
Introduction

The incorporation of alien chromatin into wheat,

via chromosome segment translocations, has

proven to be useful in wheat improvement. The

wheat-rye 1BL.1RS translocation is used widely

in wheat breeding programmes around the world

(Schlegel 1997; Rabinovich 1998), principally be-

cause the 1RS arm carries genes for disease resis-

tance and has a positive affect on agronomic traits,

including yield performance, yield stability and

wide adaptation (Schlegel and Meinel 1994;

Moreno-Sevilla et al. 1995; Friebe et al. 1996;

McKendry et al. 1996; Kim et al. 2004). However,

only a few sources of 1RS are the progenitors of

hundreds of commercial wheat cultivars grown

currently in various countries (Rabinovich 1998).

Approximately 69.4% and 38% of the wheat

cultivars in southwestern and northern China, re-

spectively, which were released in the 1980s and

1990s, were found to carry the 1BL.1RS chromo-

some originating from the cultivars Aurora and

Kavkaz (Yang and Ren 1997; Zhou et al. 2004).

The wheat cultivars Aurora and Kavkaz carry

translocations derived from the rye cv. Petkus

(Mettin et al. 1973). Bartos (1993) reported that

the resistances to leaf rust, stripe rust and powdery

mildew, provided by genes Lr26, Yr9, and Pm8,

respectively, and carried on that rye chromosome,

are no longer completely effective. Virulence

against Yr9 and Pm8 has been reported in south-

western China (Yang and Ren 1997; Yang et al.
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2003). The production of new sources of resis-

tance is therefore a high priority for wheat breed-

ing programmes.
Although the 1BL.1RS translocation has been

widely employed throughout the world, the 1RS
arm carries the Sec-1 locus whose genes encode
rye seed-storage proteins known as secalins,
which negatively affect bread-making quality
(Shewry et al.1984; Graybosch et al. 1993). To
overcome this problem, several attempts have
been made to induce small segment translocation
by radiation treatment (Sears 1993), by induced
homoeologous recombination (Miller et al. 1994),
by using monosomic rye addition lines (Ren and
Zhang 1997), by anther culture (Hu et al. 1999), by
gametocidal system (Masoudi-Nejad et al. 2002),
or by asymmetric somatic hybridization (Wang
et al. 2004). Rye chromosome arm 1RS in
translocations 1BL.1RS and 1DL.1RS was in-
duced by ph1b mutation to recombine with short
arms of wheat group-1 chromosomes, and many
recombinants including small segment
translocations were obtained (Lukaszewski 2000).
Some of these recombinants were also used to de-
velop a consensus genetic map of the 1RS.1BS
chromosome arms (Sharma et al. 2009). Until
now, however, there have been no reports on new
wheat-rye small segment translocation lines,
which carry effective resistance against virulent
pathotypes affecting Yr9, Pm7, Pm8, and Pm17.

The objective of this study were: (1) to identify

new wheat-rye small segment translocation lines

from the selfing generation of monosomic 1R ad-

dition lines; (2) to detect the translocation break-

points of these translocation lines; and (3) to

investigate their resistance to powdery mildew

and stripe rust.

Materials and methods

Plant materials

A monosomic addition of chromosome 1R of rye

(Secale cereale L.) inbred line R12 (Chinese rye)

in common wheat (Triticum aestivum L.) cv.

Mianyang11 (MY11) was developed according to

the method described by Ren and Zhang (1997).

One hundred wheat lines were selected from the

advanced selfed progeny (BC1F7) of the

monosomic addition line.

DNA isolation, PCR amplification

Genomic DNA was extracted according to Zhang

et al. (1995). Primer pairs, Pr20H (5’-GTTGG

AAGGG AGCTC GAGCT G-3’; 5’-GTTGG

GCAGA AAGGT CGACA TC-3’), were de-

signed according to the rye-specific repetitive se-

quence of pSc20H (Ko et al. 2002a). The 100

wheat lines were first subjected to PCR analysis to

identify those containing rye chromatin. PCR am-

plification was accomplished according to Tang

et al. (2008). The wheat cultivar Chinese Spring

(CS) was used as a control.

Disease resistance tests

The wheat lines with rye chromatin detected by
PCR analysis, and the maternal donor MY11,
were evaluated for resistance to Puccinia
striiformis f. sp. tritici (causal agent of wheat
stripe rust) and Erysiphe graminis f. sp. tritici
(causal agent of wheat powdery mildew). The
plants were inoculated with an equivalent mixture
of urediospores of physiological rust strains
CYR29 (175 E158), CYR30 (175 E191) and
CYR31 (239 E175) at the seedling (3-leaf stage)
and adult stages. When the pustules of stripe rust
were fully developed and easily discerned at the
seedling stage and after ear emergence, the infec-
tion types were recorded according to the standard
classification system with 6 classes, from 0 to 4
(Luo et al. 2005). Powdery mildew isolates (no.9
and no.3), which were originally single-spore iso-
late-cultures collected from Ya’an, Sichuan, were
used to inoculate seedlings (2-leaf stage). Infec-
tion types were recorded about 2 weeks after inoc-
ulation on a scale from 0 to 4 described by Wang
et al. (2005). Three wheat cultivars carrying Pm
genes were used as controls: Amigo (Pm17),
Kavkaz (Pm8) and CI14189 (Pm7). All the materi-
als were grown in a greenhouse.

