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Abstract: Objective To detect the genetic relationship among nine medicinal species of Dipsacus in China. Methods The polymorphic
bands were detected by three labeling methods (ISSR, SCoT, and SRAP). The genetic distances were calculated by TREECONW software
and the systematic diagram of genetic relationship was clustered by UPGMA method. Results The percentage of polymorphism by ISSR,
SCoT and SRAP markers showed little difference with value at 90.4%, 88.5%, and 88.2%, respectively, which indicated that the genetic
polymorphism of the tested materials was very rich. The genetic distance between Dipsacus chinensis and D. japonicus was the largest,
which indicated their genetic relationship was the most distant. Nine medicinal species of Dipsacus were all divided into three groups by
three markers, that D. chinensi and D. lijiangensis, D. asperoides and D. japonicas were respectively clustered into one group, D.
asperoides var. omiensis was alone clustered, the other four species were clustered into one group. The clustering results labeled by ISSR

and SRAP were basically the same with a slight difference between D. daliensis and D. asperoides. Conclusion The clustering results by
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there markers was between well consistent with the classical classification, which confirmed that molecular markers can be used as one

of the effective methods to reveal the genetic relationship among medicinal species of Dipsacus.

Key words: Dipsacus Linn.; ISSR; SCoT; SRAP; genetic relationship
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Table 1 Materials used in this study

MR TR T4 KU #F4/m 7S 4

Kk gz D. chinensis = 3270 99°24'07" 27°31'35"
T VL4E D. lijiangensis Z N 2770 100°01'08" 27°01'03"
IR LW D. asperoides G N 2012 107°06'46" 29°01'04"
H A gL 17 D. japonicus BigM I PCHEN 465 107°14'45" 29°02'35"
R S D. kangdingensis UPANYE 2700 101°34'24" 30°00'58"
UfkJE £ D. asperoides var. omiensis VY 1k A 1790 103°09'14" 29°18'18"
)1 Bl D. asperoides bRl 1370 110°34'24" 29°49'40"
g2 todin D. daliensis var. multifidus “HEHE 2930 99°1422" 27°05'19"
peiitsdin D. daliensis PPNl 2740 99°35'31" 26°12'11"
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3 Bl oy F bR d T VAR R SRR 15
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1.4.1 ISSR XMi{E% 1XPCR buffer. Mg® 1.5
mmol/L. dNTPs 200 umol/L. 5[4 0.3 umol/L. #¥
B 40 ng. TagDNA R4 1 Us ISSR ¥ 39F2/7: 94
CHUAZM: 5 min; 94 ‘CA2% 30's, 55 ‘CiE K 1 min,
72 “CHEMH 1.5 min, 3L 35 MEI; MG 45K )5 72 C
FEH 7 min; 12 CHRAF. 36 4% ISSR 514K n%
KEME LW K2 (UBC) AARRISIH, M iz H
27 YA E SR W RUEW . BA 2SN
YT ISSR-PCR 34, 51¥WF5I W% 2.
1.4.2 SCoT JXifk% 1XPCR buffer. Mg> 1.5
mmo/L. dNTPs 200 pmol/L. 5|4 0.4 umol/L. HHx
40 ng. TagDNA KA 1 Us SCoT ¥ #FE7: 94 C
A 4 ming 94 CAEPE 1 min, 50 ‘CiE“K 1 min,
72 ‘CHEAH 2 min, FL 36 MEH; 72 ‘CLEAH 10 min;
12 CH#47. SCoT 5|%XH Collard Al Mackill' " JF
KLY, 3536 4, Wikt 30 M T ELUR
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KA AR L 94 CHIAETE Sming /T 5 AMGHR
7394 CAZME 1 min, 35 ‘CiB/K 1 min, 72 ‘C&Efif
1.5 min; J5 35 MEH A 94 ‘CAEYE 1 min, 50 CiB
X 1 min, 72 ‘CZEfH 1.5 min; 72 ‘CZE{f 7 min; 12
CI#17. SRAP 53 M LisM e kREWSI1Y, A
EFEHII 4.
1.5 8

