the continuous series,
the general tendency was an increase 1n‘tho awmbers of division figures
initially and later a flucstuation around the average number that wers
present at the deginning of treatmeant. The 80 ppm series followed this
general pattern during the first oight hours after whisch time the division
figurse disappeared.

Sinse the same conceatrations were used in both the short and son-
tinuous treatments, little differences might be expected to have occurred
at the end of ome hour, When the graphs of the same concentrations in
the two typee Of treatments are oompared, ome finds this to bde true in
all caess excepting the 5 ppm series whers the two types of applications
produced opposing resulte.

When comparisons of trends resulting from the two types of treat-
ments are made on the basis of the hourly variation during the first five
hours after exposure to the different concentrations of Asti-dions, 41ff-

erences in tendenciss become apparent. In the case of the 1 ppm seriss,
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the same general trends appeared for the first three hours dut at the
fourth howr tiuy diverged and the aversge numbers of division figures
inoreased after the short treatment while they started a marked decline
in the comntinuously exposed series. In the 5 ppm treatments, the reverse
of this sitmation was found, Opposing trends appeared during the firss
two hours and, after the third hour, the same pattern was followed in
eath Oof the Sreatments. With 20 pmm differences in the results obtained
fram ths two methods of application appeared, Following the short treat-
ment, the greatest mumbers of divigion figures were reashed at the end
of the first hour; this increase was followed by a steady decrease unsil,
at the end of the f£irtsh hour, there were insufficient figures to obtain
the minimum sount of 100 dividing cells on the eatire slide. Under the
conditions of eomtinuous exposure, on the sontrary, the aversge numbers
of divigion figures steadily rose for two hours and then fell more grad-
ually, but 414 mot decline mush below the average of the sero hour. When
the 40 pm eoncemtration was used, it will be observed that these gensral
tendencies were carried further, f1.e., there was s steady declins in the
numders of diviaion figures after the short treatment while, in those
roots comtinuocusly exposed, the mean number of dividing cells, after aa
initial increase in the first two houre, returned to approximately the
same as it had Deen at the beginning of treatment. The trends observed
during the first five hours following original exposure to the 80 ppm
solution were somewhat similar im both series of treatments, the major
difference being in the time the peak of division figures was reached.

It will bs observed to have been attained ome howr earlier after the
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short treatment than it was in the roots continucusly in contact with

the same concentration of Acti-dicne.

From these reeults it will be observed that, on the dasie of aver-
age numbdere of division figurses per axis, the first five hours may be
considored to havo dbeen the criticel period for the compareative Observa-
tion of the differences in effects of the several comcentrations of eash
type of treatment.,

In Summary:

l. For untreated material, there was a consideradls variation
in the averege numbers of division figures per axis in the individwml
root control as well as in the consesutive hour control series.

2. UVespite the undorlying pattern of variatioa in the eomtrols,
the treated material showed definite trends in the means of the nmumbers
of dividing cells.

S. TFollowing the short treatment with 1 ppm, for all precsioal
purposes, the results obtained were not unlike the sontrols.

4. There was a general decline in the numbers of dividing cells
following exposure to all consentrations of the Acti-dione for 185 minutes
as well as during the periocd of continucus ecoantact with 1 pym and 5 pma
solutions.

S. There was an initial rise which was followed by a decline amd
a leveling off at approximately the starting point under conditions of
continuous treatment to the 20 pym, 40 ppm and 80 ppm concentratioas.

In the later hours of the 80 ppm series division figures disappeared.

6. The first five hours after the initiation of treatment was
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the most critical period for the observation of the effects of the

several treataents on the frequency of division figures.

Another approash to the study of the general effects of the
Asti-diocne treatments may be found in oomparisons of the frequencies of
the individual stages. For this phase of the stuldy the perceatages of
the total number of divisioa figures were caloulated for prophase, meta-
phase and post-metaphase steges. These percentages are presented in
Appendix 1II, Tables 1 through 13,

In the "Summary of all untreated material” included in the study
(Appendix II, Table 15C) it may be observed that prophase camposed 49%,
mstaphase 24.9%, and post-metapbase 24.8% of the 16,114 4dividing cells
counted in the untreated material. In order to odbtain the proportiocmate
hourly variations in these stages, all percentages were converted to a
common base of 50% (Appendix II, Tables 1D through 10D, Tabls 13D and
Tables 1185, 188 and 14B). These hourly comversioa figures were plotted
and the graphs will be found in Text Figs. 14 through 27.

Text Fig 14 shows the proportionate hourly variations observed in
the untreated dulbs., In this graph it will be seen that eash of the
stages flustuated around the base of 50, The same was true in the case
of the untreated roots which were taken from the same onion at the same
time (Text Fig. 25).

When the proportionate hourly variations in these stages are eom~
pared, differences will be observed, not ocnly between the two typee of
treatment, but also among the concentrations of esch method of appliea-

tion. The general result of the short treatmsent was an increase in the

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



48
prophases, but the pattera of the inorease differs samewhat amoag the
concentrations used,

As a result of exposure t0 1 ppm and ¢0 8 pmm for 15 minutes
(Text Figs. 15 and 168) the very marked increase which ccourred during
the first two hours after the treatment was initiated, was followed dy
a deeline in both eases. At the fourth hour, however, these two coa-
centrations seem to have prodused different effects: 1In the S5 pm
solution series She prophase proportion continued to decrease until the
divisions ceased at the end of the severth howr, while in the 1 pmm
material there was a second rise in prophase frequency which degan at
the rifth hour and was more or less retained until the end of the eleveath
hour, The genersal rise in the prophases assumed a different pattera in
she remaining three concentrations (Text Figs. 17 through 19). In shese
oases, the prophase increase was & more gredual oms, and the highest peak
in each, which is preactically the same for each of these higher comcen-
trasions in the later hours, was achieved at the last hour, i.e., just
before the divisions ceased entirely.

It is t0 be expected that the metaphase and post-metaphase patt-
erns would fluctuate with the prophases. It is interesting to notisce,
however, that, depending upon the concentrations used in these short
treatments, there was a divergence in the effects upon the frequencies
of these stages. The 1l ppa and 5 ppm solutions of Acti-diose resulted
in an initial decline in metaphases and sssumed different patterns ia
the later hours (Text Figs. 15 and 16). In the 1 pym treatment, after
the initial drop, the metaphase fluctuations were comparatively sligh$

and there was a tendency for a leveling off about 10% delow the

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



43
psresntage present prior to the treatment. In the 5 ppm concentratiom,
however, after the initial drop, there was & rather steady rise in meta-
phases until the fifth hour and, following & sharp decline (21.9% in one
hour), there was an equally acute increase (22.8% in ome hour).

The metaphase picture began to ehange somewhat in the 20 ppm
series (Text Fig. 17). In this case, it may be said that the general
pattern which resulted from the 5 prm treatment was followed dut the
changes were mOTe gradual ones. Initially there was an almost negligibdle
rise (4.1%) in the frequenscy and the decline, which took an hour longer,
was similarily followed by & second imorease.

A redical change in the effeots of the short treatment with Aoti-
dione on the metaphase frequencies occurred when a 40 ppm solution was
used (Text Fig. 18). There was & very marked increase in the frequenecy
of this stage (from 50.0% to 96%) during the first two hours following
the initiation of treatment and this was followed by an even sharpsr A4rop
(from 96.0% to 16.4%) 1n the second two hours. It will be observed that
these trends of metaphase frequencies 1is exactly opposite to those which
developed during exposures to lower consentrations for the short interval
(Text Figs. 16 through 18), This early dominance of metaphases, alshough
not continued, is considered a rather important chareasteristic of the
results of this treatment.

After the shart treatment with the 80 ppm the metaphases followsd
the same general trends but the hourly changes, although still somewhat
marked, were more gradual ones (Text Fig. 19).

In the two lowest concentrations of the short treatment it is of

interest to observe that the post-metaphases followed the same general
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frequency course as that of the metaphases. In other words, as the pro-
phases increased or decreased, both of these stages, for the most part,
Tfell and rose more or less togethsr. 8inee in the untreated roots these
two phases were found in ealmost equal percentages, it appears that both
of these later stages of the mitotio cycle were almost equally sharing
the effects of the Acti-dione in these lower consentretions. After the
short treatment with the 20 ppm solution, however, this was not the ocese
and the metaphase and post-metaphase frequencies began to diverge with a
sharp rise in one being ascompanied by a correspondingly sharp desline in
the other. This trend, which first appeared in the 20 prm series, and was
even more accentuated in the root tips which were treated with the 40 ppm
solution for the short periocd was also observed following the 80 ppm
treatment. After the first two howrs in 20 pmm of Acti-dione, a steady
decline in the post-metaphase frequency was observed, dbut in the 40 pmm
and 80 ppm groups during this same period, sharp increases of this stage
ocourred.

In swmary, this study of the proportionate hourly variation of
the individual stages following the short treatment with Acti-diome
revealed the following:

1. After exposure t0 the 1 ppm solution, differences in the
relative frequencies of the individual stages began to appear from five
t0 six hours after initiation of treatment,

2., The general effect of the short exposure was a rise in the
relative frequency of the prophases.

S. This prophase rise was rather acute in the early hours follow-

ing exposure to the lower concentrations of the antidiotic and more
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gradual in the higher ones.

4. Metaphase frequency flustuated eonsideradly as a result of
the 15 minute exposure to treatment solutions and became the dominant
feature in the early hours following the short treatment with the 40 pm
solution.

S. Post-metaphases tended %0 follow the metSaphase patterm follow-
ing exposure to the lower (1 ppm and 5 pm) eoncentrations dut diverged
consideradly after higher (830 ppm, 40 ppm, and 80 ppm) concentrations and
dominated the scene detween the third and fifth hour after contast with
the 80 ppm solutiom for 19 minutes.

Text Figs. 20 through 24 show the proporticnate hourly variation
in the percentage frequensies of the individual stages in material som-
tinuwcusly treated with the several somceatrations of Asti-diome. When
this set of grephs is campared with those of the short treatment (Text
rigs. 15 through 19), the 1 ppm diagrem of thig group immediately stands
out as being mors similar in its general trends to those of the lowest
three concentrations of the short exposure seriss. In this case (Text
Pig. 20) the predominance of prophases and its more or less steady,
gradual rise will bde noticed to be quite similar to that observed in the
20 ppm short treatment greph (Text Fig. 17). The metaphase and post-
metaphage lines in these two graphs alsc have resemblances in their gea-
eral courses. It will be observed that, altbhough they follow the same
pattern, in the case of the sontinuocus treatment the changes were nore
gradual ones. This tendensy toward mors gradual change which was mani-

fested first in the highest concentration of the short treatment 1s the
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nost predominating feature of the continucus treatment series after the
rirst bhour (Text Fig. 19).

The S ppm eontinucus treatment (Text Fig. 21) appears to have bhad
not only same effects similar to those produced By the higher concentra-
tions after 15 minutes exposure, but also some results resembling those
observed in econtinucusly treated material, and eculd, perhaps, be comsid-
ered intermediate in this respect. The effects simulated those resulting
from the short treatment in the following features: (a) the disappearance
of divisions within twelve hours and (b) during the first tixee hours, the
gradual rise in prophases, the sharp decrease in metaphases and the almost
equally sharp desline in post-metaphases arse features which were also
pointed ocut in the results of the exposure to the 40 ppm solutiom for 10
minutes. On the other hand, the effests that 4iffer from those of the
short treatment are: (a) the more gradual changes, (b) the domimanse of
metaphases in the last three hours when divisions were preseant, and (e)
after their initial drop, the slight variation in the relative frequencies
of post-metaphases. In other words, of this parsicular tresatment it might
be said that during the first two hours the results showed tendencies that
appeared eimilar to those of the higher concentratiomns of short treatment
and, in the later hours, the effects more nearly reeembled those obtained
in the continucusly treated group.

The similarities in the trends of each stage in the graphs of the
20 ppm, 40 ppm and 80 ppm series of the continuous exposure to Asti-
dione (Text Figs. 22 through 24) are most striking. It may be of interest
to observe that, after the first hour, there was little hourly cbange in

the frequensies of any stage and that the tendencies established at the
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end of the first two hours wers more Or less retained throughout the

remaining period of the observation. The outstanding features of these
higher esoncentrations of continuocus treatment were the dominange of the
agtaphases, the radical reduction in the post-metaphases and the more or
less stable proportion of prophase figures. Changes appeared in the 80
ppm series of this group (Text Fig. 24): (a) The divisions disappeared
at the end of eight hours; (b) The metaphase rise was not as great as it
had been 4during the eomparable period in the 40 ppm solutiom; (o) There
Was a greater genesral drop in the prophases.

When the results obtained in the series using the highest conscen~-
trations of the sontinuously exposed group are campared with the same
concentration of the short treatment set, it will be observed that the
same general trends for each phase appeared during the first two hours
after initial sxposure. In ths continuocusly treated group, with the
exoeption of comparatively minor fluctuations, thers were mo radicel
increases or decreases arfter the initial reastion to Acti-dione. On
this basis, the two methods of treatment separate and it may be said
that the effeots during the entire period of observatiom in the coatin-
uously treated group are compareble to those whieh appeared during the
first two hours of the short treatmens. Here, again, the most eritical
changes cccurred during the early hours after the initiation of treatment.

In suxmary, with respeot to the hourly changes in the frequensy of
the individual stages, the following observations were made:

1. The results observed in the 1 pym series were more similar in

their general srends to those found im the three lowest sonceatretions
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of the short treatment than they were to the effeets odeerved ia other

eontinuously Sreated maserial.

3. 7The results fouad in the O pypa series simmlated those od-
served in the higher ecaseantrations of the ashert treatmeat in the early
bours and, in the later hours, resembled other series in the comtinucusly
sxposed group.

3. The outstanding features of the higher somceatrations (30 pmm,
40 ppm and 80 ppm) of the comtinuous series were the dominance of meta~
rhase, the more or less stability of prophases, ths great decrease in
post-metaphase and the somspieucus lasck of any radisal change after the
first hour of exposure.

4. VWhen theee three highest concentrations are campared with the
same eeries in the short tresatment group, the same trends ars found ¢o
occur within the first hour, dut radical changes are found in the rssults
of the two types of treatment in the later hours following initial ex-
posure.

5. The moet oritical changes in all oomcentrations oscurred 4dur-
ing the first five hours after the initiation of treatment.

The hourly variations in the frequencies of the individual stages
resulting from the two types of intarmittent treatments are showm ia
Text Figs. 86 and 27, It will be observed that whem ths root tips were
exposed to a 40 ppm solution for a period of 15 minutes every two hours
(Text Fig. 36) the results produced were similar to those observed follow-
ing treatment with the same eeaseatTatiom for a single exposure of the

same duration (Text Fig. 18). The ocaly differencs between the effects
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of the two methods of application was an earlier disappearansce of the

division figures in the material that had been in contest with Acti-
dione only once. In the meristems exposed to a 40 ppm solution of the
antibiotic for fifteen minutes every hour (Text Fig. 27), the hourly
variation in the frequencies of the individual stages was, in its general
aspect, similar to those changes Observed in the material exposed oconsin-
uously to0 the same concentration (Text Fig. 25).

B, Specific effects of Acti-dione

The specific sffects of the Acti-dione treatments were manifested
in the adberrant figures. A description of them and a consideration of
their genetical and cytological potentialities have previocualy dbeen pre-
sented, It is of significance to note that these abdberrations were not
found exclusively in treated material but occasionally 4id ocour (less
than 10%) in untreated root tips {Appendix II, Tables 49C, 82C, 77C and
90C).

The hourly frequensy percentages of these adberrations throughout
the periocd of observation may be found in Appendix II, Tables 33 through
90. Fraa these tables the data of the first five hours were cambined
(Table IV) and the percenteages Of adberrant figures in each phase of
mitosis were calculated. These percentages are graphically showm in
Text Figs. 70 through 78. By comparing the histograms it is possidle
to make scme general comparisons of the results of trsatments for the
combined period of time on the three etages of the mitotisc cyele amd,
in addition, to obtain scme indications of the similarities and differ-

ences in the effects of the several treatments tested.
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TAELE IV

PERCENTAGES OF ABERRANT FIGURES OBTAINED
FROX COMBIMED DATA OF FIRST FIVE HUURS

Prophase Mstaphase Anaphase
Conc." Treatment Aber. Total %  Aber. Totel % Disorg. Total %
1 ppu Short 63 1265 8.0 9 847 1.6 ? a31 3.0

Continuous 3515 1468 38.1 112 984 20.4 12 188 6.4

s ppu  Short 635 1479 42.9 101 456 22.1] 25 208 12.0
Continuous 1127 1558 72.3 207 588 35.8 17 243 7,0

20 rpy Short 703 1413 49.6 186 430 43,7 36 256 1l4.)
Continuous 1022 1378 74.8 374 923 40.5 22 106 20.8

40 PPu Short 622 1021 60.9 101 424 23.8 45 177 24.3
Continuous 630 1133 84.7 433 911 47.5 44 181 S6.4

80 ppu Short 995 1361 73.1 132 480 27,8 33 253 13.7
Continucus 587 1187 49.8 257 838 30.7 9 62 14.5
Untreated 70 1128 6.2 21 9882 3,6 30 331 9.1

* Concentration

By referencs to the three histograms (Text Figs. 70 through 72) a
comparison of the effects of all treatments om the individual etages may
be made. It will be Observed that the perceatage of aberrant propbase,
metaphase and anaphase figures was higher in the wntreated seriss than it
was in the lowest consentration of the short treatment. It will be moted
also that the greatsst frequencies of aberrant figures occurred in the pro-
phase group (Text Figs. 70 through 72). As showm in Table IV, with the
exception of the 1 ppm series, more than 40% of the prophases wers arffected
in all eoncentrations of eash type of treatment and, in same ocases the
number excesded 70%. The lowest percentages of aberrations appesared ia
anaphase (Text Fig. 72). As shown in Table IV all percentages in this
group were below 36.4%. In addition, it may be observed that the greatest
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difference between the two treatments consistently appears in the pro-

phase histogram (Text Fig. 70), while the most similarity between the
percentages of aberrant figures appsar in the anaphase group (Text
Fig. 72). VFinally, the 1 ppm short treatment appears to have been in-
effectual in increasing the percentages of aberration in each of the
three stages of mitosis (Text Figs. 70 through 7%).

A eamparison of the effects of the several concentrations and of
the two types of treatment on each of the phases of mitosie during the
camdbined five hour period may de made by a study of eaeh of the histo-
grams separetely. JFollowing the short treatment there was a eteady in-
ocrease (42.9% - 73.1%) in the frequencies of aberrant prophases (Text
Fig. 70) as higher eoncentrations were used. This differed fraom the
results odbtained in the continuocusly treated group where, as shown in
Table IV, the aberrant propbase frequensy dropped in the 40 pym end
80 pym series (19.9% and 8.28% reepectively). The greatess differences
betwesl the effecte of the two types of treatment were found in the
1l ppm and 5 ppm sets where the differences between the short and soa-
tinuous appliocations were 50.1% and 29.4% respectively. The 8 ppm and
20 ppm comtinucusly treated and the 80 ppm 15 minute exposure were the
most effecstive in produsing aberrations in prophase.