Protein electrophoresis

Storage proteins extracted from single seeds
(1: 10, w/v) were analysed by acid-poly-
acrylamide gel electrophoresis (A-PAGE) in a
vertical electrophoresis system (Bio-RAD) ac-
cording to the protocol described by Yang et al.
(2001). The wheat cultivar Chinese Spring (CS)
was also used as a control.

Genomic in situ hybridization (GISH)

Rye genomic DNA was labelled with
digoxigenin-11-dUTP according to the manufac-
turer’s instruction (Roche). The GISH protocol
was as described by Tang et al. (2008). Slides were
analyzed with an Olympus BX-51 fluorescence
microscope, and images captured by a CCD cam-
era.
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Results

Detecting wheat lines carrying rye chromatin

The primer pair Pr20H produced a single band of
about 1.49 kb from rye genomic DNA but not
from the genomic DNA of MY11 or CS (Fig-
ure 1), indicating that these primers are
rye-specific. Pr20H was used to amplify the
genomic DNA of the 100 wheat lines derived from
the monosomic 1R addition lines, and the target
fragments were produced from 5 wheat lines only
(Figure 1). These wheat lines were primarily de-
termined to contain rye chromatin, and were
named 1R296, 1R330, 1R725, 1R314, and 1R734.

Disease resistance of the 5 wheat lines

Disease resistance testing indicated that while
lines 1R314, 1R725, and 1R734 were highly resis-
tant to stripe rust and powdery mildew, lines
1R296, 1R330 and their maternal donor MY11
were highly susceptible to stripe rust and powdery
mildew (Table 1). In addition, the control cultivars
Amigo, Kavkaz, and CI14189, were highly sus-
ceptible to powdery mildew (Table 1). These re-
sults indicated that the powdery mildew resistance
genes in 1R314, 1R725, and 1R734 differ from
those present in Amigo, Kavkaz, and CI14189.

A-PAGE and GISH

A-PAGE showed that rye secalin bands were pres-

ent in rye line R12 and wheat lines 1R296, 1R330,

1R725 and 1R734 and absent from wheat cultivars

CS and MY11 and wheat line 1R314 (Figure 2),

indicating the presence of Sec-1 in lines 1R296,

1R330, 1R725 and 1R734 and its absence in line

1R314.

GISH revealed that the translocated segment in
lines 1R296, 1R330, and 1R725 appeared to in-
volve the whole short arm of chromosome 1R
(Figure 3). In contrast, lines 1R314 and 1R734
contained a pair of wheat chromosomes with
small, terminal, rye-origin chromosome segments
(Figure 4), indicating that both are small-segment
translocation lines between wheat and rye.

Discussion

The rye chromosome arm 1RS has been widely

used in wheat breeding programmes worldwide

(Schlegel 1997; Rabinovich 1998; Yang and Ren

1997; Zhou et al. 2004). However, the genetic vul-

nerability caused principally by wide cultivation

of the 1BL.1RS cultivars, was a consequence of a

narrow genetic base contributed by the 1RS chro-

mosome arm from cv. Petkus rye in all wheat

(Villareal et al. 1998). Some new wheat lines car-

rying the 1BL.1RS translocation derived from Ko-

rean rye cultivar Paldanghomil, Chinese Weiling

rye, and the variation of cv. Petkus rye have been

reported (Ko et al. 2002b; Zhang et al. 2007; Ren

et al. 2009), but new 1RS sources that could be

used to develop commercial wheat cultivars are

seldom found. In the present study, the highly ef-

fective stripe rust and powdery mildew resistance

of lines 1R314, 1R725, and 1R734 derived from

the 1RS chromosome of R12 may find practical

application in developing wheat cultivars.

Thereby, the 1RS chromosome of R12 will enrich

the disease resistance resources for wheat breed-

ing programmes. Although 5 wheat lines con-

tained 1RS arms or small segments of 1RS and
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Table 1. Reaction patterns of wheat lines/cultivars to Puccinia striiformis f. sp. tritici and Erysiphe graminis

f. sp. tritici.

Pathogen Reaction of wheat lines/cultivars

1R314 1R725 1R734 1R296 1R330 MY11 Amigo Kavkaz CI14189

Stripe rusta 0 0 0 4 4 4 ND ND ND

Powdery mildewb 1 1 1 4 4 4 4 4 4

a Infection types of stripe rust: 0 = no visible symptoms; 4 = abundant sporulation without chlorosis. bInfection types of powdery mildew:

1 = minute colonies with few conidia; 4 = colonies with well-developed hyphae and abundant conidia, and colonies mostly joined together.

ND = no data

Figure 1. PCR detection of rye chromatin in 5 wheat-rye translocation lines. Lanes: M = DNA marker; 1 = rye inbred line

R12; 2 = Chinese Spring; 3 = MY11; 4-8 = translocation lines 1R296, 1R330, 1R725, 1R314, and 1R734, respectively.

