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A b s t r a c t  Twenty-five partial amphiploids (2n=8x=56), 
which were derived from hybrids of wheat (Triticum aes- 
tivum L.) with either Thinopyrum ponticum (Podpera) Liu 
& Wang, Th. intermedium (Host) Barkworth & D. Dewey, 
or Th. junceum (L.) A. L6ve, were assayed for resistance 
to B YDV serotype PAV by slot-blot hybridization with vi- 
ral cDNA of a partial coat protein gene. Three immune 
lines were found among seven partial amphiploids involv- 
ing Th. ponticum. Seven highly resistant lines were found 
in ten partial amphiploids involving Th. intermedium. 
None of eight partial amphiploids or 13 addition lines of 
Chinese Spring - Th.junceum were resistant to BYDV. Ge- 
nomic in situ hybridization demonstrated that all of the re- 
sistant partial amphiploids, except TAF46, carried an alien 
genome most closely related to St, whether it was derived 
from Th. ponticum or Th. intermedium. The two partial am- 
phiploids carrying an intact E genome of Th. ponticum are 
very susceptible to BYDV-PAV. In TAF46, which contains 
three pairs of St- and four pairs of E-genome chromo- 
somes, the gene for BYDV resistance has been located to 
a modified 7St chromosome in the addition line L1. This 
indicates that BYDV resistance in perennial polyploid par- 
ents, i.e., Th. ponticum and Th. intermedium, of these par- 
tial amphiploids is probably controlled by a gene(s) located 
on the St-genome chromosome(s). 
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Introduction 

Barley yellow dwarf virus (BYDV) is widely recognized 
as one of the most damaging viruses in world wheat pro- 
duction (Burnett 1990). It is an aphid-transmitted virus, 
with many pathotypes such as PAV, MAV, RPV, RMV, SGV, 
GPV, and GAV, etc. (Burnett 1990; Comeau et al. 1993). 
Resistance to this virus is not found in the genus Triticum, 
but it is common in perennial Triticeae (Comeau et al. 
1993; Xu et al. 1994). However, the finding of a species 
either immune or highly resistant to BYDV does not as- 
sure that this species will be a practical source of genes for 
introgression (Plourde et al. 1992; Comeau et al. 1993). 

The genus Thinopyrum is a practical source for the in- 
trogression of BYDV resistance into wheat (Xin et al. 
1988; Banks et al. 1993, 1995; Comeau et al. 1993; Banks 
and Larkin 1995; Zhong et al. 1994). It is relatively easy 
to hybridize species of this genus with wheat and to obtain 
backcross progenies (Cauderon 1973; Sun 1981; Li et al. 
1985). More importantly, the expression of the resistance 
gene(s) is excellent in a wheat background (Xin et al. 1991; 
Banks and Larkin 1995; Banks et al. 1995; Sharma et al. 
1995). Xin et al. (1988) and Banks et al. (1993) identified 
some highly resistant lines using an enzyme-linked immu- 
nosorbent assay (ELISA) in partial amphiploids derived 
from Triticum aestivumxThinopryun interrnedium hy- 
brids. Several BYDV-resistant translocation lines have 
been successfully produced (Xin et al. 1991; Banks and 
Larkin 1995; Banks et al. 1995), and at least one was proven 
to originate from centromeric fusion (Mujeeb-Kazi 1994; 
Fedak et al. unpublished). Zhong et al. (1994) also reported 
an aneu-partial amphiploid resistant to BYDV, which was 
derived from T. aestivumxTh, ponticum. 

In this paper we report the screening for BYDV resis- 
tance in partial amphiploids derived from crosses of wheat 
and Th. ponticum, Th. intermedium or Th. junceum, and 
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addi t ion l ines of  CS - Th. junceum. We also repor t  the 
molecu la r  charac ter iza t ion  of  the res is tant  l ines.  