Following the short treatment there was a rise in the frequencies
of aberrant mstaphases (Text Fig. 71) as the concentratioa was increased
t0 20 pm when the percentage fell bask to the level it had been at
S ppm. In the continucusly treated root tipe, however, the percentage
continued to increase in the 40 pym solution, but aropped in the 80 pm

treatment. The most effective conditions for the produstion of
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“scattered” metaphases were provided by the 30 pym and 40 pym eomtimwous
and the 20 ppm short treatmeats. The percentage differences between the
types of treatments in these three sets of results is probdadly not sig-
nificant. The greatest difference ia effectiveness between the same con-
centrations of the two methods of application appeared in the 40 pm
series.

The most effective treatments resulting in aberrant anaphases (Text
Tig. 72) were the 40 pym concentrations of doth types of treatment. Both
the 1 prm and 5 ppm solutions may be econsidered to bhave been ineffective
since the sberrations in the treated root tips differed by 5% or less
from their frequency in the comtrols. This difference is prodadly within
the range of natural variation.

In samary it might be said that from the histogrems oconstruoted
from the combined data of the first five hours the following points be-
come evident:

1. The greatest percentages of aberrant figures resulting from all
the Acti-dione treatments sppeared in the prophase stage.

8. The greatest differences between the same soncentratioam of the
two types of treatmsnts also ocourred in the prophase stage.

S. The lowest pereentages of aberrations occurred at the anaphase
stage.

4. TFollowing the 80 pym short treatment, the results produced, ia
terms of frequency of aberrant prophases, were similar to those appear-
ing in the 20 ppm and 40 ppm continuocusly treated material.

S. The 20 ppm solution of both treatments as well as the 40 ppm
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solution continucusly applied were equally effective in producimg the
highest percentages of aderrant metaphases.

6. The 40 pmm continuous treatment appears tc have been most
effeetive in produsing 4disorganised amaphases.

The percentages of aberrant prophases are plotted in their hourly
sequencs in Text Figs. 28 through 41. Yor purposes of comparison the
total prophase percentages are included as dotted lines in these graphs.
It will be Observed that in the untreated root tips (Text Fige. 28 and
385) the percentage of adberrant prophases remained consistently bdelow the
10% level and the 1 prm oconcentration of the short treatment (Text Fig.
29) was virtually ineffective in increasing the incidence of this
aberration.

In the stuldy of the comparative quantitative effects of Acti-diome
upon the frequensciee of the individual stages, one of the differenses
observed between the two types of application was the redical hourly
variation in the prophase and metaphase frequancies following the shors
treataent, while in the continuously exposed series no sharp hourly
changes ccourred after the third hour and prectically none after the
£1fth hour. If one scans the graphs showing the hourly percentages of
aberrations in prophase (Text Fige. 30 through 33, 37 through 39) and
alpo in metaphase (Text Figs. 44 through 47, 51 through 53), one may
cbserve that the irregularitises increased radically during the first
five hours as a result of both trestments. In the later hours of the
two lower concentrations in the continucusly exposed group (Text Figs.
36, 37, S0, 51) division figures had disappeared and, as s result, the

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



54
graphs are similar to those representing the short treatment. During

the ssme period in higher concentratioms (Text Fige. 37 through 39,
51 through 53) there was, however, a gradual rise in the frequency of
aberrations in bdoth prophase and metaphase.

Ons of the general effects of Aoti-dicne was a decrease in the
relative percentages of anaphase figures., On the basis of the eambined
data of the first five hours (Text Fig. 78), it has been shown that
apaphase seemed t0 have bLeen the lsast affected stage. JFrom the graphs
of the hourly distridution of percentages of aberrant anaphases (Text
Figs. 57 through 69) it will de observed that the peaks of the anaphase
disturbances appeared in the later houre of the observation. In this
stage (Appendix II, Tables 83 through 77C) the percentages are based oa
much smaller numdbers and hence the very redical changes are perhaps not
as significant as they are in the graphs of the other phases of mitosis.

Tuarning now t0 a separate comsideration of the prophase aberrations,
it will be recalled that one of the characteristic effects of the short
treatment was the general increase in the frequensy of the prophases.
The course of thie increase is indicated by the dotted line oa the graphs.
Omitting the imeffectual 1 ppm series, when one scans the graphs of the
results following the other short treatments (Text Figs. 30 through 33)
One Observes a general positive and direct sorrelation between the in-
crease in the percentages of aberrations and the increase in the fre-
quensies of the totel prophase figures. The 5 pym, 20 ppm and 40 ppm
solutions may be considered to have been equally effective in the maximal

points reseshed, in the achievement of these maxima in the early hours
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after exposure (three to four hours) and, following exposure %0 the two
lower concentrations of this series, in a decline in the pereent of
aberrations after the peak has been reasbed. The graph of the results
obtained following a 18 mimute period im the 80 ppm solutioa (Texts Fig.
33) stands alons in the series of this method of applieation as having
been most effectual since there was 100% aderration at six howurs when
the total prophase figures ocomprised 75.9% of the total division figures.
In othar words, since, at the end of the period of observation, the
dominant element in the observations were these adberrant prophases, the
80 ppm series differed from the results found in reot tips exposed for
15 minutes t0 the other comcentrationa.

When ome Observes the graphs of the data odtained from the coatin-
wously treeated root tips (Text Figs. 36 through 40), one 18 inclined %o
conclude that this type of treatment was more effective ia produsiasg a
high persentage of adberrstions at an earlier hour tham the shors treat-
ment method. A closer inspection will reveal one exseption to this: Im
the 80 ppm series (Text Fig. 40) it will be noted that the persentags of
aberrant prophases reached neither the peak ashieved in the oOSher con-
centrations of this group nor the maximum ashieved in the seme coasentre-
tion of the short treatment series. Yurthermore, it may de noted that
this general trend toward an increase in the percentage of aberrations
oecourred regardless of ths total prophase pattern.

In the 1 ppm eoncentration of the continucusly treated group
(Text Fig. 356) there appeared a temdency for the tosal prophase percent—
age %0 inoreass. This is shosn by the dotted line in the graph. It

will also be observed that there was a positive and direst correlatioa
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between the increase in adberration and the increase in total prophases.

In this respect the 1 prm concesatration of this group corresponds to
the gsnersl tendenciss found im the short treatment series. Because of
the rapidity of ths increase in the percentags of prophase adberratioms
(95.4% in four hours), the results of the 5 ppm concentration of the
continuously exposed group (Text Fig. 37), appear most similar to those
found following the 80 ppm short treatment (94.9% in four hours).

As the total prophase percentages declined, the frequensy of the
aderrant figures increased very markedly in root tips sontinuwously ex-
posed to the 20 pym and 40 pym solutions (Text Figs. 38 and 39) and
hence a direct negative correlation was estadlished. As a resuls, at
the end of the twelve hour period of observation, the percensage of
aberrant figures was ¢lose to 100%€ but, at this time the prophase stage
composed between 404 and S50% of the total division figures and this may
be said to be an ocutstanding differencs between the results observed in
the two types of treatment.,

The 680 ppm eontinuocus series stands alone within this group in
having shown redical hourly changes in the percensages of affected pro-
phases as well as in the fact that the frequency of the aberratiomns does
not reach the peak achieved in the lower consentrations of the same type
of treatment.

It will be recalled that, on the basis of the frequency percentages
of the individual etages, the results of the intermittent treatments
appeared similar to the short and comtinuously treated materials depend-
ing upon the lemsth of the interval detween the applications. When the

hourly percentage of aberrant prophases is exmmined (Text Figs. 34 and
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41), however, both of these series in the early hours appsar to have

had effects most nearly similar to the 80 pym concentration of the short
treatment and, in the later hours to have diverged in their effects.
When the interval between the exposures was one hour and 45 minutes the
results resembled those found in the short treatment series, i.e., divi-
sion figures disappeared; when the interval between the exposures was
only 45 minutes, the results in the later hours of the observation
periocd were moOre Dearly similar to those observed in soantinucusly exposed
root tips, 1.e., the division figures persisted with little ohange until
the end of the eleventh hour.

When one examines the graphs showing the hourly distribution of
percentages of "socattered" metaphases (Text Figs. 42 through 535), one
should firet bdecome aware of the frequencies of total metaphase. If
these graphs are compared with those of prophase (Text Figs. 88 through
4l1), one will observe that in those consentrations of the short treatment
series (Text Figs. 30 through 33) in which aberrant prophase percentages
were reslatively high there were oomparativsely high frequencies of total
prophase figuree At the same time. In the samparable metaphase graphs
(Text Fige. 44 shrough 47) the total metaphase figures deslimed comsider~
ably so that, by the end of the observation period, although 100% aberra-
tion may have been seen, this particular type of effect can not be comeid-
sred as a dominant feature of the results of the short trestmente with
these solutions. In the thrse higher comcentrations of the comtinuous
treatment, the total metaphase frequency rose, and, at the same time,
the percentages of the aberrations also increased. As a resuls, by the

end of the observation period, the aderrant metaphases may de said ¢to
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have been the significent slements in the results of the continuous

treatment with the higher concentrations.

In the lower concentrations of this ssries, the results produssd
were more nearly similer, in general, to those obtained in the short
treatment series. Although the inorease in metaphase aberrations during
the first five hours was more gradual in the group continucusly expowsed
to the 1 ppm solution of Acti-dione (Text Frig. 80), the general effects
may be said to more nearly rssemdle those exposed to the 5 ppm soncentra-
tion for 18 minutes during the same period (Text Fig. 44). In the later
hours, when this frequency sharply declined in ths short treatment
seriss, it oontinued to rise in those which remained continuously in the
Acti-dione solution. In this respect, the lowest eoncentration of the
eontinuously treated group may be said to have exhibdited the tendencies
of both types of treatment consecutively. On the other hand, on thie
basis of increasing mstaphase adberrations, the results found in the
S ppm series (Text Fig. 51) closely resemble those noted in the 80 pmm
short treatment (Text Fig. 47) and other continucusly treated roote
(Text Figs. 52 and 53). However, the total metaphase frequancy 41d not
increase greatly and hence the relative frequency at the end of the ob-
servetion period more nearly resembles the situation found after the
short treatment.

The distribution of the hourly percentages of "seattered” meta-
phases ocourring during the intermittent treatment using 40 ppm for 15
ninutes every two hours (Text Fig. 48) closely followed that observed
following s single exposure to a solution of the same ooncentration

(Text Fig. 46). When the interval was shortened (Text Fig. 55), the
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results, during the first five hours, simulated those obtained after a

single exposure to the same concentration (Text Fig. 46), but in the
later hours the division figures remained in evidence, a feature shar-
acteristiec of the 20 prm and 40 ppm continucusly treated group (Text
Figs. 52 and 53).

The following effects on anaphase have already dbeen pointed out:
(1) One of the general effects of the Acti-diocne treatments was a redus-
tion in ths relative numbers of anaphase; (2) On the basis of the com-
bined data of the first five hours (Text Fig. 72), anaphase was the stage
least affected by the Acti-dione treatments; (3) A relatively high per-
centage of disorganized anaphases developed in the later bours, particu-
larly in the root tips coantinuously treated with the higher concemtratioas
of the antibiotic (Text Figs. 66 through 68).

When the graphs of the hourly distribution of disorganised anaphases
are examined (Text Figs. 56 through 69) for a general scmparisoa between
the effects of Acti-diome under various conditions, one finds relatively
the same general tendencies as those previously mentioned for the meta~
phase groups. The following similarities will be observed: (1) The 1 ppm
short treatment (Text, Fig. 57) was virsually ineffective in digorganis~
ing anaphase; (2) During the first five hours, the results of the 1 ppm
continuous treatments (Text Fig. 64) were most nearly similar to those
found in the same period in the 5 ppm short treatment series (Text Fig.
S58), but in the later hours they simulated the resulss odtained in oom-
tinuously trested material; (3) During the firss five hours of eontimuous
treatment with the 20 ppm and 40 pmm solutions (Text Figs. 66 and 67),

the effects were somewhat similar to those observed in the same period

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



60
following exposure to the same concentrations for the 15 minute period

but, in later hours, differences appeared and rather radical changes in
the percentages of disorganized anaphases cccurred; (4) In the inter-
mittent treatment, when the interval between exposures was loag (Text
Fig. 62) the anaphase disorganization formed a pattern similar to that
found following the same conscentration after a single treatment (Text
Fig. 60).

In these same graphs the following differences between anaphase
and metaphase effects can also be noted: (1) During the first five hours
in the 5 ppm eontinuocusly treated group (Text Fig. 63) there was a steady
rise in the amount of anaphase disorganiszsation dbut the level reached 4id
not equal that found in untreated material. In the case of the metaphase
figures, on the other hand, this solution was highly effective when con-
tinuously applied (Text Fig. 51); (2) The 80 ppm solution for the 15
minute period (Text Fig. 61) seems to have produced less disorganiszation
in anaphase than occocurred when the next lower comcentration was used for
the same time (Text Fig. 60), a situation econtrary to that found in the
metaphase group (Text Figs. 46 and 47); (3S) During ths first five hours
of the intermittent treatment when the roots were treated for 15 minutes
every hour (Text ¥ig. 69) the results in terms of anaphase disorganisa-
tion were more nearly similar to those found after exposure to the 80
Pim solution for a single 15 minute period (Text Fig. 6l). In the later
hours the aberrant anaphase percentages steadily inocreased in a manner
similar to that observed when root tips were continuocusly treated with
the 80 ppm solution (Text Fig. 69). These results more closely ressmbled

the effects of this intermittent treatment on the prophase stage (Text

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



6l
Figs. 47, 54 and 50) than on metaphase (Text Figs. 33, 40 and 41),

Ia Sumary:

l. The 1 ppm sclution when applied for a period of 15 minutes was
ineffective in produsing aberraticns ir any of the mitotic stages.

8. On the basis of the eomdbined data of the first five hours the
highest persentages of aberrations appeared in prophase and the lowest
in anaphase.

3. The first five hours after the initiation of treatmeat was the
period in which the greatest percentages of aberrations were produced in
prophase and metaphase.

4., After the first five hours the most redical hourly variation ia
aberrant anaphases ocsurred,

8. The greatest differences detween the two types of treatments
appeared after the first five hours,

6. During the first five hours of the intermittent treatments the
aberration percentages resembdled those odtained from meristems to which
the sams ecnoentration was applied a single time. In the later hours
of the observation, the results of these types of application diverged
and, in those series where the interval between exposures was short,
they were similar $0 tbhose obtained in the eontinuously treated material,
when the interval was longer the results simulated those found after the
short treatments.

7. Although the same general tendencies were shown in the effects
of all concentrations of the sontinuous treatment, there appsared e drop
in percentages of aberretions in prophase and metaphase in the 80 ppm

series.
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In Appendix II, Tables 78 through 90C the numbers of prophase and

metaphase cells containing "redustional™ or "segregational” groupings
are presented in their hourly sequence together with the percentage they
occupy of the total of the prophase and metaphase divisions. From the
percentages obdbtained during the first five hours the mean and its stemnd-
ard error were calsulated. These average percentages are graphically
shown in Text Fig. 73. In this figure it will be seen that the 40 pm
solution of both methods of treatment appeared to have been most effect-
ive in inoreasing the frequensy of these types of aberrations. In
Table V these averege percentages are presented together with their
standard errors. Hare it may be observed that the mean percentege ob-
tained following the 40 ppm short and in the 20 ppm, 40 ppm and 80 pm

continuous treatments were found to have been statistically significant.

TABIE V

MEAN PERCENTAGES OF PROPHASE AND METAPHASE CELLS CONTAINING
*REDUCTIONAL" AND "SEGREGATIONAL®" GROUPINGS

_— . — ]

Concentration Treatment Mean % Standerd Error
I T T T
s PR Contizucus sl Zol
20 PRy gx::num ::‘5: ;t- g::g'
40 Pr Contizuous 5.0 £ oesr
80 FPu gg:{:nnous ::g i g:::
Untreated 1,80 t 0.44

¥ Statistically significant at the 5% level
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DISCUSSION

A. General Effects of Asti-dione

On this basis all of the data accumulated in this series of
experiments one may venture the hypothesis that the general effect
of the Asti-dione treatments appeared to have deex similar to that
of a slow fixing agent. When the data are exmmined in the light of
this hypothesis ths resulte observed become understandadle.

When the aversge numdere of divieion figuree were examined,
contrasting trends were found to chareacterise the two main types eof
Acti=dione treatments studied in this investigation. Following the
short treatments there was a general decline in the average mumbers
of dividing cells, while in those root tips continucusly exposed the
ultimats effect was a stabllity in frequency of division figures.

In the short treatments, in which the root tips were exposed to Aoti-
dione for 15 minutes, the assumed fixation effect was incamplete amnd
when removed fram the test solution the cells were still eapable of
reverting to a "resting” condition. Consequently, there were no divi-
sion figures in the later hours of the observation pericd, In those
root tips continucusly exposed to the more effective ecncentrations of
Aoti-dicne, however, the numbers of figures at the end of the observa-
tion period were approximately the same as they had been at the time
treatment was initiated. JFurthermore, after the first five howrs
(Text ¥igs. 11 and 12) there wae little change in the average mumbers

of dividing cells. On the basis of this evidence it appears that, in
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these concentrations, the cells virtually become fixed after a period

of five or six hours. The amount of Acti-dions in the lower concsntra-
tions of the continuous treatment (Text Figs. 9 and 10) also appeared

to have been insuffiocient to have completed the assumed fixation and,

as a result, by the end of eight hours the cells had reverted to a
"resting"” condition. Un the other end of the comcentration series, i.e.,
in the highest concentration (Text Fig. 13), the amount of Acti-dione
probably had reached a level where the fixing effect was nearly completed
t0 a point just below lethality.

When the relative frequencies of individual stages was examined
this hypothesis was corroborated (Text Figs. l4 through 27). Following
exposure to the short treatments, there was a more or less general rise
in the relative frequency of the prophases. In the early hours this
rise was inversely proportiocnal to the concentration, while in the later
hours the relationship was almost e direct one., If we assume the same
numdbers of cells may enter and leave each phase then, with Acti-dione
operating as a slow fixing agent this relationship is to be expected.

In the early hours following the lower concentrations of both treatments
(rext Figs. 15, 16, 17 and 20) the fixing action was Quite weak and very
slow resulting in an accusulation of prophase, while in higher conceatra-
tions (Text Figs. 18, 19, 22, 23, 24, 26 and 27) it appeared that the
stalling effect on the changes had been increased to the extent that the
nunbers of cells passing into prophase were being affected, thus, with
fewer cells coming into division, and those present being slowly fixed

an apparent etability was reflected. It appeared that the cells were

not completely fixed in lower concentrations with Acti-dione but, as
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previously indicated, reverted to interphases. Later stages of these

reversions have the gsneral aspects of "affscted”™ prophase nuclei,
acoordingly, the rise in prophases at the end of the period of observa-
tion (Text Figs. 13 through 20) appeared to have been a reflection of
this reversion and an explanation of the direct corrslation between con-
centration and frequesnscy of prophass following short treatmsnt. On the
other hand, in those root tips comntinuously exposed to higher concentra-
tions, the fixing effect eventually seemed to have beeh Nearly caompleted
(probably at the end of about five hours) and the result was a relative
etability in the frequency of this stage (Text Figs. 22, 23, 24 and 27)
throughout the remaining period of the observation.

