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ITTRODUCTION

Inducing permanent and self-reproducing changes
in 1living cells provides nuch inheritable variablility for
genetlc studies. For well over thirty years, genseticisis
nave been searching for methods to induce rmutation. & wide
variety of artificial mutagenic agents 1s known, and it
seens to be a useful new approach for breeding worke
Recently, a musber of artificial satellites have
Leen blasted into orblte. One of the first of them carried
" a dog, Laika, as a space traveller, thus opening a new era
% of space travel the limits of which are entirely speculatives.
urinz the blast off period, she was subjected to enornmous
. forces, which nonetheless are smaller than those which will
! be necessary for the achlevement of lunar or interplanetary
travele. This leads to new posaibilitles, for in the future
living organisms, especlally man, willl be spaée travellers,
It is therefore important to learn what effect such forces
nay have upon the living organlsme It might produce genetic
changes in the germplasm and hence be inherited by suéceeding
generations, if acceleration can cause mutations.
Experiments, therefore, were started to find out
vhether centrifuzal force is capable of producing mutations
in harleye
Barley (Hordeun sativum), a self-pollinated crop, has

been a favorite specles for studies on experimentally modifled




hereditye. 1t also offers many advantages for cytologleal
studiese It has a small number of chromosomes (Pn = 14}

and its chromosomal characteristics during wmelosis can he
easily identifled. Barley is one of the major crops grown
in Canadae DLxtenslve breeding work as well as genetle study
is being done with this crope. Barley, then, was used for
these experiments because 1lts low chromosome number is ad-
vantageous for cytological studies and its phenotyplc charac-
ters are easily studied genetically. Because of the sconomlce
inportance of this plant, it is hoped that thls researcn uay
prove valuable for the plant breedere.

Phenol was also used as a mutagenice agentes It 1s well
krniown that phenol produces a high mutation freguency in Iroszo-
phila (Madorn and Niggli 1946, HWigglli 194G), and it was alsc
found to increase the rate of visible rutatlons in Antirrhlnus
{5tubbe 1940). To clarify the effect of centrifugal force upon
| rtmtatlon, the effects of phenol were compared with thoge of

centrifugal force.
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LITEZRATURE REVIEY

Centrifugal force has often been applied to varlous
 biological problems. Centrifuged naterlals, however, show
onysiological or cytological changes, which have not been
extensively studled genetleally as far as mutatlion 1s concernedes
Tansla and Rawaguehi (1932) contrifuged hybrid eggs
of silkworms for 5=-10 minutes,but they did not mentlion the
 speed of the centrifugatlon which were used. From thils treat-
ment, mosale worms were obtalned, and several abnorzal chromo-
sones were also found during the meiotic stage of the treated
j hybridsj such as very small nono-chromosones {probably uni-
valent) and a large triangular chromosome (trivalent?). Hawa-
guenl (1936, 1938a) obtained triploid, tetraploid and hexaploid
silkvorms, which were produced by centrlifuging the eggs at
3500 repeme for 10 minutes. Among those polyploids, only feuale
tetraploid showed 79.6% fertility, the others were 1.74 to 12¢
fertiles The number of nucleoll was also assoclated with the
types of polyploidy. Kawaguchl (193£b) also found 2 nucleoli
in diploid spermatogonia, 3 in triploid; and 4 in tetraploid,
but 1t was not the same in polyplold oogonia. The number of
nmicleoll was also directly proportional to the number of Z-
chromosomes, which were in all probability Zat-chromosomese
Kostoff (1937) studied the effect of centrifugation
upon the gerilnated seeds of various plants. The gerninated

seeds of several spp; were centrifuged repeatedly for short
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periods, 15-30 minutes. Centrifugation was done at 1000=-
4000 TeDellie Best results were obtained at speeds between
1500-4000 rep.ms Some morphological abnormalitles were
obtained, such as variation in leaf shape, senl-gterility,
and variegated leaves with chlorophyll deficiency. Centrifu-
ging was also found to interfere with the mitotic processess,
during the early metaphase, the transfer of gingle chromosone
from one pole to another caused faillure of normal chromscsons
separation and cell division, and led to formation of mono-
somic, trisomic, polysomic, tetraploid etce colls.

g and Yicia
was studied by several workers. Jax (1943) stated that
centrifuged Tradescantis microspores, which had been irradiat-

ed, were found to have & higher frequency of chromosomal aberra- |

Effect of centrifuging upon Iradescant.

tion than microsporeswhich were irradiated only. HolfT and
von Borstel (1954) found a positive effect of centrifugal force,
but they were unable to demonstrate any mutagenic influence
produced by centrifugation alons.

auerbach (15%49) summarized the effect of phenol as a
mutagenic agent, which had been tested on various organisms
by many workerse. Phnenol was found to increase the rate of visi-
ble mutaticns in Antirrhinume Applied to exclsed ovaries of
Drosophila, it produced a high frequency of autosomel lethalse.
Hadorn and Niggli (1946) were successful in using phenol
(0.01%) to produce mutation in Jrosophils. O0f 241 treated
ovaries, 44 (=18.3%) had one or more mutations. Niggli {1948)




$
R
L

also reported that the excised ovaries of Ls pelavozaster
aoaked in a 0.01¥ solution of phenol for 19-20 mirmtes con-
tained 99 recessive lethals, 15 semi-lethals, and 12 recesslve
visible rmtationse stubbe (1940) exposed the seeds of Anti-
rrpinun to phenol solution, and found that phenol produced
an increase of the mtatlon freguency in As rajuse Levan and
Tijio (19%£a) studled the effect of phenol on root chromosomnes
of Allium, and they stated that chromosomal fragmentation
could be induced by phencl in a comncentration of 005
Finally, & preliminary report on the present work nas

been published (Dodson and Yu, 195 )e
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MAZERIALS AND METHODS

This research waz done &b the University of fHitawa,

pttaws, Catario, from 1957 to 195%,

garley of two varieties was used: Hannchen, which

has two send Trows and rough awns, and Hontealm, which has

gix seed rows and smooth awns. Poth are well adapted to
Canadian growing condltlons. The characters of two seed rows

and rough awns are dominant over six seed Tows and smooth

awns respectively.

seafs ware gerninated on wet filter paper in Petrl

_ @ishes ot room temperature. After 24 hours, the seeds showed

gigns of coleoptile growith, and some of then had roots up to
one ¢z long. They were then centrifuged in an International
Refrigerated Centrifuge, Model PR-2, fitted with an auxiliary
head to permit the use of forces up to 25000g.

