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ABSTRACT

A horaozygous reciprocal translocation stock for
chromosomes a-d, 7O3L, of the barley vari-ety Montcalm

and six obher multiple translocation stocks, ff-L (a-f} (b-g),

rf.'8 (a-fI (u-e), frr-13 (¿-gi ( c-e), rrr-15 (d-e) ( c-e) ,

TII-22 (d-g}(c-e), and l+256-I (a-c-d} were used in a study

for inducing further translocations by means of X-irradiation,
Partially sterile plants or spikes were selected in the

X1 for locating new translocations" Cytological exanrination

for ring formatÍon was made on X2 plants, Progeny of plants

Ín which ring formation had been found were crossed with

suibable tester stocks in an attempt to identifv Èhe new

translocations 
"

No new translocations lüere found in any line of 7O3I,

but in a nurnber of tines the original tranélocation was

lost. One Iíne was i-dentified as a-b instead of the

original translocation a-d. Back-translocation Ì^ias also

found in four 13 lines of T'TI-22" Studies of ring formation

in crosses of these four lines with tester sbocks showed

that one of the original translocationsr c-ê, was no longer

present" A new reciprocal transLoeation was added t,o the

a-c-d of 4256-I. The new translocation has been partially
identified. It is either b-f or b-9, or e-f or ê-go
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TNTRODUCTION

The rOenotherat method of obtaining homozygous U_nes

from hybrids as proposed, by Burnham (/+Ì consists of crossing

a homozygor¡s multiple translocation stock with a promising

hybrid, selfing the F1 and isol-ating essentially homozygous

planËs with a normal ehromosome eomplement from the F2.

He suggested that if the t0enotherar type complex eor¡.ld

be developed in corn or barley, then ganetic selection

woul<i be possible" In order for this method to be applied

Ín practiceo the first essential- step is to develop a

stock or line homozygous for reciprocal translocations

involuing all chromosomes so that when the homouygous

reciprocal translocation stock is crossed $i-ith a normal

stock, a complete ring of all chromosomes will result at

meiosis in the F1"

Tu¡o methods have been suggested for increasíng the

number of homozygous multiple translocations in an exísting
translocation stoek" One method is by intercrossing two

homozygous translocation stocks in which the translocations

involve a common chromosome and in which the breaks are

far enough apart to furnish a differential segment, A

crossover in the dÍfferenüial segment wÍ11 nake ft possible

to combine the Ëwo translocations in the same gamete" The

other nethod ís by cyclic írradiation of existing homozygous

ËransLocation stocks seeking furÈher translocations
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and gradually building the nunber of translocations to

the point that not only q¡'ill all chromosomes be involved

in translocation but that in the heterozygous condition,

one large rÍng wilt result"
As indicated by Burnham (l+), the r0enotherar method

should be particula.rly applieable to crops which possess

a relatívely sma1l number of ehromosomes and which have a

relatj-veIy high level of fertility when heterozygous for
translocations, Barley is one of the inportant econoraic

crops providing these advantages and hence was used in this
study,

The chief objectives of this study were :

To induce further translocations in a
homozygous reciproeal translocation stoek
of thè-Montcaln nutant t/O3Lr and./or in any
of six multiple translocation stocks;

To fix the new translocations in a homozygous
condition;

To identify the chromosomes involved in
Èhe new translocations"
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LITEBATURE IìEVTEITJ

The earlÍest report invorving translocations was

that b¡r Belling (Z). Although he tried to aceount for
the l0 per cent rate of aborted. porlen in Èhe F2 of a vel_vet

bean cross by assuniing a two gene difference, he suggested.

that abnormar chromosome behavÍor al_so courd account for
the resul-ts, That Èrahslocations were responsible was not
interpreted untir 192j, when he explaíned this breeding
behavior on the basis of segmentaL j.nterchanges between

non-homologous chromosomes (3). sj-nce then, the phenomenon

of reciprocar translocati-ons has been wíde1y studied in
a number of plants, some of the chromosomal interchanges
in plants occurred spontaneousTy (33 rt+U) " Other have resuLted
from irradiation of polleh or seed.s (9rZ9rt+Èr5Zr55),

since x-rqys are highly potenb and. widely avairable
for geneLic experimentation, most of the voruminous

literature on the inductíon of mutations deaLs with the
effects of x-rays rather than other forms of irradiatíono
Ivlany mutati-ons i-nduced by x-rays shor¡¡ altered. morphological
natureo As reporÈed by smith (50), stadler observed that
95 per cent of the seedling mutants r¡rere chlorophyll variants,
the re{iaining five per cent consisted of a wide range of
morphological types. Different types of barley mutants have been

observed and fuIly reported by Gustafsson (rZ). of the viable
mut'ants in barley, the dense-headed mutant known as erecboideg,r
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is very conmon and has been reported by many workers (16,

