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Abstract: SSR markers were used to analyze the genetic diversity of 30 accessions of wild Elymus nutans col-
lected from the Qinghai-Tibet Plateau. The results showed that: 1) A total of 116 fragments and 92 polymor-
phic loci were generated from 16 pairs of primers. The polymorphic loci rate (PPB) was 79.75%, with poly-
morphism information contents (PIC) ranging from 0.063 to 0.325 (mean 0.188). The genetic similarity (GS)
coefficient ranged from 0.692 to 0.976 (mean 0.828). 2) A cluster analysis showed that at the genetic similarity
coefficient of 0.804, the 30 samples clustered in four major groups. Individually clustered groups of 09-214
showed distant genetic relationships with other accessions. The result of a principal component analysis was
generally consistent with those of a UPGMA. The analysis of population genetic structure indicated that most
of the samples may originate from the same genetic background, and results of grouping analysis were consist-
ent with those of the cluster analysis. Our results showed a great difference between the tested germplasm sam-
ples, with several of the accessions showing relatively independent characteristics and higher genetic diversity,

which could provide reference for the protection and utilization of E. nutans, the selection of new varieties and
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the discovery of “good genes”.
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e FEPY 08 5L (Elymus nutans) & /N2 J& (Tritice-
ae) P& (Elymus) 2 F A B AR R B, X & 3k
L A 2 E I AN S | N | AN B o R S
AP A A . R R IR R A PR R
SN RSN NG B i e A N T N T
FEE . AR Bl A S ARl LN 28 T Bl B R
Ol & i BRI AE S R G BT AN TR AR Y R
At e R R A ) 4 R s D A A A
PR T R VRS AR AR, BB Bk
I BT T AR e ) A S i /D ELAPE A BT b JE R 2
MR TR . B A A BT B R R 0 Y T
Tl PR % A i A B R 0 AR LT
M EE T EZ—,

1C4 4 1k B A VF 2 5 3 IS TR) B #f B2 o) e Rl 48
e o BT 5 9 e HL T 2 W M i st AT 2 RE R HEAT T OB
G AL FE B BRI R T B RS PR R
BEPRE U T R IR T R e A O e IR AL
45 2R Sy 2 RE A e b BT B R A DY AN L DR B R A R 4 A
T SRR . A3 [ e A Bl 9 B D BT B I R b
KEZL HA ATz, Bl A B BT IR i 3G o, 2 B B
B 35t A5 22 AR PR BIF 5 AN B 1) 5 3 R D 3 L LA
AR K,

ol 5 38 4% Z AR T4, B S R ALK L F
KEEE T, AT T R ALK, o F K Z S P
AR NGRS & Yk d T =T D AN e o S B0
ol 5 5% 8 35 A% 22 A A HEAT 23 BT PP AR AT RE R T . 0
Aok, B AR £ 2% R | SRAP fric \RAPD #ric .
T 5 A 11 g A A8 0 e A 4 i e JBT E U Y 35 A% 2 A
AT T RS BRAE R A5 ] SRAP ARic * % A I
T H A B e Y S B Bl e AT B BT R AT T 2 A
BT s AT A AED SR F RAPD Aic %2k B )1 Pa b = R Y
e MR B TR IR AT T35 A% 22 R R AR O AR A T 5 Tl
SN SR A R BRI L O] G R A R B
HEAT TR E A Z A . (HA SSR 73 7Rl
5 2 A 48 ik b B 9% R 2 AR Y i 1 AL D, SSR
(simple sequence repeats) 2> T #nic B B A PFLP #x
e WA AL A0 A, EA RAPD fric #8116 £,

DNA JH DS L, 2 — TP BEAT 8L 2 REPEAT 5T BEAY
(53 FARIC S BT E )z B T B e e 3t A 2
REVEBIBETE " o S T R U A S IR o A 5T U b
FE X 2 R AP B e Rl BB YR A E 5T, AR I ST R T SSR
OF FRRCRT LATF 48 S £ 30 1 3 F Bl i 55 ol o
s A% ZREPEREAT B 9T . 15 75 D T T BBl e BB A Ao
FEIRA ORI EO BB i R F AR S %

1 855

1.1 SR

30 73 7 A o A e e R SR R SR B L U I
VUL 3 44, Horfr 25 3ok A3 sk A I 2 R
F PG g SR SR B L AN 3R 1 TS . 30 15 Fh S AL R
iR T VPG R R R K2 G AT 5 B AR B B R
W, IExE Hib T TS24 E .

