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Summary. The chromosome constitutions of eight wheat 
streak mosaic virus (WSMV)-resistant lines, three of 
which are also greenbug resistant, derived from wheat/ 
Agropyron intermedium/Aegilops speltoides crosses were 
analyzed by C-banding and in situ hybridization. All 
lines could be traced back to CI15092 in which chromo- 
some 4A is substituted for by an Ag. intermedium chro- 
mosome designated 4Ai-2, and the derived lines carry 
either 4Ai-2 or a part of it. Two (CI17881, CI17886) were 
4Ai-2 addition lines. CI17882 and CI17885 were 4Ai- 
2(4D) substitution lines. CI17883 was a translocation 
substitution line with a pair of 6AL.4Ai-2S and a pair of 
6AS.4Ai-2L chromosomes substituting for chromosome 
pairs 4D and 6A of wheat. CI17884 carried a 4DL4Ai-2S 
translocation which substituted for chromosome 4D. 
CI17766 carried a 4AL.4Ai-2S translocation substituting 
for chromosome 4A. The results show that the 4Ai-2 
chromosome is related to homoeologous group 4 and 
that the resistance gene(s) against WSMV is located on 
the short arm of 4Ai-2. In addition, CI17882, CI17884, 
and CI17885 contained Ae. speltoides chromosome 7S 
substituting for chromosome 7A of wheat. The greenbug 
resistance gene Gb5 was located on chromosome 7S. 

Key words: Wheat curl mite - Alien addition line - Alien 
translocation line - Agropyron intermedium - Aegilops 
speltoides 
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Introduction 

Wheat streak mosaic (WSM) is a serious virus disease of 
wheat in the United States, Canada, and other countries 
of the world. Estimated losses due to WSM in Kansas 
from 1976-1987 ranged from very low to 13% with an 
average of 2.5% (Sim et al. 1988). Wheat curl mite (Ace- 
ria tulipae Keifer) is the virus vector of WSM (Slykhuis 
1955). No wheat cultivar is immune to WSM. In earlier 
as well as recent studies, among the Triticeae, only the 
perennial genera (Secale cereale [rye], Agropyron elonga- 
turn, Ag. interrnediurn, and other Agropyron species) have 
been found resistant to either the virus, vector, or both 
(McKinney and Sando 1951; Somsen and Sill 1970; Mar- 
tin et al. 1976; Sharma et al, 1984; Stoddard et al. t987 a, 
b). 

Wheat streak mosaic virus (WSMV)-resistant germ 
plasm has been derived from wheat x Ag. interrnediurn 
(Lay et al. 1971; Wells et al. 1973; Wang et al. 1977; Liang 
et al. 1979; Wells et al. 1982) and wheat x Ag. elongaturn 
hybrids (Sebesta and Bellingham 1963; Larson and 
Atkinson 1970; Sebesta et al. 1972). The chromosomal 
constitution of some of the wheat-Agropyron germ plasm 
has been partially analyzed (Larson and Atkinson 1970; 
Wang and Liang 1977). However, all released germ plasm 
has been found to possess one or more undesirable agro- 
nomic traits and has not led to the development of new 
cultivars. Therefore, the development of an agronomical- 
ly superior germ plasm with good levels of resistance 
against WSMV remains an important objective. 

Greenbug [Schizaphis graminum (Rondani)] has been 
a serious pest of wheat since 1882 and of Sorghum bicolor 
(L)  Moench since 1968. Resistance to greenbug has been 
reported in Aegilops species and rye (Arriaga 1954; Wood 
et al. 1974; Harvey et al. 1980; Gill et al. 1985, 1986; 
Tyler et al. 1988; Joppa et al. 1980). Tyler et al. (1985, 
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1986) r epor t ed  that  some W S M V - r e s i s t a n t  lines were al- 

so resis tant  to g reenbug  b io type  E and  tha t  bo th  resis- 

tance  genes showed  independen t  segregat ion.  They  also 

suggested that  Ae. speltoides was m o s t  p robab ly  the do-  

no r  o f  the g reenbug  resistance.  

