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Abstract. Bupleurum dracaenoides Huan C. Wang, Z. R. He & H. Sun is a recently published
species characterized by a woody stem up to 1.5 m in height. It is the only woody species of
the genus Bupleurum found in Asia and is endemic to the dry-hot valleys of the Jinsha River.
The distribution of B. dracaenoides is quite narrow, with only a few populations found in the
Pudu River area of Yunnan Province and Huidong County of Sichuan Province. It is a critically
endangered species, with a limited number of individuals and threatened wild habitat. Thus,
assessing its genetic diversity and distribution patterns is urgent for the protection of its wild
resources. In this study, 153 individuals were studied using seven chloroplast DNA fragments
and two nuclear DNA fragments to investigate the genetic diversity and distribution within and
among eight populations of B. dracaenoides. Based on chloroplast DNA data analysis, B.
dracaenoides showed high genetic diversity at the species level (H,= 0.862; P, = 0.00567) ,
and genetic variations were mostly distributed among populations ( F, = 0.959). However,
genetic diversity at the species level was relatively low based on ITS and PZ8 (ITS: H, =
0.532, P, = 0.00121; Pz8. H,= 0.349, P,= 0.00060), and genetic variations were mostly
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distributed within populations (ITS: F,= 0.475; PZ8. F,= 0.093). Neutral test and mismatch

distribution analyses of the chloroplast DNA, ITS,

and PZ8 data indicated that B.

dracaenoides has not experienced recent population expansion. STRUCTURE analysis of the
combined nuclear DNA sequencing data revealed that all 153 individuals were grouped into

two genetic clusters.

Key words: Bupleurum dracaenoides; Genetic diversity; Genetic structure

G VD VTR 23 000 1 bR A< A A5 AR 22 Iy
FE P A — el 2 F AP R AR DUARAE, JF Ak
HH — 658 B T R BT R RS2 R Il AR 4
1 ( Bupleurum dracaenoides Huan C. Wang, Z.
R.He & H. Sun) yHhz—, ZWrh kLT
2013 4, NARIERIS A B AR A Y, RS Rk
B e — () S A B AR A . AR KAEIR
2500 m ZEA7 IR 1L B A BELE B, R A v VL]
R eI SR A A Ay s, ANAE
V)1 25 2R BRI 2 Bl 1) T i el oA, 45 S
3T RAEH RO B AN RO HGE . e R SR
R—HE R, KRN SER, FitsELD, o
AT DI AE | AR A Y2 R P A BB R S e £
ISR R B2 1, s 2R
IULTF EEEY FAH 5 %t TERC (SSR) X H:
HEATEIRIE PR o BT AT Z 6 T A% S50 A= )
SRR DL R A AEIR BN A FH A (8 R A 5T TR
A HR IS A R 72 2018 — 2019 JEZEH
AERVEFAME A AR RLER AR AR, FRATI A B e il
R SEHH 300 bk, fH R AR AOW 2% 3] — Bk 55 9 Bk I
AEE I, BV I Il AR S5 50 7E BY A0 1) JF A6 45 50 R R R
i, /NSRRI, BRI, T AR S A BEAEAS
WD, BPANGRIRTT 228, 2F IR,

TR B Y5t Z R T, A
TR E A B A A P, IR
TCilES . EERE R 5 X SSR 4 FAric i
W, TR SeiA8He 2R AR, 5% 1k
Ao JEAESR, PR P R ST iz N H A
M, AR SCEEZ AT | 4456 1)
A SR A I SRR IE P A ) B6 AL |, PR A2
AP S A28 DNA (cpDNA) FBibpid, I8
I SCHERAE 4R T A IS 4% DNA (nDNA) Fr Btbs
ik, EETMZE DNA R Bibric s A R4 8 Ry 54 60
(W35t 2RI B oA, LIS Sy il s A R OR3P 5
IR i

