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Abstract Several Triticum aestivum L. -Haynaldia vil- 
losa disomic 6 VS/6 AL translocation lines with pow- 
dery mildew resistance were developed from the hybrid- 
ization between common wheat cultivar Yangmai 5 and 
alien substitution line 6V(6A). Mitotic and meiotic 
C-banding analysis, aneuploid analysis with double 
ditelosomic stocks, in situ hybridization, as well as the 
phenotypic assessment of powdery mildew resistance, 
were used to characterize these lines. The same trans- 
located chromosome, with breakpoints near the cen- 
tromere, appears to be present in all the lines, despite 
variation among the lines in their morphology and 
agronomic characteristics. The resistance gene, confer- 
red by H. villosa and designated as Pm 21, is a new and 
promising source of powdery mildew resistance in wheat 
breeding. 
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Introduction 

Powdery mildew caused by Erysiphe 9raminis D. C. ex 
Merat tritici E. Marchal has been a severe disease in 
China and a number of other wheat-growing countries, 
especially with the increasing utilization of nitrogenous 
fertilizers and improved irrigation. Globally, powdery 
mildew resistance genes from related species have been 
successfully used in wheat breeding and have played an 
important role in the control of this disease. However, 
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some resistant genes have been rendered ineffective due 
to variation of the pathogenic virulence. For example, 
the resistance gene Pro8 derived from IRS of rye was 
incorporated into a number of wheat cultivars such as 
Kavkaz, Aurora, Bezostaja, Veery and Alondra"S" 
(McIntosh 1983). But, unfortunately, Pm8 resistance has 
been overcome in some wheat growing regions (Xiong 
et al. 1983; Wu 1990). 

In the early 1980s, Haynaldia villosa (2n = 14, VV) 
was identified to be a potential source of powdery 
mildew resistance and transfer of this resistance into 
wheat was initiated in our institute in order to enrich the 
vulnerable gene pool for resistance to powdery mildew 
(Chen and Liu 1982). A single gene on chromosome arm 
6 VS of H. villosa was shown to be responsible for this 
resistance and the 6 V alien addition line and 6 V(6 A) 
alien substitution line of wheat were developed in 1986 
and 1988, respectively (Chen and Liu 1986; Pet et al. 
1986; Liu et al. 1988). Both showed a high level of 
resistance to powdery mildew in several countries (Qi 
et al. 1995). However, the lack of homology between 6 V 
and its wheat homoeologues hindered the direct use of 
this gene in wheat breeding. This led to attempts to use 
irradiation and screening among the progeny of hybrids 
between substitution line 6 V(6 A) and elite wheat cul- 
tivars in order to induce resistant wheat-alien chromo- 
some translocations. The production and molecular 
cytogenetic analysis of these translocation lines are re- 
ported in this paper. 

Materials and methods 

The powdery mildew resistant substitution line 6 V(6 A) was develop- 
ed and identified by N- and C-banding analysis on mitotic metaphase 
root-tip cells (RTCs) or meiotic metaphase-I (MI) pollen mother cells 
(PMCs). The homoeologous group was designated based on its com- 
pensation ability as well as on isozymatic analysis (Liu et al. 1993). 

Seeds of the common wheat cultivar Yangmai 5 were provided by 
Dr. S. H. Chen, Yangzhou Institute of Agricultural Sciences, Jiangsu, 
China. It is high yielding and widely cultivated in southeast China but 
is susceptible to powdery mildew. 
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For mitotic preparations, two root tips of germinating seeds were 
harvested and the remaining one was kept for seedling growth. 
Collected root tips were pre-treated in icy water for 20-22 h prior to 
fixation in acetic alcohol (1:3) for 3-7 days. 

Anthers were fixed in acetic alcohol (1:3) for 2-7 days and 
squashed in 45% acetic acid or 1% acetocarmine for C-banding and 
in situ hybridization, respectively. 

For in situ hybridization using genomic DNA as a probe (GISH), 
total genomic DNA was isolated from young leaves of H. villosa 
following the procedure of Saghai-Maroof et al. (1984) and labelled 
with biotin-11-dUTP through nick translation (nick translation kit, 
Enzo Diagnostics). In situ hybridization followed Mukai and Gill 
(1991). The ratio of probe DNA and blocking DNA was about 200 to 
1. Signals were detected with a DETEK-HRP Detection Kit (Enzo 
Diagnostics) following the suggested protocol. 

