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Analysis of chloroplast genome and study of their specific DNA barcode in
Bupleurum

ZHANG Yu, WANG Ning, DONG Miaoya, BIAN Yongxin, XUE Meizhao, ZHAN Haixian, DU Chenhui
School of Chinese Materia Medica and Food Engineering, Shanxi University of Chinese Medicine, Jinzhong 030619, China

Abstract: Objective To screen species and identify DNA molecular markers based on the chloroplast whole genome data of four species of
the genus Bupleurum for medicinal use. Methods Based on the published chloroplast genome sequences of Bupleurum plants, the chloroplast
genome was analyzed using bioinformatics methods. A specific DNA barcode for accurately identifying the four original species of Bupleurum
medicinal materials was developed based on the hypervariable regions of the chloroplast genome, and then verified. Results The chloroplast
genomes of four species ranged in size from 155 478—178 668 bp. All the four genomes were represented as typical quadripartite structures.
Two pairs of primers based on the hypervariable regions were designed to efficiently amplify 55 samples. The analysis of sequencing results
confirmed that two hypervariable regions, rps16-psbK and petN-psbM, can be used as specific DNA barcodes for the identification of
Bupleurum chinense, B. scorzonerifolium, B. smithii and B. marginatum var. stenophyllum. Conclusion The specific DNA barcodes rps16-
psbK and petN-psbM, screened by comparative chloroplast genomics, could achieve precise classification and identification of the four original
species of Bupleurum medicinal materials, providing important scientific support for ensuring the safety of clinical use and regulating the
market order of Bupleurum medicinal materials.
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Table 1 Information on plant materials

T4 ¥R 5 RS
JL2eHH BCHI1~BCH3 ITpiipesi
BCH4~BCHS6 Hk B vt
BCH7~BCH10 Wbz E R 2
BCHI1~BCHI5  ZHEMHBAHM T
PemtsEl]  HCHL1~HCH3 P95 AR DR
HCH4~HCHS6 N
HCH7~HCHI11 AL E M T
HCHI2~HCHI15  ZH=EMNHAHM
UL ECH1~ECH3 1L 75 75 P
ECH4~ECH6 AEpiN
ECH7~ECHI10 AL E M T
JESE ZCH1~ZCH3 Hil e
ZCH4~ZCH6 HifHE
ZCH7~ZCH11 TN P LT
ZCHI12~ZCH15 AL E AT

f£ NCBI # 4 % % JF & 3k 5wl
(Genebank J7 %15 : NC046774.1) . #2245 #H (Genebank
FF31)'5: OR387522.1). JkM2E#] (Genebank 551
F: MT075712.1) jlSEH] (Genebank J751 %5
OR508826.1) M 2xAR LA FFAIME B
2 FE
21 MERGEEFEETR

M NCBI 4k e T HALSH . BerLei], MRS
ARSI SR AL AP 51 (] CPGAVASTHRAF
XF T B S A DR A AT R, TR S AR
Organellar Genome DRAW (http://ogdraw.mpimp-golm.
mpg.de/cgi-bin/ogdraw.pl) 7EZ T HIFAT K2 .
22 MREERBZLFERBERSH

KH# A CodonW (http:// codonw.sourceforge.
net) ZrHTALSEHEA. BRrt S, SR SEEHARIGE S HH Ak
M PR B Y S AL, 5 HL Relative
synonymous codon usage (RSCU) {H, HAT%M1
T PETI AT o 45 RSCU KT 1 AF g A A ) e
T RSCU /MF 1 AN AL #5897~ RSCU
T LAE NS T
2.3 RMEREERELR

i mVISTARSEZL A, #£ LAGAN BT
PAAL SR SRR K H v 2 H P51, X Sei)E 4 4
WA ) e SR AR R BR 2H AT 4 JR) PR A7 EER 0
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J It AF 5% (neighbour-joining, NI) & R4¢
KB W
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ANK B T X3, (LSC, 70117~92945bp) F1 1 4
/INEPEDLX A (SSC, 17 503~17 603 bp)o M-4E{A

SRSE

I AR ]

