DEVELOPMENT OF COMPLEX TNTERCHANGE STOCKS IN BARLEY

(HORDEUI VULGARE L.) AND THEIR POSSIBLE DIPLOIDIZING

EFFECT AT THE TETRAPLOID LEVEL

by

NARAYAN SINGH SISCDIA

Submitted to
the Faculty of Graduate Studies and Research
in Partial Fulfilment of the Requirements
for the Degree of

DOCTOR OF PHILOSOPHY

&5 U

et

ERSTS

T e
- T eND
F R N }
Or RO TR LLJA

s “&

&

HE. UNIVERSITY OF MANITOBA

December, 1963



ACKNOWLEDGEMENTS

The writer wishes to express his sincere apprecigtlon to
Professor L.H. Shebeski for his helpful guidance and valuable criticism
throughout the course of this investigation.

Sincere thanks are extended to Dr. R.C. McGinnis for reading
an earlier manuscript and offering suggestions for its improvement.

The help and cooperation of Dr., B.C. Jenkins, Dr. S.B. Helgason and
other members of the Plant Science Department are alsc appreciated.

Grants in aid of research from the National Research Council

of Canada made this project possible and these grants are hereby

. gratefully acknowledged.




ABSTRACT

The primary ebject of this investigation was to synthesize a homo~
zygous translocation stock involving all the chromosomes in barley and
to obtain preliminary information on the diploidizing effect of trans-
location complexes at the tetraploid level.

Two methods for the synthesis of complex interchange stocks were
used and compared viz., irradiation of existing translocation stocks and
intercrossing different complex interchanges in order to develop more
complex stocks. Using X-rays, a total of 17 translocations were induced,
of which 14 were established as homozygotes. Five different lines,
homozygous for translocations involving 12 chromosomes were isolated from
X-rayed populations of the stock 5903, homozygous for translocations
involving ten chromosomes. The chromosomes involved in translocations

of four stocks were completely identified. Using the intercross method,

a stock homogygous for @6~§~®L:'r2’Ll was isolated from progenies of the

hybrid T3-5-7a x Tl-2a. This stock has been crossed with 5903 to obtain

a

w

tock homozygous for a ©10+04. The relative merits of both the methods
were discussed and it was concluded that the irradiation method is more
desirable for the synthesis of complex interchanges in barley particularly
at a higher level of chromosome participation.

The fertility of translocation heterozygotes of varying complexilty
was recorded. Translocatlon heterozygotes with a ©10+04, @lZ+lII and
®14 were almost sterile. The practicability of the "Oenothera' method
was discussed. The present procedure of synthesis of translocations
without any consideration of fertility appears te be responsible for the

high sterility of complex interchanges in barley.



Colchicine induced tetraploids were obtained from five complex
translocation hybrids, in which the expected ML configurations were a
@lO+QII, ®l2+lII, O6+OLF0L, 010404 and 01k. The diploidizing effect was
measured by comparing the fertility of hybrid tetraploids with the
tetraploids of 0.A.C.21, used as a control.

Fertility of hybrid tetraploids was lower and the frequency of

aneuploid plants was much higher than that of the control. In view of

the limited data of the present stud it was considered that further
s >

investigations are necessary before final conclusions about diploidization

could be made.
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INTRODUCTION

The existence of true breeding, multiple translocation hetero-
zygotes with alternate disjunction in QOenothers, and the finding that
translocations can be produced by means of irradiation (131) led to a
proposal by Burnham (14) known as the "Oenothera® or "multiple trans—
location' method of establishing homozygous lines from promising hybrids.
In order to test the practicality of the method, a homozygous multiple

/the
heterozygous condition will produce a

>R

translocation stocke, which in
complete ring of all chromosomes at metaphase I is a prerequisite.
As pointed out by Burnham, this method will be applicable only to crops
with low chromosome numbers, in which such a translocation complex is
sufficiently fertile in the heterozygous condition. He suggested that
bérley would be such a crop, because of its low chromosome number (n=7)
and high fertility (approximately 75%) of a stock heterozygous for one
translocation.

A second possible use of such a stock suggested by Prof. Shebeski
(123) would be to produce tetraploids, which display diploid pairing
or %diploidizationt. Theoretically, if a translocation heterozygote
involving all the chromosomes is doubled, according to Darlingtont®s
hypothesis of Vpreferential pairing?, autosyndetic pairing would occur
in the resulting tetraploid. Fertility of the tetraploid barley should
therefore be improved.

Synthesis of a complete translocation stock is the first requi-
site to test these theoretical possibilities. Two methods have been
suggested for the synthesis of complex translocation stocks, viz.,

intercrossing two homozygous translocation stocks involving a common

* Hereafter referred to as complete translocation stock.



chromosome and cyclic irradiation of existing homozygous translocation
stocks. Ividence indicates that the second method is more promising
although Wang (144), found that instead of inducing a new translocation,
the original translocation was lost in a number of lines. This could
indicate differential sensitivity of the chromosomes to irradiation.

this is true, with the increase of the translocation complex in a

-y

1
stock it would be more and more difficult to make further progress using
the irradiation technique.

The present study was undertaken primsrily to synthesize a com-
plete translocation stock in barley and to obtain preliminary informs-
tion on the diploidizing effect of translocation complexes at the
tetraploid level. Since both these aspects are independent of each
other, the results are presented in two parts. Part A deals with the
synthesis of complex interchange stocks and Part B, deals with the

diploidizing effect of translocation complexes in autotetraploid barley.




PART A

SYNTHESIS OF COMPLEX INTERCHANGE STOCKS IN BARLEY



LITERATURE REVIEW

I. Studies on Recivrocal Interchanges

That non-homologous chromosomes can exchange segments;(was
first suggested by Bridges (12) to explain the linkage of a gene in
Droscophila with genes situated on two different chromosomes. Farlier
Gates (44) observed the association of more than two chromosomes in
a ring in QOenothera. However, Muller (80) considers Stern {135) to be
the first to provide both genetic and cytological evidences proving
that chromosome breakage had been followed by the attachment of one
of the pleces to a different chromosome.

In plants, Belling (5) was the first to report a probable case
of interchange, based on his results of interspecific crosses in Stizolo-
bium. The hybrid was found to be Msemisterile®. He proposed a "two
Tactor® hypothesis to explain the results, but pointed out that it could
also result from the abnormal behaviour of two chromosomes. No cyto-
logical evidence was obtained in this case, bul was obtained later from
work on Dature (8,9). Belling (6) suggested that the Stizolobium case
also could be the result of "segmental interchange between non-
homologues®™. Since then this phenomenon has been studied in a number
of plants (18,19).

The first report of chromosomal interchanges in barley is cred-
ited to Smith (125). This was of a spontaneous origin. Subsequently
a number of reports on interchanges produced artificially by X-rays

and other mutagenic agents have appeared (20,21,22,23,26,50,51,5L,57,

7
~0
O
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8,65,73,90,91,92,93,101,102,12/,,140,143,14,,146) . X-rays have been




used most extensively for the induction of mutations including chromo-
somal translocations. In X-rayed barley, Caldecott and Smith (23)
observed reciprocal translocations as the most common type of chromo-
somal aberration. The optimum dosage of X-rays varies with different
species. For common cereals including barley, an X-ray dose of
10,000 to 20,000r units is the most suitable (48). A éﬁ (i.e. an
interchange between two non-homologous chromosomes) has been reported
to be the most common type of translocation induced, but multiple
translocations involving more than two chromosomes giving a 06, 204,
08 and 06+0L also have been observed (22,23,91,92,146). Uost of these
stocks have been established in the homozygous condition without any
difficulty. A number of cytogenetic and linkage studies on barley
interchanges have been carried out (22,53,54,58,59). For most of the
translocations, the participating chromosomes have been identified.
Based on root tip analysis, Hagberg and Tjio (53,54) and Burnham and
Hagberg (20) were able to determine the chromosome arms in which the
exchange had occurred. For a few translocations involving the satel-
lite of chromosome 6 and 7, the localization of breaks was somewhat
more precise than in the rest of the translocations. Burnham and Hagberg
(20) found a high break frequency in the "b" chromosome in the 27
interchanges of the variety Mars,but thls was not the case in the 13
interchanges obtained from two-rowed varieties. Hagberg and Tjio (53)

proposed a standard system of designating barley chromosomes using

* The symbol © refers to a ring of chromosomes observed at metaphase I,
and shall be used hereafter.
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Arablc numerals. According to this system chromosomes 1 to 5 are
designated in order of decreasing length; chromosome 6 has the longer
satellite and chromosome 7 has the smaller satellite.

- (a) Methods of identifying chromosomes involved in
interchanges

Among the methods of identifying chromosomes involved in
interchangas summarized by Burnham (19), the most common method is

by crossing the unknown interchanges with a set of testers covering

}.._I

all the chromosomes and studying the F1%s cytologically at meiosis,
For example in barley, the tester set is built up of five stocks (22).
The chromosome configurations at meiosis of the Fits will give infor-
mavion as to which of the chromosomes are involved in the unknown

interchange (Ty) as follows:

Metaphase I Configuration

Test-cross in the Hybrid Interpretation
T(1-5) = T 20) + 3L l.and 5 not involved
T(1-7) x Tl 204 + 311 1 and 7 not involved
T(1-6) x Ty 06 + 41T 1 or 6 involved
T(3-4) x Ty 06 + 41T 3 or 4 involved
T(2-4) x T4 201, + 3L 2 and L not involved

On this basis the chromosomes involved are 3 and 6. The tester
sets are established initially by croésing different interchanges and
analysing the Fl meiosis in a similar manner. Such tester sets have
also been established in maize (18) and Pisum (68). Other methods

include pachytene analysis in corn (72), salivary gland analysis in
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Drosovhila (63) root tip analysis as reported in barley (20,53,54), use

of trisomics as reported by Burnham (15) in corn and linkage tests
(o]

between partial sterility and marker genes (59).

(b) Sterility, segregation and factors affecting segregation
in a translocation heterozygote

Considerable differences between species have been reported
in sterility of individuals. heterozygous for a translocation involv-
ing two chromosomes. Certain species show predominantly random seg-
regation with about 50 per cent sterility such as corn (13), peas

(67,68,115,116), sorghum (41), radish (74),.soybean (147) and rice

(91). Other species such as Datura (O) Triticum monococcum (139,

149), Hordeum vulgare (22,125), Lycopersicum esculentum (4) and

Oenothera (28) show predominantly directed segregation, the sterility

being as low as 5 to 10 percent in T. monococcum and on the average

25 per cent in barley. In these species, there is a high proportion

of alternate disjunction of the chromosomes in a ring (58).
Differences in degree of sterllity also exist within a species

for different interchanges. Thus in barley the range in average per

cent sterility of an individual heterozygous for a single translocation

has been reported to be 20.6 to 92.2 per cent (22), 20 to 69 per cent
(91) and 26.4 to 61.5 per cent (124). Length of the interstitial seg-

gment between centromere and break DOlnu) has been considered

&l

ment (se
responsible for these differences (18). A cross-over in this region
will produce spore abortion even if segregation is all alternate, a

maximum of 50 per cent, if every melocyte has one or more such cross—
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overs. Hanson and Kramer (58) suggested that in barley, interchanges

ranging from almost complete fertility to 50 per cent sterility should
be expected. They also found that low sterility was associated with
a short interstitial segment.

An important question still unsolved is why segregation is
directed in some species and not in others. Burnham (1€) has analysed
the evidence for and against different views proposed to answer this
question. In general, species showing a high frequency of alternate
segregation have been found to possess certain cytological features
in common; the chromosomes are relatively uniform in length, the
centromeres are median or nearly so, and the chiasmata are mostly
terminal (18). Evidence in favor of the view that terminal chiasmats
tend to favor alternate segregation was obtained by Galrdner and

Darlington (39) in Campanula, Sax and Anderson (119) in Tradescantia,

and Ganesan (40) in WNicotiana. Levan (69), however, reported random

segregation in Allium cernuunm, in spite of chiasmata being terminal.

In 1937, Darlington and Gairdner (30) stated that the absence of
terminalization prevents regular zigzag orientation of the chromo-
somes in a multiple ring.

