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ABSTRACT

Homosygous interchange stocks of barley were
intercrossed, and aleo araaseé with the normal stoek
Montealm, to produce plants heterozyzous for interw
changes at different levels of chromwosome participa-
tion. The fertility of interchange heterozygotes
decreased as the number of chromosomes involved in
interchanges increased. When the same level of ine-
terchange chromosome participation occurred, steril-
ity was &e@&mﬁ&nﬁ on the size of the chromosome ring
ar_ringa formed at melosis. Thus, plants with a ring
of eight chromosomes had a higher sterility than
plants with two rings of four chromosomes; plants
with a ring of ten were more sterile than plants with
a ring of six plus a ring of four; the sterility of
plants with either two rings of six, or a ring of
éighﬁ«plus & ring of four, was kigh@r than that of
plants ﬁitﬁ three rings of fburvahramaﬁamas,

ﬁiaiial crosses within both {a~b} and (e¢-f)
interchange stocks were made., In six {a-B) inter-
change stocks, metaphase eanfigaratians of seven bi-

valents were observed in the Fi'e from crosses made




among G1343, C1384, C1385, XT8, and Ert7. Both a ring
of four configuration and seven bivalents were found
in the Fy's from c¢rosses made between these stocks
and IT12. In the seven (¢-f) interchange stocks,
plants from crosses among XT10, &rtl, Brtlk, and X76
as well as croases among XT4, Ert47, and C1336 formed
seven bivalents at meiosis, while erosses between
these two granga»gawe rise to plants in which both
ring of four configurations and seven bivalents were
abaervg&. A similer degree af:aterility was found

in plants with and wiﬁhauxfring formation, .
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INTRODUCTION

The "Oenethera™ method of establishing homozygous
lines frem promising hybrids, has been suggested for species
whieh have & relatively low number of chromosemes and where
& relatively high degree of fertility can be maintained in
plants heterosygous for interchanges (5).

| To date, tha'inaarpﬁratiau af appropriste interchanges
in & single stoek, which if crossed with a normal stock would
produce a complets ring of all chromosomes, has not been
achieved. Barley (Hordeum app.) would appesr to be an excel-
lent experimental crop to test the "CGenothera® method of
establishing homozygous lines beecause of the relatively low
‘chromosome number and because at the single interchange level
the fertility of iﬁﬁaﬁ@h&&g@ heteroszygotes appears to be
fairly high, | '

Final synthesis of a stock

homogygous for interchanges
invelving all 14k chromosomes, that will be useful in testing
the "Oenothera™ method, will depend on the pa;ikiém of inter-
changes in the stock and the degrese of sterility of the
heteroaygotes produced when it is crossed with normal stooks.

Since very little is known about the fertility of
various complex interchange combinations, and how fertility
may be aiffected by the position of interchanges, these
phenomena are worthy of study.

A collection of a large number of interchange stocks
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of barley has been made, and by suitable ¢rossings, it should
be possible te build up complex interchamnges heterosygotes.
?ar the stocks that involve interchange between the same two

pairs of chromosomes, it should be poasible to study the g
positions of the breakage points and how these may affect
fertility, | |
The ebjectives of this study vere designed therefors s
to investigate: | B S
{1} The f#?%ility of interchange heterosyzotes at s
different levels of ehrﬁmaaaﬁa-9ar@£¢1§&aiﬁa.
{2) The effect of the relative positions of the
points of interchange on metaphase pairing and fertilisy in
‘the ¥y's resulting from diallel erosaing within éiffar&ﬁa
(a-b}* and (c~f) stocks. |

* The seven chromosomes of barley have been assigned the
~ letters a to g by Burnham gt al. (10}, The hyphenated
letters indicate the interchange chromosomes involved

in homozygous interchange stocks.
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LITERATURE REVIEW

Interchanges are the result of exchanges of segments
between non-homologous ¢chromosomes., They were first termed

"segmental chromosomal interchanges®, but are now more simply
referred to as interchanges, reciproeal translocations, or
translocations (8). The interchanges may arise "spontane-
ously”, may be induced by irradiation or mey be produced by
treatment with certain chemicals. _
Aecording te Burnham (8], the first observation of
more than two chromosomes attached, s0 as to form a ring at

meiosis, was reported §? Gates in Uenothera rubinervis IL.
The firet account of the breeding behavior of a probable
case of interchanged chromosomes was reported by Belling (2).
He proposed a two-gene hypothesis to acocount for the 50 per
gent aborted pollen in the Fy of a velvet bean cross, but

he also pointed out that the abnormal behavior of twe chro-
monome pairs may explain the results. That interchanges
were responsible was not interpreted until 1925, when he

explained this breeding behavior on the basis of "segmental
interchange between non-homologues” {3). Since then, the
phenomenon of interchanges has been widely studied in a nume

ber of plants.
Belling's explanation of chromosomal ring formation
at the tizme of reduction division (4), has been applied to
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explain ring fermations in Oenothers and other gensra (13,
14, 15}, After Burnham's propesal that the "Oenothera" method
mpy be applied to gamete selection (5), attempts have been
made to builﬁ a large ?ing in wsise (Zea mays L.}, Einkorn
wheat (Iriticum monceocc

noeoceum L.} and barley, by a series of
croases between, or by cyclie irradiation of, existing intere

change stocks. A ring of 10 chromosomes (810) in maize was
obtained from eyclie irradiation of an interchange stock {&).
This was obtained in successive steps. First, a ring of
eight chromcsomes (88) was produced by X-irradistion of &
stoek homozygous for one interchange. Then a stock homo~
sygous feor the interchanges involving the four pairs of
chromosomes was X-rayed to produce lines which differed from
it by one additional interchange. Yamashita (45} developed

a ring of 1k chromosomes in I. monoeoceum L., but both parents

of the cross contributed interchanges. WNishimura et gl. (34)
and Nishimura and Kurakemi {(33) suggested that a stoeck in
barley which will give a ring of eight plus a ring of six
(88486) or a ring of 10 plus a ring of four {910484) in
erosses may be synthesized in a shorter time then s completa
ring of 14 chromosomes,

%haﬁ & normal astock is crossed with a stoek in#alviug
one interchange, three possible types of chromosome pairing
may occur at m&iﬁa&& in the Fy {8}, The interchanged chromo-
somes are usually assoclated in a ring, if the exchanped sep-
ments are long. They appesr as a chain if one long segment




has exchanged with a very short one. When both segments are
short, either chains or two bivalents will be formed. The
last type of chromosome pairing has been reported by Clarke

and Anderson {12) in maize.