Preliminary experiments were made to test the effect
of relative centrifugal force upon germination of seeds. The
speeds used were 5703  eDoMe s FO16T e Polta y 12752 e Potla 18034 eprattey
and 20163r.p.n. The radius of centrirugaiion was S5 cfie, and
using the formula g=0.00001118r(N)2, where g 1s the relative
centrifugal force in gravity, r is the radius, and  is the
speed of ecsntrifugation. The forces were then celeculated and
found to be 2000g,5000g,10000g,20000z and 25C00g respectively.
Again, decause sone sseds were cold treated at 0°C for the pur- |
pose of cutting down the perloed of dormancy.during csntrifugation,f
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temperature was kept at 0°C for them and for the other

seeds in order to provide the same environmental conditions
Cduring centrifugation and to eliminate the differences which

| alght arise due to centrifugation at different teumperature.
Jeeds were centrifuged for 3, £, or 20 hourse. After belng
centrifuged, the seeds were placed in Petrl dishes on wetl
filter paper. For further cytological study, the surviving
seeds from the ¢ hour-treatment were grown in the zgreenhouse
in ¥ inchepots filled with sterilized soll. Sufliclent water
;was supplied every daye. Because of limited greenhouse space,
'éonly L0 seeds were planted for each treatment.

| #itosis and melosis were studied in root tips and in

; pollen nother cells produced by the surviving plants. For

% nitotic study, the roots were fixed in Carnoy®s acetlic alcohol
(113) over-night, hydroiized in 107 hydrochloric acid at GO°C
for 10 rinutes, and then stained with Feulgen reagent. The
s0st deeply stained part of the root tip was dissected out, |
cut into several pleces, and squashed between slide and cover-
slip. ielosis was studied in pollen wother cells of florets
showing first nelotic division. In sampling, splkes were Laken
at randon from the plants. Ten plants of each treatment were
examinede The whole spike of the plant was fixed in Carnoy's
solution for wore than 24 hours. Anthers were taken from the
the florets, stained with iron acetocarmine, cut into fine
places, and then sueared.

puring the summer of 1958, a second expveriment was




carrled oub. Af'ter the seeds of the two varieties had been
centrifuged at 25000g Cor ¢ hours, they were planted out in
the ield for further study. The azethods described above
were also applied to this materiale Other seeds were soakxed
in a 0.00{ phenol solution for 24 hours, then rinsed several
tines in clean water until the smell of phenol was offy then
placed in Petri dishes on wet filter paper over night. 3urvi-
ving seeds were planted in the fielde.

The combined treatments, either phenol trestment
follovwed by centrifugation or centrifugation followed by phenol
treatment, were also used. The various treatments are synbollzed
as followss
Control (i)

Montecaln = Centrifuged (H=RCF)

Montealw

fontealn - Phenol treated (i-P)

riontealm - Centrifuged - Phenol treated (H-alF-P)

Yontecalm ~ Phenol treated - Centrifuged (M-P-RCF)

Hannehen - Control (H)

Hannchen -~ Centrifuged (H-RCF)

Hannchen - Phenol treated (H-P)

Hannchen - Centrifuged - Phenol treated (H-ICF-P)

Hannchen - Phenol treated - Centrifuged (H-P=ACF)

seeds of each group were grown in the field to produce
?4 plants (plants grown from the treated seeds are reforred
to Ty, the next generation as T, ete.), during the suumer of

1950, Only thirty seeds of each Ty group were grown to produce
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Tg plants in the greenhouse. Cold treatment was uged to cut
down the period of dormancy, so that the seeds harvested from
- T, plants could be germinsted promptly. These T¢ seeds were
placed in Petri dishes, which were kept at 0°C in a refrigera-
tor for two dayse and then transferred to room temperature.
Germineation was then normale. Melosis and phenotypes were studled
on both Ty and T5 plants.

During the summer of 1958, hybridizations were made

between the two varieties as followss

H x H (control) H x Y (control)
M x H-RCF H x M=-RCF

M x H-P H x M<P

M x H-RCP-P K x M~RCF-P

M x H-P=-RCF H x M-P=-RCF

Hybrids were grown in the greenhouse during the winter
1958+1959. Melosis in the hybrids was studied by the methods
described above.

Phenotypes of treated plants (Ty and Tp) and of the
hybrids were studied with regard to the following characters:s

Texture of the awn, Seed~row number,

Thickness of the straw, Height of the plant,

Maturity of the plant, Fortiliity of the plant,

Rumber of tlllers, Pigmentation of the leaf,

Humber of leaves.




BAPERIMENTAL RESULTO

1. BFFECTS OF VARIOUS CENTRIFUGAL FORCES UPON QURMINATION
OF MONTCALM BARLEBYS

In each test, 100 lontcalm seeds were useds The
controls had 9¢¢ geruination, and the germinatlon wss
markedly influenced by the centrifugal force (Table 1).

Table 1¢ Seranination percentage of Montecaln seeds obtalned

from various centrifuging treatmentsi

Treatment 2otal 263& % of
Seeds Jeeds Surve
Control 100 2 9t
2000z =~ 3 hours 100 e of
2000g - © hours 100 11 <9
2000g =~ 20 hours 100 el 75
5000g - 3 hours 00 20 e
5000z - & hours 100 29 71
E000g = 20 hours 100 46 5
10000g - 3 hours 100 31 69
10000g - 6 hours 100 39 61
10000z ~ 20 hours 100 62 38
20000z -~ 3 hours 100 38 62
20000z = 6 hours 100 Ll 56
20000g = 20 hours 300 78 o2
2n000g = 3 hours 100 60 LG
25000 - © hours 100 09 31
25000y = 20 hours 100 94 &
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The percentage of germinatlon decreased as the
severity of the force increased, and also as the duration
of treatment increased. Above 20000g, most of the seeds
ware crushed, and were flat., The lemma and palea wsre
broken. tome of the seeds had a short root hefore centri-
fuginge The root then becanme transparent, and it was some-
times broken off the embryo. Such damage, of course, caused
the death of the seeds. The relationship of percentage of
seced gernination to the force used was analyzed by the nethod
of linear regression. The regressions of seed gernination on
centrifugal force were calculated by the equation, ete. as
follows (the resulting regression lines are shown in Figure 1)

e At 3 hours centrifugings

Sample equatlon of regressions-

-7 =b(X - %)
B 46 ~ 0,002X
= Centrifugal force
= 2 of gurviving seed
= Mean of X = 12400
= Mean of ¥ = 69,8
= Deviation from mearn of X

K> KD

Note!

LT

= Deviation from mean of ¥

- T T I |

= Sample regression coefficient
<
=~ = ~0,002

Syx = Sanmple standard deviation {rom
£ gyx®
regression = = 7e5%

H



- §P -

dyx = Deviation from regression
A

= Y¥-X
By = sample standard deviation of
the regression ccefflcient
= 2 = 0,000
t =b/ 8, = -5.
defs = degree of freedom = 3

be At © hours centrifugingt

Sample equation of regressions-
¥ = 86uk = 0,002

Fote:t

= 42400

= 6146

i

o

= «0,002
Syx = 8,62
3p = 000041
t = -5
defe = 3
ce. At 20 hours centrifugings
Sample equation of regressions-
¥ = 63.8 - 0,002
Notes
12400
39
«0,002
= 1046

&
u

<t
u

i’

Iy

3
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3 = 0s00041

t = 5.

defe = 3

It may therefore be concluded that there is a

sizple inverse linear relationship between centrifugal force
and germination. In view of the low rate of germination at
25000z, it seems probable that this is near the maximum force
which barley can survive.

