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ABSTRACT. Diploid Thinopyrum elongatum, a wild relative of wheat,
contains many agronomically desirable traits and has potential for
increasing genetic variability and introducing desirable characters in
this crop. Few molecular markers are available for rapid screening of 7.
elongatum genome segments in the wheat genetic background. We used
36 RAPD primers and 33 ISSR primers to screen for polymorphisms
in the common wheat variety Chinese Spring and in 7. elongatum. Two
RAPD markers and one ISSR marker, designated OPF03 , ., LWI10, ..
and UBC841, , were identified and were specific for the 7. elongatum E
genome. Three pairs of primers flanking these specific sequences were
designed to produce SCAR markers. All three SCAR markers were 7.
elongatum E genome-specific. Two of these SCAR markers, SCAR, ,
and SCAR, ., were present in all seven T. elongatum chromosomes,

while SCAR,,; was specific for 7. elongatum chromosomes 2E and 3E.
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These newly developed SCAR markers should be useful for detecting
alien genome chromatin or chromosome segments in the genetic
background of common wheat.

Key words: ISSR; RAPD; Sequence characterized amplification region;
Thinopyrum elongatum

INTRODUCTION

The diploid wheatgrass Thinopyrum elongatum (Host) D.R. Dewey [= Lophopyrum
elongatum (Host) A. Love; = Elytrigia elongatum (Host) Nevski; = Agropyron elongatum
(Host) Beauv.] (2n = 2x = 14; EE genome) is a wild relative of wheat, with many superior char-
acters, such as high protein content, resistance to biotic stress caused by pathogens and pests
(Shukle et al., 1987; Sharma et al., 1989; Yang and Ren, 2001; Shen et al., 2004), and tolerance
to abiotic stress caused by drought and salinity. Therefore, 7. elongatum has been used in breed-
ing programs for improvement of wheat, and several agronomically important genes have been
successfully identified in the 7. elongatum genome in past decades. These genes include yellow
dwarf virus resistance (Sharma et al., 1995), leaf rust resistance (Sharma and Knott, 1966),
yellow rust resistance (Ma et al., 2000), and fusarium head blight (FHB) resistance (Jauhar and
Peterson, 2000; Oliver et al., 2005; Shen and Ohm, 2007). Other useful agronomical traits are
also discovered in Thinopyrum intermedium, including resistance to abiotic stresses such as
drought (Roundy, 1985) and salinity (Omielan et al., 1991; Deal et al., 1999).

Hybridization and introgression are a potentially effective method for the introduction
of those desirable genes into wheat. However, for this approach to be successful it is important
to develop tools for identifying alien 7. elongatum E genomic sequences in recombinant plants
derived from wheat-Thinopyrum crosses. While agronomic traits and biochemical analysis
have been used to map valuable genes in 7. elongatum, these methods have poor reproduc-
ibility and are not suited for the selection of important traits. Some genetic methods, such as
chromosome banding and in situ hybridization, have also been used to screen for 7. elongatum
genes in the genetic background of common wheat. However, these techniques are labor-
intensive and technically demanding requiring advanced skills, and therefore cannot be easily
adopted into breeding programs that require rapid screening of large numbers of genotypes.