If we assume ths slow estalling effect in prophase as causing the
increass in the relative numbers of this stage, a decrease in the relative
frequencise of later stages of mitosis would be expected. Ths data show
this to have been the case (Text Figs. 135, 16, 17 and 20) in the early
houre of and following treatments with the lower consentrations of Acti-
dione. On the other hand, if, in the higher concentratioas, there 1s
surfficient Asti-dione present to have not only lengthened the duration
of the stages, but also to have inoreased in sffect to the extent that
the result is a lowering of the number of celle coming into division,
and 1f we also sesume that the stalling effect on the several stages is
a differential one, then whichever stage is least affected would be ex-
pected to show a decline in relstive frequency. Presumably, therefore,
an increase in the relative frequency of a given stage at @ given time
would indicate that it ie the one most highly affected by the stalling

action at the moment. For example, in the first three hours following
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the short treatment with the 40 prm solution, metaphase appeared to have

been the most affected., During the early hours of the observation
period this was found to have been the case in the root tips exposed to
all the higher concentrations (Text Pigs. 18, 22, 23, 26 and 27) where
there was a sufficient amount of Acti-diocne present to have increased
the intensity of the stalling action to this extent. The 15 minute
treatment was apparently not long enough for a camplete fixation and,
as a result, depending upon the degree of the effect, dividing cells
ecould either caamplete their division or revert to interphase. In the
continuous treatment, however, the cells, dbeing almost completely fixed
by the end of four hours, there is, as would de expected, little change
in the relative frequency of the individual stages after this time.

If the graphs of all treatments (Text Figs. 13 through 27) are
divided at the point representing the end of the fifth hour it will dbe
observed that the relative frequency of post-metaphases declined in the
first hours consideradbly and, depending upon whether or not the influence
of the Acti-dione had deen great enocugh to completely “fix" the cells,
the two types of treatment diverge at this point. In short treatment
series (Text Figs. 15 through 19) and the lowest concentration of the
continuously exposed group, apparently only a slight fixing of the cells
bhad occcured. In the other series of scontinucus treatment, however, the
post-metaphase cells appear to have been almost eampletely fixed with the
result that there was little change in their relative frequency after the
first five hours.

The results of the intermittent treatments also support this
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hypothesis of a fixation eaction of Acti-dione. In cases where the

root tips were exposed to a 40 ppm solution of Aocti-diomne for 13
mninutes every two hours, during the firat five hours the relative fre-
quencies of the individual steages were similar to those observed when
the same concentration was used for a eingle 15 minute period. After
five hours, the divisions disappeared in the latter series, but ia the
intermittently treated material the reversions appear to have taken a
little longer and division figures rexained in evidence for an additional
three hours., When the interval between the treatments was shortened to
45 minutes the results odbtained (Text Fig. 27) wers similar to those
observed when the roots wers continuously exposed to the same consemtra-
tion.

In stsmary, the data examined so far support the assmption that
Acti-dione has a differential slow fixation effect which, in lower coun-
centrations, results in lengthening of prophase and metaphase and in
high concentrations this effect increases resulting also in lowering the
numbers of sells caming into and going through these division figures.

B. The Specific Effects of Acti-dione

The types of aberretions, their interrslationships and significances.
The more specific effects of Aoti-diona may be considered to have been

reflectsd in the various aberrations that were observed. In the present-
ation of the results the many types of aderrant figures were descridbed.
Essentially the irregularities reported are similar to eome of those
previously observed by other investigators (Appendixz I). The preotical

importance of the completely disorganized figures (c-mitosie) 18 well
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known (18, 45, 47, 50, 70, 79, 99 and 144), Some of the more theoretical

potentialities of the organized "redustional®™ groupings have been pre~
vicusly discussed (62, 85 and 142). All this work was based upon cone
tinuously treated material observed at varying intervals ranging from
four to twelve hours.

In this study the effects of a 15 minute treatment period wers
contrasted with those scontinuously exposed and the quantitative data
wers collected at hourly intervals., Based upon the results of this
study, a general summary of the types of effects, possidble interrela-
tionships and the potentialities of each is presented in Table VI, Imn
this table it will be seen that, depending upon whether or not there is
an element of organization prssent, the "redustional” groupings (Plate
II) may be separated from the "segregational” type (Plate III) and the
"soattered” arrangements (Plate IV).

Although the "reductional™ groupings are primarily of interest
because of the possidility of their resulting in a redustion in the
chromosome number with the comsequence, in many cases, of providing for
genetical segregation (62), other speculations on their further develop-
ment are shown in Tadble VI, As previously mentioned, either equal or un-
equal mumbers of chramoscmes may be involved in these "redustiomal™ group-
ings. When, in heterozygous stock, homologues are separated in this
manner, these aberrations assume genetical significeance. In those cases
of prophase and metaphase "reductional” groupings where equal numbers
are involved (Pl. II, Fig. A, also Frontispiece ¥Fig. A), the daughter
chromatids within each group must be separated into two individual

nuclei if the original number is not to be restored. This would result
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in the production of four nuslei sach containing eight shramosomes. If
this should ococur, genetic segregation and reducstion in chromosome numb-
ers would be ascomplished as shown in Table VI. One, perhaps question-
able, case of this type of separation is shown in Frontispiece Fig. D,
where four groups of eight chromatids have deen formed in the same cell.
Here the likelihood of the formation of a tetrad of four nuclei eash with
eight chromosomes seems highly prodbabdle. However, none of the few re-
duced cells found during the course of this stuldy contained eight chramo-
scmes. It seems logiocal, therefore, that, the actual result following
these "reductional™ groupings may be either an elimination of the sepa-
rating gap and a return to the normal condition, or the formation of
nuclel with the reduced chramosome number which, for the most part, can-
not divide again. Because of the element of organization in the figure,
the return to the noxmal condition may be affected in the stage follow-
ing that in which the separation oscurred. JYor example, the chramoscmes
composing the two groups in Frontispiece Fig. A may close the gap between
them during the course of their movement to the metaphase plate and a
normally organized metaphase figure might result. It seems reascnadls
that the return to the normal division pattern would depend upon the
orientation.

As shown in Table VI when the prophase and metaphase separations
are unequal the same two possidilities present themselves: Either they
may return to the normal division pattern in the succeeding stage or
the gap may be retained until the division ceases. If the latter occurs
there are two further probabilities, both of which lead to aneuploidy.

Esch group of whole chromosames may form a separste auclesus. For
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exsmple, if the two groups in the 10:8 separetion shown in Pl. II,
Fig. B were to form separate nuclei and the constituent chromatids
should fall apart in situ the result would be two nuclei with 20 and
12 chromosomes respectively. On the other hand, if the chromatids of
the 10:6 "reductional” grouping should dbe separeted into nuclei, the
4 daughter nuslei would oontain 10, 10, 6 and 6 chromosomes respect-
ively.

Some evidence sudbstantiating the retention of the gap in cases
involving separations of unequal chromosome numbers may be found in
the occocasional odservations of unbalanced telophases, of binucleate
and trinucleate cells with unequal sized nuclei and, in the very rare
sppearance, of reduced cells. But it is not possible to decide whether
they arose in this manner, from more or less organized figures, or from
the completely disorganized type. The point $0 be stressed here is
that, although the evidence of actual redustion was reare in this study,
the genetical significance of the "reductional™ group is, nonethsless,
not diminished.

As shown in Table VI two types of disorganized figures were Ob-
served. These have been descrided in the presentation of the results
and are designated as the "segregational” groupings and the "socattered”
arrangements. In the previous literature these figures collectively
are referred to as "c-mitotie” divisions. The "segregatiomal” groupings
have been called by various terms, "exploded metaphase” (6), "dis-
tributed c-mitosis™ (106) and "distributive c-mitosis” (85). As showm
in Teble VI these "segregational”™ groupings may involve the separation

of either equal or unequal numbers of chromoscmes. When equal numbers
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of chromoscmes bave been separated they are of partiocular interest since

they represent the possidility of resulting in genetical segregation
without involving a reduction in chromoscome number. When two pumerically
unequal groups are separated, just as in the case of the "redustional”
groupings, aneuploidy may result., Alternmatively, however, there is the
additional poesibility of the intergroup gap closing and resulting in
"scattered™ arrangements, which may eventually lesd to polyploiady.

The second type of 4isorganized figures (Ses Tadble VI, page 69)
is that which here has bdeen dssignated as "scattered" arrangements.
These wers illustrated in Plate IV and in Frontispiece Figs. X and F,
Their potential capecity for rssulting in the polyploid eondition is
well recognized but it might be of interest to point out, as indicated
by dotted arrows Table VI, that, once established by a "drifting” of
whole chramosomes, thess "scattered™ arrangsments may, in some cases
give rise to "segregational” groupings. In this respest they also pre-~
sent a possidility of rssulting in either ansuploidy or genetic segre-
gation without reduction in chromosome number. It was pointed out, that,
like ths "segregational” groups, these "scattered™ arrangements were
also most characteristisc of the latter stages of continucus treatment
or the latter hours after exposure to the short treatment and appeared
to reflsct the camplete inhidbition of the spimdle.

In suxmary of the cytogenstical potentialities of these aberra-
tions:

1. The ultimate result of the organized division figures may be:
(a) a return to ths normal division pattern, (b) genstic segregation

with redustion in shramosoms numbers, and (o)aneuploidy.
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2. The 4disorganised configurations may leed to: (a) genetie
segregation without reduction in chromosome numbers, (b) aneuploidy, and
(e) polyploidy.

The eytological sbsrrations, their relative frequencies and rela-

tionahips to types of treatment. To discover any possible relationships
between the frequencies of these aberrations and the concentration, the
time as well as the method of treatment was one of the more specific odb-
jectives of this investigation., It was hoped that it would be possibdble
to obtain a specific combination of these factors whish would result in
the produstion of one OGr mOTre recoverable aberrations and if this were
not possidble to define the thresholds of cytological and toxic effects.
In the discussion of the general effects of treatment it was
pointed out that the most critical period for the observation of the
cytological effects of Acti-dione was the first five hours after the
initiation of treatment. This early interval had not been studied quan-
titatively prior to thie investigation. In the study of the hourly var-
iation in the frequency of division figures it was shown that during
this time the greatest changes in relative numbers of division figures
oscurred. A slow stalling action, differential upon the individual
stages was postulated, It is considered to be of significance that,
in terms of aberrations also, thers was a differential quantitative
effeot, This was shown in Text Figs. 70 through 72 where the perocent~
ages of aberrations from the sombined data of the first five hours were
graphically presented. Here it was indicated that the highsst percent—

ages Of aberrations osccurred in yprophase and the lowest in anaphase.
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1t will bde observed, that, the relationship of the degree of effect on

the relative frequencies of individual steges with the concentrations
and the type of treatment 1s not the same as that existing between the
percentages of aberrations and these variadbles. On the dasis that the
relationship doces exist one may postulate that the assumed stalling
action may be the precursor of the production of the aberrations,

In the Quantitative stuly of the cytological aderrations the
first five hours also appeared to de the most oritical periocd. TFollow-
ing the short treatment there was a direct correlation between fre-
QqQuencies of division figures and percentages of adberrations in prophase
(Text Figs. 29 through 33), but an inverse relationship in mesaphase
(Text Figs. 44 through 47) and in anaphase (Text Figs. 58 through 6l1).
In all concentrations of the continuously treated root tips the aberrant
divisions in all mitotic phases continued to rise even after a stadbilisy
in nymbers of division figures had been reashed, (Text Figs. 36 through
40, 50 through 54, 64 through 68).

Furthermore, it will be observed from the graphs that the percent-
ages of aberrations were not in direet proportion to the consentration,
but rather were more closely correlated with time and method of treat-
ment., It is of interest to note that the peak of prophase and metaphase
aberrations in the 80 ppm of eontinuous treatment was lower than that
observed in more dilute concentrations used in the same manner. Further-
mcre it is considered somewhat significant that, in terms of percentages
of aberrations the 1 ppm short treatment (Text Figs. 29, 43, 57) was

virtually ineffective. On the basis of the relative frequencies of the
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individual atages the 1 ppm short treatment appeared to have been
effective in the later hours.

It seems reasonadble to conclude from this that Asti-dione, even
in this dilution, had ocaused some disturbances in the regular activ-
ities within the nucleus that resulted in the asccumulation of prophases.
Since these divigions could de considered to have dDeen within the range
of normality, the effect was not sufficient to cause a breakdowm of the
process but merely seems t0 have had the stalling effect mentioned above.

All of these Tresults tend t0o support the hypothesis made at the
beginning of this discussion that the Acti-dione appears to act in a
manner similar to a slow fixing agent. It appears that, as Acti-dione
penstrates the dividing cell, its first effects are slight physiologiocal
disturbances which manifest themselves in two easily deteotadble ways:

l. There appeared to have been & slowing down of the rate of some
of the morphological changes that generally ococur, One of these activ-
ities that seemed to have been affected was related to the nuslear mem-
brane. It appeared to have been retained as a memdbrane and the result
was the appearsances of the "affected” prophases (Fl. V, Figs. B, C and
D). In these cases the chramoscmes themselves seemed to have been
capable of proceeding through their usual structural development towaxd
metaphase while the nuclear membrane did not change. The result was un-
oriented chrcomoscmes of metaphase length enclosed within the nuclear
membrane.

2., There seemed tO have been a rather slow and gradual interfer-
ence with the spindle mechanism. The partial inhibition manifested it~

self in the "reductional” groupings which appeared in the early hours

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



76
of observation and the complete suppression was indicated dy the

"segregational” and "scattered” arrangements which appeared in their
greatest frequencies in the latexr hours.

None of the concentrations used in the short treatment serics
of thie investigation seamed to bLe sufficiently high to have csampletely
fixed the oells AQuring the 10 minute interval, hence, when removed from
the solution the reversals to resting stage sould oeecur,

From all treatments including the sontinucusly treated group
there was recovery in only two of the series; the 1 ppm and 5 ppm short
treatments. The 1 prm was found to have been eytologically ineffective
(Text Figs. 29, 43 and 37). However, in terms of the relative fre-
Qquencies of the individual stages (Text Fig. 15), as previously pointed
out, same effects were manifested in the accuwmulation of prophases and
the drop in relative frequencies of post-prophase stages which ocoeurred
after five hours. The comparatively normal divisions in the recovered
material indieate that the changes involved in the stalling astion of
Acti-dions may be preparatory to the eytological sberration. Further-
moTe, since there was no evidense of any undue eytological aberration
in the recovery material after the 3 pgm shart treatment, it seems
reasonable to assume that the cells observed in this recovery material
had either escaped the effects of Acti-dione or, at leass, had not been
radically changed by it. Since the 1 ppm short treatment was eytolog-
lcally ineffective but did reflect some changes having ocowrred and the
S ppm of the same group produced cytological effecte dut appeared to
have been toxiec to the Gells so affected, it seems logical to assume

that the toxicity threshold is very o6lose to that required for the
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produstion of cytological aberrations. If recoverable aberrations are
t0 be odtained from Acti-dione it seems most likely that they would de
found in some camdination of time from between O and 185 minutes and at
some concentration dbetween 1 prm and 8 ppm. At any rats it seems highly
probable that by further investigation of this range of treatment, the
answers might be found to some very pertinent gquestions rslated to the
method of bdrealdowmn, the recoverability of abdberrations and possibly the
mechanisms involved.

The question that next arises is, why it is that the eells in
which Acti-dione has been astive have lost their ability to divide.
The only observations whieh might possibly contain some clues in answer
to this question were the nature of the interphases. After exposurs to
the antidiotic, the interphase nuclei assumed a different appearance.
This was particularly noticeadble in the higher econcentrations of both
types of trestment and, of course, was Rost sccentuated in those fixed
after long periocds of sontinuous treatment. In Plate VI, Fig. A two of
these deteriorated interphases are shomn. As previously mentiocned, it
was observed that there seemed to have been some interferense with the
coiling and the nusleus had the gensral appearance of a Zygotens. DNow,
it is well recognized that in the case of the illustrated cell this was
most likely & toxicity effect. However, since none of the cells whieh
had manifested aytological effects of Acti-dione were eapabls of later
mitoses and since disruption of the spindle mechanism in one diviasion
does not neceesarily inhibit succeeding divisions, it seems reasonable
that interphases are also vulnerable to the Asti-dione.

In this respect the action of Acti-dions differs from that of
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colchicine and gives support to the contentions of Galinsky (52) Allen,
Wilson and Powell (2) Loveless and Revell (91) and others, who contend
that all chemicals capable of produsing the c-mitotic effect 40 not
necessarily operate in the seme manner. It is opposed to the opinion
of Levan and Lotfy (83) who appear to be working on the alternate aesump-
tion., They mention (83) that in substances, "such as sodium nuoleate
which in stromng concentrations give an incomplete c-mitosis, all kindsg
of deviating types of c-mitosis and intermediate stages detween C- and
normal are frequent.”™ Aceordingly, they consider the prophase "reduc-
tional" groupings as "deviating™ types and suggest that they are prophase
in nuclei resulting from preceding "exploded c-mitosis™ or "distridutive
c=mitosis."

From the results observed in this study the Levan-Lotfy concept
cannot be applied in the case of Asti-diocne. First of all, these "seg-
regational” groupings ocourred most generally in the later period of
observations and in those series where they ocscurred in greatest fre-
quency nones of the cells recovered. In those cases where recovery did
occur the "segregational” groupings were rare. In the 5 ppm short treeas-
ment series, for instance, only 6 of the 47 chromosamal groupings were of
the "segregational” type. The remaining 41 of the "reductiocnal”™ nature
could not possibly have arisen from preceding "exploded o-mitosis” since
these disorganized figures 4o not oscur in such frequency in untreated
material.

Une of the significant points revealed by this study was the
apparent sorrelation between the time and the frequency of the aberra-

tion of a particular type. It has been pointed out that the "reductional
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groupings of the organized type ocsccurred in highest frequencies in the
early hours after initiation of treatment and that the more disorgan-
ized figures were found in largest numbers later. This would seem to
support the hypothesis that Acti-dione acts in a manner similer to that
of a slow fixing agent and gives a further clue as to the reason for
the weakness in the effect. It appears liksly that Asti-dione pene-
trates the cell very slowly and results in a sequence of events:

le A bdlocking or ssalling of the usual nuclsar astivities
before any abdberration appears. This was manifested in the 1 ppm short
treataent where there was & change in the relative frequencies of the
individual stages after ths first five hours but no undue aberrasion,

2. An apparent delay in the usual astivity of the nuclear mem~
brane without an affect on the normal changes of the chromoscmes. This
was showmn in the early appearances of the "affected” prophases which
contained chromosomes that appesared to have been capable of passing
through their normal morphological changes prior t$o metaphase. In
these cases it would seem that Asti-dione either had not reasched the
interior of the nucleus owing to the slow penstration or was ineffeetive
upon the shromoscmes themselves.

S. A delay in the formation of whatever structures had not been
formed after sufficient Acti-dione has sscumulated to start “fixing" the
oconstituents of the cells. This is manifested by the early aprearances
of the "reducstional” groupings and later develoyment of the more dis-
organized “segregational” and "socattered” figures. In this event the

latter eculd have arisen at the stage before the nuslear membrane has
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been campletely fixed. In these cases, the chromosomes, having already

attained their metaphase length, but lacking in orientation, eimply
spread throughout the 6sll when the nuslsar membrane finally "breaks
domn.” Hence the disorganized figures would arise, not from an erosion
of the spindle dDut as a result of its failing to form. Whether or not
the discrganization would take the form of a "segregational” grouping
would then depend either upon chanse or whether or not a suffisient
amount of Acti-dione had been present to have disrupted the polaristy
of the cell.