The arrow indicates the target fragments.



their rye chromatin came from the same parental

rye, they displayed different reactions to stripe rust

and powdery mildew, which could have resulted

from minute terminal deletions of 1RS chromatin

undetectable by microscopic analysis, to environ-

mental variability, to genetic variability within the

translocation lines or within the rye donor plant, or

to the introgression of another 1RS arm into wheat

lines 1R296 and 1R330 during their development.

Over the years, several attempts have been

made to overcome the quality defect of the 1RS

translocations in wheat cultivars (Friebe et al.

1993; Mukai et al.1993; Miller et al. 1994; Hu et

al. 1999; Lukaszewski 2000; Masoudi-Nejad et al.

2002). Ren et al. (1990a, b) found that the pres-

ence of a single added rye chromosome in

monosomic addition lines disturbed the pairing of

wheat chromosomes, resulting in a high frequency

of breakage and fusion between rye and wheat

chromosomes during meiosis and the incorpora-

tion of rye chromatin into wheat. By this approach,

Robertsonian translocations occurred with a con-

siderable frequency, and also alien segments

smaller than those detectable by C-banding were

incorporated into wheat chromosomes with a high

frequency. Subsequently, Ren and Zhang (1997)

described in detail the production of wheat-rye

small segment translocations based on instability

caused by the monosomic addition of a rye chro-

mosome in wheat. The small segment

translocation lines 1R314 and 1R734 were devel-

oped by this approach, showing again that it is ef-

fective in transferring small rye chromosome

segments into wheat and that can be used to sepa-

rate the Sec-1 locus from disease resistance loci.

An experiment of inducing recombination be-

tween 1RS arm and wheat group-1 chromosomes

showed that translocation breakpoints were dis-

tributed in the distal 35-40% of the arm length

(Lukaszewski 2000), but few reports have focused

on the translocation breakpoints.

Lines 1R314 and 1R734 exhibited obvious

phenotypic variation in disease resistance, com-

pared with the parental wheat cv. MY11, which is

apparently attributable to the small rye chromo-

some segments. Results of the present study sug-

gest that the small rye segments in lines 1R314 and

1R734 are different. The translocation breakpoint

of 1RS in line 1R314 is likely located between the

Sec-1 locus and the disease resistance loci. How-

ever, the translocation breakpoint of 1RS in line

1R734 is likely located between the Sec-1 locus

and the centromere. In addition, wheat line 1R314

is noteworthy because of both the presence of

valuable disease resistance genes and the absence

of the Sec-1 locus. Thereby, wheat line 1R314 is a

new and valuable material for wheat breeding

programmes.
Since large populations need to be screened to

ensure that small rye chromosome segments are
introduced into wheat, a more reliable and easier
means of detecting the alien segments is needed.
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Figure 2. A-PAGE analysis of prolamins in rye inbred line R12, CS, MY11, and translocation lines 1R296, 1R330,

1R725, 1R314, and 1R734. Arrows indicate the 3 bands representing the �-secalins controlled by the Sec-1 locus

Figure 3. 1R296, 1R330, and 1R725 are confirmed to be

translocation lines involving 1RS arms. Arrows indicate

the translocation chromosomes in wheat line 1R725. 1RS

arms are visualized by bright fluorescence domains



GISH is considered to be an efficient method to
identify alien chromatin introgressions, and is also
particularly effective in identifying rye chromo-
some arms in wheat (Heslop-Harrison et al. 1991).
GISH can also provide an indication of the number
and chromosomal location of the rye chromo-
somes or chromosome segments present. How-
ever, because the frequency of hybridization
signals in small segment translocation is very low
and hundreds of cells must be examined to find the
hybridization signals, it is a time-consuming pro-
cess. Katto et al. (2004) developed a PCR-based
marker to detect various segments of rye chromo-
some in wheat and this method can be utilized in
large-scale screening of wheat plants to identify
those carrying rye segments that are too small to
detect cytologically. In the present study, primer
pairs designed according to the rye-specific repeti-
tive DNA sequences enabled us to trace the rye
chromatin incorporated into wheat. Following
PCR analysis, GISH analysis could be used to
identify the size and translocation breakpoints of
rye chromosome segments. Therefore, the combi-
nation of molecular and cytological analysis
seems to increase the efficiency of detecting small
alien chromatin introgressions. The PCR-based
markers used in this study can be used to detect
small rye segments in wheat background effec-
tively, and allowed us to identify the wheat lines
1R314¬1R725 and 1R734, which carry
resistances to stripe rust and powdery mildew and
can be used in wheat improvement programmes.

In conclusion, new wheat-rye small segment
translocation lines 1R314 and 1R734 and
1BL.1RS translocation line 1R725 were obtained
in present study, and these wheat lines are valu-

able for wheat improvement. In addition, the ap-
proach based on rye monosomic addition lines
proved to be effective in transferring small rye
chromosome segments into wheat and can be used
to separate the Sec-1 locus from disease resistance
loci.
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