With recent advances in molecular biology, DNA molecular markers are being increas-
ingly employed in genetic and breeding research in wheat. Restriction fragment length poly-
morphisms (RFLP) have been successfully used as molecular markers in plant genetic studies.
However, RFLP analysis requires large quantities of DNA, and the procedure is time-consum-
ing and technically demanding, and is therefore not well suited for large-scale plant screenings
in breeding programs. In recent years, plant breeders have turned to polymerase chain reaction
(PCR)-based technologies in the hope of finding an easier way to detect alien genes in recom-
binant introgression lines. Many PCR-based DNA markers have been developed, including
randomly amplified polymorphic DNA (RAPD), amplified fragment length polymorphism
(AFLP), simple sequence repeat (SSR), expressed sequence tag (EST), and inter-simple se-
quence repeats (ISSR). Among these DNA markers, RAPD and ISSR are relatively simple to
use and are highly effective in plant fingerprinting and phylogenetic studies, which require
no prior knowledge of sequence information. However, they have the drawback of poor re-
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producibility and stability. Sequence characterized amplification region (SCAR) markers with
designed primers significantly improve the reproducibility and reliability of PCR-based assays
(Hernéndez et al., 1999). They are notably relatively inexpensive and straightforward to use,
because additional treatment after PCR is unnecessary. They are therefore considered to be
more suitable molecular markers for crop breeding and genetic analysis. Furthermore, SCAR
markers have relatively long sequences and can produce more specific and prominent band
signals (Chowdhury et al., 2001). Recently, SCAR markers have been developed for analysis
of the rye R genome and the Agropyron P genome (Vaillancourt et al., 2008; Liu et al., 2008;
Wau et al., 2010), but such markers have not been reported for the 7. elongatum E genome.

In this study, we have used the RAPD and ISSR methods to screen 7. elongatum E
genome-specific molecular markers, and have successfully developed SCAR markers. These
novel SCAR markers allowed the detection of 7. elongatum E genome-derived alien chromatin
or chromosome segment in the common wheat genetic background. To our knowledge, this is
the first report of 7. elongatum E genome-specific SCAR markers that are present in all 7. elon-
gatum chromosomes and suitable for the detection of 7. elongatum DNA sequences in wheat.

MATERIAL AND METHODS
Plant material

Plant materials used for PCR amplification included the common wheat cultivar Chi-
nese Spring, 7. elongatum (2x), T. elongatum (4x), and wheat-T. elongatum disomic addition
lines (1E-7E). The common wheat cultivar Chinese Spring (hereafter abbreviated as CS) was
propagated by our own laboratory. 7. elongatum (2x) and the wheat-7. elongatum disomic addi-
tion lines (1E-7E) were provided by the National BioResource Project, Japan (NBRP-Wheat).
T. elongatum (4x) was provided by the Chinese Academy of Agricultural Sciences. The F, and
F, hybrids from the cross between the CS-3E disomic addition line and the CS-2C disomic ad-
dition line (containing a pair of 2C chromosomes from Aegilops cylindrica) were developed in
our own laboratory. The CS-2C disomic addition line was also provided by the NBRP-Wheat.

Genomic DNA extraction

Genomic DNA was extracted from 0.1 g fresh young leaves, using a modified cetyl tri-
methylammonium bromide (CTAB) extraction protocol (Doyle and Doyle, 1990). The DNA was
dissolved in 50 pL sterilized double-distilled water. Quality of DNA was checked on 0.8% agarose
gels, and DNA concentration was determined using a spectrophotometer (Helios Betra, England).

RAPD and ISSR marker analysis

Thirty-six decamer random primers and 33 ISSR primers were used to screen the
wheat and 7. elongatum. RAPD amplification reactions were performed in a 20-puL reaction
mixture containing 30 ng template DNA, 0.4 uM primers, 0.2 mM dNTP, 0.5 U r7ag poly-
merase, and 2.0 pL 10X PCR buffer (containing 10 mM Tris-HCI, pH 8.3, 50 mM KCl, 1.5
mM MgCl,), with the PCR program of 5 min at 94°C, 45 cycles of 30 s at 94°C, 45 s at 36°C,
1 min at 72°C, and a final 10-min extension at 72°C. ISSR amplification reactions were per-
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formed in a 20-pL reaction mixture containing 50 ng template DNA, 0.4 uM primers, 0.2 mM
dNTP, 0.5 U rTaq polymerase, and 2.0 pL 10X PCR buffer (containing 10 mM Tris-HCI, pH
8.3,50 mM KCl, 1.5 mM MgCl,), with the PCR program of 4 min at 94°C, 42 cycles of 1 min
at 94°C, 1 min at 52°C, 2 min at 72°C, and a final 7-min extension at 72°C. PCR product was
then separated on a 1.2% agarose gel in 1X TAE buffer. The gels were stained with ethidium
bromide and visualized with a gel-scanning imager (Gel Doc-2000, Bio-Rad, USA) to identify
polymorphism among the screening images.

