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Genetic Diversity and Structure Analysis in
Psathyrostachys Nevski Population Using SSR Markers
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Abstract: Genetic diversity and population structure analysis of 171 wild and cultivated Psathyrostachys
Nevski individual germplasms from different countries and regions were conducted by 38 pairs of SSR primers.
The result by using the primers revealed a total of 308 loci among Psathyrostachys Nevski individuals, with
275 polymorphic loci and a polymorphism percentage of 89.29%.The genetic similarity coefficient of the tested
materials ranged from 0.537 to 0.899 with an average of 0.742.These accessions were divided into three groups
by population structure analysis, principal component analysis and NJ clustering. The genetic similarity coefficient
analysis showed that the distribution of Psathyrostachys Nevski individuals was more concentrated.The
classification using three methods generally revealed three different groups of Psathyrostachys Nevski materials,
despite that there were slightly different in the divisions of mixed groups.Since these Psathyrostachys Nevski
individuals in each group showed different on genetic background, no clear correlation between geographic
distribution and genetic diversity was observed.
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Table 1 Information and origin of genotypes used in this study
ErRes SRl CRERL ) 24 Bk RS KR
Code Varieties name Individual number Countries or regions
502577 K 40175 21.88.119.122.166 %
565060 AJC-534 37.62.64.108. 118 %
598610 VIR U-0134973 8.74.106, 113,82 A7 S TR
565289 TETRA. 2.16,17.25.49.65.76.91,117.81,132 JIEN
434242 Sawki 11.77.100, 157 1N
440626 D-1835 36 GIpIN:S
502576 K 37772 6.7.12,13.18.29.71.98.123,144 153 2
499559 D-2697 10.116.58 i
565052 DJ-4155 4.9.23.69.87.145.152 %
619487 96N-300 40,55 £
565044 DJ-3890 34.46.51.53.84.104.109. 124,155, 167 2
598614 VIR U-0134923 162 A7 5 T
619483 96N-331 80.73.101,130, 131,142 £
200801 Mengnong No.4 1.44.45,102, 141,154 ,156.164,170 |
565051 DJ-4154 35.39.66.68.96,103. 115, 168,33 %
272136 — 47.50.63.70.75.93.97.128 AT s T3
499560 D-2562 43.52.89,105,125,160, 169 |
595135 X93031 19.79.90, 111,112 CHE|
476299 VINALL 3.27.107.165 S
200802 Shandan 14.15,24.28.54.56.,57.85.86.136 |
531826 D-3139 5.61.78.83.95. 114,121,126, 133,147,148 CRTES|
619565 96N-238 41.42.67.138 £
406468 BOZOISKI 129,135,143 GIBiNCS
531827 — 26.38.59.92.140 FU R
578854 SWIFT 139,146 IEN
531828 — 20,32,72,99,120, 158 Bl
502572 AR-142 94,171 GIBiNCS
502573 AR-163 127.137.149 163,151 GIBiNCS
200804 — 31,150,159 |
200803 T-ND 22.60.134 CRIES|
598611 — 30.48.110. 161 AT o T

=" R IR R

“—" represents wild materials
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BEARZER 43 FH Structure2.3.4 844, B TR
B RERXE 171 4358 A2 B SRR A B EAT REAR S5 48 73
Br, IR A A E (8 ( Q 1B ), M dRcAUHEIA
B K B BOE Y [ € 78 2~7 Z 18], B B MCMC
FF Uiy B 19 AS A %1% AR ( Length of burn-in period )
h 50000 ¥, FERE AN R &k ARUR (19 MCMC %

100000 K. FA~ K HEFIEAT 5K, LR K BISRIE
iy T 35 e AR 1Y K AELAVE SRy BEAAR 435 4 1) e AR
#H - H Sigma plot2.5 % K (HEIr£EAE.
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FRAEAT 3 Fr A (2 2), 45 5 ¢ W K 40 SSR A
OB 1Y 4548 A0 T 100~250 bp Z ], § 14 s vy 2
R #4571 308 NI A4 275 4, P A
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Table 2 Polymorphism analysis of 38 SSR markers

