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Genetic Structure Analysis and Fingerprint
Construction of Hemp by EST-SSR Analysis

BIAN Jing, WANG Xiaonan, CAO Kun,ZHAO Yue, WANG Yunyun,ZHANG Xiaoyan, SUN Yufeng
(Daging Branch of Heilongjiang Academy of Sciences, Daqing 163319)

Abstract: Cannabis is an annual herb and a versatile, sustainable crop, while uncovering the population
diversity remain poorly investigated. In this study, the EST-SSR molecular markers were used to analyze the
genetic diversity and population structure of cannabis. The results showed that a total of 113 score bands were
amplified using 20 pairs of primers, of which all (100%) were polymorphic. A total of 232 alleles were
detected, with an average of 4.0176 alleles per primer pair. The average observed heterozygosity (Ho) was
0.7102, and the average expected heterozygosity (He) was 0.6935. The Shannon information index of 200
individuals ranged from 0.7204 - 2.4625, with an average value of 1.5368. Polymorphism information content
(PIC) ranged from 0.3519 to 0.8801, with an average of 0.6558. The mean gene flow (Nm) was 13.6525.Based
on population genetic structure, principal component analysis and unweighted group analysis (UPGMA) with
arithmetic mean, cannabis materials were grouped into 3 groups.. The results were similar between the clustering
methods, but the distribution of minority individual plants was different among the three models. The results of
clustering, genetic diversity and genetic similarity coefficient showed that cannabis individuals were closely
related to each other. In addition, five pairs of core primers, which were able to distinguish the test germplasm,

were deployed for the fingerprint construction. Collectively, these results provided a reference for the future
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breeding, genetic improvement and collection of core germplasm resources of cannabis.

Key words: hemp; EST-SSR ; genetic diversity ; population structure
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1.2 EST-SSR3|#i%it % PCR¥ 1%
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percentage of polymorphic bands) . GeneAlEx
6.5 102 B 4 A A SO AR A T AN [R) 237 L 3
it iR 2 S G A N $L (Na, the number
of alleles) . & FL K 5L (Ne, the effective number
of alleles) . 4% 1= E.95 %k (1, Shannon’ s information
index) , FE [ (Nm, gene flow) Fligt 1% 431k R #L
(Fist, the F-Statistic), ] PIC Cale {54514
Z & M5 B & (PIC, the polymorphic information
content) , fifi F GeneAlEx 6.51b2 #{4-iEF it AL 1A 25
3T ERGR3HT (PCoA) , 3T Nei (19 JC it A4 1 15

R1 20%KFEST-SSR 3|8 B 4SS

FiFE 5 MEGA 5.1 JE47 A NIA A 53 AR - 25 5% 2 12
(UPGMA, unweighted pair-group method with
arithmetic means) RIS,
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BERE , {7 T TR 1) SRS TR S 3 DL I S AE 4 A
IR RS R 2 (MCMC, markov chain monte
carlo) 7k, N T HfiE B AEMWEAFECR (KD, X
FELDA 2 1) 10 1 B4 KA T 1 5 RO as 472
PIET TR E 10,000 25 1240, 4R )5 /& 100, 000
K MCMC %1%, 4 Evanno 25 JF & IR RY | il
TH AK SR T 1% 2 K AR (A1 B X BOE 32 10 72 Ak
R, LA E e K E

2 HER59H

21 FBFIESIRCHESSN

TE PCR i 1,20 %F SSR 51415 200 444
PR 113 AN, 2RI 25, 8451
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Table 1 Polymorphism analysis of 20 EST-SSR primers of Cannabis

2N
" SR 2R SE S BRGNS BAREGE Xﬂliﬂlﬂv A ,ﬁﬂi’é‘ A Zat BLak SR
Primer B Kals ik ERREL R EiEid A MG (HREHE B34 Nom
TNB NPB (%) Na Ne I Ho He PIC Fst
PPB

Ell 5 5 100 5 1.6361 0.7204 0.3015 0.3898 0.3519 0.0087 28.4476
E17 5 5 100 16 5.4226 1.8902 0.8200 0.8176 0.7901 0.0105 23.5450
EI8 9 9 100 9 2.8520 1.2180 0.7700 0.6510 0.5842 0.0146 16.8654
E20 5 5 100 20 7.8965 23713 0.7739 0.8756 0.8620 0.0112 22.0531
E22 6 6 100 14 4.4984 1.8273 0.6550 0.7796 0.7530 0.0088 28.0691
E23 7 7 100 8 3.0620 1.2248 0.8400 0.6751 0.6083 0.0139 17.6978
E24 3 3 100 19 9.0166 2.4625 0.7889 0.8913 0.8801 0.0120 20.5975
E25 6 6 100 15 2.7707 1.5314 0.7300 0.6407 0.6133 0.0088 28.0020
E26 5 5 100 12 6.0606 2.0438 0.6900 0.8371 0.8170 0.0279 8.7112
E27 4 4 100 11 3.2549 1.4694 0.8000 0.6945 0.6560 0.0109 22.7555
E3 6 6 100 9 4.2465 1.5819 0.7300 0.7664 0.7254 0.0611 3.8401
E31 4 4 100 15 6.0146 1.9361 0.9050 0.8358 0.8120 0.0154 16.0308
E32 7 7 100 9 3.5470 1.4486 0.8342 0.7199 0.6751 0.0121 20.4881
E37 8 8 100 10 3.4583 1.4709 0.4900 0.7126 0.6683 0.0418 5.7290
E4 5 5 100 10 2.4153 1.1295 0.7424 0.5875 0.5131 0.0064 38.6339
E40 3 3 100 8 3.9149 1.4935 0.8550 0.7464 0.7015 0.0094 26.2232
E43 2 2 100 18 42055 1.9170 0.7839 0.7641 0.7414 0.0096 25.8443
E48 7 7 100 9 1.8701 0.9827 0.5350 0.4664 0.4374 0.0386 6.2266
E6 3 3 100 9 2.4977 1.2097 0.6784 0.6011 0.5493 0.0295 8.2317
E7 5 5 100 6 1.7120 0.8076 0.4800 0.4169 0.3757 0.0061 40.9830
Y Mean 5.65 5.65 100 11.6 4.0176 1.5368 0.7102 0.6935 0.6558 0.0180 13.6525