Cloning and sequencing of the specific RAPD and ISSR products

The RAPD and ISSR amplification products were excised from 1.2% agarose gels
and purified by a gel extraction kit (TaKaRa Bio Inc., Otsu, Dalian, China). The purified
products were ligated into the pMD18-T vector (TaKaRa Bio Inc.), and then introduced into
the Escherichia coli IM109 competent cells by heat shock transformation. Insert-containing
positive clones were identified by PCR analysis using RV-M and M13-47 primers. The se-
lected clones were sequenced in both directions by Sangon Biotech (Shanghai, China).

SCAR primer design and amplification

The sequences of the RAPD and ISSR product were blasted against the NCBI NR data-
base. Primers were then designed flanking the inserts to convert them into SCAR markers, and the
parameters used for primer design were: 1) primer length of 18-26 nt with the optimal length of 22
nt; 2) annealing temperature of 50°-60°C with the optimum being 58°C; 3) percentage GC content
in the range of 40-55%, and 4) product size of 400-800 bp. The SCAR amplification reactions were
performed in a 20-pL reaction mixture containing 50 ng template DNA, 0.2 uM of each primer, 0.2
mM dNTP, 1 U r7aq polymerase, and 2.0 pL 10X PCR buffer (containing 10 mM Tris-HCI, pH 8.3,
50 mM KCl, 1.5 mM MgCl,), with the PCR program of 5 min at 94°C, 35 cycles of 30 s at 94°C, 30
s at 52-60°C, 1 min at 72°C, and a final 10-min extension at 72°C. The product was separated on a
0.8% agarose gel, stained with ethidium bromide, and visualized with gel scan imaging.

RESULTS

Development of RAPD and ISSR markers from the 7. elongatum genome

Thirty-six RAPD primers (decamer oligonucleotides) and 33 ISSR primers were used
to screen the panel comprised of three varieties or lines, including the common wheat CS, the
diploid T elongatum (2x) and the tetraploid 7" elongatum (4x). Stable products were successfully
amplified with 20 RAPD primers and 26 ISSR primers from the three DNA samples screened. Six
of'the RAPD and eight of the ISSR primers are specific for the 7. elongatum E genome, of which
two RAPD and one ISSR primers were further investigated. The products with the two RAPD
primers OPF03 and LW10 were approximately 1400 and 1500 bp in length (Figure 1A and B),
respectively, which were present in both the 2x and the 4x T elongatum but absent in the common
wheat. Similarly, the ISSR primer UBC841 amplified a 700-bp product from the 7. elongatum E
genome but yielded no products from CS (Figure 1C). These results indicated that these markers
were specific for the 7. elongatum E genome, and could be used for detecting the 7. elongatum E
genome in the common wheat genetic background.
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Figure 1. The amplification products of RAPD and ISSR primers in Chinese Spring (CS), Thinopyrum elongatum (2x)
and T’ elongatum (4x). A. RAPD primer OPF03; B. RAPD primer LW10; C. ISSR primer UBC841. Lane I = Common
wheat CS; lane 2 = T. elongatum (2x); lane 3 = T. elongatum (4x); lane M = DL2000 marker (8.5 cm % 5.07 cm, 300
dpi).

Sequence analysis of cloned fragments

The T. elongatum E genome-specific RAPD and ISSR products were cloned and se-
quenced. The results revealed that the OPF03, LW10 and UBC841-amplified fragments were
1407, 1487 and 701 bp in length, respectively (Figure 2A, B and C). They are therefore named
as OPF03 , , LWI10,, ., UBC841, , respectively. A homology search showed that OPF03 , .
had no sequence match in the NR NCBI database, while LW10, .. and UBC841,  were ho-
mologous to part of the Triticum aestivum chromosome 3B-specific BAC sequences. The three
E genome-specific nucleotide sequences were submitted to GenBank and registered with the
accession Nos. JF261099, JF267715 and JF267716.