1 PR %

1.1 ZIEHM

EN TSRO Zp & S E Ay AR s | A1 e A T T
forEsh B E (F 1, B, HrEer A RER
R T8, RIS =S, S %M hE
B R RS 8 AN EBERY 153 MREAR,
FERAE R, AR 1 AN R R A R RO i
20 #, HERE 10 m oREE 1 AREAR, JERAE 20 Bk,
WA AN EBENMABOA L 20, W 4FBRE,

F1 RMALEH 8 MERNREES

Table 1 Sampling information on eight populations of
Bupleurum dracaenoides
G SR b AN ZEhE W/ mo MRS

ID Sampling site Latitude and longitude Altitude Individuals
JOW B JLEZ 26.179°N,102.794°E  2623.0 20
YZJ WMEAETM 26.124°N,102.797°E  2646.0 20
SKS #EAEL = 26.121°N,102.801°E 2570.0 20
PB  tRahE B 26.121°N,102.806°E 2573.0 19
DCQ #3hEITHE  26.097°N,102.793°E  2590.0 20
XKD MBI 26.096°N,102.793°E  2592.0 16
SJIC ME=FHK  26.058°N,102.775°E 2548.1 20
BSY FmEAAEE 25.967°N,102.926°E  2389.0 18

1.2 DNA 2B F

KRR B CTAB 351 470 A 44 K B DNA
PEEL, M 3 A M BE A7 A Y JE B (JDW
SKS #1 BSY) 145 I FEAS A 5L DNA, 28 llumi-
na HiSeq &R ZFHF MY, JFd1%% 6 MEA
(s RE 21 i it Geneious Prime {4 %
6 AL ML 48 A I (A i PR 21 B0 Hi AR A7 4 EL X
T REIT R AR S 5 = F H P EE IS (600 ~
1000 bp) MR B, Bk 7 A9 15 A1y s
R HAR A5 FEE 1 cpDNA F B T AW 5T
(£ 2), WRHE5 W FPE | RRSR R 225 0 4y
M, GO, EAERRE R TS LIK PZ8' T
To M B SE A 18 4% ZREMEDF ST . XF 153 A~ T I B ¢
FAREAHEST O N 4rFhRic iy PCR ¥, ¥ 7=4
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Fig. 1 Haplotype distribution in eight populations of
Bupleurum dracaenoides
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Table 2 Information on primers of cpDNA and nDNA markers
GEY| 5175 FrBR/N B IR
Primer Primer sequence (5’ = 3') Size / bp Tm / C
F. TGTCAAAATTGATAGACCACCTCT
(UUU) _ :
k™= -rps 16 R: TAGTTCCTTCAATCGGGCGG 431 575
F. CGCTACAATTCATCCAGGCG
atoH-aipl R. TCCCAAGGCCACGTATGC 629 57.0
F. TCGTCGTCGAGAATTGAATAGT
_trn (GUC) :
psbM-trnD R: CTTTTTCTGTCAACAGGGGAGC 412 575
F. CTCTCGCGGTAAACCGATCC
_ (GGA) :
CPDNA ycf3-tm§ R: CCGAGTGAATAGCGAGCCTT 729 57.0
F. TTAGTCGACGCGACTTGAAATTG
4o (UAC) :
ndhC-trV/ R: AAGTGAAAATCCTGACGTGAGTCC 705 57.0
F. AGCACGTGATTTCGTTGGTA
atpB-rocl R: ACTCGACATGAATTAGGCGTT 565 56.5
F. TGGGCAACTGATATGACCAACT
nahF-rpld2 R: TGCTGTTCTTTATGATTCACATCCA 691 58.0
ITS4. TCCTCCGCTTATTGATATGC
. TS ITS5. GGAAGTAAAAGTCGTAACAAGG 664 52.0
n
p7g F. GGGAAGGAAAAGTTGCTCT ;. .