The evaluation of powdery mildew resistance was conducted both 
in the greenhouse and in the field under favorable conditions. In 1993, 
all materials were also sent to the Plant Protection Institute, Chinese 
Academy of Agricultural Sciences in Beijing, for further assessment 
(for details see Qi et al. 1995). 

Results 

Production of translocation lines 

The cross of substitution line 6 V(6 A) with Yangmai 5 
was conducted in May 1986. Individual plants resistant 
to powdery mildew were selected in the F 2 generation 
and grown as lines to produce a F 3 generation. A highly 
resistant line C215, derived from B33 of the Fz, was 
selected in 1989. Part of the C215 seeds were irradiated 
with Co 6~ gamma rays at a dosage of 20 000 rads and 
then sent to Kuenming in the Yunnan Province to grow 
the first mutation generation (M1) in the summer. The 
resulting M2 seeds were planted as spike lines. Mean- 
while, the remaining seeds of line C215 were grown as an 
F 4 in the fall of 1989 at Nanjing. A total of 100 resistant 
plants were selected from the M3 (69) and F4(31) popu- 
lations. Selection and cytological analysis were carried 
out among their offspring. 

From mitotic C-banding patterns, 17 lines selected 
from the above-mentioned 100 plants (five from Fs, 12 
from M4) were all shown to have the same pair of 
translocated chromosomes with one characteristic dark 
terminal band, one light centromere band, one inter- 
stitial band near the centromere of the short arm, and 
two interstitial bands on the long arm. Compared with 
the C-banding patterns ofH. villosa (Liu et al. 1993) and 
common wheat (Gill et al. 1991), this pair of chromo- 
somes was revealed to be composed of 6VS from 
H. villosa and 6 AL from wheat (Fig. 1). The chromo- 
some pairing, 0.00-0.81 + 20.69-21.00 II per PMC, sug- 
gested that all of the 17 lines were homozygous disomic 
translocation lines, and it seems very possible that this 
translocation happened spontaneously in line C215. 

Fig. 1 C-banded (left) and G1SH (right) mitotic chromosomes from 
6 V, the 6 VS/6 AL translocation and 6 A 

1992. Hybridization between 92R090,92R091 and the 
double ditelosomic 6A of Chinese Spring was also 
carried out in this same year. C-banded mitotic and 
meiotic chromosome pairing analysis was made on 
these three types o f f  1 hybrids. One rod bivalent formed 
by chromosome 6A and the translocated chromosome 
6 VS/6 AL was observed in PMCs of the F 1 plants of the 
translocation line with Yangmai 5 (Fig. 2). In hybrids of 
the translocation line x substitution line cross, the short 
arm of 6 V and the translocated chromosome 6 VS/6 AL 
paired as one rod bivalent with a dark C-band at the 
chiasma position. In the F~ plants obtained from the 
crosses of double ditelosomic 6A with translocation 
lines (92R090, 92R091), telosome 6 AL paired with the 
translocated chromosome 6 VS/6 AL forming a hetero- 
morphic rod bivalent, while telosome 6 AS remained 
unpaired as an univalent. These results provided further 
evidence that the translocated chromosome consisted of 
6 AL and 6 VS. 

In situ hybridization 

The C-banding patterns of the translocated chromo- 
somes suggested that the translocation breakpoints 
were located close to the centromere. To determine the 
position of the breakpoint more precisely, biotin-labeled 
genomic DNA form H. vilIosa was hybridized to mitotic 
metaphase and meiotic MI chromosomes of five trans- 
location lines (92R089, 92R090, 92R137, 92R149 and 
92R178). The results indicated that in all cases translo- 
cation breakpoints were at or very close to the cen- 
tromere (Figs. 1,3a). Moreover, the two translocated 
chromosomes paired as one bivalent (Figs. 2, 3 b) indica- 

Fig. 2 C-banded (left) and GISH (right) meiotic chromosome pairing 
in substitution line 6 V(6A), translocation line 6 VS/6 AL, and the F 1 
hybrid of translocation line 6 VS/6 AL with Yangmai 5 

C-banding analysis on testcross hybrids 

Testcrosses of five of the 17 translocation lines 
(92R089,92R090,92R091,92R141 and 92R149) with 
Yangmai 5 and substitution line 6 V (6 A) were made in 
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ting that these disomic translocation lines were cytologi- 
cally stable. 

