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IRTRODUCTION

The induction of diploid true-breeding mutanta by colchieine treat-
ment of a2 true-breeding variety of Sorghum wvulgere Pérs. has been re-
ported by Pranrke and Rosg (9); Ross, Franrke and Scluh (22); and others
(7, 10)s It has been euggeeted that such mutant plsnts might result from
point mutations made homozygous by a somatic reduction of the chromosomes
followed by a doubling of the chromosone number in o cell which organized
a groving point after the original one had been inactivated during o~
tumor formation. Observatione made during the course of routine work
with sorghum indicgtod that after eolchicipe treatment some varicties
produced tetraploids with few or no gene mutations. The present studies
vwere undertaken during the summer of 1955 and the winter of 1955-56, to
demonstrate differences between varieties of sorghum in their reaction
to colchicine treatment and to investigate the bases for such differences.

The material used in this study consisted of Experimental 3, an
unreleased variety, and Norghum, a relessed variety, hoth produced by
the South Dakota State College Agriculturel Experiment Station, #nd two

translocation stocke obtained from the University of Nebraska.

REVIEW OF LITEPATURE
Prenrgke and Fose (9) reported thut treatment of sorghum seedlings
with 0.5% colchicine in lanolin induced varlente in the true-breeding
variety Experimental 3, These variant plants possessed a nuamber of char-
acters wvhich resembled Sudan grase, one of the ancestors of the variety.
Some of these warisnts bred true immediately, suggesting that homosgy-

gosity had beer induced, while others segregzted.. The induction of



tomosyzosity by colcohicine tre«ta:nt wae given further support by the
roesults of trestaent of F) sorghum seedlings. The progenies from trexted
71 plants were significsntly more uniform thzn progenies frox untrested
¥) pleantz, Cytologierl examination of meiosis in untrested Experimental
3 2nd 4z the variants gave no iadication of irregularities, nor were any
chrososome qumbers other than ths norusl diploid number found., FKeduotlone
%l groupings, Re observed by Huskins (11), were found in root tips trezted
for one hour in & 0.5% agueous solution of colohicine., They stateds
*Though the numbsrs of ebromosomes were a0t accesgurily equsl on
either elde, the formztion of telophsse miclel proceeded...vwith
the probable subsexuent formu.tion of homosygous nuclei., The
splitidng of the C-chremosomss after the formatior of heploid
cells would restore the diploid iumber, perhzps resulting in
viadble cosbinstions of ohromosomee from different ancestors which
conceivably could, {f the proper combinction of chromosones vwere
present, form tissues... Since sorghum is prodbedbly of polyploid
origin, 1t vould not be 1llogicel to explsin the oocurTence of
these lines by sssuaing a concentration of chromoscmes containing
blocks of genes of Buaden grass in one cell after somatic reduction,
such that the inhibition of ancestral cbsaracters was no longer
exereised... The ooturrente of a fortuitous combination of chromo-

somee #ould give un adwntage to such a cell over those eurrounding
it, and result in the groutd of homosyyous tissue froum vhich a newv

groving point oould smerge.”

Studies of characters of agronouic importance nade on progenies of
treated and untreated plsnts of twe werieties of corghus were reported by
Poes, Mranskeo and Schuh (22). In one variety, Experimental 3, plunts
from three of eeven trested ssedlings were sjuilte different from untreated
full eibs vhile the reaairing four olosely tessmbled untrested plants,
Progeniee of the varisnt plants differed significantly from the progenles
of untrented plants, The progenies of two ©f the variant plants were
uzifory ané bred true for four generations, the progeny of the other

variant sppenred to be segregating. During the same period, progenies of



untrested plants showed no segregstion, A very unususl warisnt wne ob-
tuined by retreatment of a variant obtained by colchioine trentment of
the variety Experimentsl 1. This wuriaat, wvhich was brechytic with a
cylindricel head, thue prospting the name *rat-tsil®, was unliike any
known ancestor of ths varlety., The nuthors also noted timt treetment of
the wriety Norghum gave little peroeptible differences between progenies.
It vas found later that Norglemm sometimes gave tstraploids aftsr colchi~
cine treatment (Rose and Schub, uapublisbed),

The nature of chrumstin obangea after colchicine treuntment was re-
ported by Rarpstead, Foss end Pranzks (10) in e cytologlosl study of
meiosis in the wnriant pMﬁ, their untreeted full sibs, and the Py hy-
brids betveen treated and untreated plants, No chromosomal irregulari-
ties of any kind could be detected. The sbasence in the v=risnts of sny
agsociation between chromosoms pairs, and the regularity of pairing in
the 7y hybrids mude it ualikely thet any large segments of chromatin had
been dupliocated or that any other grose rearrsngement of the chroastin
had deen {nduced by the colchicine treitment, Obssrvations of the ¥y
bybrid seedlinges indicsted that the green coleoptile color of two trested
lines was recessive toc the red oolor of the untreated plants of Experi-
mental 3, The P\ plants vere extremely vigorous. Cytoplasmic inheritince
Wi not considered prob.ble since ohamiotsristios of the wsriants oocairred
in the ¥ vhen untreated plentis were used u’ female perents. It wms con~
cluded thet the chanjes in the chromstin mist heve deen of the nature of
saltiple point mutations,

A gepetie study of Fz populations of crosses between nutant aad
untrested plants waes s:de by Foster, (7)., i cocfirmed the previous



observation that green seedling eolor of the mutant pl=nts was recessive
to the red color of untrezted plants. He also found that presence of
awns, vhich oceurred in mtant plants, wes recessive to absence of swvna.
Seedling color and awne were found to be sisply inherited and not linked.
Correlations betwvesn various quantitstive oharacters and these o quali-
tative charicters gave no evidence of linkage. In one oross, involving
the *rat~tail" mutant, correlations between mutant pliunt characters gave
significant wvalues in all cases vhich could mean thet all the mutant
characters were due to 2 mutation at a eingle locue or in a restricted
reglon of one chrososome. Progenies of two of the smtant plants studied
appenred to be hoterovsygous for eeveral eharactere indicating that col-
chiocine may cause wutations without inducing homosygous diploidy. The
author ooncluded that colchicine may cause mutations at a large number
of loci on different chromosomes.