2I r22 ,23 ,2b ,25 ,26 ,27 ,Ey ,35 ,39 , t+3 ,51+\ . Chromo somal

interchanges in barì-ey, induced by Írradiation, have been

studied quite extensively (9r24r28r3ùr5h,\. Cald.ecott and

Smith (9) claimed that a ring of four chromosomes was the

most conmon chromosome aberration induced by X-rays,

The dosage of X-rays required to induce muta-tion,

including chromosomal aberration,varÍ.es with different
species. For common cereals such as wheat, barley, oats

and rye¡ âñ l-ray dose of 101000 to 2Or000 r units is the

most suitable ( te ) , Some workers (1,5, 14, b5 ,l+6\ have

indicated that the frequency of chromosomal aberrations

per r unit increases with such factors as increased age

and moisture content of the treated seedr oD inerease in
chromosome number of the plant or with lapse of tine

between irradiating and planting,

One effeet of irradíation is the reduction of

ferbility in plants growh from l-rayed seeds (11r1?rldrå0¡

aù), Gustafsson (l-,7) poínted out that sterile fndividuals

often appear in the progeny of X1 plants. He suggested

thaÈ the sterility is due partly Èo structural heterozygosíty

(chromosomal sterility) and parËly to recessive factors

(deficiencies, genic mutaüions). The two sterilÍty types

can be distinguished from each other to a certain extento
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The meiosis-disturbing factors often bring about complete

sterility whereas translocation sterility in barley

reduces fertility by 20 to 25 per cento As reported by

Smith (/+9), lqthite and Burnham observed 27 dífferent
heterozygous interehange stocks ín barley in which the

pollen abortion varied from 15 to l+0 per cent whereas one

line r,¡"ith two separate rings of four had about 5I per cent

aborted pollen, Ovu1e sterílity in plants with a ring of

four varied from 25 to 29 per cent, Smith (,5f ) found that
plants with a ring of four chromosomes had about 28 per cent

pollen and ovule sterility" Hanson and Kraner (30) found

that progenÍes of plants heterozygous for an interehange

resulËed Ín about 23 per cent ovule abortion. Nishimura

3V,¡ reported that the fertílity of barley plants with a
ring of four is 65 per cent, a ring of six or two rings

of four is about 45 per centn a ring of eight or a ring of

six plus a ring of four is about 28 per cent and a ring

of eight plus a ring of six is LZ per cent"

The degree of sterility would be expected to vary

in dÍfferent ínterehanges dependÍng upon the manner of

separation and the frequency of crossing-ovêr between the

centromere and the point of interehanges (5u6r3Þ1. In

maize, Burnham (5r7'ì found that non-disjunetíon (i"e,, the

chromosomes with homologous centromeres go to the sane

pole) occurs only when there is no crossing-ovêr in the
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intersti-tial segnental region, and there is always a low
frequency of non-disjuncti.on separation regardless of
whether or not the frequency of crossing-ovêr is row or
high. Burnham (6) reported that in certain speeies in
which alternate chromosomes in the interchange complex pass

to the same pole 70 to 90 per cent of the time, ovuJ-e and

pollen abortion is usually low, Barley is probably one

of the crops with higher frequeney of alternate separationo
Hanson (Zg) o;bserved the sterility in translocation
barley stocks averaged about ?5 per cent, indicating that
alternate separation may be predorninant, rt was assumed.

that plants with zigzag rings lead to alternate separatÍon
and produce f ertile plants (5 ,Zg ,5t+) .

there are many diverse views on where breakages

occur" From studies of chromosomal breakage induced

by X-rays, Sax (/+0) concl-uded that breaks in a chromosome

do not occur at random in TradescaqÞigrn According to sax

and Mather (l+2) there is a tendency for more breaks to
oceur near the centromere rather than near the free end

in pollen grainsn A similar observation r^ras reported by

camara et al. (10) who found that breakage and reunion of
the chromosomes indu-ced by x-rays occurred. near or at the
centronere in Triticugo 0n the contrary, Swansoa (53)

found that in pollen bubes, the breaks are more frequent
near the free ends than near bhe centromere in Tradescantia"
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and in Drosophila melanogaster, it was found that the breaks

are randomly dístributed along the chromosome and that,
íf mitotic length Ís considered, euchronatie and

heterochromatic regions are equally breakable (113¿þ) 
"

Hourever, Darlington and La Cour (fZ1 gave evidenee that in
Trillium roots, the heterochromatin is unbreakable at least

when it is charged T'riÈh thymonucleie aeid. Sax ( ¿r.:f)'

compared the freo,uency of chronatid breaks in centric

chromosones rrith the freqìreney in acenüfùc fragments and

found that the frequency of chromatid breaks per unit length

in the fragments was only a tenth of that in tkre eentric

chromosourêse Hagberg and Bi¡rnhan l2S\ studied the frequencies

of breakage in different chromosones of the si-x rowed

barley variety Mars, and. su.ggested that breakage occurs

more often in ehromosome b than in oËhers"

As mentioned in the introduction, two nethods for
the production of multiple translocation stocks were

suggested by Burnham (4I " One is dependent on a suitable

crossover ín a common differential segment involvj-ng two

different translocations to combine the translocations into

one stoek, and the other is by cyclic irradiatíon of a

honozygous translocation stock to induce neur transloeations"

By using the first method, Burnham (4) suggested

that the longer the differential segments are, ioe,, the
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Section between the breakpoints of two translogations

involving a common chromosome, the greater the chance of

obtaining a crossover Ín this segnent and hence a combination

of the Èwo translocations in the same gamete, Recently¡

fnrnan (32\ obtained a ring of six in maize by this method.

He stated that the translocation break point localized

near the ends of the chromosome in producing the large ring

of homozygoirs ùines is more useful, sÍnce crossing-ov€r

is more like]y to occur if the differential- seg,ment is as

long as possible. For this reasonr combinations of

translocations wibh short differenbial segments were

avoided.

