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Identification of Bupleurum Seeds by ITS2 Genetic Barcoding and Seed Morphology

QI Wen-tao, LI Jian-chao, WANG Chen, LUO Rong, LIU Chang—li*
(Beijing Key Laboratory of Traditional Chinese Medicine (TCM) Collateral Disease Theory
Research, School of TCM , Capital Medical University, Beijing 100069, China)

[ Abstract] Objective: To accurately identify Bupleurum seeds by traditional morphological
identification method combined with DNA barcoding technique. Method: A total of 41 seed samples on the
market were collected and 75 ribosomal DNA internal transcribed spacer 2 (1TS2) sequences of 15 varieties were
downloaded from the GenBank database as experimental materials. The seeds were measured and observed by
stereomicroscope and vernier caliper, and their 1 000-grain weights were calculated. Genomic DNA was
extracted from the seeds and used as a template, and ITS2 sequences were amplified using polymerase chain
reaction (PCR) and bidirectional sequencing. Species identification was conducted based on BLAST method,
neighbor-joining (NJ) phylogenetic tree method, Kimura two-parameter model (K2P) genetic distance method,
and secondary structure of ITS2 sequence. Result: There were slight differences in the length, width, cross-
section, and 1 000-grain weight among Bupleurum seeds from different origins. The ITS2 sequences of B.

chinense seeds had 2 intraspecific variable sites and 3 haplotypes, the maximum intraspecific genetic distance
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(0.009) was far smaller than the minimum interspecific genetic distance (0.032). B. chinense and B.
scorzonerifolium in the NJ phylogenetic tree were clustered into independent branches with good monophyletic
property. The secondary structure of ITS2 sequences could make up for the shortcomings of NJ tree in
identifying variants. The collected 41 seeds included 30 B. chinense seeds, 3 B. scorzonerifolium seeds, 5
B. falcatum seeds, 2 B. marginatum var. stenophyllum seeds, and 1 B. smithii var. parvifolium seeds.
Conclusion: The B. chinense seeds on the market have problems of diverse sources and chaotic origins. Based
on the combination of ITS2 gentic barcoding and seed morphological identification, the Bupleurum seeds can be
accurately identified, which provides scientific bases for establishing the quality standard of Bupleurum seeds,
standardizing the cultivation of B. chinense, and solving the quality problems of B. chinense from the source,

and provides a reference for the accurate identification of other medicinal plant seeds or seed medicinal materials.
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Bupleurum; seeds; traditional morphology; DNA barcoding; ribosomal DNA internal

transcribed spacer 2 (ITS2); secondary structure; polymerase chain reaction (PCR)
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PCR i #] & (2xKAPA HiFi HotStart ReadyMix PCR
Kit, & [ Kapa Biosystems /A A , #it 5 005726-1-1),
Trans2K Plus [ DNA Marker(Jt 50 4220 4 A= Wy 45 R
H R AL S N20927) .

Se JE AP RE S RAR R T 201843 H &
12 A Myer b 22 [ 25 44 17 3 b 20 44 FioA 35 o B
B BT S A 5 A0 DX Y AR Sl | ORISR it 41 4, &
AR B BRI A B 24 2 B KR R B A A G
5B UL E 1. GenBank £ & of F 4 15 Fl 75 &
ITS2 J¥ 9, A 48 X5 50 (B XU ITS2 J¥ 41 45 2 %%,
I3 2,
2 FHik
2.1 FhFANILIE SRR LEE A S TR A
B BIL 356 B 30 47, FH A A 08 AR R i A R R A 5%
AU A 32 S5 HE D 7 1 KN OB AR B0 R 2 T R
TIE 1R 5 DA FE 40 TR 5 110 4 ol =7 B it v Bt AL il B 3 4>
i, B EE SO0 R FPF HEAT AR, BOF- B {E IEA
AT RE,

<171 -



26 55 111

202046 H

HEXBAFZRS

Chinese Journal of Experimental Traditional Medical Formulae

Vol. 26,No. 11
Jun. ,2020

x1 KHPEMTFHEREEMITS2FINERS

Table 1 Sample information of Bupleurum seeds and their accession numbers of ITS2 sequences