Burnham (16,17) studied crossing-over and the kind of segregat-—
ion, using interchanges involving chromosome 6 in maize, which has the
nucleolus organizer as a marker. He found that the length of the
interstitial segment is one factor affecting segregation. Relative
length of the two axes does not appear to have any effect on segre-

gation. In Qenothera, the translocations that have survived in nature




are those with a short interstitial segment (16). Catcheside (25)
reported alternate segregation in Oenothera with very unequal inter-
change segments produced by X-rays. Hence equality in length of the
chromosomes in the interchange complex is not a neceésary factor,.
Frolik (38) suggested the possibility of a genetic control
of segregation as did Burnham (17) and Garber (42). Search for such
a factor in maize has not been successful (18). IEvidence against the
genetic control hypothesis comes from the work of Lewis (71) in

Clarkia elegans. Further in Collinsia heterophylla, the rings pro-

duced by X-rays show an excess of alternate segregation (L3),whereas
those produced by colchicine show random segregation (136). CGarber
and Dhillon (43) considered that perhaps colchicine induced breaks

in the chiasma forming segments and radiation in the internal segments
of the chromosomes. The interchanges thus produced, differ in the
length of translocated segments, which may be responsible for the
observed differences in the type of segregation.

Burnham (19) considers that orientation may be a matter of
timing. In some species, all the chromosomes may be synchronized Lo
pass to the plate together. In others, it may be a progressive
process and the first one then determines the manner in which the succ~
essive ones will be oriented. He also considers thal differences in
centromere activity may be responsible for the differént types of

segregation.

(¢) Experimental production of bigger rings

Burnham in 1946 (14) proposed the "Qenolthera™ or fmultiple
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translocation method™ of gamete selection. As pointed out in the
introduction, a complete translocation stock is a prerequisite to
test the applicability of this method. Two different methods of
producing large chromosome rings have been described by Burnham (14).
One is the %intercross method? and other is by cyclic irradiation

of a homozygous translocation stock. In the %intercross method?,

two separate interchanges involving a common chromosome are crossed.
A cross-over in the differential segment (the region between the
break points of two translocations involving a common chromosome)
will combine the two rings into one big ring. The success of this
method is dependent, therefore, on the recovery of the cross—over in
the differential segment. Burnham (14) suggested that the longer the
differential segment the greater the chance of obtaining a cross-—
over in this segment. The intercross method has been used success-—

fully in Campanula persicifolia (30), einkorn wheat (150) and maize

ring

0

(62). In einkorn wheat, Yamashita (150) reported synthesis of
involving all the chromosomes (2n = 1L) but both parents of the cross
contributed interchanges.

Sterility in interchange heterozyg%%s increases parallel %o
the size of the ring (124). This apparently raises a problem in using
the intercross method at a higher level of translocation. Inman (62),
however, suggested a method to overcome this difficulty. In this method
interchanges are chosen such that they have translocations in common
and differ by only two independent translocations. This would give

sterility comparable to 204 in crosses of interchanges. By crossing
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two stocks homozygous for a 06, with one translocation in common,

he obtained a stock homozygous fora 08. He diagrammed different methods
of crossing and selection for building larger rings in corn. But these
methods involve considerable crossing work and may not be applicable

to a self pollinated plant such as barley. MacDonald (73) in barley

using the method suggested by Inman (62) did not succeed in identify-

.
qQ

ng a single cross-~over that combined the two interchanges, in more
than 10,000 plants representing progenies of eight hybrids. He abiri-
buted this failure to the inadequacy of the method of selection used
or to the low frequency of crossing-over in the proper differential
and interstitial segments followed by the appropriate types of segre-
gation. According to him the stabllity of a large ring built by
selecting cross—overs in the differential segment may not be as great
as a ring produced by radiation with no selection for cross—overs in
this region.

The second method of c¢yelic irradiation has been successfully
applied in corn (18) and barley (26,91,143,144). Nishimura and
Kurakami (92) have outlined the procedure of producing larger rings
by cyclic irradiation.

Burnham (18) reported synthesis ofa ©10 in maize. In barley,
Nishimura (91) synthesized lines homozygous for @8+BII, ®6+@¢+2II,
3@4+1II, @lO+ZII, and @8+®4+lII. Intercrosses between some of these
lines produced plants heterozygous for ©10+0/, @12+lII and ©1L.. Also
Tuleen (1L3) reported synthesis of a stock homozygous for e10+2LL,

y
7+

Recently he” has obtained two stocks homozygous for @10+@4. One

.

%
v

<1,

Tuleen 1963, personal communication.
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of these was produced by crossing two stocks, one being homozygous
for @lO+ZII and the other for @4%5”1. This stock has been identi-
fied as T(3-5-1-6-7)(2-L). The other stock was produced by X-raying
a stock homozygous for 3@¢+lII.

Chang (26) obtained several lines homozygous for 0e+31L by
irradiation. His results support the efficiency of the X-ray method
over that of intercrossing but according to him the probability of
inducing additional desired interchanges by X-rays is highest in an
interchange stock involving a median number of chromoscmes in the
interchange complex. The interchange pattern and alsc the position
of break points is not known in large rings produced by AL-rays.
Sometimes instead of inducing a new translocation by X-rays, a
retranslocation may occur in the original interchange homozygote,
restoring to normal one of the translocated chromosomes(Zé,lA@), but
at present evidence on this phenomenon is not sufficient to establish
that this 1s a regular occurrence.

Once a complete translocation stock is synthesized, the
application of the "Oenotheraf method could be tested, but itts
success will depend on the fertility of this stock in the hetérozygous
condition. In a crop such as barley, with predominantly alternate
segregation (58) such a stock involving all the chromosomes in one or
two rings was found to be almost completely sterile (91,94,12&).

Shih and Shebeski (124) reported that when an equal number of inter—
change chromosomes participated, sterility was dependent on the size

of the chromosome ring or rings. For this reason Nishimura and




Kuralkami (92) suggested that a stock combining all the chromosomes

pe=l

@3

in two rings such as 08+06 or ©10+0L would be more useful. They

) 1

estimated that the fertili

o

v of a stock with 08+06 should be 12.6
per cent. Nishimura (91) found fertility of stocks with ©8+06,
@12+lII, 010+0L and @1l to vary between O to 10 per cent and there-
fore, suggests that a stock with 2®6+lII might be of more practical
value, if it could be synthesized. The fertility of plants hetero-
zygous for a OlL was reported to be 13.72 per cent in einkorn wheat

(150).

\



MATERTALS AND METHODS

The work reported in this study was done during the years
1961-1963. Two methods, %irradiation® and tintercross?, were used

for the synthesis of translocation stocks in barley.

I. Irradiation Method.

A number of homozygous translocation stocks from various

sources were selected for irradiation to induce further transloca-—

ats

tions as listed in Table I. The stock 5903 homozygous for a 010

<
b

was synthesized in the Plant Science Department in two steps by
X-radiation. From irradiated seeds of the stock T3-5-7a (old
designation 4256-1) homozygous for a ©6, a line was obtained, that
was homozygous for 06+0L. Seed of this line, &esignated as 161 was
Z=-rayed, and in subsequent progenies 5903 was isolated.

Throughout the study, Montcalm was used as the standard
normal variety in crosses for identification purposes.

In May 1959, 200 seeds of each of the translocation stocks
listed in Table I (excluding 5903) were irradiated by 10,000r units
of X~rays, and planted in the field. Partially sterile spikes were
selected from the Xy generation, and were available for further analy-
sis at the time this study was begun. Seeds from 76 of these spikes

a
representing 76 plants, were planted in/éreen house in February 1961.

Subsequently, in the summer of 1961, approximately 500 seeds of the

.
S

The expression fhomozygous for a 0107 is used and will be used here-
after to refer to g homozygous translocation stock involving ten
chromoscmes which when crossed with a normal stock will produce a
ring or chain at metaphase I in the Fq.
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he

cF

stock 5903 were treated by the same dose of X-rays and planted in

Qx!

a

rield. A total of 76 partially sterile spikes, representing 49 different

]._:

plants was selected from this population for further analysis. The
necessary steps of the method for the induction, detection and identifi-
cation of new translocations, are outlined below

(1) Irradiate approximately 200 to 500 seeds of homozygous trans-

location stocks by 10,000r units of X-ray.
(2) Grow the Xl generation. Include control after every tenth
rOW.

(3) Select partially sterile spikes at maturity; harvest | then
separately and record thelr fertility. Partial sterility
was used as a marker for possible translocations.

(L) Plant six to ten seeds from each partially sterile Xy spike.

(5) lMark the X, families segregating for fertility.

Theoretically, half of the plants in such a family would be fertile
and half partially sterile. In judging for partial sterility, emphasis
was placed on the pattern of sterility in a spike in addition to the
per cent sterility. This was considered important, since two spikes
may have the saﬁe degree of sterility, but in one case, the sterility
may be restricted to one area alone, and in the other, distributed all

along the head as illustrated in Figure 1. TFor the purpose of this study,
the latvter would be more important.

Harvest one or two heads from each plant of the segregating

families and record their fertility, plants with 80 per cent

or more fertility were considered fertile under greenhouse

conditions.
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(6) ~Xq families segregating for fertility:- Plant six to ten

seeds from a partially sterile plant of each of the X

oo

T o

segregating families. Examine PMC's of these plants for
ring formation. If a translocatioh has occurred, half of
these plants would show ring formation.

Harvest fertile nlants of only those families in which ring
formation has been observed.

(7) X3 fertile families: — Plant six to ten seeds from each fer-

tile plant of the X, families segregating for fertility

(step 5). Make crosses with Montcalm and the appropriate par-
ental stock.
Harvest the crossed seeds and cne or two heads from the plant
which has been used in crossing.

(8) Grow three to four plants from each cross and examine PMCts
at metaphase I*, This would identify the lines homozygous for
new translocations, in cases where a ring formation has been
observed in the KB families segregating for fertility. Theo-
retically, half of the XB Ffertile families would be homozygous
for a new translocation and half homozygous for the original
translocation.

(9) Also grow eight to ten plants from each of the fertile plants
harvested in step 6, in case of failure to identify the line

homozygous for a new translocation in steps 7 and &. lake crosses

s
%

Hereafter referred to as Ml.



with Montcalm and the appropriate parental stock.

(10) Plant 20 to 30 seeds from each of the lines homozygous for
the new translocations. Make crosses with Montcalm and other
tester stocks. The tester stocks used are listed in Table
I1I.

(11) Grow three to four plants from each test-cross. Examine

 PHC's at MI and identify the chromosomes involved in the

translocation complex.

TABLE II. Description of the tester stocks used for
the identification of the chromosomes involved
in the new translocations.

Designatilon
“New UTq Parental Originating
System System Source Station Remarks
Ti-5b 1385 (a=b) Yars Univ. of Minn. DBurnhamts tester
T1-5d €138k (a=b) i i
T1-5f X112 (a~b) Bonus Svalof
T1-7a 0135é(b—d) Mars Univ. of Minn. Burnham®s tester
T1-ba, C1483(b~g) n 1 n "
Tl-2a C1310 (b-f) 1t 0
T2-3d €1336 (c-f) " n
To-3¢ Ert 47 (e=f) Bonus ~ Svalsf
T2-La, 1420 (e-f) Mars Univ. of Minn. Burnham’®s ltester
T3-ha €1432 (c-e) i n 0 "

T5~ba X9 (a-g) Bonus Svaldf
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In the fall of 1961, a total of 76 X, families of the stock

5903 were grown in greenhouse (step 4). These families were damaged from

sulphur burning and therefore had to be replanted. Fourteen of these

o)
ramilies could not be grown, since no extra seed was available. For

]

further analysis, therefore, only the remaining 62 families representing
4L vlants were available. During the summer of 1962, the material
suffered badly from hall damage. lost of the crosses (step 7) were lost.
Because of space limitation in the greenhouse as well as time limitation,
all the Xg fertile families of the stock 5903 could not be grown and

only those which had been identified as carrying a btranslocation (step 6)

were grown and crossed with Montcalm and the parent stock.,

II. Intercross Method

.

This method was used in an attempt to obtain a stock homo-
rygous for @10+04. If such a stock is produced, it could be further
¥-rayed to unite the two translocations.

A
w

The homozygous translocation stocks 5903, T3-5-Ta (L256-1)

R

1
Y

and T1-22(C1310)" were selected for this study. The inter-relationship

between the stocks 5903, and T3-5-~7a has already been mentioned earlier

rom the variety Mars from

iy

(vage 14). The stock Tl-2a was obtained

the University of Minnesota. This stock was selected because these two
. . . . /either of

chromosomes are not involved in the translocation complex OI/%ﬁé Sther

two stocks.

