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2. College of Traditional Minority Medicine, Yunnan University of Traditional Chinese Medicine, Kunming 650500, China )

Abstract: Neopicrorhiza scrophulariiflora ( Scrophulariaceae) , a monotypic genus perennial species, is endemic to the
Eastern Himalayas and the Hengduan Mountains region. It only distributes in Yunnan and Tibet in China, ranging from
3 600 m to 4 200 m in elevation. The long and creep rhizomes ( Rhizoma Neopicrorhizae) are of high medicinal value and
dysentery by traditional Chinese and Tibetan medicine. Mainly because of large-scale acquisitions activity, natural popu-
lations of this species have suffered rapid declines and now it is classified as an endangered species under second catego-
ry of key protected wild plants in China. In order to protect the decreasing natural genetic resources of N. scrophulartiflo-

ra, in this study, the chloroplast DNA (cpDNA) irnL-F noncoding sequence was used to estimate the genetic diversity
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and genetic structure and the evolutionary significant units (ESU) were proposed. A total of 91 individuals of N. scrophu-
lariiflora were collected from seven populations , covering almost all areas of its distribution ranges. Of these seven popu-
lations , four were from Yunnan Province and three populations were from Tibet. The statistical results showed that the
haplotype sequences length varied from 871 bp to 876 bp. A total of five haplotypes were detected based on trnL-F nucle-
otide variation. Yunnan contains three haplotypes and Tibet contains two. However, none of common haplotypes were
shared between the populations from Yunnan and Tibet. A normal low level of genetic diversity (Hd = 0.434 19) and
nucleotide diversity (Dij = 0.004 66) were identified at the species level. A high level of genetic differentiation (0.96)
among populations was revealed. AMOVA results from chloroplast data indicated that 0.78% of the genetic variation was
partitioned within population, 60.97% among populations within groups, and 38.25% among groups under the condition
that N. scrophulariiflora was divided into two groups including Yunnan and Tibet. The U-statistic test for phylogeographi-
cal structure showed that N, was significantly higher than Gy, ( N, >G,, P < 0.01) , which suggested a distinctly phylo-
geographical pattern The gene flow (Nm) was extremely low with only 0.04. The higher N, than G, ( P<0.01) suggested
a distinctly phylogeographical pattern. Conjoint Fist (0.864 520) , gene flow, Gy, and AMOVA results all indicated a sig-
nificant high level of genetic differentiation among populations, which could be a consequence of the limited gene flow
caused by geographic isolation among populations. Phylogenetic analysis of the haplotypes sequences identified three ten-
tative clades (I,Il and Ill) according to Majority-rule consensus tree. All of which had distinct geographic range: Clade
I comprised four populations (CZ, YZ, SN, BM) which were located at the Hengduan Mountains region; Clade II com-
prised one population (BMI) , which was located at the Eastern Himalayas region; and Clade Ill comprised two popula-
tions (DR, NLM) located at the Central Himalayas region. Based on the phylogenetic analyses and uniqueness of the
populations, three evolutionary significant units ( ESU) were identified and conservation strategies were discussed for
this endangered species. Baimaxueshan and Cizhong, Bomi, Nielamu and Dingri populations respectively concluded in
the three evolutionary significant units and the five populations all contained special haplotypes. Based on these findings,
all the populations should be protected. However, in consideration of the actual distribution of every population, Baimax-
ueshan population from Yunnan and Bomi population from Tibet should be given priority for conservation and in situ con-
servation should be the ideal implement.
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®1 PEETIEENOHESRER
Geographic locations Neopicrorhiza scrophulariiflora

Table 1

populations sampled in this study

5w WEERE R HIE A
revia-

tion Location Number Altitude (m) Latitude  Longitude
BM MW 20 4 040 24°44' N 98°56" E
Baimaxueshan

SN W 20 3 650 28°28" N 98°44' E
Sinong

YZ KZ 18 3900  28°10' N 98°46' E
Yongzhi

CzZ wKH 19 3620 28°00" N 98°50' E
Cizhong

DR EH 20 4248 28°08' N 86°26' E
Dingri

NLM 2N 19 4 050~4 300 29°46' N 85°57" E
Nielamu

BMI W 20 3810 29°46' N 95°41' E
Bomi

G R AR Rl — MR R, BERELI T B ik
S RERE T TIRORAE

WFEABER S s A5 8 W3R 1, SRR A AE
Tz AR
1.2 DNA f2E

Z:% Doyle (1991) CTAB i, &1 XA & % it J
FEWTFIE 2 R il ) AL I 1) 8, ZE T IS B o A
PVP ¥}, 7E 65 CIRAZ T K 2xCTAB 55 2
pL B-3idk LR A, LA R DB AL ] R
1.3 PCR ¥