1.2 K5 ik

1.2.1 SN2 DNA B $BCRAG I Bl B A £y
FREABE o B B0 A RE Y 30 KL AR 4R T A BT
RXZ %1% B nl g e 8 e N TSRS (v /) - 51
MK 22 °C/16 h, #fa] 18 “C/8 h, M3 N 500
mmol « (m” « s) 'L AHXFIRE R 702, A K F =0
B B 0 B OBEER 10~ 15 A PR BT fif il B ) i 7 1 5008
A FRCAE B B, R AT 3L PR 21 DNA $2 10
£ (DP305) (b 5t KA A= 4k $2 L K 41 DNA, H]
1 Y035 i W 8 Ji L K R B i 43 06 O B 31 (Nano
Drop™ Lite, Thermo) A% ] J ¥ & Fil4fi B ,

1.2.2  5¥0iisE K SSR 4r A1 ARHE T I & 1Y 4 B 5
J& ) EST-SSR 5147 )7 51, kit 40 X514
CHHRg 504 0 G i) . BEHF 4 0y B it 45 H H ] 3R0P
PER 22 T B K T T A4 8} S5 R 41 DNA X 40 X 5]
P74 1 (JY-96G B IL PR 34430 9 1 o M v 356 B R
g4 38 0 M Ak L 2 A e R 1 51 A
SSR 5T,

SSR-PCR JZ hj & & FI 2 . PCR J K & .
M 20 pL,2 X Es Tap MasterMix(Dye)10 pL,1 pL
FWE5I .1 uL TSI, 2 pL DNA B, H4 i
ddH, O %#h 78 . PCR Y™ 3 #2 J¥ 94 °C T A& £ 3 min ,
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Table 1 Wild E. nutans accessions analyzed in this study

Ak ErRe R 4R i

Code Accession Code Location of collection
1 I-1-1-1 T 4k N AN (Tiebujia, Hainan State, Qinghai)
2 I-1-1-10 FH I NN (Tiebujia, Hainan State, Qinghai)
3 I-1-1-13 Y 2 22 B3R 78 £ (Saishenke rural Area, Ulan County, Haixi State, Qinghai)
4 I1-1-14 7 13 25 B PR 27 75 % (Ningxiu Rural Area, Zeku County, Huangnan State, Qinghai)
5 I-1-1-15 TIERE ARG EHAE 2 (Baiyu Rural Area, Jiuzhi County, Guoluo State, Qinghai)
6 I-1-1-16 H R A B E R T H K 2 (Suohurima Rural Area, Jiuzhi County, Guoluo State, Qinghai)
7 I-1-1-17 FH VG 70 R B SE 2 £ (Sizhai Rural Area, Huangyuan County, Xining. Qinghai)
8 1-1-1-18 TR & B4 A 245 (Huashixia town, Maduo County, Guoluo State, Qinghai)
9 I-1-1-21 H R SR EL B £ (Mangla Rural Area, Guinan County, Hainan State, Qinghai)
10 1-1-1-27 1 m9 HL Fn B 2B 3] £ (Hemahe Rural Area, Gonghe County, Hainan State. Qinghai)
11 1-1-1-28 T RIE A B B TR £ (Wasai Rural Area, Jiuzhi County, Guoluo State, Qinghai)
12 1-1-1-30 HiER B L B (Maduo County, Guoluo State, Qinghai)
13 1-1-1-31 TV S 1 H i HA i 45 (Kequ town, Gande County, Guoluo State, Qinghai)
14 1-1-1-33 1 55 M B ¥ it 45 (Mangqu Town, Guinan County, Hainan State, Qinghai)
15 I-1-1-34 H g R M B H # £ (Gandi Rural Area, Gonghe County. Hainan State, Qinghai)
16 1-1-1-36 TR H 8 H 52 £ (Qingzheng Rural Area, Gande County, Guoluo State, Qinghai)
17 I-1-1-37 T 15 15 B 2 T P89 £ (Jiangxi Rural Area, Gonghe County, Hainan State, Qinghai)
18 I-1-1-38 HiEWE LM B A T2 £ (Shinai Rural Area, Gonghe County, Hainan State, Qinghai)
19 I-1-1-39 FH 1k = £ W FP 3£ 3% (Sanjiaocheng Sheep Breeding Farm, Haibei State. Qinghai)
20 09-174 T g M B =84 (San Tala, Gonghe County, Hainan State, Qinghai)
21 09-214 T 1 75 K42 B 1 J5 44 (Xinyuan town, Tianjun County. Haixi State, Qinghai)