Chromosome pairing at meiotic metaphase in the ?1'
plants obtained by intercrossing two stocks involving interw
changes between the same two pairs of chromosomes, has been
reported by Hagberg (22) and Turcotte (43). Working with

barley, Hagberg (22) ahéarveé seven biv&l&nﬁs in the ¥ of
Try and Trgy, both involving the (a-b) interchange. He
ééabﬁaﬁ.ﬁﬁa% the breakage points would be at the same posi-
tion in both stocks, and consequently suspected that pairing
of non-homologous segments must have occurred. In maise,
Turcotte (43) studied the chromosome behavior in the Fi's
of three ¢rosses, Tl-9a x Tl-9¢, T2-6¢ x T2-6d, and T3-7a
% T3-7b. Vithin each c¢ross, the parental stocks involved
in%eréhangaa between kha.aamg two chromospmes but the
breaksge points were at different éaaitiéua. Diakinesis in
all Fy's showed 10 bivalents. Some of the cells from the
eross T3-7a x T3~7b had a bivalent with homologues of une
equal length, Pachytene analysis for Tl-9a x Tl-0¢ showed

intersalary loops in both chromosomes 19 and 91. For T3-7a

% T3-7b Twshaped ﬁenfigaraﬁieas were observed for both
chromosomes 37 and 73 at pachytene. Ho.lcops in either
chromosome 26 op 62 of ahaAereaa T2-6¢ x T2-6d were observed
at pachytene, and the average pollen abortion of the ?1'§1au§ﬁ
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was 7.3 per cent. These results suggested that the breakage
points of T2~6c and T2-6d were identical or nearly se, in
disagreement with published breaksge positions of these two
interchsnges (7).

It ig¢ generally assumed that zigzag rings or chains
lesd to alternate separation of the associated chromosomes.
These will eventually develop into normal gametes. Adjacent
separation produces abortive gametes with chromosomsl defi-
eiency-duplication, Burnham {8) reported that as a result
of the nearly equal frequency of alternate and adjacent 5@
aration of chrmmosomes at anaphase I in species such as dea
gays L., Pisum sativum L., Sorghum
Pitunia spp., pollen and ovube abortions ars usually about
50 per cent. In a nuwber of other species guch as Usnothe:
8pp., Iriticum mo L., 2. durum Desf. and prebsbly
barley aaﬁ'ﬁgggg@,sgp;, in which from 70 to 90 per cent alter

versicolor Anderss. and -

1peocoun

nate ssparation at reduction division is characteristie,
abortion usually is much lower. However, in a species with

predominent alternate separation, the degrse of sterility

depends on the amount of crossinge.over which occurs in the
interstitial segments., It aaulﬁ'apﬁr@aah 50 per cent if
those regions were long {6, 7).

| in barley, the first reported imzarehaaga was by
Smith (35). Since then many references to interchanges in
berley appeared (8, 9, 22, 23, 25, 32, 33, 34, 35, 40,
bhl. In order te identify chromosomes involved in inter



change, Burnham and Hagberg (9) and Buraham gt al. (10}, using

a number of interchange stocks developed at the Minnesota Agri-

cultural Experiment Station and at Svaldf, established a tester

 set of interchange stocks.

The fertility af“&hﬁarchaaga homosygotes is not affected
as inﬁia&ggﬁ by &yﬁaﬁvéﬁﬁi, ﬁhﬁ'rapérﬁaﬂ that yielding abilivy

was not greatly disturbed in the 19 homoaygous interchange

stocks of barley he studied. Various degrees of sterility have
been reported in interchange heterosygotes, most of the repor:is

~ dealing with relatively simple interchanges. The published
information on sterility has been summarised and appears in

Table 1.

TABLE 1. Sterility of interchange heterosygotes in barley.

Bumber = Sterilisy Follen abortion ,
and per gent per cent Rumber .
m— — - s evaluated  Au-
of Aver- : Aver« — e Ghor=
ring age Range age Range Iines Plants sy

o - 20,6~ 92.2 28.8 1h.4-58.0 34 - (o)
" 23 - - - 10 - {23}
" - K.T= 174 = - - 3 {32}
" 35.5 25.5- 48.5 19.9 15.1-28.0 16 73 {34)
" - 31.0-352 - = 2 3 (9
w 28 - 28 - - - (41)
" «- 10 -5 - - 6 - (4k)

86 - 54 - 58 - - 2 10 {33)

{Gontinued next page)
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TABLE 1. (Continued)

Humber
and
size
of

ring  age

 Sterility
per cent

?ﬂllcalahartiéa
per cent

Aver~

Range  age

Rumber
evaluated Ave

thor-

Lines Plants ity

L J

- 51
&$'7“ 33!? -
52 « 55 -

9 {34)

- {10)
b (32)
23 (33
2 (34)

g e,

?3.. -!3""1»0& »

70 - Th -

-y

& {32)

19 - (33)

&1-7* ??ﬁﬁ -

-y -

9 (32)
b {33)

88+04 ﬁ&.{:«i@.‘a - - 18 (32)
_9;; 95g?»1aa‘a»w - - 3’“ 13;;

88406

A

92 * 9""1‘3 - 6 .

2 {32)

- L

910404

87.5-100.0 -

6 (32)

* Valus of pollen abortion was evaluated from ome line only.




Chromosome breaks may be induced by chemical treate
ment or by irradiation. The hypothesis tit some chemicals

cause ghromosome breakage selgctively in heterochromatin,
as proposed by Ford (17}, has been studied and confirmed
{16, 19, 27, 29). alternaaivaly, there are different opinions
whether or not irradiation causes preferential breakesges of
chromosomes.

Patterson gt al. {35) found that the maﬁﬁri%y of

LI-ray induced breaks in Drospophila chromosomes cccurred at

either the free or spindle fiber ends, But according to
Bauer gt al. (1), X-irradiation of the i-chromosomes of
resophila resulted in a mora or less random distribution
| af’breakg, but still with a significantly higher frequency
of breakage in the aasaraehraw&tia proximal portion.