G i e m s a  C-banding ,  which al lows the ident i f ica t ion  

o f  all c h r o m o s o m e s  and m o s t  c h r o m o s o m e  arms o f  

hexap lo id  wheat ,  Triticum aestivum L. em Thell .  (Gill  

1987), was used to ident i fy  the Ag. intermedium and  Ae. 
speltoides c h r o m o s o m e s  or  c h r o m o s o m e  segments  in 

lines wi th  resis tance to bo th  W S M V  and  g reenbug  or  

W S M V  alone.  In  situ hybr id iza t ion  ( ISH) us ing biot in-  

labeled D N A  probes  ( R a y b u r n  and  Gil l  1985 a) was used 

to fur ther  verify the ident i f ica t ion  o f  Ag. intermedium 
and  Ae. speltoides ch romosomes .  This  i n f o r m a t i o n  will 

be crucial  in c h r o m o s o m e  engineer ing  exper iments  a imed  

at p r o d u c i n g  ag ronomica l ly  desirable  W S M V - r e s i s t a n t  

and  greenbug-res i s tan t  ge rm plasm.  

Materials and methods 

The material analyzed in the present investigation comprised 
eight lines of wheat with WSMV resistance derived from Ag. 
intermedium. The history, genetic background, and chromoso- 
mal constitution of these lines are as follows: 

CI15092 (SD447-4) is a spring wheat immune to WSMV. 
This line was selected from a cross between 'TA25' and 'Lath- 
rop' spring wheat. 'TA25', an octoploid Agrotricum, was devel- 
oped at the Max Planck Institute in Germany from the cross 
'Carstens V'/Ag." interrnedium (Wells et al. 1973). Plants from 
irradiated Ft  seeds of 'TA25'  x 'Lathrop'  were backcrossed to 
wheat. From the self of BC3, a 42-chromosome line immune to 
WSMV involving either a wheat-Agropyron chromosome substi- 
tution or translocation was derived (Lay et al. 1971). This line 
was identified as being a substitution line in which chromosome 
pair 4A of wheat (formerly 4B) has been replaced by its homoe- 
ologue from Ag. intermedium. The major gene conditioning re- 
sistance against WSMV may be located on the short arm of the 
Ag. intermedium chromosome (Wang and Liang 1977). The line 
is resistant to WSMV but not its vector, the wheat curl mite 
(Martin et al. 2976). 

C125092 was used to produce a number of derivative lines 
from CI27881 to CIt7886. A disomic substitution line from a 
cross CI20592/Ae. speltoides/'Fletcher' was crossed to 'Cen- 
turk', and 300 of the F 1 seeds were irradiated with fast neutrons. 
After four backcrosses to 'Centurk', five translocation lines and 
a number of disomic substitution lines resistant to WSMV were 
released (Kota 1980; Wells et al. 1982). Lines CI17882, CI17882, 
CI17883, CI27884, and CI17886 have been described as translo- 
cation lines, except for line CI27885, which was described as a 
substitution line. However, neither the Ag. intermedium chromo- 
some substituting for chromosome 4A in line CI25092 has been 
identified by describing its C-banding pattern, nor has the iden- 
tity of the wheat-Agropyron translocations present in lines 
CI17881 to CIt7885 been established. 

Line CIt7766 (Sel. no. B-6-37-2) was selected by Liang et al. 
(1979) in the progeny of the cross, 'Chinese Spring' monosomic 
5B x CIt5092, and the F1 was then crossed with a ph mutant 
line. Line CI27766 is resistant against all known strains of WS- 
MV and was described as a translocation line (Liang et al. 1979). 
Furthermore, it was assumed that the wheat-Ag, intermedium 

Table l. Reaction to wheat streak mosaic infection in wheat- 
Agropyron intermedium derivatives 

Germ plasm Visual Bioassay 
symptoms 

Corn Wheat 

CI15092 - - 
CI1788t - - 
CI17882 - - 
CI17883 - - 
CI17884 - - 
CI17885 - -- 
CI17886 - - 
CI17766" - Not done 

Infected control 
'Wichita' + + 

Healthy control 
'Wichita' - - 

m 

m 

+ (2/20) 

+ (2/20) 

+ 

+ ,  infected; - ,  immune response 
a Data from Stoddard et ai. (1987). Out of 15 plants I showed 
symptoms 14 days postinoculation 

chromosome translocation was produced by ph-induced ho- 
moeologous meiotic pairing. 