Materials and methods 

Materials used in screening for BYDV resistance were (1) partial am- 
phiploids derived from Z aestivumxTh, ponticum: 784, 693, 7631, 
68, 7430, 40767-1, 40767-2 and OK7211542; (2) partial amphiploids 
derived from T. aestivumxTh, intermedium: Zhong-1, -2, -3, -4, -5, 
-6, -7, Xiaoyan 78829, TAF46; (3) partial amphiploids derived from 
T. aestivumxTh, junceum: AJAP-1, -2, -3, -4, -5,-7, -8, and -9 (pro- 
vided by Anne Charpentier, INRA, France); (4) disomic addition lines 
of Chinese Spring wheat - Th. junceum: AJDAj-1, -2, -3, -4, -5, -6, 
-7, -8, -9, -10, -11, HD3505, and HD3508 (provided by Anne Char- 
pentier, INRA, France); and (5) the disomic addition line L1, derived 
from TAF46, which was well known to be resistant to BYDV. 

Thinopyrum elongatum (Host) D. Dewey (E genome, 2n=14); 
Pseudoroegneria stipifolia (Czern. ex Nevski) A. L6ve (St genome, 
2n=14), and P. strigosa (M. Bieb.) A. L6ve (St genome, 2n=14) were 
used in the in situ hybridization study. 

Slot-blot hybridization analysis of BYDV resistance 

BYDV (strain PAV) transmission through aphids 

Two healthy seedlings (with 3-4 leaves) from each line were caged 
individually along with 7-10 viruliferous aphids carrying PAV. At 
the same time, another seedling was caged with non-viruliferous aph- 
ids as a control. The caged pots were placed in a growth cabinet at 
20~ with 14-h light per day for 1 week and then sprayed with in- 
secticide to kill the aphids. The seedlings were kept under the same 
growing conditions as above for about 2 weeks before they were har- 
vested, then quickly frozen in liquid nitrogen, and stored at -70~ 

Extraction of viral RNA 

Each seedling was ground to a fine powder in a mortar with liquid 
nitrogen. The viral RNA was obtained by the preparation of crude 
nucleic acid extracts with extraction buffer (0.1 M glycine, 0.1 M 
NaC1, 10 mM EDTA, pH 9.5), phenol, and chloroform, following 
modifications of an extraction procedure described by Robertson 
et al. (1991). The nucleic acid pellet was re-suspended in TE buffer 
(RNase-free, pH 7.2) and stored at -70~ 

Hybridization analysis 

Three levels of concentration (1000, 100, 10 gg of starting plant 
tissue/100 gl) of the healthy and infected samples were prepared in 
5xSSC. A 100-p.1 sample solution was slot blotted onto a piece of 
positively charged nylon membrane (Biotran, Inc.). A dilution series 
(0.1, 0.01, 0.001 ng) of in vitro synthesized RNA, corresponding to 
the PAV coat protein cDNA clone used as probe, was included as a 
positive control on the slot blots. 

A partial cDNA clone of the PAV coat protein gene was radioac- 
tively labelled using the Prime-A Gene kit (Promega). Hybridization 
of the cDNA probe with the target RNA was performed according 
to Lister et al. (1990). The membrane was wrapped in cellophane 
wrap and exposed to X-film at -70~ 

Molecular detection of the genome composition 
of the resistant lines by genomic in situ hybridization 

The slides were treated with 100 gl RNase A (1 mg/ml in 2xSSC) 
for 1 h at 37~ denatured in 70% formamide and 2xSSC for 2 min 
at 70~ and dehydrated in a 70% / 80% / 95% / 100% ethanol se- 
ries. The genomic DNA of P. stipifolia (St) or P. strigosa (also St) 

was labelled with biotin by nick translation. The St genomic probe 
was mixed with 35 x wheat (Chinese Spring) DNA, 35-50 x Th. elon- 
gatum DNA and 35 x salmon-sperm DNA. The mixture was precip- 
itated and re-suspended in 10 gl of 2 x hybridization buffer and 10 gl 
20% dextran sulphate to make the final probe concentration of 
2-5 ng/gl. The probe solution was denatured at 100~ for 5 rain, 
chilled on ice for 3-4 min; and pre-annealed at 37~ for 30-60 rain. 
The probe solution was applied to the denatured slide, which was 
then covered with a coverslip and sealed with rubber cement, and in- 
cubated at 37~ overnight. The hybridization signal was detected by 
FITC-Avidin D and biotinylated goat anti-avidin D following the 
methods of Chen and Armstrong (1994). 

