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T RNA-seq UK 5. EST-SSR Frid & B 5 ik

WAF . E B LERER L EEF FEEBAKR 0 HE AR
LT3 B /B0 2 H A B o /0 50 B 07 7 A = 5 B B 50
P2 UL B HUR 0150005 2. U2 M0 AT W B BB . 152 L2 DR 015000)

W EAERNEZREBZRAROERZELEHY FRAKRELRA S TAFCAS Tk Eay k4 F
AEFRANNEAETLEL, KFFRAETHRIAMN S (RNA-seq) K, 2t 2 Ak EHA G AR E v F H &
LR RAR A FRAITENEEFOMN,FAZH S A K6 EST-SSR At F it /7548, &R AW, £ %
7F 23491 793 £ H R EH A AELK 7.03 Gb.GC 4 F 56.44%.Q30 % 93.04%, 3% 43 33 993 & Uni-
gene, % K E H 29 309 958 bp, # Fr3k Unigene 55 9 K h 48 4038 E #4727, £ A 25 614 §& Unigene 3£ 3 %
AR, L P Nr 48 FE a8 24 557 4,GO # 4B E 2853 66 193 & Unigene, 355 H 3 MK EF 42 A
% ;% 14 412 % Unigene 2% 3] KEGG # % /& 9 136 &K 4@ % ;4 11 321 % Unigene £ KOG # 3 & 3
A, BA 25 A E R E M F KT 100 bp #5 CDS A 7 288 4 ,SSR 45 & 2 443 A, E P = sk
FH 1439 A, b By 58.90% ;35 1% EST-SSR % &AM 314 42 sF . AP AL 10 s AR ER 30 A F, &
S BB AR BATH AR E, T S AL 48.33% ., A L4 R0 A A RNA-seq 3% K X 3 JF X 4 EST-
SSR 314, 7T & 2 B A T e ok 35 = 5 S R Mk A8 K 69 AR I8 T K AL A AT R 28 S0 B R M RH

F AT B F AY,
KEW: kFERNA-seqs £ 915 & % 547 EST-SSR 4R e 1 4 s B iE
FE 4 ES.S512.9;5336 X ERARIRAD: A XEHS:1009-1041(2025)07-0891-11

EST-SSR Marker Development and Verification of
Wheatgrass Based on RNA-seq

YANG Dongsheng' , LI Ran', BAO Gerile' , WANG Haiwei' ,
LU Qiangian' , HAO Shuiyuan', LIU Jianhua®

(1. Hetao College/ Technological Innovation Center for Durum Wheat/Laboratory of the Green Agricultural Product Safety
Production and Early Warning Control in Hetao Area, Bayannur, Inner Mongolia 015000, China; 2. Agricultural Industries,

and Science and Technology Bureau of Linhe District, Bayannur, Inner Mongolia 015000, China)

Abstract: Agropyron is an important relative plant for genetic improvement of stress resistance in
wheat. The development of molecular markers is of great significance to accelerate the efficiency of
genetic breeding and innovative utilization of wheatgrass. In this study, based on transcriptome se-
quencing technology, the young roots, stems, leaves, spikes at grain-filling stage, and seeds of two
wheatgrass accessions have been bioinformatics analyzed, and highly polymorphic EST-SSR markers
were developed and verified. The results showed that a total of 23 491 793 high-quality sequences were ob-
tained, with a base length of 7. 03 Gb, the GC content of 56. 44 % , and the Q30 content of 93.04%. 33 993
Unigenes were obtained, with a total length of 29 309 958 bp. A total of 25 614 Unigene annotations
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were obtained by comparing Unigene with nine functional databases, including 24 557 annotations in
the Nr database and 66 193 annotations in the GO database, which were divided into 3 categories and
42 subcategories according to their functions. A total of 14 412 Unigene pathways were annotated into
136 metabolic pathways in the KEGG database. A total of 11 321 Unigenes were annotated in the
KOG database, categorized into 25 functional categories. A total of 7 288 CDSs with 2 443 SSR sites grea-
ter than 100 bp were predicted, of which 1 439 were tribase repeats, accounting for 58. 90% of the to-
tal. A total of 42 pairs of primers with EST-SSR polymorphisms were obtained, and 10 pairs were randomly
selected for validation using 30 F, individuals. The average polymorphism ratio was 48. 33%. The results
indicated that the EST-SSR primers, which were developed in large quantities by RNA-seq technolo-
gy, can be efficiently applied to the development of markers related to yield and quality traits of tetra-
ploid wheatgrass, the construction of excellent new germplasm fingerprints, and precise molecular
marker-assisted breeding.