Tyler et at. (1985) determined that CI17882, CI17884, and 
CI17885 were also resistant to greenbug biotype E. KS90H445 
and KS90H450 were derived from CI17884 following two ran- 
dom matings with many wheat parents in a recurrent breeding 
program. KS90H445 is resistant to both WSMV and greenbug, 
whereas KS90H450 is resistant to WSMV, but susceptible to 
greenbug. 

All lines were screened for their resistance against WSMV to 
confirm the presence of Agropyron chromosomes or chromo- 
some segments. One WSMV culture isolated from a greenhouse- 
infected wheat plant, and maintained on a maize inbred (Uye- 
moto and Ferguson 1980), was used for the resistance screening 
(Martin 1978). 

The C-banding was performed using the technique of 
Giraldez et al. (1979). The in situ hybridization protocol fol- 
lowed that of Rayburn and Gill (1985a). 

Photographs were taken either with an Olympus NC 
SPlanAPo 60 (oil) objective, using Kodak technical Pan film 
2415 for in situ hybridization, or with a Zeiss Photomicroscope 
III using a Kodak Image Capture A H U  microfilm 5460 for 
C-banded chromosomes. 

Results 

W S M V  resistance evaluation 

The  results o f  the resistance analysis are summar ized  in 

Table  1. All  seven whea t  x Agropyron der ivat ives  were 

resis tant  to W S M V  under  g reenhouse  condi t ions  where-  

as the cont ro l  cv 'Wich i t a '  gave a susceptible react ion.  
The  line CI17881 which  was found  to be susceptible to 

W S M V  by S todda rd  et al. (1987b) gave  a resis tant  reac- 
t ion in the present  analysis.  Howeve r ,  a few susceptible 
plants  (2/8) were  observed  in CI17882 and  CI17886, 
which  could  be due  to cytological  instabi l i ty  o f  the lines. 
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Fig. I a - d .  C-banded mitotic metaphases of WSMV-resistant lines: a CI15092 (2n=42) ,  4Ai-2(4A) substitution line; b CI17882 
(2n = 42), 4Ai-2(4D) substitution line; c CI17883, (2n = 42, homozygous for a 6AL.4Ai-2S and 6AS.4Ai-2L translocation substituting 
for chromosomes 6A and 4D; d CI17884 (2n =42),  4DL.4Ai-2S translocation line. In lines CI17882 and CI17884 chromosome 7A of 
wheat is missing and replaced by a chromosome pair from Aegilops speltoides designated 7S. (Ag. intermediurn chromosomes or 
chromosome arms are marked with triangles) 
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Table 2. Chromosome constitution of wheat germ plasm resis- 
tant to wheat streak mosaic virus 

Line Previous Present results a 
results ~ 

CI15092 S 42, S 4Ai-2(4A) 
CI17881 T 44, A 4Ai-2 
CI17882" T 42, S 4Ai-2(4D), 7S(7A) 
CIt7883 T 42, T 6AL.4Ai-2S+6AS.4Ai-2L 

(6A + 4D) 
CI17884" T 42, T 4DL.Ai-2S, S 7S (7A) 
CI17885 a S 42, S 4Ai-2(4D), 7S(7A) 
CI17886 T 44, A 4Ai-2 
CIt7766 b T 42, T 4AL.4Ai-2S 

a Tyler et al. (1985) found these lines to be greenbug resistant 
also. All contain chromosome 7S from Aegilops speltoides sub- 
stituting for chromosome 7A of wheat 
b Liang et al. (1979) 
c Wells et al. (1982); S = substitution, T=  translocation 
d A = addition 

The results of  a bioassay on the maize inbred and 'Chi- 
nese Spring' for the presence of  the virus in the inoculated 
plants of  the wheat-Agropyron derivatives without symp- 
toms were also negative. 