P
5

Represents old designation.
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Hontcalm was used as the standard normal varielty in crosses

Two approaches to produce a stock homozygous for ©10+6L were
used.

(a) Direct approach by crossing the stocks 5903 and Tl-2a

Two metheds of completing the synthesis were used.
1. Back crossing.

an
[A)

(1)  Cross 5903 (5TT.2NN) x Ti-2a (5NN.2TT)

(11) Backcross the Fq hybrid (5TN.2TN) to 5903. Use
F1 hybrid as the male parent to eliminate the
unbalanced gametes from functioning. Functional
Fq1 gametes should be 5T.2T, 5T.2N, 5N.2T and
5N.2N. In pollination, use as much pollen as pos-
sible.

(iii) Plant the back cross seeds and study PMC!s at MI.

Theoretically, the chromosome constitution, and ML

configuration of the back cross population would be
EN

as Tollows:

Chromosome Constit-
MI Configuration ution Frequency Remarks

o + 511 57T, 2TN 1 desired
nll 5TT , 2NN 1 not desired

010 + @/ 5TN.2TN 1 n 1

010 + 2t 5TI. 2NN 1 1 w

B
7

3 . .
Represents chromosome constitution of the corresponding translocation
stock. ®T? refers to a translocated chromosome,and 'N?! refers to a
normal chromosome.
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(iv)  Select and self the desired plants (@A+511).
One quarter of the progeny should be homozygous
for the desired genotype.

(v) Grow 15 to 20 plants from step iv; examine meiosis
and cross the plants which shOW'7II with Montcalm
and 5903,

(vi) Grow three to four plants from each cross, and
examine in meiosis. The desired plant will show
©10+eL and @h+5II, MI configurations in crosses
with Montecalm and 5903 respectively.

2e F2 analysis.

This method is essentially similar to the one outlined

above except that the Fq hybrid is selfed. The F, prog-

eniles are analysed in the same way.

Theoretically the chromosome constitution and MI config-

uration of the F2 population would be as follows:

Chromosome constitution of the Fl/STN,2TN

Functional balanced Fl gametes 5T.2T, 5T.2N, 5N.2T,

5N.2N.
MI Configura- Chromosome
tion Constitution Frequency Remarks

— 57T, 2TT 1 most desirable
S5NN.2TT 1 not desirable
5TT . 2NN 1 1 1
5NN . 20 1 i i

oL + 511 5TT , 2TN 2 desirable

5NN, 2TN 2 not desirable
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MI Configura- Chromosome
tion Constitution Freguency Remarks
010 + 2L 5TV, OTT 2 Not desirable
5TN. 2NN 2 17 ]
©10 + QL 5TN.2TN L i "

Sige of the F2 population required:

IFrequency Chromosome Size of Population

Constitution 1% level 5% level
Most desirable plant 1 5TT.2TT 72 L7
Desirable plants 3 5TT.2TT,5TT,2TN 23 15

The above expectation is based on the assumption that only
the balanced gametes function on both male and female side. It is
known, however, that unbalanced gametes will function particularly
on the female side and give rise to aneuploids. These aneuploids,

could be discarded on the basis of their appearance or by checking

mitotic chromosome number in root tips.

(b) Bridgine approach

This approach is based on the idea suggested by Imman (62)
that the problem of sterility in building large chromosome rings by
the intercross methed may be overcome by choosing interchange parents
having translocations in common and differing by only two independent
interchanges. Thils approach is termed thridging?® because the synthesis
of the desired stock is to be carried out in two steps.

The chromosomes involved in translocation of the stock T3-5-7a,
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are also involved in the translocation complex of the stock 5903,
Therefore, it was planned, first to synthesize a stock homozygous for
@6+®4+QII by crossing the stocks T3-5-7a and Tl-2a, and then to cross
this stock with 5903. The resulting hybrid would shOW'®6+®h+2II
configuration at MI and its fertility would be higher than the
5903 x Tl-2a hybride. A stock homozygous for ©10+04 could be isolated
from the selfed progenies of this hybrid.

The initial crosses between the stocks 5903, T3~-5-7a and
T1-2a were made in the summer of 1961, and subsequently handled in

the manner outlined above.

IIX. Fertility of Translocation Heterozygotes

Data on fertility of various test cross hybrids were recorded.
For this purpose the first two spikelets from the top and from the
bottom of a spike were removed and then the number of seeds and total

number of florets were counted. Fertility percentage was determined by:

Number of seeds

Total number of florets x 100

IV, Cytological Technigues

Melosis was studied in PMC's using the acetocarmine smear
technique described by Smith (126). The spikes were fixed and stored
in Carnoy's solution (6:3:1) of ethyl alcohol, chloroform and glacial
acetic acid respectively. The MI configurations were recorded as
rings and/or bivalents, irrespective of whether they were open or

closed types. The variation in configurations observed in the same
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slide was scored. Where variation existed some configurations appeared
more often than others but the configuration involving the maximum number
of chromosomes in a ring was accepted as the MI configuration in that

particular material.




RESULTS AND DISCUSSION

T. Irradiation Method

(a) Induction and detection of new translocations

Germination of the X-rayed vopulations of 5903 grown in the
summer of 1961 was very low. Out of a total of 500 seeds planted, only
about 80 seeds germinated. This poor germination could be attributed
to the after—effects of radiation as discussed by Nilan (&9), since
there was a lapse of four to five days between irradiation and plant-
ing.

The results from the partially sterile Xl spikes studied are
presented in Tables III,IV and V. Table III presents a complete list
of fhe X2 families segregating for fertility as well as the fertility
of the parent Xy spikes and X, plants, the segregation for fertility
in X5, and the frequency of ring formation in XB' The information
with respect to those lines, in which new translocations were detected
is presented in Table IV. The relationship between partial sterility
in X, and Xj,and the frequency of detectable translocations in Xg
is given in Table V.

Stadler (130) proposed that a mutation in one primordium may
not be duplicated in other primordia, and therefore plants from X-rayed
seeds may be chimeras. The present data (available only for 5903, Table
ITI) are in agreement with this view. For example, four spikes viz.
5903-3%a, 5903-39D, 5903—390 and 5903-39d, were selected from the same
plant, but only two of them 5903-39¢ and 5903-39d gave both partially

sterile and fertile progenies, whereas the other two gave only fertile
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progenies. Only one (5903-39¢c) was found to carry a new translo-
cation.

Considerable range in Tertllity was observed in the partially
sterile X, spikes (3 to 7L per cent) and X, plants (16 to 73 per cent),
but there was no relationship between the per cent fertility and the

presence of translocations (Tables III and IV). Therefore, the actual
degree of sterility could not be used in selection for translocations.
Considering the fact that fertility in a translocation heterozygote is
dependent on such Tactors as type of orientation at ML, length of the
interstitial segment, and the freguency of cross—overs (18), these
results are not surprising.

Theoretically, a translocation heterozygote on selfing produces
half fertile and half partially sterile progenies, the latter being
characterized by a ring formation at MI. The data presented in Table
IV are in agreement with this expectation. Out of a total of 122 X3
plants examined cytologically, 67 plants showed a 0L, and 55 plants
showed 7II . The deviation from 1:1 ratio was found statistically to
be nonsignificant (Chi-square = 1.18). Similarly in the X, families

segregating for fertilit the ratio of partially sterile to fertile
o o S M b

plants was approximately 1:1, the Chi-sguare being 0.4 and nonsig-

o

nificant.

In Table V it can be seen that out of a total of 138 X2

£

Tamilies grown, 55 f 3

amilies (39.8 per cent) were marked as segregating
for fertility. Partial sterility in the remaining 83 spikes, therefore,

could be due to other nonheritable factors (49). A total of 17 out
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of the 55 families selected, representing 12.3 per cent of the X2
families grown and 30.9 per cent of the families selected, was. found
to carry a new translocation. These results confirm the usefulness of
partial sterility as a marker for possible translocations. Out of the
17 families, ring formation was observed only in 15 families (Tables
III and IV), whereas in two families T(1-5)(2~4)a~5-3 and 5903-38b-2,
evidence that a translocation occurred, was obtained from the test-
cross results involving fertile plants of these families and Montcalm
(Table VI). On this basis, although partial sterility in the remain-
ing 38 families could be due to causes other than translocations, such
as viable deficiencies and genic mutations, it appears that at least
some of these families do carry a translocation, which could not be
detected cytologically by a ring formation.

4 considerable difference exists in the frequency of new trans-
locations between different stocks (Table V). In the stocks Tl-5¢ and
T(1-7)(2-3)a, 10 and 14.3 per cent respectively of the X, families
segregating for fertility were found to carry a new translocation, where-
as in the remaining stocks the frequency of translocations ranged from
37 to 50 per cent. Many factors such as genotype, age, oxygen and
moisture content of seeds have been reported to affect radiosensitivity
of seeds (88,89). Although these factors were not controlled, it is
doubtful if pronounced differences would have beeﬁ present in these stocks,
since they had been stored under the same conditions and the seed sources

were of the same age. Therefore, no definite reasons could be attributed
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for these differences. In view of the swmall population studied, these

differences may have been even fortultous.

(b) Identification of lines homozygous for new translocations

The X3 or X; fertile plants were crossed with Montcalm and the

.
appropriate parental stock to identify lines homozygous for new trans-
locations. In general, crossing was quite successful, except where
5603 or lines derived from it were used as a female parent. In the
fall of 1962, a total of 150 spikes from the X3 or XL fertile plants
of 5903 were crossed with Montcalm and 5903, but only one cross was
successful. Crossing had to be repeated, this time using Montcaln as
a female parent, and therefore analysis of the fertile plants had to
be based on results obtained in crosses with Montcalm alone (Table VI).
A similar failure was encountered by Wang (14L) in crosses using a
line L256-1-6-1 (later designated as 161), as a female parent, and was
considered due to the damage caused tc the pistil in the process of
emasculation. As mentioned earlier, 5903 was obtained from the above
line by irradiation. The explanation by Wang was not considered satis~
factory, and therefore other possible reasons were subsequently ihvesti—
gated. This information, and the conclusions reached will be presented
under general discussion.

The Fi's of all crosses between fertile X3 or Xh plants, Montcaim
and the pareﬁtal stock were grown, and examined cytologically at M.
The results and interpretations are presented in Table VL. It can be

seen from this table that out of a total of 17 translocations induced
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(Table IV) 14 were established in a homozygous condition. These lines
are listed in Table VII and given a new designation. The MI configura-
ticns in the Fl?s of crosses between some of these lines and Montcalm
are illustrated in Figures 2 to 1l. In the remaining three cases
(Table VI) viz. 5903-3a-~, 5903-34a- and 5903-48a~, configurations other
than already existing (@lO+QII) were not observed, although the number
of fertile plants tested was seven, six and four, respectively. The
exact reason for this 1s not known. A possible reason, however, may be
that in these cases a translocation occurred between the chromosomes
already involved in the translocation complex, which was detectable in
the form of a ring in the PMC%*s., Evidently such a translocation will
not affect the existing level of translocation complex, and therefore
would not be effective in the synthesis of a complete translocation
stock. That this occurred, could be confirmed by crossing these lines
with 5903 and studying PMC's in the hybrids. A @h+5II configuration
at ML would prove this prediction, since normally a 7II would be

expected in such a hybrid. Unfortunately these crosses, though attempted,

were not successful as mentioned earlier.

