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RAPD and ISSR analyses of genetic diversity of American ginseng germplasm
from different habitats in China
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Abstract: Objective To analyze the genetic diversity of American ginseng (Panax quinquefolium) produced in 10 regions of China by
usting RAPD and ISSR. Methods Genomic DNA was extracted by CTAB and the following two kinds of ginseng were used as controls
which are ginseng (P. ginseng) produced in China and American ginseng produced in Canada. Thirteen RAPD primers and 12 ISSR
primers were selected to perform PCR amplification. According to the band number, NTSYS-pc2.10e software was applied to the cluster
analysis using UPGMA. Results Thirteen RAPD primers had amplified 97 clear bands, 81 polymorphic bands, and the percentage of
polymorphism was 85.51%; Twelve ISSR primers had amplified 99 clear bands, 64 polymorphic bands, and the percentage of
polymorphism was 64.65%; Through cluster analysis, the samples were clustered into four categories by RAPD and RAPD + ISSR and
two categories by ISSR. Conclusion RAPD and ISSR markers are used to construct a dendrogram of samples, which is slightly different
in classification, but the overall trend is consistent. Ginseng and American ginseng are clear distinction. On the ISSR, American ginseng
from Xingshen Town and Beigang Town in Jilin province are gathered for a major categories with ginseng. In the growing environment
and planting conditions, the genetic diversity of American ginseng has been changed in the part of northeast China compared with Canada.
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Table 1 Germplasm resources collection

) FE g 455 Gy FE g 45
X1 VUTES Panax quinquefolium %K BC4  CABC (Ji) |X9 iz TR JA ()
X2 PivEZ ERZ4 01 CAOL (J§) |[X10 PiEs TS JY ()
X3 [ipe &K% 02 CA02 (F§) X111 JiyES HRES HC (75
X4 [ilipeee eI BJ (7%) X12 TS HIRNSHL XCZ ()
X5 [ipeE AR SD () X13 TS HIALRKET BG (P
X6 [ilipeee gz SN EREY CBX (Ji) |R1 A% Panax ginseng MK AE CBX ()
X7 PivEZ LSS cC (Jp) R2 A% TR FS (O
X8 PivEZ TR TH (J§) R3 A% THELZ  JA OO

1.2 BRI

TC—XP %Y PCR ¥ 341 ChuMNIE H R BRA
")) BUBAEIR K R AR AR A
A]D; TGL—16C Bl B DL (Rl ss Rl
#517); BISO10 BUHUE R GE (Lt AR Ak
HIRAF]D; DYY—2D Hjk{ L. DYCP—31DN Ht
VKA (AR N—1GER) s AT W
bR AR A YHEARARAFD.,

2XPower Taq PCR MasterMix (b5 %
WA PR 27 ); 100 bp DNA Maker (b 5¢ 5 H &
BAEMFEARERITTATD; RAPD BENLE 4 (Jbxt
ANEHRRFEFBH AT R A R]D; ISSR 514 (I
PN R AE YR AT IR A DD
2 HE
2.1 E[E4H DNA 2BUE REMN

KH] CTAB VAP HREUE K 4] DNA.

A F B S8 A0 AT WL Y6 T 58 Aaeo/Aaso
o Aseo/Aazo WM LA, K00 DNA A5 11
A SR . 0.8%35 IR HEE IR B bk A I L B, BT
20 CIRAF#5H .
2.2 PCR ¥ #8583k &)