4., In the eases of all of the short treatment appearently nome of
the cells had been completely fixed and hence "reversals"” were the gen-
sral rule.

In other words, below the toxicity level, Acti-diome appears to
have & tendency t0o halt processes rether than to destroy elements al-
ready present, 1.0., t0 be a "fixer"” rather than am "initiator” of ast-
ivitiss. The testing of the effects of other antibiotis materials in
the light of this hypothesis might yield scme important eluss conceraing
the modee Oof actions of, at least, some of these anti-growth substanses.
From the practical viewpoint it would seem that such information would
be necessary for making decisions concerning the use of these substances
as bacterioecides, fungicides, anti-protozoeal poisons, ete. For example,
cognizance of the fact that Acti-dicne, in consentrations above S pm,
destroys the mitotic activity of the meristematic tissuss would appear
to be essential for determinations of concentrations and methods of

application of the antibiotic as & fungicide.
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Furthermore, if the hypothetical analysis of the mitotis break-
down caused by Acti-dione described above is assumed to be correct,
then some postulates eoncerning the events in normal mitosis may be
proposed:

l. If the appearance of the "affected™ prophases indicates
that Acti-dione can produce this stalling effect upon she nuclear
nembrane without apparently stalling the develoment of the shramoscmes
toward their metaphase condition, two assumptions may be made; either,
because of the slow pesnstration of the antibiotic it has not penstrated
the nucleus or Asti-dione has a differential effect upon these two
struotures. Since these "affected” prophases occurred regularly in
00t tips continucusly treated after a rather long period of time, the
first of these assumptions seems less probable and a differential affect
(most likely in degree) seems more acceptadle.

2. 1n later steges of these "affected” prophases (Pl. V, Fig. C)
1t was pointed out that many (sometimes all) of the metaphase-eppearing
shramosomes wmhich seemed to be still within the nuclear membrane, were
unoriented. This permits the sonclusion that it may be quite possidle
that the orientation of the chromoscmes may be maintained, and possidly
metaphase aligmment directed by the spindle.

S. 1t will be recalled that the "reductional” groupings ocourred
in the early hours after the initiation of treatment., If Acti-dione is
considered to behave like a slow fixing agent with a difference in the
degree of affect exerted upon the chramoscmes and the other constitusnts
of the 6ell, then these "reductionsal”™ groupings give us some evidence

that: (a) The spindle may be gredually formed; the gap representing the
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undeveloped section; (b) At least some part of the spindle may be of

oytoplasmic origin for, if differential activity of Ascti-~dione is
assumed, then, when the cytoplasm has been affected and its activities
retarded, the remainder of the spindle cannct form, This is contrasted
with the view of Wada (140) of the intranuclear origin of spindle sude
stances.

4. Sinee, in the completely disorganized figures, which reflect
the total inhibition of the spindle, the chromatids eventually 4o "fall”
apart, the generally accepted concept that the splitting of the keneto-
chore per se is not dependent upon any spindle influence is supported.

S. In the disorganized anaphases (Frontispiece Fig. F, Pl. IV,
Tig. G through I) both oriented and unoriented chromatids have been

observed spread throughout the esll. It is recognized that this die-
tribution may have resulted fram their “drifting” in the partially
"fixed"” oeytoplamm. On the other hand, ho'ivor, they may de considered
as evidsnoe in support of the possibility that at least eame foroes

associated with chromatid movement may be located within the chromo-
somes themselves.
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SUMKARY

le Onion root tip meristems were treated with the antidiotie
Acti-dione ir solutions of varying conceantrations ranging from 1 ppm
%0 80 pmm.

2. The several concentrations were applied to the meristems
by two main types of methods:

(s) A econtinucus treatment for 12 hours,

(b) A short treatment for 15 minutes after which time the
root tips were transferred to a distilled water leash,

3. Included for purposes of comparison were two intermittens
treatments using a 40 ppm solution for 15 minutes; in one it was
applied every hour and in the other it was applied every two hours.

4. There were three types of controls:

(a) An individual root tip control for which the untreated
root tips were taken from a single onion at a single
time.

(b) Consecutive hour series for which the untreated root
tips were taken at the same time as the treated
material,

(e) An individual seriss control for which the root tips
were taken from the duld just before treatment was
finitiated.

S. From smear preparations of the root tips a study was mnade
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of the various types of division figures which appeared at hourly
intervals for a period of twelve hours.

6. There was a genersl trend toward a reduetion in the numbdbers
of division figures following the short treatment and an eventual sta-
dility in these numbers in the continuously treated rcot tips.

7. With the exception of the cytologically ineffective 1 pmm
short treatment series, the first five howr period following the in-
itiation of treatment was found to have been the most oritical period
for the odbservation of the effects of Acti-dione upon meristematic tissue.

8. Differences in the relative frequencies of the individual stage:
appeared depending upon the concentration and the method of treatment.

9. On the basis of the combined data of the first five hours,
differences were observed in the frequencies of the aberrations in the
individual stages with the highest percentages ocourring im prophase
and the lowest in anaphase.

10, Possibilities of the interrelationship of the several types
of aberrations as well as the cytological and genstical potentialities
of each were discussed.

l1l1. On the basis of the hourly variation study the frequency perceni
age of the several types of aberrations appeared to be correlated with time
rather than with either the concentration or the method of treatment.

12, It was suggested that Acti-dione appeared to have acted in a
manner similar to that of a slow £ixing sgent upon the dividing cells;
that 1s, to halt processes rather than to initiate them. The assumed
slow fixing action appeared to have manifested itself as a stalling of
the normal changes that take place during mitosis resulting in the pro-

longation of the duration of each stage.
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135, It was suggested that the degree of the fixing action was
proportional to the time as well as the consentration and, as the
degree of the fixation was increased, the several types of aberrations
became apparent.

14. Since no recoverable adberrations were found, it was suggested
that the threshold of toxicity may be very closs to that necessary for
the producstion of the oytological adberrations. Furthermore, the thresh-
0l4 of each appears to lie in some combination of concentration and time
between 1 pym and 5 ppm and between O and 15 minutss.

15. 1ln several of the types of aderrant figures it appeared that
the chramosocmes seemed t0 have been capable of proceeding through their
regular morphological changes when, at the same time, there was evidencs
of partial or total spindls suppression, On this dasis it was suggzested
that Asti-dione may have had a differential effect upon the cytoplamaic
and nuclear constituents of the cell.

16, Assuming the slow fixation action of Acti-dione to be correct,
the following postulates concerning activitiss in normal mitoesis may de

proposed:
(a) A gredual formation of the spindle,

(b) Cytoplasmic origin of, at least, some parts of the
epindle.

(c¢) Possibility of the origin of anaphase movements from
scme mechanisms arising within the chromatids them—
selves.

17. Three possible approaches of further investigations are

suggeated:
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(a) The searsh for recoverable saberrations from Acti-
dione should de continued by testing comdinations
of concentrations between 1 pm and 35 prm and time
bstween O and 135 minutes. Success in this endeavor
would probably yield results of considerable prectiocal
significance.

(b) The hypothesis of the slow fixing action of Acti-dione
should bde tested using other chemicals, particularly
the antidbioties. Results of such an investigation
might lead to a bdetter understanding of the mode of
astion of anti-growth substances and could result in
some important changes in the methods of prastical
utilization of these materials.

(s) Since the abderrations appeared to have developed during
the early hours following initiation of treatment, it
appears that continued obdbservations made during this
particular time would yield data from which a bdetter
understanding of the fundamental processes of mitosis

could de developed.,
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PLATE 1
"NORMALILY" ORGANIZED FIGURES

FIGURE

A.

C.

De

F.

G.

H,

I.

Prophase fram root tip taken eight hours aftexr initiation
of short treatment with 1 prpm solution,

Prometaphase from root tip taken after two hours of con-
tinuocus treatment with 20 ppm solution,

Metaphase from untreated material.

Early anaphase from untreated material,

Middle anaphase from root tip taken one hour after begin-
ning of short treatment with 1 pym solution.

Late anaphase from untreated material,

Early telophase from root tip taken after one hour of con-
tinuous treatment with S5 ppm solution.

Later telophase from root tip taken one hour after begin-
ning of short treatment with 1 ppm solution,

late telophase saccoompanied by two interphasse cells from

untreated material,
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PLATE 1I
A SERIES OF "REDUCTIONAL" GROUPINGS

FIGURE

A.

C.

D.

¥.

G.

H.

I.

Prophase "reductional” grouping from root tip teken after
one hour of scsontinuous treatment with 40 ppm solution.

Prometaphase "reductional™ grouping from untreated material.

Split metaphase fraom untreated material.

Split metaphase from root tip taken after two hours of con-
tinuocus treatment with 40 ppm solution,

Split anaphase from root tip taken after two and one-half
hours of continuous treatment with 40 ppm solution,

Split anaphase from untreated material.

Split telophase from root tip taken after six hours of
eontinuous treatment with 20 ppm solution,

Split telophase from untreated material,

Split telophase from root tip taken three hours after

beginning of short treatment with 85 pym sclutiom.
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FIGURE

A.

Ce

D,

PLATE 111
A SERIES OF "SEGREGATIONAL®" GROUPINGS

Metaphase "segregation™ involving equal ohramosome
numbers fram root tip taken after four hours of
sontinuous treatment with 80 ppm solution.

Two adjacent metaphase cells, one {upper) involving
equal, the other unequal chramosome numbders, from
root tip taken after four hours of continuous
treatment with 80 ppm solution.

Metaphase “"segregatioa” involving equal shramosome
aumbers fram root tip teken after four hours of
csontinuous treatment with 80 ppm solution,

Unequal metaphase "segregation™ in which chraxatids

have caompletely "fallen™ apart from root tip taken

after three and ocne-half hours of continuous treat-

ment with 40 pmm sclution,
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PLATE IV
A SERIES OF "SCATTERED" FIGURES OF THE DISORGANIZED TYPE

FIGURE

A. Disorganized prometaphase from root tip taken after six
hours of eontinuous treatment with 20 pmm solutiom.

Be=CaeD,

"Scattered” metaphases from root tips taken after four
hours of sontinuous treatment with 20 ppm solution,

E. Normally organised metaphase showing evidenoss of epindle
suppression in the type of kinetoschore splitting, from
700t tip taken after four hours of continuocus treatmsnt
iz 20 ppm solution.

F. "Scattered"” metaphase in which chromatids have “fallen”
apart, from root tip taken six hours after the deginning
of the short treatment with 20 ppm solution.

G. Disorganized anaphase involving oriented chromatids taken
from a root tiy after four hours of continuous treatment
with a 1 ppm solution.

’ He Disorganized anaphase involving both oriented and unoriented
chramatids taken fram root tip six hours after the in-
itiation of the short treatment with a 40 pm solution.

I. Disorganized anaphase involving mostly unorignted chromatids
taken from root tip after four hours of eontinuous treat-

ment with 20 ppm solution,
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PLATE IV
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PLATE V

A SERIES OF CELLS SHOWING INDICATIONS OF TOXICITY

FIGURE

A.

C.

D.

G.

H.

I.

Deteriorated interphases from root tip taken after eleven
hours of eontinuous treeatment with 20 prm solution.

wAffected"” promstaphase from root tip taken after four hours
of continuous treatment with 20 ppm solution.

"Affected”™ prophase from root tip taken after five hours of
continuous treatment with 20 ppm solution.

"Reverting” propbase from root tip taken five hours after
initiation of short treatment.

"Necrotic” prophase fram root tip taken after Shree hours
of eocatinuous treatment with 1 ppm solutiom.

"Clumped”™ metaphase from root tip takem after six hours of
eontinuocus treatment with 20 prm solution,

Late snaphase with lagging chromosames fram ruot tip taken
after ten hours of sontinuocus treatment with 20 ppm
solution.

"Affected™” telophase with chromosome "bridges"” from root tip
taken after three hours of sontinuous treatment with 40
ppa solution,

Telophase with unequal separation of chromatids from root

tip taken after nine hours of continuocus treatment with

40 pmm solution,
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PIATE VI
MISCELILANEOUS

FIGURE

A.

C.

D.

r.

Ge

I.

Anaphase of a polyploid division from root tip taken three
hours after initiation of short treatment with 1l pmm
solution,

Metaphase with chramosams fragment from root tip taken one
hour after initiation of short treatment with 40 pmm
solution.

Binucleate cell from root tip taken after five hours of
esontinuous treatment with 20 ppm solution.

Trinucleate cell from root tip taken after twenty-one
hours of continuous treatment with 20 ppm solution.

Redusced cell from root tip taken after two houre of con-
tinuous treatment with 20 pmm solution,

Reduced cell from root tip taken after eix hours of eon-
tinuous treatment with 40 ppm solution,

Disorganized telophase from root tip taken four hours
after initiation of short treatment with 3 ppm solution.,

"Transitional™ metaphase from root tip taken after three
hours of csomtinuous treatment with 80 ppm solution,

Unipolar anaphase from root tip taken after two hours of

continuous treatment with 20 pmm solution.
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TABIEX 1 -

PERCZNTAGES OF TOTAL DIVISION FIGURES OF INDIVIDUAL STAGES
A, SHORT TREATMENT

(One part per milliom)

PABLE 1A TABIX 1B
SERIES 148 SERIRS 147A
Prophase letaphase Post-lete, Propbase Letaphase Post-lieta,

Hours o, $ No, # No, % Total Hours No, % No, % ©FNo. % Total
O 108 38,6 75 27,8 91 4.1 267 L ML_L_&LJLM_&L
1 115 40,4 68 24,3 99 35.4 280 4 21.5 214
2 167 65,7 46 18,1 41 16,1 254 z m so.e 8 17.9 45 21.2 212
s 116 46.8 69 29.8 63 2£5.4 248 s 104 47,3 43 19.5 73 3%.2 220
4 106 42,2 77 30.7 68 27.1 25} 4 122 50.0 47 19.3 75 30,7 2M
s 149 64.8 47 20.4 34 14.8 230 5 150 58,8 64 23.8 55 20,4 269
¢ 165 64,4 S5 20,9 37 14.6 253 6 119 59.2 39 19.4 43 21,4 201
] 170 63.2 64 25,8 35 13,0 269 " 173 66.5 34 13,1 53 20,4 260
8 159 67.9 44 18,8 31 13,2 234 8 132 57.4 48 20.9 %0 21, 230
9 158 56,2 67 23.8 56 19.9 28] 9 150 58.1 57 23.3 58 23,7 245
10 12¢ 48,8 71 28,0 59 23,2 254 10 128 54,3 52 22,1 55 23,4 235
u 132 48,4 82 30,0 59 21.6 273 n 130 58,6 42 18,9 %0 22,5 222
12 125 47.2 72 27.2 68 25,7 265 12 138 62,7 43 19.5 39 17,7 220

Total Total

Treated 1682 54,4 760 24,6 630 21,0 3092 Treated 1564 56,4 558 19.9 655 23,6 2772

4TI
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TABIZ 1 (Continued)

(One part per million)

TABLE 1C TABLE 1D
SERIES 143 AND 147A COMBINED PERCENTACES CONVERTED USINC BASE OF 50
Prophase LKetaphase Post-leta, Prophase Metaphase Post-lieta,
Hours Yo, % No, % oo % Total Bours Real New Real New Real FKew
0 220 43.7 149 29,6 134 26,6 503 0 43,7 %,0 29,6 50,0 26,6 50,0
1 222 4.9 114 23,1 158 32,0 494 1 4.9 51,2 23,1 39,0 32,0 60,2
2 296 63,5 84 18,0 86 18,5 486 2 63.5 72,4 18,0 30.4 18,5 34,8
3 220 47.0 112 23,9 136 29,1 468 3 47,0 53,6 23,9 40.4 29,1 54,7
4 228 46,1 124 25,1 143 28,9 493 4 46,1 352,66 25.1 42.4 28,9 54.3
5 299 59,9 111 22.2 89 17.8 499 5 59.9 68,3 22,2 37,5 17.8 33.3
é 282 62.1 92 20,3 80 17.6 454 6 62,1 70.8 20,3 34,3 17.6 33,1
? 343 64,8 96 18,5 88 16,6 529 7 64,8 73.9 18,5 31.3 16.6 31.2
8 291 62,7 92 19.8 81 17,5 464 8 2.7 71.4 19.8 33,5 17,5 32,9
9 2688 54,8 124 23,6 114 21,7 526 9 54.8 62,5 23,6 39.9 21.7 40.8
10 252 51,5 123 25.2 114 23,3 489 10 51,5 58.7 25,2 42,6 23,3 43.8
1 262 32,9 124 25,1 109 22,0 498 11 52.9 60,3 25.1 42,4 22,0 41.4
12 263 54,2 115 23,7 107 22,1 489 12 4.2 61,8 23,7 40,1 22.1 41.5
Total

35,4 1313 22.4 1305 22,3 U664

3

Treated 3
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TABLE 2

PERCENTAGES OF TOTAL DIVISION FIGURES OF INDIVIDUAL STAGES

A, SHORT TREATMENT

(Mive parts per millicm)

TABLE 24
SERIES 138

Prophase Metaphase Post-eta,

Hours No, i Noo i k! ’ Total
0 125 435,86 080 29,3 68 24,9 273
1 141 53.4 358 22,0 65 24.6 264
2 205 77.2 8% 9.8 35 13.3 263
3 177 69,4 37 22,4 81 6.2 855
4 120 53,8 63 28,3 40 17,9 283
5 60 46,5 40 31.0 29 22,5 129
6
7
8
9
10 Insuffioient Division Figures
n
12

Total

Treated 701 6l.8 243 21.4 190 16.8 1134

TABLR 2B
SERIES 182B
Prophase Mstaphase Fost-lleta,

Hours No. 1 No. i No. ’ Total
0 113 49,1 37 16.1 80 34,8 230
1 118 41,7 60 22,1 98 36.2 271
2 168 71.8 30 12,7 38 16.1 236
3 185 78,3 38 1.4.8 3I3 12,9 256
4 160 69,9 28 9.6 47 20,5 229
S 152 51,5 63 21.4 80 27,1 295
6 137 55,0 35 14,1 77 30.9 249
7 140 52,4 66 24.7 61 22,8 267
8
9
10 Insufficient Division Figures
11
12

Total

24,1 1803

o1t
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TABLE 6

FERCENTAGES OF TOTAL DIVISION FIGRES OF INDIVIDUAL STAGES

B, CONTINUGUS TREATEENT

(One part per million)

TABLE 6B

SERIES 151

Prophase LKetaphase FPost-lietas

Hours No, % No. % Ko, % Total Hours No, % Noo » No, % Total"
0 117 48.1 €2 25,5 64 26,3 243 0 106 39.4 682 30,5 81 30,1 269
b 146 S3.1 73 26,5 56 20,4 275 1 113 46,7 69 28,3 60 24.8 242
e 166 63,6 47 18,0 48 18,4 261 2 159 52,3 70 23.0 73 24,7 304
3 142 61.7 43 18,7 45 19.6 230 3 138 59,7 37 16.4 54 23,9 226
4 117 68.9 52 27.9 17 9.1 188 4 161 58.8 66 24.1 47 17.1 274
S 126 56,3 72 32,1 26 11.6 284 S 208 67.2 55 18,2 44 14,6 308
6 119 97.8 67 32,5 20 9,7 206 6 123 58,8 57 27,3 29 13.9 209
7 7 135 65.5 42 20.4 29 14.1 206
8 8 105 66.5 23 14.5 30 19.0 158
9, 10, Insufficient Division Figures 9, 10, Insufficient Division Figures
11, 12 11, 12

Total Total

Treated 816 59,0 354 25,6 212 15,3 1382 Treated 1134 59,0 419 21,8 368 1%.1 1921
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TABLE 7

FERCENTAGES OF TOTAL DIVISION FIGURES OF INDIVIDUAL STAGES
B. CONTINUOUS TREATYENT

(Mve parts per milliom)

TABLE 7A

T™BIE 7B

SERIES 132A

SERIES 139 .
Prophase Metaphase Post-leta.