Results 

React ion  of  T. aestivum x Thinopyrum part ia l  amphip lo id  
and d isomic  addi t ion  l ines to bar ley  ye l low dwar f  virus 
(BYDV) sero type  PAV 

Part ial  amphip lo ids  693 ,7631 ,7430 ,  68, and 784 were  pro-  
duced f rom T. aestivumxThinopyrum ponticum (Li et al. 
1985). They  were  der ived  f rom different  wheat  parents  
crossed with the same access ion of  Th. ponticum. There  
was no pr ior  repor t  on their  react ions  to BYDV. Slo t -b lo t  
hybr id iza t ion  showed that 784 was immune,  whi le  the 
other four  l ines were  sensi t ive,  to PAV of  B Y D V  (Fig. 1 a, 
Table 1). The par t ia l  amphip lo ids  40767-1 and 40767-2 
were  obta ined  f rom one access ion of  Th. ponticum that was 
res is tant  to B Y D V  (Zhang and Dong,  unpubl ished) .  How-  
ever, 40767-1 was un i fo rmly  suscept ib le  and 40767-2 was 
still  segregat ing  with both immune  and highly  res is tant  in- 
d iv iduals  in the same popula t ion  (Fig. 1 a, Table 1). 

OK7211542,  bred  in Oklahoma,  USA,  proved  to be one 
of  the most  res is tant  par t ia l  amphip lo ids  der ived  f rom 
T. aestivum xTh. ponticum, which was consis tent  with an 
ear l ier  test  resul t  (Cisar  et al. 1982). 

The par t ia l  amphip lo ids  Zhong-1 ,  -2, -3, -4, -5, -6, 
and -7 were  p robab ly  der ived  f rom the same perennia l  
parent  (Sun 1981). Previous  tests on their  react ions  to 
B Y D V  sero type  PAV by E L I S A  indica ted  that five of  them, 
except  Zhong-1 and Zhong-2 ,  were  res is tant  (Banks et al. 
1993; Xin  et al. 1988). S lo t -b lo t  hybr id iza t ion  of  viral  
c D N A  showed that Zhong-3,  -4, -5, -6, -7, and Xiaoyan  
78829 could  be infected by  the virus, but  inhibi ted  viral  
mul t ip l ica t ion  (Fig. 1 b, Table 1). They were c lass i f ied  as 
h igh ly  resistant .  The Xiaoyan  78829 and Zhong  series 
share a c o m m o n  access ion  of  the perennia l  parent  Th. inter- 
medium (S. Y. Chen,  pe rsona l  communica t ion) .  

TAF46,  i so la ted  in the 1960s by Dr. Cauderon  f rom a 
cross of  wheat  and Th. intermedium, has been  wide ly  used 
as a ge rmp la sm res is tant  to rust fungi  and B Y D V  in wheat  
b reed ing  (Cauderon 1973; Bret t le  et al. 1988; Xin et al. 
1991). The res is tance to B Y D V  was loca ted  on 7Ag  i (Bret-  
t le et al. 1988). By s lo t -b lo t  hybr id iza t ion ,  TAF46  was also 
demons t ra ted  to be h igh ly  resistant .  

In the tested eight  par t ia l  amphip lo ids  (Fig. 1 c, Table 1) 
and 13 d i somic  addi t ion l ines involv ing  Th. junceum, none 
was resis tant  to B Y D V  sero type  PAV. Probably,  the paren-  
tal  Th. junceum was suscept ib le  to BYDV. 
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Lines Chromosome- Derived from Sources Reaction to 
number B YDV-PAV 