R: TATTCGTGTTGGGGCATCTG

BLHT cpDNA | ITS HI PZ8 B M DR 43 37 5%
R, 30, 45 H BER Y Indel M4
HRFE AR A ZA TR T R R Ak T, W
A S RGE B A Ty ORI, T2 53 AR I A R
AT RIESHENFE, v RE AL R A sl SR R 11
HAEAL,

2 HERESH

2.1 RMmLERAMEESHE

AW KB, E e AR S8 EH 8 A B By 153
AFEAH, 7 4 cpDNA FBEBCA R e B R
4138 ~4160 bp, 2 X E A E— UK Bl 4162
bp, K] 83 A8 T, H 76 4~
HIRZ A5 (SNPs) , 7 AN Ml A B A A5 (In-
dels) (1~12 bp) ., 8 I~ JEH#EM cpDNA J7° 51 H: ks
M) 10 FhEpfE I (R 3), Hrh, Hep7 s fids) ™,
34T SKS, XKD, YZJ 3 AN Jm e, Hik 2
Hepd, Hep5, BIFEMIASERE T EL, Foqh s A% 5
P ERE P B, A G b U A
= B Heps, I BL7E R JDW Al SKS 1Y 38 4MFE
A, HEUTCR AR H & Hep8 Ml Hep9, #{WH
WA AFEA T, R BEKTE, BSY, SJC,
JDW., PB JEBELE 1 Fhoa (il JERE N (L £
FePERN 0, Hivh BSY., SJC. PB Fif & iy B 1 1y

EFE AR (1. A, £ 3), TEYRIKE L,
CPDNA A RIZFEVE (H, ) 2 0.862, HTRZ
FePE(P,) i 0.00567

FEXT S Y TS P9I B2y 664 bp, 7E 8 A&
eI 3] 3 AR 7 A5, Y9k SNPs, A i% 4
Pl il AR HI2 S A i) HR R, £ 8
NEREP YA A HARPATRIITE 4 ~5 A Ja
L, FESEREK T B, SIC FEBEL S 1 FhEasy
RUHI2, RPN S HA i e m st &
T —EREE 2R (E 1. B, £3), Y
Rk, ITS F3IHY H, o 0.532, P25 0.00121,

LEXTIE ) PZ8 I 50K Bl 645 bp, 8 1~JE#E
5 AR, ¥k SNPs, 1551 6 Fi sy |
FAERL HPA A dch iz, 78 8 AN EBETT A 4
i, HAREE,; A58 HPS Fil HP6 41 15 1
AERE, EREKE L, JEREBSY, SJC LA 1
DGR JEREN T S (B 1. C, £3). EW
FiKF- F, PZ8 7311 Hooh 0.349, P2l 0.0006,

R, Pk F coDNA () B4R 5 S RE 1 F
FIRZEENELL ITS F1 PZ8 My ims, 1E K I,
DCQ. SKS, XKD f# cpDNA. ITS I PZ8 ¥4 %5
Es L REE, JEREJDW, PB. YZJ 4 ITS #il PZ8
PN DNA | Be A B s st G 20605 SIC B RER
cpDNA . ITS Fll PZ8 3 4~ i B R FAE IR AL AR S
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Table 3 Values of genetic diversity index of eight populations of Bupleurum dracaenoides

R CPDNA HifF 7 CPDNA B ¥ A5t CPDNA HfF R Z 5t ITS S B2 1
Pop ID cpDNA haplotype CcpDNA nucleotide CPDNA haplotype ITS haplotype
(No.) diversity () diversity (Hy) (No.)

BSY Hcp1(18) 0 0 HI1(32) HI2(2) HI3(2)
DCQ Hcp3(11) Hep4(9) 0.13 x 107 0.521 HI1(2) HI2(30) HI4(8)
JDW Hcp5(20) 0 0 HI2(15) HI3(7) HI4(18)
PB Hcp6(19) 0 0 HI2(32) HI3(2) HI4(4)
SKS Hep5(18) Hep7(1) Hep8(1) 1.44 x 1078 0.195 HI2(26) HI3(3) HI4(11)
XKD Hcp4(3) Hep7(12) Hep9(1) 0.43 x 107 0.425 HI1(7) HI2(24) HI3(1)
YZJ Hep7(1) Hepl10(19) 0.10 x 107 0.100 HI1(1) HI2(31) HI3(8)
SJC Hcp2(20) 0 0 HI2(40)