22 09-221 T 1 ¥ 75 15 4 08 2743 48 (Gahai town, Delhi city, Haixi State, Qinghai)

23 09-239 T 1 ¥ 75 144 04 #a] € 4] #8 (Kelukezhen town, Delhi city, Haixi State, Qinghai)

24 09-292 VG T 45 YL ik B 2% £ (Jiaxing Rural Area, Gongbujiangda County, Tibet)

25 09-302 P AR YLk 2% £ (Jiaxing Rural Area, Gongbujiangda County, Tibet)

26 09-382 FH L 2 B35 ¥ £ (Qinghaihu Rural Area, Haiyan County, Haibei State, Qinghai)
27 14-11-22 PO I A8 B 22 JE 1) 5 X (Mounigou Scenic Area, Songpan County, Sichuan)

28 14-15-15 U I A5 B )1l 32 55 (Chuanzhusis Songpan County, Sichuan)

29 14-11-25 P 1] #A i B A2 JE 18 5t X (Mounigou Scenic Area, Songpan County, Sichuan)

30 -1-1-4 FH M I N AN (Tiebujia, Hainan State, Qinghai)

94 “CARE 60 5,50~59 CiH k 45 5,72 C ZEfH 60 s,
I 35 MBI e J5 72 CHEM 10 min, 4 CORAF. 1Y
TR 6 Vo I 7 R TR M T B R SRR UK 3 B, 1 X
TBE HAf 2% Wi, 250 V B F LK 15 min, bR &
10 pL,400 V HUEAEEHYK 1.5 h, BIKESHRE 12
TR 7K T R M, FH U 5,35 (0.1 % AgNO,) e 14 min,
R 0.19 ¢ IR +15 g NaOH 4400 mL H
T ) Sk 5% B 8 2% W 0T R B A LR R ORAE

1.2.3 Sit508  RIE SSR YR B AR, &
11 SSR #1455t #AE A RS AL 8 1A T4kl AT

SR A& BIEh 1L, AP B A id S 0, 1R
WA 0/1 Z I A B L AL sk g | ) 9 31 2500 A5
T, BT B Y 47 AU (total number of bands,
TNB) . £ &M & 8 (number of polymorphic bands,
NPB) . £ & 7 &5 B 43 & (percentage of polymorphic
bands,PPB) & Z & M5 B & & #5 2 (polymorphic in-
formation content, PIC), FJ NTSYSpc2.10"% 4
O3 B BCHE A7 B REE Y Dice 18t 14 M U & $X (genetic
similarity coefficients, GS) B35 . I H JE AN 4 3
¥ )5 B Cunweighted pair group method using arith-
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metic averages, UPGMA) Y47 R 3540 1 K £ 4 47
#r; % STRUCTUREV2.3.4 $ {4 3k 47 B4R 35t 4% 45
B,

2 FER55
2.1 SSR 5|¥ni)iiik fe 2 Ak

DNA R B s 5 . FEIEFE 4 1 0 i 5 v 10 3l 4
Bl 2 B AR 19 35 R 2H DNA XF 40 % 5| 9y 38k 47 075 ik

BF, LG BE T 16 X A% i i L 2 S PEEE 1Y SSR 5]
Y1 2)., 16 X} SSR 5|94 45 R 2 0 . 30 1y 1 fH B¢
B A I B 116 A S5 A7 FE R AL X S A B
B AR R A 5~ 15 A, BEXT 54 38 S 4 S 244