By the second method, Burnham obtained a ring of

1o in maize (61. Nishiroura et aI. (,37138lr by means of

cyclic X-irradiation, obtained different types of ring

formaËion in barley. They suggested a ring of eight plus

a ring of six may be synthesized in a shorter tine than

a complete ring of 1l+. The expected fertílity of the

complete ring r,riouLd be approximately 12 per cent.
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1, ïnductig¡: and Recognition of Translocations

One thousand seeds of 7O3L hrere irradiated v¡ith

101000 r units of X-rays in the spring of J-956 and

approxiulately two hundred seeds of each of the six
multiple translocations süocks i,rere irradiated at the

same rate in the spring of L957"

The X1 plants of 7031 were grovün in the field
during the sururer of 1956" Plants were apaced at least
two inches apart within ro!ùs and rows þrere spaced one

foot apart" Non irradiated seed of 7031 was planted at

10-row intervaLs as check material, The X¡ of the

sÍx mulbiple translocation stocks udth parental checks

brere gro'hrn during the summer of Ig57.

ïn both years, partial-steril-ity was used as,

a marker for possible translocations. In L956,

índividual plants 'bÍere used as a basis for selection

but in 1957 individual spikes were used, Although

seleetions in 1956 were made on a plant basís, the

individual spíkes or ËilIers hrere kept separate because,

as pointed out by Stadler (52\, each tíIler may coüe

from a different cell initial- and mutation in one

primordium may not be duplícated in other primordiao

All the selected plants or spikes were numbered

in order and Èhe percentage of fertility reeordedo

In the late fall of 1956 working with the selections
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MATERÏALS AND METHODS

A dense-headed barley mutant t7O3It obtained from

the variety lvlontcalm by irradiation with cobalt-óO (35) , and

subsequently identified as a homozygous translocation stock

for ehromosomes lat and tdt (gl), was used in this study.

In addition, six multiple translocation barley stocks II-/r.¡

II-8, ffI-13, fIT-15, TT,T-22, and 1+256-l were included. The

chromosomes involved in eaeh of the translocati.on stocks and

other revelant information is listed in Table I"

Table ï" The designation, pedigree, and originating station
of the seven transl-ocation stocks used for
induction of further translocations.

Line Chromosomes Parent
desígnari.on .lä;:i;:3r13,, "x"ili;liå: 

""'"1åii:å"*

7O3l a-d Montcalm University of

h256^L a-c-d frlars

Saskatchewan

University of
I,linnesota

II-lr. (a-f )(U-g) XTIBxCII+83* Universiry of
Manitoba

TT-8 n

tt

rr

n

rrr-13 (d-s) (c-e) xTzxcLb3?*

Iïï-15
ïIT-22

* TT18 and XT2 were derived. from the variety Bonus by X-ray
" at Svalðf, CIb32 and C1þ83 were derived from the variety

Mars by.X-ray at University of Minnesota"
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from irradiated 7A3L and in the fall of I95T working

wit'h the selections fron the irradi-ated nrultiple
translocation stocks, six seeds from each selected

spike were sown in a 6-inch potr and the x2 grown in
tbe greenhouse. Young spikes of X2 plants were

collected and fixed in tarnoyts fixative solution of
95 per eent ethanoL, chloroform and glacial acetic
acid in a raÈio of 6:3:r. cytologicar examination of
pollen mother cel1s for ring formation was made using
the acetocarmine smear technique described by

Smith (tr7).

2, Determination ines us for New Transloca

The first step in determination of lines
honozygous for new transrocations roas to check the
fertiLity of each progeny (x2) of x1 plants in which

ring formation had been found. Theoreticarry, the x2

plants from a single part,ialry steril-e plant in which

a translocation had been noted are expecbed to fall
into three categories as follows:

S homozygous for the new translocation andfu1ly fertileo
$ heterozygous and hence parÈially sterile,
$ homozygous normal and fully fertile"

Only the fully fertile planÈs, half of which

should be honoozygous for the ner¡r translocabion were

harvested' The partially sterire plants were discarded.,
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ïn all- stocks in which ring fornation !\ras

found, fifteen of the remnant seeds from the parent

partially steríle spike were sown in bhe greenhouse

for cl-assification of fertility of the resulting
progeny. According to Mather (36\ the probability
would be very high {p líes between 0"980 and 0,990) 

u

that fifteen seede would give rise Èo at least one

plant honozygous for the new translocation,
All t(3 plants from the full_y fertile plants

found in the X2 of 7O3L and the six multiple
translocation stocks hrere grown in the field during

the sunmers of l-957 and 1958 respeetively, The rohrs

which showed segregaÈi-on for fertiliby were marked"

Plants from each fertile progeny row and also the

fertile plants from within the segregating rows were

crossed with Montcal-m and with tester stocks whenever

possible" AlL the tester plants were used as feraale

parents" Table 2 lists the üesËer stocks, the

chromosomes involved in recíprocal translocationç,
parental source, and originating station.

All the Flt" from crosses irith Montcaln r¡rere

grown in the greenhouse and examined cytologically for
ring formaËion to determine lines homozygous for new

translo eations 
"
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Table 2" Designation, pedigree and
of the tester stocks used
translocati-ons

origÍnating station
in identifying new

Tester
süocks

Chromosomes
involved ria
translocation

Parental source Originating
station

Montcalm

xrl5
TTtT

Ert, "7

Ert,.h7

cl'l+32

c1lt83

crSt+6

c1384

cr3t7

cr336

703r

tr-8

TTT-?2

d-f
d-g

a-b

e-f
C-ê

b-g

b-e

â.-b

b-d

c-f
a-d

(a-f ) (b-s}

(d-s) ( c-e)

( Ivti chi gan 3 1ó0[x t+3oZyLCI
x Mandscheuri 1807M"C,

Bonus

Bonus

GuI1

?