The results in Table VI in general, are as expected, and there~
fore only the few exceptions will be discussed here. The lines T(2-5)
(3-k)a-i-1-1, T(2-5)(3-4)a~L~3-1, T(2-5)(3-k)a~4~4~2 and T(2-5)(3~4)a~
L-6-1 showed a @@+5II in crosses with Montcalm, and @6+@Aﬁ2II in crosses
with the parental stock at MI instead of the expected configurations
of 2®4+BII and 7II respectively. This could indicate that a back

translocation occurred in both the original translocations in such a way



TABLE VII,

L1

Lines which have been identified to
be homozygous for new translocations,

New
Line designation Homozygous for designation
proposed*
. : 1I
1(1=7)(2=3)a = 24 = 2«1 304 + 177 €201
: -3 =2 304 + 1
II
T(3=4)(6~7T)b = 6 =1w=6 08 + 377
=1la5m5 08 + 37 6202
1T
T(2=5)(3=4)a = 6 =3 =2 304 + 1o 6203
=3 =3 304 + 1
, I
- 8 m2=1l 06 + 04 + 2 6204
M(1=5)(2=4)a = 5 =31 06 + 04 + oL 6205
T(1=5)c - 3 =34 06 + 4:%
-3 =5 06 + 4II 6206
-3=8 06 + 4
- p(2d)a - 2 w5a3 204 + 5ir
“5emlwl 204 + 3
.5 e 5l 204 + 311 6301
= 5w 5w 2 204 + 3
590% m 2D e 2 e 1 08 3:1[% 6302
-4 =1 08 + 3
o Ta w4deal 12 + 1%t 6303
w308 =2 =1 @12+1ﬁ
-2 -2 012 + 17 6304
- 2 = 143 012 + 1
I
w 3lag = 2=l 012 + 1
~ 4 = 156 12 + 1%t 6305
‘ II
-38a =5 =1 08 + 04 + 1 6306

oF ‘\\\l 0‘. %

LIBRARY

4,
TR L= L

o
S o
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TABLE VII CONTINUED

R | 012 + 171 6507
IT
-39 =3 =1 012 + 1
-3 a2 012 + 10T 6308

Lines, originating from the same partially sterile X% spike should be
identical in chromosome constitution, and therefore lave been proposed
a common designation, In new designations, the first two digits
represent the year of synthesis,




FIGURE 2: A Q4500

at metaphase I in

the hybrid from the crogs Tl-5¢-3-3-4

x Tl=5c.

FIGURE A: A 2043

iT .
at metaphase I in

the hybrid from the cross T2-La-2~5-3

s Montecalm.

FIGURE 3: A @6, at metaphase
in the hybrid from the cross TL

33l 3 Montcalnm.

@

#

Clsa at metaphase
brid from the cross
1 x

I



FIGURE 6: A 06+64+2TL ot metaphase T in the TFIGUEE 7: 3@4+11F at metaphase I in
hybrid from the cross T(1-5)(2-4)a~5~3-1 x the hybrid from the cross T(1-7)(2-3)a-
Montcalm. ' 2l~3=2 x Montcalm.

FIGURE 8: 4 0g+eL+11L at metaphase I in the hybrid from
the cross 5903-38a-5-1 x Montcalnm.




FIGURE 9: A 612+111 at metaphase I in

the hybrid from the cross 5903~30a-2~1
% Mentcalm.

7

3

. ; JIT
FIGURE 10: A ®12+1 " alt metaphase I
in the hybrid from the cross 5903-
53la~2-1 x Monbtcalm.

FIGURE 11. A @l2+.I“L a
hybrid from the cross

metaphase I in the

t
5903-38b~L~1 x Montcalm.
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that in one of them both the translocated chromosomes were restored to
the normal karyotype, whereas in the other translocation, one chromo-
some was restored to normal and the other chromosome exchanged a segment
with a chromosome not involved in the translocations. Such a change
would result in loss of both the original translocations, and synthesis
of a new translocation. If this is true, it is necessary to visualige
simultaneous breaks in five chromosomes. Further, these breaks would
have to occur in both homologues at identical positions, since none

the four X, fertile families tested were homozygous for the original
configurations. These conditions, and also the fact that ring forma-
tion was not observed in the corresponding Xﬁ families segregating for
fertility (Table III), (although it's possibility cannot be ruled out
entirely because only two plants were examined cytologically), indicate
that such a change is unlikely to have occurred. The possibility of
an error in crossing or in planting the material was also ruled out by
repeating the crosses and confirming the results. Therefore, no defi-
nite explanation could be suggested at this stage. It appears that some

1

error in handling the material in an earlier stage of the program may
have been responsible for the results obtained.
The lines T(1-5)(2-4)a-5-3-1 and 5903-38b-4~1 showed synthesis

il (Figure 6) and

of a new translocation, being homozygous for Q&6+OL2
S S o . . . -

®l2le (Figure 11) respectively. This was unexpected since ring forma-

tion was not observed in the corresponding XB families segregating for

fertility (Table IV). This is particularly true for line 5903-38b-2, where

seven plants were cytologically examined. The exact reason for a faillure



L7

of the new translocation to show as a ring at MI is not known. A
possible reason, however, could be an incorrect identification of the
partially sterile X2 plant used for growling XE progenies, which were
cytologically examined. In addition, this could also result from an
environmental effect since the two populations were grown in different
enviromments and environment is known to affect chiasma frequency
(105).

The lines 5903-2b-2-1 (Figure 5) and 5903-2b-i~1 were found to be
homozygous for ®8+BII instead of @lO+ZII as expected. This indicates
that a back translocation of the type revorted by Wang (144) and Chang
(26) occurred in the original translocation complex. A more or less
similar case of back translocation occurred in the line 5903-38a-5-1,

1 (Figure 8), whereas the

identified to be homozygous for OS-OL+
narental stock was homozygous Tfor @lO+ZII, Here one chromosome in the
translocation complex apparently exchanged a segment with a third
chromosome. This would require simultaneous breaks and exchanges among
three chromosomes, two of which were already involved in the translo-
cation complex. This would effectively restore one of the chromosomes
to normal.

(¢) Identification of the chromosomes involved in the new
translocations

Out of the 14 newly synthesized translocation stocks (Table VII),
four have been identified with respect to the chromosomes involved in the
translocations. In addition, the chromosomes involved in the translocation

complex of the stock 5903 were also identified. The results and inter-




pretations are presented in Table VIII (a,b,c,d,e).

The stock 5903 was homozygous for ©10+211 (Figure 12). In the
hybrids between 5903 and the testers Ti~ba and T3~La, two types of MI
configurations (@lO+ZII and @8+3i1) were observed (Table VIIIa),
indicating that chromosomes 3,4,5 and 6 were involved. The test—cross
results involving the testers Tl-7a, T1-5d and T1-5f indicated that
chromosome 7 was involved. Therefore, it is concluded that 5903 is
homozygous for translocations involving chromosomes’3-5—7—4—6,

The stock 6201 (Table VIITb) was found to be homozygous for
3®4+111'(Figure 7), and the known chromosomes involved in the trans-
locations were (1~7) and (2-3). On crossing this line with the testers

T1-6a and T1-5b, the hybrids showed @&+@L+1TT

configurations at MI,
indicating that chromosomes 5 and 6 were involved in the new translo-
catlon, since chromosome 1 was already involved in one of the existing
translocations. The results involving other testers support: this
conclusion, On this basis, line 6201 was found to be homozygous for
translocations between chromosomes (1=7)(2-3) and (5-6).

The known chromosomes involved in the stock 6203 (Table VIIIc)
were (2-5) and (3-4). The hybrid between this stock and the tester
Tl~ba at MI showed 2®4+3II configuration, indicating that chromosomes 1
énd 6 were involved in the new translocation. The results with other
testers also support this conclusion. Therefore, 6203 is homozygous
for translocations between chromosomes (1-6)(2-5) and (3-4).

The line 6204 (Table VIIId) was identified to be homozygous for

@6+@4+211 (Figure 13), and the known chromosomes involved were (2-5) and



TABLE VIII(a,b,c,d,e)° letaphase I configurations in the
test~cross hybrids involving the stocks 5903,
6201, 6203, 6204 and 6307, and different tester
stocks,

as Stock 5903, homozygous for @lO+ZII, The known chromosomes

involved were 3-57,

Number
MI of plants
Tester Configuration Translocated Chromosomes examined Interpretation
II . .
T1-54 QL2 + 1 either 1t or 5 3
Ti-5f 012 lII n " 4
T5=ba, 010 + 2:3[:% ) both '5t and t6t 2
08 + 3 ) Chromosomes
TlesTa, P12 + lII either '1%' or '7¢ 3 %n;o%vszare
II T
T3mda, 010 + 277 g both '3t and 4t 3
08 + 3
T2=3¢c 012 + lII elther 2% or 13t 3
T2-3d4 012 + lII n b
P2md)8, 012 + lII either 12t or ¥4t

be Stock 6201, homozygous for 3@4+1II° The known chromosomes

involved were (1~7)(2~3)

Tle=bg, 08+044+117 both *1% and '6* (in two 2
different rings)
T1-5b 08+04+11T both '1f and 5t (in 2 Chromosomes
two different rings) involved
T2<da 06404404 either t2¢ or 14+ ?;;ﬁgzg)
T1-Ta, 204 + 3L both 1t and 7% (in
the same ring)
TBmdl g, O6+04+04 either 3% or t4t 2

Co Stock 6203, homozygous for 3®4+1IIe The known chromosomes

involved were (2-5)(3-4)

Tl=6a 204 + 311 both *1% and 6% (in the 4
' same ring
T1~5b @4+1II both *1% and 5t (in two 3 Chromosomes

involved are

(2=5) (3-4)
(1-6)

different rings)
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TABLE VITII CONTINUED

e

T2mdia, @8+O4+lII both t2% and *4! (in two 3
' different rings)
Tle=Ta Q6+HR4+04 either 1Y or *'7E
T3=da 204 + BII both '3t and '4% (in

the same ring

de Stock 6204, homozygous for @6+@4+211, The known chromosomes
involved were (2-5)(3=4)
II .

T1~5b O8+04+1 gither '1% or '5¢
T2~4a, 010 + 21 both *2' and #4! (in two 3 Chromosomes

different rings) involved

II et e et are (2-5-17)

Tl=Ta O8+04+1 either t1f or '7 3 (3_4)
T3mda, 06 + 4% both '3f and *4' (in the 2

game ring

e, Stock 6307, homozygous for ®l2+lII° The known chromosomes
involved were 3mbeTmd=b

Tl~b6a 014 either 1% or 6! 4 Chromosomes
T1~2a 014 cither '1t or 2¢ 2 nvolved are

2o [rlmls




FIGURE 12: 4 ©10+211 5
in the hybrid from the cross

S Ao
U meltaphase

5603 x Montecaln.

FIGURE 14: A @10+@L at metaphase 1

in the
Tl-2a.

hybrid from the cross 5903 x

FIGURE 13: A 0604271 2t me!

at mewa

13 phes
in the hybrid from the cross T(2-5
(3-4)a-8-2-1 x Montcalm.

FIGURE 15: A 06+0L+2LT

at metaphase
I in the hybrid from the cross
(T3-5-7a = Tl-2a)-1-9 x Montcaln

Gillle

ol




(3-L). The test-cross results involving the tester Tl-5b excluded
the possibility of chromosome 1 being involved, since chromosome 5
was already involved in one of the original translocations. Results
involving the tester Tl~T7a indicate that chromosome 7 was involved.
Further, results using the tester T3-~La suggest that the new trans—
location was added to the translocation involving chromosomes 2 and 5.
On this basis this stock has been identified as involving chromosomes
(2-5-7) and (3-4).

The known chromosomes involved in the stock 6307 (Table VIIIe)
homozygous for o1a+11t (Figure 11), were 3-5-7-L-6, and therefore
elther chromosome 1 or 2 was expected to be added to the existing trans—
location complex. The test-cross results involving the testers Tl-bc
and T1-2a indicate that chromosome 2 was involved in the translocation.
Therefore, this line is homozygous for translocations involving chromo-
somes 2-3-5-7~4~6.

Chang (26) pointed out that using a standard tester set for
identification of multiple translocations, no information is obtained
on their interchange pattern. Accordingly in the present study identi-
fication of the stocks 5903, 6204 and 6307 does not provide any inform-

)

ation on their interchange pattern.

II. Intercross Method

i

{a) Direct avproach by crossing 5903 and Tl-2a

A total of 12 hybrid seeds, obtained from crossing 5903 and Tl-2a

were planted in September 1961. Meiosis was checked in two plants and
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as expected a I configuration of 010+QL (Figure 14) was observed.
1. Back crossing

Attempts to backeross the I‘1 hybrid to 5903 were nol success-
ul. In the beginning, a reason for this failure was considered to be
the absence of good pollen produced by the Fl hybrid. But in later work,
as mentioned earlier on page 39 difficulty was encountered in crosses
using 5903 as a female parent, and therefore appears to be responsible
for failure of this method.

