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Abstract: Bupleuri Radix is one of the most frequently used herbal medicines in China with a 2000-year
medicinal history. However, the use of Bupleuri Radix is very confused. Twenty-five species and eight
varieties of Bupleurum have been used as Bupleuri Radix in different regions of China. It is very difficult
to identify these Bupleurum species using traditional morphological method. In order to establish a fast and
effective method to identify these Bupleurum species, we collected 168 Bupleurum medicinal plants from 14
populations of 9 provinces, and amplified their ITS sequences. 168 ITS sequences with a full length of
600—606 bp were obtained. DNAMAN analyzing results showed that 86 variable sites were present in these
sequences and 19 haplotypes (TH1-TH19) were determined. After calculating K2P distance and analyzing

an NJ tree, we established a molecular identification method based on ITS sequence. Using this method,
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52 samples of Bupleuri Radix were identified successfully. Furthermore, we tested saikosaponin a, c, d
contents in these Bupleuri Radix by HPLC and analyzed the results by ANOVA and LSD T test to evaluate
the quality of Bupleuri Radix. This method is significant for effective identification of Bupleurum medicinal

plants, and quality control of Bupleuri Radix in the market.
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Table 1  Bupleurum medicinal plants for establishment of ITS identification method
Population Location Longitude and latitude ~ Altitude/m Wild/Cultivated Species Quantity Code
1 Longde, Ningxia N35°44'57"E106°0622" 2 000 Cultivated B. yinchowense 12 NX1-NX12
2 Lvliang, Shanxi N37°30'3"E110°51'54" 1 400 Cultivated B. yinchowense 7 SX1-SX7
3 Yuncheng, Shanxi N35°31’37"E111°30'51" 800 Cultivated B. chinense 16 YC1-YCIl6
4 Dingxi, Gansu N34°48'13"E104°24'36" 2300 Cultivated B. yinchowense 15 GS1-GS15
5 Huining, Gansu N35°45'52"E105°25'51" 2200 Wild B. yinchowense 10 HN1-HN10
6 Zhengning, Gansu N35°20'56"E108°18'51" 1400 Cultivated B. chinense 15 QY1-QY15
7 Yangqing, Beijing N40°30'9"E115°48'45" 800 Wild B. chinense 10 B1-B10
8 Zhangjiakou, Hebei N40°49'8"E114°50'38" 1100 Wwild B. chinense 8 ZJK1-ZJK8
9 Yanqing, Beijing N40°30'57"E115°46'37" 1400 Wild B. scorzonerifolium 15 XY1-XY15
10 Chicheng, Hebei N40°33'39"E115°48'15" 2200 Wwild B. smithii 15 HI-H15
11 Hailar, Inner Mongolia ~ N49°21'33" E119°31'1" 770 Wild B. bicaule 15 HL1-HL15
12 Fushun, Liaoning N41°59"22" E125°08"22" 800 Cultivated Bupleurum falcatum L. 10 FS1-FS10
13 Linzhi, Tibet N29°28'14" E94°52'16" 3500 Wild Bupleurum marginatum Wall. ex 10 LZ1-LZ10
DC. var. stenophyllum
14 Xining, Qinghai N36°44'18" E101°02'5" 2 800 Cultivated B. marginatum var. stenophyllum 10 XNI1-XN10
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Table 2 Variable sites in the 19 ITS haplotypes.

e: Deletion of base.

GU570601EU001336. H A b ZEi4 5 Fp s {5 4k
MSEEAA 4 PR G, MESEEHAE 6 PR AR AL, AR S
B HEMSEEH . TS (Bupleurum marginatum
Wall. ex DC. var. stenophyllum) = 545580 (Bupleurum
Salcatum L.) %A 1 a5y, A6 P e Jo 82 A5
M. THI NN ST 458, TH2~TH6 Hydbse
BRSPS R, TH7T~THI0 kM SEiA%s A S fs A,
THI1~THI16 Ny RRAEHIREA A5, THIT eS¢
AR RS B, THIS SN SE AR A 4 A,
TH19 = B S8 iHeA sy SR 280 i) 250 4 A1 2
K 1B

1.2 AEREREMEEESSN  SLEE
TRRIA SR SR R, HAEBUORSE G R R, 2
AT o 2l P ) 38R A% PR B IR 3 /N TR ) ) 38t A% R S I
UERT ITS F7 2150 AN [E] A 54 A 36 1R 5 1) 48 8 0% .