Kaufmann (25, 26}, in a more extensive study in Drosophila

found that breaks were distributed at randonm along the chromo-
somes axcept for the proximal heterochromatic regions and for
similar intercalary regions. In the grasshopper, the highest
frequency of breaks occurred near the spindle attachment (24).
in Iradescantia microspores, both spontaneous (18) and
X~yay induced (18, 33) breaks tended to be most freguent at the
proximal regiens. According to Sax {37}, an excess of X-ray
induced breaks in the proximal region of the thromosome arms
has also been observed in Crepis by Lewitsky and Sizova. Camara
2t al. (10) reported that breakage and reunion of chromosomes,
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a5 induced by X-rays, occurred near or at the centromere in
tic Swanson (42), working with Trades

that treatment of the generative nucleus in the pollen tube,
either with ultraviolst or X-rays, produced a highar frequency
of deletions in the medial and distal arms. Oraf (19), how-
ever, has reported that the frequency of X-ray induced break-

L

ages was independent of the knob number in mwaize, indicating
no preferential breakage of I.rays in heterechromatin.

' Burnham and Hagberg {9), working with barley, reported
& higher frequency of X-ray induced breaks in the "b" chromo~-
some than in any other chromosome. Wo other reports dealing

with preferential breakages of barley chromosomes have been
noted.
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MATERIALS AND METHODS

The experiments invelved in this study were conducted
. in 1958 and 1959. ?art&»aeven homozygous intsrahaﬁgu stocks
of barley and two normal stocks were used. The two normal
stocks {(varieties Herta and Montcalm) served as checks in
the study of sterility. In addition, Montcalm was used as a
parent stock in many of the crosses. The 1aharahaa§e‘steaka
were selected from the interchange stook ealiéetian of the
&ép&w@menﬁ‘af Plant Science, at the Eniv«rsity of Manitoba.
The interchange stocks, thelr origin, and the chromosomes
involved in the interchanges are listed in the Appendix.
During the summer of 1958 and the spring of 1959
a total of 112 erosses was made. Of these, 76 crosses were
either between various interchange stocks or between Montcalm
- and interchange stocks. The remaining 36 crosses were the
diallel combinations within the (a-b) and (c-f) interchange
stocks. The 76 "inter” crosses and the expected configura-
- tions st melotic metaphase are preéenﬁaé in Table 2. The 36
"intra® c¢rosses are presented in Table 3.

- From each ¢ross made in the summer of 1958 a maximum
of 10 Fy plants was  grown under gresnhouse conditions in
the fall at a spacing of L by 7 inches, 'In the aam&&r'ar'
1959, all seeds from crosses made in the agw&ng,'ané also
remnant seeds from some of the 1958 erosses, were grown in
the field at a spacing of 4 inches apart within rows and
1 foot apart between rows. Herta and Montcalm, used as checks,
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TABLE 2, {rosses invalviag inserchange stoeks and with
Hontealm, and the expected metaphase configura~
tion in the Fy plants.

Expected " =

configuration in Py =
Bumber ;

- Gross and interchange and size Chromosomes
chromosomes involved ~ of ring involved

b

?

Montecalm
Montcalm
i78(a~b)
Hontealm
Ert7{a~b)
Hontealnm
G1336{c~1)
Hentealm
ﬁrﬁl&!ent}
Erty7{o~f)
Hontealm

Hontoalm
C1456 (awa)

Hontealn
Hontealm
01365(b~c)
€1310(b-£)
G183 (b-g)
C1432{c~)
- XT1l{awe)

- X1i8{a~f)
£1025({b~d)

t};zaaa-ia~bg , o
C1385{a-b)* "
Hontealm -
IT12{a-b}
Hontealn
G1343{a~b)
Hontealm
1710{c-£)*
Hontecalm
Hontealm
T4 {c-f)*

X716(ave)
Montealm

c1025(b=d) " ' bed
XT2{d-g)* oo d-g
Hontoalm - hd bee
Hontealm .. bt B
Montealm S b-g
Montcalm e  eee

Xr8{a-b) 86 . awb=g

x79{a-g) B . Bufeg

01483 (beg) " bed~g

E - A
aRFaR

zx a8
e 3al

a~g
;4

= %

MM BB R KON N M MM MMRMN MMRMMMN

sontinued next page)



' TABLE 2. (Continued)

w13

Cross and interchange
chremosomes involved

 Bxpected
~ configuration in Fy

kﬁﬁbﬁr'
and plze

_of ring

Chromosomes

involved

Hontcalm

X12i{dmg}
iT12{axb)
XT6{g-f)

x:*mcau-f} |
ITui{aet) (beg)

111<15(d-g) {e~e)
Y1I-9{a~f}{gwe)

AVIL-2{a~b}{a-f)

TEXILeLh(bmd ) (pef)

£1385{bed }
xﬁgesz} }

C1336(c-1)
Lt {g=f)
iT10{e-f)
G1483(b-g)

21482 ot}
ngﬁg Qﬁz?}

‘ 31.3@(%&)-

 VII-9{a-f) §?’é‘i )

ITwh{awt) (bug)
XVii-2{a~b}{e-f)

IIT-15{dwg

M OKHM B MM M MMM MR M OB N X MK KON M MM

x

81405 (gwd)
ETriat P

61420{e~£)*
C1340(e~d)
1712(a~b)

C1483{b-g}*

Hontealm
Hontoalm
Hontealnm
Montealm
Montealn

H256-1( ﬁ'* &)
rzsei(amerd)
i23e-1(aond)
4256m1{ awgwd)
h256-1(a~c~d]

sy

L2861 {a~0-d)

4256~1 (a-c-d)
bade-i(aend)

IVIi-2{a-b){o-L)
VI17~9{a~f}{c-u)}

* Ineludes  reciprocal cross

Awged:
%

{deg)(oaf)
{a~b} {e-d)
{a~b) (o=f)
{a=f %fﬁ*g)

{d-g}{cw8)
{awf){o-8)
(a~b){ef)
{bed){emf)
&-—-Ezﬁwﬁ

awguwdwf
?
{ave-d) {beg)

(8-g~d)(bee)

ﬁﬁﬁ*ﬁ*%*f‘

avbwgwfog
Bl gw g f

{Continued next page)




TABLE 2, {Continued)

33?@@%9& |
| eaatigﬂratiag in ?%

Humber

Cross and interchange and gize Chromosomes
eﬁrwwagemaa iavalvaﬂ N of ring involved