S 5 tnl; 5'-CGAAATCGGTAGACGC-
TACG-3"; trnF: 5'-ATTTGAACTGGTGACACGAG-3',
SIH EiA THARARAF G R, PCR ¥
J¥ . 94 C A 3 min;94 °C30s, 55 C 30's, 72 °C
60 s, 30 MEFR; K KAEFR 72 CHEMH 7 min, 4 CHE
f£o PCR =148 2% (BN W e A , 47 3 B2l 1)
FE I TP LR FEYHOR (b a0) A R "I (B
BHAMRI AT )
1.4 HiRAAES 5

Fi B 575 5 chromas W K& —XF 1, 45 &
Clustal X 1.83 B XF ¥ 5 47 HEFI M IE . FH Bi-
oEdit G TP AR B M T R4l 2 5., H
DnaSP 4.0 J /o3 Hr et s VB H | FRAS AU 32 |
WA Z MR (T 2, h) TR Z M E
(Dij) FEFVE(Nm) 53845

12 Fl HAPLONST Fi J3 3153051 8 7 S5t (% 2 4%
PECH, ) FEREN P8 e 200 (1) L 7 s
TR B LRI (G ) o G M Ny Y HEECR AT U
Gt kAT . AR R B L R S 1 A A L K
MRS, ] Arlequin 214 3.01 H 437 2243
i AMOVA ( Analysis of Molecular Variance ) 3k {471
SRR AR SR L JE AR E] S = ATPY R 2 1l
D[] Fr) 2H BRI ERAG BU A0 A B4 F g BFAR o L] PAUP
4.0 b10 A4 1 B K85 290 53 i ( maximum par-
simony, MP) X M5 RIHEIT R Gk & 400, HH
Picrorchiza kurroa . Wulfensiopsis amherst . %5 & 4 JL ¥
( Lagotis kongboensis) . Plantago coronopus YE -} 4N
e, AR R AR k07 R, 55—
i&'l‘i%éﬁﬁjo ﬁiﬂgﬂ%@ﬁﬁ? Bootstrap ﬁ’*ﬁ, i
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XTEATEE 7 AN FERE 91 NMAMESEAT T cpDNA K
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SR 12 ARBRSEEER A 1 b A BB Hod 12
ANEIALES 2 BRI 45, 10 A PR FE A4 (£ 2)
WG 91 AR P9 &I, B A/T &
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2004 ; BRA: =45 ,2008)
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R 2 HEEMRI DNA trnl-F R 5 M REEERFIIE RS
Table 2 Variable sites of the aligned sequences of the irnl.-F among 5 haplotypes of Neopicrorhiza scrophulariiflora

A8 S A, 10 23 23 27 39 45 48 54 65 68 81 83 85
Variation site 3 4 8 7 2 8 5 7 8 4 8 1 2
H1 G T - G T A A C A A A T G

H2 T T - G T A A C A A A T G

H3 G T - T T A A C A A A T G

H4 G A - G T A A C A A A G G

H5 G A A G G C T T G G C G A

A =TCAAA

&3 HEETAEEMEE DNA BERNEESHE ARMEE

Table 3  Haplotype diversity, composition and frequency based on 5 cpDNA haplotypes in 7 populations of N. scrophulariiflora
plotyp: y P q y P plotyps pop P
, FEAER SRR EEcH BARERI RS, SR Haplotype compositions and frequency BAREZHEE B 2R
JE Sample Number of Nucleotide Haplotype
Populaiton P diversity diversity
number haplotype H1 H2 H3 H4 H5 (Dif) (h)
BM 11 4 9 2 0.00038 0.32727
SN 12 1 12 0.00000 0.00000
YZ 12 2 12 0.00000 0.00000
CZ 11 2 10 1 0.00021 0.18182
DR 16 1 16 0.00000 0.00000
BMI 18 2 18 0.00000 0.00000
NLM 11 1 11 0.00000 0.00000

i AR SR R 2 MM (Hd =
0.434 19) MR Z % (Dij = 0.004 66) , £1
JE#ET, HOA BM R A SRS SRR (Hd =
0.327 27) , HARJERER A5 R Z AR AL, Forp
SN I YZ JEREY R R AL A, M XK b, =R
PAER ZREVE (Hd = 0.543 96) & T 04 (Hd =
0.000 0) .