2. Iy analysis

The 12 hybrid plants obtained from crossing 5903 and T1-2a
were grown to maturity, and as expected (9”,”24) were found to be almost
completely sterile. A total of only 15 F2 seeds were obtained. Mitotic
chromosome numbers of these seeds were checked in root tips. Fight seed-
lings gave a normal chromosome count (2n=14), four were found to be trisomics
(2n=15) ,and one seed did not germinate. Chromosome counts could not be
obtained in the remaining two seeds, but the plants from these were almost
dwarf and completely sterile, indicating that perhaps they also were
aneuploids.,

Meiosis in the PMC®s of the eight normal plants was studied;

four of these showed ©10+04, two showed @4+5II and two showed 711 con~
figurations at MI. Theoretically, these different types are expected
to be in equal frequency but the population was too small to verify the
hypothesis. On test-crossing the plants with 7II and the fertile pro-

iI

genies from those with @4+57, none was found to carry the desired

chromosome constitution.



(b) Bridging approach

Approximately 30 hybrid seeds, obtained from crossing T3-5-7a and
T1-2a were planted in the fall of 1961. Meiosis was studied in two
plants, and as expected ®6+®@+QII configuration at ML was observed.

A total of 50 seeds from a single Fy hybrid plant was planted.
Among these, ten plants were found to be dwarfs and/or sterile, and

perhaps were aneuploids. The frequency distribution of MI configura-

tions in the remaining 40 plants is given in Table IX.

TABLE TX. Fleque cy distribution of MI configurations
in the F2 population of the cross T3-5-7a x
]

Tl-2a.
MI Configurations Number of Plants
o)
— 9
oy + 51t 8
06 + LIl 5
06 + @l + 2L 18
Dwarfs and/or sterile 10
Total 50

he different types of ML configurations are expected

ot

Theoretically,

N

to be in equal frequency, but date in Table IX indicate a considerably

ind
I

!

higher frequency of the Fy type plants (06+0L+277). A similar trend

was indicated in the results obtained from the 5903 x Tl-2a hybrid

iz ,
(page 53). DBurnham et al. (21) reported 20 plants with @&+37~, 9 plants




3
3

It

T . o e
and one plant wit

1_1.
-y
1ot

-
¥

®4v5II the Fp population of a hybrid

with 08+37". These results appear to indicate the existence of some

type of competition between normal chromosome genotypes and translo-
cated chromosome genotypes either at the gametic or at the zygotic

level, and also the better compet itive ability of the translocated
chromosome genotypes. The limited information available in the nresent
study, however, does not warrant any such conclusion, but this phenomenon
appears to be worthy of further study.

The F, plants, which showed '7II at MI were completely fertile.

The 1iI configurations of hybrids involving these plants and Hontcalm

are presented in Table X. It can be seen from this Table that plants
(T3-5-7a % T1-2a)=~1-6, (T3-5-7a x T1-2a)-1-8 and (T3-5-7a x T1-2a)-1-9 gave
a configuration of @6+®@+QII (Figure 15) at MI, and therefore were homo-
zygous for both the translocations. These plants were expected to be
identical in chromoscmal constitution. This was confirmed by making
crosses between them and studying meiosis in the hybrids. As expected a
configuration of 711 was observed at .

One of these lines (T3-5-7a x T1-2a)-1-9, designatéd as 6309 was
selected, and crossed with 5903. A total of 11 hybrid plants were grown.
Meiosis was studied in the PMC!s of one of these plants, and as expected

t ML @6+@/+2II configuration was observed. The data on fertility of
these plants are presented in Table XI. It can be seen from this table
that the fertility of individual plants varies from 3.5 to 33.3 per cent

with an average fertility of 13.9 per cent. This shows a considerable

improvement in fertility as expected (62), over the hybrid 5903xTl1-2a,




TABLE X. I config
crossing

Tl-2a and

U,
F

a

Mo Im.

ations in the I'y hybrids, obtained from
o fertile plants of the cross T3-5-7Ta x
ontca

Fo fertile plant
designation

MI configuration

Number of
Plants Cytolog-
ically Examined

Interpretation

T3=5-7axT1~2a~1~b

~1-35

=1-42

06+01 21T
71T
o6+aLr2tt
0602
ol + 511
o + 511
71T
@/ ' Z‘LII
oL+ 51T

2

i8]

L

Homogygous for
both translo-
cations.
Homezygous for
normal chromo-~
some consti-
tution.
Iomozjcous Tor
both translo-

cations.
13 134

Homogygous for
one transloca-—
tion.

143 11

Homozygous for
normal chromo-
some consti~-
tution.
Homogygous for
one transloca-—

tion.
k11 17

TABLE XI., Percent fertility of F

hybrid plants

obtained from crossing the stock 6309

with 5903,

Fy hybrid plant
designation

Per cent Fertility

(6309%5903)~ 1 6.6
-2 33.3
-3 3.5
. 16.7
-5 20.8
- 6 13.3
-7 5.1
-8 7.7
-9 12.8
~10 33.3
-11 23.3

Average 13.9
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which is almost completely sterile (see also Figure 16),

Approximately 130 F, seeds have been obtained from these hybrid

2
plants, which will be analyzed further in the hope of obtaining a line

homozygous for ©10+3L,

ITIT. Fertility of Translocation Heterozygotes

Results in terms of per cent fertility of translocation hebero-
zygotes according to their MI configurations are presented in Table XII,
In this table, the average per cent fertility of translocation hetero-
zygotes reported by Shih and Shebeski (124) have also been included for
comparison. The results obtained in the present study could not be
considered very reliable, since the material was grown at different
times and in different environments.

Results in Table XII indicate a wide range in fertility between
translocation heterozygotes involving the same number of chromosomes
as well as between plants within the same translocation heterozygote.
Burnham (16) pointed out that in a species with alternate chromosome
separation, fertility is dependent on the amount of crossing—over, which
occurs in the interstitial segment. Further, in barley fertility is
extremely sensitive to environment, and therefore, these results are
not surprising.

In general, the results obtained in the present study are in
agreement with those reported by Shih and Shebeski (124). However,
there are a few exceptions. For example, the fertility of plants with

@6+AI£ and O6+H24+0L4 was considerably higher in the present study than




Per cent fertility

1 2 3

0.0 10.0 33.3

Improvement in fertility in the 6309 x 5903 hybrid over
the 5903 x Tl-2a hybrid. (In the above figure the empty
florets have been removed to increase contrast). The
hybrid 5903 x Tl-2a (1) was almost completely sterile,
whereas the hybrid 6309 z 5903 shows improvement in

fertility (2 and 3).
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TABLE XII, Percent fertility of translocation
heterozygotes at different levels of
chromosome participation,.
Number of plants Fertility
Source evaluated Average Range
Metaphase I Configuration s @4-{-511
P (3} (6=T)bmbomlm5" X T(3=4)(6=7)D 6 52,5 3760 = T0.0
T(2-5)(3-4)a~4 * X Montealm 13 62,2 3845 = 750
Té2~5 (3-4)a~8=2=1 X T(2~5)(5-4§a 4 60.5 45,8 =~ 81,8
1(1-5) (24 )amb=3~1 X T(1-5)(2~4)a 2 46,3 40,7 = 51,8
Tl—5c~5"’3% K Tl““sc 4‘ 3706 28»0 - 5303
TLe5Cm3m3=9 X Montcalm 3 516 49,0 = 5449
4256=1 X ClBlO)-FZ‘s 8 59,6 3565 = TToT
Plants with @4 + 5% 40 5447 3746 = 62,2
(54.7)F (385 = T3.6)F
Metaphase I Configuration 3 @6-&-41I
P(2m5) (3=4 )a=8=2=1 X C1432 2 44,6 44,0 = 45,2
P1=5c=3=3% X Montealm 8 384 30,0 = 48,8
(4256-1 X C1310)-F,'s 3 48,2 41,6 = 6346
Plants with 06 + 411 13 44,6 38:4—-_4&—392
(24,7)F (15,8 = 37.8)F
Met_aphase I Configuration 2 2@4-&-511
T(1-7) (2=3)a=24~3-2 X C1358 2 30,8 18.4 = 41,8
T(2=5)(3=4)a~6-3=3 X C1432 4 39.4 25,0 = 51,2
noooom " X C1483 4 30,0 8s3 = 38.4
T(1-5)(2~4)a~6~4=1 X Montcalm 3 3363 16,7 = 55,5
T D) e Dem5 % X Montealm 8 18.4 346 = 3943
Plants with 204+3L1 21 31:6~ ; ) 18:4—:3;92
(33.4)T  (15.6 = 51.1)F
lMetaphase I Configuration ©6+04+21F
(25 ) (=4 a1y X 2(25)(3-4)a 13 2546 20,0 - 37,0
T(2-5)(3-4)a=8=2=~1 X Montcalm 1 20,6 -
T(1-5)(2=4 ) am5=3=1 X Nontealm 4 22,7 1443 = 31,2
161 X Montcalm 4 11,7 Tol = 13,6
(4256-1 X C1310)-F,'s 8 28,5 12,8 = 38,5
6309 X 5903 11 13,9 5ol = 3343
Plants with 06+04+211 41 21,9 11:5 -2é—3°§
(20.6)F (16,7 = 27.,9)F
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TABIE XIT CONTINUED

Metaphase I Configuration: @&+31L

T(Bmd) (6T ) Db ¥ X Montcalm 5 13,6 306 = 21,0
(21.3)" (1443 = 29.8)

Metaphase I Configurations G)lO-l-ZII
P(2=5)(3=4)a=8-2=1 X (1420 1 363 -
5903 X Montcalm 2 4,3 ( 11 =~ 8.3)
5903-X; fertile
families X Montcalm 48 2.4 ( 0 = 10.6)
Plants with €10 + 211 51 549, 204 = 403
(14.6) (12,1 = 16,7)
Metaphase I Configuration: @8—{-@44—111
(1=7)(2=3) am24=3=2 X 01483 2 19.6 13,6 = 2603
" n u X C1385 2 13.6 4,8 = 21,7
T(2=5) (34 )am6-3-3 X C1420 3 13,1 9,5 = 22,2
T(2=5)(3md)a=8=2=1 X 1385 4 a7 2,0 = 7.8
w n i X 01358 4 6»3 497 = 896
Plants with 08+04+1%L 15 12,7 5.7 = 19.6
8.8) (6,9 ~ 10.8)
Metaphase I Configuration: 06+04+404
T(1-7)(2-3)a-24—3-2 X C1420 1 25,0 -
X Cl432 . 3 19e7 1353 - 2508
T(2~5)(3—4)a—6—3~3 X 01%58 1 5,0 -
Plants with @6’*‘@44‘@4 5 l702 + 500 bl 25eo T
(3.3) (0,9 = 5,8)
Metaphase 1 Configuration: 010 + 04
5903 X C1310 4 1.86 0 =~ 4,8
Metaphase I Configuration: @12 + ;_LE_I_
5903 X C1384 2 0,0 -
n X C13%6 3 0,0 -
" X C1358 4 0.5 0 = 1,0
3 1.1 0 - 1,6

" X C1420
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TABLE XIT CONTINUED

5903 X XT12 4 262 0 = 3,1
" X EI‘t 4-7 4‘ 403 106 ke 596
5903w30gm2* X Montealm 12 0.0 -
5903 = 39¢ = 3 ~2 X Montealm 4 0,0 -
59035~58b~4 X Montecalm 4 0.0 -
Plants with @12+111 40 1,0 0 = 4.3
Metaphase I Configuration: Q14
59033814 X 01483 4 0.0 -
" n X C1310 4 0,0 -
Plants with 614 8 0,0 -

# Data from different lines have been poied together

+ These figures represent the average percent fertility reported by
Shih and Shebeski (124 ),
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reported by these authors. On the contrary, fertility of plants with

@lO+2II was

by

ound to be considerably lower than thalt reported by Shih
and Shebeski (124L). These discrepancies can be explained on the basis
that the materisl studied in the two cases was different as was the
environment. The hybrids between the line T(1-7)(2-3)a-24-3-2 (homo-
zygous for 30+ I) and other tester stocks gave uniformly higher fer-
tility. Unfortunately, data on fertility of this line in the hetero-
zygous condition are not available. A possible reason, however, could
be that this line is a two-rowed type and it has been observed at the

University of Alberta, by nasha“, that two-rowed type translocation
heterozygotes are relatively more fertile than six-rowed types.

hih and Shebeski (124), and Nishimura (91) reported that the

fertility of translocation heterozygotes decreases with increasing
complexity of the translocation, i.e. the number of chromosomes involved
and the size of ring or rings. The results presented in Table XIT
are in agreement with this conclusion. For example, plants with ®8+BII
were more sterile than @6+®@+ZII plants. Similarly @lO+ZII plants were
less fertile than either @8+@4+1II or B6+OL+CL plants. The sterility of

o~®4~i ants was higher than that of 0&6+Qi+0L plants. In addition,

he

-

the present results also indicate that of the two factors viz.

number of chromosomes involved and the size of ring or rings, the latter
would be more important in its effect on fertility. The relationship
between MI configuration and fertility in translocation heterozygotes

has been illustrated in Figure 17.