A B

1 ATTCCTGATE ACCARAGCCA TGGACATTAG GGTTAGCANG TATGCTCATA AGTTGTTTAC 1 GG6CGEGCAG TEATTACCTT TGOSGGATAS AGETCCETTC TTGACGAACT CCTCGACARA
61 TGTCCAGCAA AATGCTTTCA TTANGGGGAG GCACATAGTT GATGGCATTC TITETTTACA 61 CCCTGTCAGA TACATGCGAT GTCGATCACC GATCCAACTA AGAGCCTTCG GGCOTOTTOS
121 AGAAGTATT CATTATACCC ATATCAAAAL ATAAGTGGGG GTGATCCTTA AACTTGATTT 121 GTACTCCGGC AAGTGGETAR ARGTGGCGAG GCCATCCTCA CCACCACTAC CCCAGAGAAG
181 AGAGAAGGCC TATGACAAAG TTAATTAGGA ATTCCTACTC SATTGCCGTG AGAAACGTSS 181 CATTCTCTGG AGGATGACGA CATCAACETC TTTACACTCT TCALGACTTT TICTTCARAT
241 ATTTAATTCC ARGTGGTGTG GOTGOGTATC TCAAATCCTT ARAAATEGCA COGTAAGTGT 241 ANTTGGCGTG AGAGGGEGCT CCTCGACCTC GECGRARTCC ACCAAGTAAC CACAATGAGC
301 CAAGATCAAT GATGAGGTCS GCECTTACAT ACAMAGTGCT AAGGGGGTGC GOCAGGGTGA 301 CCATGGAKCG ACGCAMCAAT AMCCCTCACT GETGGOGACG AACCAAGGGT CCGATEAGTC
361 TCCTCACTCC CCTTTCCTST TTALCATIGE GGCTGARTGE CTGACTAAGA TGGTGCTTA 361 CGGGCACCOG CCGCTCTAGT TCTARACCCA ATTGTGGACG GCTTCCGACT TACCAAAGTG
421 GGCTCAARAA ATGGTCTTST TALAGGATTA GCT TC TTATTGAGGE ™ 421 CTCATGGACG GCGGCAGTGS GCTTAACCTT ATCTCCTTAT CTACGAGGAC ACGCTCGACA
481 ATCCTTCAGT ACGCTGATGA TACAGTATTA TGTTTTGAGC ATGATATTGA CAAAGETATC 481 AAATGCATAT TGACAGAACA TGCATTGAGE AAAGCAGTAC CACCTTTCGA GEATCATCEC
541 AKTGTCARAC TATTGCTCTA TCTTTTTGAK CTCATGTCAG GATTAAKART CAXTTTTOAT 541 CCAGTCGAGA AGCACGTTGT TCGOGGAALA TCAAACTTOA TOCAGTATIC GGCACOCCOA
601 AKGAGCGAGG TTTTCGTTAT CGGAGGGGAT AKTGACTGA TTTAGTTTAT GCTGACATGT 601 AGAXTTACAG GTCCGAKGAG TTGCTCTTCE ACGTOGCTCC CTTCAKTAGE GGATATCACG
661 TTGGTTOCCA AGTGGGEACS TTGECTATGA GATATTTORG AGTTCCAGTC ACATACTOCA 661 CGCTTTTAGG GCGGGACGCT TTCTCATGET TTCCAMGECA TACCECATTA CGGGTACATG
721 CTCTTAAGAA TOTGGAGTTA GATTTCCTGG ATGGTARART GATCAARARG CTTGATGCCT 721 AAGCTCAKAA TGCCAGGGCE CAATGGARTA ATCACAGTTA COAGTGATCT GGATALAGEA
781 GGATTGCCTA TGCGGCATCE TCCGGGGCCA GACTCACACT ATTGGGATCE AGCCTTGTE 81 CTCCOCGCCG ARMACARAAC COEATCCTTS GECCTTGAGE CACTATCCGA AGCCCTTGEG
841 GGATTCCATC TTACTTTATG TCGATGTTSC TTTTCAATAA AACTTTTATT GAGAAGATSG 841 GCCGAAGAAC TAACCACCCT GTGATCCACG GTGGACAAGS ATGACGTGAT TCTTGATAAG
501 ATAAKCATCS TAGACGATTC TTTTGGAGGA GAAAAKACAA GAAACATGOR TACCATATSS 501 AGACCTAKAT CCACATCTTT G TTALATTTCA