R 4 2R 7R, 30 5y T B A R B R BT R ORE AY Boh7.250 s b oA 2B HALL B PN EE
R2 SSREIMFIIRER
Table 2 Sequences and names of SSR primer pairsy
BiEY| ENCa ]l BT &R
Primers Repeat Forward primer Reverse primer
Elw0300s019 (GCTDH7 TTCATCCATCCAATTCTAGCACAA GAAGGAGAAGATGGAATCCTTGAA
Elw0669s043 (TGTH4 CATCTCACGGCAAGTAAATGAACA TGCGAGATGGGGTACAATTTTTAT
Elw1197s069 (ACACO4 ATGGCCGTAACCCTTTACCTGTAT TTTCAAAGCCTTTCCAAGTGAATC
Elw1420s081 (GCTGT4 GGATAGACCCATGAGCTGACTGAT CTTTCTCCACAAGTTGAACACAACA
Elw1468s087 (GTTH4 TAGCAATAAGTTGCTGCTGCTGTT CCACCTCTAAATTAATCACCACGAA
Elw2202s122 (GGT4 CTGCATTGCTAATCCAGTTTGATG CGGAAATAAAATTACAGCAGGCAC
Elw2594s136 (TCTTCT)4 AAATGTCAACGACGAAAAAGGAAA ATGTAGCCTTGAGAACACTGGTCC
Elw2807s159 (AGA)4 CCCAAGAAGCAAAAGTGAAGTTGA ATAATTGCTGTAAAACGGCAGGAA
Elw3207s179 (GCD4 GTACAAGATCGCCAACTCGAAGAT CCTACAGGAAAAGGACTCGTGACT
Elw3264s184 (CTTTH4 TGGACTGCTTTGGGACATAATAGG CTGAATCATAGCCACCCTGAAAAC
Elw3492s190 (TG)H6 TGTTGTTGTTCCAGTTCCAGTCTC AAAAACAACCACACAAGGTTGTCA
Elw3603s196 (CCTH4 ATCAAGACCGTCTACCTCGACAAG GGGCCTAATCTAGCATGGAGAAGT
Elw3995s226 (CGOT7 CTCTAGGGTTTTGGGATTTTAGCC GTTGTGGAGGTCGGAGAAGGT
Elw4419s261 (AGTG)4 AGGGTGACTTGTCTTTGGGTGTAA AGTCAGATGAAGGATGGCTGAAAC
Elw5013s289 (AGC)6 CGGAATGCTCTCGAATGAATAAAC ATACTTGCAAAGCACCACTGTTGA
Elw5540s317 (GATCO)4 GAGGGGCTCACAGAGAGATTG GCAAAGAGGATCCACTCTTCACTT
5 00 & 718 W A m B 8 3 7 28 208 08 M

2350bp

Bl 1 3|4 Elw3264s184 Ei > # #3184 2
Fig. 1 Amplification of the sample material using the Elw3264s184 primer
eSS 5% L PR g S HE (B R 15 ~30 %), FH.

The code of samples is consistent with code in Table 1(the figure is code 15~30) ; similarly for the following figures.
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Table 3 Amplification results of the 16 SSR primers on the 30 E. nutans accessions

314 BAWE(TB)  ZHMEFWEPD
Primer Total bands Polymorphic bands

Z B8 A 2> % (PPB) ZBH B & #E (P10
Percentage of Polymorphic

polymorphic bands/ % information content

Elw0300s019 6 3 50.00 0.134
Elw0669s043 5 5 100.00 0.284
Elw1197s069 6 6 100.00 0.317
Elw1420s081 10 9 90.00 0.325
Elw1468s087 7 5 71.43 0.208
Elw2202s122 6 4 66.67 0.063
Elw2594s136 7 B 71.43 0.097
Elw2807s159 9 8 88.89 0.218
Elw3207s179 5 4 80.00 0.197
Elw3264s184 9 7 77.78 0.153
Elw3492s190 5 4 80.00 0.252
Elw3603s196 15 11 73.33 0.119
Elw3995s226 5 4 80.00 0.211
Elw4419s261 8 6 75.00 0.104
Elw5013s289 7 5 71.43 0.123
Elw5540s317 6 6 100.00 0.207
BB Total 116 92
%L Mean 7.25 5.75 79.75 0.188