¥ PCR §#/=4) 5 uL 55 6XDNA Lodding
buffer 2.5 pL( 7 GelRed #FREENR Gk IR AT )G,
DL 1 X TAE A LUK P AE 1.5%B Ta bl Bt i b ri ik

R2 ISSR ISR SN
Table 2 ISSR amplification primers and its polymorphism

SRR (553 BT ZAENATE 2ERY%

UBC807  (AG)sT 11 8 72.7
UBC808  (AG)C 12 11 91.7
UBC809  (AG)G 9 7 77.8
UBC810  (GA)T 13 13 100.0
UBC8I1  (GA)C 5 3 60.0
UBC8I5S  (CT)G 12 11 91.7
UBC817  (CA)A 12 11 91.7
UBC818  (CA)G 10 10 100.0
UBC822  (TC)A 15 12 80.0
UBC825  (AC)T 8 7 87.5
UBC828  (TG)A 9 8 88.9
UBC835  (AG)sYC 15 15 100.0
UBC836  (AG)sYA 10 9 90.0
UBC841  (GA)YC 10 8 80.0
UBC842  (GA)YG 11 11 100.0
UBC844  (CT)RC 18 17 94.4
UBC848  (CA)RG 8 7 87.5
UBC853  (TC)RT 12 12 100.0
UBCS55  (AC)YT 14 12 85.7
UBC856  (AC)sYA 14 13 92.9
UBC857  (AC)YG 12 10 83.3
UBC866  (CTC); 16 16 100.0
UBC868  (GAA) 15 15 100.0
UBC873  (GACA), 11 10 90.9
UBC881  (GGGTG); 2 2 100.0
UBCS88  BDB(CA), 10 8 80.0
UBC891  HVH (TG), 9 8 88.9

R=(A,G) Y=(C,T) B=(C,G T)(i.e.notA) D=(A,GT)(ie.
notC) H=(A,C,T)(i.e.notG) V=(A,C,G)(i.e. notT)

IFES, R 150 Ve LUK AR R 8 AR R
HIVRRZ) 2~3 em I 1k, BUHBERAE UG R 4 L
Mgt IEHAHLRAT
1.6 HUERIRE. it o

AR 4 97 886 2% A7 1) HVkOT A R A o AT
“0, 17 “ouHdEmgat, Al 17, il
“07 o MR 3 B TARICHIYTIGEIR, Hk IR
Hl TREECONW (Version 1.3) JM A HFEEAT V5L,
PR ISR UPGMA (unweighted pair group
method arithmetic averages) J7 V5t .
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&3 SCoT 3IMFFIRYBER
Table 3 Primers sequences and amplification results of SCoT

B Z2AN
519 FHl (5°—3) e ZERI%
SP3 CAACAATGGCTACCACCG 6 5 83.3
SP4 CAACAATGGCTACCACCT 8 6 75.0
SP5 CAACAATGGCTACCACGA 11 8 72.7
SP6 CAACAATGGCTACCACGC 15 15 100.0
SP8 CAACAATGGCTACCACGT 15 13 86.7
SP9 CAACAATGGCTACCAGCA 10 60.0
SP10 CAACAATGGCTACCAGCC 77.8
SP12 ACGACATGGCGACCAAC 88.9
SP13 ACGACATGGCGACCATCG 12 10 83.3
SP14 ACGACATGGCGACCACG 12 12 100.0
SP15 ACGACATGGCGACCGCG 21 21 100.0
SP16 ACCATGGCTACCACCGAC 12 11 91.7
SP17 ACCATGGCTACCACCGAG 22 22 100.0
SP18 ACCATGGCTACCACCGCC 5 4 80.0
SP19 ACCATGGCTACCACCGGC 15 14 93.3
SP20 ACCATGGCTACCACCGCG 15 12 80.0
SP22 AACCATGGCTACCACCAC 4 2 50.0
SP23 CACCATGGCTACCACCAG 21 20 95.2
SP24 CACCATGGCTACCACCAT 11 10 90.9
SP25 ACCATGGCTACCACCGGG 17 17 100.0
SP26 ACCATGGCTACCACCGTC 14 13 92.9
SP27 ACCATGGCTACCACCGTG 18 18 100.0
SP28 CCATGGCTACCACCGCCA 8 8 100.0
SP29 CCATGGCTACCACCGGCC 9 66.7
SP30 CCATGGCTACCACCGGCG 6 66.7
SP31 CCATGGCTACCACCGCCT 9 77.8
SP32 CCATGGCTACCACCGCAC 14 12 85.7
SP33 CCATGGCTACCACCGCAG 19 19 100.0
SP34 ACCATGGCTACCACCGCA 17 13 76.5
SP35 CATGGCTACCACCGGCCC 11 9 81.8