Vile9{awf) {cmo)*® 3o ia«fiieneiééugi
XV¥II-2{a~b) {e-f)* " €a«b}(amt3£a~§)
III-15(c-0) (deg)*  ® {a~b) (c-e) {d-g)
4256=1{a-c-d) 8848  (awged~f)(beg)
42561 {a~e~d) * . {a~beged) (o)
XXEIX-14(bd) (0=2) 206  (ace~f)(budug)
XAXIXe1lh{bed) (euf) @ {budeg) {omeet)
EXXIZ-1h{bmd){e=f) "  (@ebed)(c-oef)

WH-2(a-b)(e-f) 964204 (c-e-f)(a~b)(deg)
XVII-2{a~b)} (et} " b

Ii-t(aef)(bmg) & {bedeg) (a=P) {c~e)

XT2{d-g)
XTL{c~g)
XT12(a~b}
Ii<hlant) (bug)
AVII-2(a~b){e-f)
IX<hlaf){beg)
ITI-15(c-e) (d~g)
AVII~2{a«b) {e~f)

it

11«15 cwa) {dug)

M MK K OB W K K X M N

& Ia@lﬁQQSu reciprocal eross

| were grown as border rows in 195&, and at avery tenth row in 1959.
Parental stocks were also growna in 1959, ,

Follen mother cells from the second or third tillers of
Fy plants were exemined cytelogically in both years, using the
~ acetocarmine. #mear’ technique éaaavﬁhqé~by Smith {40).

Seed set was determined for each Fy plant. In 1958, one
apiks from every Fy plant was used for seed counts. In 1959, more
than one spike from each plant was evaluated. Per cent sterility




TABLE 3. Diallel orosses within the {a-b)} and

{e~f) interghange stoeks.

o

Uronse

s within {a-b) interchange gﬁgﬁkg

¢1343

G133

61343
§1343
B1343
61384
G138s
C138s

M M OB M N M ox N

e1384
61385
78
Brs?
xT12
61385
£78
Ert?

c1384
€1385

¢1383
c1385
x78

Ere7

£T12
X718
Bre7
X712
xTi2

X712

”ﬁéwﬁakm within {of) inwmhmgg

sﬂﬁﬁ%&%ﬁﬁﬁﬁﬂ:

Brl

%6
61336
£
Brels
176
61336
Breh?
74 |

Breis
Ertly

Brels

Ertll
x76
b4 ¢ ]
176
61336
61336
Ereh7
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was determined by:

mumber of sterile spikele s

“total number of spikelets =~ 100"

In six-rowed spikes, seed counts were made on the twWo
genter rows in 1958. The count was extended to the lateral
rows as well in 1959 in order to obtain larger sise samples.

| In the fall of 195¢ the hybrids grown in the greene
house did not flower at the same time. A& few had to be dis-
carded because of the high dezree of sterility which oeccurred
presumably because of uafaverable growing eonditions at the
time of flswering. During that period the greenhouss was
covered by ice and the temperature in the grsenhouse 9eche
LOOF, In %h@ field #Epﬁ?ﬁﬁ&ﬁ%
ig 1959, severe damage to the hykriﬂ& aﬁﬁ parents was caused

sionally dropped to as low as

by cutworms at the time of emergence. Before the cutworm
éamagnvwas noticed and the ¢utworms controllied by'tﬁa use afl
dieldrin, approximataly three quarters of the nursery was
destroyed.




RESULTS AND DISCUSSIOR

The number of plants exenmined and the configurations
abéav?wé.fbr each ¢roes are shown in Table 4. The expected
configurations were chtained in all but five @rmsaaa; these
being XVII-2 x 1II-22, Ik % XVII-2, XVII.2 x Vii-9, I71 x
| XVII-2, and III-15 x 4256-1. A total of seven paremtal
'ak&aks were involved in these crosses. Since six of these
stocks were used in a number of crosses, it should be possi-
ble to trace the "suspect” parent or parents responsible for
diserepancies. |

The multiple~interchange stock XVII~2 was the common
parent of four of the five problem crosses. Of the two plants
of the eross IVII-2 x 11122 examined, the metaphase configu-
ration was found to be the expeected 86+28) in one plant, and
38k in the other. 4 92 and the expected 910 were found in
different F, plants of II-h x XVII-2. In the cross XVII-2
x ¥II-9, the only Fy plant studied eytologically was observed
to forn 96+@) instead of the expested 010. In XTL x KVII-2,
onsé plant gave rise to the expected 304, while a e¢onfigura~
tion of 86+04 was found in five other planmts.

%71 had only one interchange, and II-4 and ¥iI-9
behaved as expected in other crosses in which they were involved.
It is therefore unlikely that they were responsible for the
discrepancies found in their respective crosses. To interpret




. Hentecalm x X716

o 615483 x Hontoalm

..},8_-

TABLE L. @kser*mé metaphase configuration and sterilisy in
plants of ¢rossces iawiwing interchange
mex% and Montcala.

Ho. of plwaes
examined ' o Sterilicy
- ~ Observed per cent
%y%:w For  metaphase e
- legi~ steril- configu~ Avers
Cross ea-;iy _Atys  ration age Range

Sxpected eanﬁgurmmm &a&
Montealm x G138 2 7(7Y e ¥3.6 35.7 - 51.8
Montealn x 01385 1 2010} "  50.2  41.6 - 69.1
78 x Y¥entealm 1 10(14) " 54,6 40.8 -« 7451
Montealm x XT12 3 3 (3) " 6.1 38,4 - 56.0
Ert?  x Montealm 6 . 14{30) " 52.8 39,5 - 68.8
Montealn x C1343 1 2(10) 42,2 37.1 = k7.7
01336  x Montcalm 2 9(10) 49.6  40.2 - 67.2
Montealsm x XT10 2 8(12) 7.1 410 - Skl
Breli  x Memtealm 2 10(19) " 49.7 38.1 - 59.3
Erth? xMontealsm 4 7(7) " 387  30.3 = 45.9
Montoalw x XT% 1 8(8) " 4.5 38.0 - 51.7
.
2
3
1
2
1
3
1

g(8y » 61.5 58.0 - 70.1
6 (6) " b5.5  38.9 - 54,2
g (8 v 55.0  4S5.4 - 63.2
1 (5 " 26 -