In the PMCs of the hybrid of the 6 VS/6 AL translo- 
cation line with Yangmai 5, a rod bivalent was observed 
consisting of a wheat chromosome and the wheat-H. 
villosa translocated chromosome (Figs. 2, 3 d). No pair- 
ing between 6 VS from H. viIlosa and 6 AS was found in 
more than 100 pollen mother cells examined. 

The repeated DNA sequence pHv62, specific to 
genome V of H. villosa, could hybridize with 6 of 7 pairs 
of the V-genome chromosomes (Li et al. 1995). Each arm 
of 6 V had a characteristic telo-band. After in situ hy- 
bridization to mitotic metaphase chromosomes of the 
translocation lines (92R091, 92R141) with pHv62 as a 
probe, only one pair of chromosomes with terminal 
signals on one arm was observed (Fig. 3 c). 

Discussion 

The C-banding technique has been successfully used to 
identify alien chromosomes, or chromosome segments, 
introduced into wheat (Lapitan et al. 1984; Hueros et al. 

Fig. 3a-d Results of GISH. a Mitotic metaphase chromosomes of 
translocation lines. Arrows designate one pair of 6 VS/6AL trans- 
located chromosomes, b Meiotic MI chromosomes of translocation 
lines. The arrow indicates one ring bivalent formed by the two 
translocated chromosomes, e in situ hybridization using biotin- 
labelled pHv62 as a probe on mitotic metaphase chromosomes of 
translocation lines. Arrows indicate two translocated chromosomes 
with terminal signals on their short arms. d One rod bivalent formed 
by translocated chromosome 6 VS/6 AL and 6 A in MI PMCs of the 
(6VS/6AL translocation line x Yangmai 5)F 1 

1991). However, it is not sensitive enough to resolve 
transferred chromosome segments which lack charac- 
teristic banding patterns. On the other hand, in situ 
hybridization has shown a great potential for solving 
this problem and there are a number of cases in which 
introduced chromosome segments or introgressed 
chromatins and translocation breakpoints have been 
detected using various kinds of in situ hybridization 
methods (Friebe et al. 1991a, b, 1993; Le et al. 1989; 
Jiang and Gill 1993; Jiang et al. 1993, 1994). In the 
present study, results from C-banding and in situ hy- 
bridization showed good agreement and supported each 
other. 
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Results from in situ hybridization suggested that the 
breakpoint of the 6 VS/6 AL translocation was located 
at or near the centromere. All five lines examined by 
C-banding and chromosome pairing had the same 
breakpoint position, although there were differences in 
their morphology and agronomic characteristics. It 
seems that breakage and reunion occurs more readily in 
the regions near the centromere which are rich in hetero- 
chromatin. 

In the translocation line x Yangmai 5 hybrids, 6AL, 
but not 6AS, always paired with the translocated chro- 
mosome 6 VS/6 AL. At anaphase-I, 6 A and 6 VS/6 AL 
disjoined normally. Presumably all genes on 6 VS would 
be transmitted as a unit at gamete formation. We ob- 
served that black awnness always co-segregated with 
powdery mildew resistance, suggesting black awns may 
be used as a supplementary morphological marker for 
resistance in segregating populations. 

Five 6 VS/6 AL translocation lines (92R089, 92R137, 
92R141, 92R149 and 92R178) have been distributed to 
more than 50 wheat research institutions or universities 
both at home and abroad. In all cases, they showed high 
resistance to powdery mildew. This resistance gene has 
been formally designated as Pro21 (Qi et al. 1995). Pro- 
vided no undesirable effects of the alien chromatin on 
yield and quality exist, these 6 VS/6 AL translocation 
lines may become useful genetic resources for powdery 
mildew resistance in wheat improvement. 
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