The results of colchicine trestaent of Fy seedlings of flax has
been reported by Dirka, Ross and finrpsteed (6). A plant was obtained
vhioch had branchee differing in the color of flowers und seed produced,
Progenies of each of these branches bred true, the btranches falling into
tve groups suggeeting thit the plant had deen a chimera of two sectors,
each of wvhich bred true, Anomalous segregttion in the progenies of other
treated I} plante wes explained by supposing chimeral sectors within
eingle branches. PEvidence of both dadrm:t and recessive wutations vas
obtained, It was oomoluded that the colchicine treutment caused either
sosatic refuction with subsequent doubling of the chrasosomes or point
mutations or both,

Corn stocks contsaining beterozygoue translocations were treated




with colebicine and examined by Roes (unpublished). Among nine, treated,
beterosygous, F; plants, three were found to be homozygous for the trane-
location; one of these was homosygous for the chromosomes from the male
parent, One plent had two tillare, one of which was heterozygous, the
other homosygous. Fifteen untreated F; plants exatined vere all found to
be heterosygous. These results seam to confirm the hypothesis that col-
ohicine causes somstic reduction of the chromosomes but it has been im-
possible, so far, to repeat these results.
% Villax and Nota (31) have reported what they consider to be a czae
of scmatic reduction in a Triticum—Cecele hybrid. In sn attempt to
double the chromosome nunbez-' in = plant frem a cross of winter wheat snd
Tye, colchicine wvas injected into the culms. An untrested esrly tiller
vas sterile and appeared to be hybrid, The treated culms developed o-
tumors and died, Adjscent untrested tillers showed reduced growth and
gave fertile heads, Plants grown from these appeared identical to the
vinter vheat parent of the hybrid. The plants had 42 chromosomes; the
rye chromosomes had apparently been lost as the characteristic knobs
vere not observed, The asuthors stateds ®,..we are led to conclude that
the derived vheat plant is completely homosygous since it hes resulted
from the duplication of a gametic set of chromosocaee",

Porter and Veige (21) repyorted the occurrence of a dwar{ strain in
soydeans vhich arose in the progeny of a colchicine-treated eeedling,
The dwarf vas found to contain the normal diploid complement of chromo-
eomes, The dvarf cherccter was conditioned by a single recessive fictor.

Other reports of the production of gene mutations hy colchicine

bave not beem found 4n the literatvre. Rowsver, Leven end Ostergrea (17)



state:
"inyone who has worked for some time with colchicine trestaments on
different plunt matericls has undoubtedly observed that, besides
polyploids which appe:zr, also aberrant types with unchanged chromo-
sce® number emerge.”
The autbors coneidered these aberrant types to be dauermodifications,
Discuesing the uss of colchicine to induce polyploidy, Becker and Skiebde
(2) caution againet the use of high concentrations which hove been found,
they state, to yield diploid adventitioues shoots,

The first report of reductional groupings in somstic tissue was by
Ruskine (11). In AAliug cepe root tips trested with 1-4% sodium micleats,
chromosome eegregztion and/gr reduction of the chromosome number wves in-
duced, Segregstion of long prophese-like chrasosomes vas found to be
the most frequent type. Keductiomel groupings were aleo found in the
root tips of onion bulbs that vere flaccid after ssveral months storege.
Huekins and Cheng (12) found reductiomal groupings in onion roots grovn
at lov temperttures, Seperation of eiromosomee into two groups wves more
frequent in prophase than at later etages,

In root tipe of Irillium spp. treated vith sodium nucleate, ¥Wilson
and Cdeng (28) foumd that separution of ohrozosomes into two numerically
equal groupe and segregstion of homologous chromosomes occurred »ith xuoh
greater than random frequenocy,

Patau (20) measursd chromoscme lengths within groups and distencee
between groups im cells showing reducticunal groupings in Rhgeo end Alliup.
He foumd that, in cells with reductional greupings at propheae, above-ran-
doa length-agreement between groupe was not correlstecd with distance be-
tween groups. At metaphese end amnaphase, hovever, there wvas a highly



signifiocant positive correlstion between these two measurements. It wvas
eoncluded that the reductionzl groupings originated at prophase as random
irregularities and, later, cnly those were kept apart which bed a high
degree of homologoue segregstion, Reduced nuclei derived from reductionsl
groupinie may, therefore, be expected to have a more or less complete
genose,

From tetraploid plants of Rhgep discolor, Hugkins and Chouinard
(13) obtained 168 tetrmploid, 13 triploid and & diploid main roots and
one diploid sboot. Many rootes which wers predominately tetraploid had
patches of triploid and diploid cells. Somatic reduction of chromosomes
vae studied in tetraploid snd triploid roots. Groupinges of 12312 and
6118 occurred in the tetraploid and of 9319 and 6:12 in the triploid with
greater than random frequency. The exceer of equal distributione might
have been explained by mere mechunicel causes but some type of repulsion
betwveen homologues and/or selective survivml was suggested by the excess
of 6118 and 6312 groupingse

Sharma and Sea (25) grew onion bulbs in solutions of nueleic aeid.
They found some tetraploid cells im the root tips snd reducticnal group-
inge in both diploid mnd tetraploid celle. Cells were observed with
sieromucled and tripolar divisions and certain cells hsd two large tslo~
pbase muclei,

Distribution of chrowosomes into p-oulps after eolchicine trestment
was noted by Levan and Lofty (16). Thsy called this "distributive mito-
sis.* They aleo noted that these groups of ehrowosomes of ten formed
separate nuecled vithir une cell. It wes noted timt the most emlzyonie
oelle of the root tip vere less affected dy cedtotic substances than



vere more specialized cells.

Comparisons of the effects of colchioine and sodium nucleste on
Ixedescanyie and Alliug were made by Allen, Wilson and Powell (1), They
found that reductional groupings were induced in frequencies of 2~35%
by sodium nucleate and 6-20% by colchicine, After colchicine treatmeat,
there wes found no cleszr-cut case of prophase separation similar to thet
observed after trectmemt vith sodium nucleate.

Variations in mitosis Gue to treatment with gama-cyclochlorohexzne
and colchicine have been reported by ¥ilson, Tsou and Hyypio (25). Cells
with micronuclei, and binucleate and tetrasucleate celle were observed.
The multinucleste cells, it vas concluded, were due either to a split
anaphase or to "segregetional grouping® (reductional grouping). Chromo-
some reduction is possible by either of these mechznisms,

The presence of "exploded c-mitosis™ in colchicine-trested root
tips of Compelins cogpunis L.- has been reported by Berger, LaFleur end
Vitims (3)., The chromosomes were found to be segreg:ated into two or more
g@Toups. BSeparation into two groups wes followed by formation of two
nuelei within one cell. In the recovery period, the two nuclei within
one cell were observed to divide eisultaneously. Tvo new cell walle were
formed 20 that & binucleate cell and tvo uminucleate cells resulited from
the divieion.