693 56 Wheat x Th. 
7631 56 Wheat x Th. 
7430 56 Wheat x Th. 
68 56 Wheat x Th. 
784 56 Wheat x Th. 
40767-1 56 Wheat x Th. 
40767-2 49-52 Wheat • Th. 
OK7211542 56 Wheat • Th. 
Zhong- 1 49-56 Wheat x Th. 
Zhong-2 56 Wheat x Th. 
Zhong-3 56 Wheat x Th. 
Zhong-4 56 Wheat x Th. 
Zhong-5 56 Wheat • Th. 
Zhong-6 56 Wheat x Th. 
Zhong-7 56 Wheat x Th. 
78829 56 Wheat x Th. 
TAF46 56 Wheat x Th. 
AJAP- 1 56 Wheat x Th. 
AJAP-2 56 Wheat x Th. 
AJAP-3 56 Wheat x Th. 
AJAP-4 56 Wheat • Th. 
AJAP-5 56 Wheat x Th. 
AJAP-6 56 Wheat • Th. 
AJAP-7 56 Wheat • Th. 
AJAP-8 56 Wheat x Th. 
AJAP-9 56 Wheat x Th. 
AJDAj- 1 44 Wheat x Th. 
AJDAj-2 44 Wheat x Th. 
AJDAj-3 44 Wheat x Th. 
AJDAj-4 44 Wheat x Th. 
AJDAj-5 44 Wheat x Th. 
AJDAj-6 44 Wheat • Th. 
AJDAj-7 44 Wheat x Th. 
AJDAj-8 44 Wheat x Th. 
AJDAj-9 44 Wheat x Th. 
AJDAj- 11 44 Wheat x Th. 
HD3505 44 Wheat • Th. 
HD3508 44 Wheat x Th. 
HD3515 44 Wheat x Th. 

ponticum Li et al. 1985 S 
ponticum Li et al. 1985 S 
ponticum Li et al. 1985 S 
ponticum Li et al. 1985 S 
ponticum Li et al. 1985 R 
ponticum Zhang XY S 
ponticum Zhang XY R 
ponticum Sando 1930s R 
intermedium Sun 1981 S 
intermedium Sun 1981 S 
intermedium Sun 1981 R 
intermedium Sun 1981 R 
intermedium Sun 1981 R 
intermedium Sun 1981 R 
intermedium Sun 1981 R 
intermedium Chen SY R 
intermedium Cauderon 1973 R 
junceum Charpentier S 
junceum Charpentier S 
junceum Charpentier S 
junceum Charpentier S 
junceum Charpentier S 
junceum Charpentier S 
junceum Charpentier S 
junceum Charpentier S 
junceum Charpentier S 
junceum Charpentier S 
junceum Charpentier S 
junceum Ctlarpentier S 
junceum Charpentier S 
junceum Charpentier S 
junceum Charpentier S 
junceum Charpentier S 
junceum Charpentier S 
junceum Charpentier S 
junceum Charpentier S 
junceum Charpentier S 
junceum Charpentier S 
unceum Charpentier S 

If  we take into consideration the previous cytogenetic 
data (Xin et al. 1988; Banks et al. 1993; Zhang and Dong 
1994) and the reaction to BYDV of the partial amphiploids, 
we can detect a relationship between BYDV resistance and 
the genomic composition of the partial amphiploids. 

Molecular characterization of the genomic composition 
in the BYDV-resistant lines 

The partial amphiploid 784 had 14 chromosomes labelled 
by FITC after hybridization with the St genomic DNA 
probe, and blocked only by the ABD genomic DNA of 
common wheat. But it actually had six pairs of the St-ge- 
nome chromosomes and one pair of the E-genome chro- 
mosomes, as shown by adding Th. elongatum (E-genome) 
DNA to the ABD block (Fig. 2 a, Table 2). 

The partial aneu-amphiploid 40767-2 had 14 chromo- 
somes from Th. ponticum, including one pair of E-genome 
chromosomes, four pairs of St-genome chromosomes, one 
pair of Robertsonian translocation chromosomes between 

one St-genome chromosome and the 1B of common wheat, 
and one pair of a SUE translocation (Fig. 2 b, Table 2). 

The partial amphiploid OK7211542 had 16 chromo- 
somes from Th. ponticum, which were clearly indicated by 
the result of in situ hybridization with the St genomic DNA 
probe and the wheat genomic DNA block. One unique pair 
of E-genome chromosomes was recognized, because they 
only hybridized with the St probe at the centromere region 
when Th. elongatum genomic DNA was added to the ABD 
blocking solution (Fig. 2 e). 