TNB: Total number of bands; NPB: Number of polymorphic bands; PPB: Percentage of polymorphic bands
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100~300 bp Z [A1725 4k, FIrA 5 | Pxt B B A 5 vy 1 2k
(K ZREPEME , % E A K 2 B, a3
SENIIEREL(Ne) H 4.0176 4~ [ml At HAGm 21 232 4~
SRR, BT W BT $4 55 AL B R B (Na)
11.6, 510 2 B H B i & AR A5 B 48 8 (1), 200
13 FRRAN BT B A AR AR BT E T0.7204 ~ 2.4625 2
], SFI4I{E R 1.5368, PIC K AR Bt (B 51
YIE24, WINZ4E FE (Ho, observed heterozygosity) it
AT LA 0.3015~0.9050, -3 {E 4 0.7102, 22 4
& J¥ (He, expected heterozygosity) 7£ 0.3898~0.8913
Z 6], - Y9 E S 0.6935, K 3 (Nm) ~F- 35 {5 0

R2 INAKHMEREREE SRS

13.6525, RUMFAERLR AL i (Nm>1)
22 AEFEEE SN

Xf 3PP 2R R S RE IR UE AT 1A% Z AR T8 500y
B A5 R BR (322) 3R 24 5 (Ho)
490.7063, B 2445 B (He ) 2 0.6840, W22 5 i 1
AN % B BE U0 BH AR RE N B4R 2R
FEFBIREAR R SE AL EE R L (Na ) 4 9.65 |, A B s
(1)K 1.5545, WA BRI 5 155 (He) 4 0.7015 , WL 2%
&1 (Ho) $90.7017, PICH 9 0.6602 , 14 &5 T Ho AL 5
ANHEAR U6 BHFF P B R A 5 A5 2R 5 LA A28
RUM s o

Table 2 Comparative analysis of genetic variation for the three groups of Cannabis

\ I N RGN TR ; " e | EBMEAEER
B RABRE SRR o S Wz AR WA s
. . FEIHEL Eag i
Population Sample size Na Ho He
Ne 1 PIC
2] Fiber 78 8.90 3.9575 1.5014 0.7556 0.6930 0.6503
1£0t H Floral leaf 63 7.60 3.5174 1.3756 0.6616 0.6580 0.6134
#1H Seed 59 9.65 4.0388 1.5545 0.7017 0.7015 0.6602
9 Mean 8.72 3.8379 1.4772 0.7063 0.6840 0.6413

2.3 EREREEEEBAHECLE

K 200 173 IR A 6} 4 FH 385 K] 43 Sk 3 ATl e 0k
Tyt B PR B H s, A 36 3 B/, 3 SRl i (] £ 18 4%
25 7F 0.0314~0.0805 35 [F] N, Nei's 5t f& — B 7E
0.9227~0.9691 Ju [l . #1 FHARYPHE 15 25 FH B oA g5t
1R ¥ B /0N, BE T st A% BE B8 1 2 1 UPGMA R 28
LI UE T OFF 7Y 5 25 R RO S 4% O R
(1) o RIS A3Hr 3 A A 0 5 R i Fnsst % oAb 3R
(K 4) LRI AL M AR 5 I Ad A A L DR A
XN, 1545 3 Ak R AR X T LUS# B A 44k
AP I R —4H .

R3 3ANFEE Nei's BE—BEMBREEBENTREMEIT
Table 3 Unbiased estimation of Nei's genetic identity and
genetic distance among three populations

I 2FH et *H
Population Fiber Floral leaf Seed
£ Fi] Fiber 0.9227 0.9691
AEMF Floral leaf 0.0805 0.9392
#1FH Seed 0.0314 0.0627

Xk 07 Nei's i fe—B0% XL T 7 Nei's i LR
Nei's genetic identity is above diagonal and genetic distance is below

diagonal

£ H|%! Fiber
—{ B —— *}mﬂ Seed

A7 Floral leaf

040}35 0.630 0.625 0.620 0.615 0.610 O.dOS 0.600
Coefficient
E1 EFEEESHNENUPGMARER
Fig. 1 UPGMA clustering tree
based on genetic distance

x4 =ZAMEZENERREESURY
Table 4 Gene flow and genetic differentiation coefficient
between the three populations

2N 2 e *H
Population Fiber Floral leaf Seed
2T J1] Fiber 8.036 40.137
AE£M ] Floral leaf 0.030 11.448
¥ Seed 0.011 0.021

XL 5 B (Nm) XL 5 st s AL 34 (Fse)
Above the diagonal is gene flow (Nm) , below the diagonal is the F-
Statistics (Fst)
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i UPGMA HE2E 5041 . PCoA 43 M Flisk & 2544
G3HT, 2R T T S R A AN [RI S A R
BRI Z A K R . i Structure 2.3.4 453 By

o<
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(FE3) . 200 0 KBRS AR B} 55 FhE I 44 25
FAHT 25 RIEAMIFT . 2T UPGMA BPIRIE , BT
FHR LR A RICRRG IR, ZhREIIAE T R R s 22, 41
FEI 322 b FH B U

XF 200 13 FKIRA R AT F2 oo br (K1 4) , B
AL E IR AR EE X RMNIER . PCoAZRLY
UPGMA AR B FNFP R LS #0 o BT SRS A — B, 3
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B DeltaK = mean ( [L"(K)|) /sd (L(K))
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10)  121)  14(1)  16(1)  18(1)  20(1)  22(1)  24(1)  26(1)  28(1)  30(1)  321)  34(1)  36(1)  38(1)  40(1)  421)  44(1) = 46(1)