3{(12) " 37.3  29.9 - A5.2
1 (5) " £5.3 -

B20) " 39.5  33.3 - 45.7
¢1432  x Montealm 1 {&) " 3.3 -

* Pigures in wmthm indicate number of w%ﬁka& sxamined
Continued next page)

Hontealm x 1025
Hontealm x x*rz
C1456 x %mwm
€1365 = ‘Montealm
€1310 x Montealm
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TAELE 4. ({(Continued)

“No. of plants
axanined

— Observed _per cent

%#t%ér ',?ar, metaphase -
: logle steril- configu- Avere
Cross cally —1ty*  ratdon age  Range

Bxpeeted configuration: 86
iNl = 118 2 L (9) @6 842 76,3 ~ 85.9
ing  xx19 b z (&) " 76.6 72,6 - Bhok
¢loz2s x 01483 3 - 7{15} " 70.6 59,3 = 8l.6
1 6 (6} " 83.0  75.5 - 88.1
&

7031 x Gl405 |
Hontealm x L2561 12(20) " 5@;3 50,0 - 72,1

Expected configuration: 284

T2 x 01420 6 . 9(16) 204 57.4 52.8 - 62.4
ime x G340 b 7{11) " 48.9  4h.1 - 56.3
X718 x 01483 1 b {4) " 52,5 49.4 ~ 56,8
X176 x X712 3
ITwk x Hentealm 2 5{20) " 70.5 58.9 - 82,7

5

1

2

3

11I-15 x Montealm 10(s6) ¢ 58,0 54.9 ~ 66.5
VII-9  x Montealm 1 (3) " Bhob .-
4{18) " 78.3  72.8 - 85.9
K7y ® 76.3  70.5 - 80.8

| Expected configuration: 98
3‘135% X 4256-1 2 i{n e8 857 -
X8 x 4256-1 . 2 15 NI 70.2 62,7 - 84.3
C1336 X L2561 1 3 (3) " 6.4 69.9 - 81.7

¥ Figures in parentheses indicate number of ﬁf%kﬁgigxggiaﬁéﬁ o _3
Continued next page

4(12) " 71,9  59.7 - 83.7




TABLE L.

{Continued)

o @

§¢g of aata
| axam giﬂ

Cyto-
sree-
eazxy

?br
igy*

starile

metashase

confi

xa%ien »

Ubserved

Sterilivy
per cent

&yﬁré
age

Gross

ity
X710

% §256-)

X 4256-1

3
i

3 (%)

103

@8

W

77.5
83.6

.@afaﬁguﬁ e&nfﬁgaraﬁian: #8 {Continued)

o1482
01483
81346

Lot ]

% bﬁﬁéwi
* 4256-1
% 42561

% L2561

Sl

o O e

ixpected configuration: 96484
81.6

2

6
9
4

3 (1)
13(3%9)

- 8(16)
8(31)

86481

#

®

#

Thes = 85.2
?} a b ‘ ..;3

Vii-9

3II~18
111-15

8 A
13-4

x 4256-1

42561
% 23

® XVIie2
% EVII-2

o’

Expeoted configuration: @10

1
X
1
1
i

6{15)

g

1 (8}

210

E
96464

810
@28

ﬁ?«Q

&ﬁiﬁ
@6*3

93.0

83.3 - 93.5

- XVII-2

iT2

3
i1

itla

x VIia9

x VII-9

% X¥Iie2
® XVIi-2

% 11115

1(3)

86+9L

ot

Expected configuration:iss .

h

1

5
2

747

l,iig "
5{26) @6eas

2 (8)

384

3ok

77.7

75.0
87.5

20.0

68,3 « 84.6

W&:%ﬂ

* Figures in parentheses indicate number of spikes cxamiaaﬁ
{Continned next ?ﬁ&#3
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TABLE 4. (Continued)

fo. of §lants
axamiaad

Observed

Sterility
- per gent

Gyte ?&r metaphase
$$§z~ steril- aeafigu~ &wcra

 Cross
ﬁxpu&taﬁ nanfigurstiau@ 98+84

II-h  x 4256-1 2 5(16) wed.ey 89.2

XVII-2  x 4R56-1 2 - 7119) " 93.

i%y* ruzian - age

Kaagaf‘

$5;3 - ?%.3
86.6 - 96.3

Expected configuration: 206
Ii-g x XXXIX-14 1 319 206 91.2
I11-15 x XXXIX-lp 1 13 v 95.6
IVile? » XXXIXe14 2 5{17) b g2.1

My e Sl

87.1 - 93,4

87.5 «100.0

Expected configuration: B6+264

IIT-22 x XIVII-2 1 1 ;13 V64204 9.2
II1-22 x IVIIe2 1Q 36 87.6

1
II-15 x XVII-2 2 L{16) @6+204  96.9
Xﬁ—sﬁ x zzaa' 1 2(12) » 99.‘.3,

-

9502 - 97-9
?$’3§ - 99-

» Eigurau in 9arﬁnt&uﬁaa iméiaane Aumber of agikaa axamiaaé

the é&s@rﬁganai@a described above, it was aaauaaé that the XVil-2

parent was either heterozygous for the {a~b) interchange or was

‘¢omposed of two different types, i.a»,fia#bjfﬁwfé and (a-b).

The four critical erosses were reassigned on the assumpe
tion that the {e~f) iﬁkarﬁhanga was missing and the results pro=

genﬁaﬁ in,?ahiﬁ 5.




PABLE 5. The "expested" and observed wmgkuaa %ﬁfﬁ.&ﬁ?&*
tion in the four ¥1's inweliving 2, assuming
the g&mm of tha {e-f) interahange in *Bm X
ganstes.,

m haﬁ*
,‘ WMWJ&%% —

Oross | yi*mé Expected %wwé
IDel,. x XVIIe2 PR 88 a8
{a=f} fiawgg:}f {awb)

{on % (atemsy  (atflee) b AGee

7 % XVIil.2 {asb) {owz] 285 BEB4
{aeg) {a=b)

I1T-32 x KVIiw2 {awh) {dug] {gea) 384 s,
{deg)le-0)  {asb) arhiieE

As gan be ssen from Table 5, the "expected® gonfigura~
tion was obtained in three of the four ervsses. Therefore it
can be goncluded that the IVII-2 stock is not homogensous and
shouléd be purified. Further evidence will be W&it&é in

- the mm@n on sterility.