961 TARAGTGGGC ARGAGTGTGT COATCTAAGA AKATTOGGGG GCTGGGGATC AAGGCTCTTC 961 ACGGATCCCA ACAARACAGE ATCCATCGGA GEACAGCTGG ATCCANCGGT AGACGECGEE
1021 ATARACAGAA CATTAGCCTG CTCGTTAATG GTGGTGGAAG CTCGARACGA GTOATEGACT 021 CTXS T TTCTACGTGA ARATTGGGAT ATCTTTGECT TTC GGACATGCCC
1081 g COTOAGGS CTAGATACTT CARAAATAAG ACAGTGGCCA ATATACAGAG 1081 GGGATCGCAC GCAGACTOGE COAACATAGE CTCAACATAK TCARGGGOTT SAAGCCAGTE
1141 TCGCTTCTCC GACTCTCCGT GCTGGAAGE TATCATGARK GTCAAAGACA CATATATGOC 1141 AAGCARACGC TACAGCGATT TTCCGAACCC ARACGACARG CTATGGGGGA GGAGCTAGCC
1201 TGGGAGGAAA ATTAACATCA ATAGTGGALA CCTGGCTAGG GTCTGGOATG ACCCTTORGT 1201 RAGCTACTCG AGGCCGGSTT CATCAGAGAR ATCAAACACC CGGATTGGCT AGCCAACTTG
1261 AGATAATACT GEATTGTGTG ATCATTTCCC TOATCTGTTT AGTATTTOCC AAGATCAGA 1261 GTCATOOTOC COAAGAAGGA TALATCTTOR COCCTTTATE TCARTITCAL AGACCTEART
1521 TAGCACTGTT GCATCCTO06 TAACGAATAR CTATATATGR ACTTGGCTTC AGACGCAGAT 1321 AAGGCTTOCC CTAMAGACCE TITTCCACTA €C 16 ACCAGATTAT TGOTOCAACE
1381 TOTTIGETGA GTTSGGTGAT CAGGAAT 1381 GCGGGACACG ACTEATTGTG TTTCCTCOA GCTTACTCCS GATACCATTA GATTAAMATG

1441 RAGGRATCCG ACCAGGECGS ALAGGTAATC TCTAGAGGAT TGTCCAC

c

1 ATTGAGAGAG AGAGAGAGAG CCATCTAGCT ACTAACTACG GACCOGTAGH TCTACARTGA

61 ACTACTCACG CATCATCGGA GAGGCACCAR TARGGATGAT GRACCCETCC GTGATGGTST
121 CTAGATTGEA TCTGTGGTTT CTGGAKCTTG COGOGGCTGE AATTTATTTT COTCGACTTC
181 CCTAGGGTTT CTGGAATATT GGGGTATITA TAGAGCANAG ToT