2.3 Bk BB AE SN

W% 7 AN JERE cpDNA trnl-F ZREVEAE i B
() P AR B TR v A ARG, 0 Yk A 3 114 485 SR 30 Sy E
f(Fu and Li’s D" = 1.470 34 F1 Tajima’s =
1.896 02) ,Jf H¥&E B2 K (0.10>P>0.05) . [F]
Bf, XA B 3 SR B ernL-F F BEF B K08 1 5 5 o A
3T S XL (R ST B G 2 e A5 3 Y e — R
A (1), SR AR S T R TR Ay
25 LR IR B v RE R R 2 Dy ad R R 5k

HRPEHI I cpDNA trnL-F ¥ 51725 5 (gap as the
fifth state ) K FH Nei( 1973 ) 195 B4l 55 H 1 Jai dE 1a] 43

FBBE (Fst) 24 0.864 52, FEIE ( Nm) 2h 0.04, R A
BOE A RRERIAE R R . 75 R FIPE K 2 4>
XN, =/ R REE B Fst 5 0~0.904 38, Nm A
0.08, PG & HE M A4 Fst 2 0~1.000, Nm 2k 0, 10 2
A1l DX A SR R T ) R PR B8 AR %

B R AL 2R H o (se) JETE NS5
TR Z Mk Hy(se) (7 A RERIEAL 504 Gy, (se) FlI
N (se) fHA3 20 0.861 (0.0443) .0.073 (0.0496) .
0.916 (0.057 5) 10.987 (0.013 3), ffi[f] U Geitk
o o H B34 A A AR S ) LA A 45 SR R
Ng>Gy,(P<0.01) , VL o3 B2 S 85 3 R 0% AE 2K
AN 2R SRR S A DX JE R ] A s A Tl K
TR R (G =0.916) , FRAERY Y 25 % 56 R B i
A ) T 530 T W — S B b, OF B 2 B R SR %
O PREERAAAE A B BB IX 53R 2 i P 5
24415, AMOVA 43 Bt R BH , 1 %6 7% J8 B HA
0.78% it 55k A AE R REN, 1M1 60.97% ist % 48
S 5 AR X N R R | 38.25% 18 AL 78 S A A AE Ml
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DX (35 4) , X UABAR T 03 4 A5 15 728 5 2 247
TET R AR 0 ELRAT AR 25 8 04 e A

4 HEE2 MUK ZEE cpDNA AMOVA 5347
Table 4 AMOVA analysis of ¢cpDNA zrnL-F from

two areas of N. scrophulariiflora

A5 RE e Bz BRdl SAERESIT
Source of df Sum of Variance Percentage
variation squares  components  of variation
HiIX [ 1 99.571 1.482 88 Va 38.25

Among groups
HBIX N A E] 5

Among populations
within groups

JE R 84 2.545
Within populations

151.181 2.363 51 Vb 60.97

0.030 30 V 0.78

0.25
; —— F7HA{E Desired value
0. 20 - y ---0-- WM{E Observed value
0.151 1\, i
0.10
0.05
0 1 Io-e-e-o' é’: 8-0-0 -9 ST TT=

0 5 10 15 20 25
SR #5 Mismatch distribution

B 1 S8 cpDNA FFI Y 2 ic 20 A5 1K
SEZR Exp-TUYIE ; HEZE Obs-ULIMIE
Fig. 1 Mismatch distribution for cpDNA sequence data of
N. scrophulariiflora  Solid line represents the expected

value; dotted line represents the observed value.