An asterisk indicated that the character states were the same as TH1

Variable Haplotypes
sitesbp  Tp) TH2 TH3 TH4 THS TH6 TH7 THS TH9 THI0 THIl THI2 THI3 THI4 THIS THI6 THI7 THIS THI9
5 A % * % * * % % % * * % % * * * * G *
16—18 AAG = * * * * * * * * * * CGA *
20 G * * * * * * * * * C C C C C C * * *
33 A * T T T T * * * * * * * * * * * * *
37 T * * * * * * * * * * * * * * * * T
40 T A A A A A A A A A A A A A A A A A A
42-43  GA = * * * * * * * * * * * * * * * TG *
45 G * * * * * * * * * * * * * * * * T *
54 G * % * * T T T/G T * * % * % % * * *
59 T C * * * * * * * * * * * * * * * C *
63 C * * * * * * * * * * T *
71 C * * * * * T T T T T T T T T T T T T
73 A * * * * * * * * * * * * * * * * G *
76-78 GCT =* * * * * TCT TCA TCT TCT/A =* * * * * * * ATG *
88 A * * % * * % % % * * * * * % % * G *
91 C * * * * * * % T
103 C * * * * * T T T T T T T T T T T T T
107 T * * * * * * * * * * * * * * * * C *
112 C * * * * * * * * * % % % % * * * T %
114-115 GC = * * * * * * * * * * * * * * * CT *
118 A G G G G G G G G G G G G G G G G G G
125-127 ACC = * * * * * * * * * * * * * * * TAT *
156-157 CC  =* * * * * * * * TC TT
174 C * * * * * T T T T T T T T T T T * T
177 C * * * * * % % % * * T T * * * * * *
179 G * * * * * * * * * * * * * * * * C *
183-184 CG * * * * * * * * * * * * * % % % GA %

187-190 TGee = * * * *
195 G * * * * * * * *

197 T * * * * * * % %

TGAG TGAG TGAG TGAG TGAG TGAG TGAG TGAG TGAG TGAG TGAC GAee *
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Continued
Variable Haplotypes
sites’bp TH1 TH2 TH3 TH4 TH5 TH6 TH7 TH8 TH9 THI0 THI1 THI12 THI3 TH14 THI5 THI6 TH17 THI8 THI9
209-210 TG  =* * ® * * * * ® * AA  AA AA AA AA AA * * *
212 G * * * * * * * * * * * * * * * * T *
217 A % * % * * % % % * * % % * * * * C *
351 C * * * * * * * * * * * * * * * * T *
381 A * * * * * * * * * T T T T T T * * T
398 A * * * * * * * * * * * * * * * * T *
407-408 AA = * * * * GA GA GA GA * * * * * * * GT *
411 C * * * * * * * * * * * * * * * * T *
416—417 CG = * * * * * * * * * * * * * * * TG CA
422 T * * * * * * * * * * * * * * * * A *
440 G * * * * * * * * * T * * T T/G * T * *
459 C * * * * * * * * * * * * * * * * T *
480—-482 AGT = * * TGT A/TGT AGC AGC AGC AGC * * * * * * * ooT *
484 A * * * * * T T T T T T T T T T T T T
496 A * * * * * * * * * * * * * * * * T *
516-517 GT  =* * * * * GG GG GG GG TG TG TG TG TG TG GG GG GG
519-520 GT  =* * * * * AT AT AT AT AT AT AT AT AT AT AT AC AT
524-525 GC * * * * * * * * * * * * * * * * TA *
538 A * * * * * C C C C C C C C C C C C C
545 T % * % * * % % % * * % % * * * * C *
549 C * * * * * * * * * * * * * * * * T *
555-556 TA * * % * * % % % * * % % * % % * .o *
559-562 CTGT * GTGT =* * * * * * * CTAT CTGT CTA/GT CTA/GT CTA/GT  * *  ACGC CCGT
567 A * * * * * * * * * * * * * * * * G *
569-571 AAT * * * * CTG CTG CTG CTG CAG CAG CAG CAG CAG CAG CAG CAG CAG
592 A % * % * * % % % * * % % * * * * C *
595 T % * % * * % % % * * % % * * * * C *
604 A G G G G G G G G G G G G G G G G A G