Keywords: Wheatgrass; RNA-seq; Bioinformatics analysis; EST-SSR marker development; Validation

KE R (Agropyron) f ¥ )@ T /N %
(Triticeae) Z4FE A W R A BHHFL, 24 K AE i
FJg R L YD B R A SRR R B E
TR EMEIL AL R E T RXY .
HOLIAE Sl VKB (AL mongolicum Keng, 2n =
20=14) VP HEVKE (A, desertorum Schult, 2n =
22 =14) VGIAF) WK ¥ (A. fragile Canad,2n =
2x=14) MRZE VKT (A. michnoi Roshev,2n=2x
=14) WM BIYKE (A cristatum Gaertn,2n=2x =
14) % 5 A~Fh, 5 £ L IKE (A, cristatum var.
plur florum) T YK B (A, cristatum var. pe-
criforme) BV H UK E (A . desertorumvar. pilo-
stusculum) B FE (A . desertorum var. vilo-
sum )B4 DR, AN BRIUKE (A, sibiricum f.
pubi florum)1 ANAR TS Horp 5200 yK B P 52
T DA AT A )T ELA T FE T S L3 T 5 A
R e AR VK R R B AT VK L (AL eristatum cv.
Fairway,2n=2x=14) LA M5 K ZEFF LK. &
PRI SRR . TR R TR T B B W
JERE MM A E D R ERE S RE
A BT R H B TN B A IR
AN A AR 2 38 o R R AT B A L A LR FH
B A S E RS LR A .

AR, R TR R C A 2 A H
SR AL X S B R SR [R] SR AR 19 5l DK R o
HE A W 12 SR O AU R AR 2R AT T o0, R A —
AE PR B b 5l K B RN RE TR Y B IR 43 Bl Ok N
X Rk ) AR B A v A0 38 B X P9 Sl B XY 30
193 UK JE ol B U AT R AL AR (0384 E 2R
Br B IRy 3 K8 B MR B A0 25 R 0 oK A S
A 86. 67005 7 AR THAEN T HE T GBS-seq FLAR

gt T —5k & 14 A ESBE AR IC B B R 0. 427
cM [ DA% A vk B g B 3 T et A% O B IR 3
B A U2 3 T e S AL R B R TR 3RS 6 A
F3oy AIE L GRS CEAD S8 95

H . 56 T VKB 2 F AR ic JF & F 5% i e b
22 85 v 7E DK R T B IR A 56 3L IR B 118 40 T 5 2
EL. ERHESE R T 2R EFHNF A, 5
W R 1 435 KRG %k & H
CAD J3 31, A 2 1 083 bp, #5& HAF " i@ 1
X AR ZE VK EC R S AL )y, s R 1 AN K E S 930
bp. 5K BHEMAmrbHLHI137 3 cDNA J§
LI IEE S A B O i =Y ST M N R
SEAL W P YR HEAT T, KA 6 SR R IE R
GDSL i fif 5 5 81 . ASBIF 9 2R FH e 3l & U )5 °F-
£ PE150 X i 8 VK B F1 52 3y vk 55 5 4 ORR L 25 .
R B 25 S I AE R R T AT R St
I 20 % ST VK R B S AL BN T X3R5 1Y Uni-
gene YEAT T RE B Q38 % & EST-SSR 43 #7
DI R A I vk B B R OIR A O A F bR e JF &
Ty A8 5L B ¥ 4 L B 5 9% U Q08T A K 4y st fg
B A AR AR

1 #HS5 7

11 s

B Ry 22 47 A 58t DKORE O DK B HC b 1]
ZFh S BORAIGR S AT Qe @A AR A
SEARAFHY 30 A F, HLRR . FAE T B 2 Be AR AR Y
U8 T 73 55 BT T K M 58 KR A AR
25T RAS SR AERE RD T A% 5 Oy L AURE AL
iR A ORE L Ay S EUMRE 3 A AL IR E
A - T —80 “C By AR vk A Hh R A7 45 1
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1.2 RNA.DNA 2E 5

KR AR A AL B A BR 2 7 0 A8 1 3k B 4
RNA #BURH £ 38T Trizol Y43 582 B 52 1 vk &
FILTE VKA A REAS 9 50 RNA, FIF Agilent 2100 £
M RNA 52% 1 . il NanoDrop 2000 # % & 23 ¢
R TR I RNA ¥ B, 8 & 4% J5 F F cDNA
SCHEFEE