1¥. COMPARISON OF THE EFPECTS OF CENTRIFUGAL FORCE, PHENOL
AND COMBINED TREATMENTS UPON SEED GERMIBATION OF HONTCALY
BARLEY»

After centrifuging at 25000g for 6 hours, and after
0.06% phenol treatment for 24 hours, the percentage of survi-
ving seeds was 307,

Combined treatments were much more severe than either
one alons. The two kinds of combined treatments were sinilar
in effect, for 11 seeds survived after ACF-P, and 10 se¢eds
survived after P-RCF (Table 2). The mechanism of toxidity of
phenol was not investigated, however i1t penetrates protoplasm
rapidly and is known to denature proteins, therefore the effect
produced by the combined treatment with phenol snd centrifugation |
would be expected to be additive.

Also, 1f treatment with phenol or centrifugation should
cause mutation, then a combined treatment should result in a
greater frequency of mutation than either single treatment.
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1 i [

2000 5000 10000 20000

Centrifugal force (gravity)

25000

Figure 1: Regression of seed germination
3-hour centrifugation: 3olid line, dots.
6-hour centrifugation: Broken iine, crosses.

20-hour centrifugation: Dotted line, circles.
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Further cytological study of the above aspect 1s being
discussed in the following paragraphs, but only dominant

lethals are applicable.

Table 21 Cermination percentage of iontcalm geeds cbtained

in centrifugation, phenol and combined Lreatmentse.

Control 100 1 99
Centrifugation 100 70 20
Phenol 1C0 70 3G
Centrifugation - Phenol 100 &9 11
Phenol = Centrifugation 100 50 10

II1., BFFECT OF CERTRIFUGAL FORCE UPON Til MITOTIC CRLLS
OF THE ROOT TIPS OF MONTCALM BARLEY:

Cytologlcal analysis was made in ten root tips of
gerninating seeds which had been centrifuged at forces of
2000z, 5000g, 10000g, 20000z, and 25C00g. The force affected
the cell in several wayse ’

The nuclei might be shifted to the centrifugal ends
of the cells. In Figure 2, two elongation cells show the nu-
clei clearly settled to the ends of the cellse. Thls was found
in seeds having very short roots and centrifupged at foress of
£000g or higher. At 25000g, an average of 50 nuclel were found

to be located at the ends of the cells, which was about 107
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Fig. 2. Root-tip cells of Montcalm
variety. Centrifugation - 25000g,
6 hours. Nuclei located at the ends
of the cells. X500 Approximatelye.

Fig. 3. Root=-tip cells of Montcalnm
variety. Centrifugation - 25000g,
6 hours. Nuclei elongated. X2000
Approximately.
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of the total elongating cells found in the glide. Appro-
ximately 30 nuclei (6f of the elongation cells) were found
. 4n such manner at 20000g. At both 10000g and 5000g, only
10 szueh nuclei were found (shout 27). This vas not observed
after the trestment at 2000g. Thig indicates that the diffe-
rence in specific gravity is not gufficient to permlt the
separation of nucleus srd cytoplasm by a force of this mag-
- nitude.
The surviving seeds were kept at room temperature
i over night, then root tip preparations were made. It was
» observed that the percentages of ecentrifugally located nuclel
range only up to 10%, hence the majority of nuclel are not
strongly displaced. Perhaps this is because the specific
gravity of the nuclel is not constants more probably, they
return to the center of the cell after a certain period of
restitutiony and, also, a possibls reason maey be that nevw
cells, produced after trectment, are included in the examina-
tion. .

Centrifugel force not only moves the nucleua,‘but
it elongates it, sometimes to a dumb-bell shape. One side
had more nuclear sap, ond wes denser in appearence than the
other side (Fige 3). In a typical root tip, for example,
about 90% of rmueclel had the elongated shape (Fig. k), after
treatment at 25000g. But such nuclei were not always found
in every root tip after the treatment. Such nuclel wsre

ocecasionally found at 20000g and 10000g, but never found at



eitner 5000z or 2000g.

Centrifugal force sometimes interfered with mitosls,
for the chromatin clumped, and amitosis occaslonally occurred.
some cells showed the central part of the nucleus vacuolated,
possibly preparatory to simple direct division -- auitosis
(Fige 5)e Such amitotic nuclei might have bLeen formed by con~
tinued distension of the dumb-bell shaped nuclel. Such detect~
able effects were occasionally found even after centrifugation
at 2000z, but at higher foreces of 20000g and 25000z, ‘hey were
frequently observed.

The principal nmitotic ebnormality of chromosomes was
chromosomal breakage, which was observed very freguently in
the root tips of centrifuged seeds. One or more breaks occurred
in one chromosome, OF several chromosomes wvere broken into many
fragnentse. This phenomenon could alsc be eonsidered as multiple
chromosomal breakage, or chromnosonal fragmentation (Flze 04,7)e
Iin a few instances, the chromosomes were broken into a serles
of regularly spaced blocks, suggestive'of the large chromosones
of late pachytene stage. Hreakage was not localized in a4 parti-
cular region of the chromosone. It aalght occur in the reglon
of the centromere, or elsewhere in the chromosome. In the present
study, about thirty metaphase cells were found in the whole
meristematic region of each root tipe. On the average, three
metaphase cells had at least one chromosome showlng breakage,
and the chromosome sometlmes was broken into many fine fraguents.

This was observed after the treatments at 2C000g and at 25000g.



Fig. 4. Root~tip cells of Montcalm
variety. Centrifugation -~ 25000g,

6 hours. Nuclei elongated. X500
Approximatelye.

Fig. 5. Root-tip cells of Montcalm
variety. Centrifugation - 25000g

e ours. Nuclel vacuolateds X2000
Approximately.



Fige Ge Root-tip cell of Montcalm
variety. Centrifugation - 20000g,
6 hourse. Chromosonal breakages
arrowed. X1500 Approximatelye.

Figs 7. Root=-tip cell of Montcalm
variety. Centrifugation - 25000z,
6 hours. Chromosomal breakages
arroved. {1500 Approximately.
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at 10000y or 5000g, one or two metaphase cells of each
root tip were found to have chromosomal breakage, but
" such cells had only one or two chromosomes with one or
two breals. o chivomosomal breakege was found 1n the
sauples centrifuged at 2000g.