)
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Q1

Q value
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88 8 83888

SU1)_ 53(1)  S5(1)  S7(1)  Se(1)  61(1)  63(1)  65(1)  67(1)  69(1)  7i(1)_ 73(1) 75(1)  7TI(1) 79(2) 812) 83(2) 852) 87(2) 89(2) 912) 93(2) 952) 97(2) 99(2)

52(1)  54(1)  6(1)  SB(1)  60(1)  621)  64(1)  66(1)

B8(1)  70(1)  72(1)  74(1)  76(1)  78(1)  802) 822  84(2) 86(2) 88(2) 90(2) 922) 94@2) 96(2) 98E2)  100@2)

Qi

Q value
o o o o o o
885 838 88

1012) 103(2) 1052) 107(2) 1082) 111@2) 113@2) 115@2) 117(2) 119(2) 1212) 123@2) 125@) 1272) 1292) 131@2) 133(2) 135() 137() 139(2) 141(2) 143(3) 145(3) 147(3) 149(3)

1022) 104@) 106(2) 108(2) 110@2) 112@2) 114@2) 116@2) 118@2) 120@2) 1222) 1242) 1262) 128(2) 130@2) 1322) 134@2) 136(2) 138(2) 140Q2) 142(3) 144(3) 146(3) 148(3) 150Q3)

Q f&
Q value
s e 9o e o =

1513) 153(3) 155(3) 157(3) 150(3) 161(3) 163(3) 165(3) 167(3) 169(3) 1713)  173@) 175@) 177(3) 1793) 181(3) 183(3) 185(3) 187(3) 189(3) 191(3) 193(3) 195(3) 197(3) 199(3)

1523) 154(3) 156(3) 158(3) 160(3) 162(3) 164(3) 166(3) 168(3) 1703) 172(3) 174(3) 1763) 178(3) 180(3) 1823) 184(3) 186(3) 188(3) 190(3) 192(3) 194(3) 196(3) 198(3) 200(3)

A KX KB T340 B KFIAK IR Z MM EER 5 C: i) STRUCTURE 2.3.4 1 ( K = 3) W58 R R RRFMELS ) .
REAARE AR U S AR AL, 1 (@ 2T Y 2 2060 4B 3 (0 - 2
A': Average logarithm of K value to K number; B: The relationship between the quantities of K and AK; C: Population structure of

industrial hemp determined using STRUCTURE 2.3.4 software (K = 3). The horizontal number represents the resource serial

number and type of use. 1, green: Fiber type; 2,red: Mosaic type; 3, blue: Seed type
B2 2004 KBRFBELE

Fig.2 Population structure analysis of 200 industrial hemp samples
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The numbers in the figure represent 200 cannabis individuals (corresponding to schedule 1)
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Fig. 3 Cluster analysis of 200 industrial hemp resources based on UPGMA
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Fig. 4 Principal component analysis of genetic diversity of 200 industrial hemp resources
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Table S Germplasm fingerprints of 200 industrial hemp samples

i3
Code

RO
Fingerprints

i
Code

TR

Fingerprints

Hi '
Code

TR

Fingerprints

1

2

10

11

12

13

14

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

A00000B00010C01000D00101E00100

A01000B11000C00100D00001E00110

A00000B10010C00010D00101E00101

A00100B01000C01000D00101D00101

A00100B01000C00001D01100E00110

A00000B01000C00010D00100E00001

A10000B01100C01000D01100E00101

A01001B00100C00000D10100E00110

A00000B00100C00000D01100E00101

A10001B10000C10000D10000E00011

A10000B10000C01000D00101E00100

A00100B01000C00010D10100E00010

A00001B01000C01000D10000E00100

A00000B01000C10010D01100E00100

A01000B00000C01100D00001E00011

A01010B01000C01100D10000E00011

A00100B00100C00000D00100E00110

A10010B01000C01000D00010E00010

A00001B00000C01000D00100E00011

A00001B00100C00100D11000E01001

A01100B00000C00010D01100E01100

A00000B00100C11000D00100E00010

A00001B00000C10000D01100E

A10000B00000C00100D10000E00100

A00000B00100C00010D00101E10001

A00001B10000C01000D00101E00110

A01000B01000C10001D00001E00101

A10000B00000C10000D0100E10001

A01001B01000C00000D00100E01100

A01001B00010C00100D10100E01000
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A01000B00100C11000D10100E00100

A10000B01000C01000D01100E00011

A00100B01000C00100D10001E00110

A00011B00100C11000D10000E00101

A01010B00010C01000D00101E00101

A00010B11000C01000D00101E00110

A00010B01000C10001D00101E00110

A10100B01000C10000D00101E00101

A01001B11000C01010D00101E00001

A00000B01100C10000D00010E00110

A10001B00000C00000D10001E01010

A10000B01000C00000D10100E11000

A01000B00001C01000D00110E00101

A01000B10000C00001D10100E00110

A01000B01010C00000D00110E00110

A00110B01000C10000D01000E01000

A01000B00000C00000D10000E01000

A01000B10000C10000D11000E00000

A00000B01000C10000D01000E00101

A00101B10000C00011D00001E00001

A00000B00000C00010D00101E00001

A01000B00000C10000D10100E01100

A01000B00000C00000D00110E00110

A00010B10000C10000D11000E00011
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A01010B01000C10000D00000EO0010