The partial amphiploid Zhong-4 had 14 chromosomes 
labelled by the St probe and 42 chromosomes blocked by 
wheat genomic DNA. One pair of chromosome was a 
prominent Robertsonian translocation between St and E, 
and another had an St/E intercalary translocation within 
one arm of a St-genome chromosome. This line also had 
one pair of very small St chromosomes which was not 
present in other lines derived from Th. intermedium 
(Fig. 2 c, Table 2). 

The partial amphiploids Zhong-3, -5, and -7 had a nearly 
identical alien genome. The two pairs of translocation 
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Fig. 1 a-c Detection of BYD virus in partial amphiploids. A, B, C: 
different levels of concentration of the extracted solution. A, 1000 gg 
( starting tis sue)/100 gl; B, 100 gg/100 gl; C, 10 gg/100 gl. H, healthy 
individuals (affected by the nonviruliferous aphids). R, Resistant or 
highly tolerant. Un-numbered slots, no sample was loaded. Slots not 
marked by H or R mean susceptibility, a Partial amphiploids derived 
from T. aestivum x Th. ponticum. 1, 784 (H); 2-3,784 (PAV); 4, 7631 
(H); 5-6, 7631 (PAV); 7, 693 (H); 8-9, 693 (PAV); 10, 68 (H); 11-12, 
68 (PAV); 13, 7430 (H); 14-15, 7430 (PAV); 16, 40767-1 (H); 17-18, 
40767-1 (PAV); 19, 40767-2 (H); 20-21, 40767-2 (PAV); 22-23, in 
vitro synthesized RNA from the PAV coat-protein gene. b Partial am- 
phiploids from T. aestivumxTh, intermedium. 1, Zhong-1 (H); 
2, Zhong-1 (PAV); 3, Zhong-2 (H); 4-5, Zhong-2 (PAV); 6, Zhong-3 
(H); 7-8, Zhong-3 (PAV); 9, Zhong-4 (H); 10, Zhong-4 (PAV); 11, 
Zhong-5 (H); 12-I3, Zhong-5 (PAV); 14, Zhong-6 (H); 15-16, 
Zhong-6 (PAV); 17, Zhong-7 (H); 18, Zhong-7 (PAV); 19, Xiaoyan 
78829 (H); 20-21, 78829 (PAV); 22-23, in vitro synthesized RNA 
from the PAV coat-protein gene. e Partial amphiploids derived 
from T. aestivumxTh, junceum. 1, AJAP1 (H); 2, AJAP1 (PAV); 
3, AJAP2(H); 4, AJAP2 (PAV); 5, AJAP3 (H); 6, AJAP3 (PAV); 
8, AJAP4 (PAV); 9, AJAP5 (PAV); 10, AJAP7 (H); 1 i, AJAP7(PAV); 
12, AJAP 8 (H); 13, AJAP8 (PAV); 15, AJAP9 (H); 16, AJAP9 (PAV); 
17-18, in vitro synthesized RNA from the PAV coat-protein gene 

chromosomes  found in Zhong-4 were also present in these 
three lines (Table 2). The partial amphiploid Zhong-6 
showed 14 chromosomes  labeled by the St genomic probe. 
Only one translocation between St- and E-genome chro- 
mosomes (the Robertsonian translocation) was evident 
(Table 2). 

The partial amphiploid Xiaoyan 78829 was the only one 
having a nearly intact S t -genome from Th. intermedium. 

Fig. 2 a-f  Genomic in situ hybridization of BYDV-resistant lines. 
Probe, St; block, ABD + E + hering-sperm DNA. a Partial amphi- 
ploid 784, which has 6" St- + 1" E-genome chromosomes. The two 
E-genome chromosomes were hybridized by the St probe only at 
highly repeated regions. One St-chromosome was washed away. b 
A partial aneu-amphiploid individual (2n=49) of 40767-2 showing 
4" St-genome + 1" E-genome + 1" St/1B Robertsonian translocati- 
on + 1" St/E translocation chromosomes, e Zhong-4 showing 5" St 
+ 1" St/E Robertsonian translocation + 1" St/E intercalary translo- 
cation chromosomes. MC, minute-size chromosomes, d 78829 show- 
ing 7" St-genome chromosomes without detectable translocation. 
e OK7211542 carrying 7" St + 1" E. f In L1 (2n=44), the pair of 
alien chromosome was identified to be 7St with insertion of E-ge- 
nome chromatin in the centromeric region 

No obvious translocation was found (Fig. 2 d). Because 
this line and its sister lines had a similar resistance to 
B Y D V  (Fig. 1 b), the B Y D V  resistance in these lines must  
be controlled by a gene(s) on the St -genome chromosomes.  

