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ABSTRACT. To detect E°St-genome species in Pseudoroegneria and
Ebtrigia, the primers ES45 (5-GTAGGCGACGGTTTTCA-3") and
ES261 (5-TCGCTACGTTCTTCATC-3") were designed as sequence
characterized amplified region markers based on the 6-base pair indel in
internal transcribed spacer 1 (ITS1) regions and conserved sites in the
5.8S regions, respectively. Polymerase chain reaction of ITS fragments
in 27 Triticeae accessions was used for amplification with a touchdown
thermocycling profile. Two amplicons were purified, sequenced, and
aligned. The results indicated that: 1) primers ES45 and ES261 generated
the expected products, 2) ITS sequences of E°St-genome species are
characterized by a 6-base pair indel, and 3) 13 taxa in Pseudoroegneria and
Elytrigia should be included in Trichopyrum. The primers ES45 and ES261
were useful for detecting ITS fragments with 6-bp indel and are helpful for
clarifying taxonomic classifications of E¢St-genome species in Triticeae.
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INTRODUCTION

Pseudoroegneria, Elytrigia, and Lophopyrum are 3 perennial genera in tribe Triticeae
(Love, 1984). Love (1984) and Dewey (1984) suggested that the taxonomic classification of
Triticeae species should be based on genomic constitutions. This view has been widely ac-
cepted (Hsiao et al., 1986; Wang et al., 1986; Jensen et al., 1992; Liu and Wang, 1993a,b; Lu,
1994; Zhou et al., 1999; Yen et al., 2005a; Yu et al., 2009). Species in the 3 genera contain the
basic genome symbols designated as St, E°St, and E (E° and EY), respectively (Love, 1984;
Dewey, 1984; Wang et al., 1994).

Morphologically, Pseudoroegneria species are cespitose, long-anthered, cross-polli-
nating perennials; similar morphological characteristics are observed in Elytrigia (Love, 1980;
Dewey, 1984). Cytological data indicate that ESt-genome species are grouped in Pseudoroeg-
neria and Elytrigia (Dewey, 1962; Dvotak, 1981; Love, 1984, 1986; Liu and Wang, 1993a,b).
Cytologically, genome analysis is powerful for determining the genome constitutions and
origin of polyploid taxa in tribe Triticeae (Love, 1984; Dewey, 1984). However, it is neces-
sary to obtain artificial hybrids and their robust flowering plants. Moreover, multivalents in
intergeneric hybrids suggest that chromosome pairing at high ploidy levels make interpreting
genomic constitutions difficult (Liu and Wang, 1993b). Therefore, detecting E°St genomes in
polyploid species using genome analysis or based on morphology similarity is inadequate,
and the taxonomic treatment of E°St-genome species remains disordered. Previous internal
transcribed spacer (ITS) analysis showed that a 6-base pair (bp) indel (TTTTCA) exits in
EcSt-genome species, but not in species with St or E (E® and E®) genomes (Li et al., 2004; Yu
et al., 2008). This provides insight into E°St-genome diagnosis using sequence characterized
amplified region (SCAR) markers on a molecular level.

Recently, reliable SCAR markers have been used in molecular analysis (Dai et
al., 2005; Paxton et al., 2005; Rahman et al., 2007; Liao et al., 2009; Bandyopadhyay and
Raychaudhuri, 2010; Duan et al., 2011; Lee et al., 2011; Yu et al., 2011a,b). In the current
study, SCAR primers were designed based on ITS characterization to amplify ITS fragments
of E°St-genome species. The products amplified by polymerase chain reaction (PCR) were
cloned and sequenced randomly. The objectives of this study were to develop SCAR primers
for amplification of ITS fragments in the E°St-genome, detect E°St-genome species on a mo-
lecular level, and determine general taxonomic classification for these species.

MATERIAL AND METHODS

The study was conducted from June 2010-March 2013 at Luzhou city, Research Cen-
ter for Preclinical Medicine of Luzhou Medical College.