Figure 1 The distribution of

haplotypes
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Figure 2
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Bt SERH SR N — KK, ik — B s, & B s
HN—3 . GenBank H [T HIl 71 % H 5 2 AT J& 4 A Fl
R e s

14 RPN FEEREHE ETAoWEHELH
TR ITS 751 B A RS B R E B, @S2 T
SE “pFh-BE T FEE (R 3), WILLEEY
FRLYI 1TS 551 7] 38 i3 DNAMAN 5 45 8 & i
FPHVEAT LU, AT A o e A A
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TEETTE, A 52 MR AT S, SRR
ANIZ T IR RE S I S R A I S 2 M, JF BoR
DL 0 RS B, T HE— S B0 T A7 1R 1 A SR
FLEHZIM BAG T RIFE B A TR 4. HLEEH S
Fhgela, HoAdbSEE 18 . ARINEEEA 23 . TR

Figure 3 NI tree based on ITS sequences from 168 Bupleurum medicinal plants and 9 registered ITS sequences in GenBank. Bootstrap

repeated 1 000 times and branch values lower than 50% were hided
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Table 3  “Species-Haplotypes” information of Bupleurum
medicinal species
Species Haplotype aciesrsliin;a
B. yinchowense THI1 KT984177
B. chinense TH2 KT984178
TH3 KT984179
TH4 KT984180
THS KT984181
TH6 KT984182
B. scorzonerifolium TH7 KT984183
THS KT984184
THY KT984185
TH10 KT984186
B. smithii THI11 KT984187
TH12 KT984188
TH13 KT984189
TH14 KT984190
TH15 KT984191
THI16 KT984192
B. bicaule TH17 KT984193
B. marginatum var. stenophyllum THI18 GUS570601
B. falcatum TH19 EU001336

SEEH S U HEMFSSEH S . SRR 1 1.

22 MERPAMPIFEHAEESESH HPLC
EREE U 4 fi7R, SSa. SSc. SSd (IR B B 18] 43 51
N 42.486. 33.272. 54.022 min; SSa [HIFRHE I Lk N:
Y=285923X—4.6251 (R*=0.999 9); SSc [ Hn i ih £k
N Y=248107.788 7X+57.072 (R*=0.991 2); SSd K

PRt 2 . Y=327324.540 3X+19.947 (R*=0.999 9);

HUETAZHE T 3 PSR E S BT 4.
2.3 TELBAHMPLEPAESEIENRITIH L
3 FhEHSEMAINERNSEHS 2SS, ANOVA Al

42.486

SSa 54.022
~ ssd
N
G B . [
~il ol
f il | i
i S (SR | 1 W
| i
AJ,,_A___»( ln_—_——_——n" 2
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4, i 4
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Figure 4 HPLC chromatograms of reference substance and
samples. 1: HPLC chromatogram of reference substance; 2 —5:
HPLC chromatograms of B. marginatum var. stenophyllum, B.
yinchowense, B. chinense, and B. bicaule, respectively

LSD T K56 0 Hr & iR 5. 6 Fizn. 4 Ml (=5
SEEH A 1 I RERL, G RO, WHERR) 1
SRS EER (F=38.04, P<0.000 1), #4E LSD
T RIGLE R, 4 FhLEHA R 2 A 8 s BMRAR O A
Prk LA B SERT . JRSE R4 i SE .

N T BRI SSa. SSc. SSd FEL X JE A
Kbk, XHHAT T Spearman AHK REKEL. SSa 5
SSc: 0.5<r,=0.6715<0.7 (P<0.000 1), ¥ LT3
AHSEE; SSa 5 SSd: 0.5 <r,=0.8344<0.7 (P<0.000 1),
W EHE AL SSe 5 SSd: 0.5<r,=0.6712<
0.7 (P<0.000 1), P4 255 FHKHE .
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Table 4 Molecular identification results and saikosaponins contents of 52 Bupleuri Radix samples