241 GAGATGGGCA CARCCCACCA GOGCGCGCCT GOGGGCCCAS GEGTGCCCOE GTETCTTATS,
301 CTCACCTCGS GECCCCTETT AGGTACTTET TTGGCCCATT GEATGTCTTT TGTCCARAL
361 AAATCTCCAA AMAGTTTCAC TGCATTTGTA CTCCGTTTGE TATTGATTTC CTGCGATGTA
421 AAARACATGC AGAAAACATC AACTGGCACT GGGCACTATG TCAATAGGTT AGTACCARAA
481 ATGATGTAAR ATGATTATAR KATGATTGTA ARACATCCAR GAATGATAAT ATRACAGCAT
561 GGAACAATCA AMAATTATAG ATACGTTGGA GACTTATCAA GGGCCACEGG GOCTGTARCE
601 TCARACGGGG CGTTGACCAT CACAGTAGTT GCCGTEAGCG TATCTGGGGT COGCTCOOTS
661  GCGGCCTCCA TCTTCTTGGA GETCTCTCTC TCTCTETCAA T

Figure 2. Consensus sequence of Thinopyrum elongatum-specific DNA fragments produced by RAPD and ISSR
markers. A. Nucleotide sequence of RAPD marker OPF03,, .. B. Nucleotide sequence of RAPD marker LW10 ..
C. Nucleotide sequence of ISSR marker UBC841, . Underline indicates location of SCAR,, SCAR,, and

701° 807> 9

SCAR,, markers, respectively (8.5 cm % 6.63 cm, 300 dpi).
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Conversion of RAPD and ISSR markers into SCAR markers

In order to increase the specificity and reproducibility of the RAPD and ISSR markers,
corresponding SCAR markers were designed based on the sequences of the RAPD and ISSR
markers and used to validate the utility of the molecular markers in wheat, 7. elongatum, and
wheat-T. elongatum disomic addition lines (1E-7E). PCR amplification showed that the pre-
dicted bands of 807, 839 and 577 bp existed in the 2x and 4x 7. elongatum as well as in the
wheat-7. elongatum addition lines, but not in the common wheat CS. Thus, the three RAPD
and ISSR markers were successfully converted into SCAR markers (Figure 3), which are
named as SCAR, , SCAR,,, and SCAR, , (Table 1), respectively. Chromosome localization
analysis showed that SCAR,, is located on chromosomes 2E and 3E. Using the same method,
SCAR,, and SCAR,  were found to exist in 2x and 4x 7. elongatum, and all seven wheat-T.
elongatum disomic addition lines. This result suggested that these two SCAR markers are

present in all chromosomes of 7. elongatum.

Figure 3. PCR amplification of Chinese Spring-1E-7E disomic addition (CS-1E-7E DA) lines, CS-2C DA line,
Thinopyrum elongatum (2x), and T. elongatum (4x) with RAPD-SCAR and ISSR-SCAR primers. A. RAPD-
SCAR,, primer. B. RAPD-SCAR,,, primer. C. ISSR-SCAR_, primer. Lane 1 = CS-1E DA; lane 2 = CS-2E DA;
lane 3 = CS-3E DA; lane 4 = CS-4E DA; lane 5 = CS-5E DA; lane 6 = CS-6E DA; lane 7 = CS-7E DA; lane § =
CS; lane 9 = T. elongatum (2x); lane 10 = T. elongatum (4x); lane 11 = CS-2C DA; lane M = DL2000 marker (8.5
cm x 12.2 cm, 300 dpi).
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Table 1. Characteristics of the SCAR markers developed for the E genome of Thinopyrum elongatum.

RAPDID  RAPD primer (5-3') SCAR ID SCAR primer (5'-3") Size (bp) Tm (°C)

OPF03 CCTGATCACC OPF03-1407-F  GGCACGGTAAGTGTCAAG 807 57
OPF03-1407-R  GATACGTTGCCACAGTCC

LW10 ACCTTTGCGG LW10-1487-F GACGCAACAATAACCCTC 839 54
LW10-1487-R  GTTTGCTTGACTGGCTTG

UBC841  GAGAGAGAGAGAGAGAGC  UBC841-701-F  CGGAGAGGCACCAATAAGGAT 577 58

UBC841-701-R ~ CCGACCCCAGATACGCTC

RAPD = randomly amplified polymorphic DNA; SCAR = sequence characterized amplification region; Tm =
melting temperature.