Mars

il

Montcalm

rT18 x C1/+83

Macdonald
College

Svalðf
lf

It

çl

University of
Minnesota

n

t1

TI

tl

t?

University of
Saskatchewan

University of
Manitoba
tt

1f

1t

3, Identification of Translocations

Once a new translocation was determined by means

of cytological examination of the F1 fron crosses with

Montcalm, the F1s of the crossed involving the same
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lines with testers which had been made concurrently

$rere grown in the greenhouse and examined cytologically

to identify the new transl-ocation, fn order to save

time, the determination and identificatj-on of translocations

were camied out simultaneouSlY.
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RESULTS AND DISCUSSION

1o IndUçlb:tgn of Tre4sloqqbions

A total of 59 partially sterile plants was

seLeeted from the X1 population of 7O3L in the late

sr¡rnmer of 1956" Ûwing to space l-imitations in the

greenhouse, the X2 of only þl¡ of the X1 plants were

grown. Although six seeds .tdere planted from each X1

plant, not all gerroinated and hence it was not possible

to examine cytologically six F2 plants per X1 for ring

formation in meiosis,

The first eight plants selected l^rere threshed

on a plant basis but Ín all remainÍng planbs the

individual spikes urere threshed separately and only

those spikes t'hat had less than 60 per cent fertility
urere included for examination,

The plant and spike designation of the X1, their
fertility, and the nr.¡mber of X2 plants examj-ned for

ring formation as welL as the results of cytological

examination are presented in Table 3"

A ring of four configuration r¡¡as found in meiosis

in bhe progeny of 15 of the 1'4. Xf plants and this
certainly represents a high frequency of translocatÍons

using low fertility as a marker. fn only one of tne 15

X1 plants was ring formation found in more than one spikeo
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Table 3. The fertility of the
of 7_031 in per cent,
the X2e

selected X1 planÈs or spikes
and ring fõrrnation found. in

Plant
No"

spike ï:äiåå'ii¿rvo in per

of sê-
spikes
cent

No. of
plants

examined

No. of plants
with a ring of
& ehromosomes

1

É,

2

I

3

4
l+

3
l+

3
5
5
q

5
2

2
3
3

3
3
4
l+

5
5
3

6

6
3
6

6
6
5

6
2

t
5
6

5O
5

5o
50

5o
10
10
l+0

5o
l}0
¿Þ0

ho

50
50
50

50
5

50

5O
5o

l}0
5o
25

7031-1*
-2#
-3*
-4+
-5s
^6*
-7*
-8+

703L*9

7031-10

(a)
(b)

(a)
(b)
(c)

(a)
(u)
(c)
(d)

(a)
(b)
(c)

(a)
(b)
(c)

(a)
(b)
(c)

(a)
(b)

(a)
(b)
(c)

7031-11

703r-L2

7o3L-L3 (a)

7O3L'I.L+

703L-t5

703r-L6

7031-]-7
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Table 3 continued.

Plant
No,

Spike
Noo

Fertility
lected X1

of se-
spikes
cent

o. of X2
plants - oc of plants

with a ri.ng ofLn per exami.ned cnromosomes

7031-18

7 03l-rg

703t-20

703L-2t

703L-22

7o3L-23

7o3L-2b

7O3r-25

703r-26

7031*27

703t-28

7O3L-29

703r*30

7a3b3L

703L-32

I

3I

I

6
h

5
6
2

6
6

5
5

5

L+

l+

5

5
6

lþ
¿,

1
1
5

2
2
5

3
5
5

6
6

6
6

5
l+

(a)
(b)

(a)
(b)
(c)

(a)
(b)

(a)
(b)

(a)

(a)
(b)

(a)

(a)
(b)

(a)
(b)

(a)
(b)
(c)

(a)
(b)
(c)

(a)
(b)
(c)

(a)
(b)

(a)
(b)

(a)
(b)

30
5

il0
50
40

25
5o

30
30

40

10
25

50

10
5O

10
10

5o
&0
5o

10
l+0
25

l+5

50
t0

25
30

l+0
30

5O
L0
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Table 3 continued"

PlanÈ Spike
No" No"

Fert,ility of se- itlo. of X,2 Noo of plants
lected X1 spikes plants with a ri-ng of

Ín per cent examined & chromosontes

3

!+

b
¿
6

6

1

5
5

1
2

6
6

6
6
I
Ã

6
4

5
6
6

)
5

5
5
6

I
5
lt,

3

10
5o
35

/+0
50
5o

l+0
l+0

10
60

25
40

5O
50
¿+o

5o
¿+o

25

35
20
25

45
45

5o
60
50

10
40
25

35
40

(a)
(b)
(c)

(a)
(b)
(c)

(a)
(b)

(a)
(b)

(a)
(b)

(a)
(b)
(c)

(a)
(b)
(c)

(a)
(b)
(c)

(a)
(u)

(a)
(b)
(c)

(a)
(b)
(e)

(a)
(b)

703L-33

TO1l-}t+

7o3t*35

703L-36

703L-37

703L-38

703L*39

7031-l+0

7O3l'I+l

TOjL-t+2

7o3L-t+3

7O3L-bt+

Total bo6 33

I Spikes of these plants were mixed.
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.As nentioned previously, seLection in the 1(1 of

the six multiple translocatlon stocks was made strictly
on the basis of partially sterile spikes, and no attempt

was made to maintain plant identity. A total of 5l+

spikes were sel-ected. Their pedigree, fertility and

the cytological analysis for translocations in their
progeny is presented in Table l+" Ring formation Íras

found only in three of the six mul-tiple translocation

stoeks, i.e. III-15, III-22, and 4256-I" A total of

four new translocations þrere obtained out of the 54

select'ed X1 spikes"