In a number of golchiocine-induced t;tmploid bushes of Ribes
nigreg snd their ey progenies ruised from seed, Vearase (30) found that
the chromosome number of somatic cells ver.iod from 4 to 32. The freguen-
cies of different scmetic chromoscze numbere formed a binomiel distribu-

tioa vwith the higheet Iregusacy at the dipiold number, 16, However all



numbers divisible by four vwere more frecuent than would be expected due
to random distribution, The avthor concluded that four was the basic
ohromosome mumber in Fibes, In a ¢ progeny froa a tetraploid plent
three diploids were found smong 139 plante studied, The suthor stuted
that the reduction of chromosome number was due to the division of the
spindle into two parts which acted independently., The excese of chromo-
some numbers divisible by four wae thought to be due to eelective survi-
vl of the bulinced genomes,

Varictions in chromosome numbers st meiosie in emphidiploids in-
volving Triticum, Aegilopg snd igropyron were reported by Sache (23).
In eome ampbidiploid plants, anthers were found which conteined, besides
cells hsving the eaxpected chromosome number, othere with reduced chromo-
eome nusbers. In one instance, the proportion of such reduced cells
reached 14.5%. It was found that the presence of chrowosome mosaics
depended on the perent epecies of the amphidiploid and that the tendency
to form moeaics persisted to later generatione. Cells with reduced chromo-
some numbers functioned rs gemetes and their progeny could again produce
chromosome mosuice. leduced chromosome numbers were not found in the root
tips. It wae concluded thét the reduced cells yepresented an slmoet ran-
‘dom assortment of chromoscues, Mosaices were thought to arise by gene-
controlled spindle abnormalities just beforg melosis.

Nuclel with reduced chromosome numbers were found in "plasmodiasl™”
(mltinucleate) pollen mother celles of Helignthemmum by 8noad (26). The
author concluded that the plasmodia were due to split spindles in several

premeliotic divieions assoclated with a failure of cell wall formation,
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The fect that norma) pairing took plece in the plsgmodis nuclei indicated

some regularity in the chromosome reduction process.

Cbromsosoxe counte in the root tipe of fiymenggellis celsthiur were
found by Snoad (27) to give numbers renging fram 23 to 83 with the higher
nunbers most frequent, Colchicine treatment gave shortened chromosomes
often segregated into two or three groups. Spindle sbnormalities were
found in untreated meterial, some cells huving two distinot apindles.
Nicroguclei vwere aleo observed, In pollen mother cells chromoecme num-
bers ranged from & to 86. The lov mmmber of univalents obeerved at
melocis wes evidence that there wvns scue regulsrity i1n the reduction of
chromosocae number,

Somatic reduction of chrowzosome number in cotton wus reported by
Browvn (5). In an abnormal plant of GQpgypium hirgitug with approximately
100 chromosomes, Produced by pollinating cotton with okra poller, 4 seo-
tor was obtained with a differeiit growth hebit and 51 chromosomes,

Mensel and Erown (19) reported the ocourrence of color moseics in
the petale and leaves in polygenosdc hytrid cotton plents, From the
nature of the mosajos 1t was ooucluded thut they could be the restlt of
some fora of eegregation during smutic altoeis., From a polyigeromic
hexaploid plant hsving 78 chromosomes a bud was obtained with 39 chromo-
eomes, MNeiotic anslysis suggested a doficioﬁncy of chromosowes of one of
ths genomes, Soae sort of styplcol mltosis was indiceted as the simplest
eytologioal basis; it would explain the observed wmosaicas as well as the
reduction of chromosome number.

In a three-apecies-hexaploid cottor hybxid with 78 crrowoeomes,
Nensel (18) has reported the occurrence of #wo btrenches with 69 chroso=-
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somes., Analysis of melotic pairing indicated a preferential loss of one
genoae, It was suggested that in cuaromoeomally unbalanced plants, somatie
reduction may provide a mechaniam whereby the plant can eliminate incom-
patible chromosomes end so convert to more viable or more fertile forms,

The somatic chromosomes of sorghum h:ve been etudied by Rusking
and Smith (14).. They noted one pair of chromosomes which could te recog—
nized in 8ll the specles studled. It wus described ee having "... one
long portion with a prominent sub-terminal sttachment constriction, and
a shorter portion which is connected to the longer one by only a fine
thread of chromatin.” In their figures thie peir generally eppears longer
than the other chromosomes.

Counts of the numbex.' of heterochrozetic bodieg in energic cells of
Ehoeo roots were used by Huskins and Steinitz (15) ae an indirect method
deternmining chromosome number, From results of their own work snd a re-
view of previously reportsd investigations by other workers, they con-
cluded that, while the number of heterochrometic bodies in a cell éid
not necesssrily ecual the number of chromosomes, the number of hetero-
chromatic bodies was proportional to the number of chromosomes. Counts
of the heterochromatic bodiece of energic cells might therefore be used
to estimete their ploidy.

In studies of Nicotlana, Bradley (4) found thst the aizes of mu-
clel at prophase and telophase fell into di:tinct groupe sccording to
chromosome number, Nuclesr sizes of energic cells alzo fell into three
relatively dictinct clzasees, She coneluded thet nuclesr size could be
useful in estime ting the approximete percentsges of ererglc celle of
different degrees of polyrloidy in vopulations of celle of a single

histological type.




Sizes of nuclei and of celle were used by Satina, Blzkeslee and
kvery (24) ae an indicstion of polyploidy in different cell layers of
periclinal chimeres in Datura,

It wae suggested by K. E, Duncan, Univereity of Wisconsin (pri-
vate communication) that nuclear volume might be used a8 an estimate of

the degree of polyploidy in the c-tumors.

MATERIAL AND HETHODS
Plant Material

Two varietiee of sorghum, Experimental 3 snd Worghum, were used in
the mein portion of this study. Both are grein sorghums which were pro-
duced at the South Dakota State College Agricultural Ewperiment Station
by C. J. Franzke.

Experinental 3 resulted from croassee made in 1932 of Day, a late-
meturing dvarf grain sorghus, with Black Amber Cane, a foruge varietiy,
and with Sudan grase, Sorghum gudapenge (Piper) Stapf. 4n eurly, dwarf,
grain sorghum line resembling Day was selected from each of these orosses,
These were crossed in 1939 and from the progeny, by selfing and selec—
tion, the variety Beperimental 3 was produced. Seed of Experimental 3
uesed in this study csme from a stock that had been self-fertilized for
more than ten generations (9).