I FHAR 40 5 PR 23300 8 0 O30 %o 45 i b sk
17 DNA $2H, FHERAMEE I A% R e kil DNA 46
B B FHEE S0 43 5% 96 2 3T NanoDrop ND 2000 i
SEHW R . B RES) DNA BB ZE 50 ng » pl ',
T EST-SSR #rid 51 ¥/ PCR 974 .
1.3 c¢DNA XEWHESRE

¥ 2 FhoK R B A 20 B RNA W S5 B
% 80 ng + pl ', Al FH A8 WG S5 (AR R B 4% 4 41
BB RNA ZE [ —4 2 mL .08, 8008
A1, B UKE R RNA BAE, TR HHELEY
B A BR S 7 64T cDNA SCEEME . FH Qubit
3.0 DN B AT AL 1Y) SO AT ) 2B e,
RWERT 1 ng » pL '8R5 ] Qsep 400 il
T RGN SCIE AR A R BEUEAT ARG I L 3 A R B
G WU S Sl gPCR 3260 SCE I A R0k B (52
nmol « L™ #EATHERG 2 &, LU OR SCOE &
1.4 HZFANF BIEHEHE

A & =P & PE1S0 #4754l
JF (RNA-seq) , i 5:f Trinity #£F %0 5 3515 (9
Raw Reads #4745 - B (K-mer) FT W7, 2R J5 ZE fif
WA R B (Contig) » ¢ Ji %F i B it 19 Clean Data
HEAT 4125 L 345 5% s R J¥ 81 ( Transcript) » I 48 3t
438 Unigene,
1.5 Unigene ThBEiF F

F1H DIAMOND 44 #% Unigene J¥ %5 Nr,
Swiss-Prot, COG, KOG, eggNOG, KEGG, GO,
Pfam . TrEMBL 4 Ju K045 e 47 te X, Hod
InterPro 34 A BUHE BEXT BT R A9 GO &5 B EF7
5381 -l HMMER K 4F 5 Plam $048 2 L XT, 4%
& Unigene W7ERE(E B,
1.6 CDS il

FET Ik R 32 HE CORF) K BE L % 5L 9% 2R 4k
{8 (Log-likelihood score) fl Pfam % % & 5 H it
ZE K B 7 A 1 L %2R = B, {fT ] Trans Decoder
A4 X} Unigene #4465 X 5 51 (coding sequence,
CDS) #:47 i
1.7 ESI-SSR S FHReHE R SAMES | MiFiE SI6E

I STAR #44%F Unigene J¥ 51 # 47 b Xt , i

iF MISA #5343 9 Unigene ¥E4T SSR v i
EHE . R 3 A48 UK E Fy 4385 B bk S H BUE
1) DNA it , % 4) 2 345 19 EST-SSR 5| 4y ik
T2, RN WIT P B4 E TAY T
FECEM) B0 A PR A B A . DI 28 3R A5 1 42
X2 A S BEHLEEE 10 X #E 47 PO A% A vk
30 4~ F, HUBRAY PCR 473 0 TE oA &Ltk . 2 M
T A P Y 7 ik 34T EST-SSR 1 PCR
SR R BEY 4 R S TR s T e v s R A U

2 HEXREAM

2.1 BEENF. HEAR

38 o X K 3 AT RNA-seq, T30 15 & i & 7
H1) 23 491 793 4%, HAEFEK 7. 03 Gb,GC F N
56. 44 % EERE 0. 01 % ,Q20 F1 Q30 40 %M 97. 44 %
F1 93,04 %6 , 15 B VK 75 (0 I 1 B0 45 3= L 58 il
IR AE B K,

i 1 nl %, 34515 Unigene 33 993 4%,
Unigene K 4 200~300 bp £, 8 915 &
(26.23%);>>2 000 bp MIH/, N 2 999 £5(8.82%)
25 MK EE Sl 29 309 958 bp. H N50 K JE R 1 387
bp, 3 KT HAE YK B (862, 24 bp) , 78 B 41 3 5¢
2.2 JKE Unigene S

FH % BLAST Fil HMMER Xf £H %% 1
Unigene 5 9 K88 ECHE F HE 17 LL X 7R B 43 5]
WHESHE A E<I0 ° M E<10 ", 458 L%
2, VKFEVERE S AY Unigene A 25 614 45, Hih
1B Unigene %t H i 2 192 TrTEMBL 1 NR, 43
k25 285 25 (5 98, 72%) Fl 24 557 £5 (i 95.87%);
eggNOG H 19 870 4.5 77.57% ;GO £ 19 321
.5 75.43% ; Plam A5 14 669 £, /5 57. 27%;
KEGG A 14 412 4.5 56. 27% ; Swissprot A 14 225
%5 55.54% KOG A 11 321 4, /5 44. 20% 5
GO B8 )% 1 B B 1Y Unigene fx /0 AUA 5 519
. BERNORERF T K ETE 300 bp<<
K <1 000 bp BYA 10 354 55, KE>>1 000 bp
A 10 268 4. <300 bp WA 4 992 4. it W
Unigene SMARFERZ R RIT,