Plant materials

A total of 27 Triticeae accessions were examined in this study, including 12 Pseu-
dorogeneria accessions with different genomic constitutions (i.e. St and E°St genomes), 12
accessions of Elytrigia with different genomic constitutions (i.e. E°St, E°E*St and E°E’E*StSt
genomes), and 3 species of Lophopyrum (E¢, E°, and EEPE® genomes). All seed materials
were provided by the American National Plant Germplasm System (Pullman, WA, USA).
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The names, accession numbers, genomic constitutions, geographic origins, and GenBank ac-
cession numbers are listed in Table 1. The nomenclature and genome symbols for most spe-
cies used in this study were as described by Love (1984), Wang et al. (1994), and Yen et al.
(2005b). The voucher specimens were deposited at Luzhou Medical College.

Table 1. Species and accessions used in this study.

No. Species Accession. 2n  Genome Geographic origin GenBank
No. accession No.

Pseudoroegneria (Nevski) A. Live

1 P. cognata (Hack.) A. Love PI531720 14 St Estonia, Russian Federation EF014226
2 P. geniculata (Trin.) A. Love PI 565009 28  StSt Russian Federation EF014228
3 P geniculata ssp prunifera (Nevski) A. Love PI1 547374 42  E°ESt Ural, Russian Federation EF014230
4 P geniculata ssp scythica (Nevski) A. Love PI 502271 28  EcSt Russian Federation EF014232
5 P. gracillima (Nevski) A. Love PI 440000 14 St Stavropol, Russian Federation EF014233
6 P kosaninii (Nabelek) A. Love PI1237636 56  St- Turkey EF014235
7 P, libanotica (Hackel) D.R. Dewey PI228389 14 St Iran AY740794
8 P. spicata (Pursh) A. Love PI 547161 14 St Oregon, United States AY740793
9 P stipifolia (Czern. ex Nevski) A. Love PI325181 14 St Stavropol, Russian Federation EF014240
10 P strigosa (M. Bieb.) A. Love P1 499637 14 St Urumgqji, Xinjiang, China AY740795
11 P strigosa ssp aegilopoides (Drobow) A. Léve PI595164 14 St Xinjiang, China EF014243
12 P tauri (Boiss. & Balansa) A. Love PI401323 14 St Iran EF014244
Elytrigia Desvaux

13 E. caespitosa (C. Koch) Nevski PI 547311 28  E°St Russian Federation EF014246
14 E. caespitosa ssp nodosa (Nevski) Tzvelev PI1547345 28  E°St Ukraine EF014248
15 E. hybrid PI276708 56 - Leningrad, Russian Federation

16  E. intermedia (Host) Nevski PI 619581 42  E°E‘St Russian Federation EU883127
17  E. intermedia ssp intermedia (Host) Nevski P1469214 42  E°E'St Maryland, USA AF507809
18  E. lolioides (Kar. & Kir.) Nevski PI 440059 42 - Russian Federation

19  E. pontica (Podp.) Holub PI1547313 70  E°E’E*StSt Leningrad, Russian Federation AY 090768
20  E. pungens (Pers.) Tutin PI531740 56  E°StStP France

21 E. pycnantha (Godron.) A. Love PI 531744 42  E°StP Netherlands

22 E.repens (L.) Nevski PI1 634252 42  St- Krym, Ukraine DQ859051
23 E. scirpea (C. Presl) Holub PI531750 28  E°St Greece

24 E. varnensis (Velen.) Holub PI281863 84 - Germany

Lophopyrum A. Live

25 L. bessarabicum (Savul & Rayss) C. PI531712 14 E° Estonia, Russian Federation L36506
Yen, J.L. Yang & Y. Yen

26 L. elongatum (Host) A. Love PI1 547326 14  E° France L36495
27 L. junceum (L.) C. Yen, J.L. Yang & Y. Yen P1414667 42  EE'E° Greece EU883124

*GenBank accession No. was deposited previously from the GenBank (http://www.ncbi.nlm.nih.gov); Elytrigia
hybrid is lacking an acceptable binomial.