Chromosome constitution of  WSMV-resistant germ plasm 

The chromosomal  constitutions of  the eight WSMV-re- 
sistant lines analyzed in the present study are summa- 
rized in Table 2. A C-banded mitotic metaphase from a 
plant of  line CI15092 is sh6wn in Fig. 1 a. With the excep- 
tion of  chromosome 4A, which is missing in this line, all 
the other A-, B-, and D-genome chromosomes of  wheat 
show a similar C-banding pattern to that described for 
other cultivars of  wheat (Gill 1987). This line carries a 
small submetacentric chromosome pair derived from the 
Ag. intermedium parent that differs in C-banding pattern 
from all chromosomes of  cultivated wheat. A small but 
distinct subterminal C-band is present in the short arm, 
whereas the long arm of this chromosome shows a small 
band adjacent to the centromere and a prominent C- 
band at the telomere (see Fig. 2). Since the Ag. intermedi- 
um chromosome pair compensates for the loss of  chro- 
mosome pair 4A of  wheat, this indicates that it belongs 
to homoeologous group 4 of  the Triticinae and was desig- 
nated 4Ai-2 accordingly. The genomic constitution of  
Ag. intermedium is E1E1E2E2XX (Dewey 1984), and 
three different pairs of  chromosomes comprise the group 
4 set. Because one group 4 chromosome has already been 
reported that should be 4Ai-I (Cauderon et al. 1973; 
Forster et al. 1987), the present chromosome is designat- 
ed 4Ai-2. The Ai designation is preferable because of  
precedence, and also because genomic origin is unknown. 

Wang and Liang (1977) reported that in line CI15092 
chromosome pair 4A of  wheat (formerly 4B) was missing 

Fig. 2. C-banding pattern of the critical chromosomes or chro- 
mosome arms present in the WSMV-resistant germ plasm. Note 
B-6-37-1 is CI17766 

and replaced by a chromosome pair f rom Ag. intermedi- 
urn, but evidence in support of  their conclusion was miss- 
ing. However, Shepherd and Islam (1988) indicated that 
this determination was made by Larson (entry no. 563, 
p 1386, Proc 7th Int. Wheat Genet Syrup., Cambridge, 
England). Our results not only confirm the presence of  a 
4Ai-2(4A) chromosome substitution in this line but fur- 
thermore, we were able to identify the 4Ai-2 by its char- 
acteristic C-banding pattern. 

CI17881 and CI17886, although being described as 
wheat-Agropyron translocation lines (Wells et al. 1982), 
have a chromosome number of  2n = 44, indicating that 
they are in fact chromosome addition lines and carry the 
4Ai-2 chromosome pair in addition to the normal chro- 
mosome complement of  wheat. CI17881 was het- 
erozygous for a deletion of  the distal part of  wheat chro- 
mosome arm 4AS (see Fig. 2). 

Lines CI17882 to 17885 and CI17766 showed a chro- 
mosome number of  2n--42.  In line CI17882, chromo- 
some pair 4D is replaced by a chromosome pair of  4Ai-2 
(Fig. I b). In addition, this line carries a chromosome 
pair designated 7S from the Ae. speltoides parent substi- 
tuting for wheat chromosome pair 7A (Fig. 3). 

In CI17883, chromosome pair 4D of wheat is missing, 
and chromosome 4Ai-2 is involved in a reciprocal 
translocation with chromosome 6A of  wheat with break- 
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points in the centromeric region (Fig. 1 c). All analyzed 
plants of this germ plasm were homozygous for the 
6AL.4Ai-2S and 6AS.4Ai-2L translocation chromo- 
somes (Fig. 2). 

Our results confirm earlier reports (Wells et al. 1982) 
that line CI17883 carries a wheat-Agropyron transloca- 
tion. However, both arms of chromosome 4Ai-2 are still 
present in this line. CI17883 can be best described as a 
4Ai-2(4D) chromosome substitution line, carrying a 
chromosome pair 4Ai-2 in the form of 6AL.4Ai-2S and 
6AS.4Ai-2L. 