ElL7] SRl P FEALA IR (%) B AL Shannon {5 B84t ZABEE
Primer Chromosome Number' of . The percevnt Of. Gene diversity Shannon index PIC
of barley polymorphic loci polymorphic loci

EBmac0783 IH 15 100 0.6591 0.6587 0.4664
Bmac0154 IH 6 100 0.3486 0.5703 0.3887
Bmag0382 IH 6 100 0.2301 0.3753 0.2301
HVM4 1H 2 50 0.0566 0.1138 0.0566
Bmag0347 IH 5 100 0.2803 0.4481 0.2863
Bmac032 IH 5 83 0.2932 0.4352 0.2932
Bmac0213 IH 1 50 0.0648 0.1264 0.0648
Bmac399 IH 6 100 0.2573 0.4126 0.2573
EBmac0415 2H 7 88 0.2890 0.4360 0.2868
EBmac0684 2H 9 90 0.1145 0.2135 0.1145
Bmac0218 2H 8 100 0.1911 0.3166 0.1911
Bmag0381 2H 1 33 0.1341 0.2101 0.1461
EBmac0737 2H 14 100 0.2334 0.3706 0.2334
Bmag006 3H 17 100 0.7810 0.6736 0.4810
HVM44 3H 2 67 0.0549 0.1537 0.0786
HVM9 3H 9 100 0.2818 0.4427 0.2801
EBmac0705 3H 14 100 0.2300 0.3478 0.2112
EBmac0871 3H 6 100 0.2066 0.3415 0.2066
GMS116 3H 9 82 0.2691 0.4156 0.2701
Bmag0136 3H 8 100 0.3999 0.5714 0.3857
EBmac0691 4H 5 83 0.4132 0.4688 0.3142
HVM40 4H 10 91 0.2108 0.3903 0.2578
EBmac0701 4H 7 100 0.2785 0.4697 0.3080
HVM67 4H 14 93 0.3516 0.4971 0.3355
EBmac0658 4H 9 90 0.1497 0.2992 0.1857
HVM3 4H 8 89 0.0712 0.1148 0.0504
HVMG63 SH 7 78 0.2978 0.3483 0.2344
GMS27 SH 7 100 0.3071 0.4967 0.3194
Bmag0004 6H 5 83 0.2407 0.3426 0.2244
Bmag0173 6H 8 73 0.1988 0.3468 0.2221
Bmac040 6H 2 33 0.0263 0.0355 0.0145
HVM74 6H 6 86 0.1582 0.2598 0.1576
Bmac0316 6H 8 100 0.2530 0.4101 0.2530
EBmac0806 6H 5 63 0.2093 0.3263 0.2164
HVLEU 7H 7 100 0.1894 0.3200 0.1894
HVM30 7H 3 75 0.2604 0.3734 0.2604
Bmag0206 7H 9 100 0.2600 0.4175 0.2480
Bmag0120 7H 5 71 0.1003 0.2687 0.1616
-+ Mean — 7.24 89.29 0.2461 0.3637 0.2337
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Table 3 Variation of similarity coefficients between individual plants in 31 Pjuncea materials

BTG A R EUEIR - ETRe BRI E R EUEIR e
Varieties code Range of similarity coefficients Mean Varieties code Range of similarity coefficients Mean
502577 0.735~0.890 0.795 499560 0.636~0.822 0.731
565060 0.724~0.824 0.757 595135 0.706~0.781 0.750
598610 0.574~0.803 0.700 476299 0.669~0.781 0.715
565289 0.731~0.894 0.790 200802 0.678~0.894 0.768
434242 0.754~0.795 0.790 531826 0.644~0.839 0.740
440626 — — 619565 0.660~0.800 0.753
502576 0.681~0.852 0.757 406468 0.755~0.802 0.778
499559 0.678~0.745 0.719 531827 0.690~0.800 0.757
565052 0.704~0.851 0.753 578854 0.848 0.848
619487 0.707 0.707 531828 0.765~0.874 0.798
565044 0.662~0.898 0.762 502572 0.734 0.734
598614 — — 502573 0.732~0.796 0.761
619483 0.633~0.823 0.725 200804 0.723~0.779 0.749
200801 0.705~0.871 0.757 200803 0.706~0.770 0.738
565051 0.725~0.851 0.774 598611 0.690~0.791 0.747
272136 0.690~0.797 0.749

