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Stripe rust, caused by Puccinia striiformis f. sp. tritici, was one of the most disaster foliar
diseases for wheat-growing areas of the world. Thinopyrum intermedium has provided novel
resistance genes to multi-fungal disease, and new wheat-Th. intermedium derivatives for stripe
rust resistance still need to develop for wheat breeding. Wheat line X484-3 was selected from a
cross between wheat line MY11 and wheat-Th. intermedium ssp. trichophorum partial
amphiploid TE-1508, and was characterized by genomic in situ hybridization (GISH) and
functional molecular markers. Chromosome counting revealed that the X484-3 was 2n = 44
and GISH analysis using Pseudoroegneria spicata genomic DNA as a probe demonstrated that
X484-3 contained a pair of St-chromosomes from Th. intermedium donor parents. The func-
tional molecular markers confirmed that introduced St-chromosomes belonging to linkage
group 7, indicating that line X484-3 was a 7St addition line. The resistance observation dis-
played that the introduced Th. intermedium ssp. trichophorum derived chromosomes 7St were
responsible for the stripe rust resistances at adult plant. The identified wheat-Th. intermedium

chromosome 7St addition line X484-3 can be used as a donor in wheat breeding for stripe rust
resistance.

Keywords: in situ hybridization, stripe rust resistance, Thinopyrum intermedium ssp.
trichophorum, wheat

Introduction

Stripe rust caused by Puccinia striiformis f. sp. tritici, was a major worldwide diseases in
common wheat (Triticum aestivum L.), which often gave rise to great wheat yield loss of
in many regions including caused over 20 to 30% loss in wheat production each year in
China (Roelfs et al. 1992; Kang et al. 2010). Breeding new cultivars resistant to these dis-
eases is a cost effective and environmentally friend way to reduce the stripe rust damage.
Over 40 resistance genes loci to stripe rust have been assigned to specific wheat chromo-
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somes (McIntosh et al. 2010). However, newly emerged virulent stripe rust races appeared
to break down the resistance genes in released wheat cultivars (Wellings 2011). To main-
tain sustained genetic control of the stripe rust is dependent upon continuous utilization of
new resistance gene resources. Wide cross and alien gene transfer is a valuable mean for
increasing the genetic diversity including multi-resistances available to wheat breeders
(Jiang et al. 1994).

Thinopyrum intermedium subspecies was hybridized extensively with wheat and
proved to be a valuable source of improving wheat disease resistance and yield potential
(Li and Wang 2009). Some wheat rust resistance genes were investigated in Th. inter-

medium (Cauderon et al. 1973; Tang et al. 2000), but different Thinopyrum sources still
worthwhile to explore for novel resistance genes transfer. We produced a wheat-Th.

intermedium ssp. trichophorum partial amphiploid and found that it displayed high resis-
tance to several foliar diseases including stripe rust (Yang et al. 2006). With aim to intro-
duce novel resistance genes from the Th. intermedium ssp. trichophorum to wheat, we
started program for production of wheat-Thinopyrum chromosome addition, substitution
and translocation lines by crossing and backcrossing the partial amphiploid with common
wheat (Yang et al. 2006; Hu et al. 2011). The genomic in situ hybridization (GISH) was
widely used for identifying the alien chromosomes in addition and substitution lines
(Friebe et al. 1996; Georgieva et al. 2011). Moreover, new functional molecular markers
were also effective to determine the linkage group of transferred alien chromatin in wheat
(Hu et al. 2012). These cytological and molecular markers targeting alien chromosomes
with novel disease resistance genes will be useful for molecular assisted selection (MAS)
in wheat breeding programs (Chen 2005; Kong et al. 2009). In the present study, we devel-
oped new wheat-Thinopyrum addition lines with novel stripe rust resistance and deter-
mined the genomic constitution of the Thinopyrum chromosomes using GISH in com-
bined with molecular marker analysis.