In the two remaining crosses, the discrepancies be-
twaen observed and expected configurations are sssumed to
 have been caused by the Antroduction of foreign pellen at the
time of srossing or by some other error is hendling.

{2] gveriiiny | v

In the greenhouse experiment in 1958, spikes of Herta
and Hontoalm were fully fertile execept for those that headed
during the peried of unfaverable growing conditions (see




oy 1

Materials and Methods). | |

In the field experiment in 1959, spikes of Herta,
Hontealm and all parental stocks were carefully examined st
harvest. About five per cent sterility was found in the
parental stocks C1343, C1384, and C1385. Stock X?ti*ﬁ was
estimated to have a sterility of 4k.3 per cent (on the basis
éf counts made on 30 spikes) which would suggest that it is
vhaﬁarﬁxyg@ns for one iﬁﬁavahanga. &11 other paraakai gtocks
ané the check varieties were faliy fertile. '

The varQat&aa in %ha sterility of hybrids at any cne
interchange level between years was no greater than within
- years and therefore ﬁhﬁ data on sterility for both yasrs was
combined and included with the eytolegieal information pre-
sented in Table 4.

The rang& in average per cent sterility of the 19
erosses which had a 84 configuration at metaphase was from
26.4 to 61.5 per cent. The variation in per cent sterilisy
frem plent to plant within most of %ﬁa ¢rosses was greater
than the variations ﬁi#wamn erosses. However, in the c¢ross
Montealm x XT16 which had the highest per cent sterility,
the lowest reading was higher thas many of the highest
readings obtained in other eresses. This would sugzest that
some of the interchanges in the heterosygous conditicn may
have a greater offect on sterility than otlers. Purther

evidence that would support this hypothesis msy be sesn in
the erosses at other interchange levels. In the 96 group,




T

the cross Montealm x 4256~1 had by far the lowest per cent
sterility and in this cross the most sterile plant was more
fertile than the plants with the lowest at#wizigy in thres of
the four remaining crosses. Similarly in the group whiech had
the 294 aanfigawatiaﬁ, the crosses AVII-2 x Montecalm and
L{iXIX~1l x Montecalm had a higher per cent sterility than the
least fertile plants of four af the other erosses.

_ For each interchange lavai. i.00, @4, 86, ete., %aa
dats for all crosses were combined and are graa«nteﬁ in
Table 6. |

in general, the sterility increased as the number of
shremosomes involved in interchanges increased. For plants
with the same mumber of interchanged chremosomes, those
which formed a bigger ring or rings had a é&gﬁaﬁ par &saﬁ"
sterility. Thus, #8 plants had a higher sterility than 204
plants; plants with @10 were more sterile than plants wi%&
@6+84; the sterility of 38, plants was lower than that of
plants with either 98+8L or 206, This is in agreement with
the results obtained by other workers (Table 1}.

it should be noted that in the Fy of the cross III-22
x IVlI-2, a sterility of 94.2 per vent was found in a gXanﬁ
with the expected sonfiguration of 96+204, while the steril-
ity of anether p&aaﬁ of the same oross, ahﬁwiﬁg the unexpectad
configuration 364, was 87.6 per cent (mee Table 4)., This
falls in the range at p@r ecent sterilicy of plaa@s with 384
{see Tabls 6), |
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TABLE 6.

3ﬁeri1ity af interchange haterozygotes at

different levels of 1nterchangeé ehrama~

some par%ieip&tian.

k Sterility
Humber Number Humber per aant ~
and size of erosses of plants ‘ -
of ring = examined axaminaﬁ** averaga B Raaga
o 19 1120198) 4503 %k~$L5
@6 5 31 (58) 75,3 62,2 - 84.2
201, 9 L8(137) 66,6 48.9 - 84.4
13 5 11 (22) 78,7 70.2 - 85.7
06+64 ks 32(109)  79.4  72.1 - 83.3
010 3 8 {25) 85.4  83.3 - 87.9
304 10 {16} 80.9  75.0 - 90.0
206 3 9 (39) 93.0  91.2 - 95.6
»@6@2@# 3 7 29) 9.7 9h.2 = 99.1

* Sﬁerility ef piam@a with unaxpeated metaphaﬁa eenfigun

rations was not ineluéed.‘_

¥ The figures ia parenthﬁaas are the nnxbers of sﬁikas
- examined.

The reﬁala5~af ths eyﬁalegiaal,aad atarility atuéies

of the Fi’a from diallel erosses within six {a-b) 1a$ar¢haaga

: ataaks are presented in Tahle 74




26

- TABLE 7. %ﬁﬁaph&ae eonfiguration and sterility in the Fy
: of ﬁéa;%wi erosses within {a-b) interchange
astocksa.

‘NHo. of plants
_ examined

Cyto- ?@gi ' .
Igggw storil- Hetaphase Sterility
Cross | ¢ally ity configuration per cent

0138, x XT12 b y O4+5IT 4740
01385 x XTi2 2 ' Qhe5IL 32,5
T8 x ITi2 2 2 Bl 511 25.0
Ert? x fmi2 1 1 B 511 38.5

ey

¥ A S oI W

Average of Fy plante with @4+511 *...*,¢...*¢&$;3

71X hl.8
m B
711 L6k
741 39.7
711 67.3

01343
G133
6134y,
s
18

A S -

C1385
Ert7

T8

Ert?

X78

Brt?
Ere7

e O DG B

MMRRANN

1
3
h.
3
1
3

Average of F; plante with 711 ‘....*..;,*.}. 48.8

' g\?ﬁl’&gﬁ PR E A RAB AR AR B R R AR RN RS R DS E LR E R RN AR f*%ﬁé

- % Four of the diallel croasses were lost due to outworm
danage. - .

In the four ¢rosses where IT12 was a common parent,
eonfigurations of both O4+5II and seven bivalents were found
in the same plants. HNo ring formations were cbserved in the
Fy plante from seven crosses made béawman stocks other than
112,

In Table 7 the crosses were grouped according %o their



metaphase gonfigurations, and the average per cent sterilisy
of each group was saleulated. The sterility of the four
erosess invelviag ring formation ranged from 32.5 to 75.0 per
sent, averaging 48.3 per csnt. The average sterility of the
seven crosses with seven bivalsnte wes L8.8 per sent, with a

range of ;%9 7 to 67.3 per gant, The weighted average of the
two gz*ww was k8.6 per gent.