2.3 NrIfREER

WE 1 R # Unigene 5 Nr 848 5 17
AT HIVE L, 24 24 557 4% Unigene #8301
B, Hop ks 5L E B (Aegilops tauschii sub-
sp ) R B P 2, 7 Nr BB 33, 40% 5
R NMER/NE (Triticum turgidum subsp. )\ K
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Table 1 Statistics of assembly transcriptome sequences in wheatgrass
g g Rl SR A B o B LD BARE R (ol B e D
ASESN Transeriots !
ranscripts Unigene
Length range/bp : . . .
(Percentage of transcripts in total) (Percentage of Unigene in total)
200~300 10 232(18. 44 %) 8 915(26.23%)
300~500 9 921(17.88%) 6 798(20.00%)
500~1 000 14 521(26.17%) 7 541(22.18%)
1 000~2 000 15 441(27.83%) 7.740(22.77%)
>2 000 5 364(9.67%) 2 999(8.82%)

B Total number

55 479¢100%) 33 993(100%)

KB Total length 53 206 311 29 309 958
N50 length 1403 1 387
K JE Mean length 959. 04 862. 24
% 2 JKE Unigenes i B 5 it

Table 2  Statistics of Unigenes annotations of wheatgrass

o R 1 E B £ A BtiE Number of segments

Dﬁftﬁgie Ann(‘i:ti:;iif&n%mber Percenlage(of annotated -
number in total/ % <300 bp 300 bp<<{JF length<{1 000 bp =1 000 bp

COG 5519 21.55 328 1372 3 819
GO 19 321 75.43 3 555 7 309 8 457
KEGG 14 412 56. 27 2 140 4973 7299
KOG 11 321 44, 20 1337 3720 6 264
Pfam 14 669 57.27 1323 4 944 8 402
Swissprot 14 225 55. 54 1920 4 934 7371
TrEMBL 25 285 98.72 4892 10 174 10 219
eggNOG 19 870 77.57 3 546 7 545 8 779
Nr 24 557 95. 87 4614 9 796 10 147
All 25 614 100 4992 10 354 10 268

# (Hordeum vulgare) .7 B (Hordeum wvulgare
subsp. ) VSRR B /NE (Triticum wrartu) 38
INZE (Triticum aestivum) | — T8 55 #% B ( Brachy po-
dium distachyon) s (7 4390 R 31, 64 % .12, 62% .
6.3220.6.23%0.3. 242, 1. 4125 5 KA Oryza
sativa Japonica.E K Zea mays 25 M1 JE 5 Er-
agrostis curvula X 3 R Y E B, 40 &
0.41%.,0.27%.0. 27% 5 5 B2 % (Lolium pe-
renne L.) %1% (Elymus sibiricus Linn. ) ., {E&
¥ (Elytrigia intermedia Nevski) 58 H Al 4 F
AHVC LAY 7 LEoh 4,18 %6 .
2.4 GO o £

FE GO %8s 22 v % VK RE () Unigene #4726
438, FREE) 4 F I HE (molecular function) | 41 I 2H
41 Ccellular component) Al 4= ¥ # 2 (biological
process)3 RIS AL 42 MW E 2), H E= R

) FIRERY 16 DK Unigene 34 20 922
7%, LUy 7454 T A8 7288 F0 A AL 1% P S 28 o T B
B BRI 4 B 10 267 FT S 308 4% 1B 4
fuZH 43 B9 11 S22 Y Unigene 3/ 17 374
25 o LA 4t gt 0] S R AL 0 R S 288 o L o e 5 T
BB EY 22 BB 23 MWK HAY Unigene 4
27 897 Zk, LA AN M i AR F0AR A AR 2 L R
B REBCR R 9 399 A1 8 404 Sk TS
AL AR AR W 2 1) R R ELAE R R RS
G LR R IR D,
2.5 KEGG it i# & 2 4

i 15 XF VK B RNA-seq 3K 5 A9 Unigene #E 17
KEGG 1R i 8% & 5 0 Fr, e B2 14 412 4
Unigene, 5 & Unigene # 56. 27 % , ¥ M A% 1§ 18
B 136 2%, & 4 B a9 CIHE A 27 25, Unigene
BN 121~824 45, Hrh 3 B & 2 19 2 Y I
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12.62% 6.32%

[ BILI2EE degilops tauschii subsp.
W ER/NE Triticum turgidum subsp.
ps-24% [ K& Hordeum vulgare
1'4.1% H M Horderm vulgare subsp.