A00000B01100C11000D10100E00011

A01000B00000C01100D00001E00011

A00101B01000C11000D0O0000E00010

A01000B01000C01000D00001E00001

A00000B00010C11000D10100E00010

A00000B10010C01000D01100E00011

A00010B01000C10000D10100E00110

A00001B00000C11000D10100E00110

A01100B01000C10000D10000E00110

A01000B00100C01001D10000E00101

A01000B01000C10000D00001E00001

A00000B00000C10000D00110E10010

A01000B01100C10100D10001E00101

A00001B00001C01001D00100E00110

A01100B01001C01000D10000E01010

A00100B11000C01000D00010E10000

A00100B00010C00001D10000E00000

A01000B10000C01000D00101E00101

A00000B00000C00100D00100E00001

A01000B01000C00010D10100E01000

A10001B01100C00000D00100E00101

A00100B10000C01001D00101E00110

A00000B01000C00100D10010E00101

A00100B10000C10001D01000E01010

A00000B01010C01000D00101E11000

A01000B00000C11000D10100E00010

A00001B00000C10010D01100E01000

A01000B00000C10000D01010E00011

A00000B10100C10000D01000E01001

A00010B00010C10000D00010E00001

A00100B00000C10000D00100E00011

A00000B00000C10000D01010E00110
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100 A00101B10000C01000DO1010E00110 134 A01100B11000C01000D01100E10100 (168 A01000B00000C01000D00010E10000
101 A01000B01000C01000D01000E00011 {135 A00010B01000C01000D11000E00110 (169 A01000B00000C01000D00010E10000
102 A01000B00100C10000D10100E00000 (136 A00100B01000C01000D11000E00011 (170 A01000B01000C10000D00110E10000
103 A00000B01001C01000D11000E01010 (137 A01001B01000C01000D11000E00101 (171 A10000B00100C01000D00110E10010
104 A00100B11000C01000D11000E00001 138 A00000B00010C01001D01000E00101 (172 A01000B00000C00000D00010E10000
105 A10000B00000C01000D00110E10100 (139 A00110B00000C11000D11000E01010 (173 A01000B10000C10000D00011E10100
106 A00110B10001C01000D01000E00011 (140 A00010B00000C01000D01000E00100 (174 A01000B00000C01000D00010E10000
107 A01100B11000C01000D10000E00001 (141 A00101B10000C01000D01100E00100 (175 A00011B01000C00000D00001E00100
108 A10100B01010C01000D10000E01010 (142 A00101B00000C01000D10100E00100 (176 A01010B11000C10000D10010E01100
109  A00100B01001C11000D10000E00010 (143 A01001B00100C11000D00100E01110 (177 A01000B00001C10010D11000E00101
110 A01000B00001C00000D00110E00010 144 A00001B00100C01000D10010E00001 |78 A00010B01000C11000D10100E00110
111 A01001B00010C01000D01010E10100 (145 A00001B00000C00100D00100E00100 (179 A00100B10100C10000D11000E00011
112 A00100B10000C01000D10000E00001 (146 A00100B00000C01000D00100E01001 (180 A00100B00100C00100D01010E00011
113 A01001B00000C00000D00100E10100 (147 A11000B01000C01000D00010E01001 |181 A00100B00100C10000D00100E10001
114 A01010B00000C01000D01000E01001 (148 A01010B01000C11000D11000E01000 |182 A00011B00000C11000D00100E00011
115 A00010B00000C01000D00100E00100 (149 'A00000B00000C01000D01000E00010 {183 A10000B10000C01000D10100E10100
116 A00100B01000C11000D10100E00110 {150 A01000B01000C11000D01010E10010 184 A00000B00000C00100D01010E10100
117 A00010B00000C11000D10000E00001 (151 A01000B01000C10000D00101E10010 |85 A01000B01000C00010D00001E00011
118 A01000B00100C11000D01000E00001 152 A01000B01000C10000D01010E10000 (186 A10001B01000C00000D10000E00101
119  A00010B00100C00100D10000E00010 (153 A01000B00000C01000D01010E10100 (187 A10000B01000C00010D01100E00110
120 A01000B00000C10000D00110E10100 154 A01000B00000C10000D00010E10001 |88 A00001B01100C11000D01000E00100
121 A00100B11000C10000D01100E00100 155 A01000B00000C10000D01010E10000 (189 A00101B10000C00100D10100E00100
122 A00001B10000C10000DO01010E10100 (156 A01000B01000C10000D01010E10100 |90 A00100B00000C10100D11000E01100
123 A00000B00000C10000D00010E10001 (157 A01000B00000C11000D01010E10100 191 A00101B00000C11000D00101E00010
124 A01001B00000C10000D01000E10000 (158 A01000B01000C11000D0O1010E00110 (192 A00001B00001C01000D10010E01010
125 A01001B00000C10000D11000E00011 {159 A00100B01010C10000D10000E01100 (193 A11000B01000C01010D11000E01010
126 A00100B01000C01000D01000E01001 160 A10001B00000C01000D00010E00101 |94 A00110B10000C10000D11000E10100
127 A01000B01000C10000D01010E11000 (161 A01000B11000C01000D00101E00101 (195 A00100B00000C00000D00110E00101
128 A00001B01000C00001D0O0010EO0L10 |162 A01001B00000C01000D0O0010E01001 |196 A00001B01000C01010D0O0001E00101
129 A01000B11000C10000D10100E1000 (163 A10100B00011C01000D10000E00010 (197 A01000B01000C10010D00001E00011
130 A01000B01000C10000D01010E00011 164 A01000B01000C01000D01010E10001 |98 A01000B00100C00000D11000E01001
131 A01000B00001C10000D01100E00010 (165 A01000B01000C01000D01010E10100 (199 A00101B00000C01001D10100E01010
132 A00100B00001C11000D10010E01010 [166 A01000B00000C00000D00110E00101 200 A01000B11000C00101D00100E00110
133 A00001B00000C01000DO1010E10001 (167 A00000B01000C00000D00110E00001