ETReS WyFh RAEHL GenBank %3¢ FEACIE/g
B1 LEEH Bupleurum chinense S AR NN MK258690 500
B2 LW B. chinense B VG 45 XS T MK258691 500
B3 L6 B. chinense B 74 45 7 3 MK258692 500
B4 S5 B. chinense Hol A KoK E M MK258693 500
B5 861 B. chinense LV 45 38 3ok 7T 4 B MK258694 500
B6 Y1 B. chinense A T T R MK258695 500
B7 S5W B. chinense AR A e T B MK258696 500
BS SEYH B. chinense IR A T MK258697 500
B9 = 1355 B. falcatum WAL 2 E T MK258698 500
B10 %5 B. chinense AR A I BT T B MK258699 500
B1l & B. chinense A P B v MK258700 500
B12 =% B. falcatum A B MK258701 500
B13 %W B. chinense Jeni(hge2s) MK258702 500
Bl4 Y& B. chinense PUIAE 28 BRI dEsE 145 ) MK258703 500
B15 441 B. chinense WA AR T e Tl MK258704 500
B16 41 B. chinense AL AR T MK258705 500
B17 Y& B. chinense VG (W 4 E ) MK258706 500
B18 L& B. chinense H & e T MK258707 500
B19 WL B. marginatum var. stenophyllum MR- MK258708 500
B20 K %eHA B. marginatum var. stenophyllum i 48 7 v T I ok B MK258709 500
B21 459 B. chinense A s va T B Ve B MK258710 500
B22  Y&# B. chinense b 2 = MK258711 500
B23 Pent- 2684 B. scorzonerifolium NS A R KRR (B AE) MK258712 500
B24  %&HH B. chinense T A X (B MK258713 5
B25 YW B. chinense e mt i A X (A MK258714 20
B26 Y& B. chinense ok e va e R B MK258715 500
B27 Y% B. chinense VAT A =0T e T v B MK258716 500
B28 kN4 B. scorzonerifolium SR VLA K P A L MK258717 500
B29  nt25EA B. scorzonerifolium IV AR KPR e RUX MK258718 500
B30 YW B. chinense LIV 45 38 4k 7l 4 B MK258719 500
B31  %EW]B. chinense 7B A YA DR 5T e A MK 328494 500
B32 %W B. chinense PG4 (W 1 ) MK328495 500
B33 Y& B. chinense e KR KA MK328496 500
B34 /NM-ZRUEH] B. smithii var. parvifolium HOR A A B 2 e 2 RIS BT (22 MK328497 15
B35 =% B. falcatum b % il MK 328498 500
B36 =545 B. falcatum R =T MK 328499 500
B37 YW B. chinense PG4 R MK386702 500
B38 =YW B. falcatum AL A5 R Tl MK386703 500
B39 YW B. chinense WA A (R ds) MK386704 500
B40 Y& B. chinense BevE A ik ds) MK386705 500
B4l 451 B. chinense AL G MK386706 500
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#2 GenBank#HBEPTHHELANEER
Table 2 Information of samples downloaded from GenBank database
No. Yy Rh GenBank % 5t %5 B/ 5%
1 %e#) AY551293,FJ561306,DQ285450,1Q794909, KF573851,AM711597, AB690805, 12
GQ434690, HM114230,KJ716418,KJ716421,DQ285448
2 et e DQ285465,KF573806,1Q794913,HQ687960, KT984186, HM114236,GU570604, 9
HQ687958,JF718838
3 CSEH GU570601,KX865159,DQ285466,JF837168,DQ285468, HQ687952, HQ687953 7
4 = sl AJ131344,EU001336,J1Q794903 ,HM114237,GU570605,GU570639,KP058322 7
5 /iR AEH HQ687962,IN571750,HQ824731 3
6 MBUSSH B smithii KF573810,GU570637,DQ285455 3
7 WHYTEEW B. rockii KF573799,FJ385036,DQ285458 3
8 RW5H] B. longiradiatum AY551291,FI561305,DQ285460, JF738139,JQ794912, GU068047,KI716417, 9
HQ687941,EU592005
9 ArntLeH B. marginatum HQ687955,IN571753, DQ285466 3
10 4 #5809 B. aureum KF454535,HQ687903 ,KF573805,EF101157,KF454528 5
11 SHEE4ed] B. exaltatum KF454525,KF573812,EU220923 3
12 HEM-SE1 B. bicaule KT984193,HQ824723 ,HQ824722 3
13 2RAEMS BR8] B. commelynoideum EU001335,KF573850,KF573822,EU220929 4
14 B K Saposhnikovia divaricata KR232580,AB570260 2
15 419 Angelica sinensis GU289658,FJ204235 2