Norghum is a selection from the cross {Dwarf Feterita x Dwarf
FPreed) x Yellow Kafir made in 1939. The parente were obtained from the
Branoa Experiment Station, Hays, Kanezs (8).

T™wo 1lines with homozygous translocatione were obtuined from 0. J.

Webster, Univereity of Nebraska, Lincoln. The lines were S§ 110 from
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the variety Sooner and S8 1186 from the variety Cody. Both zre dwarf grain

aorghuma,
Prooedure
Method of treating seedlings

FPor the treatment of seedlings u mixture of 0.5% colchicine in
lanolin was used. Seeds vere treated with Arasan and germinsted on blot-
ters in Petri plates, When the coleoptile wee sbout 2..3 mm, in length
s drop of melted colchicine-lanolin was applied. Care wvae tsken to be
sure that the coleoptile was oompletely covered and that the colchicine~
lanolin mixture did not come in contaot with the roots. Treated seedlings
were placed on moist sand in a glased crocik-covered with & sheet of glass
and placed in tho greenhocuce at a temperature of approxiastely 80° F,

The 6eedlings were left in the sand wntil active growth sterted when
they were traneferred to soil, Generazlly, eeedlings remained in the
send for 7 to 9 days.

Etudles of plants fyon trosted geedlings

As observetions indicated thst sorghum varietiee differed in their
reection to colchicine treitmwent, some produced diploid mutants while
others produced tetraploids, an experiment wvas undertaken to demonstrnte
and study such differences.

In the epring of 1955, sixty seedlinge of eech of the sorghm
vartieties Experimental 3 and Horginm were tre:ited with colchicins, Sur-
viving plante were troneplanted to the tiold_\d.th untreatecd checks of
eioh variety, Heads swwere taken from both treated end untrested meterial
and fixed in 3tl alcoholeacetic aclid for chromossme counts, Chromoscme

comnta wvere mzde on aceto—carmine smenrs of the pollen mother celle.

SCUTH DAKOTA STATE copecE arary 116716
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Notes were taken on plant height, number of tillers, presence or absence
of awns and aberrant pl-nt characters. Treated and untreated plants
vere selfed and the seed planted in the field in 1956 to determine breed-
ing behavior,

Studies of tre:ited root tips

The difference in response of the varieties Experimental 3 and
Norghm to colchicine trestment in the seedling stage might be due to
different reactions of the chromosomes of the two varieties to colchicine,
To search for such differences, untreated and colchicine-treated root
tips of the two varieties were examined cytologicslly,

Seeds of the two varieties were germinated on blotters in Petri
diehes and the roots cut off when they were sbout ane centimeter long.
Half the roots vere placed in a 0,5% agqueous solution of colchiocine and
helf were placed in tap vater as a check. Three lots were treeted, two
for one hour and one for two hours. After treztment, the roots were
fized in hot (60° C,) 31l alcohol-acetic acid for 15 minutes, They were
rinsed in water and etiined with Feulgsn stain., The root tipe were them
squaehed in aceto—aarmine and exsmined cytologieally. Netaphases were
recorded as deing normel or showing reductiomal groupings. VWhere re-
ductionel groupings were found the mumber af cbromceomes in each group
vee reeorded,

Eludies of e-tumors

Anatomiocal studies of colchicine~induced tumors of sorghmm seed-
lings were undertaken with two objectives: (1) to study the development
of the tumor and eventz leading to the origin of tbe nev growth; (2) to

serroh for differences between tumore of Experimentel 3 and Lorgium
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which might account for their different reactions to colohicine treatment.

Germinsting seedlings of Experimental 3 snd Norghum were treated
with colchicine in the manner described sbove. At the time of trectment
and each subsejuent day for 13 days, four Tendomly selected seedlings
of each variety were sgcored for development, photographed snd fixed in
Craf solution. Two eeedlings of each wurisety for each dey were selected
vhich were nost representative of that day's collection. These were en-
bedded in pareffin, and sectioned with 2 microtome, The sections were
stained with Feulgen stain and oounterstained with Fast Green in 5%
alcohol, Counte of the heterochrometic areas in nuclei of the apical
meristems of the tumorm were moede, The didkheters of nuclel in the apical
meristems of the tumors were messured with an opticeal ulcrometer and
the volumes of the nuclel calculated by treating them as spharee or es
ellipsoida,

At the time tumors were being collected for sectioning, twenty-
four treated seedlinge of each vuriety were observed cnd notes were taken
on tumor development with the intention of trying to correlate tumor
development with the occurreace of sutsnt charactere in plante fros the
treated seedlings.

Studjeg of trunglogetion m:tariel

Somatic reduction of the cliromosomes would be indicated 1f colchi-
cine treatment of seedlings heterosygous for marked chromosomes g:ve
shoots which were homozygoue for the mnrked or the normal chromosomes.

The trenslocation stociks SE 110 and SS 1186 were crossed with Experimental
3 end P20, a colchicine-induced varient from Experimental 3, in the green-

house using the transloc-tion stocks as the male pareunt. ¥ seedlings
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fron these crossss vere treated with colchicine and traneplanted to the
field together with untrested Fy plznts. Hecds were collected for cy-
tological exaaination and fixed in 33l alcohol-acetic scid. iceto-carmine
eaears of the pollen mother cells were mzde and examined tc deterszine
vhether or not the melotic configurationes expected in translocation hetero-

sygotes vere present.

EXPERTMENTAL REBULTS
Studies of Plants froz Trezted Seedlinge

Of the sixty seedlinge of each variety treated in the epring of
1955, fifty-two Experimental 3 and fifty-four Norghum survived and were
transplanted to the field, also thirtgh-five«untraated plants of each varie~
ty were plented for comparison, Forty-three trested Experimentzl 3 end
fifty-four treated Norghus plents survived to maturity and were studied,
Photographs of untreated Experimental 3, treated Experimental 3, untreated
Norghun, and treated Norgnm are shown in Pigures i, 2, 3, and 4, respeo—
tively, The vurisbility of the treated Experimental 3 plante as compared
to the other groups ie clearly evideat,

All ohromosome cocunts were made et meiosis of the pollen mother
cells, Thirty treated Experimenisl 3 plunts excamined were all found to
be diploid., Three treated lorghum plante, out of thirty examined, proved
to be tetruploid., Ten untreated Fxperimentsl 3 and fifteen untreated
Rorghua plents were examined; all were foumd to be diploid, Although a
detatled search for irregularitiee at meiosise wus not mede, none were
noted in sny of the figures exemined while chromoeome counts were being
Rade,
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Mpure 1, Untreated Experimental 3, Hote uniformity of plant charscters,



Figare 2, Colchicine-treatsd Dperimental 3 (background)
ehowing the variability induced by treatment,



H.guro 3.