- 2?;:’//: 0 BR/RE/NE Triticum urartu
D [ 3B/ NE Triticum aestivum
_TBMEWIE Brachypodium distachyon

7K #E Oryza sativa Japonica
FK Zea mays
I ol W JH & Eragrostis cunrula
HE Other

6.23%

31.64%

33.40%

1 NriEFEH Unigenes YIF 510

Fig. 1 Species distribution based on Nr annotation of the Unigenes
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Fig. 2 GO function classification of the Unigenes

BEAE AU ARG SR AR AE gene(GR 3),
Y&, 2y 40 824,358,345 Ml 307 4% Uni- 2.6 KOG iEBE4 %

gene; PN ITT 199 (8 25 1 500 T RAZE OB A A a5 3 1% YUK ) Unigene #F 17 KOG Yy fig 7E B &
¥ 4R 271 4% Unignene; Wi B2 fift /05 S AE FIORTS 28,3895 11 321 4% Unigene R34 B¢, (5 & Uni-
Be W B A A AR E %, A 173 4% Uni- gene B9 44.20% .43 K 25 DITREZE B 3), H
gene 2 5 U H i /b 1 2 i AW AR 6 A B e, — T RE N L AR P R i K AE T S LD 3
rF B B [ A A IE B, AL A 128 B 121 4% Uni- BAYFERECRE R Z .09 1 995 6(17.62%) |
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Table 3 Some KEGG metabolic pathways of the Unigenes in wheatgrass transcriptome

AR 19 38 % 4 5 %15 3 Unigene ¥ H
Pathway 1D Pathway Unigene number
ko04626 A 919% JF # HAF Plant-pathogen interaction 824
ko01200 At Carbon metabolism 358
ko04075 W E 5 5% % Plant hormone signal transduction 345
ko01230 L HLMR 14 4 ) A B Biosynthesis of amino acids 307
k003040 PR Spliceosome 299
ko04016 MAPK {5 58 # MAPK signaling pathway 295
ko03013 RNA #iz RNA transport 276
k003010 A K Ribosome 271
ko04120 ZEZ M SR EH KM Ubiquitin mediated proteolysis 245
ko04144 N7 VEM Endocytosis 239
ko00500 VERY FNREREAC Starch and sucrose metabolism 232
ko03018 RNA [#&f# RNA degradation 183
ko00010 I 7/ BE 5+ 42 Glycolysis/Gluconeogenesis 173
ko00940 KRS T 4 W5 i Phenylpropanoid biosynthesis 173
ko03015 mRNA 5 #38 B% mRNA surveillance pathway 156
ko00564 HIm gL Glycerophos pholipid metabolism 150
ko00190 E AR 1L Oxidative phosphorylation 140
ko00195 Y64 VEH Photosynthesis 134
ko00230 LR R Purine metabolism 132
ko04146 i E YA Peroxisome 128
ko04141 PN 5 R R Y 2 %I T Protein processing in endoplasmic reticulum 271
ko00520 AR B 9 AT Amino sugar and nucleotide sugar metabolism 168
ko03008 H AW P IR A ) & £ Ribosome biogenesis in eukaryotes 149
ko00270 2 e = R AN 2 & R 1T Cysteine and methionine metabolism 142
ko00630 LR EL A B R L 10 Glyoxylate and dicarboxylate metabolism 136
ko04070 WG B LEE 5 5 &2 48 Phosphatidylinositol signaling system 132
ko00710 B AW Bk B %€ Carbon fixation in photosynthetic organisms 121
2 000~
A: RNANN T 5454 RNA processing and modification
B: Y& i 45# 530 1 Chromatin structure and dynamics
C: BERt= A 5l Enerﬁ: ﬁroductlon and conversion
D: 2 B B Sl A
Cell cycle control and chromosome partitioning
E: ﬁ%% #} Amino acid transport and metabolism
F: BE¥# @%‘1_ '31‘%}53‘ Nucleotide transport and metabolism
1 500- G: Bk b &% iz 5408 Carbohydrate transport and metabolism
H: 38552 514 Coenzyme transport and metabolism
& I: fg st SR Ll%d transport and metabolism
8 I BE. BERSHEEYERE
‘E“) Translation,ribosomal structure and biogenesis
15 K:#F Transcrlptmn
5 L: 2%, HEMAFEE Replication,recombination and repair
2 1 000 M: 40 R/ IR 4 ) & 4 Cell wall/membrane/envelope biogenesis
g N: 40§53 30 Cell motlhtjv;ﬂ
£ O FRE B, BARAR, #18
m Posttranslational modlﬁcatlon,protem turnover,chaperones
P: LHLE F5 iz M1 Norganic ion transport and metabolism
£y Q: WARB =YL & RA SRS
jicel Seconda metabolites biosynthesis and catabolism
m R: #ﬂﬁl Ul General function prediction only
500 - ﬁBﬁkﬁ] Function unknown
T EEm2HH Sl nal transductlon mechanisms
U: M PIESH HUbGE 1)
Intracellular trafﬁckmg,secretmn and vesicular transport
V: Byt Defense mechanisms
W: 4 jSh 45 Extracellular structures
Y: %45 Nuclear structure
Z: BB 42 Cytoskeleton