155478 bp

M photosystem II
@ cytochrome b/f cc
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L] NADH dehydrogs
W RubisCO large su
W RNA polymerase
2] ribosomal proteins (SSU)
[ ribosomal proteins (LSU)
M transfer RNAs
B ribosomal RNAs
. B clpP, matk
7" M other genes
[ hypothetical chloroplast reading frames (yef),

e ] = £ Per5H]
1 S : 1A B
155 858 bp 178 668 bp

FOEREAARFDIREEERE, WIKEX N GC &, AMUIEEFE T M &, P90k % 75 s &
The different colors on the circle represented different functional genes. Represented with arrows, gray area in the inner circle indicates the GC content,
the transcription direction of the lateral genes is counterclockwise, while that of the medial genes is clockwise.
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Fig.1 Chloroplast genome map of Bupleurum
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TE. S8R ERILH 64 B, RSCU>1 WY
FH 33/, RSCU=1 ERGTH 2 >, RSCU<I [
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Table 2 Chloroplast genome structure in four Bupleurum plants

Y LSC/bp LSCX (G+C) /% SSC/bp SSCX (G+C) /% IR/bp IRX (G+C) /%
Jb2EHA 70117 35.81 17 503 31.41 26 305 42.73
MentSe 92 945 39.82 17517 3143 37712 41.72
L 70 233 39.93 17 595 31.24 26317 42.85
JERSE A 70 151 40.06 17 603 31.62 26272 42.82
BCH MN337347:1-155544 rpoB psbC

psbA  matk psbZ psaB
— — L
Alignment 1 Pyl

ZCH

OR508826.1 (+)
1-155477

Criteria: 70%, 100 bp
Regions: 178

Alignment 2

ECH

OR387522.1 (+)
1-155857
Criteria:70%, 100 bp
Regions: 175

12k 16k

atpB
psaB  psaA ycf3 alpE
— -

rpsd ndhJndhC
- =

Aligoment 3

HCH

MTO075715.1 (+)
1-155868

Criteria: 70%, 100 bp
Regions: 175

X-axis: BCH
Resolution: 61
‘Window size: 100 bp
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] exon 40k 44k 48k
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— —
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— ) —
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—
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Fig.2 Alignment analysis of whole chloroplast genome for Bupleurum species
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ffi 1] DNAsp AR ISE & 4 ADNPFhH-adk
ERRAN) Pio SRERETRZ SIETEREDy 0~
0.050 6, “F¥JMEN 0.008 8, FLAGMF] 6 4~ Pi>0.03
% H R 2 SR AIX I, rps16-psbK . matK-
rps16. petN-psbM. ndhC-atpE. rpl32-ccsA Fl rps15-

r rps16-psbk
0.05+ ndhC-atpE

0.04 petN-psbM

matk-rps16
~ 0.034

0.02

0.01+

0 —4

yef ZEDHE] R X BA B A e, Wl 3 s, 45
BRE IR S R R, 9% I AT AR R SR T A g
B AR B XK, RELRUE P S EE AN T 100
bp. FET FEEILHR AT HI B XS, PR AR S50 R H
1 A8 5 X 45, rps16-psbK Al petN-psbM 1 4 4~ 4E
JRYThE TE R IEFRIT o

pl32-cesATps15-yef

0 50 000

100 000 150 000

K /bp

3 ET 4 MciAREYMHREERANBHE O S

Fig.3 Sliding window analysis of chloroplast genome of four Bupleurum species

3.5 ETMHEFEAEEREAR 4 MNEHREYM DNA 5
FHRICREE

{5 F % 44 Primer Premier 6. 0 X 5148 57 X 1ps16-psbK

1 petN-psbM BB TR LS 1P det, 5IHEAA

G PCR SRR AAR R WA 30 Bl rvk4h

HEH, 1psl6-psbK 5 petN-psbM iX 2 X+ 5| ¥ HAGHE
LR HAPE, REXT 55 FEAS T TR 1Y, %4
B3, SOIETEA o petN-psbM 5144 KN
452bp (K] 4), rps16-psbK 5199 KN 264 bp (K]
5), 1X 2 X 5I1RT LM EA G S R R 5