Materials and Methods

Plant materials

Th. intermedium ssp. trichophorum accession PI440125 (genome JJsSt, 2n = 6x = 42) and
Pseudoroegneria spicata (Pursh) A. Love (genome St, 2n = 2x = 14) accession PI
232131were obtained from the USA National Small Grains Collection at Aberdeen,
Idaho. The wheat-Th. intermedium ssp. trichophorum partial amphiploid, TE-1508 was
developed with identical pedigree of TE-3 by Yang et al. (2006), and wheat cultivar
Mianyang 11 (MY11) and Chinese Spring (CS) are maintained at the Sichuan Agricultural
University, China.

Genomic in situ hybridization (GISH)

Seedling root tips were collected and pretreated in water at 0°C for 24 h and fixed in etha-
nol-acetic acid (3:1) for 1 week. Root-tip squashes were stained using the conventional
Feulgen method for chromosome counting. For GISH analysis, total genomic DNA from
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Ps. spicata was labeled with digoxigenin-11-dUTP by nick translation following the man-
ufacturer’s instructions (Roche Diagnostics, Indianapolis, IN). Sheared genomic DNA of
Chinese Spring wheat (CS, genomes ABD, 2n = 42) was used as blocking DNA. The hy-
bridization mixture was prepared as described by Mukai et al. (1993). The GISH signal
was detected with fluorescein-conjugated antidigoxigenin antibody (Roche Diagnostics,
Indianapolis, IN), and the slide was mounted in propidium iodide dissolved in
Vectrashield® antifade solution (Vector Laboratories, Burlingame, CA). Microphoto-
graphs of C-banded and GISH chromosomes were taken with an Olympus BX-51 micro-
scope using a DP-70 CCD camera.

Disease resistance screening

Wheat line X484-3 and its parents were evaluated for adult-plant resistance to P. strii-

formis f. sp. tritici strains CRY30, CRY-31 and CRY-32, which were provided by the
Plant Protection Institute, Sichuan Academy of Agricultural Sciences. During the 2008
and 2009 cropping seasons, adult plants were inoculated with these strains in the field at
Xindu city, Sichuan. Infection types (IT) were evaluated 2–3 weeks after inoculation
when uredinia were fully developed. Stripe rust responses were recorded following Ma
et al. (1995).

Molecular marker analysis

DNA was extracted from fresh leaves of accession Th. intermedium, Ps. spicata, lines
X484-3 and CS (Yang et al. 2006). PCR-based Landmark Unique Gene (PLUG) primers
were made according to Ishikawa et al. (2009). Polymerase chain reaction (PCR) was per-
formed in an Icycler thermalcycler (Bio-RAD Laboratories, Emeryville, CA) in reaction
volumes of 25 μl, containing 10 mmol Tris-HCl (pH 8.3), 2.5 mmol MgCl2, 200 μmol of
each dNTP, 100 ng template DNA, 0.2 U Taq polymerase (Takara, Japan) and 400 nmol
primer. The cycling parameters were 94ºC for 3 min for predenaturing; followed by 35 cy-
cles at 94ºC for 1 min, 55ºC for 1 min, 72ºC for 2 min; and then a final extension at 72ºC
for 10 min. The amplified products were cloned and sequenced as described by Hu et al.
(2011).

Results

Morphology and chromosome number of X484-3

Wheat-Th. intermedium ssp. trichophorum partial amphiploid TE-1508 contained wheat
background of Chinese Spring, which was similar pedigree to TE-3 by Yang et al. (2006).
Wheat parent MY11 was a semi-winter type wheat cultivar in Sichuan at 33 degrees north
latitude agriculture region of China. TE1508 was crossed to wheat line MY11, then back-
crossed and self-fertilized. Line X484-3 was selected from the BC1F5 progenies. The adult
plant of X484-3 displayed the similar heading time as the Sichuan wheat cultivars. The
X484-3 plant was 90–105 cm in height, produced 7–10 spikes per plant, and displayed
higher tillering ability than that of MY11 (3–5 spikes). Plants of X484-3 had 20–23 spike-