Identification of hybrid progenies with SCAR markers

To identify the utility of the three SCAR markers, SCAR, , SCAR,,, and SCAR,
were used to screen the F| and F, progeny derived from the cross between the two disomic ad-
dition lines CS-3E and CS-2C. All three SCAR markers were present in the F, progeny, while
in the F, population the amplification was variable among individual plants (Figure 4A, B and
C, respectively). Some F, lines, with the chromosome number of 2n = 42, yielded a single
SCAR product. FISH hybridization signals were not shown along the whole chromosome
(data not shown), indicating that they were translocation lines, but not substitution lines. Other
F, lines yielded no PCR product, suggesting that they are not translocation lines. Of these F,
lines, 28 of 152 F, individuals have the chromosome number of 2n = 42, eight of 28 individu-
als gave a single specific amplification product of the three SCAR markers, indicating that the
frequency of translocation is at least 5.26% in the F, lines.

67 89 M101112 13141516171819 20 21 2223 M

807 bp

— e R sttt

34567 89 MI01112131415161718 19

839 bp

— L e -—

577bp

Figure 4. The amplification results of three markers SCAR,

(A), SCAR
progenies. Lanes 1-9 = F | progenies crossed by Chinese Spring-3E disomic addition (CS-3E DA) and CS-2C DA,
lanes 10-19 = F, progenies selfcrossed by F, progenies; lane 20 = CS; lane 21 = CS-2C DA; lane 22 = Thinopyrum
elongatum (2x); lane 23 = T. elongatum (4x); lane M = DL2000 marker (8.5 cm x 7.16 cm, 300 dpi).

<07 o5 (B)and SCAR__ (C) primers in F , F,
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DISCUSSION

T. elongatum is a wild relative of wheat, and contains a large number of genes for desir-
able traits that are potentially useful for wheat improvement (Knott et al., 1977; Friebe et al.,
1996; Prins et al., 1997; Reynolds et al., 2001). Researchers have identified many potential genes
conferring stress tolerance and resistance to a number of wheat diseases and pests, which makes
T elongatum a rich genetic resource related to wheat. The major FHB resistance gene, Fhbl,
was identified by Shen and Ohm (2006) from the homologous group 7, based on evaluation of
a series of CS-T. elongatum chromosome substitution lines. A genetic map of chromosome 7E
was developed and two resistance loci (leaf rust resistance gene Lr/9 and FHB resistance QTL)
were mapped to chromosome 7E by using a population of 237 F_ , recombinant inbred lines de-
rived from a cross between two Thatcher-L. ponticum substitution lines (Zhang et al., 2011). The
wheat stripe rust disease resistance gene YrE was located on chromosome 3E from 7. elongatum,
and the introduction of genes from the 7' elongatum 3E has improved the resistance of common
wheat to salinity stress (Ma et al., 1999). Li et al. (1998) reported that the chromosomes 4E and
6E of T. elongatum carry the genes conferring tolerance to phosphorus deficiency stress. Thus,
T. elongatum offers a great potential to wheat breeding programs by contributing genes for many
desirable traits. Integration of small alien chromosome segments with excellent genes into the
wheat genome is significant for wheat improvement.