DNA extraction and purification

Seeds were germinated and grown in a growth chamber in the dark at 22°C. Leaf
samples collected from each accession at the seedling stage were ground in liquid nitrogen in
a 1.5-mL microfuge tube. DNA was extracted and purified using the cetyltrimethylammonium
bromide procedure described by Doyle and Doyle (1990).

Primer design

SCAR primers were searched and designed to amplify specific ITS sites using
DNAMAN (Lynnon Biosoft, version 5.2.9 Demo). ES45 (5'-GTAGGCGACGGTTTTCA
-3') at site 45 was designated as the forward primer. A site mutation (C to A) was intro-
duced at the third base from the 5' end to avoid self-complementarity. The reverse primer
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ES261 (5'-TCGCTACGTTCTTCATC-3") was designed to amplify the 5.8S conserved region
at position 261 (Figure 1). The expected amplicon was 233 bp in size.

ITS1 k-4 5.88
45 61 261 277
E. caespitosa-13 CGTCGGCGACGGTTTTCAC CEATGAAGRACGTAGCGHA
E. caespitosa ssp. nodosa-14 CGTCGGCGACGGTTTTCAC CEATGAAGRACGTAGCGAA
E. intermedia-16 OGTCGGCGACGETTTTCHC  «fe e v eeeeaennnnnals
E. intermedia ssp. intermedia-17 JGTCGGTGACGGTTTTCHC CEATGAAGRACGTAGCGAR
E. portica-19 OGTCGGCGACGGTTTTCHC CEATGAAGRACGTAGCGAR
P geniculata ssp. prunifera-3 OGTCGGCGACGGTTTTCHC CEATGAAGRACGTAGCGHR
P geniculata ssp. scythica-4 QGTCGGCGACGGTTTTCAC CEATGAAGRACGTAGCGAR
E. repens-22 CGTCGGCGACGGCACCGTC CEATGAAGRACGTAGCGAR
L. bessarabicum-25 CGTCGGCGACGGCACCGTC CATGRAAGRACGTAGCGAR
L. elongatum-26 CGTCGGCGACGGCATCGTC CFATGRAAGRACGTAGCGAR

L. junceum-27
P cognata-1

P geniculata-2
P. gracillima-5

P kosaninii-6 CGTCGGCGACCGCACCGTIC GATGAAGRACGTAGCGH
P, libanotica-7
P. spicata-8 CGTCGGCGACGGCACCGTC GATGAAGRACGTAGCGH

P, strigosa ssp. aegilopoides-11
P strigosa-10

CGTCGGCGACGGCACCGTC
CGTCGGCGACGGCACCGTC
CGTCGGCGACGGCACCGTIC
CGTCGGCGACGGCACCGTIC

CGTCGGCGACGGCACCGTC
CGCCGGCGACGGCACCATC
CGTCGGCGACGGCACCGTC

GATGAAGRACGTAGCGH
GATGAAGRACGTAGCGH
GATGARAGRACGTAGCGH

GATGAAGRACGTAGCGH
GATGAAGRAACGTAGCGH
GATGAAGRACGTAGCGH

C
C|
C
C
CGTCGGCGACGGCACCGTC CEATGAAGRACGTAGCGH
C|
C|
C|
C|
C|

[CRCR R S Sl S S

P stipifolia-9
P tauri-12 CGTCGGCGACGGCACCGTC GATGAAGRAACGTAGCGH
Consensus cg cgg gac g c cgatgaagaacgtagcgaa

Figure 1. Primers ES45 and ES261 in ITS sequences. The boxed regions and numbers above show primer sequences
and positions in ITS1 and 5.8S regions, respectively. Numbers after species refer to the accession numbers shown
in Table 1. The dotted lines represent the incomplete sequences in 5.8S regions.