Prophase Metaphase Post-ileta,

% No. % Total

4  No.

49,4 57 22.2 73 28.4

No,
127

Hours

4 No. # Total

% No,

No,

Hours

357

76 28,5 267

S0 18.7

141 32.8
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Insufficient Division Figures

Insufficient Division Figures

23
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2084

Total 1234 59,2 536 25.7 314 15,1

1193
Treated

17.%

723 60.6 261 21.9 209

Total

Treated
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TABLE 7 (Continued)

(Five parts per million)

TABLE 7C TABLE 7D
SERIES 139 AND 152\ COVPIN®D e PERCEVTAGRS CONVERTED TSTNG BASE OF 0
Prophase Metaphase Fost-Meta, Prophase Metaphase  Post-leta,
Hours No, % Mo, % No, % Total Hours Real New Real New Real Kew
0 268 51,1 107 20,4 149 28,5 524 0 51.1 50.0 20.4 50,0 28,85 50.0
1 267 53,8 140 28,2 89 17.9 496 1 53,8 52,7 28,2 69,0 17,9 31.3
2 353 59.8 119 20,2 118 20,0 590 2 59,8 5.6 20.2 49,5 20.0 35,0
3 337 63.6 108 20,4 85 16,0 50 3 63.6 62,3 204 5,0 16,0 28,0
4 304 62,3 112 22,9 78 14,7 488 4 63,3 61,0 22,9 56,1 14,7 257
5 297 63.2 109 23,2 64 13.6 470 5 63.2 61,9 23,2 56,8 13,6 23,8
6 147 57.4 77 30.1 32 12,5 858 6 57.4 56,2 30,1 73,7 12,6 21.8
? 143 63,5 56 24.9 26 1,5 225 7 63,5 62,8 24,9 61,0 11.5 20.1
8 109 49.1 76 34,2 37 16,7 222 8 49,1 48,1 34,2 83.8 16,7 29.2

Total
Treated 1957 59,7 797 24,3 423 135.9 3277




TABLE 8
PERCENTAGES OF TOTAL DIVISION FIGURES OF INDIVIDUAL STAGES

B. CONTINNOUS TREATMENT

(Twenty parts per million)

TABLE 8A

SERIES 134

Prophase Metapbase Post-liets,

SERIES 128

Prophase letaphase Post-lista,

Total

.

$» No.
m 58.6 47 22.1 54 25.4

No,

% __Fo,

4 No, % No. % Total Kours
105 45.6 48 20,9 77 33.5

No,.

Hours

813
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Total

Total

3088

6.0

Treated 1786 57.8 1118 36.3 184

2769

49.6 126 4.6

Treated 1270 43.9 1373
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TABLE 9

PERCENTAGES OF TOTAL DIVISION FIGURES OF INDIVIDUAL STAGES
B. CONTINUOUS TREATHENT

(Forty parts per milliom)

TABLE %A TABLE 9B

SERIES 9%
Prophase letaphase rost-leta.

SERIES 125
Prophase letaphase Fost-Keta,

"uoissiwiad noyum payqiyosd uononposdal Jayuny “reumo buAdos ayj jo uoissiwad yim paonpoidoy

Hours No. # Mo, % Noo % Total  Eours No. 4 Noo % Noo % Total

0 128 63.4 34 16.8 40 19.8 208 0 137 81,7 59 28,3 69 26.0 265

)| 131 64.2 39 28.9 14 6.9 204 1 127 52.0 96 39.3 21 8.6 a4

2 136 65.4 62 29,8 10 4.8 208 2 110 50.9 87 40,3 19 8.8 216

3 104 49.8 87 41.6 18 8.6 209 3 107 48.4 105 47,3 9 4.1 221

4 111 80,9 63 38,1 384 11,0 218 4 100 41.7 128 &.3 12 5.0 240

S 99 45,0 9 &.6 285 1.4 220 S 108 48.0 108 46.0 19 8.1 238

6 101 47.6 81 38.2 30 14.2 212 6 96 41.2 114 48.9 X 9.9 233

?7 89 38.3 1ll1 48.0 31 13.% =) 7 108 45.5 90 39.0 36 15.6 81

8 86 36,3 126 5.2 2% 10.5 287 8 115 51.6 77 34.5 31 13.9 223

9 S5 24,2 128 55.7 44 20.)1 219 9 109 49.3 110 49.8 2 0.9 221

10 86 36,1 119 80,0 33 13.9 238 10 9% 39,5 133 .6 17 6.9 248

1 65 31.3 109 32.4 34 16.3 208 11 122 50,6 107 4.4 12 5.0 41

12 12 92 39.8 129 55.8 10 4.3 231
Total Total

Treated 1061 44.1 1055 43.9 208 12.0 2404 Treated 1289 46,3 1284 46.1 211 7.6 2784
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SERIES 95 AND 125 COMBINED

TABLE 9 (Continued)

(Forty parts per million)

TABILE 9C TABLE 9D

PERCENTAGES CONVERTED USILG BASE uF 30

Propbase setaphase rost-ieta, Prophase Metaphase rost=eta,
Hours Noe » No. » No. % Total hours Real lew Real New Real New
0 268 56,7 93 19.9 109 23,3 467 0 56,7 50,0 19,9 50,0 23,3 50,0
1 858 57.6 155 34.6 35 7.8 48 1 57.6 50,7 34,6 86,8 7.8 16.8
2 246 58,0 149 35,1 29 6.8 424 2 58,0 51.0 35,1 88,1 6.8 14.6
3 211 49.1 192 44.6 27 6.3 430 3 49,1 43.2 44.6 111.9 6.3 13.5
4 211 46,0 211 48.0 36 7.9 408 4 46.0 40,5 46,0 1155 7.9 17.0
S 207 45,5 204 44.8 4 9.7 450 5 45,5 40,0 4.8 112.4 9,7 20.9
] 197 4.3 195 435.8 S 11.9 449 é 4,35 39,0 43.8 109.9 11.9 25.6
7 194 42,0 201 43.%9 67 14.5 468 7 42,0 37,0 43.5 109.2 14,5 31.2
8 201 43.7 203 4.1 58 12,2 460 8 43,7 38,5 44,1 110.7 12,2 26.2
9 168 36.8 238 52,7 46 10,4 40 9 36.8 32,4 52,7 132.,3 10.4 22.4
10 184 37,9 252 51,8 S50 10,3 486 10 37.9 33.4 51,8 130.0 10.3 22,1
n 187 41,6 316 48,1 46 10.2 449 1 41,6 36.6 48.1 120,7 10.2 21,9
12 92 39.8 129 53,8 10 4.3 231 12 39,8 35.0 955.8 140.0 4,3 9.2
Total
Treated 2350 45,3 2339 45,1 499 9,6 5188

et
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1480 Treated 835 47,1 793 44.8 144

Total
Treated

1774

8.1

3.8

14

798 5.9 625 42.2
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TABIE 12

PERCENTAGES OF TOTAL DIVISION FIGURES OF INDIVIDUAL STAGES

(Forty parts per million for 15 minutes every hour)

C. INTERKITTANT TREATHENT

TABLE 12A
SERIES 133
Prophase Letaphase  Post-leta.
Hours Count % Count % Coumnt & Total
0 136 59.6 50 21.9 42 18.4 288
1 154 58,3 89 33.7 2] 8.0 264
2 147 58.1 78 28.9 s$S 13.0 238
S 149 %58.0 73 28.4 35 13.6 2W
4 149 58.4 g2 31.9 0 1.1.7 257
5 139 50.9 81 29.7 55 19.4 273
6 126 53.8 88 37.6 20 8.5 234
7 129 52.8 88 35.6 O 12,1 247
8 125 53.6 84 36.1 24 10,3 233
9 126 49.2 100 39.1 O 11,7 2%
10 116 48.3 118 46.1 2 8.6 1288
11 131 5%3.5 99 40.4 15 6.1 248
12 151 61.9 81 33.2 12 4.9 344
Total 1638 54,3 1056 35,0 385 10,3 3019
Treated

TABLE 12B
PERCENTAGES CONVERTED USING BASE OF 50

Prophase Metaphase  FPost-leta.

Hours Real New Real FNew Real New
0 59.6 850.0 21.9 350.0 18.4 50.0
1 8.3 48.9 33.7 76.8 8.0 21.8
2 58.1 48.7 28.9 63.9 13.0 35.4
S 58.0 48.7 28,4 64.8 13.6 37.0
4 56.4 47.3 31.9 72.7 11.7 31.8
5 50.9 42.7 29,7 67.7 19.4 52.8
6 55.8 45.1 37.6 85.7 8.5 23.1
? 58.2 43.8 35.6 8l1.2 12.1 32,9
8 55.6 45,0 36.1 82.3 10.3 28.0
9 49.2 41.3 $9.1 89.1 11.7 31.8
10 45.3 38.0 46.1 105.1 8.6 23.4
11 3.5 44.9 40.4 92.1 6.1 16.6
12 61.9 81.9 33.8 75.7 4,9 13,3

get
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TABIE 13

PERCRN'TAGES OF TOTAL DIVISION FIGURES OF INDIVIDUAL STAGES
D. UNTREATED

(Root tips collected at consecutive hours)
TABIE 13A TABLE 13B

SERIES 127 — SERIES 132
Prophase Letaphase Post-Keta,

]

Prophase Metaphase Post-leta.

Hours o, £ No. £ No, % Total Hours No. % No. No, % Total
0 108 50.5 49 28.9 57 £6.7 214 0 122 48.6 64 25.5 65 25.9 251
1 113 48.1 49 %0.8 75 31.1 235 1 112 41.2 70 25.8 90 33,1 272
2 183 S53.7 58 25.3 48 21.0 229 2 109 45.4 61 25.4 70 29,2 240
- 141 55.1 48 17.6 70 27.3 256 3 120 52,1 58 25.8 52 22,7 230
4 108 4.1 56 235.4 75 32.5 £31 4 112 43.5 84 32.6 62 24.0 258
5 96 41.5 & 18.6 95 40.1 237 5 98 46.2 59 27.8 55 85.9 212
3 123 49.1 66 25.3 78 27.6 261 8 125 58.1 63 26.3 52 21.7 240
? 110 49.8 62 28.0 49 28.2 221 7 123 51.0 63 2.1 55 23.8 241
8 117 52,5 S8 23,35 54 324.8 283 8 116 38.9 85 28.5 97 32.5 298
9 115 47.9 68 38,3 5 2.8 240 9 106 45.7 59 25.4 67 28.9 232
10 107 46.7 51 28,3 71 31.0 229 10 91 39.6 69 30.0 70 30.4 230
11 101 44.5 37 25.1 69 30.4 227 n - - - - - - -
12 118 48,5 53 21.8 72 29.8 243 12 71 45.2 51 32.5 35 22.3 157

Total 1476 48.5 708 28.2 862 28,3 3046 Total 1305 45.6 786 27.5 770 26.9 2861
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TABLE 14

PERCENTAGES OF TOTAL DIVISICN FIGURES CF INDIVIDUAL STAGES
D, UNTREATED

(Root tips from same onion at same hour)

TABLE 14A TABIR 14B
SERIES 137B PERCENTAGES CONVERTED USING BASE OF S0
Prophase  MNetaphase  Post-leta, Prophase Metaphase Post-leta,
Root Root
No. Count % Count % Count # Total No. Count % Count % Count %
2 £36 S4.4 94 21.7 104 24.0 434 2 54.4 50.0 21,7 $0.0 24.0 50,0
3 238 47.8 128 25.7 132 26.5 498 3 47.8 44.0 25.7 959.1 26.5 9595.1
4 211 §1.1 124 30.0 7 18,9 413 4 51.1 47.0 30,0 69.0 18.9 39.3
6 231 4.7 99 23.5 92 21.8 432 6 54,7 50,3 23.5 54.0 21.8 62.0
? 237 952.9 111 24.8 100 22,3 448 ? 52.9 48.7 24.8 57.0 22.3 47.4
8 229 950.9 108 23.3 116 25,8 4% 8 50,0 46.0 2.3 5.6 25.8 53.7
10 232 54.1 109 25.4 88 20,5 429 10 54.1 49.8 25.4 958.4 20,9 42.6
1 254 959.2 8l 18.9 9% 21.9 429 11 59.2 4.9 18.9 43.85 21.9 45.6
12 195 44.1 111 2S5.1 136 30.8 442 12 4.1 41.3 25.1 97.7 30.8 64.1
13 220 47.9 125 27.3 114 24.8 459 13 47.9 44.1 27.3 62.8 24.8 51.6
15 220 49,9 105 23.8 116 26.3 441 15 49.9 435.9 23.8 54.7 26.3 54.7
21 213 43.4 163 33.2 115 28.4 491 21 43.4 39.9 33.2 76.4 23.4 48.7
Total 2716 3%0.7 13585 25.3 1285 23.5 5356




TABLE 15

PERCENTAGE OF TOTAL DIVISION FIGURES OF INDIVIDUAL STAGES

D. UNIREATED

TABLE 138

TABIE 184

Total Conc,

*

No,

SHORT TREATMENT
No.

Prophase Netaphase Fost-Meta.
.

TR

ZERC HOURS OF TREATED BULES

3
1 13
¥

HEE
3

Bl -
gg%é

2] 2™
i |12

.....

2373

Total 1185 49.9 0537 22.6 651 27.4

49,3 609 24.6 648 26.2 2478

Total 1221

TABLE 13C

Metaphase Post-leta.

Prophase

SUKKARY OF ALL UNTREATED KATERIAL

O-Hour Short 1221
O-Hour OCoatinuous 1185
Consecutive hours 2781 .
Seme hour 2716 %0,
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4216 26.2 16114

7903 49.0 3995 24.8

Total
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TABLE 16

AVERAGE NWMBERS OF DIVISION FIGURES PRR AXISl
A. SHORT TREATMENT

(One part per million)

SERIES 143 SERTES 147A COMBINED

Hours Count Axes Count Axes Count Axes Avg.

0 287 Pt 236 27 503 40 18,6

1 380 1e 214 28 494 42 11.8

2 25¢ 7 218 17 468 24 19.¢

3 248 33 280 17 468 49 9.6

4 1.3 § by 244 19 498 -5 § 16.0

- 230 31 269 18 499 48 10,9

6 253 30 201 19 454 39 1l.6

4 269 12 260 20 Se9 38 16.95

e 234 9 230 e 464 17 27.3

9 281 ? 2495 16 526 23 28,9

10 254 8 239 18 489 3¢ 80.4

11 273 9 222 23 498 38 18.5

12 265 8 220 26 4895 34 14.3
Total

Treated 3092 187 2772 228 3864 393 14,9

TABLE 17
AVERAGE NUMEERS OF DIVISION FIGURES PER AXIS
A. SHORT TREATVERT
(Five parts per million)
[RREREREEREREREEm——— o o o - - o o J
SERIES 138 SERIES 15%B COMBINED

Hours Count Axss Count Axes Count Axes __Avg,

0 273 17 230 11 SOS 28 _18,0

1 264 le¢ 270 10 . -1 24 22.3

2 263 12 238 20 499 38 18.6

3 3.1, 24 258 le S11 38 15,8

4 283 36 229 33 458 69 6.6

S 189 41 2995 19 424 60 7.1

8 249 22 249 28 11.3

7 287 29 267 29 9.2
Total

Treated 1134 127 1803 147 8937 374 10.7

l. The term "axis” es used in Tables 16 through 28C refer to the aonsecu-
tive series of high powered fields taken from edge to edge of the
coverslip.
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TABLE 18

AVERAGE NUMEBERS OF DIVISION FIGURES PER AXIS
A. SHORT TREATMENT

{Twenty parts per million)

e e .

SERIES 92 SERIES 140 COKBINED
Hours Count Axes Count Axes Count Axes Avg.
0 207 12 261 10 468 22 21.3
1 223 9 257 10 482 19 25.4
2 201 12 290 16 491 28 17.8
3 203 12 245 20 448 32 14.0
4 199 31 228 35 427 66 6.5
5 209 19 212 31 421 80 8.4
6 127 40 - - 1287 40 S.2
Total
Treated 1164 123 1232 1118 2396 838 10.8
TABLE 19
AVERAGE NUMBERS OF DIVISION FIGURES PER AXIS
A. SHORT TREATMENT
(Forty parts per milliom)
L - ____
SERIES 96 SERIES 120 COMBINED
Hours Count Axes Count Axes Count Axes Avg.
0 209 17 247 18 456 36 13.0
1 214 17 209 29 423 48 9.2
2 215 13 208 42 421 85 7.7
3 830 14 241 24 471 38 12.4
4 201 28 161 44 ss2 72 8.0
S 69 17 28 18 97 3S 2.8
Total
Treated 929 89 848 137 1774 246 7.8
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TABLE 20

AVERAGE NUMBERS OF DIVISION FIGURES PER AXIS
A. SHORT TREATD/ENT

(Eighty parts per xillion)

T

SERIES 118 SERIES 1282 COMBINED

Eours Count Axes Count Axes Count Axes Aveg.
0 251 21 297 17 548 38 l14.4
1l 209 14 221 19 430 33 13.0
2 268 13 310 13 578 26 28.2
3 280 1? 256 14 8516 31 16.6
4 218 25 288 19 448 44 10.1
) 211 29 163 24 374 53 7.1
[ 216 43 - - 218 43 8.0

Total

Treated 1382 14) 1178 89 £560 230 11.1

TABLE 21
AVERAGE NUKBERS OF DIVISION FIGURES PER AXIS
B. CONTINUOUS TREATMENT
(One part per million)
SERIES 148 SERIES 181 COMBINED

Hours Count Axes Count Axes Count Axes Avg.
0 243 20 269 8 812 28 18.3
b 275 18 242 18 817 33 18.7
2 261 18 304 8 585 28 21.7
3 230 235 226 10 456 38 13.0
4 186 33 274 14 460 47 9.8
S 284 31 302 19 386 50 10.8
8 208 41 809 30 418 71 5.9
? - - 806 268 206 26 7.9
8 - - 1358 38 188 35 4.1

Total

Treated 1139 183 1981 160 33035 383 10.8

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



TAELE 22

AVERAGE NUMBERS OF DIVISION FIGURES PER AXIS
B. CONTINUOUS TREATV.ENT

(Five parts per million)

s e N

SERIES 139 SERTIES 152A OO¥BINED

Hours Count Axes Count Axes Count Axes Avg.