1802 Mo ow fE

O ¥ iR 24 %

3 g

3.1 HFRIESEMEL T

EST-SSR & | LA 1Y EST J3 41 k4 1 Ht Uil
2, SR JE AT PCR N, i F EST JF & SSR, ikt
B T FF A& SSR 5 | Wy i Hh 11 o B2 A 7y A B8, 743
FIFHEA B BEAR T R AR, EST-SSRARST
PEUF  FEAS R R ] HAT B 47 3l Ak, o] LAIX 43
G R RGN RL

PR A DR 28 ] () 22 8 PR R A R 2
flir i DNAAMCZAEPE TR B 2R . K
WEFEHE Y, BRic i) 23T AP a8 14 ZREE K
o — T B2 A RS 1 e 23
ZEW 51, B R B S ECE AT R . [FI K
2520 FLF KRR EST i BT SSRFRIC , A KR 1%
2P 5 R I SR AR T A 5 ORI
EST-SSR A i % KRR A FE 45 44 #4740 A1, I 40 XF
EST-SSR 5 | 4w i & 4 20 X 51 4y %F KRR Fh e HEA T
FRide A FE RGN 2] A g et 15 22 B 1 Tl RE 2 FR
TR T R KBREE 4T & 19 EST-SSR 43 Fric,
A DU XA FE R . AR AT B E(D A F
0.7204~2.4625 Z [a] , P-4 7 1.5368, X — K&
HH JIT 16 5 | 0 6 4% 2 UL HlL 48 7 SR IRR I 0 U8 19 3 A%
ZREPE, BRI, 20 %7 EST-SSR 5141 7] LA 964343
BT R RLZ ) s 22 5%
32 KRMEHEETR R EEESENE

AT AR R 5T B8 5 FH A 2 o oy
3ANEHEA TG G5 M AT o A5 P RER AR 15 B AR 2L
AT 1.3756 ~ 1.5545 Z [0, 18 14 2 Rk K55 5 o
TIRRANIE 1 175 B 2 AL 2 RE 1 o] BB S i W Fh 1) S 4K
BMA . HIFFE R PIC=0.5, N L5004
0.25<PIC<0.5, A 1 & Z 357 15 PIC<0.25, AL
LA . TEAWFFE R, 20 X519 PICE 14 R
0.6558, 1t I KR EST-SSR ARic ¥ 2 B Ay i JE 2 25
PR, IE A RIRRRL ZHEE T .

A DL R (] 3 A R P 28 B A I v
PR3 B 76 ST AR R A A R o DL, AT R 3 Ak ek
FRHEZ A] 00 3 AL Z R PR . ABIESE op, 2B
e 5 LA RE 2 18] (%) ORI PRI 3E (N ) A8/, oA
FIEZ (A0 Nm %5 o Norman 282 Nm < 158
WA AR () 3 A5 A AL R 55, T N > 1 R A4
FhREIA] 845 0 AL FE AR . George 25 15 S AE B2 4y
M) P =M B ESE T Norman Z2 P S . 3 T/
FHF 0] 56 81 A 0 000 5, IR [B] 11 S 280G R AR LAZERE

HCRPRER] 8 A5 o AN B3 . TESR L A, R
A AT BRI AL AR S, 5 AR A4 g 14 1 o
IR AL, L, FEBAE B MR IR L T 28
BRSSO TR . AN RIS A 5 B
DEOCEE N5 | 7 o A1 v B 52 iy [N O 2l 2 i
R4 o

W i) 18 A% 2 K 52 22 B DR 3 O AR ELAE TS
ORI R K i e WL 32 T N LA
FerF | b PR B A A AT DL PR TN R A R RO
FE R 3P 22 8] B9 Nei's B2 BE B, X
3P N =2 . A RBURIET I BRGOC R
AT, [ IR FH TR0 PP 75 Hh A SR FH R ANZT RS
PN SRR B AL, 1 0] e T 7l
TE AR R RSSO ] 14 it b 0 D AN T P i
Ir AR B 7352
3.3 KRRHRARME L

ASBIEFEARE P A 1 A 2544 23 A, K5 200 03 4
I3 AN JERE, IOk A Rl — Rl pg AR o 2R 2R 5
ARIZERFH . 7E UPGMA KK, fEmt 26 Al
fif)— LB B S5 R RN £ FH R PR SR A —ie , (HAE
FRRESSH B b, AE M TR R 7 I —2H . R
ATRESE 7 RMLIAL A 48R, X A Pk 25 Al 5 i AR
Ko VEFEFIH P b AR A A R 2 B fE
AR AN TR B PRI e 5 i s AL 284k,
N5 Wi b R 45 R 30 o o AT BB KRR R 5
AR AR B L5, o T BT AR g L
55 P IR A RS T A, DAL I 2 R i R B 25
14 UPGMA RISIEIE T BRI R B AL M B A T
f R4 DIAH OGO BRSO — 4, 33l R BUHAT
AR EERG R BB o Shen %59 7341 1 64 13
MM o SR A R B 25 A, A B [ — R Y
MG IR AN R SR

Hi 4 PCoA \UPGMA I STRUCTURE 431 , 4
WFFE P B RRBI BB A RS 341 200 153 KRR ER.
IR RHG 0 FEBEAAT G R (L 25 H 0 AT, (EALAF
FE—E . XAfEE T ARIENH T AR
AIGETH B PCoA W] LIARAE Ik B 40 A AH S5 6
W B2 1 B A R o3 6, X AN T AR AT A Hardy-
Weinberg V-5 ol HESSE #4920 A vl LA SE 4 3t 1
figp gt e 2RI Al TR R SR A AR SR L, A A T
X AT A RO T o Al Jt A 45 Ry e ed DL IS8y 3R
TR AR RN T e 45 R, JF T A SR 53528
FIEERILN 5. (I UPGMA S M ORI R RS 3T
AR HE B SCBLAY B R TR B 2 18] B TR A A O



6 1 il

Bi4% : KR EST-SSRI AL 454 70 At K AR S P Fay et

1803

FRo BRI, 3K 3 Fh T AT AT T RN 15t
TR T LAFR A R Bl . AR , AR P4 7=
) RRR 22 50 T DATEAN AR BE B R A & i By
B A R 2 sS S ik B A st L 22 7
PN L R (&
3.4 SSR#IRICHIEISSIELE

SSRs 1Eh—J HAT G A8 5 i AL i A
fa] PP BRUE AP S I A ThR D, DAL Z4F
PEO BT B BRI PR AR TE R 354 % B R A
G 2GS B RN YTV 2 AR R AL
22 SSRs AT T T 12 BIMFFE PN FH o ASHIF 9% &
PEI 5 %A% 05148, H PICEA1E 0.7901 ~ 0.8801 22
6], 08 T = Z A S 1, A R TSR R A A .