At anaphase, tetraploid cells were also found in
plants centrifuged at 20000g and 25000g (Fige £), but the
frequency of these was very lowe In the sample examined,
two tetraploid cells were found efter the treatment at
- 2%000g, and only one at 20000g. No tetraploidy was found
% after other treatmentse. Tetraplold cells night result frowm
| chromogone doubling, or from non-disjunction of chronmososies
| during the metaphase. If the spindles were severely injured
or deformed, chromosomes would remain at the equator, and
nence lead to tetraploidy. This may be the reason vhy tetra-
ploid cells are produced by centrifugation. The centrifugel
force may also cause the defornities of spindles and simply
drives the entire metaphase chromoaomavset toward one pole
of the cell, thus establishing tetraploidye. If the sbin&les
were slightly injured, then aneuploldy could be produced.
Other cytological abnormalities could also be produced by
centrifugal force. But, at present, only chromosomal aberra-
tion was studied. Future research might aventually lead to
a better understanding of this problen.
1V. EFFECTS OF VARIOUS CENTRIFUGAL FORCES UPON THE POLLEN

MOTHER CBLL3 OF HONTCALM BAHLEY



Fig. 8. Root-tip cell of Montcalm
variety. Centrifugation - 25000g,
6 hours. Tetraploidy. X1500 Approx.



lontcalm sesds were centrifuged at forces of 2000z,
5000z, 10000g, and 20000z for & hourse Pollen uother cells
produced by the plants derived from seeds whilch gurvived the
treatuents were sbtudled cytologicallye. Fragaentation was
found as the main chromosomal aberration at metaphase I. In
some cases, the chromosome formed several fragments whilch
were completely separated, or, sometimes they were connected
together with a fiber (Fige 9)e This was not due to the
smearing technlque, because the same technique was used on
controls, where no such irregularity ococurred.

An interesting chromosomal aberration widleh has net
been previously reported was often observed in Pis {pollen
mother cells) of T4 plants. The metaphase or late prophase
chromosomes were drawn out into long, slender fibers sluu-
lating levtotene chrowosomes, a phenomenon which we call
P1BRILLATION. Freguently, s chromosome is partly condensed
and partly fibrillated (Flge 9, 10)e Swanson (1958) sugzested
that heterochromatin is generally more condensed gnd resistant
to change, while euchromatln is more pliable and responsive.
Thus it seems probable that, in such partially fibrillated
chromogomes, the fibrilluted parts are euchronatiec and the
condensed parts neterochromatice. In some cases, £ibrillation
15 so complete (¥ig. 11) that it is difficult to assign the
nucleus to a specific meiotic phase. As fibrillaticn has nol
been previcusly reported and it was never observed in controls,

1t is undoubtedly produced by the treatment, and it nay well
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Fig. 9. PMCs of Montcalm variety.
Centrifugation - 20000g, 6 hours.
Chromosomel fragmentation and
f£ibrillation. X2000 Approximately.

Fig. 10. PMCs of Montcalm variety.
Centrifugation - 20000g, 6 hours.
Chromosomal fibrillation. X2000
Approximately.
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be a speclfic effect of centrifugation.

Inversion was often found, @s indlcated by a
bridge at anaphase I. Of course, only heterozygous, nara-
centric inversion can be identified in this way (Fig. 12).
The acentric fragment, hovever, was not always seen in
the cell. The acentric fragment, belng rather small, night
have been lost before anaphase or durling the preparation
of the sllide. There were, soretimes, two inversion bridges
in one colly if the inverted regions were not equal in length,
one night have been broken earlier than the other (Fige 13).

Breakage night occur at any region of the chrouosone,
One, two, or even more breaks could be found in a single chro-
xosome. The broken seguments were usually palred with a normal
honmologous chromosome (Pigs. 1h)e

Chromosomal deficlency was sometines visible at neta~
phasee. The deleted portlon was either 1ntérstitial or ternminal,
an¢ this waz clearly observed in moelosiss At metaphase I, for
instance, an interstitially ﬁaficienﬁ chromosome was found as
two hrolen seguents which were still paired with ﬁﬁe homologue
(Pigze 14)e

The results of the treatments can be sumarized as
follows1

1. CENTRIFUGING AT 20C0z FOR 6 HOURSs

This mild treatment had little effect on the chromosomese.
Pragmentation was the only chromosomal aberration found, and

this was observed in six out of ten plants examined. The others
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Fig. 11. Piis of Montcalm variety.
Centrifugation - 20000g, 6 hours.
Chromosomal fibrillation. X2000
Approximately.

r Ya
'8

Fige 12+ PMC of Montcalm variety.
Centrifugation -~ 20000g, 6 hourse
Inversion bridge occurred between
two groups of chromosomes at Ana-
phase I. X5000 Approximately.
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Fige 13« PMC of HMontcalm variety.
Centrifugation - 20000g, 6 hours.
Two inversion bridges in one cell
at Anaphase I. X5000 Approximately.

Fig. 14%. PMC of Montcalm variety.
Centrifugation - 20000g, 6 hours.
Chromosomal breakage also as a
chromogomal deficiency. X5000
Apprcximately.
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seemed to be normal cytologically (Table 3).

Table 3% Pollen mother cells showlng chroamosomal aberrations

in lMontecaln narley centrifuged at 2000z for € Lours.

Plant Humber
Aberration i 2 3 4 5 & 7 A 9 10
Pragnentation{lloe of cells) 1 2 1 & 1 %

Pa CENTRIFUGING AT 9000g FOR 6 HOURSH

£000g induced much more chromosgomal fraguentation
than dld 2000g. Fibrillation and deflciency were very seldon
found after that treatment. Chromosomal breskage and inversion

i pridge were also observed (Table 4).

Table 43 Pollen mother cells showlng chromosomal aberrations
in Hontcalm barlsy centrifuged at 5000g for ¢ hours.
Plant Humber
Aberration 1 2 3 % 5 6 7 8 910
@ Fraguentation 10 3 1 210 1, 14 2
s | Fibrillation 1
© Chromosonal breakage 2
S | Inversion 2 1
K Chronmogomal deficiency 1
Total 10 3 2 % 10 3 11k 2

3¢ CENTRIFUGING AT 10000g FOR ¢ IHOURSs
PFewer aberrations were observed after treatument at

10000g (Table %) than at 5000g. This might be dwe to the
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sampling error, with the sample at 10000g being inadvertently

biased in favor of low frequency of aberration.

Table 5t Pollen mother cells showing chromosomal aberrations
in Montcalm barley centrifuged at 10000g for 6 hours.

Aberration 1 o §1&§t 5‘ 6?3.\1‘?}395 9 10
o Fragmentation 2 10 % % 3 115 1
9o Fibrillation 1
g:j Inversion 2
O} Total 2 10 6 2 3 115 1

Only fragmentation was frequently observed after this
treatment, and plants number 9 and 4 were found to have a con=~
siderably higher number of PCs with fragmentation than others.
However, fibrillation and inversion were observed in two diff-
erent plants, yet they occurred in only one and two cells res-
pectively.