0 2367 18 387 (] S84 24 21.8

1 256 19 240 10 496 29 17.1

2 279 11 311 14 8590 3. 23.6

3 230 19 300 le 530 33 16.1

4 218 28 273 20 488 48 10.2

S 213 30 287 17 470 47 10.0

6 - - 2856 16 356 l¢é 16.0

? - - 2285 27 2338 27 8.3

Et_%l — — 828 36 888 36 6.3

Treated 1193 107 2084 154 S877 261 18.6

TABLE 23
AVERAGE NUNEERS OF DIVISION FIGURES PER AXIS
B. CCNTINUOUS TREATVENT
(Twenty parts per million)
- - - - — - ]
SERIES 128 SERIES 134 COMBINED

Hours Count Axes Count Axes Count Axes Avg.

0 230 168 213 8 443 24 18.3

l 233 10 280 (3 452 16 28.3

2 233 8 268 8 800 16 31.3

3 228 13 276 é S04 19 26.8

4 236 13 238 10 492 23 2l.4

S 281 17 877 9 498 26 19.2

é 243 16 272 11 519 27 19.1

? 236 20 2735 9 511 29 17.68

8 239 18 253 1 492 29 17.0

9 245 80 249 8 490 28 17.9

10 216 12 2356 10 478 as 21.3

11 223 16 248 8 470 24 19.6

12 219 16 242 1) 461 27 17.1
Total

Treated 23769 179 3088 107 5657 386 20.9%
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TABLE 24

AVERAGE NW.BERS OF DIVISION FIGURES FPER AXIS

B. CONTINUOUS TREATMENT

(Forty parts per million)

SERIES 98 SERIES 125 COMBINEKD
Hours Count Axes Count Axes Count Axes _ Avg.
0 202 18 263 19 467 37 12.6
1 204 17 244 448 ¢ 11.2
2 808 11 816 13 424 24 17.7
3 209 9 221 17 430 26 16.5
4 218 17 240 17 458 34 13.9
S 220 18 838 16 485 31 14.7
6 212 14 £33 21 4495 35 1.7
? 231 22 831 19 462 41 11.3
8 237 18 223 16 460 32 14.4
9 219 23 221 23 440 48 9.6
10 238 21 248 19 486 40 1.2
11 208 30 241 26 449 56 8.0
2 - - 231 18 231 18 12,8
Total
Treated 2404 195 2784 8328 5188 423  18.3
TABLE 2S5
AVERAGE NUKBERS OF DIVISION FIGURES PER AXIS
B. CONTINUOUS TREATAENT
(Eighty parts per millionm)
L. . ]
SERIES 108 SERIES 115 COMBINED
Hours Count Axes Count Axes Count Axes AvVg.
0 206 14 281 18 487 32  13.3
l 212 23 2495 1? 457 40 11.4
2 214 20 221 1S 439 35 12.4
3 231 12 281 1S 512 27 19.0
4 234 268 269 22 805 48 10.5
S 214 29 - - 214 29 7.4
6 - - 861 11 261 1) 23.7
7 212 39 237 13 449 S8 8.6
8 163 33 260 16 423 49 8.6
Total
Treated 1480 182 1774 109 3854 291 11.2
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TABLE 26

AVERAGE NWEERS OF DIVISION FIGURES PER AXIS
C. UNTREATED

(Root tips collected at comseeutive hours)

S - S ey

SERIES 127 SERIES 132 COVBINED

Hours Count Axes Count Axes Count Axes Avg.
0 214 13 251 20 465 35  1a.1

1l 238 18 272 13 807 28 18.1

2 229 13 240 9 489 22 81.3

3 256 13 230 11 486 24 20,3

4 231 1= 258 15 489 27 18,1

S 237 13 212 S 449 18 24.9

8 261 le 240 1] 501 25 20,0

7 221 12 241 13 462 25 18,5

8 223 18 298 8 521 26 20.0

9 240 19 232 10 472 29 16.3

10 229 18 230 18 459 34 13.5
11 227 14 - - 227 14 16.82
12 243 19 187 38 400 51 7.8
Total 3046 191 2861 1695 5907 356 16.6

TABLE 27

AVERAGE NWORBERS OF DIVISION FIGURES PER AXIS
C. UNTREATED

(Root tips collected from same onion at same hour)

Hours Root No. Count Axes Avge
o] 2 434 21 20.7

1l 3 498 3 23.7

2 4 413 S 16.8

3 6 428 23 18.4

4 4 448 24 18.7

S 8 450 1s 37.9

6 10 429 B4 17.9

7 11 429 22 19.5

8 12 442 14 31.6

9 13 459 19 24.2

10 15 441 33 13.4
11 21 491 24 20.95
12 - - - -
Totel 5356 262 20.4
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TAELE 28
AVERAGE NUMEERS OF DIVISION FIGURES PER Axysl
TABIE R6A

ZERO HOURS OF TREATED BULBS
SHORT TREATMENT

—_——

Parts per million Count Axes Avge.
1 503 40 12.68

S 5038 18,0
20 468 22 21.3
40 458 S 13.0
80 548 14,8
Total 2478 163 15.2

TABIE 26B

ZERO HOURS OF TREATED BULBS
CONTINUOUS TREATMENT

]

Parts per million Count Axesn Avg.
1l s18 28 18.3
S 524 24 21.8
20 443 24 18.%5
40 467 37 12.6
80 487 2 13.8
Total 2373 145 l6.4
TABLE 28C

SUMMARY OF ALL UNTREATED MATERIAL
Count Axes Avg.
O=-Hour Short 2478 163 15.3
O-Houwr Coantinuous 2373 148 16.4
Consecutive Hours 5907 386 168.6
Seame Hour 58 268 20,4
Total 16114 L6 17.4

1. The Serm "axis™ as used in Tadbles 16 through 26C refer to the
consecutive series of high powered fields taken from edge to
edge Of the coverslip.
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TABLE 29

HOURLY CHANGES IN AVERAGE NO.BER OF DIVISION FIGURES PER AXIS
SHORT TREATMENT

1 P.P.M,* 8 P.P.M, 20 P.P.M. 40 P.P.¥. 80 P.P.k.

Hras. Avg. Dev. Avg. Dev, Avg. Dev, Avg. Dev, Avg. Dev,
o 12,6 0.0 18,0 0.0 21,3 0.0 13.0 0.0 14.4 0,0
1l 11.8 -0,.8 22,3 + 4.3 285.4 + 4.1 9.2 - 3.8 13.0 - 1.0
2 19.4 + §&.8 15.6 -~ 2.4 17.3 = 3.8 7.7 - 5.3 22,2 + 7.8
3 9.6 - 3.0 13.5 - 4,5 1‘.0 - 7.3 12.4 - 006 16.6 + 2.2
4 16,0 + 3.4 6.6 ~-11.4 669 -14,.8 S5.0 - 8,0 10,1 = 4.3
5 10.9 - 1.7 7.1 -10.9 8.‘ -1.2.9 2.8 -1002 ?.1 - 7'3
6 11.6 - 1.0 11.3 - 607 302 -1501 5.0 - 9.‘
7 16.5 + 3,9 9.2 = 8.8

8 273 +14.7

9 22,9 +10,3

10 20.4 + 7.8

11 15,3 + 2,9

12 14,3 + 1,7

* Parts per million

TABLE 30

CURLY CHANCES IN AVERAGE NUVBER OF DIVISION FIGURES PER AXIS
. CONTINUOUS TREATMENT

PPV,

1 P.P.k.* S P.P.M. 20 P,P.L. 40 P.P.M,
Hrs, Avge. Dev. Avg., Dev, Avg. Dev, Avg. Dev. Avg. Dev,
21.8 0.0 18,8 0.0 12.6 0.0 13.3 0.0
g ig:g - g:g 17.1 - 4,7 28.3 + 908 1108 - l.4 11.‘ - 1.:
2 21,7 <+ S.4 83,6 + 1.8 31,3 +18.8 17.7 + 8.1 18,4 - go7
8 13,0 = 5,3 18,1 = 8.7 B68 + 8,0 16,5 <+ 3.9 19.0 + 8.a
4 9.8 - 8,5 1028 =11.86 2le4 + 2,9 13,53 + 0.9 10,8 = 5.9
o] 10,8 - 7.8 10,0 -11.8 19,28 <+ 0,7 1le.7 + 2,1 7.4 :100‘
6 5.9 12,4 1.0 - 5.8 19.1 + 0.6 12.7 + 0,1 233.7 M ‘0?
? 7.9 =10.4 8.3 ~-13.5 17.6 - 0.9 11,3 - 1,3 80: ‘O?
8 4,1 =-14.2 B8 =15.6 17,0 <« 1,5 1l4.4 <+ 1.8 8.6 - 4.
9 17,8 ~1.0 9.6 - 3,0
10 £1.5 + 3.0 12,2 = O.4
11 19.6 + 1.1 8.0 - 4.6
12 17,1 -1.,4 12,8 + O.2

* Parts per million
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TABLE 31

HOURLY CHANGES IN AVERAGE NUKBER OF DIVISION FIGURES FER AXIS
UNTREATED

(Root tips teken at consecutive hours)

———

—

Hours Avg, Dev.
o 14.8 0.0
p & 18,9 + 4,1
2 81,3 + 8,8
3 20.3 + 505
‘ 18.1 + 3.3
8 24,9 +10,1
6 20,0 + 5.8
4 18,5 + 3.7
8 20.0 + 5.8
9 16.3 + 1.8
10 1305 - 1.3
1 16.8 + l.4
12 7,8 - 7.0

TABLE 38

HOURLY CHANGES IN AVERAGE NUMBER OF DIVISION FIGURES PER AXIS
UNTREATED

(Root tips taken from same oniom at same hour)

Root No. Avg. Dev.
2 20.7 0.0
S 23,7 + 3.0
P 16.5 - 4.2
6 18.‘ - aos
? 18.7 - 2,0
8 37.5 +16.8

lo 17.9 - 8.3
11 19.5 - 1.8
12 S1.6 +10,9
13 24.8 v 3.8
15 m.‘ - ".5
21 20,8 = 5,8
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TABIE 33

PERCENTAGES OF ABERRANT PROPHASRES
A. SHORT TREATMENT

(One part per million)

M

SERIES 143 SERIES 147A COMBINED

Hrs. Aber., Total % Aber. Total % Aber, Total %
0 11 103 10,7 0 117 0.0 11 880 8,0
1 19 113 16.8 3 109 3.8 28 282 9.9
2 13 187 7.8 8 129 1.6 18 396 B&5.1
3 S 116 4.3 1l 104 1.0 é 2380 8.7
4 14 106 3.2 (o] 128 0.0 14 2838 6.1
S é 149 4.0 0 150 0.0 [ 2899 8.0
6 18 163 9.2 0 119 0.0 18 288 5.3
7 S 170 1.8 l 173 0.6 4 S¢3 1.2
8 2 159 1.8 o 132 0.0 8 291 0.7
9 4 158 2,5 1 130 0.8 -] 288 1.7

10 S 124 4.0 4 128 3.1 9 202 S.6

11 1 132 0.8 1 130 0.8 2 862 0.8

12 2 125 1.6 1 138 0.7 3 265 1.1

Total

Treated B89 1682 5.3 14 1564 0.9 108 3246 3.2

TABIE 34

PERCENTAGES OF ABERRANT PROPHASES
A. SHORT TREATMENT

(Five parts per million)

— e
SERIES 136 SERIES 188B COMBINED

Hrs. Aber. Total p 4 Aber. Total % Aber. Total %
0 ) 128 0.0 [ 113 8.3 8 238 8.8
1 8 141 1.4 4 118 S.8 6 854 8.4
2 73 208 36.0 ? 168 4.3 80 s71 21.6
3 116 177 65.5 94 185 50.8 210 368 58.0
4 103 180 885.8 106 160 686.3 809 280 74.6
S 58 60 93.3 74 152 48.7 130 212 61.3
6 79 137 57.7 79 137 57.%
? 72 140 5).4 78 140 B5l1.4
Total
Treated 380 701 49.9 436 1055 41.3 786 1756 44.8
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TABILE 35

PERCEI'TAGES OF ABERRANT PROPHASES
A. SHORT TREATMENT

(Twenty parts per millionm)

Hra. Aber. Total % Aber. Total < Aber. Total %
0 7 113 6.2 0 128 0.0 ? 241 2.9
l 14 142 9.9 9 143 8.3 23 2856 8.1
2 32 186 25.4 84 164 51.2 118 290 40.0
S 24 l1l1¢ 21.1 174 188 9%4.1 198 299 66.2
4 47 1358 386.6 158 163 96.9 208 2985 69.5
-+ 71 148 48.6 90 98 91.8 181 244 68.0
6 38 94 40.4 - - - 8 94 40.4

Total

Treated 226 754 30,0 5193 783 68.4 741 1507 49.2

TABLE 368

PERCENTAGES OF ABERRANT PROPHASES
A. SHORT TREATKENT

(Forty parts per milliom)

SERIES 96 SERTES 120 OCMBINED
0 15 130 13,6 24 126 19.0 39 236 16.8
l 13 12885 10.4 77 112 ¢&8.8 90 237 9358.0
2 41 108 39.0 90 109 82.6 131 214 61.2
3 8l 114 535.9 117 130 90.0 178 244 73.0
4 7S 149 50,3 101 108 93.95 176 287 68,5
S 26 48 54.2 21 2l 100.0 47 69 68%]_.
Total
Treated 216 541 39.9 406 480 84,6 e22 1021 60,9
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(Eighty parts per million)

TABLRE 37

PERCENTAGES OF ABERRANT PROPHASES
A. SHORT TREATVENT

in

e e ——

SERIES 118 SERIES 122 OOMBINED

Hrs. Aber. Total % Aber. Total % Aber. Total ¢
() 8 132 6,1 31 154 20,1 39 206 13.6
1 29 187 28.8 84 1486 57.5 113 273 4l1.4
2 64 150 42.7 125 168 77.2 189 312 60.6
3 85 184 88.5 118 186 B88.9 197 250 978.8
4 134 136 98.8 187 139 91.4 861 275 94.9
.3 118 124 95.2 117 127 98.1 235 881 93.6
6 164 164 100.0 - - - 164 164 100.0
Total

Treated 594 82s 72.0 565 700 80,7 1159 1585 76.0

TABLE 38

CONTINUOUS

PERCENTAGES OF AHERRANT FROPHASES

(One part per million)

Total

Hrs. Aber. Total A Aber. Total £ Aber. %
0 4 17 3.4 B 106 1.9 6 285 8,7
l 36 146 24.7 113 0.0 36 269 13.9
3 27 1686 16.3 b § 159 0.6 286 325 8.6
3 121.] 142 959.9 24 138 17.8 109 877 39.4
4 98 117 78.6 32 161 19.9 124 278 44.6
5 86 126 68,3 132 203 685.0 218 389 66.3
6 98 119 82.4 88 123 71.98 188 248 76.9
K4 - - - 117 138 88.7 117 135 08,7
8 - - - 97 108 92.4 97 108 98.4

1
’f‘:::t ed 424 1183 37.8 491 827 89.4 918 1950 46.9

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



TABIE 39

PERCENTAGES OF ABERRANT PROPHASES
B. CONTINUOUS TREATVENT

(Five parts per million)

188

T T I ———

SERIES 139 SERIES 1384 COMBINED
Hrs. Aber. Total % Aber, Total % Aber. Total %
0 s 141 3.5 9 127 7.1 14 268 5.2
1 29 146 19.9 1 121 0.8 30 267 11.2
2 121 188 76.6 96 195 49.2 217 355 61.5
3 138 154 89.68 169 183 92.3 307 337 91.1
4 119 129 92.2 171 175 97.7 290 S04 95.4
s 134 1386 98.5 149 161 92.5 283 297 95.3
6 - - - 137 147 93.2 137 147 93.2
? - - - 142 143 99.3 142 143 99.3
8 - - - 107 109 98.2 107 109 98.2
Total
Treated 541 783 %74.8 972 1234 786.8 1513 1957 77.3
TABLE 40
PERCENTAGES OF ABERRANT PROPHASES
B. CONTINUOUS TREATYENT
(Twenty parts per milliom)
SERIES 128 SERIES 134 ~ COMBINED
Hrs. Aber. Total £ Aber. Total % Aber., Total B3
0 sp 108 30.9 3 112 2.7 35 217 16.1
1 81 138 61.4 71 138 55.8 188 264 .
2 122 142 85.9 104 153 68.0 286 298 76.6
5 a9 112 79.5 128 163 78.5 217 278 78.9
4 93 lle¢ 81.8 109 158 71.7 208 268 73.9
5 93 111 83.8 132 167 79.0 225 278 80.9
6 76 88 86.4 146 166 88.0 222 254 87.4
? 92 103 89.3 142 148 97.3 234 249 94.0
8 87 87 100.0 137 147 93.2 224 234 93.7
9 100 105 97.1 115 126 91.3 818 229 93.9
10 81 87 93.1 142 153 92.8 223 240 92.9
1 99 105 96.1 137 140 97.9 236 2435 97.1
12 a7 88 96.9 131 141 98.9 818 289 98.%
Total 8.
Treated 1100 1270 86.6 1494 1786 83.7 2594 3086 .
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TABLE 41

PERCENTAGES OF ABERRANT FROPHASES
B. CONTINUOUS TREAD.ENT

(Forty parts per million)

108

m

SERIES 95 SERIES 128 COMBINED

Hrs. Aber, Total % Aber, Total % Aber., Total %
o ? 128 5.8 13 137 9.8 20 268 7.5
1 26 151 19.8 238 127 19.7 s1 258 19.8
2 30 136 22.1 89 110 80.9 119 248 48.4
3 49 104 47.1 99 107 92.8 148 211 70.1
4 “ 111 39.6 99 100 99.0 143 811 67.8
S ss 99 53.8 106 108 98.1 159 207 76.8
6 46 101 45.5 93 96 99.0 141 197 71.6
? 77 89 86.8 104 108 99.0 181 194 93.3
8 83 86 96.5 118 115 100.0 198 201 98.8
9 s1 83 96.2 104 109 98.4 188 168 98.7
10 86 86 100.0 93 96 94.9 179 184 97.3
11 64 65 98.5 122 122 100.0 186 187 99.5
12 - - - 98 92 100.0 92 92 100.0
Total

Treated 609 1081 57.4 1143 1289 88.7 1752 2350 74.6

TABLE 42
PERCENTAGES OF ABERRANT PROPHASES
B. CONTINUOUS TREATLENT
(Eighty parts per millionm)
SERTES 102 SERTES 118 OOMBINED

Hrs. Aber, Total % Aber, Total Aber, ug.ﬁ;_i_is
0 ? 98 7.8 119 25, - A 7.
1 18 127 11.8 137 43.8 L1 8 264 28.4
2 40 156 25.6 67 116 57.8 107 272 39.3
3 59 117 50.4 110 160 68.8 169 277 61.0
4 20 127 S5.1 114 137 83.2 184 264 69.7
S 52 110 47.3 - - - 58 110 47.3
6 - - - 8s 98 86,7 8s 98 86.7
7 67 98 70.5 89 93 95.7 156 188 83.0
8 59 66 B89.4 86 94 91.8 148 160 90.6
Total

Treated 362 798 45.4 611 835 73.2 973 1633 359.6
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TABIE 43