Untreated Norghum,

19



Figure 4. Colchicine-treated Norghm.



Data on presence or absence of awns, height and mmber of tillers
of untreated and treated Experimentél 3 end Norghum s=re summariged in
Table 1, The fzot that the t test revazls no significant difference be-
tween untreated and treated Experimental 3 for height and number of tillers,
despite the great apparent differencee, is due to the extremely high vari-
ance of the treated plants. The significant differences between the meszns
of untreated and treated Norghum is undoubtedly due tc the adverse effecte
of colchicine on the treated plents in the seedling stcge; the untreated
plants vere taller gnd bad more tillers than the trea%ed plants. The F
test showe 2 highly significant difference betveen the variancee of un—
treated and treated Experimental 3 but no aignificant difference in varia~
bility betveen the two groupe of Norghum plants.

Among the treated Ixperimentsl 3, = number of plants could be dig-
tinguished by their resemblunce to forage eorghums. These plants, which
were distinguished by h:ving slender culme with narrow leaves, many tillers
and a blue-green color, were desigunated as "forsge type.” Other plants,
distinguished by their tell sturdy culme, broad leaves and dark greemn color,
vere designated "vigorous type." The remainder of the plants resembled
untreated Experimental 3 in general plant type though some plants were
aberrant for winor charecters, The number qf plants, number of awned
plants, plant height and number of tillers of each of thece classes of
treated Experimentsl 3 plants and of tmt.reaﬁed Experimentzl 3 are given
in Table 2, Statistical comparisons, mzde between untreated Experimeutal
3 and each of the three elasses of trested plants, of the mexans and

variances of height and number of tillers are shown in Teables 3 and 4.



Tsdble 1. Xumber of awned plsnts, helight and nwmber of tillers of untreated 2nd colchicine-
treated plants of Experimemtal 3 ead Norghhm.

Experinental 3
Untreated

Treated
t test

? test

IELUR
Untre:zted
Trested
€ test

F test

*Spignificant at the B 4 point

Bo. of
plante

26
43

34
54

No. of
avaed
plante

34
54

Height in inches Namber of tillers
Rean kenge Variance HMean Range Variance
246 20--38 24.63 2,5 1~4 1.06
37.5 2157 81.30 7.5 0-25 63.83
1.60 1.51
3.30% . 22%e
32.5 26-40 13,65 5.1 39 1.88
29,1 22-36 13.26 3.8 1-3 3.59
428 3a2100
0.97 1.91




Table 2. Number of swmed plants, height and oumber of tillers of untreated Experimental 3 snd of the
three claeses of plante of treated &periaent&} 3.

Roe. of Ko. of Height in inches Fumber of tillers
plants awvned

plants MNean Range Variance Menn Raoge Vsriance

Untrested Emperiment~l 3 26 0 24,6  20-38 24.63 2.5 1-4 1.06
Treated Ixperiaentsl 3
Yaorsel-type pl:nts 29 2 xR.8 2144 33.08 3.0 0-7 2.90
Forage~type pirats 11 11 454 3456 36.06 20.4 1425 14.06
Viporous-type plants 3 1 50.7 45-57 36.34 3.7 2-5 .34



Table 3. t values between meang of untrested Experimental 3 and of the
three classes of plante of treated Experimentzl 3 for the
characters height and number of tillers.

Untreated Experimental 3 ves,

Normal type Forage type Vigorous type
Helght 1.20 8.05%# 64 36%%
Number of tillers 1l.41 22.83## 1,61

||
I

#egignificant at the 13 point

The t values between the mesne of untrected Experimental 3 end of the
three clacses of treiated plants for the characters plsut height and number
of tillers are shown in Table 3., Differences between the normsl type and
untreated Exerimental 3 e¢re not significent for either character; the dif-
ference between the forage type und the untreated are highly significant
for both characters while the vigorous type and the untresated are highly
significently different for plant height but not significantly diiferent
for number of tillers,

The F values c:lculated for the ssme churacters between untreated
Experimental 3 and each of the three classes of treated plenis are shown
in Table 4. The clssses of treated plunts are no more variable than un-
treated Experimental 3 for plant height but the normal type was signifi-
cantly more veriable and the forage type highly significantly more vsri-
able than untreated Experiamentsl 3 for number of tillers,

Although the treated Experimental 3 plants could be conveniently
grouped according to plant type, the F test indicates that these groups
vere not oompletely uniform. In addition to the variability in number
of tillers, other differences within the groups were noted., Ia the nor-

mal type, two plante were awned and twenty-eight wvere awnless (Table 2);
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Table 4. F values betvween variznces of untreated Hxperimental 3 end of
the three olasses of plants of treated Experimentsl 3 for the
charaoters height and nusber of tillers.

_:'_\III .

Normal type Forage type Vigorous type
Hedght 1.34 1,46 1.47
Rumber of tillers 2. T4 13,260 2.20

® gignificant at the 5% point

Whgignificent at the 1% point

one plant had pubescent gilumea in contrast to the glabrous glumes of the
untreated; two plante appeared to be dwzrfs. In the forage type, two
plants had more compact heads than waeg typi_ieal of the group. One plant
of the vigorous type was awned while the othor two were swnless (Table 2),

Among the treated Experimental 3 plsnts, seventeen were distinct
putents, No distinct mutants could be distinguished among the treated
Norghm plante,

Although the progenies of the trested plante are not sufficiently
mature at the time of wvriting for a deteiled study, the progenies of for-
age type plants appesr to be uniform for the mutant leaf type.

Studies of Treated Root Tips

It ws found thst ohromosomes of eorghum root tips were difficult
to stain sstisflectorily. Although the procedure adopted was chosen after
trying a variety of different fixatives and stains, it @¢id not prove com~
pletely satisfactory, and a number of elides had to be discsrded.