In line CI17884, the short arm of chromosome 4Ai-2 
is translocated to the long arm of 4D to form 4DL.4Ai- 
2S, and the breakpoints of this translocation are within 
the centromeric region (Figs. l d, 2). In addition, 
CI17884 also carries chromosome 7S substituting for 
chromosome 7A. 

Our data confirm an earlier report (Wells et al. 1982) 
that CI17884 is a translocation line, Since CI17884 lacks 
the 4Ai-2L arm but still shows resistance against WSMV 

Fig. 3. C-banding pattern of 7S chromosomes substituting for 
7A chromosomes in wheat germ plasm 

(Table 1), our results further confirm that the gene or 
gene complex conditioning resistance against WSMV is 
located on the short arm of 4Ai-2 (Wang and Liang 
1977). 

In line CI17885, chromosome pair 4D is missing and 
replaced by 4Ai-2 pair (Fig. 2). In addition, CI17885 has 
a 7S(7A) substitution (Fig. 3). 

In CI17766, the short arm of 4Ai-2 is translocated to 
the long arm of wheat chromosome 4A, resulting in a 
4AL.4Ai-2S translocation substituting for 4A; the break- 
points of this translocation are within the centromeric 
region (Figs. 2, 4). This result again confirms that 4Ai-2S 
arm carries gene(s) for WSMV resistance. 

Chromosome constitution of greenbug-resistant 
germ plasm 

Tyler et al. (1985) analyzed the reaction of the parental 
CI15092 line and derived lines CI17881 to CI17886 to 
infestation with greenbug (Schizaphis graminum) biotype 
E. CI17882, CI17884, and CI17885 were resistant, while 
the remaining lines including CI15092 were susceptible. 
These results indicated that greenbug resistance was not 
due to 4Ai-2, since the parental line CI15092 was suscep- 
tible. In addition, F 2 analysis indicated that resistance to 
WSMV and greenbug showed independent assortment 
(Tyler et al. 1986). Since all lines derived from CI15092 
included Ae. speltoides in their pedigree, which is known 
to harbor resistance to greenbug (Gill et al. 1985), Tyler 
etal. (1985) concluded that greenbug resistance in 
CI17882, CI17884, and CI17885 was derived from Ae. 
speltoides. 

Fig. 4. C-banded mitotic metaphase of 
CI17766 carrying a 4AL.4Ai-2S translocation 
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Fig. 5a-e. ISH karyotypes using pSc119 probe, a Aegilops speltoides (TA1783) ISH karyotype, b ISH-labeled wheat chromosomes 
in WSMV-resistant lines, e CI15092 had 4Ai-2 with three ISH sites substituting for chromosome 4A. CI17884 had chromosomes 
4DL.4Ai-2S and 7S substituting for chromosomes 4D and 7A, CI17766 had 4AL.4Ai-2S substituting for 4A and an unidentified 
chromosome with a terminal ISH site in each arm 

Our C-banding results indicate that CI17882, 
CI17884, and CI17885 contain chromosome 7S from Ae. 
speltoides substituting for missing chromosome 7A of 
wheat (Fig. 3). All greenbug-susceptible lines carry the 
normal chromosome 7A of wheat. Therefore, our results 
indicate that the chromosome 7S of Ae. speltoides carries 
the greenbug resistance gene. Thus, the greenbug-resis- 
tance gene, which was designated Gb5, is located on chro- 
mosome 7S of Ae. speltoides (Tyler et al. 1987). It is 
interesting to note that Gb3, which originated from Ae. 
squarrosa, was mapped on 7D, also a group 7 chromo- 
some (Hollenhorst and Joppa 1983). 

CI17884 was used in a random mating population to 
obtain lines KS90H445 and KS90H450. KS90H445 is 
resistant to both WSMV and greenbug. KS90H450 is 

resistant to WSMV, but is susceptible to greenbug. C- 
banding analysis indicated that KS90H445 contained 
both 4DL.4Ai-2S and 7S chromosomes and that these 
must respectively condition resistance to WSMV and 
greenbug. KS90H450 contained chromosome 4DL.4Ai- 
2S but was missing 7S chromosome and was WSMV 
resistant but greenbug susceptible. This provided direct 
proof that the greenbug gene is located on chromosome 
7S. 