(N3
>L

Quoted by Smith (128)




FIGURE 17.

The relationship between ML configurstion

and fertility in translocation heterozygotes

of barley. (In the above figure, the empty
florets have been removed to increase contrast).
With increasing complexity in the translocation,
there is a gradual decrease in fertility (2 to 7),
until complete or almost complete sterility is
reached in plants with a 012+111, ©10+0L, and
014 MI configurations (8,9,10). Fertility seems
to be.more dependent on the size ofthe ring or
rings than the number of chromosomes involved
(compare L,6 and 7,8).
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The average per cent fertility of plants with 010+0L and e12+1H

was 1.9 and 1.0 respectively, and the range in Fertility varied from

complete sterility to 5.6 ver cent. These results are in agreement

with those of Nishimura (91).



GENERAL DISCUSSION

TI. Comparison of Different Methods

The synthesis of complex translocation stocks in barley, reported
in the present study has been accomplished using two methods viz.
irradiation of homozygous translocation stocks, and intercrossing two
interchange stocks. Using the irradiation method, a total of 17
translocabions have been induced (Table IV) of which 1L (Table VII)
have been established as homozygotes. This represents a fairly high
frequency and indicates the success of this method.

The irradiation method was modified in the present study to
minimize cytological work. A second selection on the basis of reduced
fertility was conducted in X2

translocation was carried out in the X, progenies rather than in the
-~

and the cytological detection of a

X2 as is usually done. Considering the fact that sterility in the
immediate X~rayed populations could be due to factors other than recip-
rocal translocations (L9) it seems logical to assume that sterility

in XQ population should be more indicative of possible translocations

rather than in X,. Results presented in Table V support this assumption.

Qut of a total of 138 X2 families grown, only 55 families were found

to be segregating for fertility, of which 17 carried a translocation.
Thus considerable material could be discarded in X? without resorting
to cytological analysis. The ultimate synthesis of a translocation,
however, will be delayed by one generation. Since it takes less than
three months to grow a generation, particularly when adequate greenhouse
space is available, the time loss is negligible in relation to the

efficiency of the method.
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Although. the irradiation method has been used successfully in
barley for the synthesis of larger rings (26,91,143,14)) and the
present resulis are also in agreement, there has been some indication
(26,1LL) that instead of inducing a new translocation, the original
translocation could be lost. Based on the evidence in the literature
on the differential sensitivity of certain parts of chromosomes to
irradiation (24,117,118,120,13¢) this was attributed to a process of
back translocation by Wang (144). If such an event occurs frequently
it would be theoretically more and more difficult to make further
progress in a translocation stock with increasing complexity of its
translocation. In the present study, however, out of the 17 trans—
locations induced, a back translocation apparently occurred only in
two lines 5903-2b~ and 5903-3%-5-1 (page 47). Indeed, in the line
5903-38a-5-1 a new translocation was also synthesized. Such a low

frequency of breaks at the same position could be due to chance alone
and therefore, should not be a problem in the synthesis of a complete
translocation stock. Further support to this conclusion is obtained
by analyzing the frequency of desired interchanges induced in 5903 on
a probability basis, assuming no difference in radicsensitivity between
different chromosomes. The probability of inducing desired inter-
changes in 5903 would be 10, Lcw/]ch = ,0/91 for seed treatment, and

the actual results are in agreement with this expectation. Out of the

ten translocations induced in this stock (Table IV), six were considered

to be desirable, since in three cases translocations appeared to have
2

occurred within the original complex (paze LO) and a back translocatio
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occurred in one case (page 47). This is close to the expected
frequency (L.4) and the difference was found to be statistically
nonsignificant (Chi~-square = 0.58).

The success of the *intercross? method is dependent on the
occurrence of a cross—ovef in the differential segment (the region
between the break points of two translocations involving a common
chromosome), its subsequent detection, and fertility of the hybrid
between two translocation stocks. Although this method has been used
successfully in Campanula (;O) einkorn wheat (150) and maize (62),
attempts in barley did not succeed (73). The failure has been con-
sidered either due to inadequacy of the method of selection or to
the low frequency of crossing-over in the differential segment. There-

: J

fore in the present study the method was modified to overcome these
limitations. Firstly, it was used to synthesize a stock homozygous

for O10+0L to avoid the necessity of a cross-over. Such a stock could
be irradiated to unite the two translocations. Secondly, two methods
of overcoming sterility were attempted, namely, direct synthesis by
back-crossing, and a two-step bridging approach to carry out the syn-~
thesis. The back-cross method, although expected to partially overcome
the problem of sterility, was not successful, because of the inability
to use 5903 as a female parent. However, this method cannot be ruled
out, since in later work by a modified method of emasculation, it was

7,

possible to produce hybrid seed using 5903 as the female parent. The

results obtained using the bridging approach indicate that this method
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would be successful to complete the synthesis, but the amount of time
required would be almost twice that required when the synthesis is done
in one step.

In conclusion, it would appear that the irradiation method is
more desirable than the intercross method for the synthesis of complex
translocations in barley particularly at higher levels of chromosome
participation. It appears possible to synthesize a complete translo-
cation stock exclusively using irradiation without causing any appreciable
break-down of a pre-existing translocation complex. Further, a ring
produced by irradiation is expected to be more stable than that built
by selecting cross—overs in the differential segment as pointed out
by MacDonald (73).

If the complete translocatilon stock is to be used in the
diploidization of autotetraploids, the irradiation method would have
an additional advantage. Cyclic irradiation of a translocation homozygote
is expected to induce cryptic structural changes besides the cytologically
detectable translocations. Gradual accumulation of such structural
changes would result in greater differentiation of the karyotype, which

may be necessary for inducing diploidization of autotetraphbids.

1T, Practicability of the QOenothera Method

The fertility level of a hybrid obbtained from crossing a complete
translocation stock with a normal stock, is an important factor in

determining the success of the Oenothera method. In barley the problem
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terility has been reported to be a major obstacle in applica
tion of the Oenothera method (91,94,124). The results obtained in
the present study (Table XII) also indicate a similar trend.

A possible reason for the high sterility of translocation hetero-
zygotes with increasing complexity in interchange appears to be the
present procedure followed for the isolation of translocations. In
translocation studies, partial sterililty has been used as a marker
for possible translocations. Thils means that only those translocations,
which are vhenotypically apvarent by partial sterility are isolated
and therefore high sterility in larger rings should be expected.
According to Burnham (16) in species with alternate segregation such
as barley, the degree of sterility depends on the frequency of cross—
overs in the interstitial segments. DBased on this Hanson (57) suggested
that interchanges ranging from complete fertility to 50 per cent ster-

) /extensive

il LJ should be expected in barley, but no attempt has been made so
far to detect interchanges with complete or almost complete fertility.
That such translocations occur, could be tested by irradiating a
relatively small population and examining cytologically progenies from
every plant in the next generation.

Although a wide range in sterility of translocation heterozygotes
involving the same number of chromosomes has been reported (91,124)
and was also observed in the present study (Table XII), no selection for
fertility has been made in using interchanges for the synthesls of large

rings. In the nresent study, the hybrids with a MI configuration of
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& @@%l and O&6+0L+0L, obtained from crossing the two-rowed line
m(] m\( __Q) = ~ (1 D n @ J_-‘II s L1 ') PRPORS ER 1r
T{1-7)(2-3)a-24~3-2 (homozygous for 3@L+1 with other tester stocks

showed uniformly high fertili ty up to 25 per cent (Table XII). It

A
7

pe

has been observed at the University of Alberta by Kasha that two-rowed
heterozygous translocation lines are more fertile than six-rowed

and therefore such a line would be more desirable for inducing further
translocations.

In conclusion, it appears that the present method of synthesis
of larger translocation rings without any considefation of fertility
may have been detriméntal to the success of the Oenothera method of
gamete selection. The potential value of such a method, therefore,
cannot be adequately tested until a concerted effort has been made o
improve the fertllity of complex translocation heterozygotes following

) 1

the suggestions outlined above. Yamashita (150) reported a fertility

[0e]

of 13.72 ver cent in the btranslocation heterozygote involving all the
chromosomes of einkorn wheat, which is similar to barley in chromosome
nuwiber and other aspects,

ITT. Difficulty in Crosses Involving the Stock 5903 or Iines
Derived from it as a Female Parent

tang (14L) reported difficulty in using a line designated T161W
as a Temale parent in a hybridization program. The stock 5903 was
obtained from this line by irradiation. As mentioned earlier (page 39)
L 3

in the present study crosses involving 5903 or lines derived from it

as the female were not successful., In order to find the cause of this

s
=<

Quoted by Smith (128)

~




failure, various possibilities were considered and tested. The results
are discussed below.

Since the line was fertile when naturally selfed, non-synchroniza-
tion of pollination with ovary-maturation was ruled out. However, when
the same line was emasculated and selfed manually, no seed was obtained
even though spikes were emasculated at different stages of maturity,
and pollinated at different intervals in relation to the time of emascu-
lation. On close examination of crossed heads, it was found that
Tertilization occurred in a number of florels but the embryos began to
degenerate three to four days after fertilization. t was considered
that perhaps some substance essential for the normal development of
embryos was absent in the hybrid embryos and that possibly this sub-
stance would be normally supplied by awns and/or flag leaf, which usually
were removed in the process of emasculation. To test this hypothesis,
two heads were emasculated from the side without removing any part of

the spike, and then pollinagted. Surprisingly, a good seed set was

obtained in both spikes. This indicated that in the stock 5903, pres
ence of awns was essential for the normal development of the embryos.

1,

this further, in one head the awns were removed approximstels
>

pern

o tes

=
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0 36 hours after natural pollination. Seeds developed normally

ng that even 24 hours after pollination awns were not essential

-
I__I .

indica
for the development of the embrycs. In crder to obtain additional

informaticon, a few more heads were emasculated in different ways, such
as flag leaf removed but awns left intact, awns removed from one side

of the head but left intact on the other, awns removed and left on
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alternate florets and so on. This work was done on a very limited
scale with the few plants still available for crossing, and therefore
it was not possible to draw many conclusions. Seeds were obtained in
211 cases where some awns were left on' the spike indicating that it
is not necessary for the entire spike to remain intact. ILine 5903

is apparently very sensitive to the emasculation process and the
factors causing sterility when awns are removed should be studied in

detail.




PART B

DIPLOIDIZING EFFECT OF COMPLEX INTERCHANGES AT

TETRAPLOID LEVEL IN BARLEY



LITERATURE REVIEW

I. Pertility of Autotetraploids

Though the first artificial polyploid in higher plants was
produced by Winkler (148) in 1916, the usefulness of polyploidy in
plant breeding was not realized until 1937, when Blakeslee and Avery
(10), and Nebel (87) independently demonstrated that chromosome doubl-
ing in plants can be induced by means of the drug colchicine. Since
then a large number of autotetraploids have been produced artificially
in many crop species (35,76,103). Autotetraploids have proven more
useful in crops where seed is not an economic product (76,134).
Examples of such crops are sugarbeet, turnip, alsike clover, red clover,
berseem, grapes, watermelon, snapdragons, etc. In seed crops, however,
lowered seed set has been the greatest deterrent in the utilization
of autotetraploids. The only examples of success in seed crops are
rye (11) and toria (99,100). Other cereal and oil seed crops, such
as corn, flax, barley, and oil seed rape show the usual agronomic
advantages of chromosome doubling, but their lowered seed fertility
outweighs the increased vigor,

According to Smith (125) in cultivated barley, the first auto-
tetraploid strain was produced by Muntzing in 1936 by means of heat
shockse. Since then considerable numbers of autotetraploids have been
obtained with colchicine (27,33,3L4,37,47,70,82,95,107,127,128,141) .
The extensive literature on various aspects of barley autotetraploids
has been summarized by Smith (127). Recently Reinbergs (106) outlined

the present stage of autotetraploid breeding in barley. Tetraploid
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barley produces larger seeds than the diploids, but the number of

seeds per spike is lower (97,111,12’7,128,141,11:,2)° Some of these

seeds are underdeveloped and fail to germinate (55,127)° Aneuploid
plants with chromosome numbers ranging from 26 to 31 have been reported
in.the progeny of euploids (27,34,60,108,111,112,125,145). lost of
these aneuploids are associated with dwarfism, and in others the
fertility is substantially reduced in comparison with euploids. All
these factors result in considerably lower yields of the tetraploids

as compared with the diploids from which they were derived. Mﬁntzing
(82) found that the average yields of ten tetraploid strains of barley
were from 60 to 79 per cent lower than the yields of the corresponding
diploids. Several authors (82,97,107,127,128,145) reported lower fer-
tility in tetraploid barley, and that fertility varies with the variety
and environment.