PCR amplification, cloning, sequencing, and alignment

Amplification of ITS fragments in 27 Triticeae accessions was conducted using SCAR
primers. The PCR was carried out in a total volume of 25 pL containing 1X reaction buffer,
1.5 mM MgCL, 0.5 uM of each primer, 200 uM of each ANTP [TaKaRa Biotechnology (Da-
lian) Co., Ltd., Shiga, Japan], 0.5 U Ex7aq Polymerase (TaKaRa), and sterile water to the final
volume. The touchdown thermocycling profile consisted of an initial denaturation step at 94°C
for 3 min, followed by 30 cycles of 94°C for 30 s, annealing temperatures starting at 60°C for
40 s (decreasing by 0.3°C/cycle), and 72°C for 1 min for extension. This step was followed by
15 cycles at 94°C for 30 s, 51°C for 40 s, 72°C for 1 min, and finally 72°C for 6 min. PCRs
for each accession were carried out in a Mastercycler 5331 (Eppendorf, Hamburg, Germany).
Amplification products were purified using the Gel Extraction Kit (50) (Omega Bio-Tek, Nor-
cross, GA, USA) and ligated into a pMD18-T Easy Vector according to the manufacturer
instruction (TaKaRa). Positive clones for each species were randomly selected and sequenced
by Sunbiotech Co., Ltd. (Beijing, China). The amplified fragments were analyzed by align-
ment with the ITS sequence of Pseudoroegneria libanotica (Hackel) D.R. Dewey (GenBank
accession No. AY740794) (Liu et al., 2006). Sequence alignment was executed using DNA-
MAN (Lynnon Biosoft, version 5.2.9 Demo).

RESULTS

Primers ES45 and ES261 were effective for amplification of the target sequences
(Figure 2). Amplification produced expected fragments in 13 taxa, including Pseudoroeg-
neria geniculata ssp prunifera (Nevski) A. Love, Pseudoroegneria geniculata ssp scythica
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(Nevski) A. Love, Elytrigia caespitosa (C. Koch) Nevski, Elytrigia caespitosa ssp nodosa
(Nevski) Tzvelev, Elytrigia hybrid (no acceptable binomial), Elytrigia intermedia (Host)
Nevski, Elytrigia intermedia ssp intermedia (Host) Nevski, Elytrigia lolioides (Kar. & Kir.)
Nevski, Elytrigia pontica (Podp.) Holub, Elytrigia pungens (Pers.) Tutin, Elytrigia pycnan-
tha (Godron.) A. Love, Elytrigia scirpea (C. Presl) Holub, and Elytrigia varnensis (Velen.)
Holub. (Figure 2).

012345678910111213M

1594 97 12 10 W A1 7 92 14 15 & AT M
51617 1819202122 2324252627 M

P I\l

<+—250bp

Figure 2. PCR results of species used in the analysis with primer ES45 and ES261. Numbers refer to the accession
numbers shown in Table 1. Lane M = 500-bp DNA ladder. Lane 0 = the blank control. Arrow indicates the size of
fragments.

Fourteen taxa showed no amplification products, including Pseudoroegneria cognata
(Hack.) A. Love, Pseudoroegneria geniculata (Trin.) A. Love, Pseudoroegneria gracillima
(Nevski) A. Love, Pseudoroegneria kosaninii (Nabelek) A. Love, P libanotica, Pseudo-
roegneria spicata (Pursh) A. Love, Pseudoroegneria stipifolia (Czern. ex Nevski) A. Love,
Pseudoroegneria strigosa (M. Bieb.) A. Love, Pseudoroegneria strigosa ssp aegilopoides
(Drobow) A. Love, Pseudoroegneria tauri (Boiss. & Balansa) A. Love, Elytrigia repens (L.)
Nevski, Lophopyrum bessarabicum (Savul & Rayss) C. Yen, J.L. Yang & Y. Yen, Lophopyrum
elongatum (Host) A. Love, and Lophopyrum junceum (L.) C. Yen, J.L. Yang & Y. Yen.