In the untreated material, cells in divielon were very infrecuent,
It seems likely that this was due partly to a low frecquency of divisioms

in the root tips and partly to & failure of cells to begin Zivirion after
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Pigure 5, FReductionsl groupings of chromosomes from colchicine-treated
root tips of sorghum, Uppers Experimental 3, Lover: Norghum.
The differences shown were not typleal of the verieties.

(both x2400)
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the root tips were placed in water, wiitle celle which had begun to divide
completed divieion during the period of the treztment. The larger nUmber
of divisione in colchicine-treated msteriul wee no doudbt due to stalling
of divieion at metaphase, the expected action of colohieine.

Teble 5, PFreguency of reduotiomal groupings in untrezted and c¢olechioine-~
treated rvot tipe of Experinmentsl 3 and Norghum,

Ko. of Total No. of Nusber of Percent
roots divieions reduotional reductional
groupings groupings
Bxparinentsal 3
Untreated 24 128 2 1.6
Treated 29 273 25 Bed
Sorelua
Uotreated 21 78 0 0
Trested 23 139 15 Ta9

e e T —— e ———
Reductionsl groupings, typicsl exrmmples of which are shown in Figure
S, were found in the treated roots of both nﬁietiu. The double nzture
of the e-ohromosones is evident, Table 5 showsz the number of cells with
reductional groupings in relation to the totel number of divimione. The
Slight difference in frecuency of reductional groupings between Experimen=-
tal 2 and Norghum does not appear %o be great enough to be significant.
Great variations in the number of reduotional groupings between root tips
vere found in both ths warieties., In both treated Experiment:l 3 and
Borghm, five of the reductioral groupinge found occurred in one root.
In most of the cells with reductionsl groupings, there were two
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groups of chromosomee, but in a number of czses, there were more than two
ddstinct groups; these ¢re included in the class "multiple groups® in

Table 6, V¥here only two groups were present, there was congider:ble wvnrie~
tion in the exictneps of the reduction, Reductional groupings where there
were two groups were therefore subdivided according to the number of cbrom-

osomes in each group.

Table 6, Dietribution of types of reductional groupings in untreated anad
colchicine~treated root tipe of Experimental 3 znd Norghum,

T, T e
Type :If Reductional Crouping Total
”ultipl. v da
groups 0 groups
4116 5315 6314 .7:13 @112 3311 10:10
Bxperimenial 3
Untreated 1 1 2
Treated 4 1l 1 2 6 4 7 25
Horghup
Untreated 0
Treated 2 b1 1l 1 R 3 2 3 15
—_— ———

In both the treated Experimental 3 sad the treeted Norghua, there
&ppears to be a concentration of reductional groupings in the classes
“hich nre equational or nesrly so (10113, 9:ll, and 8:t12 clssces),

In the majority of cases it was found impossible to dietinguish
any of the homologoues chromoeomes, even the long pair oalled the A-pair
by Ruskins and Smith (14). In one reductimmal division of the 10310 class
in a treated Rorghum root tip, the membere of the A-pair could both be

distinguished; they were both ir the same group. Since, except for this
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one case, homologoue chromoesomes could not be identified, no estimate of
the degree of homologous segregestion in the reductional groupings could
be nede,
Studies of c-tumors

When the tumors were being collected, it was noted that root de-
velopment wee more rapid and more extensive in Norghum then in Experimen-
%al 3. Aleo, there was comsicersble waristion in tumor developmont smong
ths tumors collected on ény day after the beginring of tresatment.

Sections of untreated seedlings of Experimental 3 ané Rorghum are
shown in Pigure 6, ind sections of colchicine-induced tumors of the two
varieties are shown in Pigures 7 to 13. Iusets on the photographe of the
section2 show the untrested eeedlings end the tumore before fixation.
From examinations of the rections, it appears thst the tumor was due pri-
mArily to an increaee in cell eize in the coleoptile and young leeves
rather then tu an increase in the nuaber of cella. The incresse in cell
sise vas greater in the dlfferentiated cells than in the wmeristematioc
cells of the growing point. 4 olear illustrstion of this is seen in
Flgure 9. In the sections of tumors fros the firet two days efter the
beginning of truatment, many oc-aitotic nuclei were observed; these ep-—
peared as dense masses of chromstin in which the individual chrozosonmes
could not be distinguished. In a few oells, two euch massee of chromatin
oould be seen; these may heve resulted frod reductionszl groupings but
coznte of the oclhiromoeomes were not possible. After the third dzy of
treatment, c-mitotic nuolei were very rere. HNany multinucleste cells
were observed in the differentiated tissuez of timore froam the second day

of treataent znd later; tynloel multinucieate celle from c~tumors of
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Experimental 3 ¢re shown in Figure 14. In Mgure 14 C, dsrk steining
bodies which appexxr to be nucleoli can be distinguished in four of the
nuolei. Careful examination of the apical meristeme reveeled very feow
sultinucleate cells in this region, only seven were found in thirty~
tbree tumors examined,

Cells with distinct heterochromatic ecresae in the nuclei ware pre-
sent in the apical meristeme of many of the tumors. Thie suggected that
counte of these might indicate the number of chromosomes within the
nuclei. FHowever, the very small eize of these bodie:z made counting very
difficult, As it was found impos:zible to meke reproducible counts in
wAny of the nuclei, this method was abandoned.

The distributionz of nuclear volwumes in the apical meristeams of
untreated snd colchicine-treated seedlings of Experimental 3 and Norghmm
are shown in Pigures 15 to 19, Because of the aifferences in the rum-
bere of nuclel in the apical meristems of different tumors, the frequen-
cise of nuclei of different size classes is shown ss percent of the total
number of nuclei measured within the one meristem. Esch curve represents
the distribution of nuclear volumes in the apicel merietem of a single
tumor, The number of nuclei upon which each curve is besed is indicated
on each graph. The grest variations between nuclear volumes in tumors
collected on the same day and the pgreet differences between succeesive
daye indicates that, under the conditions of"troatmont, developnent of
the tumore was not uniform. Comparisgons of the range of nuclear volume
of Experimental 3 and of Yorghum from the au-no dey of trestaent showed
that the renge in Experimental 3 wes gresater than thet in Norghum in

almost every case. In & smzll number of cases the distribution curves



Sections of sorglum seedlings a2t the time of application of colechicine., Insets show the
seedlings bo;'oro fixation. Left: Experimental 3. Right: Norghum. (sectlons x76,
ssedlings x1

'lﬂr. 6.
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Right: Norghume.

of sorgihhza after one dey of treatment.

Left:s Experimentsl 3.