2.2 DNA 5K PCR Y3 B3k b 7 ¢ 5
75% WA R0, Pk BE AT AL 1 AP 10 R0 (&Y
10 mg) , & T 2 mL 208 AR VR, TR AT
J£ 1 min( 1 800 r-min™) , ] A 9 3 [F 41 DNA $& 5t
IR & FEOE DNA . DLBE ARG 56 R 2 DNA 1R R 1
Mo, & B AH N 51 ¥ ik 47 PCR )= L (ITS2F: 5 -
ATGCGATACTTGGTGTGAAT-3" ; ITS2R: 5 -
GACGCTTCTCCAGACTACAAT-3")., PCR & f&
%420 wL, £ 3% 2xKAPA HiFi & {4 25 #5 3 DNA
RAEB WM 10 pL, 51 ITS2F/R 4 0. 6 wL, B K
ZH DNA 1 uL, W7 /K 7.8 wL. PCR I ¢ ¢ M
95 °C Hil 2% P 3 min; 98 °CAE P 20 5,55 °Cik k 15 s,
72 °C #iE A 20 s, I3 35 S F ¥R ; 72 °C #E ff 7 min.
PCR N 77 9 1T 1% S5t B 0 6 e vl DK A I o by b 5t

5.8 S motif

UV 0T GAGGGCACGTCTGCCTGGGTGTCACGTAAAGCATTGC. . . . GCGCGCTCAAACTGIGACCCCAGGTCAGGCGGGACTAC

Start

E1 XKS5.8SM28SHERBMITS2FIRE

B TR W BOR A BR 2 W) AT Lm0

2.3 H¥EALFEE W SeqMan 7. 1 R AL X AT A5
Fe 5 BEAT B U) R BE 4, ZRBR 1) AR B R X, T
Bt R AT B AL () HMMer V5 B 7 15, 25 BR Wit 5. 8
S 128 S X L B AT AR A5 1TS2 i) b X 5 3717, WL I&T 1,
F HI DNAMAN 7. 0 3R 4% B 45 1TS2 Fp 91 #E 4T £
JF 51 LX) 5328 F MEGA 7. 0 #0180 511 GC (G #
N SR, C o i W e ) £ B M AR Ff ) Kimura
XS A AY (K2P ) 35t 1% IR 15, 1) AR H2 76 (NT) i 2
R G AW, [ 2L A FE{E (bootstrap ) 1 000 X H &
K6 56 2% 73 S SRR A8 B DN Asp 5.0 Ff4 X ¢
FV I S8 5 1 A AL PEAT R o B T 1T S2 B dlE
(http://its2. bioapps. biozentrum. uni-wuerzburg. de/)
T ITS2 F7 41 (9 — 2 454 .

28 S motif

.. TCAA
Stop

Fig. 1 Schematic diagram of ITS2 sequence obtained by removing 5. 8 S and 28 S fragments
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L EE A5 5T W AT AN [], AH BE T RS A 0 S 2y
LA /0N 2 T b 22 e 3R Bl i S b L A A
K, AR LG TS A B S B N TR L A
ZN X H A R D) T B, S A D T R
oA 4 Fp 5] Jm AT B VI W o8 e . BRI A
FRAEBTSE 2 W], 5 Ff 5250 J8 A 1 59 S WLIE 25 45 AE A7

R3 SHEVPBMFIVEESHLERESH

2SS, TR, AR E S H
P22, DL 26 3 F1 A 3.