Results %w&m in disllel erosses within the seven
{e~f} interchangse stocks were similar to those deseribed
~ above. They are preseated in Table 8,

Hetaphase configurations of 19 eresses iew& identified
successfully. The resulse indieste thet, if the interchange
stooks were divided ix«sw twe groups, one imeluding XT10, #rtl,
Ertly, and X¥6, and the other IT4, Brth7, and C1336, plante
from grosses within each group fm&d seven bivalante at

mfﬁmm, while crosses between groups gave rise te y&m&a in
‘which beth ring of four configurations and seven bivalente
wers chaerved.

The aversgs sterility was 9.4 per cent for the 12
grosses with ring formation at melosis, and 52.4 per cent for
the seven crosses with no ving formation, the range belng
32.4 50 79.% per cent and 27.8 o 65.0 per cent, respectively.
The weighted average sterility of grouss was 50.6 per cent.




TABLE 8.

28-

Hetaphase configuration and sterility in the Py

of diallel crosses within {(e¢-f) interchange

stoeks X

We. of plants
examined

QW%VP For

- logi- steril- Enﬁaphasa Sterility
Cross  eally ity configuration per cent

1710
X710
1710
Ertl
Brel

Ertll
Erelh
11,
16
iTé
X176

@h+511
Q4511
BL+511
84+511
Sl 511

R N
@
5
o
o
P

R MR MM NN KKK NN
o3 b
s
T
=3
W R N R

42.9

574

52.8
£1.5

\évwagg of Fy plants with B4+5IT ..ouvuvese. 494

HUMMEMMN
g

B B BN

BN PO Nt N
B

Average of Fy plants with 7I1 ...vvuvsnnnnas

52.8

AVEDREZE ssssscesonatasonsnisnsconnsnndobnss

50.6

. * Two of the diallel crosses were lost due to cutworm
- damage. o
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DISCUSSIOH AND CONCLUBION

The average per cent sterility at each of the inter-
change levels obtained in this study (Table 6) was higher
than previous reports have indicated {Table 1). This may be
due in part to the vary small sized populations that most
other workers studied, the particular interchanges involved,
or snvironmental conditions at the time of flowering. Cer-
tainly in this study the per cent sterility varied a great

desl from oross to e¢ross within each interchange level. But
. Crosses were grown at various times over a two year peried,
and even when they were planted at the same time, they did
not flower at the same time, That barley fertility is ex-
tremely sensitive %o mvimmwl condd tions was m?&ﬂaﬂ
§y15~%_“ﬁ& and Hagberz (9). Therefore the effect of specifiec
| interchanges on sterility was confounded with environmental
effects and further studies will have to be made to deter

- mine the importsnce of specific interchanges on sterility.

” thera® method
%o gamete selection in barley depends on a relatively high

The application of the proposed "Oeno

degree of fariai_’.lz%# of interchange heterozygotes invelving all
chromesomes in interchanges, WNishimura gb al. (34) and
Hishimura and Kurakemi (33) suggested the use of a 98+86
plant or 910+84 plant instead of & O}, plent. The fertilicy
of the desired 88+86 plants was caleulated to be 12.6 per
cent, the product of the @swma fertility of plants with 08
and that of plants with 86 {33). 7Two plants with 88+66 ﬁwﬁ




observed by Nishimura {32}. One was fully sterile and the
other had & fertility of 7.1 per sent. ¥o contlusions re-
garding the fertility of heterosygotes of this type could be
drawn from hls resultsbecause of the small sisze of pepula~
tion that he studled. In the present study, the average
storility was 75.3 per cent for F, plunts with 96, and 78.7
per cent for Fy plants with ©8. Acecording to the method of
ealeulation employed by Kishimura and Kurakemi (33}, the
fertility of plants with 88+86 would be 0.25 x 0.21, or
5.3 per eent, which 48 only 42 per cent of that valeulated
by Hishisurs and Burakemi {33}, The sterilicy #f plants with
@6+284, configuration was even higher, having an average of
96,7 per sent. Hishimura (32) reperted 73.0 to 92.4 per cent
sterilivy of plants with 86+204. However, he #%uﬁi@é enly
one sﬁik«‘fr@afaﬁﬁa of six plants. PFrom the discussion
sbove, it seems that the sterility of barley interchange
"haﬁurasygﬁgaﬁ invelving all chromounomes &n interchanges
would bﬁ bigher than 90 per cent, and very probably it saey
reach &s high as 95 per gent. Such & high degres of steril-
ity would necessitate a very large population zg.ﬁha applica=
.%iéﬁ of "Uencthera” method and minimise the practical vse of
ﬁh@ maethod,

The position of the sxchange in iaﬁarahaﬁgad chrotn»
lﬁﬁﬁﬂﬁ gan be determined by linkage studises. In plants where
¢lear pachytene sonfigurations esn a@»aﬁﬁgﬁaafgxxy prepared,
the %waakagq pointe san be debernined ﬁy%ﬁiﬁgiﬁ&&ir ﬁg a




certain degree of acouraey. The first ﬁmns&?a&im of this
sytolegical Sechniqus was by Mollintosk {31) for a case of
semisterility in maiwe. In barley, the pollen mother cells
are smaller and the chromosomes are mueh thicker and longer
at the pachytene and diakinesis stages than are those in
malze, meking 1t more difficuls to amiym the cenfigurations
{9). 8

In the F, plants from a oross between lnterchange stocks
e of
shromosome pairing at pachytena depends on the positions of
breaks. This has been demonstrated by Turcotte {43) in saize.
Although clesr pachytene configurations wers not sbtained |

in the present study, the following discussion is important

to understand the relative positions of exchange im different
stocks invelving interchange in the same chromoscmes, and to
explain the partial sterility obtained from thelr hybrids.
Theoyetically,. if breakage points are identical in both
stocks, the interehanged chromosomes would pair normally and
thers should be no adverse sffect on fertility. If the breake
age peints are very closely leossted, normal pairing would be
sxpected, but a minute deficiency would cause the aismftms

of seme of the gemetes. If breaks have coeurred in the same
arms but not closely lecated, Teshaped bivalents or bivelents
with a loop would be seen., When one interchanged chromo-

some in both stocke has & breakage poiny in the same arm,

and the other ;mmmgﬁ chromosone has the breakige

invelving the same two pairs of chromosomes, the manne
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point in a different arm, a "T-shaped” or "looped bivalent®
and an "Heghaped bivalent®™ would appear i:; the came cell. In
the event that both interchanges occur in different arams of
the same chromosomes in different stooks, two "Heshaped bivaw
lente” would be esen if all the exchanged pieces are smell;
or, oresa-shaped configurations would be formed if the ex-