h ABCDEFGHI JKLMNOPQRSTUVWYZ

118435 Function class
B 3 Unigenes B9 KOG i 43
Fig.3 KOG classification of the Unigenes
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1356 45 (11.98%) F1 1 315 45 (11. 62%) Uni-
gene, HiUR G #5 5% (701 £5,6. 19%) .k KL &9
BRI (696 4%, 6. 15%) . 4 Ml 1N 3B H L 43 Wb
FIFE LT M (680 55,6, 01 %) B K b ik 45 4
LY M (613 45,5, 41%) . Ye {0 5 45 ¥4 1 5h
128 AT W iz 5 A Bl 5 G2 5 A0, 4i i
B / T/ B A W) & HE e i AL DE E 45 /b (3
INT 2% . HA /D% Unigene # 4 Bt 2] 41 it i
Bl A G R B A A S5 R, ELS /N T 0. 6%,
I, VKR [ S e S (T RE T | B 1 g
K %, Z MR 5 KA & 0z S AR s

10001

100}

PR Frequency

—
(=
T

PRI S 5Lk 2, AT R s 5 AR
i 40 s Bh el .
2.7 VKE CDS Fiill 5 SSR # iUl 4 #fr
FLHI E] A F 100 bp A9 CDS A 7 288 4%, kil
J7 A BE R 3G 0, XoF 7 50 B R A (IR 4
H K BE R 100~200 bp MBI HHRZ . N 1 144
2% e CDS 19 15. 70 %, Hik J2&: 200~300 bp A
1000 &, 1 13.72%3300~2 000 bp ZIA], 4K
JE RS CDS 378 105 4L EL H 2 900~3 000
bp BYBCH /(19 40,5 H 0.26%
XTI AR A5 () CDS #E 47 SSRCA] B 751 &)

0
OO O OO ROO PR S RO REREER® O RE OO RO QP
A A e A I i S AT R A A o SRS

SOMPEREASASASAE e

Wi

NN

NONCAINI AR a Va0 00000 Y,

PN ol T T Al ol Tar Tar me o Zar o o 2o Yae Yo Yo Yae Ve Yae

B A D L Y A G Y Y Y, D Y o e
NN ENON RN

\'\ ) ’I»Q ’1»\'1:» '1?’ ,.»b( ,»‘) ,»b ,1:\ ,»% ,LQ

K Length/bp
Bl 4 Unigenes B CDS KE S %
Fig. 4 CDS length distribution of the Unigenes

R, LA F] 2 443 A, 50 A F 8 FhAS R 4%
MR A AT (GR 4, Horh = 0RE H AT i 0 I
%, 01439 4~ 5 EEAY 58. 90 %6 HIR R MR T
52k 420 A~ (17, 19%0) , Ho Ay o s 3 T & (383
A~,15.68%) IR A SSR(123 4~,5.03%) , H 16
B CHBEE ST E R DL E A YA AE N SSR
B 59.12.5.2 405 1.57% ., BB A
FERE I 4 P, SSR W & = o A/T, ik 2
G/C; 3L #4212 Fh, SSR 5l F % w5 09 N
CT/AG.TC/GA.GA/TC 1 AG/CT, f K i &
AT/AT; =% HE & 3t 57 Ff, CCG/CGG,CGC/
GCG.,CGG/CCG Ml GGC/GCC i SSR il % fix
% TTA/TAA, TGT/ACA., TAG/CTA, TAC/
GTA 1 ATA/TAT & A PUBKFE &, SSR i
R fw & ACCT/AGGT, TAAA/TTTA, TC-
TA/TAGA F1 TGCT/AGCA, ATGC/GCAT #i
AAAG/CTTT 1k,