PERCENTAGES OF ABERRANT PROPHASES
C. INTERKITTANT TREATMENT

(Forty parts per million for 15 minutes every two hours)

e X e

JERIES 128

Hours Aber. Total %
0 (-] 98 6.1
l 41 117 35,0
2 56 113 49.6
3 103 110 3.8
4 144 147 98.0
8 143 149 98.6
8 168 168 99.4
? - - -
8 68 65 100,0

Total 717 863 $3.7

TABLE 44

PERCENTAGES OF ABERRANT PROPHASES
C. INTERN ITTANT TREATVENT

(Forty parts per million for 15 minutes every hour)

]

SERIES 135
Hours Aber, Total ;.3
(] 1 136 0,7
1l 47 154 30.98
2 126 147 88.7
3 132 149 88.6
4 131 148 90.3
s 126 139 90,8
é 121 126 96.0
7 127 189 98.4
8 129 1295 100.0
9 124 128 98.4
10 113 118 97.4
11 129 131 96.8
12 151 181 100.0
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TABIX 485

PERCENTAGES OF ABERRANT PROPHASES
D. UNTREATED

(Root tips collected at consecutive hours)

SRR e oL e e e

SERIES 127 SERTES 138 CO:- BLNED
Nrs, Aber, Total % Aber, Total % Aber, Total %
0 s 108 2.8 14 122 11,5 19 230 7.4
1 1 113 0.9 11 112 9.8 12 225 5.3
2 4 123 3.6 s 109 4.6 9 232 3.9
3 10 141 7.1 10 120 8.3 20 261 7.7
4 e 102 7.8 6 112 5.4 14 214 6.8
S 6 98 6.1 9 98 9.8 18 196 7.7
é 4 123 3.3 11 125 8.8 15 248 6.0
7 4 110 3.6 ? 123 5.7 11 233 4.7
8 s 117 4.3 4 116 3.4 9 233 3.9
9 6 115 S.2 2 106 6.6 13 221 8.9
10 3 107 4.7 9 91 9.9 14 198 7.1
11 6 101 5.9 - - - 6 101 5,9
12 .3 118 2.8 4 71 9.9 10 189 5.3
Total 65 1476 4.4 100 1183 8.8 168 8781 8.9
TABLE 48
PERCENTAGES OF ABERRANT FROPHASES
D. UNTREATED

{(Root tips collected from same onion at same hour)

—

Hrs. Root No. Aber, Total %
4] 2 é 236 2.5
1l 3 10 238 4,2
2 4 l 211 0.8
3 8 2 231 0.9
4 ? S 237 2.1
S 8 9 289 3.9
é 10 6 232 8,8
7 11 2 254 0.8
8 12 2 195 1.0
9 13 2 220 0.9
10 13 S 220 l.4
11 21 0 213 0.0
m - - L J -
Total 48 2716 1.8
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TABLX 47
PERCENTAGES OF ABERRANT PROPHASES

TABLE 47A
ZERO HOURS OF TREATED BULBS

e —

SHORT TREATMENT

Parts per million Aber, Total %
b § 11 820 5.0
8 é 238 2.8
20 ? 241 2.9
40 39 236 16.5
80 39 286 13.6
Total 1082 1281 10,2
TABLE 47B
ZERO HOURS OF TREATED BULBS
CONTINUOUS TREAT™MENT
Parts per million Aber. Tosal %
) § 6 283 8.7
S 14 268 s.2
20 38 217 16.1
40 20 268 7.9
80 7 212 17.5
Total 112 1188 .
TABLE 47C

SUMAEARY OF ALl UNTREATED MATERIAL

Aber. Total ‘
O-Hour Short 102 1221 10.2
O«Hour Continuous 112 1188 9.5
Consecutive Hours 1695 2781 8.9
Same Hour 48 2716 l.8
Total 427 7903 5.6
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TABIR 48

PERCENTAGES OF SCATTERED METAPHASES
A. SHORT TREATMENT

(One part per million)

w

SERIES 143 SERIES 147A OOMBINED

Hrs. Secatt. Total £  Scatt. Total % Seatt. Total X
0 0 7 0.0 o 76 0.0 O 149 0.0
1 1 68 1.8 1 48 2.8 g2 14 1.8
2 o 46 0.0 2 38 8.3 2 84 2.4
3 1 69 1.4 0 43 0.0 1 118 0.9
4 S 7 3.9 0 47 0.0 S 124 2.4
5 1 47 2.1 o 64 0.0 1 11 o.9
6 o 33 0.0 o 39 0.0 0 98 0.0
? 2 64 3.1 2 34 5.9 4 % 4.1
8 0 4 0.0 1 48 2.1 1 92 1.1
9 4 67 8.0 0 57 0.0 4 124 3.3
10 5 71 7.0 1 52 1.9 6 123 4.9
11 0 eg 0.0 1 42 2.4 1 124 0.8
12 4 72 5.5 3 43 7.0 7 118 6.1

Total

Treated 21 760 2.8 11 353 1.8 32 1313 2.2

TABLE 49

PERCENTAGES OF SCATTERED METAPHASES
A. SHORT TREATHENT

(Five parts per milliom)

— - — ——  —  —— _ —— _ _ _———

SERIES 138 SERIES 1352B COMBINED
Hrs. Scatt. Total % Socatt, Total Seatt. Total %

R

0 0 80 0.0 0 37 0.0 0 117 0.0
l 4 58 6.9 0 60 0.0 4 118 S.4
2 4 25 28.0 l 30 3.3 8 88 14.6
3 2) 57 36.8 0 38 0.0 21 95 28.1
4 33 83 S2.4 8 22 38.4 41 8% 48.2
S 22 40 55.0 5 83 7.9 27 103 26.2
6 - - - l 35 2.9 l 33 2.9
7 - - - 4 €6 6.1 4 66 6.1
‘‘'otal
Treated 87 243 35.8 19 314 6.0 106 557 19.0
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TABLE 30

PERCENTAGES OF SCATTERED METAPHASES
A. SHORT TREATMENT

(Twenty perts per miliion)

R e _ " ST TN e

SERIES 92 SERIES 140 CUMBINED

Hrs, Seatt. Total % Seatt. Total % Scatt. Total $

0 [} 4 0.0 1 78 1.4 1 118 0.9

1 p | 485 8.8 4 a4 4.8 8 129 3.9

2 3 28 10.7 12 41 29.3 18 69 81.7

3 13 286 50.0 16 21 76.2 29 47 61.7

4 18 22 68.2 sS4 59 91.8 69 81 6s5.2

s 28 45 62.2 A2 59 71.1 7?0 104 67.3
Total

Treated 80 193  41.4 128 264 48.5 208 457 45.5

TABLE 51
PERCENTAGES OF SCATTERED METAPHASES
A. SHORT TREATMENT
(Forty parts per million)
— —— e ———— i —— e e —— 4
SERIES 96 SFRIES 120 OCMBINED

Hrs, Scatt., Total % Scatt. Total K. Soatt. Total <

0 0 41 0.0 0 48 0.0 0 a9 0.0

1l 10 78 13.9 1l 73 1.4 1 143 7.6

2 s 3 3.2 12 65 18.5 15 158 9.5

3 21 s1 41.2 19 33 S57.6 40 84 47.6

4 9 10 90.0 12 13 92.3 81 23S 91.3

5 10 10 100.0 4 _4 100.0 14 14 100.0
Total

Treated s3S 836 22.5 48 188 25.5 101 424 33.8
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TABLE 352

PERCENTAGES OF SCATTERED )ETAPHASES
A. SHORT TREATMENT

(Eighty parts per million)

SERIES 118 SERIES 122 COMBINED
Hrs, Scatt, Total =% Sostt, Total . Scatt. Total .3
0 0 63 0,0 0 78 0.0 0 138 0.0
) § 4 &7 6.0 9 6l 14.7 13 128 10.2
2 13 103 12.68 18 111 6.8 31 814 14.5
3 28 V¢ 38.4 13 15 86.7 41 88 46.6
4 15 15 100.0 12 14 85.7 27 29 3.1
S 16 17 4.0 4 4 100.0 20 21 95.2
8 13 13 100.0 - - - 13 13 100.0
Total
Treated 89 288 30.9 56 208 27.3 148 493 39.4
TABLE S3
PERCENTAGES OF SCATTERED VETAPHASES
B. CONTINUOUS TREATVENT
(One part per million)
SERIES 146 SERIES 1851 COMBINED
Hrs., Scatt. Total % Scatt. Total £ Scatt., Total £
0 1 82 1.6 0 82 0.0 1 144 0.7
1l 1l 73 1.4 o) 69 0.0 1 142 0.7
2 2 47 4.3 1l ?0 1.4 ) 117 8.6
S 4 43 16.3 o 37 0.0 7 80 8.8
4 34 S8 65.4 2 &8 3.0 38 118 30.9
S 54 72 78.0 11 56 20.0 (1] 187 51.8
é 58 &7 86.6 18 57 S51.6 76 124 61.8
? - - - 3. 42 59.9 as 42 89.5
8 - - - 17 33 73.9 17 23 73.9
Total
Treated 158 354 44.1 74 419 17.7 230 773 39.8
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SERIES 139

TABLE 54

PERCENTAGES OF SCATTERED METAPHASES
B. CONTINUOUS TREATMENT

(Five parts per million)

—

—_

SERTES 1824

OOMB

Hrs. Scatt. Total £ Scatt. Total < Scatt. Total <
0 0 80 0.0 0 57 0.0 0 107 0.0
1 1l 63 1.6 (o] 7% 0.0 l 140 0.7
2 18 87 Sl.6 b § (.3 ] 1.8 19 119 18.0
3 17 36 47 .2 12 72 16.%7 29 108 26.9
4 39 55 70.9 22 87 38.8 81 112 54.5
] 49 850 $98.0 48 59 8l1.3 2 4 109 89.0
[ 3 - - - 70 k44 90.9 ?0 79 90.
? - - - 32 58 92.9 33 56 9.
8 - - - 72 76 94.% 78 78 4.9

Total

Treated 184 261 47.5 277 536 B1.7 401 797 50.8

TABLE 88

PERCENTAGES OF SCATTERED KETAPHASES
B. CCNTINUOUS TREATLENT

(Twenty parts per million)

SERIES 128 SERIES 134 COMBINED

Hrs,. Scatt, Total F3 Scatt, Total % Scatt. Total %
0 0 48 0.0 0 47 0.0 0 95 0,0
1 K3 78 3.8 68 2.9 146 3.4
2 10 79 12.7 19 104 18,3 29 183 15.9
s 37 111 33.S3 51 94 54.53 88 205 40.9
4 4l 112 36.6 62 89 69.7 103 201 S51.2
s 73 98 74.5 76 90 84.4 149 188 79.3
6 117 148 79.0 87 91 95.6 204 239 85.4
7 100 121 82.6 105 110 95.5 208 231 88.7
8 132 143 92.3 88 88 100.0 220 231 95.2
9 114 137 83.2 108 107 98.1 219 244 89.8
10 103 113 91.1 91 92 98.9 194 208 94.6
11 106 106 100.0 92 94 97.9 198 200 99.0
b 126 127 99.2 89 91 __ 97.8 215 238 98,6
Total

Treated 952 1373 70.1 867 1118 77.5 1829 2491 73.4
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TABLE 56

PERCEI'TACES OF SCATTERED METAPHASES
B, CCNTIIUOUS TREATVENT

(Forty parts per million)

SERIES 93 SERIES 1235

COLBINED

Hrs. Scatt. Total % Soatt., Total % Scatt. Total )
0 1 34 2,9 (¢} 89 0,0 1 93 1.1
1 1l 39 1.7 4 98 4.2 5 155 3.3
2 15 68 24,2 s 87 28,7 40 149 26.9
3 18 87 20.7 49 108 46.7 67 192 34.9
4 49 83 59.0 94 128 73.4 143 211 87.8
5 77 9¢ 80.2 101 108 93.8 178 204 87.3
6 44 81 54.3 1086 114 98.0 150 195 76.9
9 101 111 91.0 a7 90 96.7 188 201 93.8
8 121 126 96.0 78 77 93.8 193 203 95.1
9 121 122 99.2 109 110 99.1 230 2352 99.1

10 116 119 97.5 127 133 95.8 243 282 96.4

1n 105 109 96.3 105 107 98.1 210 216 97.2

12 - - - 128 129 96.9 125 129 96.9

Total

Treated 768 1055 72.8 1004 1284 78.2 1772 2339 75.8

TABLE 57

PERCEITAGES OF SCATTERED KETAPHASES
B. CONTINUOUS TREATMENT

{Eighty parts per millionm)

RN SRR e e

SERIES 102 SERIES 118 COMBINED

Hrs. Seatt., Total 4% Soatt. Total 4 Scatt. Total 3
o 0 S) 0.0 0 47 0.0 0 98 0.0
1 s 68 4.4 2 99 2.0 S 167 3.0
2 6 48 12.5 5 96 s.2 11 144 7.6
3 23 110 20.9 27 106 25.4 50 216 23.2
4 72 100 72.0 53 117 45.3 188 217 957.6
s 66 94 70.2 - - - (73 94 70.2
6 - - - 88 134 65.7 o8 134 65.7
? 88 112 78.6 100 115 87.0 188 227 82.8
8 88 93 94.6 117 128 91.8 203 221 92.8

Total

Tr::toc 346 625 55.4 392 795 49,3 738 1420 52.0
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TABLE 38

PERCENTAGES OF SCATTERED VETAPHASES
C. INTERVITTENT TREATMENT

(Forty parts per milliom for 15 minutes every two hours)

M

SERIES 126
Hours Scatt. Total %
0 0 42 0.0
1 S 84 6.0
2 27 (13 40,9
3 23 34 67.6
4 12 12 100.0
5 17 17 100.0
6 10 10 100,0
7 - - -
8 9 9 _100.0
Total 103 838 54.2
TABLE 59

PERCENTAGES OF SCATTERED VETAPHASES
C. INTERLITTENT TREATMENT

(Forty parts per million for 18 minutes every hour)

Hours Scatt. Total #
0 0 850 0.0
1l 11 89 12.4
2 42 73 87.95
3 S8 73 75.3
s 80 8l 98.8
6 88 88 100.0
9 99 100 99.0
10 1l 118 100.0
12 81 81 _100.0
Total 920 1056 87.1
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TABILE 60

PERCENTAGES OF SCATTERED NETAFHASES
D. UNTREATED

{Root tips colleoted at consecutive hours)

M

SERIES 127 SERIES 132 COMBINED
Hrs. Scatt. Total Scatt. Total % Scatt. Total %
0 o 49 0.0 1 64 1.6 1 113 0.9
1l 0 49 0.0 7 70 10.0 ? 119 5.9
2 0 58 0.0 2 61 32.8 2 119 1.7
3 (o] 45 0.0 1 58 1.7 1 103 1.0
4 0o 54 0.0 ? 84 8.3 4 138 8.1
5 o) 44 0.0 4 59 6.8 4 103 3.9
6 o 66 0.0 3 63 4.8 3 129 2.3
7 o) 62 0.0 18 63 23.8 15 125 12.0
8 0 52 0.0 ? 85 8.2 7 137 S.1
9 (o} 68 0.0 0 59 0.0 0 127 0.0
10 0 51 0.0 8 69 1.1.6 8 120 6.7
1) o 57 0.0 - - - (o] 57 0.0
12 0 53 0.0 8 51 9.8 ) 104 4.8
Total 0 708 0.0 60 786 7.6 60 1494 4.0
TABLE 61

PERCENTAGES OF SCATTERED NETAITLASES
D. UNTREATED

(Root tips ocollected from same onion at same hour)

Hrs. Root }o. Scatt. Total %
o) 2 1 o4 10.6

1 3 S 128 3.9

2 4 0 124 0.0

3 6 1 99 10.1

4 ? 3 11 2.7

S 8 2 105 1.9

6 10 4 109 S.7

7 11 2 81 2.5

8 12 1 111 0.9

9 13 3 125 2.4
10 15 10 105 9.5
11 21 S 163 s.1
12 - - - -
Total 37 1355 2.7
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TABLE 62

PE-CENTAGES OF SCATTERED LETAPHASES

TABLE 62A
ZERO HOUR OF TREATED BULBS

SHORT EgEéFHINT

Parts per million Seatt. Total %
1 0 149 0.0

S 0 117 c.0
20 1l 116 0.9
40 o 89 0.0
80 0 138 0.0
Total ) 609 0.2

TABLE 62B

ZERO HOUR OF TREATED BULBS
CONTINUQUS TREATWENT

Parts per million Scatt. Total %
1 1l 144 0.7

S o) 107 0.0
20 0o 95 0.0
40 1l 93 10.7
80 0 98 0.0
Total 2 537 0.4

TARLE 62C

SAQARY OF ALL UNTREATED MATERIAL

Soatt. Total A
O-Hour Short 1 609 0.2
O=Hour Continucus 2 537 0.4
Consecutive Hours 60 1494 4.0
Same Hour 37 1385 2.7
Total 100 3995 2.5
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TABLE 63

PERCEXNTAGES OF DISORGANIZED AND TOTAL ANAPHASES
A. SHORT TREATMENT

(One part per million)

SERIES 143 SERIES 147A COMBINED
Total Total Total Total Total % Total %
Hours Disorg. Ana, Div, Disorg. Ana, Div, Disorg. Ana, Disorg. Div. Ana.

0 0 29 267 0 18 236 0 47 0.0 508 9.3

1 1 40 280 0 13 214 1 L 1.9 494 10.7

2 1 17 254 1 14 218 2 31 6.5 466 6.7

S 1 34 248 1 28 280 2 62 3.2 468 13.2

4 0 32 25 1 19 244 1 Sl 2,0 498 10.3

S 0 13 230 1 el 269 1 34 2.9 499 6.8

6 0 16 253 0 11 201 0 27 0.0 44 3.9

4 1 1 269 4 14 260 ) 23 20.0 529 4.7

8 1 16 234 0 12 230 1 28 3.6 464 6.0

9 e 32 281 0 ) § 245 2 63 3.2 326 12.0

10 0 27 254 0 14 238 0 4l 0.0 489 8.4

il 0 26 a7 0 17 222 0 43 0.0 495 8.7

12 2 16 263 1 16 220 3 32 9.4 483 6.6
Total

Treated 9 280 3092 9 210 2772 18 490 3.7 5864 8.4
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TABLE 64

PERCENTAGES OF DISORGANIZED ARD TOTAL ANAPHASES

A, SEORT TREATMENT

(Five parts per million)

COMBINED

- SERIES 132B

SERIES 138

Ana,
503  1l.1

€ Total %
Div.

Disorg.

Total
Ana,

Disorg.

Div,

Total Total
Ana,

Disorg.

Total Total
Ana, Div,

Disorg.

Hours

0.0

273

a7

vwnno#u

O w0 OQ
“ «+ @

8338

Hb@ﬂmoc

BRARISY

DI O o~

Orer{ QO e~

$3888 "
da-g8n "

oM I )

~S N YD

Total

256 10.1 2937 8,7

160

96

Treated 20
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TABLE 65

PERCENTAGES OF DISORGANIZED AND TOTAL AKAPHASES

A. SHORT TREATKENT

(Twenty parts per million)

#
Ana,

Total
Div,

COMBINED

%
Dl”rg.

Total
Ana,

Disarg.

Div,

Total Total
Ana,

SERIES 140

Dilorg.