PELLR(PPBY N 79.75% . BEXF 5104 14 19 2 A8 P A
ARME Ry 3~11 > B X 5 1 0 38 i 2 805 ECh
5.75 4~ 5141 Elw0300s019 1 H} i) 22 28 M i B 2L
M 34,518 Elw3603s196 338 H 14 22 25 P M 457 5 80
2,0 11 N 3), 519 Elw3264s184 P 8 45 F AN 1
i, 5l 28 %ER & & PIC {6451k k 0.063
(Elw22025122) ~0.325(Elw1420s081) , F-HI{i 470,188, 3%
BofE B O£ W, 51 ¥ Elw0669s043, Elwl197s069.,
Elw1420s081 K& Elw5540s317 ) £ 25 T 8 i, PIC {4 %
s AT H G 5 R R A DG B B
2.2 B R B B

FeT 16 X SSR G WA i 0/1 A HodE
3 BCHR A AT B NTSYS pe2.10 8 30 £ kit
WAL B AL R B W58 45 SR 0 L 30 17 7 Aol 4
ol J5T % U 11 35t A% A L R B A8 R R 0,692 ~0.977, °F
YIEN 0.828, Hrpok Qg 5 2= By 1-1-1-13 52k A
T AR By T-1-1-33 MY AHL R B i/, o 0,692, 3%
WA AT] 22 ) A7 AR AR st A 22 5 s SR O R s 5K H
R E A 1-1-1-38 52k A Wb = /1 R £
I-1-1-39 AL R B K, 0 0,976, 38 BHIX W 40 #4 B} 5%

G FR T, XEeEIR RN PR R 22 R] 22 5 ] 6
L LR,
2.3 R BE M8t 1 548 5 b

XF 30 5 T e Bl Rl T B R A AT R 24 B (]
2). RAEISHET R L] LB AL AL R £ 0.804 4b, 30
O3 B SR BE AT B U RS H AT 24 1 4 RH & TR SR
TR A4 20 43R A T % R AR, 2 3 R A 74 i
HIRRLRT 2 3 R @ 0O )1 B B ORE. 7E AH LR £ 0.832
Ab TR T ORERI R 4 AL 1 TR 5 G
MR H R 2 ok AR Lk AW .1 ok Al
P10k AR5 2 MRS L ER A& T 17
R RE 4 R R ARG .6 (R AR .2 42Kk A
At 1 15k A VS, F A A4 SR 1 VG T A IR VLAY 2
Gy HE(09-292 F1 09-302) F 2 4y 2R [ VU AA 3% 1 41
BH(14-15-15 F 14-11-25) 5 55 3 WK M EE 4 W2 43
HALE 1M ak, 3 & ok A v 7 A 1-1-1-17
R AR AB R 11128, BT KEHE 3 MHEA
VERE AL R FIEE VS A AR, BRI 2RANALEE 1
BEL R A DUNTAS R B 14-11-22, 3K [ % 76 52 ol i i
H G MR AR B 09-214) Bl B 55 IV 24 (100 % %
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33 I-1-1-1

——————L_;ﬁ I-1-1-13

I-1-1-14

9l———— I.1-1-15

V— IL1-1-16

I-1-1-18

36 I-1-1-21

4 I-1-1-30

I-1-1-31

I-1-1-27

30 I-1-1-37

_|—|: o171

41 87, 1-1-1-38

| I 1-1-1-39

09-221

51 I-1-1-34

' -1-1-36

55 09-292

4| : 09-302

09-382

53| 14-15-15

14-11-25

I-1-1-17

v I-1-1-28

I-1-1-10

100 30 I-1-1-4

I-1-1-33

09-239

14-11-22

09-214
— T | — T T T 1
0.78 0.83 0.88 0.93 0.98

L F L Similarity coefficient

2 ET SSR #Ri2HI 30 MEIX M B A UPGMA B X E

Fig. 2 Dendrogram constructed from a UPGMA, based on SSR marker for 30 E. nutans accessions

1.00

0.80

0.60

0.40

QEQ Value

0.20

0.00

1 2 3 4 5 6 7 8 9 101112 13 14 1516 17 18 19 20 21 22 23 24 25 26 27 28 29 30
F KL 5 Accession code
B3 30BEFHBEMRBEEZEEEIN(K=2)
Fig. 3 The genetic structure analysis of 30 E. nutans accessions ased on SSR analysis(K=2)
1.2,3,-30 RRMEF S MR 1.6 4 .,

1,2,3,+:30 indicate accession code in Table 1, similarly for the Fig. 4.