Amplicons generated from E. caespitosa and E. pontica were cloned, sequenced, and
aligned with ITS fragments of P. libanotica (AY740794). These sequences showed 97.14%
identity with 6-bp indel and complete primers in E. caespitosa and E. pontica (Figure 3).

Identity=97.14%  E. caespitosa-13 ACCACCGCTCGGCCABRTGCCICGA 40

—  Eponcal9 |GTAGGCGACGGTTITGACTGTCGCTCGGCCAATGCCTCGA 40
P libanotica] ~ GTCGGCGACGGCACCGTCCGTCGCTCGGCCARGTCCTCGA 40
Consensus gt ggcgacgg [ cgctcggccaa cctcga

E caespitosa-13 CCACCTCCCCICCTCGGAGTGGGIGGGGGCTCGGGGTARA 80
E pontica-19 CCACCTCCCCTCCTCGGAGTGGGTGGGGGCTCGGGGTARA 80
P libanotica-7 ~ CCBCCTCCCCTCCTCGGAGTGGGTGGGGGCTCAGGGTARA  E0
Consensus ccacctcccctcctcggagtgggtgggggecte gggtaaa

E caespitosa-13 BGABCCCACGGCGCCGAAGGCGTCAAGGAACACTGTGCCT 120
E. pontica-19 BGAACCCACGGCGCCGAAGGCGTCARGGAACACTGTGCCT 120
P libanotica-] ~ BGBACCCACGGCGCCGRAGGCGTCARGGAARCACTGIGCCT 120
Consensus agaacccacggcgcocgaaggegtcaaggaacactgrgect

E caespitosa-13 BACCCGAGGGCATGGCTAGCTTIGCTAGCCGICCCTTIGIGT 160
E. pontica-19 AACCCGAGGGCATGGCTAGCTIGCTAGCCGTCCCTTGIGT 160
P libanotica-] ~BBCCCGGGGGCATGGCTTACTCGCTAGCCGTCCCCCGTGT 160
Consensus aacccg gggcatggct ct gotagccgtccc  gtgt

E caespitosa-13 TGCABAGCTATTTAATCCACACGACTCTCGGCAACGGATA 200
E pontica-19 TGCABAGCTATTTAATCCACACGACTCTCGGCAACGGATA 200
P, libanotica-1 TGCARAGATATTTAATCCACACGACTCTCGGCAARCGGATA 200

Consensus tgcaaag tatttaatccacacgactctcggcaacggata

E caespitosa-13 TCTCGGCTCTCGCATQGATGARGAACGTAGCGA 233
E. pontica-19 TCTCGGCTCTCGCATCGATGAAGARCGTAGCGA 233
P libanotica-] ~ TCTCGGCTCTCGCATCGATGAAGRACGTAGCGA 233
Consensus tctcggetctcgecatcgatgaagaacgtagega

Figure 3. Sequence alignment of Elytrigia caespitosa, E. pontica, and Pseudoroegneria libanotica. Numbers after
species refer to the accession numbers shown in Table 1. Numbers on the right refer to sequence lengths. The boxed
regions show bases of primers ES45 and ES261, respectively. Bar in the upper left indicates sequence identity.

Genetics and Molecular Research 14 (1): 815-822 (2015) ©FUNPEC-RP www.funpecrp.com.br



Z.H. Tao and L. Yin 820

DISCUSSION

Nuclear rDNA ITSs are present in multiple copies in Triticeae species, which is sig-
nificant at high taxonomic levels for inferring phylogenetic relationships and ancestors of
polyploid species with a fixed variation rate (Hsiao et al., 1995). Based on chloroplast and
nuclear DNA data, Mason-Gamer (2004) found a complex pattern of reticulate evolution, in-
trogression, and intertribal gene capture in E. repens. Yu et al. (2008) found that the 6-bp indel
in the ITS1 regions of E°St-genome species could be clearly distinguished as species with the
St or E¢ genomes. Arterburn et al. (2011) indicated that K-genome species of Crithopsis were
genome donors of ITS fragments with the 6-bp indel in E. intermedia. These data suggest that
there are reticulate and complicated phylogenetic relationships among polyploid species in
Pseudoroegneria and Elytrigia.