24 “EEHL BT XIS

FUHLE S JLRE AN EIERT 5 DB AE AL 5
BRE 2B R kARG H R
B—BER 158 T 3 A4 (Group 1 =111,
2, 1 gl LR B — AR, B A 54%
MSCHER 2 T BB BN S A TE R T 1L XY 4 A4S
JERE(BM . YZ SN [CZ) , Ml — & HA 90% 11
SCHPR A0 LAY B B O3 AT TE 2R 5 S hURE AL o Y 2
ANJERE(DR NLM) |, 41 I i) BR% 30 53 A 76 2R 5 S i
HERYJERE(BMIL) , 5 P. kurrooa B HRH—2, BH 78%
2 HE% . I Group I Group I | Group Il £ H X1
73—~ ESU,

LR BTSSR S 3 A ESU MR (3%

5),3 > ESU N WP BER] A 5t AL HE B8 < 1,182 (X
FLELUR , ASAHLERSY ), ESU 22 18] (19 9 9 it FEE 8] 1)
BAL I =1.399 (FMLLT IR 4 ) . BN
AR B 0~0.327,ESU T . 1T, I P9 - 24 38
FEREES 43514 0.000,0.001 ,0.000, 91 SANAH P
(38 L HE 254 0.000~0.013,

XF 3 4> ESUs 4T AMOVA 3B FIAH R B F 46
EE R (£ 6) WL, w4 5 FEAFLE T ESUs
6], B 7 LA 35 94.22% , ESUs PN 5 6] 0 38t 44 7
SAL T 5.09% , 5 BN 9 35 4% A8 5 LT AT DL 2R
T, AR 0.69% , FI , AMOVA 145 5l S 43 v i
3 4> ESUs %143,

67—Hap 2 (BM)
92 Hap 3 (SN,YZ,CZ) | Group |

&3 Hap 1(BM,CZ)
65 Hap 4 ORNLM) | Group Il
97
Hap 5 (BMI) | Grouplll

Picrorhiza kurrooa

Wulfeniopsis amherstiana

lagotis kongboensis

K2 WIBE 5 DAL 28— B
R 50% LA 1SR
Fig. 2 Majority-rule consensus of 5 ¢cpDNA haplotypes of
N. scrophulariiflora, showing more than 50% of the support
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BHBTE Y cpDNA trnL-F F Beka N &5 5 & 3, 78
BARERY PP ) 13 AR SR 5, /N B4 A/ B
RALA T 1A, WA RAR G T 124>, B IR T8
pigea KRS SN LEOP M) o = S S B s 2
2 IR

XA B A M A X 7 AN JEEE 91 A
PRIHEATHY ernL-F & PR [a) XA & B0, 5 3% B ) st
2 REVE(H, = 0.861) I B ]38t 14 7 fL 72 B #R AR
B (Gst = 0.916) , X5 ISSR 7 THRic AU 20 B &t SR
—F(liu et al, 2011) , JEFEMEE R ERZ K
ZHY B, a0 5 SO R IR ( Metagentiana stria-
ta) , Gst=0.859( WA =5%,2008) AT ( Primula
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Table 5 Genetic distance among 7 populations and within populations of N. scrophulariiflora

ESU 1 ESU I ESU I ESU I
Eyid
pPOP

BM SN YZ CZ DR NLM BMI

BM 0.327 0.941 0.941 0.193 0.000 2.927
SN 1.182 0.000 0.000 0.845 1.593 1.593 3.001
YZ 1.182 0.000 0.000 0.845 1.593 1.593 3.001
CZ 0.273 0.909 0.909 0.182 1.297 1.297 2.292
DR 1.399 3.000 3.000 2.091 0.000 0.000 2.632
NLM 1.399 3.000 3.000 2.091 0.000 0.000 2.632
BMI 10.182 11.000 11.000 10.091 8.000 8.000 0.000

T XMLT O SE R AL B, XML FORARER T R R AL B R

Note: Among populations distances are below the diagonal (mean among the ESU). SE values are above diagonal. Within population mean distances are underlined.