R0 Ul B X 0y bR 35 4% 75 5 5 A RHE R BCR
(25 5, SR L R, R B AL Sk X 5 HE
AR A — B0 B A R R bR o K i i
ORI P K R AL

FEF SSR FdE Xtk 30 4 2 Al 4 0 UEAT T
WM AR, 4 K =2 B, AlnP(D) B4 W i 1
W, 2 Jeal B BRI 4y KO fH (B 3) . K 4 #4 R
(A5 15 S B B —  BEAR R A3 I 25 R 5 R 2B i i

25 B R4 — 25 [ B A 3 BH AR AT 55 b ) 42 3 R
P 3815 15 S 55 JF 3R VR VA B I ) A DG
2.4 Bm b

FE T 3845 A AL ZR HIONT 4 S Ak X e e s e T %
TEHEAT F WL 3 B P AT 3 A4 32 43 19 3 R 8 4 il
S 82.39%.2.32 % F1 1.90% . B> o BT = 4E BT
Il 4) T Sy T W00 i, Jsz e G 3 A 0 2% OC 3% L o T AH & O
HRARFRG KRR L EERRRLGKRIT 3000 i
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Fig. 4 The plot of principal coordinates analysis of 30 E. nutans accession based on SSR analysis

1o o A ik e o TR B R T A3 0 T 5 R S R A
REEA—H

3 i
3.1 TR DL B FORR ST BT IR 0 816 2 FETE

VB SR ¥4 F 596 U5 R R BE RN B SR I
B, Fhnic 80 B IO R 9 8 1% 2 B ST 0
Tio E AN [ 0 AL AR e O Tz 1 T B e
A R (o TN L 1511 S N o Ll S O
0Tk R A 3 22 R R AT A 5T, BT X
W T ol S5 5 U ) LR B R B R Y 3 R B Rh s A
o A5 SSR bR ic £ AR 15 21 3 5 5% ik 2 1) 2 38
MR (PPB) 2 79.75 % AR T HR & 425 SSR #rid
XF 67 Aoy T 4 Bl o BT R AT 2 PR S BT 99.4 0 £
B BT R RS R SSR #ric £ AR X
TSR 52 I T2 (E. sibiricus) 1T /% 22 FEME
BT 86.44 Y0 M Z AR LA . HFE PR — J7 T AT g2
FABF TR B9 & DNA BLRRTR & $2 B, A I 6 36 1T
Fof I P9 1438 4% 78 5, 3 B0 S b R )AL SR R M 2
ML BB EAR s 53— D T8I A F 5 R 3 A ek A A B i A
FRHL R 4 1) P B B 245 (2 BER A F 1) 45 M RHH]
BRI — T . 1 E T kSR SED R A SSR
FRic X 10 4y 0 F 4 Al 5 Al T 2R AT 8 A5 22 R AR BT

1177 Z A R, R R R A SSR frid # AR
XF 35 oy 1 2 WA IR BEAT 40 HT 76.99 Y0 B 22k L
R, APFFEH I 16 % SSR 51 ¥17E 30 4 7 fH Bl fif 2
PR rp L34 1 T 116 AR, Horb 92 2
D5 BEXT S 1 S B AL SRR 7,25 A, U]
T SSR 43 F A e o o A B s 2 AR R R AR W A
M. HA 28 m R s, 285 GB (PIO & &
4 0.063~0.325, F ¥ {E K 0.188, BB T L3 44l i)
3.2 AL B MR DRI G &

R A5 T i 3 ) 20 A 48 5 A5 TP AN 25 R R L A
KA B ROBE S5 PF T, B A 1 o el ol ke o J5 2 B0 o 1A
1 5% R0 Ml B AR AR L R AR B AR A
¥ B, 3 7 950 17 o A Bl m 5 rbooRe 19 B e R 95 R
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