4, CENTRIFUGING AT 20000g FOR 6 HOURS31

A centrifugal force of 20000g seems to be more effect-
ive. The number of the cells showing chromosomallaberration
was higher than with other forces (Table 6)e

After comparing the above four treatments, it is more
likely that the higher jntensitiss of centrifugation are more
effective than lower intensities in induelng chromosomal ab-
erration. The relationship of aberratlon to the treatments was

analyzed by the linear regression method as shown in Figure 15.
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Table 63 Pollen mother cells showing chromosomul aberrations

ia Montealm barley ceatrifuged at 20000g for & hours.

Aberration - §la§# 5 ﬁﬁugbeg 9 10
» | Fragmentation 1 17 & 18 2 1 3
g0 | Fibrillation 3
5 | _Inversion 2 4 1 |
=S| Total 3 517 6148 1 2 1 4 3

V. MEIOTIC ABERRATIONS IN MONTCALM AND HANNCHEN T4 PLANTS
INDUCED BY CENTRIFUGAL FORCE AT 25000g FOR & HOURS,
PHENOL AND COMBINED TREATMENTS1

Cytological study wes made of the pollen mother cells
of ten T¢y plants taken at random froaz the population. There
were eight different kinds of Ty plantss M-RCF, M-P, M-RCF-P,
M-P-RCF, H-RCF, H-P, H-RCP-P, and H-P-RCF. (3ee Materials and
Mathods). Normal plants (eontrols) of the two varletles were
also compared with the T, plants.

The only chromosomal aberration found in’the normal
varieties was fragmentation, and this occurred very rarely.
Two out of ten Montcalm controls had such abnormality. One
of these two plants had only one cell with fragmentation, the
other had two. The remainder did not show any sign of peculi-
arity in meiosis. Of Hannchen controls, four plants had only
one such cell each. It appears that fragmentation can be
produced spontansously under normal conditions at very low

frequencye.
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seven categories of chwomosoual aberration were
obgerved after this treatments {ragmentation, {lbrillation,
inversion, translocation, defliclency, bres:kage and aneu-

vloidy (Table 7).

Table 7% Pollen mother cells showing meiotic aberrations in

“4eHCF T1 plants centrifuged at 25000z for © hours.

aberration 12 Ag?aﬁt 5 %”u§be§ g 10

Fragmontation o o 4 2 1 3
- | Fibrillation 2 5 9
S | iaversion 1 2 1
“ Translocation 2 2 x 20 308
¢, | Chromosomal defleiency 1 2 1 & 5 ¢
,é Chwomogonal breakage 10 2
Z aneuploidy (tetrasomic) 2

Total 17 61915 9 221 9 & 7

»

quadrivalent translocations were usually founde
complex conflguration consisting of three pailrs af chIomOsONes
arranged as a blgz ring at diakiness wes algo found us a hexa-
valent translocatlon (Fige 16). another complex conflguration
consisted of more than three palrs of chromosomes (possibly
four). Pecauge the stain was not successful, 1t could not be
photographed.

Cells with fragmented chromosomes were found in siy

out of ten plants exsmined, but the {requency In eaca plont
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was low. Figure 17 clearly shows three fragnents lormed
from an@‘yair of ehromogonesy these tiwree fraguents actuslly
Pormed {roa one chromosomws of the paics

Cells with £lbrillated chiwomogones were found in
only taree plants, all at diakinesise Flguve 1i, for sxanple,
shows a cell with several long fibrillated chromosonaes, toge-
ther with norisal chromosome rings. The fibers wvere possibly
nroduced by five pairs of chromosomese. it can be polnted oul
that, in this figure, at one end of the fibers, three dark
particles were cormected, possibly representing heterochroaatin
parts of three palrs of chromosomess 4t the other end, twn
chromosone rings were clearly seeh. At the middle of the fiburs,
a nodule represented another pair of homologues. It 13 clear
then that the flbers were oroduced by & couplex of CArouOs0mLss

fnpee plants had inversion bridges, however the fre-
guency was lowe & double inversion bridge oeccaglonally occurred
at anaphase I, and one of the tuo bridges vas brokan (Fige 19)s
Chromosomal brealage was observed only in two plants. une of
them had ten pollen mother cells snowing chromosomal brealages,
ghe other had two only. Flgure 20 shows 8 ghromngone ring wroken
into two unequal parts. Two aneuplold cells with glpnt blvalents
were found in one plant, hence they were tetrasouic (Fige 21Je
Chromosomsl deflcliencles were also observed in the pollen
wother cells of several plantse. They were terainal deficlencles,

and the missing segment sometimes was rather bilg (Fig 22).



-3 -

Fig. 16. PMC of M~-RCF Ty plant.
Pranslocation-hexavalent. X5000
Approximately.

Fige 17. PHC of I~BCPF T4 plante.
Chromosouwsl fragmentation. X2C00
Approzimately.



Pige 18+ PMC of M=ACF T4 plant.
Chromosomal £ibrillation.X2000
Approximately.

Fige 19. PMC of M~RCF T4 plant.
Inversion bridge. X5000 Approx.
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bep.

Fige 20. PiC of [=-BCF T4 plunt.
Chromosomal breakage. X5000
Approximately.

Fig. 21. PMC of M=RCF Ty plant,
Tetrasomice. X5000 Approximately.
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e MwPg
Phonol secmed to have effects sinilar to those
of centrifugal force, Wut the {reguency of most aberrations

induced by phenol was somewhat lower (Table 0).

Table &s Follen mother cells showing melotie aberrations in

=P T4 plants treated with 0,0¢F phenol for 24 hourse

Aberration 1 2 §1aﬁt A 65&1{;1:@% 2 190
Fragmentation 2 3 3 3 2 L
21 Fivrillation g ]
'g Inverslon i
“ Translecation 1T 1 1 1 2
., LChronatid deflclency 2 _2
é Chromosonal deflelency T 5 =
= | Chromosenal breakage 3 3 2
Total & 13 4% 1 ¢ 511 9 b

Jlx out of ten plants exanmined had {ragmentation,
Fragments could sometimes be agsigned to the proper chroavsons.
In one cell, for instance, there were three fragﬁénﬁs produced
by ore palr of chromosonss, whlle the other chrommsomes palred
normally at disbinesis (Fige 23). Pibrillation was found in
two plants, and only one or two cells showed if. It did nob
alwvays affect the whole chromosome (I"ige. 24%)e Levan and [jic
(1945243 ) observed & thin thresd of chromosome in Alllum roots,
which were treated with phenole They nelther illustrated it
nor dilscussed fully, hence one cannot determine whether they

obgerved {ibrillationi.
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A photograph was taken to ghow lnversion bridge
&t anaphagses. Imly oune plani out of ten was found to have
an inversion (Fige 29)e Translocation was observed in one
half of the plants examined, tut they occurred in cnly a
few colls. These translocation chronosomes could bhe identified
as quadrivalents consisting of two pairs of chromosomes (Fige 26),
Chromosomal deficlency was present in tinree plantse Jouetlnes
they could be seen as chromatld defilcleney. In one cell, for
exsuple, one chromosome had two different arus, one was uore
slender then the otherj thils slender arc possibly had a chiro-
natid deficlency(¥Fige 27)e

3e H=RGCP-Pt

mly 107 of the seeds survived thisg éambineé treatients
it seems that the surviving seeds were more or less resistant
te the treatments 4 few pollan iother cells of the surviving
plants were found to have some chromosomal aberration (Table 9).