Div,

Total Total
Ana,

SERIES 92

Disorg.

Hours

10,3

14,6

261

23395

IBIRGZ™

WO~
it ~

257
290
A5
228
218

2l
a
17

S
29

Ow~~am |

~NMNe N

Total

2396 10.8

14.3

238

10 123 1238 37

1164

135

Treated 27
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Ana,
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TABLR 69

PERCENTAGES OF DISORGANIZED AND TOTAL ANAPHASES
B. CONTINUCUS TREATWENT

(Five parts psr million)

SERIES 158A COMBINED

SERIES 139
Total Total Total Total Total 4 Totel %
Hours  Disorg. Ana., Div, Disorg. Ana. Div, Disorg. Ana, Disorg. Div. Ana,.
0 1 31 867 0 41 257 1 72 l.4 584 13.7
1 1 14 256 0 27 240 1 41 2.4 496 8.3
2 4 L 279 0 34 311 4 77 5.2 590 13.0
3 3 4 230 0 19 300 3 41 7.3 550 7.7
4 s 19 215 2 £l 273 9 40 8.0 488 8.2
S 1 16 213 3 28 257 4 “ 9.1 470 9.4
6 - - - S 21 256 5 21 23.8 256 8.2
7 - - - 3 15 225 S 15 200 285 6.7
8 - - - 6 320 223 (3 20 30.0 282 9,0
Total
Troeated 12 114 193 19 185 2064 31 299 10.4 3277 9.1
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TABLE 70

PERCENTAGES OF DISORGANIZED AND TOTAL ANAPHASES
B. CORTINUOUS TREATNENT

(Twenty parts per xillion)
-

SERIES 128 SERIES 134 COMBINED
Total Total Total Total Total € Total !
Hours Disorg. Ana, Div, Disorg. Ama, Div, Disorg. Ana. Disorg. Div. Ana,
0 0 28 230 0 21 213 0 49 0.0 “43 11,1
1l 0 14 232 1 12 220 1 26 3.9 432 5.8
2 0 8 232 0 8 268 0 16 0.0 500 3.2
3 0 3 228 2 14 276 2 17 11.8 S04 3.4
¢ ¢ 9 236 4 12 258 8 21 38.1 492 4.3
5 2 10 221 9 16 277 11 26 42,3 498 5.2
6 4 6 243 5 10 272 9 16 56.3 515 3.1
7 8 10 236 4 11 275 12 21 57.1 511 4.1
8 6 6 239 6 6 253 12 12 100.0 492 2.4
9 2 3 2495 8 10 243 10 13 76.9 430 2.7
10 12 14 216 5 10 256 17 24 70.8 472 5.1
1 8 9 222 4 9 248 12 18 66.7 470 3.8
12 0 0 219 3 6 242 3 6 50.0 461 1.3
Total
Treated 46 9% 2769 ) | 124 3088 97 216 49.9 5857 3.7
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TABLE 71

PERCENTAGES OF DISORGANIZED AND TCTAL ANAPHASES

B. CONTINUOUS TREATMENT

(Forty parts per million)

467 10.9

9.8

51

.........

°3893gfeegys

AdR8R388332™

TRTAIAIRIRIS
EEEE AT ERET

A3°3133888 "o

Anaronggg-ges

SRR R EL LR

veARIIgRII

comngenayzqq:

NN PTNOrDRS 4N

Total
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391

2784

178

216

Treated 117

irs



TABLE 72

PERCENTAGES OF DISORGANIZED AND TCTAL ANAPHASES
B, CONTINUQUS THEATENT

(Eighty parts per million)

% Total %
m'. AMQ

Disorg.

COXBINED
Total
Ana,

Dimso

Total Total
ADa, Div,

SERIES 118

Disorg.

SERIES 102
Total Total
Ana, Div,

Disorg.

Hours

427 10.7

4.0

26

L N NN N N- N

NN NN OD

3483839

OO@”OOI\F

Sodrigegs

HRERY I’

IHRE "HRE
- EREEF

ooaMN lbna

NV |4

QOO ¥ | virt

~NNeN O ®

4.6

150 55.3 324

83

1774

76
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TABLE 73

PERCENTAGES OF DISORGANIZED AND TOTAL ANAPHASES
O. INTERVITTENT TREATVENT

(Forty parts per million for 15 minutes every two hours)

SERIES 126
M
Total % Total %
Hours Disorg. Ana ., Disorg. Div, Ana,
0 1 31 3.2 227 13,7
1l 0 18 0.0 228 6.8
2 10 35 £28.6 218 16.1
S 3 49 6.1 287 21.6
4 6 20 30.0 211 9.8
S S 4 71.4 184 3.8
8 S S 100.0 206 2.4
” - - - - -
8 2 2 100.0 78 2.6
Total
Treated -3 8 133 23.3 1352 9.8
TABLE 74
PERCENTAGES OF DISORGANIZED AND TOTAL ANAPHASES
C. INTERMITTENT TREATZENT
(Forty parts per million for 15 minutes every hour)
SERIES 135
- - -~ - -~ - _ ]
Total % Total %
Hours Disorg. Ans, Disorg. Div, Ana.
(o] (o} 16 0.0 2328 7.0
1l 3 12 £28.0 264 4.8
2 3 b3 19.4 255 12.3
S S 30 16.7 257 11.7
4 8 24 33.3 2857 9.3
S 12 39 30.8 273 14.3
6 8 9 66.7 234 2.8
7 16 20 80.0 847 8.1
8 18 18 83.3 233 7.7
9 12 14 83%.7 256 5.9
10 8 8 100.0 256 S.1
11 S 3 100.0 845 l.2
12 (-] 6 100,0 244 2.4
Total
Treated 100 214 46.7 3019 7.1
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TABLE 75

PERCENTAGES CF DISORGANTZED AND TOTAL AMAPHASES
D. UNTREATED JATERIAL

(Root tips collected at consecutive hours)

= — = =
S Sl i —

g

s

& SERIES 127 IES 132 COVBINED

2 Total Total Total Total Total £ Total £
§ Hours Disorg, Ana, Div, Disorg. Ana, Div, Disorg, Ana, Disorg. Div. Ana,
g 0 0 22 214 2 24 25 2 46 4,4 465 9.9
= 1 1 36 235 10 49 272 11 85 12,9 507 16.8
3 2 0 2 229 4 29 240 4 51 7.8 469 10.9
3 3 0 33 25 1 24 230 1 19,3 486 1L.7
g 4 0 26 231 3 40 258 3 &6 4.5 489 13.5
S L 0 46 237 1 26 212 1 72 1.4 449 16.0
! 6 0 28 261 3 2l 240 s 49 6.1 501 9.8
2 7 0 24 221 6 25 241 ¢ 49 12,2 462 10.6
g 8 0 28 223 1 39 29 1 67 1.5 521 12.9
z 9 0 25 240 0 28 232 0 53 0.0 472 11.2
g 10 0 S1 289 3 27 230 S 58 5.2 459 12.6
5 1 0 21 227 - - - 0 21 0.0 227 9.3
3 12 0 34 243 0 13 157 0 47 0.0 400 11.8
S Total 1 376 3046 “ 345 2861 45 721 6.2 5907 12.2
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TABLE 76

PERCENTAGES OF DISORGANIZED AND TOTAL ANAPHASES
D. UNTREATED NMATERIAL

(Root tips 6ollected from seme onion at same hour)

Discrg. Total % Total %

Root No. Ana. Ana. Disorg. Div. Ans.
2 0 34 0.0 434 7.8

3 8 63 12.7 498 12.7

4 l 37 2.7 413 9.0

(3 1l 31 3.2 422 7.3

7 2 48 4.2 448 10.7

8 2 48 4.2 450 10.7
10 0 29 0.0 429 6.8
11 0 26 0.0 429 6.1
1l (o] 3§ 0.0 442 11.9
13 l 43 2.3 439 9.4
18 9 48 18.7 441 10.9
21 0 47 0,0 491 9.8
Total 24 8508 4.7 35356 9.4
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TABLE 77

PERCENTAGES OF DISORGANIZED AND TOTAL ANAPHASES

TABLR 77A

ZERO HOURS OF TREATED BULBS
SHORT TREATMENT

———
—

Disorg. Total £
Parts per million Ana, Ana, Disorg.
l (o] 47 0.0
S5 o] 57 0.0
20 4 48 14.6
40 S5 53 9.4
. 80 1l 51 2,0
Total 13 2%6 5.1
TABLE 77B
ZERO HOURS OF TREATED BULBS
CONTINUOUS TREATVENT
- - -~ — ]
Disorg. Total %
Parts per million Ana. Ana,. Disorg.
1l l S0 2.0
S 1 72 l.4
20 0 49 0.0
40 S 51 9.8
80 2 80 4.0
Total 9 272 33
TABLE 77C
SAMARY OF ALL UNTREATED LATERIAL
Total Total %
Disorg. Ana, Disorg.
O=-Hour Short 13 256 5.1
O-Hour Continuocus 9 272 33
Consecutive Hours 495 721 6.2
Same Hour 24 3085 4,7
Total 91 1754 S.2
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TABLE 78
PERCENTAGES OF CELLS CONTAINING "REDUCTICNAL"™
OR "SEGREGATIONAL" GROUPINGS
A. SHORT TREATMENT
(One part per milliom)

“

SERIES 143 SERIES 147A OOMBINED
Hours Seg. Total Seg. Total Sege. Total %
0 3 176 1 193 4 369 1.1
h § 2 181 0 188 2 336 0.8
2 S 213 2 187 S 380 1.3
S 3 188 o} 147 S 332 0.9
4 S 183 1l 169 4 3352 1.1
S 1l 196 2 214 b 410 0.7
é S 2168 o 1358 3 374 0.8
7 3 234 S 207 9 441 8.0
8 S 203 0 180 S 383 1.3
9 4 2293 1l 187 . 418 l.82
10 8 193 1l 180 9 373 2.4
1) 2 214 l 178 S 386 0.8
12 2 197 4 181 6 378 1.6
Total
Treated 42 2442 18 2117 57 4559 1.3
TABIE 79
PERCENTAGES OF CELLS CONTAINING "REDUCTIONAL®™
OR "SEGREGATIONAL" GROUPINGS
A. SHORT TREATMENT
(Five parts per million)
m
SERIES 138 SERIES 152B COMBINED
Hours _Seg. Total Seg. Total Seg. Total %
0 1l 208 2 180 3 338 0.8
! 5 199 1 173 3 378 1.6
2 ? 228 9 198 16 gg i.g
234 4 223 S o
2 g 183 6 188 12 368 3.3
S l 100 S 218 4 315 1.3
8 - - 3 172 3 172 1.7
7 - - 1 206 1l 206 0.9
8 - - 2 _41 £ 4] 4.9
Total
Treated 20 944 29 1410 49 2354 2.1
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TABIE 80
PERCENTAGES OF OELLS CONTAINING "REDUCTIONAL"
OR "SEGREGATIONAL" GROUPINGS
A. SHORT TREATVENT

(Twenty parts per milliom)

00 e SR

SERIES 98 SERIES 140 OOMBINED

Hours Seg. Total Seg. Total Seg. Total %
0 ? 157 8 200 19 >57 4.2
l 8 187 ¥4 227 13 414 3.6
2 5 154 9 2038 14 359 3.9
3 4 140 1l 206 3 346 l.4
4 8 154 3 222 9 376 2.4
S 3 191 0 157 S 348 0.9
6 4 1281 - - 4 181 3.3

Total

Treated 30 247 20 1017 50 1964 2.8

TABLE 81

PERCENTAGES OF CELLS CONTAINING "REDUCTIONAL"™
OR "SEGREGATIONAL" GROUPINGS
A. SHORT TREATMENT

(Forty parts per million)

Total
Treated 31 77? 3) 668 82 1443 8.7
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TABLE 82

PERCENTAGES OF CELLS CONTAINING "REDUCTIONAL"™
OR "SEGREGATIONAL" GROUPINGS
A. SHORT TREATMENT

(Eighty parts per million)

0 9 185 10 2289 19 424 4.8
l 9 194 S 207 le 401 3.8
2 10 253 7 273 17 see 3S.2
3 11 197 2 141 pi- 338 3.9
4 2 181 1l 158 . 304 1.0
S (o] 141 2 131 2 272 0.7
6 4 179 - - 4 177 2.3

Total

Treated 36 1113 17 __90% ) 2018 2.6

TABLXE 83
PERCENTAGES OF CELLS CONTAINNING "REDUCTIONAL®™
CR "SEGREGATIUNAL"™ GROUPINGS
B. CONTINUUUS THEATL.ENT
(One part per million)
P T — —— - - - - - - ]
SERIES 146 SERIES 181 COMBINXD

Hours Seg. Total Seg. Total Seg. Total £
0 1 179 S 188 4 367 l.1
l 2 219 l 182 S 401 0.8
2 2 213 S 229 S 442 led
3 4 18% (4] 172 4 357 1.1
4 0 169 1 287 11 398 2.8
S (o] 198 18 238 18 456 3.3
8 2 186 3 180 S 388 1.4
2 - - l 177 b § 177 0.8

Total

Treated 110 1170 36 13838 46 29723 l.?
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TABLE 64
PERCENTAGES OF CELLS CONTAINING "REDUCTIONAL®
OR "SEGREGATIONAL” GROUPINGS
B. CONTINUOUS TREATMENT

{(Five parts per million)

“

SERIES 139 SERIES 152A COMBINED
Hours Seg. Total Seg. Total Seg. Total %
0 S 191 e 184 6 378 1.6
1l 4 209 S 198 9 407 2.2
2 9 218 3 257 12 472 2.5
3 2 190 6 255 8 449 1.8
4 ? 184 4 232 11l 416 2.8
] 3 186 20 220 23 406 8.7
6 - - 6 224 6 224 2.7
7 - - 2 199 2 199 1.0
8 - - 12 188 12 188 8.5
Total
Treated 25 984 58 1770 83 2754 3.0
TABLE 88
PERCENTAGES OF CELLS CONTAINING "REDUCTIONAL®™
OR "SEGREGATIONAL" GROUPINGS
B. CONTINUOUS TREATMENT
(Twenty parts per million)
SERIES 128 SERTES 134 COMBINED <
Hours Sege. Total Seg. Total . Total
0 2 153 ) —189 F 318 0.6
1 8 210 4 200 12 410 2.9
2 0 221 19 357 19 478 4.0
3 4 223 16 257 20 480 4.8
4 4 226 14 241 l8 467 S.9
- 4 209 4 257 8 466 1.7
8 2 238 2 257 4 493 0.8
7 1l 224 8 2358 9 480 1.9
8 l 230 10 2395 11 4835 2.4
9 2 240 8 233 10 473 2.1
10 [ 200 7 248 13 4495 2.9
11 S 209 2 234 4 4«43 l.6
12 S 215 3 232 8 447 l.8
Total
Treated 42 28643 97 2904 139 5547 2.6
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TABLE 86
PERCENTAGES OF CELLS CONTAINING "REDUCTIONAL"

OR "SEGREGATIONAL"™ GROUPINGS
B. CCNTINUOUS TREATMENT

(Forty parts per million)

S e = =

SERIES 95 SERIXS 128 COMBINED
Hours Seg. Total Seg. Total Seg.  Total %
0 8 162 0 196 -] 358 l.4
b § 23 190 S 223 S0 413 7.3
2 21 1986 4 197 23 398 6.3
S 11 191 4 212 18 403 3.7
4 20 194 11 228 Sl 422 7.4
S 24 198 S 216 29 41) 7.1
6 9 182 9 210 18 392 4.6
7 le 200 4 198 18 398 4.6
8 4 212 6 192 13 404 3.2
9 18 178 10 219 28 394 7.1
10 b 208 4 231 8 436 l.8
11 l 174 4 229 8 408 2.0
12 - - 9 221 9 321 4.1
Total
Treated 131 2l16 8l 2573 232 4331 S.4
TABLE 87

PE::CENTAGES OF CELLS CONTAINING *REDUCTIONAL"
OR "SEGREGATIONAL" GROUPINGS
B. CONTINUOUS TREATMENT

(Bighty parts per million)

o

SERTES 102  SERIES 115 COMBINED
Hours Seg. Total Seg. Total Seg. Tatal %
L o] ] l44 1 166 6 310 l.9
l 4 198 S 236 9 431 2.1
2 é 204 2 212 a 416 1.9
3 10 227 2} 266 3l 493 6.3
4 30 227 10 254 40 481 8.3
S 18 204 - - 18 204 8.8
é - - 28 232 29 232 10.8
4 19 207 15 208 34 4195 8.2
8 17 159 lé 222 33 381 8.7
Total
Treated 104 1423 o4 1630 198 3084 6.4
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TABIE 88

PERCENTAGES OF CELLS CONTAINING "REDUCTIONAL®
OR “SEGREGATIONAL"™ GROUPINGS
C. UNTREATED

(Root tips collected at consecutive hours)

SERIES 127 SERIES 132 COMBINED

Hours Seg. Total Seg. Total Seg.  Total
o) b 157 l 186 2 343 0.6
l 2 162 7 182 9 344 0.3
2 1 181 2 170 3 381 0.9
3 S 186 5 178 8 364 2.2
4 0 15886 1 196 b § 382 0.3
5 4 142 3 187 ? £99 2.3
6 0 189 2 188 2 377 0.5
? 0 172 S 186 3 358 0.8
8 0 169 (o] 201 0 370 0.0
9 l 183 1 168 2 348 0.8
10 (o] 158 l 160 1 318 0.3
11 1l 158 - - 1l 158 0.6
12 0 171 0 122 [») 293 0.0
Total 13 2184 26 2091 39 42795 0.9

TABLE 89

PERCENTAGES (F CELLS CONTAINING "REDUCTIONAL"™
CR "SEGREGATIOMAL" GROUPINGS
C. UNTREATED

(Root tips collected frox seame onion at same hour)

SERIES 137B

Hours Root No. Seg. Total »*
0 2 S 330 0.9
1 3 6 366 1.6
2 4 8 338 1.8
S 6 4 330 1.8
4 ? 4 348 1.2
S 8 0 334 0.0
L 10 4 341 1.2
7 11 3 338 0.7
8 12 0 306 0.0
9 13 10 340 2.9
10 18 iz 328 S.7
11 21 1l 376 0.3
18 - - -

Total S8 4071 1.3
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TABLE 90

PERCENTAGES OF CELLS CONTAINING "REDUCTIONAL"
OR "SEGREGATIONAL"™ GROUPINGS

TABLE 90A

ZERO HOURS OF TREATED BULBS
SHORT TREATMENT

e e .

Parts per million Sege. Total %

b § 4 369 l.1

B 3 358 0.8

20 18 357 4.2

40 8 328 2.5

80 19 424 4.5

Total 49 1830 2.7
TABLE 90B

ZERO HOURS OF TREATED BULERS
CONTINUOUS TREATVENT _

Parts per million Seg. Total %

1l 4 367 1.1

S 8 375 1.6

20 2 312 0.6

40 S 388 l.4

80 6 310 l.9

Total 23 1722 l.3
TABLE 90C

or UNTREATED MATERIAL

O-Hour Short 49 1830 2.7
O-Hour Continuous 23 1722 1.3
Consecutive Hours 39 4278 0.9
Same Hour 852 4071 1.3
Total 163 11898 l.4
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