The partial sterility of the heads in which no

ring formation was found is likely due to chromosonal

disturbances at meiosis such as deletions or genic

mutatíons other than translocati-ons. As shor¡rn in Tables

3 and l+, there seems to be no apparenb correlation

between partially sterile spikes and chromosomal

interehanges, since only 12 out of 87 spikes of 7031x

and lr out of 5l+ spikes Ín the six multiple translocatíon

stocks gave rise to ring formation.

jr Spikes f,or plant numbers 1 to I
therefore, the frequency of ri.ng
included in this discussion,

of 7O3L were míxed,
formàtion was not
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Table l+. The fertility of selected X1 spikes in per cent
and ring formation in the X2 of six mulùiple
translocation stocks"

LÍne
No.

Spike
Non

Fertil-ity of se-
lected X1 spikes

in per cent,

No" of X2 Noo of plants
plants with a ring of

examined l+ chromosomes

I

I

6
2
¿
2
6
6
3

6
6
6
l+

5
b
l+
Lþ

l+

l+

I
I
6
6
3
)
1+

6
3I
I
I
6
5
5
6
5

l+
¿+

6
6
b

l+5
5O
L0
45
30
5o
5O

5o
¿?0

10
5o
30
10
25
l+5
l*0
35
30
l+5

5o
50
5o
l+o
35
&0
40
lþ5
10
50

5O
10
50
10
5O

50
5O
h5
10
50

I
2
3
b
5
6
7

1
2
3
¿r

5
6
7I
9

10
11
L2
t3
1l+
L5
L6
t7
18
tg
20
2L
22

I
¿,

3
l+

5

1
?
3
b
5

ïrr-13

rrr-15

TTT.22

ïI-t{,
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Table 4." conËinued"

Line
No.

Spike
No,

Fertility of sê-
lected X1 spikes

in per eent

No. of X2 Non of plants
plants with a ring of

examined l+ chromosomes

II-B

t+256-I

TotaI

All translocations that were observed involved. only

two chromosomes since no configurations l¡Iere noted other

than a ring of four plus five bivalents at diakj.nesis.

Since the quadrivalents always fonaed a closed ring and no

chain appeared, it was conc'luded that the translocated seg-

menËs were rel-atively large,

Micro-nuclei were found in a few of the quartetsu

indicating that one cirromosome of the ring had lagged at

anaphase, and had been excluded at the second division to

form a micro-nucleus. Chromosomal bridges plus fragment

formation were also found in eerËain cells at anaphaset

suggesting the presence of ínversions"

3

I

5
5
2
6
I
6
6
1
6
6
A

3
L
l+

3

225

5o
40
5o
25
)R

10
þ0
/+0

b5
3a
l+0
¿10

l+5
55
10

I
¿

3
l+

5

I
2
3
l+

5
6
7I
9

10
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å, number of seedling variants !ìrere noted in the
x2 of both experiments. of the chlorophyll variants
albino and xantha plants were prod.uced. in a much higher
frequency than other cÌrlorophyrr mutants. a few short
and curly plants ?rrere also found,

Eight of tkre fifteen of Z03I in which translocations
were found were selected for further work, rn each line
plants had to be developed that r¡rere homozygous for the
new reciprocal translocation and then the translocation
would be identified. Fifteen remnant seeds from the
original x1 spikes of the eight selectecl lines were

sovrn in the greenhouse to produce F2 populations that
should- segregate i-n a 1;1 ratio of fertile:parti-ally
sterile planbs" Half of the ftilly ferti.l_e plants
theoretically should be homozygous for the new

reciprocal transl-ocation"

Unfortunately, fert,ilrty of even the norraal

check plants was not high under the greenhouse growing

conditions and therefore it was not possible to
determine wÍth any degree of certainty which were the
ful1y fertile x2 plants" Therefore seed from eaeh

X2 plant was soi,ìin in the field and the fertility of
the x3 generation was used Ëo deterni.ne the homozygosity

or heterozygosity for translocation of the x2 pra-nt,

ation a of New Tran
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Several of t,he X2 plants were al-nost completely

sterile and these were assumed to be heterozygous

for the transl-ocation and therefore their progenies

ürere not grown in the field,
The ratio of progenies fully fertile to

segregating for fertility as well as the ratios of
fertile to partially sterile plants in the segregating

rows are presented in Table 5.

The ratio of fertile plants and partiâlly
sterile plants in the segregating rows was approximately

1:1 which was considered indicative thqt the X2

plants had been heterozygous for a translocation and

consequently segregated for fertility. FÍft,y per cent

of these fertile plants were expected to be homozygous

for the new translocation. In additíon fifty per cent

of the X3 rov¡s that were fully ferbile aLso were

expected to be ürue breeding lÍnes for the neur

translocations 
"

Crosses between Montcalm and at least one or

two plants in every Í3 row of 7O3I were made because

it was impossible to determine which were the fully
fertile progenies and which were heterogeneous fo'r

fertility at the time that crossing had. to be completed,

In addition, as many crosses with test,er stocks as



lable 5. Segregation for
eight sel-ected
of 7O3L"

-2b-

f ertili-ty
potentlally

in the Xj generation of
new trañslocation stocks

aesifi*at,ion
Fertility in X3

Classification for
fertílity in the
Segregation rows

7031*13 (aÌ

7031-15 (a)
(b}
(c)

7031-16 ( a)

7031-20 ( a)
(b)

7Ør-4(aÍ
7O3l-33 (,al

(b)
(c)

703r-34þI
(b)
(c)

7031-38 ( a}
(bI
(c)

Non-segregatlng segregating
fOi'tiS fOWS

Q\*

Fertil-e Part,iãITy
l-anbs steril-e plants

28 3o

5

?
Ã

4

J
3

,7
I

2
7
t

6
2

t?
9
3

(/+)

(¿l)
(51

5

?