Bxtremely small frogonents were found in the pollen
nother cells of four plants. In one cell, for example, one
chrouosone had four fragmentsj three had one small fragment,
each still connected with the mother chromosomes, and the
remaining three tetrads were normal (Filge. 28)e sometimes freg-
sentatlon occurred with £idbrillation in the same cell (Fige 29).
Only three plants appeared to have inversion, as identifled by
the cecurrence of o chromosomal bridge {(Piz. 39). Translocation
vas alse observed. A complex configuration of six pairs of

chirouosowes was arranged nicely as a star (Flge 31)y with the
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Fige 22+ PUC of M-RCF T4 plant.
Chromogomal deficiency. X5000
Approximately.

Figo 23. PMC of M=-P T4 plant.
Chromoaomal fragmentation. Two
acentric segments.X2000 Approxe.



Fig. 24 PMC of M-P T4 plant,
Chromosomal fibrillation. X2000
Approxinately.

Fig. 250 PMC of M-P T plant.
Inversion bridge. X5 Approxe.
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Fige 264 PMC of M=-P T4 plant.
Translocation - Quadrivalent.
X5000 Approximately.

Fige 27. PHC of M=P T4 plant.
Chromatid deficlency. X5000
Approximately.
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Flge 28, PMC of HM=RCF=-P ‘1‘1 vlant.
Chromosomal fragmentation. 12000
Approximatelye.

Fige 29« PMC of M-RCF-P T4 plant.
Chromosomal fragmentation and
Fibrillation. X2000 Approximately.
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Figc 30. PMC Of M“RCF"P T" planto
Inversion bridge. X5000 Approx.

§ B
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Fig. 31. PMC of M-RCF-P T, plant.
Pranslocation. X5000 Approxe




seventn bivalent appearing nornale

Pable Ut Poller ssther cells showlng welotlc asberratlons in
SeRCFe T4 plants centrifuged atb PG00 for & hwours

and then treated with Q.06F phenol for 2k hours.

Flant sumber o
Aberration f 2 3 % ¥ 6 7 4 910
Fraguentatlion 1 301 1
@ RFibrillation 1 1 2 &
< | Inversion 1 2 1
: Pranslocation 1 2 1 9
© Chrounosomal deficiency i ©
'§ aneuploidy (tetrasomic) 1
£ | Petraploidy 1
Total 3 2 5 1 2 1 R

Chromosomal deficiency was visible in sone cells, anu
usually it was terninal. Ancuploldy with gsixteen chronogomes
was found in one plant. Apparently it was tetrasonlc, {for there
vere elght pairs of chromosomes st anaphase T (Fige. 32)e A
tetraplold cell was also pressnt, the fourteen paiﬁs of chro-
wosores at metaphase I being clearly visible within the evtoe-
plasn (Fige 33)e

he MmPeiCis

Tn this combined treatuent, phenol was applled before
tie seeds were centrifuged. The results obtalned {rom thils
treatment are tabulated in Table 10

Pibrillation and freguentation were often found in the
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<>

Fige 32¢ PHC 0f =RCF=-P T‘ plant.
Tetragomice L5000 Approximatelyve.

.
I
" 4

F’ig. 33¢ PHC of M=RCP=P T plant.
Toetraploidy. X2000 Approximately.
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same cells (Flz. 3k), end this occurred frequently in two
out of ten plants exanineds Inversion bridges were found

in foup planﬁsg In one case, the bLridze at anaphase 1 was
neavily beadsd {(Fige 3%)e ieterosygous translocatlion could
sonmetizes be seen at diplotene as crogs-lilke configurations
(Fige 30)e Tetraploid, tetrassmle and double tetrasomic

cells were also found but rarely (Figz. 37, 3%, 19).

Table 10¢ Pollen mother cells snowlng welotic aberrations in
HeP=RCF Ty plants treated with C.007 phenol for 2k

nours and then centrifuged at 205000g for ¢ hours.

Plant Hanber
sperration 1 2 3 % % o6 7 590
" Fraguentatlion g ® ®
— | Pibrillation * ¥
3 | Inversion I 3 1t &
« | Tranglocation 1 2 1 1
£ aneuploidy (tetrasonic) 1
S | Ansuploidy (double totrasomic) |
Z | Tetraploidy ' s
Total t 2 7 * 3 2 1 £ 2 *

#3 movre than thirty.

Co HeBCRS

Fragmentation was the main type of chromosomal
irregularity induced by this treatment (Table 11). Fach plant
exgrined had this abnormality. donstines, several fraguents

were formed by one chromosome (Fige ¥0)e. Flbrillation, trans-
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Fige 3%. PMC of M-P-RCF T4 plant.
Chromoscmal fragmentation and
£ibrillation.X2000 Approxinately.

Fige 35. PMC of M-P-RCF T¢ plant.
Inversion and fragmentation.
X5000 Approximately.
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Fige 36+ PMC of M-P-RCF T4 plant.
Translocation. {5000 Approximatelt.

Fige 37. PMC of M~P=-RCF T4 plant.
Tetreploidy. X5000 Approximately.
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Fig. 38. PMC of M~P-RCF T4 plant.
Tetrasomic. X5000 Approximately.

Fige 39+ PMC of M-P-RCF T4 plant.
Double tetrasomic. X5000 Approx.



loecation, chromasomal deflcleney and hreakage, and
lnversion, wvare also Induced by this treminment. However,
- they did not ocour as often as fragmentation. The trange

locatlons were observed as quadrivalents at dlakinesis.

Table 11¢ Pollen mother cells showlng melotle abverrations in
A-00F T4 plants centrifuged st 25000g for ¢ hours.

.| Fraguentation * T 9 oy 90 90 16 21 18
| Pibrillation 3 1 3 7 Hiyv »
5 Inversion ] 1 e

S | Translocation i 1 1

% | Chromosomal deficiency 2 v oL ]

g Chromasomal Lreakage 7 3

= | Total * 45 11 5 27 30 30 22 37 47

*t more than thirty.