* 6 HHEETANEHAREERX AMOVA 737
Table 6 AMOVA analysis of different levels for 7 populations of N. scrophulariiflora

N g 7R B 7R B oH il
RRAER e PR ERERGR S RSRAUR Pt P i
Different levels df um o arlance ereentage o F-statistics P-value

squares components variation
e SuZla S| 2 239.971 4.151 07 Va 94.22 FCT=0.942 20 <0.01
Among ESUs
BFIAL TN SRR 4 10.781 0.224 34 Vb 5.09 FSC=0.881 00 <0.01
Among populations within ESUs <0.01
JEREA 84 2.545 0.030 30 Ve 0.69 FST=0.993 12

Within populations

T WEVERRI A 1023 YE R,

Note : Significance tests using 1 023 permutations.

secundiflora) , Gst = 0.816( Wang et al, 2008) il 2
VP ( Hippophae neurocarpa) , Gst = 0.646 ( i i 1
45,2008) &5, W Y cpDNA ZREMEK S E T
Petit et al(2005) FF 4 i/ 175 Fpfh 148 9 (1) F- 15
cpDNA ZFEME H,= 0.67, AMOVA ZrHrtn £ 0,
B 99.22% 35t 1% 7% S e AR TR T RE TR, ik DR R A
0.04, VLRI & 2 BAT AR i iy 38t 4% 23 A Kk i HL
JEREEDL TP A HF S, Ouborg et al (1999) 1A
AR TB] — LA - B — S AR B R Y 52 I 2 T 3L
Gst (EIAF] 0.20 , 3 16 BT 88 14 Fh A R AEARAR 19 46
BraAhF 22 i, MR AE cpDNA 1 1 Gse {2 LAl
FIEAE RBP4 TRk, AR 4 A% L LA O 1Bl
ISSR TR Y Gst (ERE S e 1 -1 B8 X0 Ak R 1Y
DR , [F) I S e 1 A6 Ky 3z g %o DR 3 1) BTk
WX TEA BRI 7, 4B 012 20 % & R Y BTk 22 L
PSR

B T SRR () 01 0 TR 1% 35 % A A R A AP g 35
PRI 3 T B S hOHE R T 1L X A A S5 S AR A
K, 5SS RIAE 2 S HLIX PR A A S B R 2
S BT B RUAE 2 B IX )RR RN 4 A
A TEVUHE X, e AR (NLM) i H (DR) 252
—AHERI(HA) , JERFE % (BML) JEHFA —A>
FLERL(HS) , B0 A R 2 40— oA (81 2)
AT UL PG A 2 A B RS B — N B R | X — 45 R
SR U BH A B35 A7 A2 /AL B A3 R, BMI
5 P. kurrooa R — 3, X BB EWRE ZJE 7 A i
P AFAE— B EEN 7 AR TIR ARG .

3.2 BEBLBTHXIS RAZERP

A FEMR I 22 B0 — SPE R 43 19 3 4> ESUs,
TR T 11 35 B 2 R Pt A B AR B 1) S8, T AT
34N ESU PN G J 4FE ] 19 35t 4% BE 25 /N ESU 22 [7]
F1R T 79 i R T ) S AL R B (A ) < 1182 Ml =
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1.399) , B ESUs PN 1Y J& #F Z [a] 38 1% 7 AL F B AR,
ESUs Z [H] (5 /LR B 5

ESUT @ T 4 @B 502 BM,CZ,YZ,
SN, A 3 AR AL (HL H2 H3) , ML LA X
A A A TERBE AR, WAL e AR (9 S BM Al
CZ JuiE, Hoh BM BRI S R i Kia ),
9 BM JE B H A MR R SRR R H2 M CZ BT
H1 H32 A5 A R PR 473X 2 A Ja Bt 55 T 0%
YT A R AR S . BT BM B TS
L E R H SRR DX {H T 0t s B 5 i 1Y
HETRBEA L, 3 AR, 25 g 44 1 PR R B
(AR S H 8 R AL SR A%, OR3P X R T Hin s )™
W&, N T 73 B Xof 3531 905 0 P PR 47 AH 0T 5 TR 55
PRI AR R DL SEE DG 4% B ESU A £ 4 J5 U 2 Fof
EAIUR Yl L R = S o a1 [ W P T
BM JE e 2 AR 0 S R DR A S B Y
TH RS 1 o 3% 1) 5t A% Z AR P R, CZ
JEE T B B S ) T LA, TR R A R 0 S B
NI By, 32 20 g mT fe A/

ESU 1 245 1 DR 1 NLM2 ME#E, HA X 2 4
JEREEAA A 04, et B SR, NLM
B3 A TR AR BB 3, A A7 R A 245 0 W T )
2 b WSO 5 B 52 24 A, 224 i 24 A A 1 AL SRy BA
TR PEATRAZ, IR X NLM 3 00 130 45 31 K
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