Sectione of colchbicine-induced tumore

tumor before fixation.

Figure 7,
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Insets show the

Pight: Norghum. (sections x76, tumors x1)

Sections of colchicine-induced tumors of sorghum after three days of trestuent.
Left: Experimental 3,

tumors before fixation.

Figure 8.
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Figure 9. Sections of colchicine-induced tumore of esorghum after five days of treastment. Insets show the
tumors before fixation. Lefts Experimental 3. BRight:t Norghum. {sections ¥76, tumors xl)



Figure 10.

Sections of colchicing-induced tumors of sorghm after seven days of treatment. Insets

shov the tumors before fixation. Left: Experimental 3.
tuaors x1)

Right: Norghum.

(eections x76,

1%



Pignre 11. 8Sectione of colchicine-—induced tumors of sorgimm after nine days of treatment. Iansetes
shov the tumors before fixation. Left: Experimental 3. Rights Norgimm, (seetione x76,
tumors x1)
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PFigure 12. ©Sections of colchicine~-induced tumors of sorghum after eleven days of treatwment. Insets
show the tumors hefore fixation.s Leftt Experimental 3.
tumors x1)

Pights Norghum. (eections x76,
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Figure 13, Sections of colchicine-induced tumors of eorghum after thirteen days of treatment. Insete
shov the tumors before fixmtion. Left: Experimental 3. Right: Norghum. (sections x76,
tumors x1).
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Figure 14. Multinucleate cells from colchicine-induced

mental 3, A znd B after two days of treatment, C after five
days of treatment. (A and B 22400, C x1700)
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indicated concentrations of nuclesr volumes in more than one distinct size
class. In Norghum at the tenth day and in Experimental 3 at the fifth day,
the distributions appears to be definitely bimodal (Figures 16 and 19).

The distributions for Experimentel 3 at the second, ninth and eleventh
days (Figures 15 and 17) appear trimodal. Less well nmarked secondzry
modes are present in some of the other distributions. Distributions with
more than one mode may indicate the presence of nuclei of different ploidy
within the apical meristem of a single tumor, but there is no indication
that nuclei of higher ploidy ere more frequent-in Norghum than in Reperi-
mental 3,

The averzge volume of nuclel of the apical meristems of treated
Experimental 3 and Forghum were plotted and ¢ curve sketched through the
array &8 shovn in Figure 20. In Experimental 3, there is a dsfinite
trend of increasing size up to the fifth day followed by a decrease in
size from the sixth to ninth day; after the temth day, nuclear volumes
are larger but erratic. In Norghum, & similar trend 1s evident but less
clear; size increases up to the third day and decreases between the third
end ninth deys. Again the volumes at the later days are erratic,

In treated Norghum two tumors were found:which were very unusual,
The first of these, shown in Figure 21, wes collected on the eighth dny
of treatment. In the middle of what appears to-be the growing point, &
sherply delimited area of small cells with amall dense nuclel was found.
It 18 possible thast this represente = new groving point which originated
from a cell within the originel groving point. The other unueual tumor,
collected on the thirteenth day of treatment, is shown in Figure 22, A

sass of small dense cells with what appeara to be an apical meristem and
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Figure 21 Section of a calchicine-induced tumor of Norginm after eight days of treatment, Rights an
enlargement of the area marked at the left. The inset showe the tumor hefore fix=otion.
(left x76, right x350)
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Bection of a ocolehicire-induced tumor of Norghum
after thirteen days of treatment. Yhat eppears
to be an axillary bud has forsed in the axil of
the coleoptile. Inset shows the tumor before
fixstion. (section %76, tomor xl)
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one young leaf was found in the axil of the coleoptile, In & group of
seedlinge, treated to study tumor development, a Norglum tumor dewveloped
two ehoots, one arising from the center of the tumor and the second appere
ently from the axil of the first leaf. This plant i1s stown in Figure 23,
The main shoot 4ied shortly 2fter the photograph was taken but the axil-
lary shoot developed into & mature plant, It eppesrs probsble that the
tumor shown in Figure 32 oould have developed in a similar nanner,

From the seedlinge treated to study tumor deve1§pmant and characters
of the mnture plunts, only two Experimentnl 3 and three Norghum survived
out of twenty-four of each variety trented. HNone of theze plants showed
changes,

Btudies of trznsloeation meteriecl

Survival after treatment was very poor in Fy seedlings from crosses
involving either of the translocstion stocks. From crosses with S5 110
as the translocation perent only fifteen plants survived out of eighty-
nine treated; from the one cross using 88 1186, only seven pl:ants sur-
vived out of twenty-eight treated. Nome of the treated plants were mark-
edly different from the untreated plants. Cytologlcal examination of un-
treated M plante from croseses involving £6 110 nnalodxno associations
of ohromoeome pairs such as would be expected in a trensloeation heterosy-
gote, consequently cytologicsl examinction of treeted plante from these
crosses v:g not made, In the crosze involving SS 1186, the expected asso-
clations at dizkineais were eesily identified in all the mntrested plants,
A ring of four and eight bivzlents et this etage of meiosis from &n un-
treated plant of this cross zre shown in Migure 24. §Since a ring of four

was found at diskinesis in all the treated plants no evidence for indiced



Figure 23. A oolchicine-treated Norgium seedling vhich developed
two shoota, The emaller shoot on the left arces fros
the ceanter of the tumor and the larger one on the
right apparently erose from the axil of the first leaf,



3 ”~ ® « T iy, o
Pigure 24, Chromosomes st diaskinesis in the untreated translocation
l(whro;nnto showving & ring of four and elight bivalents,
x1400 ‘
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chronmosomal homozygosity wes obtained.

DISCUSSION

The induction of diploid wutants by colchicine trestment of the
sorgimmn variety Experimental 3 is in sgresment with previously reported
work (9, 22, 10, 7) and production of tetreploids in Norghum confirms
previous unpublished observations. It appears likely that the difference
in response 18 a churacteristic of the variety since the varieties were
treatod at the same time under conditions aep eimilar :u possible. Al-
though the treeding behavior of the mutant plents has not been ecequately
deterwined o know whether they are true-breeding or segregeting, progenies
of forage-type plante of treated Experimentsl 3 sppear uniforz for leaf
cheractere. Since presence of awns has been shown to be recessive to
absence of avns (7), the treated plants which were awned must have been
homorygous at least for that gene, These observations indicate that some
of the mutant plants of treated Experimental 3 may be true-breecing for
eome of the changed charmcters,.