" SRR 15 TR AR R B IR AR SRR AR A Dy 2

“—" represents the sample size of the material is 1, and the sample size of individuals in their materials without variation of similarity coefficients are 2
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IR AR SR 5, B N BRI i8R A8 S5 ik
WA, Ritt— AR AR R TR 4
43, FIFH Structure2.3.4 B4 171 43542 FRARRA R
308 1~ SSR Amic v S A BT 44T, LA K {H3E
Bl (K=2~7 ) S As s, F AR AU BAUSRAE InP (D )
F A bR PR E (1A ), 24 K (B R InP (D ) £5
SEIE KT, TCIk 0 2 S L BF AR %K, X 127 Evanno
SEUSTR IR AK (SR 5E K Y g B
(FE1B), 24 K{HRE AK {ERAS I B i (Y I
WM e RS (K=3), PRI S5 A b 2 ks
171 OB BRI 43R 3 A ZRE (& 2),

Gy BB 22 BB AT B R ZRBERY Q iR, i T
RE A% 70 70 A IR LR (1] P a5 A 2H oy Q (R T

o5 TF 0.6 AL 159 038 22 B AL (92.98% ), %il1H
SRR 3 AR, IR ARG L5 A AR —
LA 12 1397 22 B ARR AT R 8L 2540 HoAT S 441
RIS, TGk 0 U5 B 281, I B ¥R A AR A
FRER (R 4). R 4TI ZEBE 1A 2 bk
MR ZH 89 4y (52.05% ), FoRISHE 2 )5 4w
AR R 63 15y (36.84% ), 25 BE 3 kLR 1
A T0 (4.09% ). TEFTA [ SRR 22 AR TR
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Table 4 Q value of 171 Pjuncea individuals in three groups

s xar | T P
Individual Q1 Q2 Q3 Individual Q1 Q2 Q3
Group Group
number number
1 0.978 0.020 0.002 1 12 0.910 0.004 0.086 1
2 0.937 0.061 0.002 1 13 0.989 0.008 0.003 1
3 0.793 0.202 0.004 1 14 0.994 0.004 0.002 1
4 0.942 0.054 0.003 1 15 0.996 0.003 0.001 1
5 0.987 0.011 0.002 1 16 0.943 0.056 0.001 1
6 0.827 0.167 0.006 1 17 0.994 0.004 0.001 1
7 0.877 0.010 0.113 1 18 0.992 0.005 0.002 1
7 0.980 0.018 0.003 1 19 0.994 0.004 0.002 1
9 0.978 0.020 0.001 1 20 0.966 0.033 0.001 1
10 0.975 0.023 0.002 1 21 0.990 0.008 0.002 1
11 0.971 0.016 0.012 1 22 0.989 0.009 0.002 1
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giﬁkzﬁ% KR giﬁkgﬁ% KR
Individual Q1 Q2 Q3 Individual Q1 Q2 Q3