Small alien chromosomal segments, which are most desirable in wheat breeding, are dif-
ficult to identify using cytological methods. This probably explains the recent interest in develop-
ing molecular markers to identify 7. elongatum introgressions in the wheat genome. Liu et al.
(1998) developed specific RAPD markers for 1E (OPEOS ,, and OPF03, ) and 3E (OPF15,,)
chromosomes of 7. elongatum. You et al. (2003) transferred the wheat SSR into 7. elongatum and
developed a T elongatum-specific SSR marker Xgwm325- . . Mullan et al. (2005) developed 7.
elongatum-specific EST-SSR markers based on wheat EST information. Furthermore, Chen et al.
(2007) designed resistance gene analog (RGA) primers to detect the resistance gene analog poly-
morphisms, and established a set of intact L. elongatum (1. elongatum) chromosome-specific RGA
polymorphism markers. Zhang et al. (2008) developed 28 specific AFLP markers for T elongatum,
and converted 4 AFLP markers into reliable sequence tagged site (STS) markers. However, there
were some drawbacks with these developed markers, which limited their application in breeding
programs. For example, the size of SSR and STS markers is small, ranging from 100 to 350 bp,
making them relatively difficult to detect. Also, it is difficult to develop SSR markers in species
of unknown genome sequence, and few SSR markers are available for 7. elongatum. In addition,
the detection of SSR polymorphisms relies on the use of polyacrylamide gel electrophoresis to
separate the product, and silver staining to visualize the DNA bands. RAPDs have poor reproduc-
ibility, while the RGA markers are species-specific, which would limit their use in common and
related species. Therefore, reproducible, fast and cost-effective molecular markers common for
the 7. elongatum E genome will be valuable tools for wheat improvement. In this study, the com-
mon wheat CS and the 2x and 4x T. elongatum were used for screening DNA markers, and three
SCAR markers specific to 7. elongatum were obtained. We have also checked the applicability of
the resulting three markers for distinguishing CS disomic addition lines, which is CS-2C with a
pair of 2C chromosomes from A. cylindrica with T. elongatum chromosomes, because a breeding
program using these plant materials is being conducted in our laboratory. The marker present in 7.
elongatum but absent in CS and CS-2C would be applicable to the program. Our BLAST search of
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three SCAR markers showed that all SCAR markers match BAC clones or unknown regions with
multiple hits, suggesting their origin from highly repetitive sequences of the genome. There are
many highly repetitive regions in wheat and its relative species, and they are widely used as sources
of molecular markers in wheat genetic breeding. Chromosome localization analysis in wheat, 7.
elongatum, and derivatives of their cross indicated that the SCAR, and SCAR,  markers were
located on all chromosomes of 7. elongatum, making them potentially very useful for detecting E
genome of 7. elongatum in a common wheat genetic background. The SCAR,; marker could be
used for targeting chromosomes 2E and 3E in the derivatives of wheat-7. elongatum crosses.

To test the usefulness of the SCAR markers, we employed the markers to identify
translocation lines that might contain 7. elongatum-derived alien chromatin. For this study,
we selected the F, lines (including 2n = 42) because it would be relatively easy to screen for
translocation lines preliminarily in this population without the use of other biological tech-
niques and methods. If the SCAR-PCR result is positive, we can then use other techniques and
methods to determine the size and position of the translocated fragment. Our results indicated
that these SCAR markers can be used to rapidly and accurately identify alien chromosome
segments transferred into wheat from 7. elongatum. It is worth noting that we have screened
6 RAPD and 8 ISSR primers specific for the 7 elongatum E genome, but selected only two
RAPD and one ISSR primers in order to obtain a relatively long amplification product. Lon-
ger products would increase the possibility for designing SCAR primers, and the resulting
SCAR product would be more suitable for agarose gel detection. As a result, from the initial
36 RAPD primers and 33 ISSR primers, we successfully obtained three SCAR markers, with
their size ranging from 577 to 839 bp, which are suitable for PCR-based detection of the 7.
elongatum E genome. The whole SCAR marker development process was highly efficient.

In summary, we have developed two RAPD markers and one ISSR marker from the
T elongatum E genome, and converted them into three SCAR markers. These SCAR markers
were specific for the 7 elongatum E genome, two of which were distributed across all the 7.
elongatum chromosomes, and which could be used widely in the detection of derivatives from
wheat-T. elongatum crosses. These markers would therefore be useful to wheat breeders for
improvement of wheat utilizing genetic resources from the 7. elongatum E genome.
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