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Abstract: Objective The genetic structure of 194 Angelica sinensis samples from 11 A. sinensis cultivars (lines) in Gansu Province was
studied by simple sequence repeat marker (SSR), and construct molecular identity cards, which provided a scientific reference for the
breeding of new A. sinensis cultivars (lines), and laid a foundation for further research on A. sinensis provenance identification, genetic

diversity and excellent trait markers. Methods The tested materials were amplified by PCR with 10 pairs of SSR primers, and the genetic
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parameters were calculated by Popgen software. The group structure was calculated by Structure software. The Nei’s genetic distance
coefficient UPGMA cluster map of each population was constructed by NTSYS software. Analysis of molecular variance was performed by
GenALEx software. Digits and letters were used to code amplified tapes, and constructed DNA molecular ID cards of 4. sinensis. Results
A total of 57 observed alleles were obtained from 10 pairs of SSR primers, with an average of 5.7 primers per pair. The observed
heterozygosity (Ho), expected heterozygosity (He) and Nei expected heterozygosity (Nei) of 4. sinensis populations were 0.341 4, 0.407 0
and 0.385 5 respectively. A total of 194 A. sinensis samples were divided into five groups by structure analysis. The differentiation coefficient
FST of 4. sinensis populations was 0.147 7. Analysis of molecular variance showed that the percentage of variation in the population reached
78%. Finally, 10 pairs of SSR fluorescent primers were used to construct a 10-character molecular ID card, which could distinguish 11 4.
sinensis cultivars (lines). Conclusion At the species level, cultivated 4. sinensis had a high genetic diversity, and the differentiation

coefficient of each cultivar (line) was low, with frequent gene exchange, and the genetic variation mainly existed in the populations. The

constructed molecular ID codes can separate different cultivars (lines) of A. sinensis.
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Table 1 Samples information of A. sinensis
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Table 2 Genetic information of A. sinensis cultivars (lines)

B4 Na Ne I H, H. Nei

M1 1.5239 0.878 1 0.480 2 0.3386 0.414 6 0.406 0
M2 2.900 0 1.950 8 0.650 4 0.3120 0.364 0 0.354 4
M3 1.900 0 1.6112 0.4759 03167 0.370 0 0.304 2
M4 3.500 0 2.175 8 0.806 2 0.368 2 0.450 4 0.440 2
M5 3.400 0 2.034 1 0.687 1 03717 0.378 8 0.371 4
M6 3.4000 2.1642 0.785 4 0.363 8 0.433 1 04243
N1 3.5000 2.0690 0.793 8 0.436 7 0.466 1 0.4583
N2 3.3000 2.1503 0.8122 0.418 7 0.465 1 0.456 7
10G 2.2000 1.9180 0.576 8 0.2250 0.396 4 0.346 9
20G 2.400 0 1.813 7 0.590 7 0.364 3 0.378 6 0.354 5
30G 2.100 0 1.748 5 0.528 7 0.240 0 0.360 0 0.3240
“EHME 2.738 5 1.864 9 0.653 4 0.341 4 0.407 0 0.3855
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Table 3 Nei’s genetic distance in A. sinensis cultivars (lines)
A (R AR Ml M2 M3 M4 M5 M6 N1 N2 10G 20G  30G
Ml 0
M2 0.0501 O
M3 0.1914 0.1318 0
M4 0.0405 0.0262 0.1400 O
M5 0.0307 0.0213 0.1589 0.0320 0
M6 0.0680 0.0599 0.1519 0.0593 0.0583 0
N1 0.0683 0.1251 0.2663 0.0699 0.1000 0.0788 0
N2 0.0926 0.1543 0.2413 0.1312 0.1267 0.1142 0.0628 0
10G 0.2086 0.1590 0.1922 0.1958 0.1508 0.2051 0.2817 0.1817 0
20G 0.1460 0.1067 0.1323 0.1312 0.1042 0.1602 0.2242 0.1155 0.0808 0
30G 0.1670 0.0787 0.1268 0.1001 0.0985 0.1633 0.2282 0.2195 0.1252 0.0769 0
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Fig. 1 UPGMA dendrogram of A. sinensis based on Nei’s
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Fig.3 Population structure of 4. sinensis using STRUCTURE based on 10 SSR locis (K=5)
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Table 4 Population structure of A. sinensis using STRUCTURE based on 10 SSR locus (K=5)
P =N
& =/ %
TRES) —

AR e PEREN i e
M1 11.56 48.26 8.34 22.93 891
M2 3.92 32.01 39.44 17.22 7.41
M3 9.29 13.18 66.86 533 535
M4 11.68 30.57 17.12 27.26 13.37
M5 9.93 26.98 21.01 25.55 16.54
M6 20.71 8.99 17.05 32.04 21.21
N1 40.68 7.92 7.39 24.89 19.12
N2 53.38 5.66 13.60 13.64 13.71
10G 441 2.14 50.08 3.56 39.81
20G 6.56 10.36 58.21 6.60 18.27
30G 2.28 8.21 70.17 4.07 15.27