Total 10 5.67 x 1078 0.862 4

[ ITS $Z1'z’r‘?‘i§£3§ﬁ ITS Bff I 2 451 PZ8 HAHHIYL 1, PZ8 &ﬁ?@%iﬂi PZ8 AR 2 A5

Pop ID ITS nupleohde ITS hgplotype PZ8 haplotype PZB ngcleotlde PZB hgplotype

diversity () diversity (Hy) (No.) diversity () diversity (Hy)

BSY 0.47 x 1078 0.210 HP1(36) 0 0

DCQ 0.79 x 107° 0.405 EE;E?E);) HP2(5) HP3(7) HP4(1) 0.96 x 1072 0.544
JDW 1.21 x 1072 0.642 HP1(34) HP3(5) HP5(1) 0.43 x 107 0.268
PB 0.45 x 1078 0.284 HP1(24) HP3(14) 0.74 x 1078 0.478
SKS 0.83 x 107 0.509 HP1(27) HP3(8) HP4(1) HP6(4) 1.03 x 1078 0.506
XKD 1.11 x 1078 0.401 HP1(27) HP3(2) HP4(3) 0.46 x 1072 0.284
YZJ 0.61 x 1072 0.368 HP1(29) HP3(8) HP5(3) 0.73 x 107 0.440
SJC 0 0 HP1(40) 0 0

Total 1.21 x 107° 0.532 6 0.60 x 1078 0.349

2.2 =fEgH

e A SR 185 AR S 4 AT REAE Y AMOVA 43 #it
ZiRWN (R 4), HT cpDNA R Bior#r, e i
SEtH AL 8 B A AAAE TR R BT TS AN
PZ8 F Bttt , Mgt A8 3 Ko A2 TR HE
Fo JH #0352 4% 3 Aok, 38T cpDNA £
AT R B [ E R A 0.959, FETITS il
BEW FE M 0.475, 3T PZ8 /i3Iy F (4
7 0.093, Z5HREM, T cpDNA. ITS HdlEit5AE

%k 4 ETF cpDNA F1 nDNA 55 AMOVA 447
HRRERR
Table 4 AMOVA based on cpDNA, nDNA, and Nm

A5 ok AFET 4 N
frin ok ERA i zm
Source of  df Percentage of
Marker e o Fg Nm
variation variation / %
LB 7 95.86 959* 0.1919
cpDNA )Eﬁi‘m 0.959
JEREN 145 414
s JEREIE 7 47.50 0.475* 0.3219
JETEN 298 52.50
p7g JE 1] 7 9.32 0.003*  2.4382
JEREN 298 90.68
Note: *, P < 0.001.

BN R FL YR T 0.25, UaH ki v 2550
JEBERIAELE B 25 1AL oAk A PZ8 %t 4y
Brig 2l F,RF 0.05 (H/NF 0.15, Ud B IR i A% ¢
SHERERIAEAE S R s e e, BT FETTR
FREI TS 1 PZ8 P Nm {E 435124 0.3219 Al
2.4382, [Fli}, Permut 73 #1452 cpDNA 1Y G,
B> 0.839, ITS i) Gy fEH N 0.610, PZ8 1 G fH
43 0.098, 3T cpDNA 1Y G fH 1545 S i -2k
R A 0.1919,

FETF W nDNA A BE(ITS 1 PZ8) B A Bk 1)
STRUCTURE R Hras R won, Frf &t it
SN K =2, HiOh K = 4 (K 2), Jeifiif 4]
1) 8 N EHEIFEAT 53 2 2, B BSY S
h—2, Hast G A AR A S, R — | R 7 AN
BER A —2, M4 K = 20, BR SIC fEREYN, Hg
JERENERS MA R 8L U 5 BSY R 5% L
P FEl; 4 K = 3F14 &), Ja#E DCQ, XKD #i YZJ
(AR A s AL B 5 e BSY HEASHALL(1& 2)