The factors causing sterility in autotetraploids are not com—
pletely understood. Darlington (29) considered that the sterility in
autotetraploids is due to the formation of multivalents and irregular
disjunction of chromosomes at anaphase I, resulting in inviable,
unbalanced gametes. Kostoff (64) postulated that species with small
chromosomes would have a lower frequency of quadrivalents, and thus
would be less sterile. Mintzing (81) however, did not accept this view
and soon it was discovered that this is not always true (103). Morrison
and Rajhathy (78) in a study of meiosis of various autotetraploid cereals

and grasses found no such relationship between chromosome length and



quadrivalent formation. They proposed that in all autotetraploids,
approximately two-thirds of the chromosomes form quadrivalents, irrespect-
ive of theilr size differences.

Strong evidence in support of Darlington®s view was from the
numerous reports of aneuploid plants in the progency of autotetraploids
(1,2,11,27,34,60,77,82,83,108,111,112,122,125,145). Considerable
differences have been found in the frequency of aneuploids between
different crop specles and between different varieties of the same spec—
ies. Thus Alexander (2) reported that in maize, seed set may be reduced
as much as 39 per cent through aneuploidy. In autotetraploid rye,

Mintzing (83) reported 23 per cent aneuploid plants. Reinbergs and

Shebeski (108) reported 21.9 to 38.7 per cent aneuploids in different
"populations of autotetraploid barley,‘ Most of these aneuploids were dwarfs
and completely sterile. In addition, & to 77.8 per cent of the euploid
plants were also found to be dwarfs. These were considered to be unbalanced
euploids of the type reported by Smith (125). Rommel (111) also found

a similar relationship between aneuploidy, seed set and sterility in
autotetraploid barley. Wang (1L5) reported that environment has also

a significant effect on the frequency of aneuploids in barley. Thus
aneuvloldy appears to be particularly disturbihg to development in barley.
Armstrong and Robertson (3) found no aneuploid plants in autotetraploid
alsike clover, and considered that if aneuploid gametes occurred, the zmygote
formed from their union apparently failed to function.

There are three opposing views as to the relationship between

meiotic irregularity and fertility. A number of workers (11,27,46,61,85,
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86,137,1&1,142) presented evidence that high quadrivalent frequency

band other meiotic irregularities are assoclated with sterility. A second
group (3,113) found a positive correlation between per cent seed set and
quadrivalent frequency. Roseweir and Rees (113) working with rye stated
that selection for high fertility should be based on increasing the
quadrivalent frequency and reducing the univalent and trivalent frequency.
They warned that this surprising positive correlation may not be true

of other autotetraploids, since in rye the chiasma/g%e distal and
relatively few, allowing a regular separation of quadrivalents in
anaphase L. Armstrong and Robertson (3) also noted stable meiosis in
tetraploid alsike clover, characterized by a high frequency of guadri-
valents, which separated regularly at anaphase L. However, they failed
to associate cytological behaviour with fertility. A third group
(3,77,79,104,129,145) failed to establish any relationship between
meiotic behaviour and fertility.

Various suggestions have been made that the sterility of auto-
tetraploids may have a genetlcal basis (1,3,60,77,79,83,100,104,107,
llh,122,128). Others proposed that the disturbed genetic relationship
brought about by chromosome doubling manifests itself as a physiolog-
ical imbalance causing sterility (36,66). Parthasarathy and Rajan (98)
suggested that fertility is governed by a system of polygenes, which 1s
s balanced state in the diploids and this balance is upset by chromo-
some doubling.

Sehwanitz (121) postulated that the sterility in autotetraploids

was caused mainly by physiological disturbances in the plants. This
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view has been shared by several other workers (31,32,55,56,77). Some
of these workers suggested genotypic control of these physioclogical
disturbances.

Stebbins (134) concluded that the most- common defects in induced
autotetraploids are slower growth and reduced fertility, and since
both these defects are physiological in nature, genetically controlled
physiological imbalance is usually responsible for sterility in auto-
tetraploids rather than irregular chromosome behaviour. But Reinbergs
and Shebeski (108) on the basis of the observed high frequency of
aneuploids, concluded that the main contributing factor to sterility
was irregular chromosome distribution.

Selection has been used as a method of improving fertility of
autotetraploids, and has been effective in cross-pollinated crops, such
as rye, toria, maize, red clover, alsike clover, and buckwhest (103),
but not in self-fertilized crops such as barley (106,107,128); although
the first attempts seemed to be encouraging (82,95,96,97). Reinbergs and
Shebeski (82) pointed out that selection for increased fertility should
be made in the heterogeneous populations of autotetraploid hybrids.
Farlier experimental evidence in support of this view was provided by

Mintzing (82), and Smith (128). These authors found that the tetraploids

obtained from variety hybrids were superior to those from standard varieties,

and that selection fer fertility in such hybrid populations was somewhatl
effective. On the basis of these results it appears possible to
improve fertility of autotetraploid barley by sultable hybridization

between widely divergent stocks and subjecting the populations to
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repeated selection, but further research is required to test the

uwltimate success of the method.

II. Diploidization

Allopolyploids in general have regular melosls, characteriged
by diploid pairing and consequently satisfactory fertility. Auto-
polyploids, on the other hand have irregular meiosis, characterigzed
by multivalent formatilon and uneven distribution of chromosomes, and
consequently reduced fertility (52). Although, no definite relation-
ship has been established between the extent of multivalent formation
and seed fertility in experimentally produced autotetrapleoids, still
there are indications that fertility must be dependent to a certain
extent on meiotic regularity. Thus it should be possible to increase
the fertility of autotetraploids by induction of normal chromosome
pairing and distribution, so that the autotetraploid will behave cyto-
logically as a diploid. This process has been referred to as "diploid-
ization® (133).

In nature, diploidization has played.an important role in the
evolution of most of the polyploid species. Earlier autopolyploids
were thought to be of a wide occurrence. Later 1t was realized that
auvtopolyploidy by itself rarely produces morphologlcally distinct
speciss, and most of the earlier examples turned out to be
allopoelyploids (132). The spontaneous mutation process followed by
natural selection resulted in gradual diploidization of autopolyploids

towards allopolyploids.
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Bxperimental evidence on diploidization in literature is rather
scanty. Gilles and Randolph (46) were the first to demonstrate the
occurrence of a gradual shift from a multivalent to a bivalent type
of synapsis in induced autotetraploids of maize over a period of ten
years. Similar results were obtained by Swaminathan and Sulbha (137)
in toria. They studied fraw? (C19C2) and tevolved?® (0179018’019)
autotetraploids of toria. The latter werebobtained by a mass pedigree

system of selection. Thelr results were even more striking than
those of Gilles and Randolph (46). In autotetraploid rye, Bremer and
Bremer-Reinders (11) and Hilpert (61) reported that selection for
fertile plants was accompanied by meiotic regularity.

Two methods have been suggested by which diploidization of an
autopolyploid might have occurred in nature (133), i.e., accumulation
of structural chromosome changes, and mutations controlling chromosome
pairing. Many examples in support of the first method have been provided
by Stebbins (133). The principle behind this method originates from
the hypothesis of preferential pairing due to differential affinity
among the chromosomes proposed by Darlington (29). BEvidence in support
of the second method that chromosome pairing is under genetic control,
has been presented by Mintzing and Prakken (84), Rees (105) and
Riley and Chapman (109). Swamingthan and Sulbha (137) consider that
these two methods may not be mitvally exclusive, and might be operating
simultaneously.

Stebbins (134) suggested the possibility of experimentally induc-—

ing diploid pairing in autotetraploids by irradiation. In the same year
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Shebeski (123) suggested the use of a complete translocation stock
in inducing diploidization. McCollum (75) using irradiation, was able
to increase preferential pairing in the tetraploid, obtained from

crossing two subspecies of Dactylis glomerata, in which pollen of the

male parent was irradiated to produce chromosomal aberrations.

Hagberg and ikerberg (52) outlined the different ways in which
diploidization can be induced experimentslly in autotetraploid popula-
tions as follows:

(1) Repeated treatment by mutagenic agents, intercrossing,
and selection in many distantly related autotetraploid
nopulations.

(2) Accumilaticn of structural mutations at the diploid level,
and then doubling the plants heterozygous for masdimum
aberrations.

(3) Systematic hybridization of different translocation types
covering all the chromosomes of the specles, and then

doubling the chromosome set of maximum heterozygosity.



MATERTALS AND METHODS
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Preliminary work on the development of autotetraploids® in

barley from hybrids involving homozygous translocation stocks was started
in February 1961. Initially, a translocation stock 5903, homozygous for
translocations inveolving ten chromosomes and a normal variety 0.4.C.21
were crossed. The origin of 5903 has been mentioned earlier on page

14. 0.4.C. 21 was selected because of its relatively high fertility

at the tetraplold level (107). Subsequently in the summer of 1961

four more homozygous translocation stocks were included in the study

to test the diploidizing effect at different levels of translocation

¢}

participation in the resulting tetraploids. The hybrids obtained from
crossing these stocks are listed in Table XIIT along with their expected
metaphase I configurations. In this table, the new system of designat-
ing the translocation stocks has been used and the old designation
is given in parentheses. The origin of the stocks Tl-5d and Tl-2a has
been mentioned earlier (Table II). The stocks T(1-6)(2-5)a and
T(3-5~7) (41~6)a were synthesized in the Plant Science Department. The
stock T(1-6)(2-5)a was obtained by intercrossing the stocks Tl-ba and
T2-5a,, which were derived from the variety Mars at the University of
Minnesota and from the variety Bonus at Svalsf respectively. T(3-5-7)
(4=6)a was isolated from an X-rayed population of a stock T(3-5-7)a
obtained from the variety Mars at the University of Minnesota.

The hybrid seeds obtained from different crosses as well as

seeds of the variety Montcalm were treated with colchicine to produce

% Hereafter referred to as tetraploids.
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tetravloids. The following procedure was adopted.

TABLE XIIT. The ¥, hybrids obtained from crossing different
1 g
homozygous translocation stocks and thelr expec—
ted metaphase I configuration.

Ixpected ML

Hybrid Configuration
5903 x  0.4.C.21 010 + 2+
5003 x T1-5d (C1364)T 012 + 111
T(3-5-7) (4-6)a(161)" x T1-2a (01310)7 06 + Ol + oL
| 5903 x Tl-2a (C1310)T 010 + 0L
5903 x T(1-6)(2-5)a(II4)" 0Ll

+  Figures within parentheses represent old designation,

Seeds were germinated in petri dishes on molst filter paper
at room temperature for 48 Lo 60 hours. The seedlings were then
placed in a shallow layer of 0.1 per cent agueous colchicine solu-
tion for three hours. After treatment, the seedlings were rinsed
in water and planted in a flat pan containing soil and sand mixture.
A second colchicine treatment was given just before the initiation
of flower primordia. In barley this occurs when the seedlings are
in'the three-leaf stage (Melnyk, personal communication). Seedlings
were carefully removed from the containers. The roots were thoroughly
washed to remove the soil and immersed in 0.1 per cent solution for

one hour. After thoroughly washing the roots in water, the seedlings
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were transplanted in pots. These treated seedlings were designated

as the Co gensration.

The screening for tetraploidy was done cytologically by
chromosome counts in root tips of seedlings in the Cj generation.