In situ hybridization (ISH) analysis 

Further proof that chromosome 7S is derived from Ae. 
speltoides was obtained by ISH analysis. As previously 
reported for chromosome 4S (Rayburn and Gill 1985 b), 
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Ae. speltoides gave distinct patterns of hybridization with 
rye probe pScll9.  A complete ISH karyotpye of Ae. 
speltoides using pSc119 probe is shown in Fig. 5. All 
individual chromosomes can be classified in terms of 
homoeology as deduced from the similarity of their ISH 
karyotype to the ISH karyotype of wheat (Rayburn and 
Gill 1985 a). The ISH sites observed on 7S in CI17884 
were similar to 7S ofAe. speltoides with one minor excep- 
tion: the long arm of 7S in the latter showed three ISH 
sites compared to two found in 7S in CI17884. This could 
be due to a translocation of 7S with an unidentified 
chromosome of wheat or ISH polymorphism as the orig- 
inal Ae. speltoides accession used in the breeding of 
CI17884 was not available for analysis. 

ISH analysis with pSc119 also revealed two ISH sites 
in the short arm and one terminal ISH site in the long 
arm of chromosome 4Ai-2 in CI15092, thereby providing 
a distinct fingerprint of this chromosome (Fig. 5). In 
CI17884, a chromosome was observed with the short arm 
fingerprint of 4Ai-2S translocated to a long arm devoid 
of an ISH site (Fig. 5). This confirmed the results ob- 
tained by C-banding that CI17884 contains the short arm 
of chromosome 4Ai-2. The 4DL arm of wheat is known 
to be devoid of pScll9-generated ISH sites (Rayburn 
and Gill 1985 a). No ISH sites were observed on the 4DL 
arm in the 4DL.4Ai-2S translocation chromosome 
(Fig. 5). 

ISH analysis of CI17766 with pScl l9 showed the 
short arm fingerprint of 4Ai-2S translocated to chromo- 
some arm 4AL of wheat. The 4AL arm can be identified 
because of its terminal ISH site (Fig, 5). These results 
confirmed the identification from C-banding analysis. 
However, another unidentified chromosome with termi- 
nal ISH sites in each arm was observed in CI17766. This 
chromosome could not have originated from 4Ai-2L as 
an isochromosome because of its unequal arm ratio. 
Moreover, C-banding analysis clearly revealed that ex- 
cept for the 4AL-4Ai-2S translocation in CI17766, the 
remaining chromosomes are typical of wheat. At present, 
the origin of the terminally labeled chromosome remains 
obscure. 

Discussion 

With the exception of C117766 all the other WSMV-re- 
sistant lines analyzed in this study were produced after 
mutagenic irradiation treatment. C-banding analysis 
shows that the chromosome translocations found in lines 
CI17883 and CI17884 involved complete chromosome 
arms and could have originated by the common cen- 
tromeric-breakage-fusion mechanism (Lukaszewski and 
Gustafson 1983; Friebe and Larter 1988; also see next 
paragraph). This result again indicates that interstitial 
chromosome translocations are rare following mutagenic 

irradiation treatment (Driscoll and Sears 1965; Driscoll 
and Bielig 1968; Sebesta and Wood 1978; Heun and 
Friebe, in press). 

It has been assumed that the translocation in CI17766 
was produced by ph-induced homoeologous pairing 
(Liang et al. 1979). Our data show that the breakpoint of 
this translocation is within the centromeric region. Simi- 
lar centromeric-breakage-fusion products have been fre- 
quently observed in wheat-rye hybrids between chromo- 
somes, which are seen as univalents at meiotic metaphase 
I (Lukaszewski and Gustafson 1983; Friebe and Larter 
1988). These univalents can misdivide at the centromere, 
and the resulting telocentric chromosomes have a ten- 
dency to fuse again. If  this fusion occurs between telocen- 
trics of different chromosomes, the resulting transloca- 
tion consists of complete arms of two different chromo- 
somes. CI17766 was produced by crossing ~ 
Spring' monosomic for chromosome 5B to the 4Ai- 
2(4A) wheat-Ag, intermedium substitution line CI15092. 
In the Fl-hybrid chromosomes 5B, 4A, and 4Ai-2 were 
univalents and had a chance to undergo centromeric- 
breakage-fusion. Thus, the 4AL.4Ai-2S translocation 
might have been produced by this mechanism. 