F 4 KEHZFHSSR S

Table 4 SSR analysis of wheatgrass transcriptome

SSR #112& Type of SSR HH Number
LA & TFAERY SSR SSR in complex form 2
IR A SSR Mixed SSR 123
B E S Nucleotide 420
WA E L Di-nucleotide 383
=03 E S Tri-nucleotide 1439
PURg 3 H E Tetra-nucleotide 59
A TEE Penta-nucleotide 12
NI HE S Hexa-nucleotide 5
£t Total 2 443

2.8 JkE EST-SSR #RiZF Z R S &H M| MiFiE
518iE

HRHE SSR G 2% e, — Bl A0 = m KL 2 Y
LM S FEE L Fe b SSR A 5 A Hi o 1 AR S
A B B 5 A Primer 5. 0 51 9% i 84,
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& H 158 X} EST-SSR #ric 51 #1551 . )\ o i i
42 Xt 28T T AW WS e Y.
FHT T a4 gS (£ 5.8 5, 5K EN
19~20 bp, B =¥ K Bt/ F 200~279 bp Z
), FHEEHLIZERERY 10 X EST-SSR 51 ¥y %t vk #y

x5

A REPERL R

KE LM EST-SSR 5| #1152
Table 5 Information of polymorphic EST-SSR primers

30 A Fy AR50 B B bk S HOR A #E 4T PCR 9731, K
2V AE 4~10 N2 [8] 28 35, 710~
63.64%0, P B ZPE AR 48. 3300 (K 6.3 6),
FWIIX 10 Xt EST-SSR Fric 514 1) 2 25 1k 8 4

55 45 &
H

5|4 741 Primer sequence

BIEZE Ao SSR #.7T B ¥
Primer code il Forward I Reverse SSR unit Expected product/bp
SSR-BC1 CAGAGTCCTCGATTCCGAAC CCTCACCAGACCAATCACCT (GA)Y10 211
SSR-BC2 CCGTACATAGTTCGTCGCCT TGTCCAGTGCTCAATTGCAT (CA)12 244
SSR-BC3 CTTCTCCAGCCACATGACG CATCACCATTCTTCCCCATC (GA)9 241
SSR-BC4 ATCAACATCCAAGGCCTCCT AAACGGGTTTAGCTGGAGGT (AC)13 273
SSR-BC5 CCATCACCCATTTCTTCCTC TCTTCCTCCTCCTCCTCCTC (CMH12 226
SSR-BC6 ACCTGCAGATCAAATCCACC AAGTGAAACCACAGCCAACC (AG)11 243
SSR-BC7 GATCGTGTTCGAGTGGGTCT CCCACTCCACTCTTGTGGTT (TO 10 223
SSR-BC8 AGTTGCTTCCCTTCTCCAAA CTTCCAATCCCTCTTCCTCC (AG) 14 225
SSR-BC9 CGGTGACGTAGAGGAAGAGG AACTTCTCAGAGCAGCAGCC (C8 264
SSR-BC10 TCCGAATACAACACGCCAC TGTCCCGCTTCACTTCTTCT (AO11 208
SSR-BC11 CGCTGCTTGATTAGGAGAGG AGGTCTCTGCGACCAGAATG (TO12 264
SSR-BC12 TTGATGCAGCCTACACCGTA TGATGAACAAGCCTTCATGG (TG)H7 232
SSR-BC13 GGCAAATTGGCTGTGATCTT CGCACCTTTCCCAACTCATA (CA9 261
SSR-BC14 TGACATCGCTGCTACCTGAC TACAAACGAGGTTGCACAGC (G99 227
SSR-BC15 GCACCTTGAGGCAAACACTT CAAGAAATCTGGCCAAGAGC (TG)10 253
SSR-BC16 CCGCTTCCTATGCCAATAGA GCACTGGAAGGGATGGTAAG (AO 10 279
SSR-BC17 TTGTATCCCGCCTCTCAAAG TGACGACTGATGATCGGAAA (GTH7 200
SSR-BC18 CCGTCACCAACAACTGTGTC TTCAAATGGAGATGGCACAA (AO6 266
SSR-BC19 CTCGACCTTGGAGTAGTCGG GGAGGACGAGGATGAGGAC (CK6 202
SSR-BC20 GAAGAGCACTCGAGGACCTG GAAGATGTTCGGGTCCATGT (G111 209
SSR-BC21 TGTCCTCCTCTCCTTCCTCA TTGCAGAGCCTGGTAGTTGA (A6 279
SSR-BC22 AACAAGATTGGTCGATTGCC CTGTATGCAGGGGAACATCA (GA9 244
SSR-BC23 TTTCCCCTACTCCTCCTGCT GCTGAACTGCTCGTAGAGGG (TO 10 277
SSR-BC24 GCAGGCAAGGAGAAAGACAC TACCAATGAACACCACCACC (GT12 248
SSR-BC25 CTCTCCCCTCTCTCCTCGTT TATTGACTCCGCGAGAGGTT (CTH8 210
SSR-BC26 CCTTGAACTTCTCCTCGTCG CTCTCTCTCCCTCTGCATCC (GA)8 268
SSR-BC27 AAGGTGAGGACCGTCAAGG ATGGACGTCATGTTGGAGGT (CCA)T 257
SSR-BC28 TTCGAAGCTGAGTCCACCAT CACAGCCAACCTCCAAGATT (CTO)7 274
SSR-BC29 CCTTTTGACCTGTGCTGTGA ATAGCATGCCCAAGCACTCT (TGO)Y7 223
SSR-BC30 AGCGTTCTGCACGTAATCCT TCCGGTCCTACCATTATCCA (GGCO)6 207
SSR-BC31 TCGCATCTCAGTTCCAATCC GCCTATTTGTTCCGGTTGTC (CCGH5 279
SSR-BC32 GACGATGACGCAGATGAAGA AAGATACACCTCGCTTGCGT (GAT)5 262
SSR-BC33 CTACCTCTTCCTCTGCGCC ACTCGACGTGGAACGAGTG (CGG)H5 272
SSR-BC34 GACGATTCACACCGGAATCT GACAAACGACAGCCACAACA (GTG5 263
SSR-BC35 GATCTCTACCTCCGCCTTCC AAGACTGACTGTTGGGGTGG (CCGH7 266
SSR-BC36 ATATCCAATTCCATCCGCAA CTACCCCTACCACCCCTCC (CGG)HT7 215
SSR-BC37 AAACGGGTCATCTATCGTGG AAAAGATGGAGGTGTCCGC (CGOHT 263
SSR-BC38 CTGATAGATGGCGACCTCGT GGGGTCTCCGGTCTTAACTC (GGCO)6 260
SSR-BC39 CTCCTCCTCGCTCTCAGCTA ACTATGGTCGAGGACCCCTT (TTO6 270
SSR-BC40 AAAAACAGAGGCTTCAGGCA CTTCCAGAAACTGAGGCACC (CGA)T7 246
SSR-BC41 CAGCTACCAGCAATGCAGAA ATACTGGGTGGAGGTGATGG (TGC)8 274
SSR-BC42 AAAATCAAACCCAGTGGCTG GAGGAGGAGGAGAGCGAGAG (GCO)6 213
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SSR-BC5  SSR-BC17 SSR-BC23  SSR-BC24 SSR-BC48  SSR-BC76 SSR-BC120
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300 bp - o .
200 bp
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gy = AL
TS 4