ARIGB R (R T) 5 1 T 5 2. 3605 5 3. A AR 1T 5 4. UG 5 5. b
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El2 SXHMBERIEMFHINARMEEE

Fig. 2 Morphological characteristics of Bupleurum fruits and

seeds

Table 3 Morphological characteristics of five Bupleurum seeds and their related parameters

Yy it A A 5] T £ /mm e /mm J&/mm TAH /g
eS| R a ot HL 2 P R Bi IR Y 2.0~3.9 0.9~1.3 1.0~1.4 0.7~1.4
et 5l =R AR EER Mk B i v LB 3.0~3.9 0.9~1.0 0.8~1.0 0.8~1.0
=R W (5 M ELHLEG i v HhE 3.1~4.2 1.2~1.6 1.0~1.3 1.2~1.7
RS FRH M ELA A A — 78 T 4.1~6.7 0.9~1.2 0.8~1.1 1.8~2.0
NG R A M LA AL G i v TNTE 2.0~3.4 0.9~1.2 0.8~1.2 0.9~1.0

. 0.5

H J —

ALB.EEW;C, DB SE W B F = B S G HLSE R S 1,0 /R
St
E3 SHTEBBEMFHORSEFE

Fig. 3 Morphological characteristics of five Bupleurum seeds

3.2 EETITS2/FA MR %2 BT A i 41 4%
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PR 51 e A K R T H (BLAST) 73 #r , 45 R & W]
ITS2 J¥ 51| e % i i 45 5 1 Fh - 19 5L, 41 5% 1TS2
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B15 741, Hufis B H3( 1 %k AB690805 741 ) ; B i 4&
BAITS2 JF FI A 1Bl A8 S5 67 50, 2 Fh B 3% R [ B %
A AT(EFE 11 5575 ) MR AE AL A2(1 25 DQ285465
JPA0) 1o SR 13 Fh 52 J& W) Flv i 1T S2 )3 41 22 5+
B AL 7 A5 35 A P 7R 22, 31, 32, 35,42, 64, 141,
144,149,169,179,183,186,191,195,216 bp &5, H
Hh SR S A TP oA B 2 1 22 S L S JE W b 5 B
W25 H B ITS2 J7 41 B 38 43 O) 5F AL 83 20 98 2R —
FEL UK 4,

3.3 Sel 5 p kS5 G B O L R) 5 A R B 2 NT
R T K2P BRI 1T S2 7 41) 3ot A% i B, 24 ) i
AT 138t 4% B 0. 001, il Py di K8t 4% B2 0. 009,
55 25 T HLAth 5 b 1 ) O N 35 B ES 0,032, ik
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50,004, 5 58 Jg Al & Bl G B 5 K2P i 15
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T4 EPEMFHITS2 FI4HE
Table 4 1ITS2 sequence characteristics of Bupleurum seeds
ITS2 K JiF NS FNTE R ITS2 K JE NS FNEE
i < Goawm T E BRI E
/bp LB ALRBUA /bp PLEUAS AL RBUA
SEH 221 58.4 2 0 (S 219 60.7 0 0
et 5 221 60.7 1 0 4 1S 220 60.0 2 1
| 221 59.4 0 0 i S A 221 59.7 0 0
L 45 1 218 60.6 6 1 HE - 2 221 59.3 0 0
AU 221 59.7 0 0 RGN B S 221 58.4 0 0
L 221 59.4 2 0 5 Jx 214 55.6 0 0
[ERAR S 221 57.6 0 0 Y E| 217 55.3 0 0
RS 221 59.6 2 1
48 G 74
Pt LEER C 74
R C 74
= BEEH C 74
g =t C 74
S48 o 74
KetsEeh o 74
SRR C 73
P o 74
Bt S o 74
KBRS C 74
FretLEeR C 74
$EOTLEER 74
EL=! 73
By R 73
3] 149
Pt LEER l ACGC 149
L :ﬁ ACTA 147
=B TECCT®GT®GTGCG ACGC 149
/Nt 2550 T-rCCT’IG §GTGCG ACGC 149
=2 T!ccﬂc §GTGCG ACGC 149
KoL T’rCC'I’IG §GTGCG ACGC 149
SELEA T-rCCI’-G (8GTGCG ACGC 148
RRIT L&A TECCIJ:G (8GTGCG ACGC 149
HieELktA TeCCTGT8GTGCG ACGC 149
HTLESSRLES TECCTEGT®GTGCG ACGC 149
FrotSEER GTGCG ACTA 149
$EOTLEER ACGC 149
=LA WATA 145
B5 R DAGA 145
588 CAGG 222
et LER CAGG 222
L ICCGGC 218
= CAGG 222
ot 2 LB CAGG 222
S CAGG 227,
RetsEdh ICAGG(] 222
EREH CAGG 221
R 4R CAGG 222
FaELEA CAGG 222
KTEESERLEH CAGG 222
Tyt geeh ICCIGGC] 220
$EOTLEER [ {8CAGG 222
=13 GCGRICATCTTAGTGAGC TCAAGeY:Xololony ACTTI[E 218
BF R TCGRCATCTTAGAGAGATICCAGEYWolopy ACTCT[e 218