Network (LAY B AR 4332 5C &R &l 3 iR,
—JRORUL, BT AR R BRAS RUAE AR AL T AR 43 S
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Fig. 2 AK distribution and STRUCTURE analysis (K = 2, 3, 4) based on combined nDNA
data of eight populations of Bupleurum dracaenoides
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P R R sk S, BRI, 55T cpDNA
Jr BOBR I B AP A 55 0 2R T 43 A 235 SR U R I AR
S 2 1 i I W R R R kA

FET TS 7 Bebmic 43 B (9 45 30 b M 4G 46 3 o
AN ) IE{E ( Tajima’ s D = 1.460, Fu and
Li’s F=1.003), #M ITS fF& it fk, &
MY SSD fH (0.006) DL K K& B 48 £ r fH
(0.052)# A B ERIEME (P >0.05), #F
PZ8 ¥4/ HT iy Tajima’s D (-0.928) #1 Fu and
Li’ s FE(-2.575) N ffE, HYARENTE
(P>0.05), SSD {t (0.010) L) Kok 46 %k r i
(0.192) & A A EH W IE(E (P > 0.05), ITS Fl
PZ8 ¥4 5% Bt 4347 £ W/ R A B 5l (&1 4)
RIIE, 4% DNA K im0 {8 2K d 43 A7 48
IR IMAR S8 AR R A FIRE Y sk
3 itig

o [ 7Y R b DB O R A W R R R
WX 22—, F L A 2 R I ) R B ) B
FAEAGREAE AT 12 b DX A0 A7 AR 22 (R AT B T A sl
fatg R > 22 Hod ) IR £ 1 T Ak
By KRR A A Y 40 AP, E R A
Py 600 A Fh, X 40 AN EEA MY 4 K 2500
A FE A U VT 30 T AT 25 v 120 i A A8 Tk
( Cycas panzhihuaensis L. Zhou et S. Y. Yang)'®' |
S VM T A7 3 ( Dendrobium wangliangii G. W. Hu,
C. L. Long & X. H. Jin)™) T ¥ ( Trailliaedoxa
gracilis W. W. Smith et Forrest ) "#"1 & 1 1 ifil b4
SEtH B AL AURE A IS4 7 A VTR A Y
W, ST R gy — e, TR i B g
] cpDNA it %48 & F 2 A AE TR ael], Jm#Em
WAL ZHEM AL B AR A R /N (Nm - =
0.1919), @& LBl B (F, = 0959, G, =
0.839), 1fii NDNA J Bedi7n T e Ifi 44 5 8 14 352 4%
ZREVERAR, LA R EBAAE T RN, X5
T YT SSR ARSI A R —8, REW
A~ nDNA B Rk PZ8 i+ B B R i K T
1, K ITS TR FR/NT 1(Nm = 0.3219),
B2 STRUCTURE R Hrai R Bas, i
FHXTESE Y BSY JE #4388 45 B 43 5 LA T A B
ANTA] . PR R AR T] T 35 A4 A2 1) s el T AR AT RE
sp ek, 454 TR LT SSR Aric it