Cereal Research Communications 41, 2013

SONG et al.: Identification of Wheat-Thinopyrum Addition Line 213



lets per spike, closely resembling MY11, but with longer spikes (Fig. 1A). The heavy
glume pubescence on the spikes of TE-1508 possibly inherited from Th. intermedium ssp.
trichophorum was not observed in X484-3. Observation of root-tip chromosome number
and meiotic PMCs of 20 X484-3 progenies, the results showed that all plants of X484-3
progenies were 2n = 44 at somatic chromosomes and 22 bivalents at meiotic MI, which in-
dicating that line X484-3 was a cytologically stable addition line.

In situ hybridization

GISH using total genomic DNA from Ps. spicata (St-genome) as a probe was performed
on mitotic metaphase chromosomes of X484-3 and its parents TE-1508 as well as
Th. intermedium ssp. trichophorum (Fig. 1). Based on the chromosomes assignment of
GISH by St genomic DNA outlined by Chen et al. (1998), the genomic constitution of
Th. intermedium ssp. trichophorum PI440125 was 14St+18J+6Js (Fig. 1B), and the alien
chromosomes of partial amphiploid TE1508 was designed as 8St+4J+2Js(Fig. 1C). The
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Figure 1. The spikes morphology (A) and GISH (B–D) of disomic addition lines X484-3 and their parents.
GISH of Th. intermedium ssp. trichophorum accession PI440125 (B), TE-1508 (C) and X484-3 (D)

using Ps. spicata genomic DNA as probe. Bar showed the 20 μm



X484-3 contained the alien chromosomes with probe hybridized uniformly along the en-
tire chromosome lengths (Fig. 1D), indicating that the two chromosomes were St-genome
chromosomes from Th. intermedium. The St-chromosomes were clearly shorter than
those of the wheat chromosomes.

Molecular markers

The PLUG primers were designed based on rice syntenic region, and presumably amplify
fragments corresponding to the similar linkage group(s) of wheat genomes (Ishikawa et al.
2009). Our previous studies showed that the PLUG markers were useful for producing
alien chromosome-specific markers (Jia et al. 2010; Hu et al. 2012). Total 145 PLUG
markers were tested X484-3 and its parents MY11 and TE-1508. We found that 4 PLUG
markers, named TNAC1805, TNAC1806, TNAC1812 and TNAC1815 (Ishikawa et al.
2009), gave rise to the specific amplification of between X484-3 and TE-1508 DNA. As
shown in Figure 2, the PLUG marker TNAC1812 amplified diagnostic fragments in wheat
long arms of chromosomes 7A, 7B and 7D, respectively, which revealed by amplification
of wheat CS nulli-tetrasomic lines. A strong specific band was clearly observed in both
Th. intermedium, Ps. spicata and X484-3 (Fig. 2). The sequences of the specific band
from Th. intermedium, Ps. spicata and X484-3 were 733 bp, 735 bp and 727 bp, respec-
tively. The sequence alignment indicated that the St-derived band had 99% homology to
the St-band in X484-3 (Fig. 3). Similarly, another PLUG primer, TNAC1805, specific to
short arms of wheat homoeologous group 7 also generated the St band from X484-3 iden-
tical to that of Th. intermedium and Ps. spicata (data not shown). These results suggested
that the St-chromosome in X484-3 belonged to homoeologous group 7.