2 HR59H
2.1 3FSFHRCHBEE DS SMEILER

3 By FhRIC RS T IS A A Y gt
ZEHNLZE 20 3. 5. ISSR AR K2 ATk LR L
80%~100%, “F-3412% 90.4%; SCoT Fric )% Ak
R IE Y 50%~100%, 34 88.5%; SRAP Frid
()2 SYELERTEHY 33%~100%, “F1 88.2%. 3
FlbRIC I 3 4 o B 22 ok, b P &
WL ZARMERYZERAKR, LR R 2L
Wrks 9 M MMM Z &M FE (K6 .
2.2 MENREEES T

Tot A I T M e ) b 2 ] 56 0K R ) I
it ] TREECONW %At T 3T 3 Fbrid 1)
ST I 9 i 2 FIAE A 2 (R R st AL P 25 (R 7~9).

3 FibRACH R (R AL B AR T K, T
P25 5 AN 2 (3K 10), Horp ISSR kRid Al SCoT
FRac 4 7~ R 38 A% B 25 130 Bl 22 A K, SCoT #rid
M SRAP Fric fe7s (F)ast A4 i B JLF— 3. 3
Flbric )48 7~ H AR W7 5 RSk S W 2 A1 38 B 25 5
K, BWEEG K RZHIL. SCoT hrid 5 SRAP Frid
7~ 22 Z B W 55 K BRI 2 ) st A% E 2 a )N, T
ISSR i 48 7~ 2 4 22 W7 55 1 482 2 1) st 4% E g
BoNe JINSE. RERGEWT. Z248Wr. B SLbimy
P (RIS AR PR BN, RIVENTZ SR E R R
23 ETF3IMFIRICHBEELS

BERAL R A 152 4% BH 25K ] TREECONW 4K A
WL, 1% UPGMA VEREST SR ZPPIRE (] 1~
3) o 3 FibRic kISR 9 R AR N 4
0, RIRCKEEWT ST sk o —2, Lk S
FIASSEIMTSE o —2%, ke Sl —3, H4 44

F 4 SRAP 3|¥IFFI5 &R
Table 4 Sequences (5°—3’) and names of SRAP primers used in this study

AT 510 (5—3) ik TSI (5—3)
ME2 TGAGTCCAAACCGGAGC EM1 GACTGCGTACGAATTAAT
ME3 TGAGTCCAAACCGGAAT EM2 GACTGCGTACGAATTTGC
ME4 TGAGTCCAAACCGGACC EM3 GACTGCGTACGAATTGAC
MES5 TGAGTCCAAACCGGAAG EM4 GACTGCGTACGAATTTGA
ME6 TGAGTCCAAACCGGTAA EM5 GACTGCGTACGAATTAAC
ME7 TGAGTCCAAACCGGTCC EM7 GACTGCGTACGAATTCAA
MES TGAGTCCAAACCGGTGC EMS GACTGCGTACGAATTCTG
ME9 TGAGTCCAAACCGGTAG EM9 GACTGCGTACGAATTCGA
EM10 GACTGCGTACGAATTCAG
EMI11 GACTGCGTACGAATTCCA
EM12 GACTGCGTACGAATTGAT
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Table S Amplification results of 36 combinated SRAP primers