~ shanged segments are large. Thess dross-shaped configurations,
although aimur to these which fors in the 5‘ from the cross
| batween i&uwhamn stocks and normals, wem}.ﬁ have intercalary
loops or arms with open ends. AL metaphase I the cross-shaped

configurations will fora: 3 ring or chain of four chromoscmes,
wherese all the other types will be recozniszed as "bivalents”,
Hagberg {22) has demonstrated that seven "bivalents® were
formed following the sroas betwesn barley interchange stocks
involving the same two pairs of émmmw, The same phee
nomena wers cbserved by Turcotte (43} in wmaise. Therefore,
if a ring of four is seen at metaphase in the ¥y from a cross
betwsen two different stocks involving the same two pairs of
ehromosomes in interchange, it is legical to assume that the
positions of exchange in the two stocks m not located on
the same arss of the interchanged chromoscmes.

Based on this assumption and the ebserved metaphase
eonfigurations in the Py plants of diallel crosses, the (a-b)
interchange stocks as well as the (o~} interchange atocks ean
be divided into two groups. In the six (e~b) interchange
#wam, all except X712 belong to ome group. In the {o-f)
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interchange stocks, XT10, Ertl, Ertli, and XT6 fall in one
group, and XTk, Erth?, and C1336 in the other. Tables 9 and
10 present the metaphase configurations of Fy from all pos-
 sible diallel crosses withia both (a-b) and {e-f) interchange
stocks. For thoss that have not been ldentified cytologi-
cally, the expected configurations, based on whether or not
both parental stocks belong to the same group, are given in

parentheses.

- Unless the zmwahwgaé chrogosones wmak came from
different {a~-b) or {e-f) interchange stocks, and which amamwé |
to pair normally at metaphase 32-, had identical breakage points,
it would not be surprising to obtain a similar degree of steril-
ity in ecrosses with and without ring formation. Some of the
gametes mieh developed from pollen mother cells without ring
formation were non-viable because of chromosomal deficieney~
duplication. Assuming an independent separation of Weehrme»
m&s of the two sesming "bivalents" during anaphase X,half
of the gametes would be non-viabls and half viable, and & 50
per cent sterility is to be expected. The observed seai-
sterility, which agreos with this assumpticn, leads to ths
aémlmiw that, exeept for C1384 and G138%, mone of the bm@k‘«-
age points in the different {a-b) or {e-f) interchange stocks
are identical, The low sterility {12.2 per cent) in the F;
of the cross 1384 x 01385 might suggest that the braeakage
pointe of "a® and "h" émemm in these stocks are iden-

tical. However, mw evidence 18 necessary before a definite
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TABLE 9. OCbserved and expected® nnkayhaaivaanfiguratiaas
ia the ?l's of {a~b) in%ewahanga 8.

xr12

Ere?

xra

G133§ S1384

G1343  (94+511)

711

{711}

m (7

01384  Bi451I

71T

B %1

i3}

1385 Oh»511

71X

751

118 844511

75X

Ere7 @4+511

* ?hu\mﬁpaatné‘mﬁﬁa@hasc configurations are parenthesized,

TABLE 10, @ﬁaavvnd and
: tha ?1*;

¢§*?

ac&#d? neta; hasm aanfigur&ti&us
¢~£§ iﬁﬁt?ﬁ ;

ge stocks,

X174

3&%&7

21336

X6 Ertly  Erel

o

710 Bh+511

84511

@4+ 511

T

(711) M 7u

Ertl @511

4511

Q4+ 531 |

7IX 711

- Brelh  @h+51X

L4511

B4+ 511

23

176 @hk+511

- o i

B4+ 51X

@he512

61336 7

(711)

Bres7 71X

¥ The expected metaphase configurations are parenthesized.




conclusion could be reached.
The phenumena discussed above should be taken intec

consideration in the future work of identifying new inter-

changes. If the unknown interchange is {¢c-f) and a stoek
with (e-f) interchange is used as a tester, elther @4+511

and seven "bivalente" or only seven *bivalents" would appear

in the Fy. If the worker is also interssted in éat@rmiaiag'
the relative positions of breaks in the unknown stock, it is
advisable t&éa the unknown be crossed with twe (e~f) inter-
change stocks from different groups, for sxample, XT10 and
AT6. If the F; of the unknown and either XT1O or X76 is
 fully fertile, the breakage points é%mlé be identical in the
unknown and the tester. If the semisterile F; of the unknown
and XT10 gives rise to seven bivalents, and the F; of theun-
known and %76 shows ring férmaﬁian@ at metaphase I, the
breakage points in %ha‘unknawn and IT10 are locsted on the
same arms and that of the unknown and 176 are aherafnra not

located on the same arma of the same interchanged chromosones.
Situations may also arise where the Fi's from both test~
erosses have no ring fermations at metaphase I and are all

 semisterile. ?heu in the unknown the braak&ge point of c¢ne

chromosone is locatéd on the same arm as that of ite homologue
in XT10, and the breakage point of the other chromosome is

located on the same arm as that of its homologue in XT6.
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APPERDIZ, Dasignation, parental source znd originating
station of homowygous interchange stocks.

Stock

designation

Shromosomes
Cinvelved in .
interchange

Parental

source

Originating

station
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7031

€1456
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APPENDIXZ. (Continued)

Stoek

designation

Chromosomes
invelved in
interchange

Parental
source

Uriginating
gasion

€1420

c1482
Cl432
4L256-1
Ii-4

11115
111-22
VIie9
IXXIx-14

(bwd

g~

®
f#g
 a=g~d

gd“gjéﬁma)
gwi (e-e)
{e=-f)

Hars

283

T2 x Cla32
IT18 x Clh32

Ere7  x C1420
€1358 x frel

University of
Minnesot

"

#
University of
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