Do li=P3

5ix of the ten plants examined had chromosomal
aberrationa, others were normal (Table 12). There were five
kinds of chromosomal aberrations obgervedj fragnentation,
fibrlillatlion, inversion, chromeosomal deflelency and breshage.
Pragmentation and fibrillation were again the main types of
aberration, the others occurred less frequently. The appearsnce

of the aberrations was previously degcribed.
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Pahle 12% Pollen mother cells ghowing uelotle aberrations in

H=~P Ty plants treated with 0.00f phenol for 24 hours.

\berration Plant Fugber
- “ 1 2 3 4 & v 7 & 910

~ | Fragumentation * 9 =

o | Pibeillation L

“ |_Inversion 1 3 19 3

5 Chromosomal deficlency 2

9 Chromosonal breakage 1 e

2 | Total 90 6 3 % o *

*1 more tnan thlviye.
7o BufPePs
he type and freguency of chroumessusl sberraticon found

in the PHCs of H~AClF-P T4 plants are tabuluted in Tauble 13.

Table 13 Follen mother cells snowlng melotle aberratlions in
H=-BCF-F Ty plants centrifuged at 25000g for G hours
and then treated wlth 0.068% phonol for 24 hours.

Aberration 4 2 glaﬁt 5 6ﬁu§be§‘ 9 10

, | Pragmentation i3 1 * b 2 3 06 1
— | Pibriliation 29 b 9 3 1 %
o | Inversion 1
“ Translocation 2 2 1 2 2
., | Chromogomal defieclency 7 1
2 | Chrowoaonal breskage 31 1 3 2 1
E Totraploidy 1

Total L & 2 % 5 b 7141 1 1

*3 more than thirty.
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Fragmentation and fibrillatlon were found as usual,
often in the same cell. Translocations were mostly gquadrivae-
1ents.'A large chromosousl ring, probably octavalent, was found
(Fige W1)e Chromosomal deficlsncy, inversion, chromosomal
treakage and tetraploid cells were also found in several plants.

£o H-P=PCF:

It was not surprising that four plants were found normal
cytologically, bvecauge the samples were taken at random. Bvi-
dently this combined treatment was more effective than either
centrifuging or phenol treatment alone, because several of the

Z plants examined had numerous chromosomal aberrations (Table 14).

§ Table 148 Pollen mother cells showing melotic aberrations in
H-P-RCF T plants treated with 0.06§ phenol for 24
hours and then centrifuged at 25000g for € hours.

lant Number

Aberration 7 8 9 10

ot o

Fragmentation
Fibrillation
Inversion i
Translocation 2
Aneuploidy (tetrasomic) 2
1
1
9

) #IED
2] wgOn

Mc‘ﬂ
ouh § aub

- }sd

Aneuploidy (double tetrasomic)
Tetraploidy
Total 325 30 =

Number of cells

»

*: more than thirty.
Fragmentation and fibrillation were abundant in some

sampless as in plants number 4 and 6. One cell produced more
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Fige 40, P¥C of H-RCF T1 plant.
Chromosonal fragmentztion. {2000
Approxiuntely.

Fige 41+ PMC of H=-RCF-P T4 plant.
Translocation - Octavalen%.xsoco
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than ten fraguents (Figs W2)y and 2 pleture showing
extenzlve {ibrlllationy which night represent more than

one cell, also ascurred (Pig. 43).

VIie MAIOTIC ABERRATIONG IN HONTCALM AND TANKCIEN To PLAFTS
INDUCED BY CENTRIFUGAL FORCE AT 25000z FOR € HLURG,

PUIENOL AND COHMBIRED TREATMENTAS

T» plants from the usual eight zroups were gstudicd,
with normal Montealsm and Hannchen as controlse ¥V» plunts,
ware grown Iroan geeds taken al randon from the asplles of Ty
plants, which vere senlesterilel.inly fragnentation was found
in To plants, and this was also observed Iin both controls

(Table 15), though at a lower frequency.

Zable 15t Pollen wother cells showling fraguentation in 7

plants.

Treatuent 4 2 §la§t 5 6ﬁ“$b9§ 9 10 Total

;i{eontrol) 2 T 1 3 7
w | =3 1 2 4 13
S | uep 3 | 1 b

3 RGF-P 7 2 % 1.6 1 21
9 | HwPeRCP 5 & 13

H{control) 3 1 1 a2 ? 10
g | u-nce 3 2 204 1 8 ¥ 3 5
5 | H=p 2 g 3 1 11

HeBOFP-P 11 1 E L] 1 37

PP 342 46 9 812 3 b 76
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Fig. 42. PMC of H-P-RC¥ T¢ plant.
Chromosomal fragmentation. X2000
Approximately.

Fig. 43. PMCs of H~P-RCF T¢ plent.
Chromosomal fibrillation. X2000
Approximately.
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TQ planta have s lowor froquency of ohromssoral
aberration than Ty plants. The explanetion for this may
be that 1f T, plants have lethal chromosomes, they may
be aborted and may not pass into ¥» plants. In other words,
the gametes may die off and no geed will be produced by
this ¥y plant, or if the sygote 1s formed, it way die off
at the early stage of development. Furthernore, barley is
a seélf-pollinating plant, and hence any lethsl pones or
aberrations are guite likely ¢o heeouwe homozygous, thus
elininating them from the Toe The semi~sterility of ¢ nlant
may be due to this. It is slso poseible that Af both zanetes
carried & slightly damaged chromosome, a viable zygote could
also be produced. Thls might be why only fragnentation was
found in "s plantz.

VII. MEIOPIC :DRRRATIONS 1IN HYSRIDS DUTHEDRN HOMAL ADD THEATLED
FPLAHR S

Ten kinds of hybrids were studied, namely, 'f z H,

M X HeRCF, M & HeP, H x HeROP=P, M x H=PeRCOF, il x ¥, ¥ x H-RGF,
H x HePy B X M=RUF=P, and § x H-P=-ICP,

A number of chromeosomal aberrations were observed in
the pollen mother cells of the hybrids. On the aversge, the
frequencies of these aberrations were low. Fragmentation and
fibrillation ware still the principal catogoriss. JSome hybrlds
however were also found to have tranalocation, inversion, anou-
ploidy, and chromosomal breakage, but they were found in few
cellse



1. T x U3

Fragnentation was found in four control plants
1 x 4)e Three saumples had only one such cell, another one
nad only threes The rest of thes had nonse. &n lnverslion
hridge sppeared in only one plant. The results are tabulated

in Pable 16

Table 16t Pollen mother cells showing meiotilc aberrations in
the control hybrids of H x He

Plant Bunbey
Aberration 1 2 3 K v €& 7 8 9140
s o Fragoentation 3 1 9 i
§%§ Inversion 1
= Total I 1.1 1

20 1 x HeRCF2

Two plants had & large nuaber of cells showing both
fragmentation and £ibrillation, whlle {ive other plants showed
these aberrations in low freguency. The rest of the plants

exnnined seemed to be normal (Table 17).

fable 17t Follen nother cells showing meiotlec aberratlons in
the hybrids of ' z H=-RCF.