SIMAE Al AT Z P H/% SIS Bl 2RI 2L H%
ME2-EM5 17 16 94.1 ME7-EMS5 10 7 70.0
ME2-EMS8 12 11 91.7 ME7-EM10 15 13 86.7
ME3-EM2 12 12 100.0 ME7-EM11 15 13 86.7
ME4-EM1 12 11 91.7 ME7-EM12 7 3 42.9
ME4-EM2 11 11 100.0 MES8-EM3 13 13 100.0
ME4-EM4 8 4 50.0 MES-EM4 12 11 91.7
ME4-EM8 15 14 933 MES-EMS5 8 6 75.0
MES5-EM1 15 12 80.0 MES-EM9 15 14 933
MES5-EM2 15 14 93.3 ME9-EM1 12 11 91.7
ME6-EM1 6 4 66.7 ME9-EM2 9 8 88.9
ME6-EM2 13 13 100.0 ME9-EM3 6 5 83.3
ME6-EM3 7 6 85.7 ME9-EM4 23 22 95.7
ME6-EM7 11 10 90.9 ME9-EMS5 14 13 92.9
MEG6-EM8 16 13 81.3 ME9-EM7 18 17 94.4
ME6-EM9 18 18 100.0 ME9-EM9 19 17 89.5

ME6-EM10 17 17 100.0 ME9-EM10 14 13 92.9
ME7-EM2 13 12 92.3 ME9-EM12 6 2 333
ME7-EM4 10 8 80.0

F6 3IMNFIRICHITIBERILE
Table 6 Comparison on amplification results of three molecular markers

PCRM gise BoEE PRl AR EGEE AREZOY U i ZER%
ISSR 27 2~18 11.2 2~17 10.1 90.4
SCoT 30 4~22 12.5 2~22 11.1 88.5
SRAP 36 6~23 12.5 2~22 11.0 88.2

#*7 ET ISSRIRICIBREIMEEEIEE
Table 7 Genetic distance among species based on ISSR markers
FEA RSN DIARZEWT  BOEsEMr RN RMEZEWT O WWILZERT  JGKEEMT  MUSZEMT ISRl