Cytologically, P. geniculata ssp scythica, P. geniculata ssp prunifera, E. caespitosa,
E. caespitosa ssp nodosa, E. intermedia, E. intermedia ssp intermedia, E. pontica, E. pungens,
E. pycnantha, and E. scirpea possess E°St genomes (Liu and Wang, 1993a,b; Xu and Conner,
1994; Zhang et al., 1996; Refoufi et al., 2001; Ellneskog-Staam et al., 2003; Yu et al., 2010).
SCAR primers generated right fragments in these E°St-genome taxa, but not in St-genome
and E-genome species. The 6-bp indel was detected in amplicons from E. caespitosa and E.
pontica. This suggests that E*St-genome species are characterized by the 6-bp indel. Since the
amplicons were identical in size, the E. hybrid, E. lolioides, and E. varnensis were considered
to contain the E°St genomes.

The 6-bp indel in ITS fragments of P. geniculata ssp scythica and P. geniculata ssp
prunifera suggest that it is unreasonable to treat the 2 taxa as subspecies of P. geniculata,
which contains StSt genomes (Dewey, 1984). Based on genomic in situ hybridization analysis,
E. repens are hexaploid with 1 set of St-genome, while the other 2 sets of genomes remain
unknown (Orgaard and Anamthawat-Jonsson, 2001). The 6-bp indel was not detected in the
reported ITSs of E. repens (Mahelka et al., 2007), and there were no amplicons in this study.
This demonstrates that E. repens contains no E°St genomes. Based on Love’s conspectus, the
E=St-genome species should be grouped in a new genus designated as Trichopyrum (Yen et
al., 2005b).

CONCLUSIONS

In this study, we developed SCAR markers to detect ESt-genome species in Pseudo-
roegneria and Elytrigia based on 6-bp indel sequences. Among all 27 accessions, 10 taxa were
found to contain E°St genomes, which were identical to previously reported cytological data.
Three species, E. hybrid, E. lolioides, and E. varnensis, were found to have E°St genomes be-
cause of their similar amplicon sizes. Thus, primers ES45 and ES261 are useful for detecting
the 6-bp indel of ITS fragments, and are helpful for guiding taxonomic treatment of polyploid
Triticeae species with E°St genomes.

ACKNOWLEDGMENTS

We are thankful to the Youth Foundation of Luzhou Medical College (#672) and Edu-
cation Department of Sichuan Province (#13ZB0258). The authors particularly thank Ameri-
can National Plant Germplasm System for providing seeds.

Genetics and Molecular Research 14 (1): 815-822 (2015) ©FUNPEC-RP www.funpecrp.com.br



Identification of E°St-genome species 821

REFERENCES

Arterburn M, Kleinhofs A, Murray T and Jones S (2011). Polymorphic nuclear gene sequences indicate a novel genome
donor in the polyploid genus Thinopyrum. Hereditas 148: 8-27.

Bandyopadhyay S and Raychaudhuri SS (2010). Development of ITS based SCAR markers for some medicinally
important species of Phyllanthus. Asian J. Plant Sci. 9: 264-270.

Dai GJ, Wang JY, Olajide O, Li QS, et al. (2005). Study on molecular OPAY02-Scar markers related to early body weight
of new Yangzhou chickens. Inter. J. Poult. Sci. 4: 683-688.

Dewey DR (1962). The genome structure of intermediate wheatgrass. J. Hered. 53: 282-290.

Dewey DR (1984). The genomic system of classification as a guide to intergeneric hybridization with the perennial
Triticeae. In: Gene Manipulation in Plant Improvement (Gustafson JP, ed.). Plenum Press, New York, pp. 209-280.

Doyle JJ and Doyle JL (1990). Isolation of plant DNA from fresh tissue. Focus 12: 13-15.