4 it

AHIF5E F FH EST-SSR Fric Xt KRR ) is 14 25 44
HEAT AT, 3 X 200 403 FBRFP B 08 IR R4 T T HR ¢
FIRE R . B oT s e i, A7 T AU RP B 5 27 A
PRI 1% 110 8 A /N, T ast A% R B 4 2 1) UPGMA
R I6 UE T ok RS 5 2F R R S 4 O R AR
AT ; [Rls3 2 UPGMA 25381 . PCoA 43 # Flist {4
GEM T, HE— A E T 200 15 KRR O B 2 A A
RE5 R S AL S5 A T4 TIE AR AR ST . A2 ah R
SEIH Z AR RN s A4 AL R B I KRR A B AR
G RN EY), RIS AF IS X005 [ %t
S T HE KRR S, A2 A A T KRR
F54 1) DNA $5 80, BERSHS 1X 2 b1 BH i — M X 43 FF
Ko BERUESE, KIFRAN T HLAT 88 10 5% Z e
WF 98 25 85 0 KIBR 2 38 A bic il Bh ek KL L ol ot
G LRA FAZ O R SR FR A T 1k Bl

S0k

[1] TIrakli M, Tsaliki E, Kalivas A, Kleisiaris F, Sarrou E, Cook
C M. Effect of genotype and growing year on the nutritional,
phytochemical, and antioxidant properties of Industrial Hemp
(Cannabis sativa L.) Seeds. Antioxidants (Basel, Switzerland) ,
2019, 8(10):491

[2]  Bailey J K, Schweitzer J A, Ubeda F, Koricheva J, Leroy C J,
Madritch M D, Rehill B J, Bangert R K, Fischer D G, Allan G
J, Whitham T G. From genes to ecosystems: A synthesis of the
effects of plant genetic factors across levels of organization.
Biological Sciences, 2009, 364(1523): 1607-1616

[3] Haddad N M, Crutsinger G M, Gross K, Haarstad J, Tilman
D. Plant diversity and the stability of foodwebs. Ecology
Letters, 2011, 14(1): 42-46

[4] Zhang C, Vornam B, Volmer K, Prinz K, Kleemann F,
Kohler L, Polle A, Finkeldey R. Genetic diversity in aspen

(6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

and its relation to arthropod abundance. Frontiers in Plant
Science, 2014, 5: 806

Costa R, Pereira G, Garrido I, Tavares-De-Sousa M M,
ISSR, and AFLP

molecular markers toreveal and classify orchardgrass (Dactylis

Espinosa F. Comparison of RAPD,

glomerata L.) germplasm variations. PLoS ONE, 2016, 11
(4): 0152972

Sork V L, Aitken S N, Dyer R J, Eckert A J, Legendre P,
Neale D B J T G. Putting the landscape into the genomics of
trees: Approaches for understanding local adaptation and
population responses to changing climate. Genomes, 2013, 9
(4):901-911

Feng X J, Jiang G F, Fan Z. Identification of outliers in a
genomic scan for selection along environmental gradients in
the bamboo locust,
2015, 5: 13758
Rellstab C, Gugerli F, Eckert A J, Hancock A M,

Holderegger R. A practical guide to environmental association

Ceracris kiangsu. Scientific Reports,

analysis in landscape genomics. Molecular Ecology, 2015, 24
(17): 4348-4370

LiY, Zhang X X, MaoR L, YangJ, Miao CY, Li Z, QiuY
X. Ten years of landscape genomics: Challenges and
opportunities. Frontiers in Plant Science, 2017, 8:2136

LiH, MaY, Pei F, Zhang H, Jiang M. Large-scale advances
in SSR markers with high-throughput sequencing in Euphorbia
fischeriana Steud. Electronic Journal of Biotechnology, 2021,
49:50-55

Wang K, Lin Z, Wang L, Wang K, Shi Q, Du L, Ye X.
Development of a set of PCR markers specific to Aegilops
longissima chromosome arms and application in breeding a
translocation line. Theoretical and Applied Genetics, 2018,
131(1): 13-25

Daudi H, Shimelis H, Mathew I, Oteng-Frimpong R, Ojiewo
C, Varshney R K. Genetic diversity and population structure of
groundnut (Arachis hypogaea L.) accessions using phenotypic
traits and SSR markers: Implications for rust resistance
breeding. Genetic Resources and Crop Evolution, 2021, 68
(2): 581-604

Ren R, Xu J, Zhang M, Liu G, Yao X, Zhu L, Hou Q.
Identification and molecular mapping of a gummy stem blight
resistance gene in wild watermelon (Citrullus amarus)
germplasm PI 189225. Plant Disease, 2020, 104(1): 16-24
Chen C, ChangJ, Wang S, LuJ, LiuY, Si H, Sun G, Ma C.
Cloning, expression analysis and molecular —marker
development of cinnamyl alcohol dehydrogenase gene in
common wheat. Protoplasma, 2021, 258(4): 881-889

Wu F, Ma S, Zhou J, Han C, Hu R, Yang X, Nie G, Zhang
X. Genetic diversity and population structure analysis in a large
collection of white clover (Trifolium repens L.) germplasm
worldwide. PeerJ, 2021, 9:¢11325