4 «| Fragmentation I * 1 1 * 1
§%§ Fibrillation - ?
= Total EEE 3 1 * 1

*3 more than thirty.



3e ¥ x H-Ps

Tive different chromosomal aberrations were seen in
the meiosiz of these hybrids. Pragmentation and Iibriliation
wers the main types. towever, inversion bridges, fransloeablon,
snd ohrorogonal brealages were alsoe found (Table 10) at very

lovw frequeney in a few plants.

Tabla 133 Pollen mother cells showing uelotlie aberratlons la
tha hybrida of ¥ x HePs

. —t
Aberration 12 §l&2t 5 6ﬁ“§°e§ G 10

. | Fragmentation 5 B ¢ * 1 1 v 2

o | Pibrillation 13 1 1

3 Inversion 1

Y | Tranalocation 1 1

K Chromosomal hreakage &

= | Total 6 9 30 * 2 1 1 2

®s more than thirtiy.

Yo ¥ 3 HeROF=P9

Agein, fragmentation was the major chromosonal
aborration. It was commonly present in the plants examined
(Table 19)« Fibrillation was frequent in one plant, and
another plant had eleven cells with fibrillation. The others
scomed to be normal in this aspect. Fibrillation sometinoes
could be seen at diplotene. Ume cell, for example, consisted
of seven pairs of chromogomes, four of them being elongated

in the central portion to form a fiber (Fig. W4} [lve
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inverslons ocecurred in one plant, a very high rmmber for

a single plant, Translocation oceurred twice in ona plant.

fable 194 Pollen mother cells showlng smeiotic aberrations in
the hybrids of 1 » {(=HCFeP,

Flant Pumber
Aberration 9 5 } Y 5 6 7 2 910
2 | Fragmentation 2 2 2 i3 03 1 ¢ B
o | Fibrillation 11 | »
., | Inversion 5
;3 Translocatlon 2
=z | Total 13 7 2 1 3 1 1 ®

*: more than thirty.

e 1 X U=PeRCOFS
Fragmentation, fibrillatlon, lnversion, translocation,

and tetrasomic ansuploldy appesared in nelosis (Table 20).

Table 203 Pollen mother celle showing meiotic aberrations in
the hybrids of ¥ x H=P=RECF,

Aberration i 2 glagt [ ﬁﬁuz;bag 9 10
» Fragmentation 2 1 & 5 * 2 %11 1C
o | Flbrillation * *
© | Inversion 1
3 | Translocation 1
S | éneuploidy (tetrasomic)i
= [fotal ¥ 1 60 6 2 3 % 41 10

%1 more than thirty.
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it often nappened that one chwomosone formed
more than one fragment (Fige 4%) Gther aberrationst
inversion, translocation and aneuploidy, occurred once
Gacile

Le H XK Hs

Control hybrids of d x H, secued to be noraal upon
eytological examination. Although the fragmentations were
otserved in a half of the hybrids exanined, they scecurraa
only in one or two cells. There 1s no other chrososomal

aberration found in the pollen mother cells (Table 21).

Table 21t Pollen nother cells showing melotic absrrations

in the eomtrol hybhrids of H x M,

AL " Plant Humber
Aberration 1 2 3 4% 5 6 7 & 90
Propwentation (No. of cells) 1 2 1 1 1

7o i1 X HeRCF

Pragmentation waz found in most of the sample
exaninede. In some cases, the chroxosomal fragmants.oecurreﬁ
as big segments connected with & thin chromosomal thread
(Fige %6). Fragumentation was the mein chromosomal aberratlon
found in the pollen mother cells of this kind of Lybrids,
nowever fibrilliation and ianversion were alzo observed, tiey
ocourred rarelye. The results of the meiotie anmlysis sre

tabulated in Table 22
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Fig. 4, PMC of MxH-RCF-P T1 plant.
Chromogomal fibrillation at pachytense
X5000 Approximately.

Fig. 45. PMC of MxH-P=-RCF T4 plant.
Chromosomal fragmentation. X2000
Approximatelye.



Table 228 Pollen mother cells showlng nelotie abherrations in
the hybrids of H x M-RCF,

Plant Hunber
Aberration 1. 2 3 L o ¢ 7 & 910
Fragmentation 2143 2 9 = 5 2 7 2
%33 Fibrillation ] L 1
2 ¢ | Inversion i L
Total 2¢4 2 9 = 5 2 8 1 2

#t more than thirty.

Je H xt H=P3
Only fraguentation snd fibrillatien were observed

in meiosise. They were frequent in several plants (Fable 23).

Table 233 Pollen mother cells showing melotic aberrations in
the hybrids of I x li=P.

Plant Number
Aberration 1 2 3 % 5 6 7 8 910
oo Fragmentation 3 9 6 3 2 4% * = =
S o | Fibrillation € 2 * ® 0
=0
Total Jih 8 3 2 kb & x &

*3 more than thirty.

9¢ H x M~-RCF=-P3

Half of'the hybrids examined showed fragmentation
(fable 24)e One plant, number 10, showed numerous cells
having both fragmentation and fibrillation (Fize 47)e Plbri-
1lation occurred only in that plant.
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Fige 46. PHC of Hx¥=RCF T, plant.
Chromosomal fragmentatione xX2000
approximately.

Fig. 14'70 PMC of HxM-RCP=P T1 Plant.
Chromosomal fragmentation and fibri-
liation., X2000 Approxinmately.



Table ohs Pollen mother cells showing meiotlc aberratiorsin

the hybrids ol o x HeHOF=F.

Plant tunber
Aberratlon 1t 2 3 & 5o 7 8 9210
. »n| Fragmentation Y 3 Wil *
< o\ Fibrillation *
= 9| Total 4 3 b5 *

%3 more than thirtye.

10 H X I=P=RCFS

ipproxiumately the sane results were abtained as with
the hybrids of ¥ i M-ROP-P (Table 25)e sgain, one plant, nua-
ver 10, showed mumerous pollen mother cells having both frag-
nentation and Fibrillationy inversion alsgo occurred in  The

sane plant.

7able 7Y: Pollen mother cells showing selotic aberrations in

the hybrlds of H x H=P<RCF.

Plant Huaber
Aberration 1\ 2z 3 % 5 6 7 8 910
Fragasntation 19 10 1 v *
oo Fivrillation 1 *
Q E} Inversion 1
Total % " 1 G *

#3 more then thixrty.



V11T, BIGROTYSIC CRPNCTL COImEVED ITI T4 AND I PLANT S,

ARD 1M HYBRIN::

Fhanotypes of T4 and ¥, plants, and of hybrids
wers examineds The resulis asre deseribed as followss

1., Seed rows and texture of awns

Hannehen barley has two-seed rows and rough awnsg,
wille Mantcalnm has six-seed rows and smooth awnge. The
dqannchen characters are dominant over those of lontcalu.

“me plant derived from the cross 