Duan CG, Mei ZQ, Gong S and Yu HQ (2011). Genetic characterization and authentication of Penthorum species using
RAPD and SCAR markers. Res. J. Bot. 6: 87-94.

Dvotak J (1981). Genome relationships among Elytrigia (= Agropyron) elongata, E. stipifolia, ‘E. elongata 4X’, E.
caespitosa, E. intermedia, and ‘E. elongata 10X’. Can. J. Genet. Cytol. 23: 481-492.

Ellneskog-Staam P, Salomon B, von Bothmer R and Anamthawat-Jonsson K (2003). The genome composition of hexaploid
Psammopyrum athericum and octoploid Psammopyrum pungens (Poaceae: Triticeae). Genome 46:1 64-169.

Hsiao C, Wang RRC and Dewey DR (1986). Karyotype analysis and genome relationships of 22 diploid species in the
tribe Triticeae. Can. J. Genet. Cytol. 28: 109-120.

Hsiao C, Chatterton NJ, Asay KH and Jensen KB (1995). Phylogenetic relationships of the monogenomic species of the
wheat tribe, Triticeae (Poaceae), inferred from nuclear rDNA (internal transcribed spacer) sequences. Genome 38:
221-223.

Jensen KB, Hatch SL and Wipff JK (1992). Cytology and morphology of Pseudoroegneria deweyi (Poaceae: Triticeae): a
new species from the foot hills of the Caucasus Moutains (Russia). Can. J. Bot. 70: 900-909.

Lee SY, Weber J and Mohamed R (2011). Genetic variation and molecular authentication of selected Aquilaria species
from natural populations in Malaysia using RAPD and SCAR markers. Asian J. Plant Sci. 10: 202-211.

Liao LQ, Liu J, Dai YX, Li Q, et al. (2009). Development and application of SCAR markers for sex identification in the
dioecious species Ginkgo biloba L. Euphytica 169: 49-55.

Li DY, Ru YY and Zhang XY (2004). Chromosomal distribution of the 18S-5.8S-26S rDNA loci and heterogeneity of
nuclear ITS regions in Thinopyrum intermedium (Poaceae: Triticeae). Acta Bot. Sin. 46: 1234-1241.

Liu QL, Ge S, Tang HB, Zhang XL, et al. (2006). Phylogenetic relationships in E/ymus (Poaceae: Triticeae) based on the
nuclear ribosomal internal transcribed spacer and chloroplast trnL-F sequences. New Phytol. 170: 411-420.

Liu ZW and Wang RRC (1993a). Genome constitutions of Thinopyrum curvifolium, T. scirpeum, T. distichum, and T.
Jjunceum (Triticeae: Gramineae). Genome 36: 641-651.

Liu ZW and Wang RRC (1993b). Genome analysis of Elytrigia caespitosa, Lophopyrum nodosum, Pseudoroegneria
geniculata ssp. scythica, and Thinopyrum intermedium (Triticeae: Gramineae). Genome 36: 102-111.

Love A (1980). IOPB chromosome number reports. LXVI. Poaceae-Triticeae-Americanae. Taxon 29: 163-169.

Léve A (1984). Conspectus of the Triticeae. Feddes Repert. 95: 425-521.

Léve A (1986). Some taxonomical adjustments in eurasiatic wheatgrasses. Veroff. Geobot. Inst. Rubel Zurich 87: 43-52.

Lu BR (1994). Meiotic analysis of the intergeneric hybrids between Pseudoroegneria and tetraploid Elymus. Cathaya 6: 1-14.

Mabhelka V, Fehrer J, Krahulec F and Jarolimova V (2007). Recent natural hybridization between two allopolyploid
wheatgrasses (Elytrigia, Poaceae): ecological and evolutionary implications. Ann. Bot. 100: 249-260.

Mason-Gamer RJ (2004). Reticulate evolution, introgression, and intertribal gene capture in an allohexaploid grass. Syst.
Biol. 53: 25-37.