Group Group
number number
23 0.721 0.277 0.002 1 74 0.667 0.007 0.326 1
24 0.935 0.063 0.002 1 75 0.893 0.087 0.019 1
25 0.881 0.117 0.002 1 76 0.847 0.028 0.126 1
26 0.922 0.076 0.003 1 77 0.348 0.08 0.572 —
27 0.249 0.002 0.750 3 78 0.872 0.031 0.097 1
28 0.996 0.002 0.001 1 79 0.608 0.387 0.005 1
29 0.910 0.026 0.064 1 80 0.819 0.178 0.002 1
30 0.960 0.035 0.004 1 81 0.986 0.010 0.005 1
31 0.967 0.024 0.009 1 82 0.972 0.025 0.003 1
32 0.993 0.005 0.003 1 83 0.966 0.009 0.025 1
33 0.993 0.006 0.001 1 84 0.974 0.008 0.018 1
34 0.987 0.012 0.002 1 85 0.993 0.006 0.001 1
35 0.868 0.116 0.016 1 86 0.991 0.007 0.002 1
36 0.955 0.015 0.030 1 87 0.887 0.096 0.017 1
37 0.993 0.005 0.002 1 88 0.994 0.004 0.002 1
38 0.746 0.005 0.249 1 89 0.761 0.111 0.128 1
39 0.989 0.009 0.002 1 90 0.346 0.005 0.649 3
40 0.421 0.002 0.577 — 91 0.751 0.248 0.001 1
41 0.967 0.018 0.014 1 92 0.749 0.249 0.002 1
42 0.895 0.103 0.002 1 93 0.871 0.126 0.003 1
43 0.951 0.047 0.002 1 94 0.596 0.402 0.002 —
44 0.823 0.139 0.038 1 95 0.885 0.095 0.020 1
45 0.933 0.065 0.002 1 96 0.962 0.036 0.002 1
46 0.973 0.023 0.004 1 97 0.360 0.591 0.049 —
47 0.990 0.005 0.005 1 98 0.007 0.526 0.467 —
48 0.946 0.051 0.002 1 99 0.329 0.657 0.014 2
49 0.954 0.045 0.001 1 100 0.457 0.540 0.003 —
50 0.973 0.006 0.021 1 101 0.196 0.802 0.002 2
51 0.935 0.026 0.039 1 102 0.006 0.991 0.002 2
52 0.884 0.114 0.002 1 103 0.323 0.652 0.025 2
53 0.988 0.004 0.008 1 104 0.002 0.007 0.991 3
54 0.943 0.042 0.015 1 105 0.007 0.991 0.002 2
55 0.994 0.003 0.003 1 106 0.002 0.002 0.996 3
56 0.996 0.003 0.001 1 107 0.004 0.992 0.004 2
57 0.995 0.003 0.002 1 108 0.006 0.992 0.002 2
58 0.763 0.233 0.004 1 109 0.010 0.985 0.004 2
59 0.994 0.005 0.002 1 110 0.020 0.968 0.012 2
60 0.932 0.063 0.005 1 111 0.028 0.971 0.002 2
61 0.955 0.017 0.027 1 112 0.014 0.415 0.572 —
62 0.965 0.025 0.010 1 113 0.065 0.933 0.002 2
63 0.960 0.026 0.014 1 114 0312 0.685 0.003 2
64 0.965 0.034 0.002 1 115 0.017 0.977 0.006 2
65 0.926 0.066 0.008 1 116 0.031 0.570 0.399 —
66 0.958 0.041 0.002 1 117 0.018 0.978 0.004 2
67 0.659 0.315 0.026 1 118 0.128 0.870 0.002 2
68 0.986 0.013 0.001 1 119 0.019 0.978 0.003 2
69 0.988 0.011 0.002 1 120 0.155 0.841 0.004 2
70 0.711 0.025 0.264 1 121 0.193 0.806 0.001 2
71 0.414 0.008 0.577 — 122 0.030 0.968 0.002 2
72 0.645 0.138 0.217 1 123 0.180 0.816 0.005 2
73 0.005 0.002 0.993 3 124 0.055 0.944 0.001 2
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ke S e BRI S -
Individual Q1 Q2 Q3 xH Individual Q1 Q2 Q3 i

Group Group
number number
125 0.006 0.993 0.001 2 149 0.212 0.780 0.008 2
126 0.007 0.990 0.003 2 150 0.009 0.989 0.002 2
127 0.007 0.985 0.007 2 151 0.033 0.952 0.015 2
128 0.003 0.996 0.001 2 152 0.218 0.774 0.008 2
129 0.006 0.936 0.057 2 153 0.016 0.981 0.003 2
130 0.407 0.591 0.002 — 154 0.005 0.993 0.002 2
131 0.036 0.958 0.006 2 155 0.004 0.995 0.001 2
132 0.008 0.991 0.001 2 156 0.012 0.985 0.003 2
133 0.053 0.944 0.003 2 157 0.005 0.994 0.001 2
134 0.054 0.943 0.003 2 158 0.007 0.992 0.001 2
135 0.011 0.986 0.003 2 159 0.004 0.991 0.005 2
136 0.228 0.768 0.005 2 160 0.005 0.993 0.002 2
137 0.140 0.844 0.017 2 161 0.016 0.953 0.031 2
138 0.020 0.924 0.056 2 162 0.011 0.844 0.145 2
139 0.025 0.969 0.005 2 163 0.009 0.983 0.007 2
140 0.227 0.771 0.002 2 164 0.006 0.487 0.506 —
141 0.006 0.992 0.002 2 165 0.008 0.990 0.003 2
142 0.023 0.974 0.002 2 166 0.013 0.985 0.002 2
143 0.012 0.986 0.001 2 167 0.012 0.986 0.001 2
144 0.095 0.901 0.004 2 168 0.066 0.932 0.003 2
145 0.008 0.983 0.010 2 169 0.001 0.002 0.997 3
146 0.006 0.992 0.002 2 170 0.017 0.975 0.008 2
147 0.392 0.602 0.005 2 171 0.003 0.255 0.741 3
148 0.359 0.476 0.164 —