M:100 bp marker; Py : 8 JKEL Py ATIE VKB 1~3:3 4 Fy Hikk, T,
M: 100 bp marker; Py :A. mongolicum Keng; Py: A. cristatum cv. Fairway; 1—3: Three F; individuals. The same in Fig. 6.
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Fig. 5 Screening of partial EST-SSR primers using three F, individuals derived from

A. mongolicum KengXA. cristatum cv. Fairway

1 2 3 45 6 7 8 910111213 14 15 16 1718 19 20 2122 23 24 25 26 27 28 29 30 P, P, M

1~30:30 ™ Fy Bitk, 1—30: 30 F; individuals.

400 bp
300 bp
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Fig. 6 Amplicons of EST-SSR primer SSR-BC8 from 30 F, individuals and their parents
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Table 6 Amplification results of partial

EST-SSR polymorphic primers

Z MO R
Percentage of
the polymorphic

sips  TROLTREC ZAHLLK

. Number of Number of
Primer name

amplified loci  polymorphic loci loci/ %

SSR-BC1 13 7 53.85
SSR-BC4 15 6 40. 00
SSR-BC5 12 5 41.67
SSR-BC8 11 7 63. 64
SSR-BC11 16 8 50. 00
SSR-BC13 9 4 44. 44
SSR-BC14 13 5 38. 46
SSR-BC24 10 6 60. 00
SSR-BC25 14 5 35.71
SSR-BC36 18 10 55. 56
S Average 13.1 6.3 48. 33
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A0 X R 4T SSR A 5 G I L JE AR A5 SSR i
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GAT Ml AAG/CTT 5 He# &, 1 A% 38 56 = 5 L
= 88 JE B E KR CCG/CGG, CGC/GCG,
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bp ) Unigenes 4 120 122 £, ¥ M ] SSR i/ /&
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