The partial amphiploid TAF46 carried three pairs of  St- 
and four pairs of  E-genome chromosomes.  According to 
in situ hybridization results with the probe pSchet  1, Xin 
et al. (1991) reported that there are two pairs of  X- (=St-) 
and five pairs of  E-genome chromosomes  in TAF46. Con- 
sequently, the BYDV-resistant  gene 's  location could be de- 
termined only via the addition lines derived f rom TAF46. 

The disomic addition line L1, produced f rom TAF46, 
was highly resistant to B Y D V  and the resistance on 7Ag  ~ 
had been transferred into wheat by tissue culture (Xin et al. 
1991; Banks et al. 1995). Xin et al. (1991) believed that 
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Table 2 Genomic in situ hybridization (GISH) analysis of the lines 
resistant to BYDV 

Resistant Chromo- Karyotypes revealed 
lines some no. by GISH 

784 56 7" of Th. ponticum, 
6"St+ I"E 

40767-2 49 7" of Th. ponticum, 
4" St + 1" St/1B Robertsonian 
translocation + 1" St/E 
translocation + 1" E 

OK7211542 56 8" of Th. ponticum, 
7"St+ I"E 

Zhong-3 56 7" of Th. intermedium, 
5" St + 1" St/E Robertsonian 
translocation + 1" St/E 
intercalary translocation 

Zhong-4 56 7" of Th. intermedium, 
5" St + 1" St/E Robertsonian 
translocation + 1" St/E 
intercalary translocation 

Zhong-5 56 7" of Th. intermedium, 
5" St + 1" St/E Robertsonian 
translocation + 1" St/E 
intercalary translocation 

Zhong-6 56 7" of Th. intermedium, 
6" St + I" St/E Robertsonian 
translocation 

Zhong-7 56 7" of Th. intermedium, 
5" St + 1" St/E Robertsonian 
translocation + 1" St/E 
intercalary translocation 

78829 56 7" of Th. intermedium 7" St, 
no translocation found 

TAF 56 7" of Th. intermedium, 
4" E + 3" St 

Line-1 44 AABBDD + 1" 7St-E-St 

7Ag i should be 7X (=7St) and Brettle et al. (1988) located 
the resistance on the long arm of this chromosome. We 
used in situ hybridization with the St genomic probe and 
the ABD + E  genomic block confirming that the pair of 
Th. intermedium chromosomes in L1 were from the St 
genome but with an insertion of E-genome chromatin 
(Fig. 2 f). Using the translocation lines (Banks and Larkin 
1995) we located the BYDV resistance on the terminal re- 
gion of the critical arm, which was derived from the St ge- 
nome (Wang and Zhang, unpublished). 

Discussion 

Resistance to BYDV has not been found in any true wheats. 
Partial amphiploids TAF46, Zhong-3, -4, -5, -6, -7, and 
OK7211542 were previously shown to be resistant to 
BYDV by ELISA (Cisar et al. 1982; Xin et al. 1988; Banks 
et al. 1993). Using the more sensitive detection method of 
slot-blot hybridization, we confirmed the resistance in all 
these lines. All of them except OK7211542 had the peren- 
nial species Th. intermedium as a parent. We also found 
three additional partial amphiploids resistant to BYDV 

(784, 40767-2, and Xiaoyan 78829). The former two lines 
were derived from the cross T. aestivum x Th. ponticum, 
whereas the latter involved the same accession of Th. inter- 
medium as the Zhong series. 