The differest reaction of the two varieties to colchicine trest~
rent could not be directly relsted to the response of the chroamosones to
colchicine eince reductional groupings were foumd in colchicine-trested
root tips of both Experimentel 3 arnd Norghus with very nearly the same
fresusncy. There appescred to be a tendency for the reductionzl groupings
to be ecustional or nearly so, as hes been reported by other workers
- (13, 28).

In the seetions of o~tumors, little difference could be detected

between Experimental 3 and Norghmm, Multinucleate cells found in the
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tumors may be the result of reductional groupings as hae been suggested
by Wilson e} al.(29). The presence of whzt appear to be nucleoli in

sany of the muclel of multinucleate cells indicates some regularity to
the distribution of chromosomes in the formotion of nuclei. The greater
variability of nuclear volume in the apical meristems of tumore of Experi-
mental 3 mey be due to greater sensitivity of thst vsriety to colchicine.

While studies of oolochicine-treated translocation heterozygotes
falled to provide evidence of induced homogygosity, this may be due to
absence in the translocation stocks of the fuctors necesssry for the
production of matationes, %o the mmall number of treated plants, or to
unfevorable conditions during trestment.

The occurrence of elevan forage-type plants out of seventeen mu-
tants from treated Experimental 3 seedlings may be significant. These
plants closely resemble a mutant plant (P15) previously deeoribed by
Foss et a),(22), and subsecuently studied cytologioally by Harpstead
ot al. (10), and genetically by Foster (7). The presence of Sudan grase
in the pedigree of Experimental 3 leads to the assumption that these
forage—type plants arose through uncovering of =ncestrzl genes of Sudan
grass, Thie could have teken place in three ways: by chrometin re-
arrangements resuiting in a concentration of gene blocke from the ances—
tral variety, by mitation of suppressor senes to allovw expression of
sncestral genes present in the variety, or by homoszygoeity of ancestral
genes vhose expression h=d been prevented by residuel heteroxygosity.
However, Harpeteed et al.(19) were not eble to find any evidence of
irregularities or rearrangements of the cbromatin, Foster (7) found thet

the variant characters of P15 were due to mutations at a laerge number
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of loci and no variants of this type have arisen in untreated Experimental
3. It appsere unlikely thet the above explanations can sccount for the
origin of the forsge-type plants, In addition, the occurrence of other
types of mutant plants after colchicine treatment lende to the oconclusion
that treataent has caused true gene mmtations. The similarity end nmumber
of forage-type plants may be due to the presence in Experimental 3 of
particular msutable genes or to eome specific effect of colchicine.

The reduction of chromosome numbers in somatic tissues hzs been
reported by a number of workers both as occurring naturally (5, 13, 18,
19, 23, 26, 27, 30), and following certain treatments (1, 9, 11, 12, 28,
29, 31), The reduction has commonly been sttributed to zbnormalities in
mitoesle, Chromosome reductions occurring nsturally have been found most
often in polyploid plants; in most ceses some regularity huzs been found
in the reduction process with all or a large part of a genome &pparently
lost se a unit (18, 19, 26, 27, 30, 31). It has been suggested that the
reduction process i& random but that only cells vith delanced gemomesa
survive (20, 30),

In sorghum, reductional groupings ceused by colcbicine treatment
say result in the formstion of amulsnucleate cells. Tne tendency of reduc-~
tional groupings to be equational, combined with selective survival of &
balanced genome would favor nuelel which contain a compléte set of ehrowmo-
somes, The diploid mmber would be restored by splitting of the o—chromo-
somes. Divielon of binucleate cells as reported by Berger ef sl (3) could
" then result in the formetion of urdnucleate diploié celle, Gene mutations
occurring before splitting of the c-chromosomes would be mede homosygous

in this manner. HNutstions occurring after splitting of the c-chromosomes
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vould probsebly occur in only one wember of a peir of chromosomes thus giw-
ing rise to nuoclei heterosygous for the mutation. Mutations occurring at
different times wuuld result in nuclei homosygous for some characters and
heterosygous for others. A diploid mutant cell, because of genotypio or
positional adwntage might orgenise a new growving point; resulting plente
might be true-breeding or heterosygous. While this hypotheeis can aceount
for the appearance of diploid mutantes in Experimentsl 3, there is as yet
no explanstion for the lack of such mutants in Norghuam or for the laek of
tetraploids in Experimental 3, That specific mitations heve not been ob-
served in Norglum may be due to their being concealed by the induction of
tetraploidy or to a wvarietal difference in susceptibility to colchicine,
The results of this study suggest additionsal lines of investigation
which might be undertsken. Reesons for poor survivel of seedlinge after
treataent should de investigated. Definition of the conditions during
treatment vhich give rise to diploid mutents in Experimental 3 should lead
%0 better reproduction of results. Etudies of the results of treataent
of Experimental 3 and Norghum under varying conditions might provide sonme
information regarding their differential response., Chromosonally marked
stocks of Experimentel 3 aznd Norghum should be developed. These could
be used to discover whether the origin of diploid mutents ie due to
somatio reductional divisions, %o point mutations, to & cocbination of
these effeets, or to some other mechaniem. They could zlsc be used for
further studies of the differentisl reayonse of the two vrorieties to

ecolohicine,



SUMRARY

Studiee vwere made of plants froz colchicine-trested seedlings, of
colchicine~treated root tipas, and of sections of colchicine-induced tu-
mors of the sorgimm vsrieties, Fxperimentol 3 and Horghum; and of Fy
eorgtam plants heterozygoue for & translocation whioh vwere trested with
colchicine.

Colchioine treataent of seedlings induced diploid mutents in Ez-
perimental 3 and tetraploids in Norgimm, e

Reduotional groupings were found in colchicine-treated root tips
of both varieties. A high proportion of the reductionel groupinge ap-
pecred to be egquational or nearly so., No differemce was discovered be-
tween varieties in the recotion of their root tip clromosomes to colchi-
¢ine,

Colchicine-induced tusors of sorghns are formed primarily by
enlargeaent of cells in differeantiated tissues in the terminal bud of
the seedling. Multinucleste ocelle were observed in sections of c-~tumors
of both Experimental 3 and FRorghua. Measuremente of mueleer volumes in
the apical meristeme of the tumors gave no evidence of higher frequenciee
of polyploid cells in Norghum than in Experimental 3. |

Studiee of meiosis in plunte fros treated eeedlings of an Fj hybrid

heterozygous for a translocation gave no evidence of induced homozygosity.
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