=" RRIR G

— " represents the mix group
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(0.3495 ) > 2KHE2(0.1460 ) > 258F 1 (0.1308 ), H I
ULIIZEHE C M BARRA LBt % o AL AR B RN st A% 224
P o 3N JHE 2 8] B9 56 9 (Nm, gene flow )
S Nm=3.1486>1, 1. W] A W] 77 75 25 58 v A 38 110 35
HAS B L

BB 22 AR ARG R A T 171

Oy A1 RHEO NI SR 2B 18 (181 4), i B R] 0, S A2 s
BRAERE R 35 DT AS 3 WL 28Tl 25 A
PREEFG X 4 R (LD @B MUSRIEHE | AR & 0
TR AR IERE 2 R} R BB SRR 3 AR
REOFRMCGRIR G IR WoR, 171 (i A2
FURR R T A 1 DR AR AT S TR S5 20 A 5
L OEHE 1 5 EHE 2 I BARR A RHE SR2E E Th Y o0 A
7B R X BT, 2R 3 A BRRR A4 ORL S0 A 37 AR X
L3S

X EEREASS A8 73 A ST B A S i 23 A 4
171 173 37 22 REBARRBLRE BRI 7345 2R K B, s AL 451
FHOX B — PR BT RLAE 3 AN [a) 1 B 2 b 4] 0 245
RIEARW) 5, gL A5 AR 2% TR TR G2
TR EARRAE R 0 MIAF A —E 22 5% . (EARIERE
(IR, 3 R4 4 RO BEAT HCHha s BEA IR A A o
171 05338 A W BRRATREEAT R 23, BT N A9 T
Az T BRI 0 Al T AN [R] ) 3 B AR 95, U2
R8I A2 BLBRAA R JEAE SR AN A W I A s 7
LiEPKE 8



56 Mo # fE % W % i 20 %
0.12
-0.22
q
£
o
R -0.17
b=t
+H
]
&®
-0.32
—0.46 ‘ ‘

-0.19

-0.08 0“02 0.13
$E—ES Dim-1
B3 17 AMHEEERINER D FHTE

Fig.3 The principal component analysis of 171 individuals of Pjuncea germplasm
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Fig.4 The map of Neighbor-joining on 171 individuals of Pjuncea ( Fisch. ) Nevski germplasm
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RIS o
3.1 KZESSRII¥MHERAMR S