%5 T 107 SSRALRMHARGT T HED LB IR B 13 FhRFAET B, %R A B

Table 5 AMOVA analysis of A. sinensis populations based
on 10 SSR locus

SRR HHEE PSS AR R K R R E 4 /%

RN 10 93.624  0.202 9
BEARIAINMAN 183 451394 0312 13
JEREA 194  357.500  1.843 78

DNA 7> 7 & iiE, Bl 45 5 DNA 40 F 5 ik (R
e WIRE 15 (M1 —F DNA 4> 7 S0 iE
GuRSA 1111111111, KRR 2, 35 1 NME 1 R/oR
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Fr BB R HEEE 1AL, FEARARE AR IR (R 7.
K 4 N5 C028 BN KA R 5 P
FERT Y, X R B B K /NGy iR 268/268 266/266
268/272. 266/268. 264/264 bp; K 5 N5I¥) P9 K

KNG 139/1390 135/137. 137/137. 125/125.
125/137+ 135/135. 137/139. 125/139. 125/135.
135/139. 133/135. 127/127. 123/135 bp. ¥ DNA
5T G e T NAE LR AR A A, AR R T
5 DNA 70 F &k #2409 11 Mk (R 1
F LR DNA 70 F S ik ig 3 N 494
AT, AR T 4ERS DNA 70 T B 00iE. 3T 7 45F
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Table 6 Information of 10 pairs of SSR primes and amplification results and code of primers detected with capillary

electrophoresis
SiAR IEFEY (5-3)  REGY (53)  FORMEE BKREEIC BHERIKS BN BIE UK Z ST BOCMbp %Y
C25 CTTGGTTTTGCTTG-CTTTGTAAGCCC-  FAM 54 12 2537266 (1) 2517266 (2). 255/266 (3). 245/268
TCTCCGTT AGTAGTATGCT (4).253/253 (5).266/266 (6). 253/268 (7).
247 1247 (8). 243/266 (9). 243/264 (A). 264/264
(B). 268/268 (C)
C32 AGCTCTTCTTCTTG-CACTCAATCACT-  HEX 55 8 256/256 (1) 258/258 (2). 252/256 (3). 252/252
AACGTCGT TACCTCCCCC (4). 2501250 (5), 256/260 (6). 251/251 (7).
252/258 (8)
C34 AGTAGAGGAGAAA- CAACTTCGATCAT- TAM 53 19 209/209 (1), 203/203 (2. 201/201 (3). 201/203
TGATACAAAGCA  TGTTCGCCA (4), 1901203 (5). 1902201 (6). 190209 (7).
199/199 (8).190/199 (9).199/209 (A).190/190
(B). 199/201 (C). 201/207 (D). 190/207
(E)\ 199/207 (F). 201209 (G). 203/209
(H). 1917209 (D. 1902205 ()
Co3 AGCCAAACAGCTC-TGCAACAACAAT-  ROX 53 7 2427242 (1), 2401240 (2). 242244 (3), 244/244
CTTAAAGAGA ATCAAATAAGGCC (4). 2401242 (5). 238/240 (6). 238/238 (7)
C019  ATGCCAAGTAGCT- CATTAACGGAGC-  FAM 54 13 190/190 (1) 190/195 (2). 190/193 (3). 195/195
CCAATCACT ACTGCAGAAC (4). 180/190 (5), 187/190 (6). 187/187 (7).
187/195 (8). 190/192 (9). 192/195 (A). 190/180
(B). 195/180 (C). 180/180 (D)
C023  CCGCCTTTCTCAC- TTAAATTGGCGA-  HEX 53 2 156/156 (1), 158/158 (2)
CTCTTTACT CTGCAATGCT
C024  ACCCGTCGTCAAA- CAAGTCCAAGTC- ROX 54 9 249/253 (1) 247/247 (2), 2521252 (3). 249/252
TATCTTTCTCT TTACCGACCA (4), 247/253 (5), 249/249 (6). 241/253 (7).
248/252 (8). 250/252 (9)
C027  AGTTAGCAATCTC- CCGCCAGACCTG- FAM 54 8 180/180 (1), 180/182 (2). 182/182 (3). 178/180
CTTCGCCAA TATGACTAAA (4). 184/184 (5), 178/184 (6). 178/178 (7).
178/182 (8)
C028  AATAACTTCGCTC- AGTGTGTGCCGA-  HEX 52 5 268/268 (1), 266/266 (2). 268/272 (3). 266/268
GTGGTCACT AACAATTGAA (4), 264264 (5)
P9 ATGTAGTAACCTT- TGTAACGAGAGC- ROX 53 13 139/139 (1), 135/137 (2). 137/137 (3). 125/125
TCCGCGGTT GATACTGATGA (4), 125137 (5), 135/135 (6), 137/139 (7).