®3 EREARMFE RIS

Table 3 Specific primer pairs for identifying Bupleurum

SIAARR BT/ R (e AR Z SVAER
rps16-psbK IR TTCCTCCGCTTAATGGATAACC 2 X Taq PlusPCRMasterMix125 94 C, 5 min; 94 C,
rps16-psbK IF GTATGTGCGACTCGTTCAGAT ks R (25mmol i) 1L 305; 56 C, 30s;

F (2.5mmol L) 1 pL; DNA 72 °C, 455s; 40 1M
petN-psbM IR TGGATCACAAGACTCAGATTGC | [ 1ddH:0 9.5 L. B 72°C, 10 min
petN-psbM IF AGCGGACTAGAATCGACAGTAT

2 000 bp
1,000 bp
00 bp
2 000 bp
1 000 by
100 bp
2 000 bp

1 000 bp
100 bp

M-Marker; 1—24-BCH1—BCHI15, ZCH1—ZCHY; 25—48-ZCH10—ZCH15, HCH1—HCHI15, ECH1—ECH3; 49—55-ECH4—ECHI10; 56-negative

control, same as below.

4 petN-psbM #5514 51489 TR AR R R AR ALK EE R
Fig. 4 Agarose gel electrophoresis results of petN-psbM specific primers
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2000 bp

5 rps16-psbK F5 1S I4IRIER AR HEEL A FR Ik ER

Fig. 5 Agarose gel electrophoresis results of rps16-psbK specific primers

o ol kb 4 R Bt AT o A, AL
MEGA12.1 T+ 5 5 Fr 5 )Rl Py B R [R] K2P 3t A%
B (R 4D, GRS R I8 A% B /N T o ) ¢
NBAEEEE, TCHES, UEM 2 MR B AR
NHRER: DNA TS .

x4 4 ThEEHBEYIFE/AR AN K IEtREER

Table 4 Intra/inter-specific K genetic distance of four

Bupleurum species

AL

Ff i
rps16-psbK petN-psbM

JLLEHH vs BREEHH 0.0158~0.019 1 0.002 9~0.020 1
JESERH vs BRISEH] 0.003 9~0.0055 0.010 3~0.010 9
AbLeH] vs BEEEHT 0.008 9~0.0162 0.007 8~0.027 6
U vs PRH4ES] 0.0152~0.018 7 0.0123~0.0169
LN vs LT 0.087 6~0.017 6 0.016 5~0.021 4
B SEH vs JEREER 0.009 1~0.009 0 0.010 3~0.010 5
JbSEHA vs dLEEEH 0.000 0 0.000 0

B SEH vs BEIH5EE 0.000 0~0.004 1 0.000 0~0.004 0
S vs JREEEH 0.000 0 0.000 0

HUEHH vs HALEEH 0.000 0~0.007 1 0.000 0~0.000 0

XTRE SV BO P PP A1 EAT NT RG5>
Mr, SYIFIRELLRT S0%M HE X FHREAEN
1 3, BRI T REFFPRME. SR ERIESEHE
N3, HRSEHENER N3, PR SEIHENER
— 3, FREEHHRIERE N (B 6). BbmERX
rps16-psbK Al petN-psbM 1] LLE N%E R DNA 2%
TEAS T 4 NSRBI PhALSEE . AR S0 . JRLE