WL 0.0000

FIAEENT  0.269 4 0.000 0

FeEsir - 05673 0.590 2 0.000 0

ZREWT 0569 4 0.5922 0.148 7 0.000 0

KBRS W 0.5853 0.607 5 0.172 4 0.088 2 0.000 0

BNVLZEMT 0.6117 0.6256 0.562'5 0.544 0 0.552 2 0.000 0

Kk EL W 0.623 8 0.6382 0.563 8 0.5556 0.563 5 0.1613 0.000 0

U5 L 0.6256 0.629 6 0.443 9 0.436 9 0.4579 0.477 8 0.447 2 0.000 0

48 Wy 0.584 5 0.607 8 0.171 0 0.082 5 0.108 9 0.560 2 0.5615 04510 0.000 0

MR N—35. FET ISSR brid5 SRAP Fricfr g
gE IR 5, ERNAET REISWT . g5 2

HELWT I IR

Je)a, Mo SRAP drid itk

Wz

HEREWI L. SCOT BRIC S 53 2 Fbiic B Ry

e KN ZE AR T SRS VL e e oA —38, IR
RELWr 5 HARSE W R —K, MHRINE,
ISSR Fric I SRAP bric R &8 R 545050 5 H N
FEARL, JCH & SRAP Frids
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Table 8 Genetic distance among species based on SCoT markers
FEA VLN DAL w2 RLEr KRIELENT EIVCEEWT SORZEMr ukjaskwr gtk
TR BE W 0.000 0
H A S 0.379 6 0.000 0
R S ST 0.491 5 0.488 6 0.000 0
EZ 2o 0.450 8 04815 0.1552 0.000 0
PN LiEsdn 0.4779 0.498 2 0.164 6 0.077 6 0.000 0
AR 0.593 8 0.6113 0.549 2 0.5556 0.548 6 0.000 0
Kk B 0.595 3 0.638 3 0.567 4 0.5652 0.5659 0.2377 0.000 0
Ik JE 455 W 0.485 7 0.527 7 0.347 6 0.336 1 0.3252 0.5652 0.559 1 0.000 0
1|45z Wt 0.491 5 0.496 2 0.1518 0.1379 0.122 4 0.5410 0.567 4 0.3391  0.0000
*9 ET SRAP fRiCIE BT ERL RS
Table 9 Genetic distance among species based on SRAP markers
FEAR WRERLEWT O HARZEWT  RRsegi SRR RIBLRNT O WWVLZERT  RSREEWT WRJEZENT DsEm
RS 0.000 0
H AW 0.402 4 0.000 0
R S 0.492 2 0.558 4 0.000 0
EZ2Sea 0.478 3 0.556 3 0.202 7 0.000 0
K ER LT 0.465 1 0.584 1 0.162 3 0.138 3 0.000 0
TN Y48 thip 0.5108 0.5576 0.503 3 0.488 5 0.500 0 0.000 0
Kk B 0.553 6 0.598 8 0.5429 0.534 6 0.5323 0.1912 0.000 0
0k JE 458 Wy 0.403 7 0.518 8 0.428 6 04145 0.4277 0.442 6 0.459 1 0.000 0
JiEeds 0.492 1 0.565 5 0.190 5 0.158 3 0.144 7 0.496 6 0.5370 04276  0.0000
Fz10 ET 3 MO FRRIcANBREES R
Table 10 Comparison on genetic distance based on three molecular markers
Frid 2k IR B T KGR R R G R R
ISSR 0.088 2~0.638 2 0.467 8 2S5 )1 SE W H AW 5 K Sk 2k Wy
SCoT 0.077 6~0.638 3 0.435 8 EZ 4Ry LW
SRAP 0.138 3~0.598 8 0.4350 2 3 5 KA W
’_E)llﬁeliﬁ - Ej{ﬁéﬂﬁ
PN ait IESs
L e [ 360
Uk 5 S 7 gk i 5t 7
MR 1L AN
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Fig. 1 Dendrogram of nine medicinal plants from Dipsacus

based on ISSR
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Fig. 2 Dendrogram of nine medicinal plants from Dipsacus
based on SCoT
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Fig. 3 Dendrogram of nine medicinal plants from Dipsacus
based on SRAP
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RAEFE /NP g — 2802, ARz b ISSR FRic Al
SRAP bRt [fER 45 R 5 2 M A, SCoT Fric (2R
SERNAE IR RN SE G Az S (RIS 5
IR BEIRT IR, RSN 5 HALL 5 2, N
U, ARSEEGH 3 Fibsid R G R Bk SRS
TES R AABUFMIVIAE, UESE T2 Fhrid R
I FH 1)1 L6 8 245 FH R SR 2008 RFFUE FTAT I
SRAP FridfE/Nor 32 F 5G4 r F bl m )
G, AR ARl

NS 53 i B IR TN ES B D o i Ta s SR
Bz, WRJESEW N WA, 5585528
W B RAC —32, (HARSLE 3 Fibric (SRR 45 R
B S0 S — Sz SR A R B, I A
Wr - E AR TR R AR T 855, i,
AT DU b 3 2R P8 AR AR T O B, i T g 1 2
R B KA IR, ph bt vy DALk i 42 Wy 5 G S A o
JEEWTFE AR S Bh oy K e B3N 2
S, A Z RGO R AT — P
3.2 HFHCER LA

ARSI AN [ bR e 2 0] () 22 57 2 TR A SR 2
(RS2 B, ISSR ARic #8715 22 S 4L 5 )1 | 4
FGKZHIT, 1M SCoT #xid s SRAP Aric M/~
EZ2 N d EPN: P S Yiib i 3
K H ISSR Fric Al SRAP ARicsr#T T 5 Fli )1 L1k )
MY NSk, KBRS, RUlLmr. HASNT .
TRREEWT . KSKEEW) SRR, BR80T,
KERGEWT . BELEWR g R IR, (HHARSW S
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