125/139 (8). 125/135 (9). 135/139 (A). 133/135
(B). 127/127 (C), 123/135 (D)

FE R BEE L T4 (short tandem repeat, STR), i
HH 2~6 MEE R ERRA Y. AFFTHE 10
XF SSR GI¥5rHr 7 11 AN HIAEFE (R Mt Z
FEME, 10 Nei S4B 737908 0.653 4 A110.385 5,
XU 2 AE R Bl 2 A, 5
HRTHIA ISSR 7r FhricfF R4 R—8 0, 5lF
FERREE DI LIS AINS . How K (6] 1) 24 F A bt
FITEARLL, YHRA s 2 AR,
AR (R H AR T He, UEHIAATE H AL SR,
e MINEAEFTEY PEE L0055 (R)
PP 95K

FIS M NI AE R A, Ron WA AN B
T AR ML AS AL T 5 B A N 24 A FE ISR
ST RZE FIT U S e S A r 4 45 O B o g

1, HAETE-1~1, IBZR RE >0 Ron A E Tk,
IR RH<0 FoRFA TREFRS), FST FRoRFRHE(R]
I FERE, Wright2SHA A FST<<0.05 i, FPffE
SR NE LT 434 FST 1E 0.05~0.15 [A]i,
rR SRR K, 7E 0.15~0.25 BSR40k, 24 FST>
0.25 i, FIEERIMLE 3 fb. FARKRE, MIREHA
(1] FIS. FIT ¥ N1EME (FIS=0.136, FIT=0.218),
VA S AR (R TEAEEILS IS, &6
Fh (%) PAaig T T, FST A 0.086, 824195
Bl (R PAREPSERE M. BERIR Nm 25200
FIHE I — AN EZ R, 4 Na<<l B, UEHH % Fh
T IA) () R RS AP, P vl B B T i85 AR ™
AT AR MAAREEM (R FEEER Nn
N 2.667, VLRSI (R [BAELEE BN E )
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Table 7 Molecular ID codes of 11 A. sinensis cultivars (lines)

i (R) 2T SE (ID)

M1 TT11111111 . 1221111112 1332111113+ 1133211112, 1142111113, 2152111113, 1163211112, 2174111114
2452211115, 1152311116+ 2141111114, 3162411114, 1141011117, 2241111114, 1424111123, 2431111213,
1141111114, 4122111114, 1132111114, 2162211115, 1152411118, 2361211124, 1182111113, 1152111114

M2 1142111116+ 2194111314, 1145111114, 1132111129, 2152211113, 1162111111, 516211111A. 1161411116+

1132111114, 1182111116+ 1132512114, 11A2111116. 1182111118, 11B1111113. 1152611116+
11A2112136+ 1172611113, 1172011146
M3 61C5213116. 11C2014129. 6182111125

1162611111+

M4 2412111116+ 1132211112, 21D2212344. 1131411213, 21E2711216. 1132611116+ 1132311124, 2162711115,

1132511129, 1182611113\ 2172611113, 1161211211, 723121111A. 3172111111, 11F181111B.
1172111113 1131211115, 2592911115, 2332111147, 1181411112

M5 1182111142 2162511131, 1122111333, 16G1211116. 11C2711114. 11E1111116. 21G111111B.
61D1111114. 2161111146 22E2111112. 11E211111A. 2362111114, 2135111212, 11E0111114.
1172111112, 2172111112 1172111115, 113211111A. 2461111110, 1135111115, 11H2115114.
31E1111116

M6 23G2115143. 23E2211119. 21D2215111. 2375211114, 2372111143, 217211111A. 11A5111115.
I1F2111117. 21A2111141. 1192111113, 21E212115C. 23E2121119. 8182126114, 6082111125+

1182111119+

11E1111119,
11E2111119.
2161111112,

2192111119,
11E2111113.

21C2112144. 2302121119, 1432111114, 2432112119, 95B2111123. 2192111113 2432121113, A782211215.