HH LSS A 1 550
4 itie

H AT 258 sy BH W SEEA e AL SERH . Akt
SEHH FREESHAIGELGE, Forh RSN S R
ISR, (HAERR X A T ARG N4,
KIHLIK, 24 FH SRR JEL A i) 73 48 5 3 A6
PN AR AR B, SR E AN (R4 (] P IR AH
L, FEHEERIAEERRHERE . 73 T HR B PR
TR FE N BRI e SR AL T T BB 2 AT
WESE, ITS2 J¥ 41 15 4580 J& 4 Fh %5 e e I R N
73.68%, matK [%EE MINFE Y 46.15%03334, PR
A FTHA G I EERE 4 Fhois W25 SEE (ABSEHT. 2k
SR BEEEAAGESE D 1 1TS2 P41, &I ITS2
FEAC SE SRS - SRS A E] i FEOR T, R R IARSE
(PR M LT IR 2 5% (SNP) Az mi. 2T ITS2
FPAEEAL | — X 73 3 Fives W2 FHSEH (ABSEH .
LSS PR E PCR S 595RS), WHT
K, MLLIES DNA KBRS, DLHSRARdL RIZH T
R SR TN HAT B iy 1Y) 5 R AR 10130,
I, FE T SRAREE R AH T R 24 FH SE AR F0RE 5 DNA
U B EEE . CAWF TR L R R 4 2
JTER I SR M i SRAREE R AH e o i, 25 R
7 - % Ak 5 DR 28 o 1) 4 v A e X 41 AT AR )
FhEES REKE KRR R DNA %0,
N2 ARERIFIH rps16-trnQ. matK-rps16. psaA-
ycf3. psbE-petL. ndhF-rpl32 fl trnT-trnL 1548 X
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Colored ranges
| Bupleurum chinense DC.
| Bupleurum scorzonerifolium Willd.
By i var. stenophyllum ( Wolff )
W Buplewrum smithii H. Wolft

|
& Colored ranges
. Bupleurum chinense DC.
[0 Bupleurum marginatum. var. stenophylium ( Wolff )
W Bupleurum ithii H. Wolff
[ Bupleurum scorzonerifolium Willd.

a-ZE T rps16-psbK [T 41 NI 445 b-2ET petN-psbM J7 1) NJ B
a-NJ tree based on rps16-psbK sequence; b-NJ tree based on petN-psbM sequence.

6 ET 2 MFRMSMIHER SR NJ &

Fig. 6 NJ phylogenetic tree of Bupleurum species constructed based on two specific primers

NFE DNA SR HERG S e R R . 2K
PN K3 . AWFTULE L3R 4 PSR S

7N rps16-psbK. matK-rps16. petN-psbM. ndhC-
atpE. 1pl32-ccsA Al rpsl15-yef, X LI ][] X e n]
VE R AER 73 FRie T R i T8I P AR 73 BT K
W, X6 MXIBEHZ N RIRES T, XELRPE
B 5 A B X TR e V1A K

FRBIFELOICIT R AL 7 DNA SRR ik
S o B IR E o RHUAN[E] P 3 AN LS EARE
AT SRR, AT LR R A T, Iy
Fe It DNA 25T, JEH A 371 (147 5+ DNA &AL
448 7 PR 177 AL SEEHARE S dEAT b BE YR S E .
{HARA T S 2450 5 S M 4 B8 24 FH SR A [ 4
FREHEE S DNA S5IEIHT [ HRIE . ASHIF T8 %
4 el FHSEEHEE E A P B i A 4 JE DR 40 7 91 34T
FRG AL, TRk tH 2 AN A2 X B rps16-psbK &5 petN-
psbM, FFHEILETE 2 XPRE RIS, KA K
FENT 264~452 bp, BTEFZIHEH T8 4
AT ARt 31X 2 AN B 1S e 2 500 7 Rl
INZRIEN 100%. FaT IR A7 SR NI HE LA 2
N, 4 METHSEIAS B RN, REFTIHIE R
S DNA KA X 7 S AN R A, 2 A
Pt DNA &89 (rps16-psbK 5 petN-psbM) [1]
Y RN 100%. BT rpsl16-psbK F B &
264 bp, 4 petN-psbM ) B LB B0, (Rl ik
MGy A P il DNA IREAR F1 3845

R LRTAR, ARSLIGELR 2 EER DNA &
ThdE— e 1 4 Fhed H SE L [ Fh (1) 1AL A

GREEE, IMA BT 52T SeiIm R I 26 /) 22 41k
HARTEEEIA LM TR PSR RS . Jm S0
Forh, AREAR DT R i O Kb 2
TR, DA SE 4 T M 31 P i U7 VAR S PRI
T PREERCR . AR, SEH R R 0 2R
TEE TR B — DR AR AR IR E ], INERMAR
PERIR, ISR AR JE R A SR )2 17 5
B, AR 5 R 7 PR R 7 T hRIC
T BE RS 1L 265 031 24 ] S B RO B SR, 9 S7AR
JE W] SE IS YIRNE T BORAR R IR BERFA K -
FlEAR AL ERARELEAEYR

SE R
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