Disease responses

Line X484-3 and the parental lines TE-1508 and MY11 were inoculated with Blumeria

graminis f. sp. tritici isolates (seedling) and P. striiformis f. sp. tritici races CYR30,
CYR31 and CYR32 (adult plant). TE-1508 was immune to these isolates, whereas wheat
parent MY11 was highly susceptible. X484-3 was highly resistant to stripe rust but sus-
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Figure 2. PCR using PLUG primers TNAC1812. The arrow indicates the St specific band
identical with that of Th. intermedium and Ps. spicata derived band
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ceptible to powdery mildew. These results indicated that the stripe rust resistance in
X484-3 was from the TE-1508 parent, and can be traced to Th. intermedium ssp.
trichophorum.
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Figure 3. Alignment of the nucleotide sequences from X484-3 bands (A, D, St) with sequences of Ps. spicata

(St) and Th. intermedium (Th). Base similarities are indicated with dots, and gaps were introduced to optimize
alignment are indicated with dashes



Discussion

Thinopyrum intermedium has been described as a segmental autoallohexaploid, consisting
of two closely related, partially homologous, genomes and one distinctly diverse genome
(Li and Wang 2009). The studies indicated that three distinguishable chromosome sets of
Th. intermedium were designated J, JS and St-genomes. The J genome was related to both
Th. elongatum and Th. bessarabicum, however, the JS genome referred to a modified Th.

elongatum/Th. bessarabicum genome (Chen et al. 1998), but further evidences illustrated
the Dasypyrum species may possibly be the progenitor for the Js genome (Kishii et al.
2005; Liu et al. 2009; Mahelka et al. 2011), and thus the genomic structure of Th.

intermedium is likely with some potential progenitors still unidentified. There is only St-
genome originated from Ps. strigosa were confirmed to be a basic genome of Th. inter-

medium. The GISH and C-banding techniques revealed remarkably that a large amount of
genetic polymorphism and genomic structure modifications occurred among inter-popu-
lation and intra-populations. Chen et al. (1998) showed that the identified Th. intermedium

accessions included with 17–21 J, 6–11 JS and 13–14 St-chromosomes, respectively. Tang
et al. (2000) described the genomic composition of Th. intermedium as 21J + 7JS +14St.
It indicated that the genomic variation among different Th. intermedium accessions needs
to be further investigated (Li and Wang 2009). The Th. intermedium ssp. trichophroum

exhibited strong heterochromatin bands in their terminal regions of the chromosomes, and
were quite different from those of the Th. intermedium ssp. intermedium (Xu and Conner
1994; Yang et al. 2006). In the present study, we investigated the GISH pattern of
Th. intermedium ssp. trichophorum PI440125, and found that its genomic composition
was 14St+18J+6Js (Fig. 1B), which indicating that the number of St-chromosomes was
stable in different Th. intermedium subspecies. Moreover, the partial amphiploid TE-1508
were similar pedigree of TE-3 (Yang et al. 2006), but it contained different alien composi-
tion from previous reported wheat-Th. intermedium partial amphiploids (Chen 2005;
Georgieva et al. 2011). Therefore, the polymorphism of Th. intermedium subspecies and
accessions and wheat-Thinopyrum partial amphiploids allowed continuously transferring
the novel genes from Th. intermedium to cultivated wheat.

Th. intermedium has been regarded as novel resistance resource for wheat breeding, in
particular for resistance to barely yellow dwarf virus (BYDV) and rust (Li and Wang
2009). A disomic addition line L1 originating from TAF 46 (Cauderon et al. 1973) was
first identified to have BYDV resistance gene Bdv2 in chromosome 7Ai#1 (Friebe et al.
1992; Hohmann et al. 1996). The St-genome based GISH revealed that L1 contained the
J chromosomes from Th. intermedium (Chen et al. (1998). Friebe et al. (1993) identified
7Ai#2(7D) and 7Ai#2(7A) chromosome substitution lines contained a leaf rust resistance
gene Lr38 which located in the distal half of the long arm of chromosome 7Ai#2. Tang et
al. (2000) identified that a pair of chromosome 7Ai#2 in a disomic addition line Z4 was
belong to JS chromosomes by St-genome based GISH. Moreover, the 7E (J or Js ge-
nome)-(7D) substitution line P29 and 7E addition line P107 carried gene Bdv3 for resis-
tance to BYDV genes on 7AiL (Ohm et al. 2005; Kong et al. 2009; Ayala-Navarrete et al.
2010). Both Bdv2 and Bdv3 are derived from chromosome 7 and from different genomes
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of Th. intermedium. Recently, Liu et al. (2011) identified a novel gene wsm3 for resistance
to wheat streak mosaic virus (WSMV) presented on the Th. intermedium chromosome
arm 7S#3L present in the T7BS·7S#3L translocation line KS12WGGRC59. Conse-
quently, we considered to further transfer new orthologous rust resistance gene(s) from
different sources of the Th. intermedium accessions. In the present study, we investigated
the addition line X484-3 by GISH, and found a pair of typical St-chromosomes in wheat
background. Further using group-7 PLUG markers confirmed that the introduced Th.