H F 454 SSR 43T hRic B A X 7 22 5 il okt %
PR I8 IE AL FR125 & B B, B HHOE T {52
(R0 ) s 5 P 14 3 FH P X A3 BT SR R R () it L 2
FEME R IR A L AR S R A —EMSE M
"), AR C A 1% 2 I R W T /N2 % B 2
/NZZ SSR #7110 Fll EST-SSR ¥ ic 14 85 1y b 137 FH v
3t R R A T W 98 P S R UL AR
SR 5 /INZZ A EL B 22 90 55 K22 90 A AH R ECE 1 7
AN BURE, A B 58 1 K 2230 N K2 7 90 vh o
S Al LA FH B9 A 2L SSR 51 W XF 171 4y 3 4 B 2
FRAD IR UEAT 8L ZRETEIF 9T, PSR S5 R, NS
i 1Y 40 XF K # SSR 51 4 v i 2 T 38 XA A
S, BAEBEZEM BT 28 ME RS
ik 89.29% , W] SSR 5| 1) 15 R 52 Flifh 2 B 2 [6] H
A ARG M RIS 4% SSR AR I 36 R 22 Ff
F8 %% . Shannon 15 B 48 BUFE B 2 REEFE Bt 7R
TR A BN R 2 ) ) 2 A, 5T AT
GG B LG, AR WS R 003 2 R R A
(e 2R, 3K TT RE S PR R AR5 T 8 FH ) 3 22
A AR ) B 5 A D G i L RIS S b, L b P
IR NSz, BLAh, BT ARG BoR, BRid i 24
PEIK - VL 6 A -5 H BT s e ) o ol DR a5 A% 22
FEPE A I A A T — 2, 17k F 22 25 R 4 B A i
X SR 1L S 8O IR M R R 5
Wi 5 0 2 2% A ] T 24 B A R 0 AL 2 R
PEATVRAG I 2 B0, bR ic B 8 5 43 b 235 SR v )
ZRIAT EINAE X IE oG R A R B FH 2 MR
PRIC T S T AR 405 SR v A v 5 BBk 25 il i
XA 181 22 REME T SSR S5 48 Sk A i S
BT AT DU WA SRS AR 2 A ST A B /D SSR
G AR SEECH , IR IR H T 9 SSR AR e i S
B TGk o ARWFST I Y 38
X SSR A3 805 W1 5 1 0 A T G Fh R 22 1)
7 &Yk I it SSR BRiC BRSNS B8 2
& PIC {5 A T 0.0145~0.4810 2 1], 5 [ Z kL A
T 0.0263~0.7810 Z [1], i 53 25 S BEXF K 7 SSR 5|
YIFEB 22 RO R I PR EA T T 20 AT, R
5 1 119 5 | 050 2 YO e Sz ke 1 S 22 e o 9 U
s 2
3.2 HMEZEEKMRERTRES

AHIF 5 B 22 R ELRR R 35t AR AR AP R 4K

I T 0.537~0.899 Z [1], “F-3{H  0.742, UL W18 4
BRHR A 1 GS AKF D, 5 R AR ST g6 R
AEARL, 55 T I 3 A2 B AAbA ) A st A% AR RU T R 4K
(0.594~0.820, Y11 A 0.722 ) BF 5T HH 12, 2 bk
A2 PR 5 A% 25 55 I sh PR RCOR (AR A 4 7K
BORPET , VI 22 R BRI 1) 354 28 S TR
EF NN G BR AR () BT R AT 5%
YIRS ZR B 22 kb b 1o A PE 0 5 v b
A CEFRZIE ) iR 7 =X, A AR R 24 &
R B O, ILAE R 22 R IR L T — 2 1)
S TP SRR A R N I R 2 B BT
L RV 1 BRI 2 — , SR A O
7% ¥ ( Psathyrostachys huashanica Keng ex P.C.Kuo )
JERER) ISSR Wi fE Z T R — 8, RASH &
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Wi e Bl TP A RFEENmEEZE
P, W 2 R 2 58 B AL AT A AR K A e
23], Gk & I E KRR A E RIA
TR BHR L SRR R — 3 EA A
WHFFE I X B 22 AR S AR 5 i, 355 B A B
B I8 A% 1 5, A RE T8 02 X b 52 Bl 22 e o ol
GRS GAE SRR

TE X T 22 F Rk A R G B AR &5 R R AT 43 b
B & A 43 1 3 A 2R BE 9 2 X Nm=3.1486>1,
Ellstrand 452 A 9 5L ( Nm ) <1 A FAE YRR
[ AF AR 3845 43 Ak 7K, A R FE PR ( Nm ) >1
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AN [R5 22 RS T (R A7 AR 30 S BE R A2 3k, TR
A [B] ) 388 1% 30 T A H 25 0 55 AR Y ot A% 328 , AT
R ATCHEAAR ] 9 35t A% A AL R B, 5 mT BB 25 1] 401k
ZRANRENRNZ — FEH AT LU A AR R 4
A7 PR A ™ A B s AR 2, F TR AR P 1Y)
AR EA B AAE A T o
33 HMEEREHEMRNEEREMRELESHT

i 53 Structure2.3.4 15 2 171 43 87 22 B SRR A4
BRI AL A5, I8 A 53 3 A RFRZERES 14
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A I )BT 2 R AR AL B A3 A A PCA 4353
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