Orgaard M and Anamthawat-Jonsson K (2001). Genome discrimination by in situ hybridization in Icelandic species of
Elymus and Elytrigia (Poaceae: Triticeae). Genome 44: 275-283.

Paxton CN, Pierpont ME and Kooyman DL (2005). Identification of AFLP markers associated with round heart syndrome
in turkeys. Inter. J. Poult. Sci. 4: 133-137.

Rahman M, McVetty PB and Li G (2007). Development of SRAP, SNP and multiplexed SCAR molecular markers for the
major seed coat color gene in Brassica rapa L. Theor. Appl. Genet. 115: 1101-1107.

Refoufi A, Jahier J and Esnault MA (2001). Genome analysis of Elytrigia pycnantha and Thinopyrum junceiforme and of
their putative natural hybrid using the GISH technique. Genome 44: 708-715.

Wang RRC, Dewey DR and Hsiao C (1986). Genome analysis of the tetraploid Pseudoroegneria tauri. Crop Sci. 26:
723-727.

Genetics and Molecular Research 14 (1): 815-822 (2015) ©FUNPEC-RP www.funpecrp.com.br



Z.H. Tao and L. Yin 822

Wang RRC, von Bothmer R, Dvorak J, Fedak G, et al. (1994). Genome symbols in the Triticeae (Poaceae). In: Proceedings
of the 2nd International Triticeae Symposium (Wang RRC, Jensen KB and Jaussi C, eds.). Utah State University,
Logan, UT, USA, pp. 29-34.

Xu J and Conner RL (1994). Intravarietal variation in satellites and C-banded chromosomes of Agropyron intermedium
ssp. trichophorum cv. Greenleaf. Genome 37: 305-310.

Yen C, Yang JL and Baum BR (2005a). Douglasdeweya: a new genus, with a new species and a new combination
(Triticeae: Poaceae). Can. J. Bot. 83: 413-419.

Yen C, Yang JL and Yen Y (2005b). Hitoshi Kihara, Askell Love and the modern genetic concept of the genera in the tribe
Triticeae (Poaceae). Acta. Phytotax. Sin. 43: 82-93.

Yu HQ, Fan X, Zhang C, Ding CB, et al. (2008). Phylogenetic relationships of species in Pseudoroegneria (Poaceae:
Triticeae) and related genera inferred from nuclear rDNA (internal transcribed spacer) sequences. Biologia 63: 498-
505.

Yu HQ, Ding CB, Zhang C and Zhou YH (2009). Karyotype studies on Pseudoroegneria gracillima and P. kosaninii
(Poaceae: Triticeae). Int. J. Agric. Res. 4: 131-136.

Yu HQ, Zhang C, Ding CB, Wang XL, et al. (2010). Genome constitutions of Pseudoroegneria geniculata, P. geniculata
ssp. scythica and P. geniculata ssp. pruinifera (Poaceae: Triticeae) revealed by genomic in situ hybridization. Acta
Physiol. Plant 32: 645-650.

Yu HQ, Zhang C, Mei ZQ, Wang L, et al. (2011a). Molecular authentication of medicinal Penthorum chinense push from
different localities in China by RAPD analysis. /nt. J. Bot. 7: 97-102.

Yu H, Yu HQ and Liu H (2011b). Identification of medicinal Viola philippica from V. mandshurica using SCAR markers.
Int. J. Bot. 7: 189-194.

Zhang X, Dong Y and Wang RRC (1996). Characterization of genomes and chromosomes in partial amphiploids of the
hybrid Triticum aestivum x Thinopyrum ponticum by in situ hybridization, isozyme analysis, and RAPD. Genome
39:1062-1071.

Zhou YH, Yang JL, Zheng YL, Yan J, et al. (1999). RAPD study on inter-species relationships in Roegneria (Poaceae:
Triticeae). Acta Bot. Sin. 41: 1076-1081.

Genetics and Molecular Research 14 (1): 815-822 (2015) ©FUNPEC-RP www.funpecrp.com.br