Medicinal materials market Code Haplotype Identification result SSa/% SSc/% SSd/% Total/%
Chengdu, Sichuan CD1 THI18 B. marginatum var. stenophyllum 2.20 0.10 2.26 4.55
CD2 THI1 B. yinchowense 0.90 0.21 0.98 2.09
CD3 TH1 B. yinchowense 0.42 0.07 0.41 0.89
CD4 TH3 B. chinense 0.64 0.15 0.83 1.62
CD5 TH2 B. chinense 0.33 0.00 0.01 0.34
CD6 TH1 B. yinchowense 0.44 0.07 0.54 1.05
CD7 TH3 B. chinense 0.95 0.11 0.73 1.79
CD8 THI18 B. marginatum var. stenophyllum 2.31 0.20 2.30 4.81
CD9 THI18 B. marginatum var. stenophyllum 2.22 0.22 231 4.75
CD10 THI18 B. marginatum var. stenophyllum 2.09 0.18 2.04 431
Anguo, Hebei AGl1 TH2 B. chinense 0.52 0.11 0.58 1.21
AG2 TH17 B. bicaule 0.28 0.00 0.93 1.21
AG3 TH1 B. yinchowense 0.91 0.10 0.99 2.00
AG4 TH2 B. chinense 1.06 0.13 1.11 2.30
AGS5 TH2 B. chinense 0.52 0.14 0.70 1.35
AG6 THI1 B. yinchowense 1.39 0.20 1.58 3.18
AG7 TH3 B. chinense 1.06 0.14 1.17 2.37
AGS8 TH17 B. bicaule 0.31 0.07 1.12 1.51
AG9 TH1 B. yinchowense 0.92 0.24 1.03 2.19
AG10 TH1 B. yinchowense 1.15 0.31 1.71 3.17
AGI1 TH1 B. yinchowense 1.41 0.41 2.04 3.86
Guangzhou, Guangdong GZ1 TH2 B. chinense 0.92 0.11 0.98 2.02
Gz2 THI19 B. falcatum 0.16 0.03 0.19 0.38
GZ3 TH2 B. chinense 0.86 0.12 0.66 1.64
Gz4 TH3 B. chinense 0.39 0.18 0.55 1.11
GZ5 TH17 B. bicaule 0.36 0.08 1.11 1.55
GZ6 TH2 B. chinense 0.55 0.23 0.71 1.49
GZ7 TH3 B. chinense 0.44 0.16 0.54 1.14
GZ8 THI1 B. yinchowense 1.17 0.21 1.36 2.74
GZ9 TH1 B. yinchowense 0.68 0.12 0.67 1.48
GZ10 THI1 B. yinchowense 0.53 0.08 0.56 1.17
Bozhou, Anhui BZ1 TH2 B. chinense 0.48 0.14 0.56 1.19
BZ2 TH3 B. chinense 0.35 0.05 0.43 0.84
BZ3 THI1 B. yinchowense 0.49 0.07 0.53 1.08
Bz4 TH1 B. yinchowense 0.79 0.13 0.78 1.70
BZ5 TH17 B. bicaule 0.11 0.02 0.34 0.47
BZ6 TH1 B. yinchowense 0.69 0.14 0.81 1.65
Bz7 TH1 B. yinchowense 0.67 0.13 0.75 1.56
BZ8 THI1 B. yinchowense 1.01 0.19 1.12 2.32
BZ9 THI1 B. yinchowense 0.88 0.21 0.95 2.03
BZ10 TH1 B. yinchowense 0.70 0.22 0.99 1.91
BZ11 TH1 B. yinchowense 0.72 0.13 0.72 1.57
Yuzhou, Henan YZ1 TH3 B. chinense 0.38 0.02 0.44 0.83
YZ2 TH3 B. chinense 0.43 0.08 0.60 1.10
YZ3 TH3 B. chinense 0.57 0.14 0.84 1.55
YZ4 TH1 B. yinchowense 0.67 0.13 0.80 1.60
YZ5 THI18 B. marginatum var. stenophyllum 2.07 0.21 2.13 4.41
YZ6 TH2 B. chinense 0.64 0.10 0.64 1.37
YZ7 THI1 B. yinchowense 0.41 0.06 0.43 0.89
YZ8 TH17 B. bicaule 0.13 0.00 0.64 0.77
YZ9 TH1 B. yinchowense 0.97 0.16 1.19 2.31

YZ10 TH1 B. yinchowense 0.75 0.14 0.89 1.78
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Table 5 The ANOVA results.

d.f.: Degrees of freedom; SSD:

Sum of squares

i‘;‘ir;?o‘r’lf df SSD 51:[116:; Fvalue P value
Model 3 45.35 15.12 38.04 <0.0001
Error 48 19.08 0.40
Corrected total 51 64.43

Table 6 LSD T test results.