5%, FAT& I cpDNA 5 nDNA FRic 45 7r B e I A
St G A R R i A f e 2 5, X
INIZ 2 T cpDNA S il 1% 388 1 B & 35t 1% T
NDNA J& Hh A1 FE Ry S [l 4% 328 1 WU 35245 1 AN [6]
WERRE R, A FARIC RS R AL
H VLB A B A HURE RN 23 52 ) — W) b s A
ARSI A e AR S A 0 b 7 S
T A B IS g &R B AE B
EFFAELE L RAF R AN 22, AR B R e
o B, Br T KOS M TR AR, R
TE FUARIREE T 1 2R A7 RE ) R B B4R R e 125
Wi Hst A8 ARV A R . 5 R R SR [R]— g 1Y
JtL5# ( B. chinense DC.), ITS 43 #r4k 5 B m H
TR A0 1 4 AP A S R AR B A B (M st G 20
PE, (HERS X35 A% 2 AR PEOmAR,  Jo e Ta] ) b 2R
BRI T AP A AR E R, Zhao R
3 A2k DNA F BEbric trnL-trnF, psbA-trnH
M rps16 58 T 73 Ai TZWe | HERE ., ARILHHY
1 —LE TR AR KIS ( B. longiradiatum Tung)
HI L 2R R R P | 255 R H HA &
PBEZREE(H = 0.948) , JEREE 8L /LB 2
(Fy=0.73281), HA W21k R M BEL5
I, MULE 3 AR RS nT LIE H, 4E
e A 0 J AR TR R A DNA B30 1) 5 PR 3t 55
T/, st oAb i, 1 T A% DNA $diE i 36 A
TAERTRR TR REEEAL s AR BT PR FA T4
Wr, SR JE AR RE )L ) o 1) 55 4 226K
IR S R, X ST RHEY) DL A AT
I B RATHY R O FEAM A I A ) 2= R VA
@@‘ﬂ[m, 32] .

bR T st AR 5 o0 A0 SURE A ARARL I, R I AR ¢
A g s B A 5 — S S VD VT T O A R 2
ME—F, MR mEEY K, wZE I
g T KR EE ( Munronia delavayi
Franch.) "' | %A ( Leucomeris decora Kurz) "'
Bk I gn 44 ( Aristolochia delavayi Franch.) ) L)
K EMEA~ ( Terminalia franchetii Gagnep.)'®® , i%
SERFE A WAL [FAFAE S . AR A FE A VUL FA0]
BAIXHIRIEE R ) X, A J AR AR P As . R
55 DU 2 KA 1) K 0 P b 5 D7y Sl S E S e T
i — BT 1L b DX S AR B, (EE A VDT
TR R AR R, W A = Lk
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BT IRAE . A S AL 2R RO A RIS 9

BLUR SRR K LS T A BEE AT X ] BE S A A A
T2 M DX AR ) R A DT S R kR SR R K
i JE A

WFFEYIFI 38 1 Z2 W R 3 A R AE 1) — A~ EE 22
H BRI R il S Rt AL Z REPE SR g R (it S
A NI LY/ TSR A = i O =R (NS iy 4
FEPE TS SR AN ], SR BB DR 47 3R s AN [
AR S BB TR RN R PR, kR
FEREHEATIRT, ATERIPRZ )RR mxF
WL AR S R B A SRR Rl i O SR s
ik AR SN R R L, R TR A
KBRS BuAh, AR L4055 ik B A5 A ol skt
3y IR 1 e R e 2 b U 17 45 T e B B, Rk
CATE S 2 st AL L e b R BRI A T R AR
Te B S A — S8 R BT R R R, Bk
AT VLS IR, 458 Ai i S it
FHIER AR XA ER XN, HAijA
PAHEMIE B3, A5 k8 DCQ, SKS,
XKD, JDW., PB 1 YZJ 6 4™ B A 5w i A%
AN, FE DR SR B i o EE N OC T, cpDNA
F B AT R T A S i R A A 2R
WAL B, AR R R TR, W
NDNA J B4 i 7m Je A e 0 i S ik st % 2 e 1
Tflk, BAEAE S EEAATE TREEN . B TR
TR S B4 18 9 TR A B G 2 AT AR 9 1 R L
H, SCEEMEREN AR, RO fig
R, IR R BRI e 2 Ak, T
i, AR M SS R B R 2 R B cpDNA 1§
nDNA FEAG 4 A MRA A58, B E Rzl
Sefid, fn BSY, SJC, DCQ., PB. SKS., XKD,
YZJ B, BT IR SR A MNASORE A R, A
SREEBTRAE, DI, R s AL 24 Y TR
Bf, et AT 5 2 L S8 B R A A%
HEWARE AR E . A XFE, A RERH L
U % LR R (0 A T )N
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