U
?

¿.

1
1

U

4

I5

t3

7
2

á,¿,

t3

I
1

l+

2
l+

3

0
U

I (3I

0 (21
1 (5)
1 l,2l

0
0
1 (2\

*() The bracketed nurnbers represÇnt the number of X2
plants that was highly sterile and considered.
heterozygous for the translocation. If their
progenies had been grov\rn, they would segregate,
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eould possibly be made were completed. Later, the

crossed seed was harvested only from the rows that
were homozygous for ful-I fertility or from plants

that were determined to be fully fertiLe,
The F1r s of all crosses were groþ¡n in the

greenhouse during ühe winter of I9j7" Cytological

examination for ring formation !ì¡as first made on the

F1 of the crosses w1th Montcalm and the data are

presented in the first colurnn of Table 6" In these

crosses with lulontcaLn, the new translocatíon stocks

were expected to give a ring of six or two rings of
four ehromosomes and the normal stocks to give a ring
of four chromosoneso rt was rather surprising therefore
to find that the two types obtained \^rere either seven

bivalents or a ring of four chromosomes plus five
bival-ents" At first it was thought that the seven

bivalents were due bo faulty crossing techniques and

actually were the resurt of selfing rather than crossing.

Selfing was ruled out when the crosses with the other
tester stocks were exanined" The confÍgurations

from these crosses are also sumraarÍzed in Table 6"

In every cross with Montcal_m where seven

bivalents were obtained, only single rings of four hrere

obtained r,¡ith tester stocks, indicating c1earJ_y that



Table 6. Meioti c
X? lines
sÍocks.

-26*

configuratiohs in the F1 of crosses betweenof 7O3I luith Montcalm and with other tesÈer

Testers
Xa of
zótt

Mont- 7O3I XT15 XT17 cL346 Cl.t+32(b-e) ( c-e)
Ert,.l+7

( e-fi
ErË"7
( a-bi

cIt+83
( b-*)calm (a-d) (d-f) (d-e)

15(a)-L 7rr 04-

-2 7\ï
15(c)-l- Zrr

-2 @l+

-3 7rr-5 7rr'6 7rr

CI4

0¿l

o¿r

0¿e

0l+

0/+

04

0l+
04

0¿} 04
04

0l+

16 (aÌ-1 @4

-3 @4*l+ 01"

7TT

20(a\*2 @4

-l+ 0l¿-

20(b)-1 0&
-& 0l+

33 GI -2 7rT-3 0&
04 04

3t+(a) -z 04
-b 0l¡.
-5 0l+

38(b) -4. 7rr-5 7TT
-6 7]I
-7 7]I
-8 7n

38(e)-1 01'
-3 0¿+

06 2@t+
2@4 06

04
04

0&
04

0l+ @t+

04 0¿þ 04 04
0/+

04 04
0¿L 0& 0¿l ots
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the ring of four eonfiguration was derived from the

tester and therefore seven bivalents would be expected

from crosses w'ith ljlontcalm.

In line f6(a)-1 where a ring of four ehromosomes

was obtaÍned in the cross with Montcalm, seven

bivalents resufted in the cross with 7O3L. this could

indÍeate that no ne!ìr translocation had occurred and

that line 16(aI-1 carried the original translocation

present Ín the non-irradiated 7031"" However, in 1íne

3b(a}-l¡ where a ring of four was obtained in the eross

with Montcalm, a rÍng of six was obtained ín the eross

with 7031,

Since the X3 lines Sbla\-2, 3L(a)-4¡ and 3l+(a)*5

were aII derived from the same original X1 spike and

each gave a ring of four chromosomes in crosses with

Montcalm, the daÈa from crosses with tester stocks

were combÍned for the identification of the new

translocatíon" These are presented in Table 7 ¡ and

as indicated in the footnote, the translocation rn¡as

identificatied as reciprocal between ehromosomes a and

hu

There are two possible explanations for the

results obtained from crossing X3 lines of TOIL with

lvlontcalm and other tester stocks. The first is tl:at

a mis-labelling of seed lots occurred and that a normal
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seed lot had originally been irradiated rather than 7O3l

itself. If this had happened then all X3 lines that gave

seven bivalents with lvlontcalm rnlere nornal and aII that

gave a ring of four configuration in crosses with Montcalm

were the result of a translocation induced by X-irradiation.

One of these marked f6(a)-I appeared to be a-d and the

other 34 a) was identified as â-b.