Means with the same letter are not

significantly different

T groups  Mean N;I:Illl;eé:f Species
A 4.57 5 B. marginatum var. stenophyllum
B 1.92 23 B. yinchowense

C B 1.40 18 B. chinense

C 0.96 5 B. bicaule

] )0 B PE AR SR AR I . b, M3FRSERA 2
o B KE, SSafSSdZ % YA <M, M
SSclll 5 eI T2 I —Fh g5 AH IS 1, DAL HEMISSaMISSd
(A= 0 A RO A2 SE Y B2, IX AT LR I 5T SR
HAEY G Rsmit it — 5%,

References

(1

(2]

(3]

(4]

(3]

(6]

(7]

(8]

Sen L. Shennong’s Herbal (R AR ) [M].

Shanghai Technology and Health Press, 1959: 35.

Shanghai:

Chinese Pharmacopoeia Committee.
Republic of China. Part 1 (42 A\ RILHIEZ5 8 —3) [S].
Beijing: China Medical Science Press, 2015: 263.

Pharmacopoeia of People ’s

Tao YW, Xu JS, Wei JH, et al. Expression analysis of glycosyl-
transferase BcUGT1 from Bupleurum chinense DC. and its
expression in E. coli and the target protein purification [J].
Acta Pharm Sin (Zj2%2%4)), 2013, 48: 1345-1352.

Ashour ML, El-Readi M, Youns M, et al. Chemical composi-
tion and biological activity of the essential oil obtained from
Bupleurumm arginatum (Apiaceae) [J]. J Pharm Pharmacol,
2009, 61: 1079—-1087.

Xie JY, Di HY, Li H, et al. Bupleurum chinense DC
polysaccharides attenuates lipopolysaccharide-induced acute
lung injury in mice [J]. Phytomedicine, 2012, 19: 130 —137.
Zhu J, Luo C, Wang P, et al. Saikosaponin a mediates the
inflammatory response by inhibiting the MAPK and NF-xB
pathways in LPS-stimulated RAW 264.7 cells [J]. Exp Ther
Med, 2013, 5: 1345-1350.

Wong VK, Li T, Law BY, et al. Saikosaponin d, a novel
SERCA inhibitor, induces autophagic cell death in apoptosis-
defective cells [J]. Cell Death Dis, 2013, 4: €720.

Li ZY, Guo Z, Liu YM, et al. Neuroprotective effects of total

saikosaponins of Bupleurum yinchowense on corticosterone-

[10]

(11]

[12]

[13]

[14]

[13]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

induced apoptosis in PC12 cells [J].
148: 794—803.

J Ethnopharmacol, 2013,
Ying ZL, Li XJ, Dang H, et al. Saikosaponin d affects the
differentiation, maturation and function of monocyte-derived
dendritic cells [J]. Exp Ther Med, 2014, 7: 1354 —1358.

Li X, Wang Y, Du G, et al. The 10th National Symposium
on Natural Medicinal Material Resources Proceedings and
Abstracts (4 [ 55 Ji o 25 S RARZ5 W B IR 22 AR BEIT 2018
X&) [Cl
Association Press, 2012: 159—164.

Lanzhou: Lanzhou Chinese Pharmaceutical
Pan SL.  Bupleurum Species: Scientific Evaluation and
Clinical Applications [M].
Group, 2006: 7—22.

Yang ZY, Chao Z, Huo KK, et al.

London: London Taylor & Francis

ITS sequence analysis used
for molecular identification of the Bupleurum species from
northwestern China [J]. Phytomedicine, 2007, 14: 416 —423.
Food and Drug Administration of Gansu Province. Chinese
Medicinal Materials Standard of Gansu province ( Hifi 4+ 24§
FFRHE) [S].

The Inner Mongolia Autonomous Region Health Department.

Lanzhou: Gansu Culture Press, 2008: 388.

Chinese Medicinal Materials Standard of Inner Mongolia
Autonomous Region (4 5 H Z#f 5 #E) [S]. Hohhot:
Inner Mongolia Medical Press, 1988: 279.

Yan J, Wei YF, Gu R. Study on composition of essential oil
in above-ground and root of Bupleurum malconense and root of
B. chinense by AMDIS and retention index [J]. China J Chin
Mater Med (' [ #1244 ), 2014, 39: 1048—-1053.