2195411114
N1 24E2111214. 2232111414 1362111213, 24E5211113. 21B2411516. 24B5411115. 23E5117213.

1162111215,

2462111143, 246541111D. 2162211613 6365211143, 2152A11713. 1352111213, 25E1111313. 2435211115+
2464411112, 2565411115, 1165111144, 2112211815, 25J5411114. 2835411144, 1532111215, 2162211415,

2435111114, 1132111213, 2132111815 1182111113, 1532111315, 2435211145
N2 2162116515, 1562411115, 24E2111315. 1455111115, 6365111114, 63B1111315. 6362211112,

1152111245,

2455411143, 6451211115, 2451111145, 1462118114, 1452418115, 2162418614, 1185118215, 14B5419114.
13E2118215. 1535118145 B566218114. 6192118114, 6535218115 6365118115, B152118214. 2062118215,

63E2118214. 6463218116 14E4218115. 2431218114

10G 1182118116, C1C1118216. B497118116. 2132118114

20G 2162118116, 6181118214, 11E1218114. 6660118149, 11E5B08118. 11F2B18116. 1132C18116
30G 11F2B11116. 1162B11116. 1131111314, 6182B18116. 6182D13106

0 FTRARH 1 s Y

The unamplified band type was indicated by 0

268 266 266
P68
234 252 ‘2‘70 288 306 : 234 252 270 288 306 - 234 252 270 288
Jr BEK/Mbp Ji BEK/Mbp Jr BER/IMbp
268 264
; " 1 AT aa St Pttt | uiwm'rnk‘.w‘kfﬁm.m
234 252 270 288 306 225 255 285 315
Jr BER/Mop J1 BEK/Mbp

4 C028 ELEHEKISCARMEVHE B
Fig. 4 Characteristic band features of the primer of C028 detected by capillary electrophoresis
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139
135
137
|
90 108 126 144 162 90 120 150 180 90 120 150 180
JrBeK/Mbp Jr BEK/Mop Jr BeR/Mbp
125 125 135
137
90 120 150 180 %0 120 150 180 9 120 150 180
JrBRK/Mbp Jr BeR/Mbp J B R /Mop
137
139 125
| 139 125 55
) | L
. e al e Jle 0 viethans bl B It s o b b st
90 108 126 144 162 90 108 126 144 162 90 120 150 180
Fr Bt R/IMbp Jr BEK/IMbp Fr Bt R/IMbp
127
135 33
139 35
1 |
90 120 150 180 o0 108 126 144 162 90 120 150 180
JrBeK/Mbp Jr BEK/Mbp Jr Bt K /Mop
135
[
123
90 120 150 180
Ji BEK/Mbp

5 P9 EMERIKLIAAMAVIFIETE
Fig.5 Characteristic band features of primer of P9 detected by capillary electrophoresis

1111111111 1142111116 61C5213116

A-IRIA 1526409 DNA 730 TESME B-RIA 2 525409 DNA 70 TS E - C-RYA 3 556885 DNA 737 S ik

A-bar code DNA molecular identification of M1 ~ B-bar code DNA molecular identification of M2  C-bar code DNA molecular identification of M3

6 LUK DNA 9 FHUHEFIRYT 1~6 S 455 DNA o FEUHERDG

Fig. 6 Examples of Danggui barcode DNA molecular ID card and mingui No. 1—6 QR code DNA molecular ID card
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B AT 24 I SRR A61E B AR AR i
FARA RS RERT, AR A (R) BT
T Structure FEARZEF 2T, HR4E Evanno SFEU2H) 5
R AK, R A ISR HECN 5, FRRA
(R By, B () #l 5 Mgitd
i, BRIRZR ARG, SRR L R
B BE R U ], AT I B AR R R
AR (R) REtiraiife.

DNA 7315 3 UE R UE SEAN X 73 A [ AR A
BOER], BEAME—VE, ArEEnthaeRe s — 48
M ARKE AR ED 787 7. 78 A&
FAEER, HREW R . PSSR TR 4
JIRERG, KRG 1 HAE Va2 S ik
CA) 2 N T ARAFA R G R A BT T, e
Hh 2R UL AT I MRS AP BB B 2T, — A B
SR AN E AR GRAEAEA T U2 L b i o Bt
PRS2, HAS [F) e it 58 e A I TRD LG, 4l T
d ) ZE S K TR 25 M )9, AR 1700
DA N TARIG R S, EHGEr b AL TR
T 20 4D 90 AR, B 207 3 SEARB T Y
FhEE )RR DL K B 2 AR R PR AE A, AR RRAG
T AR E, SR IR Pl AT R Ak
RIEHIS. AR SR (R [REA IR
B, HEPIAZHANE, FEYIE0 T H ) 1TS2 268
T AN O FISRYED H 2493 AN BEREAT A &%
X380, AWK SSR Zthric B4 ik
AR, ZRAF 194 AL UFFE S SSR 14 B BEAAS 1 431
B, WdHEARGR (R HHKD T H0IE,
[ I A= il SR TR AN — 4R 2 A4y 1 S T =,
ARX 7 7 11 AHEER (R, A2k
B LAERBR RS, BA — M sSBis = L.
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