Jiang W Z, Yao FJ, Lu L X, Fang M, Wang P, Zhang Y M,
Meng J J, LuJ, Ma X X, He Q, Shao K S. Genetic linkage
map construction and quantitative trait loci mapping of

agronomic traits in Gloeostereum incarnatum. Journal of



1804 LN 7/ S AR S S 24 %
Microbiology (Seoul, Korea), 2021, 59(1): 41-50 platforms. Molecular Biology and Evolution, 2018, 35 (6) :
[17] SunM, Dong Z, Yang J, Wu W, Zhang C, Zhang J, Zhao J, 1547-1549
Xiong Y, Jia S, Ma X. Transcriptomic resources for prairie [27] Pritchard J K, Stephens M, Donnelly P. Inference of
grass (Bromus catharticus) : Expressed transcripts, tissue- population structure using multilocus genotype data. Genetics,
specific genes, and identification and validation of EST-SSR 2000, 155(2): 945-959
markers. BMC Plant Biology, 2021, 21(1): 264 [28] Wang M L, Zhu C, Barkley N A, Chen Z, Erpelding J E,
[18] IR, By 4aE, AVRELL, Sk, (g2, E510k, Simsy. Murray S C, Tuinstra M R, Tesso T, Pederson G A, Yu J.
2R} 6 it ER A Pras AL Z2REPE ) EST-SSR 207 . I 54% % Genetic  diversity and population structure analysis of
PR, 2011, 12(1): 113-120 accessions in the US historic sweet sorghum collection.
XuZL,YiJX, YtGH, Zhang DY, He X L, Wang X E, Theoretical and Applied Genetics, 2009, 120(1): 13-23
Ma H X. EST-SSR based genetic diversity analysis on salt [29] Evanno G, Regnaut S, Goudet J. Detecting the number of
tolerant plants from six species in Chenopodiaceae. Journl of clusters of individuals using the software STRUCTURE: A
Plant Genetic Resources, 2011, 12(1):113-120 simulation study. Molecular Ecology, 2005, 14(8): 2611-2620
[19] sk&¥r, e, AW, SN0, BEL, Mhi, bk, k. [30] Zheng Y, Zhang Z, Wan Y, Tian J, Xie W. Development of
AR R AL ZREVER) EST-SSR 4T . AR5 A% WE i~ EST-SSR markers linked to flowering candidate genes in
112, 2011, 12(2): 249-254 Elymus Sibiricus L. based on RNA Sequencing. Plants (Basel,
Zhang J H, Yang W Z, Cui X M, Jin H, Yu H, Chen Z J, Switzerland) , 2020, 9(10):1371
Shen T, Yang T. Arapid method for DNA extraction from plant [31] Fan M, Gao Y, Wu Z, Zhang Q. Linkage map development
tissue. Journl of Plant Genetic Resources, 2011, 12 (2) : by EST-SSR markers and QTL analysis for inflorescence and
249-254 leaf traits in Chrysanthemum (Chrysanthemum morifolium
[20] Zhang F, Wang C, Li M, CuiY, ShiY, Wu Z, Hu Z, Wang Ramat.). Plants (Basel, Switzerland), 2020, 9(10): 1342
W, Xu J, Li Z. The landscape of gene-CDS-haplotype [32] Norman C E, Diane R E. Population genetic consequences of
diversity in rice: Properties, population organization, small population size: Implications for plant conservation.
footprints of domestication and breeding, and implications for Annual Review of Ecology and Systematics, 1993, 24:217-242
genetic improvement. Molecular Plant, 2021, 14(5): 787-804 [33] George J, Dobrowolski M P, Van Zijll De Jong E, Cogan N
[21] kKB, WREE, BRI5T5, VER . 16 -ME 22 5l EST-SSR 15 O, Smith K F, Forster J W. Assessment of genetic diversity in
G ZREE AT . AL BE A, 2013, 14(3): 560-564 cultivars of white clover (Trifolium repens L.) detected by SSR
Zhang S M, Chen C, Chen F F, Wang T. Analysis of genetic polymorphisms. Genome, 2006, 49(8): 919-930
diversity of 16 phalaenopsis cultivars using EST-SSR markers. [34] Smith A L, Hodkinson T R, Villellas J, Catford J A, Csergd A
Journl of Plant Genetic Resources, 2013, 14(3): 560-564 M, Blomberg S P, Crone E E, Ehrlén J, Garcia M B, Laine A
[22] fEIIK, B, BT, SEAE, TR . KRR SSRFRICHY L, Roach D A, Salguero-Gémez R, Wardle G M, Childs D
FF & Ko 45 20 B % m # B RO BR 2, 2014, 36(4) - Z, Elderd B D, Finn A, Munné-Bosch S, Baudraz M E A,
174-182 Bodis J, Brearley F Q, Bucharova A, Caruso C M, Duncan R
Xin P F, Zang G G, Zhao L N, Gao C S, Cheng C H. P, Dwyer J M, Gooden B, Groenteman R, Hamre L N, Helm
Development of SSR markers and construction of fingerprint A, Kelly R, Laanisto L, Lonati M, Moore J L, Morales M,
for Cannabis ( Cannabis sativa L. ) . Plant Fiber Sciences in Olsen S L, Pirtel M, Petry W K, Ramula S, Rasmussen P U,
China, 2014, 36(4): 174-182 Enri S R, Roeder A, Roscher C, Saastamoinen M, Tack A J
[23] Wu X B, Duan L Z, Chen Q, Zhang D Q. Genetic diversity, M, Topper J P, Vose G E, Wandrag E M, Wingler A,
population structure, and evolutionary relationships within a Buckley Y M. Global gene flow releases invasive plants from
taxonomically complex group revealed by AFLP markers: A environmental constraints on genetic diversity. Proceedings of
case study on Fritillaria cirrhosa D.Don and closely related the National Academy of Sciences of the United States of
species. Global Ecology and Conservation, 2020, 24: ¢01323 America, 2020, 117(8): 4218-4227
[24] Stavridou E, Lagiotis G, Kalaitzidou P, Grigoriadis I, [35] LiZ, Yun L, Gao Z, Wang T, Ren X, Zhao Y. EST-SSR
Bosmali I, Tsaliki E, Tsiotsiou S, Kalivas A, Ganopoulos I, primer development and genetic structure analysis of
Madesis P. Characterization of the genetic diversity present in a Psathyrostachys juncea Nevski. Frontiers in Plant Science,
diverse sesame landrace collection based on phenotypic traits 2022, 13:837787
and EST-SSR markers coupled with an HRM analysis. Plants [36] Shen GW, LiJS, Ren C Z, HuY G. Analysis of genetic
(Basel, Switzerland), 2021, 10(4):656 diversity and population structure of oat germplasms from
[25] Peakall R, Smouse P E. GenAlEx 6.5: Genetic analysis in China and Canada. Journal of Triticeae Crops, 2010, 30:
Excel. Population genetic software for teaching and research-- 617-624
an update. Bioinformatics (Oxford, England), 2012, 28(19): [37)] Zheng X, Cheng T, Yang L, XuJ, Tang J, Xie K, Huang X,
2537-2539 Bao Z, Zheng X, Diao Y, You'Y, Hu Z. Genetic diversity and
[26] Kumar S, Stecher G, Li M, Knyaz C, Tamura K. MEGA X: DNA fingerprints of three important aquatic vegetables by EST-