Table 7" Meiotic configurations in the F1 hybrids from
crosses between 3b(a) lines and-tester stocks"

resrer resrer cyrological Tiliffiå::å::u li;"ilparent chromosomes configuration in ¡¿*(a) eia¡rined

7A3r

XT15

XTIT

crb83

a-d

d-f
ê- ct

b-g

O6+llrI

2Øþ+)TT

2Øþ+jTI

O6+l+II

eitherrarorrd?

notfdtortfl

nOttelOflgl

either tb lor tg t

2

3

2

l+

It can be readily noted from Tabl-e 7 that in Èhe

crosses of 3l+(a) with XT15 and XT17, chromosomes tdt and

tgt were not invol-ved in the new translocation or a ring

of six chromosomes would have been obtained., Since a ring

of six chromosomes was obtained in the crosses of 3¿r.(a)

with 7O3l and C1þ8J, it was concluded that chromosomes eat

and tbr were Ínvolved and thus the new translocation is
â-b.
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The other possible explanation u¡as that back-

mutation oecurred in all lines that gave seven bivalents

in crosses with Montcalm, and that with the exception

of 34,(a), which wilL be discussed l-ater, where the

ring of four confíguration was obtained in crosses with

Ilontcal-m, ilo new transl-oeation had occurred'

At the time these results were obtained and

analyzed, the flrst possíbi}Íty (tnat of mis-labeIled

seed) seemed the more plausible" Therefore, in an

attempt to obtain at least one new translocation in

existing transloeation stocks, new seed lots were used

for X-írradiation, and these were the six nultiple

translocation stocks described in Table 2.

Bemnant seed was available from the Ï1 spikes of

II]-22-2, ],],Ï-22-5, and, l+256'L-6 but not from III-15-3.

The X2 r¡ras grown ín the spring of L958 in the greenhouse

and because of good growi-ng condi-tions, Y2 plants were

easily elassified for fertilityt The ratio of fertile

to partially sterile plants iÂIas approximately 1:1.

During the sunmer of 1958, progenies of both fertile

and parËially sterile plants hrere grown in the field.

All plants with more than p0 per cent fertility
classifled as ful-lY fertile.
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The X, from plants which had been classified as

fertile in X2 lnrere homozygous for full- fertility"
The X3 from plants classified as partially sterile
in X2 segregated for fertility, The resul"ts of the

classification for fertility in X3 is presented in
Table 8.

Table 8. Inter-line and intra-line segregation for
fertility in the X3 of III-22-2, III-?2-5
and, I+256-1-6.

ïnter-line
fertility
Ln T-3

No. of plants
in intra-line
segregationX1

designation Fertile Segregating
lines lines

Fertile Partially
plants sterÍle plants

rrI-22-2
III-22-5
t+256-L-6

A

6

7

¿11

44

5b

?o

)v

,.o-t/

5

7

5

Crossing was eoncentrated between plants from

the fertile non-segregating X3 lines as fenale parents

and Montcalm and tester stocks as male parents. Generally

speaking crossing was quite successful except where

CI336 was used as a male parent or v¡here 4256-L-6 was

used as a female parent, No successful crosses were

complebed with CL336. Two crosses vùere eventually

successfully completed lrith l+256-b6 when it was used
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as a rxal-e parento A possible expl-anation for the

lack of success in crossing Ì.rith l+256-l-6 as a fenale

is that its pistil can be easily damaged during the

process of emasculation.

The Flts were grown in the greenhouse in the

fa1l of 1958. Cytological examination for ring
formation was made and the results are presented in
labl-e 9 "

In the erosses of I'lontcalm with X3 l_ines derived

from III-22, two types of configuraüions were expected.

If no new transLocation was present, two ríngs of four
would be obtained. ff a new translocation had been

added to tL¡e existing two, either three rings of four
or a ring of four plus a ring of six would result.

As shown in Table 9, six of the ten lines originating
from III-22 appeared to be horuozygous normal for the

original translocations on the basis of the configuration

obtained in their hybrids wibh Montcalm, LÍne III-22-T
Ìûas crossed with a sufficient number of testers to
identify it positively as being (A-e}(c-eI,

The remainÍng four lines, however, instead of
producing more t,han two rings of four in erosses wit,h

Montcal-m, produeed only one ring of four, indicating

that the four lines were homozygous for only one

reciprocal translocation.
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It is exceedingly unlikely that mis-labelling

of seed oceurred again and therefore it is logical to
assume that back transloeation to the original
chromosomes took place not only in these lines but also

the lsuspeett lines of 7OjI" fn the three lines

deriveC from the i(1 spike of III-22*5t and the one line
derived from ITI-22-2, the back translocatíon occurred

in chromosome lct and ler leavÍng the reciprocal

translocation (d-gi, Thís would aecount for the ring

of six chromosomes in the hybrid from the cross w'ith

C1483 (b-e) and. would satÍsfaeborily explain al-l other

confíguratj.ons obtained except for the discrepancy in
the crossi ff]-22-2-1 with CL3L7 in whíc]n 95 per cent

of the cells showed two rings of four rather than the

expected ring of sixo However, Ëhis sane type of

irregularity occurred in all the crosses v¿'ith CI3l7.