2.2.1 RAPD-PCR #" e NifA % 20 uL 2XPower

Taq PCR MasterMix 9 uL (2 mmol/L Mg*); 3[4 1.5
pL (10 mmol/L); DNA B4 1 uL (40 ng/uL); ddH,O
HME 20 uLoPCR § HFEFP: 94 CHiAEYE 3 min; 94 °C
P 1 min, 38 ‘CiBk 45s, 72 CHEH 1 min, 40 4
PEIR; 72 CHEMH 7 min. 4 CLRAF.
2.2.2 ISSR-PCR ¥ M4 WA % 20 puL 2XPower
Taq PCR MasterMix 9 pL (2 mmol/L Mg*"); 5|4 1
uL (10 mmol/L); DNA #i# 1 puL (40 ng/uL); ddH,0
FM 2 20 L.
223 PCRY BT 94 CHIANE 4 min; 94 C
AXPE 1 min, Z8PE 1 min GBE KRS 514,
72 ‘CHEfH 1 min 30 s, 38 MMEH; 72 ‘CHEMH 10 min.
4 CIRA7-
224 HIKEW PSS A 05
ng/mL EB ¥ 2% B ki e i ik 20 &5, W& 100
V, Mk Lh, HERRG RGN, RAF.
2.3 HIEAIBS S

XTI R ) F Kk A& A AT N LT, LA 100 bp
DNA Maker AFrifE, R [E—7rFArid b 451 1
K17, TENR“0”, TERK 0/1 FiBE . F NTSYS-pe2.10e
AR UPGMA J5 AT 52K, MK
A POPGEN32 XL Sl A T I S50 Wt o
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MR AR 5 SCHRAR BT R LI L) 30 45514
bRk 2 A PELE, AT 13 &g, H
13 4% RAPD 5Ly 97 44, &ML
81 4%, ZAMH 83.51%, ¥ 1445 1 K/ME 200~
2000 bp. HHA1514) P3 4R 2, A 11 5%
19 Py & B>, b 3 4 514 P4 5 PS
M2 &MERE, A 100%; 514 P7T 248K, N
60%. W3 2. 5149 HEEIALE 1.

X1 X2 X3 X4 X5X6X7X8X9X10X11X12XI13RIR2R3 M

RI~R3-AZ X1~X13-l§% M-Marker, K
R1—R3 as ginseng  X1—X13 as American ginseng M-Marker, same as below

E 1 RAPD 3|45 P3 (A) #0 P10 (B) BY¥ 1 H K E

Fig.1 Amplification electrophorogram of RAPD Primers
P3 (A) and P10 (B)

BEMLIEEL 20 4% ISSR 5 1#3Lifiit h 12 42 &M
I, SRS G190, B 12 4% ISSR 514#3Ld 4 i 99
Zalt, AT 64 4%, 2N 64.65%, FTIE%&
W HIR/INE 200~2 000 bp. Fer 514 UBC873 ¥ 14 (1)
FaniZ, 15 %k 514 UBCS3S5 ¥ 14 sl
4 4% 514 UBC842 M2 AMER M, 4 100%; 5l
¥) UBC822 MK, A 20%. 5|4 UBC815 Fi
UBC73 ¥ 5 (r radk B LI 2, Fiis W4k 2.
32 BESH

321 FESIBHEZ R RAPD 08T JEIEXT 13

AT 97 2 DNA F B BHE LR E(Gs)

A M RI R2R3 X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12 X13

2 ISSR 3|4 UBC815 (A)F1 UBCS873 (B) RY4/ 1% mjik[E
Fig. 2 Amplification electrophorogram of ISSR Primers
UBCS815 (A) and UBC873 (B)

#F* 2 RAPD 3|4J% ISSR 3|4)89% 145
Table 2 Amplification results of RAPD and ISSR primers