intermedium derived St-chromosomes in X484-3 belong to group 7, and thus the chromo-
somes in line X484-3 can be described as 7St#4 from Th. intermedium ssp. trichophorum.
Line X484-3 appeared high resistance to stripe rust races. It is thus to note that the Th.

intermedium derived 7St chromosomes displayed novel resistance which worthwhile to
study further. In addition, other wheat-Th. intermedium addition or substitution lines in-
cluding the L series derived from TAF46 (Cauderon et al. 1973) and Z series from Zhong
5 (Larkin et al. 1995) displayed hard winter type and they are difficult for flowering in
semi-winter or spring type regions for breeding practices. The present addition line
X484-3 was clearly semi-winter type, and can be easily used as parent to transfer the chro-
mosome 7St#4 carried novel genes for wheat breeding.

Fluorescence in situ hybridization has been commonly used to determine the distribu-
tion of the repetitive sequences on chromosomes, and also used to identify the specific or-
ganization of the chromatin. Apart from for the above-mentioned St-genome based GISH
for Th. intermedium (Chen 2005), the repetitive DNA sequences have been useful for
identifying the chromosomes and genomes in allopolyploid (Heslop-Harrison 2000), and
we also developed J and Js specific probes for Th. intermedium identification (Liu et al.
2009; Tang et al. 2011). However, the GISH or FISH probes are hard to distinguish the ho-
mologous group of the individual chromosomes. The traditional RFLP markers were ef-
fective for identifying the alien chromatin and assign the linkage group (Friebe et al.
1996). However, it is time-consuming and cost methods. The PCR-based markers were
simple and fast to target the alien species in a wheat background, and can be used to detect
materials that contain Thinopyrum chromatin. In particularly, the comparative genome
analysis revealed that there was a high collinearity level of the coding regions existing be-
tween genomes from rice, Brachypodium and wheat (Dubcovsky et al. 2001; Quraishi et
al. 2009). The markers based on the conserved gene regions can be used to produce alien
chromosome-specific markers. We previously developed a group of Th. ponticum chro-
mosome-specific markers including PLUG markers (Jia et al. 2010; Hu et al. 2012), and
also use the markers to confirmed the 1St (1D) substitution lines (Hu et al. 2011). It is thus
to note that this type of markers can be useful for alien chromatin identification and as-
signment of their corresponding linkage group. In the present study, the group-7 PLUG
markers detected polymorphic fragments specific to the Th. intermedium chromosome in
X484-3, which were also observed in the homeologous group-7 wheat chromosomes (Fig.
3). The PCR amplification of Th. interemdium specific bands in X484-3 was identical to
the amplification of Ps. spicata (St-genome). It is thus to assign the introduced St chromo-
somes pairs in line X484-3 belong to group 7. The line X484-3 can also be used to further
localized other molecular markers of 7St, and compared the previously mapped 7J (L1)
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and Z4 (7Js) to investigate the genomic recombination among chromosomes in Th.

intermedium allopolyploidy.
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