Although the S genome of Ae. speltoides is closely 
related to the B genome of wheat, it is interesting to note 
that the chromosome 7S spontaneously substituted for 
chromosome 7A rather than 7B. However, this was not 
unexpected since the 7B chromosome is known to be 
involved in a cyclical translocation with chromosomes 
4A and 5A (Naranjo et al. 1987) to form translocation 
chromosomes 4A/TB, 5A/4B, and 7B/5A. Therefore, the 
genetic content of chromosome 7S is closer to 7A rather 
than to the structurally modified (7B) chromosome. 

The 4Ai-2S arm has been shown to contain one sub- 
terminal C-band and two ISH sites as revealed by clone 
pScl 19 (one terminal and one subterminal). Furthermore 
we have identified one RFLP probe that marks this arm 
(unpublished results). These cytological and molecular 
markers will be useful in further recombinational analy- 
sis of the 4Ai-2S arm. 

The Ag. intermedium chromosome pair 4Ai-2 substi- 
tuted for the loss of wheat chromosome pair 4A in line 
CI15092 and chromosome pair 4D in lines CI17882, 
CI17883, and CI17885. These results indicate that 4Ai-2 
belongs to the homoeologous group four of Triticinae. In 
lines CI17884 and CI17766, the short arm of 4Ai-2 is 
translocated either to the long arm of wheat chromosome 
4D (CI17884) or to the long arm of wheat chromosome 
4A (CI17766). In this case the translocation has occurred 
between chromosomes of the same homoeologous group, 
and the loss of the short arm of wheat chromosomes 4A 
and 4D is compensated by the presence of the 4Ai-2S 
arm. Since these lines also show resistance against WS- 
MV, the resistance gene(s) are located on the short arm 
of the 4Ai-2 chromosome. 
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It  is known that  the 4DL and 4BL arms share homoe-  
ology with the 4AS  arm of  wheat  and vice versa (Har t  
1973). In this sense 4Ai-2S.4AL in CI17886 may  not  be 
a truly compensat ing type of  translocation.  Thus, 
CI17766 is nullisomic for par t  of  the chromat in  homoe-  
ologous to group 4 long arms and is te trasomic for par t  
of  the group 4 short  arms. On the other hand, CI17884 
contains t ranslocat ion chromosome 4DL.4Ai-2S in 
which the 4DS arm is substi tuted by the 4Ai-2S arm. 
Because these arms are homoeologous ,  CI17884 may  be 
agronomical ly  more  desirable. 

Unfor tunate ly ,  line CI17884 was also crossed with 
Ae. speltoides and carries chromosome pair  7S of Ae. 
speltoides, which replaces chromosome pair  7A of  wheat. 
By crossing CI17884 with a number  of  wheat  parents,  it 
was possible to select a new WSMV-res i s tan t  line that  
only possesses the 4DL.4Ai-2S t ranslocat ion,  but  does 
not  carry the 7S chromosome pair  of  Ae. speltoides. 
KS90H450 hopefully will perform better  than the 
presently available WSMV-res i s tan t  germ plasm. How- 
ever, if KS90H450 is also found to be agronomical ly  
undesirable,  then further chromosome manipula t ion  of  
the 4Ai-2S arm will be required to break the linkage 
between deleterious traits and resistance to WSMV. 

By the same crosses it should be possible to isolate 
greenbug-resistant  lines carrying chromosome 7S but  
lacking chromosome 4Ai-2. This will permit  evaluat ion 
of  the agronomic  performance of  greenbug-resistant  
germ plasm and further cytogenetic manipula t ion  of  
chromosome 7S to produce superior  greenbug-resistant  
germ plasm. 
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