It is reasonable to assume that the length of

the ldt chromosome in the b-d of CL3L7 differs from

the length of the rdl chromosome in the d-g of TTI-222

which would account for the low freqr-l.ency of a ring of

síx. But in addition, in many cells in the crosses

involving CI3I7, open bivalents frequently hrere found,

indicating that minor chromosomal aberratj.ons r¡Iere

associated r¡¡ith this testero Therefore the tester is
considered unreliableo
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A new reciprocal- transl-ocation was found to

be present. When the parent line, l+256*I, is crossed

with l'{ontcalm, a ring of six chromosomes plus four

bivalents is seen at meiotic metaphase (see figure 1) "
I'fhen line 1+256-L-6-1 was crossed with Montcalm, a ring

of si-x plus a ring of four and tv¡o bivalents Ïrlere

observed at meioti-c metaphase (see figure 2) " The ring

of four chromosomes indicated that the new transloeation

did not invo1ve chromosomes a, c, or d. fn the cross

of tv256-1-6-1 with Cl-Sl+6 (b-e), two rings of six and

one bivalent:r wâs observed (see figure 3), Therefore,

the nev¡ Ëranslocation must inel-ude either chromosome tbt

or chromosome let but not both, Unfortunately, because

of the difficulty in completing crosses with +256-I-6^I,

no other crosses were available for study. Thereforeu

the new transl-ocation could be one of the followin.e

four types: b-f, b-g¡ €-f¡ €-go

at nretaphase from F1 of cross
beËween line t&56-I-and Montcalmo

Figure
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Figure 2.

Figure 3" Two rings of
at metaphase
between line

A ring of six plus a ring of four
and two bivalents at metaphase from
Fr of cross between line l+256-I*6-J-
añd Montcalm"

six and one bivalent
from Fr of cross
t+256-I:6-1 and C13¿*6,
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G]TNERAL DÏSCUSSION AND CONCLUSTOI{S

The induction of translocations in crop plants by

means of X-irradiation has been investigated by a nurnber

of workers. Based on the published results, this projecÈ

was undertaken with the expectation that translocations
would be induced in barl-ey if seeds were X-irradiated at

a dosage of 101000 r units. Nev¡ translocations would

appear as heterozygotes in the x1 and wourd be reeognÍzable

by the partial steril-it,y of the X1 spikes" The results
in this study certainly confi-rm that it is rel-atively
easy to induce translocations and thab partial sterility
is an excel-lent marker for the presence of translocations,
AJ-though not all partially sterile spikes r¡rere found to
possess translocations, indicàting other types of mutations

as eausing partial sterility, the proportion of partially
sterile spikes possessing translocations was sufficiently
high to give satisfactory results. No other obvious

character that could be used as an indicator of translocations
was noted,

Theoretically, one-half of the fully fertite X2

plants deríved from an X1 spike heterozygous for a single
reciprocal translocation would be homozygous for the new

translocatÍon. Results obtained in thís studv are in
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agreement with the theoretical expectations" Although the

size of X2 populations derived from specific X1 plants

heterozygous for translocations was too sma1l to warrant

conclusionse the combined results of all X3 crosses with
Montcalm (Tables 6 and 9) show twenty parental trans-
location bypes as compared with eightê€Ír fiotr-parental

translocation types"

A most interesting aspect of the non-parental

transl-oeation types was, with only one exception, that
rather than a nehr translocation being developed an

existing translocation lost. Although the possibility
of seed admixtures cannot be entirely ruled out, these

unusual results are attribubed to a process of back-

transl-oeation, There has been publ-ished evidence that
certain regions are more susceptible to chromosome or

chromatid breakage than others, This has been referred to
earlier in the review of literature (tOrZ5rl+Ort+?r53) 

"

Therefore it seems reasonable to assume that when seeds of
existing reciprocal translocation stocks are x-irradiated
to induce new translocations, the selected stocks have,

by the very fact that translocations are present, weak

regÍ-ons that could easily break again and either recombine

1n their originar normal condition or combine to mainÈain

their translocation identitv"
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A change from a-C to â-b, as was obtained in

7O3I-34(al-4, could be explained by the expected breaks

in the known weak positions of rar and ldt and in addition

a break in chromosome rbt, The rdt segments woul-d

recombine to give a normal tdf and the ta? and tbf segment,s

rrould courbine to produce the heterozygote â-b, Haþberg

and Burnham (28i indicated that chromosome tbr breaks

more frequently than any other chromosomeo

Data certainly are too limited to more than suggest

this unusual phenomenon of back-translocation" This

r¡ork w'ill have to be repeated on a larger scale with a

wide varÍety of existing translocation stocks for
verifi cation n

ïf the phenomenon of back-translocation occurs fairly
often, it inereases the difficulty of adding neur transloca-

tions to exisüing translocation stocks. This would be

overcome by increasing the size of populations used.

One of the difficulties encountered in this study

was the disappointing results obtained from the use of two

of bhe recorurended transLocation tester stocks" Although

most of the tester stocks provided a good source of poIIen,

no seed was obtained in any of the crosses using CI336

as a male parent. This result ma-y have been fortuitous,
but good seed sets 1¡rere obtained using other testers"
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Although excellent seed sets were obtained in crosses

wíth cL3L7, it proved unsatisfactory because of irregular
chromosome configuration found in the F1 of its hybrids.

Tn f+256-I-6, approximately 120 heads from different
lines had been emascuLated and pollinated with pollen from

various testers, but no seed was obtained from any of these

crosses. ïhj-s accounts for the inability to completely

identify the new translocation in this l-ine. Fortunately

it was possible to make a few crosses with t+256-I-6-L as

a mare parent and to positively determine that a homozygou-s

mu-ltíple reciprocal translocation stock has been developed.

Ïts identity has been narrowed down to be a-c-d. plu_s any

of the following; b-f, b-g¡ ê-f, ê-g,

Further crosses with appropriate tester stocks will
have to be made to conplete the identity of this new

translocation. However, the line will be wel-l- suibed for
fu-rther cyclic irradiation in the program of trying to
deverop a stock homozygous for reciprocal- translocati-ons

involving all chromosomese
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