Chen S, Song J, Yao H, et al. Strategy and key technique of
identification of Chinese herbal medicine using DNA barcoding
[J]. ChinJ Nat Med (1 E KR 214 %), 2009, 7: 322-327.
Feng S, Zheng SH, Li YK, et al. Identification of Radix et
Rhizoma Clematidis and its adulterants using DNA barcoding
[J]. Acta Pharm Sin (Z§2%54R), 2014, 49: 260—266.

Chen N, Lai X. "Global System" for species identification:
DNA barcode [J]. World Sci Technol/Mod Tradit Chin Med
Mater Med) (1 5t RHG R 258U AL), 2010, 12: 331-336.
Coutinho JP, Carvalho A, Lima-Brito J. Taxonomic and
ecological discrimination of Fagaceae species based on internal
transcribed spacer polymerase chain reaction-restriction fragment
length polymorphism [J]. AoB Plants, 2014, 7 (pii): plu79.
Coleman AW. Nuclear rRNA transcript processing versus
internal transcribed spacer secondary structure [J]. Trends
Genet, 2015, 31: 157-163.

Alvarez I, Wendel JF. Ribosomal ITS sequences and plant
phylogenetic inference [J]. Mol Phylogenet Evol, 2003, 29:
417-434.

Wu Y, Liu CS, Liu YF, et al. ITS sequence identification of



FAA IS S E 25 AT > 7 5 58 KT RS2 I R i & <171 -

(23]

[24]

(25]

[26]

[27]

(28]

Radix Bupleuri [J]. China J Chin Mater Med ( " [E 2424
£), 2005, 30: 732-734.

Xie H, Huo KK, Chao Z, et al. Identification of crude drugs
from Chinese medicinal plants of the genus Bupleurum using
ribosomal DNA ITS sequences [J]. Planta Med, 2009, 75:
89-93.

Hollingsworth PM, Forrest LL, Spouge JL, et al. A DNA
barcode for land plants [J]. Proc Natl Acad Sci USA, 2009,
106: 12794—12797.

Chao Z, Zeng W, Liao J, et al. DNA barcoding Chinese
medicinal Bupleurum [J]. Phytomedicine, 2014, 21: 1767 —
1773.

Wang X, Wang Q, Burczynski FJ, et al. Saikosaponina of
Bupleurum chinense (Chaihu) elevates bone morphogenetic
protein 4 (BMP-4) during hepatic stellate cell activation [J].
Phytomedicine, 2013, 20: 1330 —1335.

Liu RY, Li JP. Saikosaponin d inhibits proliferation of human
undifferentiated thyroid carcinoma cells through induction of
apoptosis and cell cycle arrest [J]. Eur Rev Med Pharmacol
Sci, 2014, 18: 2435-2443.

Huang W, Sun R. The chemistry, pharmacology and

[29]

[30]

(31]

[32]

[33]

toxicology review of saikosaponins [J]. Pharmacol Clin Chin
Mater Med (P2 253 5115 K), 2010, 26: 71-74.

Xu L, Tian J, Song R, et al. LC-MS/MS determination and
comparison of saikosaponin a, b,, ¢, d in crude and processed
Radix Bupleuri by vinegar [J]. Pharmacol Clin Chin Mater
Med (HZ 25 EL 5[ IK), 2012, 43: 334-340.

Tamura K, Peterson D, Peterson N, et al. MEGAS: molecular
evolutionary genetics analysis using maximum likelihood,
evolutionary distance, and maximum parsimony methods [J].
Mol Biol Evol, 2011, 28: 2731 —2739.
Min YH, Wang JH, Fan MX, et al. Study on the variation of
saikosaponins and the quality control of the decoction pieces of
Radix Bupleuri [J]. Chin J Pharm Anal (Z54)4>#7 2% %),
2014, 34: 836—843.

Han J, Song J, Yao H, et al. Comparison of DNA barcoders in
identifying medicinal materials [J]. China J Chin Mater Med
(PEHZE4:E), 2012, 37: 1056—1061.

Ke SY, Shi LL, Ma YZ, et al. Evaluation of the genetic
diversity of Bupleurum using amplified fragment length
polymorphism analysis [J]. Genet Mol Res, 2015, 14: 2590 —

2599.