Molecular evolutionary genetics analysis across computing

SSR markers. Scientific Reports, 2019, 9(1): 14074



MizR 1200 13 KR+ R BR 4R SR

Table S1 Information of 200 Cannabis millet accessions
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3 TiH 40 “ZH E A FiE 53 H2018-1 ¥FH EHEEy/A1N 103 HA2-2 Zif YIEDN 153 2020-5 *H SHEE YN
4 TLRH 1 “ZH Hp ] T L Skt 54 M-1 ¥FH Hh [ SR 104 HA2-4 Zif YIEDN 154 2020-6 *H SHEE YN
5 KIR-1 2T EHEE Sy R 55 f-1 ¥ LRIESLEp/AIN 105 HA2-5 IH YIEDN 155 2019-1 *H SHEE YN
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Mizk 2 %751 SSR 514575
Table S2 Polymorphism SSR primers sequences

5144 %% IE[E 51 PR 51(5'-3") KR (°C) RIS 51(5'-3") BKIELE (°C) SRR HIRF
Primer name Forward primer sequences(5'-3") Tm Reverse primer sequences(5'-3") Tm L< o :h Repeated motif
eng

E-3 TCGATCCAAAAGGAAGCAAC 60. 19 AGGTCAGAACCCAGCTCAGA 59.99 216 (AAT)7
E-4 CAAAAGTAGCAACTTGGTTTGG 58.85 TTGTTTGGCACCAAGTTTCA 60. 13 214 (TCC)8
E-6 TGAATGGGATGATTTTGTGTG 59.24 TTGTTTCTCGTAATCCCTTTTCA 59.99 229 (TTG)8
E-7 CCGGAAACAAGGTTGTCTGT 60. 01 CATTTGCTCGAGTCACCAGA 59.98 152 (CTG)7
E-11 TGTCATCATCCCAATTCTTGAG 59.93 TGACAAAGCACAAGGGATCA 60. 24 189 (GAA)7
E-17 TCATCCTATCCCTCTCTCTCTCTC 59. 47 ATGGCTGCTGCATCATATCG 62. 11 166 (TC)25
E-18 AGAAGCTCCTCCTCCTCCTC 59.13 ACAAAAGCGATCTGGTCCAT 59. 56 150 (CDH11
E-20 CAACAAACAAGAAAGAAGAAAGAAGA 59.55 AGTATCCTCTTCAGGTGACCA 56.27 163 (TC)22
E-22 GCCAATTGTCGAGGTCCATA 60. 68 ACAAAGAACACATAAACTAAACG 53.24 197 (AT)11
E-23 CATGAACAACCCATCTCACG 59.96 ATGGCGAACGATTCTCAAAG 60. 21 159 (CTT)7
E-24 ACCTATTAAACAGGAGAATCTTT 52.57 TGTGGATGCCATTTTTGATG 60. 32 169 (AT)10
E-25 GATCCCAAGAAACCCAAGGT 60. 17 AACCACGAACCAAGGATGAG 59.97 198 (CT10
E-26 ACCAACGTTTGACCTTGCAT 60. 42 GGCTAGCTCAAGTGGCCATA 60. 37 152 (TA)10
E-27 TAGCCACGGAGGAAGAAGAA 59.95 CGTCCAATATCTTGCCGAAT 59.92 176 (GAA)8
E-31 CCCCCAAATTCCCAATCTAT 59. 85 GCCTCGTGATCCATCTCTCT 59.36 237 (CAT)7
E-32 GCTAGGGCTAATTAATAAGATGAAGAG 58.69 AACTGCCGAAGCTTCTCCTT 60. 52 236 (GTD11
E-37 TTTCTCTTTCTCACCATACACCAA 60. 04 CGATTAATCACACCATCAAACG 60. 24 156 (AG)10
E-40 CGACAACAACGACGTTTCAG 60. 34 AAATAACCTCGCCGGTATGA 59.43 195 (ACA)11
E-43 TGGCTCTCATCTCCTACACA 56. 86 AGCACAAAAGCTGAGACACA 57.17 218 (TO)12
E-48 CGGTATGCAGTGTTTGGTTA 57.17 GTCAGTTCTCTCTCAAATGC 52.34 285 (GCCAA)4
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