The following procedure was followed. The roolt tips were pretreated

in tap water at O to 2°C for 2L to 24 hours and fixed in Farmers
fixative (3:1 of ethyl alcohol and acetic acid respectively). Squashes
were made using the standard Feulgen technigue. The hybrids 5903 X

T1-5d, 5903 x T(1-6)(2-5)a and 5903 x Tl-2a were highly sterile and

therefore all the aveilable seeds were cytologically examined, whereas

!.J-

n case of the hybrids 5903 x 0.4.C. 21 and T(3-5-7)(L4-6)a x Tl-2a,
and the variety Montcalm a maximum of 15 seeds from each Co plant were
cytologically analysed. Seedlings with mitotic chromosome numbers from
26 to 32 were planted in the greenhouse in lMarch 1962 (Cl generation)o
The number of dwarf and sterile plants within each population was
noted. Fertility of the remaining plants was determined according to
the method used by Reinbergs and Shebeski (107) as follows: Fifteen
spikelets attached to the five lower internodes of a spike were cut and
removed. The next 30 spikelets were counted and the part of the spike
above them was removed. ~ These 30 spikelets were threshed by
hand and the number of seeds counted. Per cent fertility was determined
by the following formula:

Number of seeds obtained % 100

30
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Seeds from individual C1 vlants were harvested separately.

The 02 generation was planted in the field during the summer of 1962.
Unfortunately the material was badly damaged by hall and therefore
data on fertility could not be recorded. The tetraplold population
from the cross 5903 x T(1-6)(2-5)a was completely destroyed. The
available seeds from the remaining four tetraploid populations were
harvested in bulk,

During the summer of 1963, all the avallable 03 seeds from the
tetraploid populations of the hybrids 5903 x T1-5d, T(3~5-7)(4=6)a x
Tl-2a and 5903 x Tl-2a and approximately 120 seeds from each tetra-
ploid of the hybrid 5903 % 0.4.C.21 and 0.4.C. 21 were germinated and
chromosome counts made in root tips following the procedure described
earlier. The seedlings were transplanted in the field for fertility
comparisons., Unfortunately the material was heavily infected by
stem rust and therefore it was not possible to record observations
on fertility.

Throughout the study, the diploid variety HMontcalm was used
as a control and the tetraploid variety 0.A.C. 21 was uvsed as a

standard variety for fertility comparisons.



RESULTS AND DISCUSSION

T. Induction of Tetraploidy

The results of colchicine treatment for inducing
tetraploidy in various barley hybrids and the variety Montcalm are
presented in Table XIV., It is apparent from these results that the
treatment was quite effective in inducing tetraploidy in all the
hybrids, and completely ineffective in the case of Montcalm. Among
the hybrids, almost complete success was obtained in the hybrids
5903 x 0.A4.C. 21, 5903 x Tl-5d, 5903 x Tl-2a and 5903 x T(1-6)(2-5)a,
whereas in the hybrid T(3-5-7)(4=6)a x Tl-2a, 41.2 per cent of the
plants treated and 20.6 per cent of the Cl seeds examined were
doubled.,

though a number of workers (27,33,70,107) noticed
differences between barley varieties in response to colchicine, no
one has reported as high a frequency as obtained in the present studye.
Smith (128) obtained 4 and 18 per cent doubled seeds in the treated
populations of barley varieties and hybrids respectively. This dif-
ference was statistically significant. On this basis he concluded
that it was easier to obtain tetraploids by treating Fl diploid seeds
than seeds of pure varieties. Since the hybrids in the present study
were obtained from crossing translocation homozygotes, it would appear
that the translocation complex of the hybrids tends to favor the
action of colchicine in inducing ® chromosome doubling. An alternate

explanation cculd be the existence of genotypic differences in
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the material with resvect to the action of colchicine. These
possibilities could be explored by analyzing colchicine treated

populations of translocation stocks of varying complexity as well as

pure varieties obtained from diverse sources.

Rormel (110) obtained euploid and aneuploid hexaploid seedlings
in the progeny of tetraploid barley plants and explained their
origin from unreduced gametes fertilized by reduced gametes. In the
present study, two seedlings with 2n=42 chromoscmes were obtained
in a Cl progeny of the hybrid 5903 x 0.A.C. 21. They lived approx-

imately three weeks.

IT. Fertility Comparison in the C7 Generation Between Tetraploid

Barley Populations.

The fertility means and range in fertility in the Cj generation
the tetraploid populations (euploid as well as aneuploid plants)
are presented in Table XV. The diploid variety Montcalm, used as
a control was completely fertile and therefore, fertility corrections

were not necessary. As is evident from this table, a considerable

1

difference in fertility between different tetraploid populations as
well as between plants of the same population exists. These results
are in agreement with the conclusion of earlier workers (82,107,127,
128, 145) that fertility of tetraploid barley is dependent on variety
and environment. MNone of the hybrid tetraploids was better than the
0.4.C. 21 tetraploids used as a standard for comparison. Comparing
the hybrid populations, tetraploids of the hybrid 5903 x O0.A.C. 21 gave

relatively better performance, whereas tetraplolds of the hybrid 5903 x
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T(1-6)(2~5)a gave the poorest performance.

TABLE XV. Average per cent fertility and range in

fertility

of the tetraploid populations in the Cj genera-
tion.
Average Number of Range
Tertility plants in fertility
Hybrid or variety (per cent) tested (per cent)
5903 x 0.A.C. 21 26.1 69 3.3 to 63.3
T(3~5-7) (4=6)a x T1-2a 21.0 15 9.5 to 53.3
5903 x T1-5d 17.7 18 1ol to 43.3
5903 x Ti-2a 10.6 g 3.3 to 40.0
5303 x T(1-6)(2-5)a ko9 L 3.3 to 8.3
0.A.C. 21 57.3 6 19.0 to 73.3
In general, the euploid plants within each tetraploid population

gave a higher mean per cent fertility than the aneuploid plants.

plants.

higher fertility than

with other chromosome numbers (2n;26,30,31,32) were almost completely

sterile,

and Shebesii (108) and Rommel (111).

.

However, a few aneuplold plants were more fertile than some euploid
Aneuploid plants with 2n=29 chromosomes gave relatively

plants with 2n=27 chromosomes while those

These results are in agreement with those of Reinbergs

III. The Occurrence of Aneuvloid and Dwarf Plants in the

Tetranloid Barley Populations

4

A num

ber of aneuploid and dwarf plants were nobed in the tetra-
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ploid barley populations. The results are presented in Tables XVL
and XVII. Table XVI gives the number and percentage of aneuplold
plants in the C; and C3 zenerations, whereas Table XVII represents
the number and percentage of dwarf plants within each group of plants
with different chromosome numbers in the Cq generation.

TABLE XVI. Number and per cent of aneuploid seedlings in

the C1 and G5 generation of the tetraplold barley
porulations.

Aneuploid seedlings
(on==26 to 32 cnﬂomosomeo)

Number of Per cent of
seedlings seedlings

Hybrid or variely Generation  exanined Number examined
5903 x 0.4.C.21 Cq. 139 81 58.2

CB 10L 56 53.8
©(3-5-7) (4=6)a x cy 26 15 57.7

T1-2a i

03 36 23 63.9
5903 = Ti-5d Gy 3L 21 61.7

03 9l 57 60.6
5903 x Tl-2a Cq 19 12 63.2

03 13 12 92.3
5903 x T(1~6)(2-5)a Cy 17 14 82.3

03’!{‘
0.A.C.21 Cq%

C3 103 25 243
Total or mean Cq 235 143 60.8
(excluding 0.4.C.21) C3 2L7 148 59.9
4+ This! thrﬂd was destroyed by hail in the summer of 1962.
#* Not examined.
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It can be seen from the Table XVI that the frequency of aneuploid
plants in the two generations Cl and 03 was comparable. The frequency
of aneuploid plants in the hybrid tetraploid populations was much
higher (53.8 to 92.3 per cent) than in the tetraploid variety O.A.C.21.
Reinbergs and Shebeski (108) reported 37.0 per cent aneuploid plants
in the Ch generation of four tetraploid varieties, whereas in the
present study 60.8 and 59.9 per cent of the plants were aneuploids in
the Cl and C3 generation respectively. The tetraploid hybrid popula-—
tions differ in percentage of aneuploid plants, and in general, corres-
ponds to the percentage of dwarf plants present in each population
(Tables XVI and XVII)., For example 58.2 per cent aneuploid and 47.7
per cent dwarf plants were present in the Cl generation of the tetra-
ploid hybrid 5903 x 0.A.C.21, whereas in the tetraploid hybrid 5903 x
T(1-6)(2~5)a, these figufes were 82.3 and 76.6 per cent respectively.
This is not surprising, since dwarfism has been reported to be assoc~
iated with aneuploidy in barley (108,111,145).

In general, the proportion of dwarf plants in different popu-
lations was relatively higher (39.4 to 76.6 per cent) than that reported
by Reinbergs and Shebeski (108)., Their estimates were as low as 23.4
per cent in the variety 0.A.C.21 and as high as 8l.4 per cent in Mont-
calm, based on the average of the 02 to C5 generations. Comparing
different chromosome groups, the highest percentage of dwarfs was noted
in aneuploid plants with chromosome numbers 26,30,31 and 32 followed
by 27 and 29 chromosome groups. These results are in agreement with

those of Reinbergs and Shebeski (108), and Rommel (111)., However, in
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the present study the percentage of dwarfs in the 28 chromosome
plants was much higher than that reported by Reinbergs and Shebeski
(108). These dwarf plants probably renresent unbalanced euploids of

the type reported by Smith (125).




GENERAL DISCUSSION

Although the factors causing sterility in tetraploid barley
are not completely understood, melotic irregularity resulting in a
high frequency of aneuploids in tetraploid populations is considered
to be a major factor (60,108,111). Therefore, attempts to stabilize

J S

meiosis in autotebraploid barley are expected to improve fertility.

The present investigation was undertaken to obtain preliminary inform—

ation on the possibility of inducing ®"diploidization in autotetraploid
barley using complex translocation stocks. The diploidizing effect
was Jjudged by its effect on improving fertility.

The success of this method in inducing diploidization would
depend primarily on the nature of control of chromosome pairing. This
method would be successful only if chromosome palring is primarily
dependent on chromosome homology. The question whether chromosome
pailring is dependent on chromosome homology or is under genetic control
has not been settled. Recently evidence is accumulating in favor of
genetic control of chromosome pairing (45,105,109,113). The most
convincing evidence is that of Riley and Chapman (109) who showed that
diploid chromosome pairing of hexaploid wheat is under genetic control.
Stebbins (133) favours the view that chromosome pairing is primarily
dependent on chromosome homology, and cites many examples to support
his conclusion. Based on Stebbins (13L4) suggestion, McCollum (75)

using irradiation was able to induce preferential pairing in the tet-

raploid obtained from crossing two subspecles of Dactylis glomerata.

4 second Important factor determining the success of this method would
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be the extent to which the chromosomes have been structurally altered
to increase preferential pairing in the tetraploid.

The results presented in Table XV indicate that the five tet-
raploid hybrids obtained from crossing homozygous translocation stocks
were considerably lower in fertility (4.9 to 26.1 per cent) in compar—

with ‘ .
ison .- the tetraploid variety 0.A.C.21. Although in the present
study meiosis was not studied,the high frequency of aneuploids in
hybrid tetraploids (approximately 60 per cent, Table XVI) in comparison
to that in tetraploid 0.A.C.21 as well as in the material studied by
other workers (108,111) may indicate that the process of melosis was
more irregular in the hybrid tetraploids. The relatively higher
frequency of dwarf plants among the eutetraploid plants (Table XVII)
than that reported by Reinbergs and Shebeski (108) supportsthis con-
clusion, since increased meiotic irregularity will result in a higher
number of unbalanced euhaploid gametes and thereby increase the
frequency of unbalancéd eutetraploid plants. The increased meiotic
irregularity may indicate that preferential pairing was not induced
in these tetraploid hybrids and that chromosomes were associated
randomly resulting in more complex configurations than quadrivalents.

In the present study the diploidizing effect of translocation
complexes cannot be evaluated with certainty for two reasons. Firstly,
the data are too limited and secondly the tetraploids of parent stocks:

used for producing tetraploid hybrids were not available for comparison.

The performance of hybrid tetraploid populations was judged in relation
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to that of tetraploid 0.A.C.21. Since in tetraploid barley fer-
tility varies considerably with variety and environment (107,128,145),
this comparison may not represent the true picture. Further investi~
gations on extensive scale, therefore, are necessary to test the

ultimate success of the method, but the present evidence does not

appear to be encouraging.
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