El4 SHEFFHITS2ZERF TR

Fig. 4 Multiple alignment in ITS2 sequences of Bupleurum seeds

B3 0. 023, ik i S5 1 R 1] B /0N 38t % B S O T R
N d K s 5 I B .l T K2P A% I B 4 A nl g,
ITS2 JF 5] A EAff 45 7 5 ) FUpk i 25 80 Fh

T ITS2 P HI M NI Rg b #, IR 5. 25
T3 BIR PR b B XU LS 0E RN S T A 4 4 )

Bl RS U W] 5 S JE ) R ) OR % OC R IR AL
Gy X g3 SR N 13 YR S R O 11 /N3
Horh it 560 (4 A i S ) 5/ i R SR 43 S
A Se b RS Y AR R, Sy 0 Bl Rl — 3, O
A IR, BA R R, NI R
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oy TR WL ITS2 ¢ 51 N & Gt AR i T T 2k 0%
AT 0 S T PN A% Y S SE T T R A E SR
I i S b 3~ (EL ) A2 i ) S5 5 ROR A

5 BETITS2FIIMEREARTFNIK
Fig. 5 NJ tree of Bupleurum seeds based on ITS2 sequences

3.4 SEWHEANFITS2 P8 a5ty tbie Seil)m
P70 ITS2 J7 51 454 WKl 6. 45 R BT a Y
it B TTS2 G0 45 17y 14> vp 0 B R 4 S M2 i X 4
B, B AN IRGE A RN GE B H 4 7 1 2R IR 4G
B Ho SRR D R R IR TE T XA 1A, IV
XA 243, B8 X531 1 HA ) b 5 = 5 S A4 v
NGS5 X oy o B I S R 28
VAN 7 I 72 I N 7 I Y o7 I 9
g - 4 1 % 4> B SE A AY TG 45 F A B2OE T IX A IV
XA R AR SE IR T ORI X A7 e 22 5% . At 25
T XAANH, MIXAG T AR E T XA S
AL M XA 7403 /N SRS AR 1 XA 4436,
XA 8AF s VLSS | XA 4403, T IX A 8
ANFR R SERATE T IXA SR, XA 7403 47
MSEEAAE T XA SAI, XA 743 5 A0S bt 28
ATE T XA 4N, M IXA 9N, St Rt 4
A K A S A Se Ae 2 e T IX AT X A9 25 30 50 H
2y AN (SR NN N 7 NS B 2l T BRSNS
TR PR i 7 AU, 24 05 5 480 A e ok X0 FE TR iE T
DXL S0 A LA BR B RS A 44 24 3F S gt
SEHA G G X B0 AE T R BRI R NRTTI, IV X 25 37
B 22 5 P SE R T XA 7 AN B, B XL 24 09 D)
AT B mt 5250 IV IXAUA 1A B XA )5 D)
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A2 B R U RS e Al R B R X
BFE T IX, &Y HA 4430, DT 40 8 HAh
Fle T DX A 259088 RIS, 66 45 5 A Ry A7 v 46
B S e, T 28 G b R o T IX e 8 25 3 K/ i i) B
ANHHTRD, T DL 00 A8 b . BB ITS2 )7 51 — 9 4%
4 B 5 o 1 5 22 S8 0 @ b 1, 3 W] o o 2 AR
Bl T AE A ITS2 J7 51 NI HE AL A 25 72 194 80 72 .

ASETH BRI S s CL = S s DS A S B /N SRS S FoR
SEEH GBI B S S HL A B S LI VLS A 5 1P i S S KL B
KM M 1A

El6 MOKBEMTFHITS2 _HEH

Fig. 6 ITS2 secondary structures of some Bupleurum seeds
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