Th. ponticum, a decaploid (2n=70) species, has been 
successfully used in wheat breeding because of its resis- 
tance to many wheat diseases (Li et al. 1985; Knott 1989; 
Kim et al. 1993). Zhong et al. (1994) reported an aneuploid 
line (2n=47), resistant to BYDV, which carried three pairs 
and one monosome of Th. ponticum chromosomes belong- 
ing to the homeologous groups 3, 5, 6, and one of unknown 
origin. Our analyses by genomic in situ hybridization and 
genome-specific DNA markers indicated that E [including 
E e from Th. elongatum and E u from Th. bessarabicum 
(Savul. and Rayss) A. L6ve] and St (occurring in the ge- 
nus Pseudoroegneria) are the basic genomes of the deca- 
ploid tall wheatgrass (Zhang et al. 1996). In the two stable 
BYDV-immune partial amphiploids, 784 carried six pairs 
of St-genome chromosomes and one pair of E-genome 
chromosomes, while OK7211542 carried seven pairs of 
St- and one pair of E-genome chromosomes (Fig. 2 a, e, 
Table 2). We concluded that the BYDV resistance was pre- 
sumably controlled by the St-genome chromosomes. Ad- 
ditional proof for this conclusion was the high susceptibil- 
ity of 7631 and 693 to BYDV (Fig. 1 a), which had the 
same wheatgrass parent as 784 but carried an intact E e or 
E b genome of Th. ponticum. 

Th. intermedium is a hexaploid species, with the ge- 
nome formula E1E2St (Liu and Wang 1993), where E 1 and 
E 2 originated from diploids Th. elongatum and Th. bess- 
arabicum, and the St from a Pseudoroegneria species. Xin 
et al. (1988, 1991) and Banks et al. (1993) reported BYDV 
resistance in partial amphiploids derived from a cross of 
wheat with this species. The screening by slot-blot hybrid- 
ization in the present study indicated that all the resistant 
lines could be infected by the virus but that viral amplifi- 
cation in these hosts was inhibited. All these resistant lines, 
except TAF46, contain an extra genome similar to St 
(Fig. 2, Table 2). Although recombination between E and 
St in the Zhong series is obvious, the molecular karyotype 
of Xiaoyan 78829 suggests that BYDV resistance is lo- 
cated in the St genome. This is consistent with results re- 
ported by Xin et al. (1988). 

Lister et al. (1990) and Xin et al. (1991) located the 
BYDV-resistant gene (or genes) on 7X (=7St), which was 
confimed in the present study by GISH (Fig. 2 f). This con- 
clusion is also consistent with C-banding results (Friebe 
et al. 1992). However, the St-genome chromosomes are 
shorter than the E-genome chromosomes (Hsiao et al. 
1986). The alien chromosome in L1 was longer than ex- 
pected due to the insertion of E-genome chromatin in the 
centromeric region as shown by the GISH results in the 
present study (Fig. 2 1). Therefore, the alien chromosome 
in L1 is a modified 7St chromosome. 

It has been proven that of  the three genomes of wheat, 
A and D are more closely related to each other than either 
are to the B genome (Joppa 1987). The two basic alien ge- 
nomes concerned in the present paper, E (including E e and 
E b) and St, are very closely related (Wang 1992). We found 



that it is not easy  to d i sc r imina te  be tween  them in both 
Th. ponticum and the offspr ing of  wheat  x Th. ponticum hy-  
br ids  by  genomic  in situ hybr id iza t ion  (Zhang et al. 1996). 
But  with regard  to re la t ionships  to the wheat  genomes ,  
E is more  c lose ly  re la ted  to A and D than it is to B (Dvo-  
rak 1971, 1980; Hsiao  et al. 1994). We found that it  was 
diff icul t  to b lock  c r o s s - h y b r i d i z a t i o n  of  wheat  chromo-  
somes with  the E e (or 1~ b) genomic  probe,  whereas  it was 
easy to prevent  the cross  hybr id iza t ion  of  wheat  chromo-  
somes with the St  genomic  probe.  Therefore ,  the St  ge- 
nome  is more  remote ly  re la ted  to the A B D  of  wheat  than 
is the E genome.  Therefore ,  t ransferr ing the BYDV-res i s t -  
ant gene (s) f rom these l ines to the D and A genomes  is 
more  logica l  than to the B genome.  This has been  con- 
f i rmed by  breed ing  resul ts  (Banks  et al. 1995; Sharma  et al. 
1995). 
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