514 RAPD 514 SR

J¥51 BEWH LEMERE 2B 1% J¥51 BEAE ZENENE 2B 1% B/ C
Pl 5-CAGGCCCTTC-3’ 3 2 66.67 |UBCSIS (CT)G 11 9 81.81 43.0
P2 5-TGCGCCCTTC-3’ 8 7 87.50 [ UBCSI8 (CA)G 7 5 71.42 57.0
P3  5-GTCCACACGG-3 11 10 90.90 [UBC822 (TC)A 5 1 20.00 49.0
P4 5.GTCCCGACGA-3 10 10 100.00 | UBC823 (TC)C 6 5 8333 50.0
PS  5-AGCGCCATTG-3 10 10 100.00 | UBC824 (TC)G 6 2 33.33 50.0
P6  5-CTGAGACGGA-3 7 5 7142 [UBC826 (AC)C 7 3 42.86 515
P7  5-GGCTCATGTG-3’ 5 3 60.00 [UBCS35 (AG)YC 4 2 50.00 57.0
P§  5-GGCTGCGACA-Y 7 6 85.71 |UBC842 (GA)YG 10 10 100.00 515
P9 5-CCCGCTACAC-Y 7 5 7142 |UBC844 (CT)RC 10 60.00 43.0
PI0  5-CCCAGCTGTG- 9 8 88.89 [ UBC856 (AC)YA 11 6 54.55 51.0
PIl  5-GACAGGAGGTY 8 5 62.50 [UBC861 (ACC)s 7 3 42.86 58.0
PI2 5-AGCCGTGGAA-Y 6 5 8333 [ UBCS73 (GACA), 15 12 80.00 515
PI3  5-’CATTCGAGCC-Y 6 5 83.33 Y=(C,T:.R=(A,C)
Bt 97 81 Bit 99 64
T 7.46 6.23 8351 | Tl 8.25 533 6465
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AN H P S T S 1] Gs {ELTE 0.555 6~1.000 0,
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JE RIS, 5 RAPD 45 AR 2 1L
RIPEAESREM A T —28; 38 i REHE LR
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FEf 3 i RS MOBATEE SR .
3.2.3 ¥4 RAPD L ISSR X FEM SR04 il
K RAPD 5 ISSR (1) 0/1 JEFE45 4, % UPGMA
TREESTRE S 5 G R IERRIE . DUHBLR %L
0.682 3 K/, FILLKE 16 NFRFE LRI A 4
REHE, W 3-C,

SR NS, RIEFR .

B I~TV KBRS PR SR, 55 1 2R
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SCEVEEE SRR R i REREREKA. K §
G ST RERVES R
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Fig. 3 Phylogenetic tree based on RAPD (A), ISSR (B), and RAPD + ISSR (C) markers



¢ %% Chinese Traditional and Herbal Drugs 35 45 % 25218 20144 11 B

* 3157 -

4 g

RAPD H1 ISSR 73 FAnic B LA i B2 2 FF 1
TEY P REHE Z AT DS 28] T 2 RN
AHFFERIH 13 4 RAPD 51481 12 4% ISSR 51414y
BT VEES R PEIEEEAT T 5 DNA [F3EFEY 1,
H 2 BharFhRicE AR BEY 3G G I B 1 4ty o
15 2 Flr AR ic B AR PRI B R s AL £ BN
JARNE], X T PSR AR T IR 2R
PEo MBFFTEE JAT LA H, RAPD FISSR 2 Fibrid
JIVEIRAR IR 4 5140 2 A 1k 4%ty R ~F- S804 23 il
6.23 41 5.33 4%, ZANMESAT B R VFIME S BN
83.51%F1 64.61% . XKW 2 Pbricdd R RESS 2] H
O Z AL, (HE AT 20 2 2 MR /K
S, BLEHES G 2 MR B &S 4 3
N IENIR IS R

AHFFCHRE R AR, (XA 58 A AH [
7EKRZE5 0T . RAPD 2 RAPD+ISSR £:40% 16
AN NS REES RS 4 K36, Hoh, A
Z5PVES PV B TT ok, X S5 RRIPER
SSR 5 RAPD 2 Fibrid ik 73 Hr i 45 R AH—2. MK
3 WLLEH, fEWFR42E L, RAPD 4 FHrid ¢
RAPD-+ISSR ZRaridiZd 2 IV RSP IR g
25 3 AN EA—28, e ISSR
id b, 16 AMFER A 2 KK, P TESE 1T K
Hrp, RS EMRE S AN HL R PSR —
&K (E 3. dEBX I R IR T Re 25 2 Fibrid
T BTS2 (1 28 R SSOR TRDEE 1), thnT g el
T2 B AL RS 1A FIE ), 5 I RIAN A,
BRI 2 A () 22 S EARTH, Xk SECT Wk
I R O A

RF—Whpils AT — @ Ak Z AP A BRIE N
SRS FIEREE, A fedks kR 220, 3 B
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