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Genetic Diversity of the Endangered and Endemic Species, Notopterygium
forbesii,Based on cpDNA ¢rnS-trnG Noncoding Sequences
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(1 Northwest Institute of Plateau Biology, Chinese Academy of Sciences, Xining 810008, China; 2 Qinghai Ecosystem Remote
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Abstract:In order to make clear the genetic background of Notopterygium forbesii ,and provide theoretical
basis for its protection, we assessed the genetic diversity and genetic structure of 138 individuals from 14
natural populations of N. forbesii,an endangered and endemic species in Qinghai,Gansu and Sichuan, using
cpDNA trnS-trnG noncoding sequences. The results showed that. (1) Sequence length varied from 509 bp to
515bp and base composition was with high A+ T content of 67. 6% ; (2)31 haplotypes were identified based
on nucleotide variation. Among them,nine haplotypes(H5, H1,H9,H10,H16,H17,H19, H20, H22) were
shared by different populations,and H5 was the most frequent haplotype and represented 48. 56% of the
total samples; (3)Relatively high level of haplotype diversity(Hd=0. 750 3) and nucleotide diversity(Pi=
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0.007 11) were detected in 14 populations of N. forbesii. However, 31 haplotypes from different popula-
tions mixed together and did not form distinct geographically separated clades. (4)Investigations of popula-
tion differentiation(Fs; =0. 602 4), gene flow (N, =0. 330) and AMOVA(60. 24% genetic variation was
partitioned among regions) all demonstrated that high genetic differentiation existed among population. (5)
The genetic distance of 14 populations of N, forbesii ranged from 0, 000~0, 007, with an average of 0. 003,
indicating that the genetic relationship between populations of N. forbesii was relative far. And there was
no significant correlation between genetic distance and geographic distance, illustrating that there was no
obvious geographical trends of the distribution of the population genetic variation in N. forbesii. Many fac-

tors might attribute to the high level of genetic differentiation, such as:limited gene {low; genetic drift; geo-

graphical isolation, Based on our results, we proposed some conservation strategies.
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A DNA 2Hi#%E Y B DNA f—#4, EEY B E
AEREH, ABEZETT A TR A AL B R A B

cpDNA JE4w D X 4% H BR 5 511 22 5 42 8 455 1 ok 43
WHEDWERREERMAS MR, 75,
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T ETE cpDNA trnS-trnG FE 31 M BB HITHREILENHERMER

Table 2 Variable sites of the aligned sequences among 31 haplotypes of the trnS-trnG fragment of N. forbesii
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31 Fhe BRI BN 4 A (3R 3. 2) KRB, A 22
MG E - FETEEMMNERS, KM 9 Fh
AR K FE OB BT 4t 2 (HS, H1, H9. H10, H16,
H17.H19, H20,H22), v BA{F R HS R4 &K
T7OBRE R R W RAR L, B AE 10 NEEHE 67 MM
BIE], & ARG 48.56% . FIBt—se3t=
BRI SATAHEMRZ YRR, M THEERME
REER L AER Hs, 3 ERRMERERIL
EHAER H22,

M 2 A] %0, 31 A B AL I B R 3 4 A B
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2.3 EEHE

Feit JEVE cpDNA trnS-rnG JE 48 18 X )7 51 1Y
HERZHEE(HO SBRERZAEE(PDILE 1.
MY FKE LF.31 MRFRMBERNEEER
Hd=0.750 3, ZHBRLHEE Pi=0.007 11(F 1),
ERFETRERARENBRESEE. A& ER
RKE FEHEEERBNBREZHEERS (Hd=
0. 955 6;Pi=0. 007 494), T H 7 B i (XH) 1 14 )|
# /R 7 (REG) J& B 1 18 15 Z FEE B IR (Hd=0. 200 0,
Pi=0. 000 392; Hd=0. 181 8,Pi=0. 000 710)(F 1),
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Table 3 Geographical distribution of haplotypes in populations of N. forbesii

L

JE# Population

3

Haplotype v pzm  pA 1D MH  HZ MYl

No. of

individuals

MY?2 ZK TZ1 TZ2 XH HZU REG

H1 1 2
H2
H3 1
H4 1
Hs5 1 8 12
Hs
H7
H8
HY 1 1 1
H10 1 6
H11 1
Hi12 1
H13 2
H14 1
H15 1
Hi6 1 1 1 1
H17 1 1
H18 1
H19 1 1
H20 3 5 2
H21
H22 1 1
H23
H24 1
H25
H26 1
H27 1
H28
H29
H30
H31 1
it Total 8 10 12 8 9 8 12

T
e R T T e -

T e S S N S W O

11 10 10 9 10 10 11 138
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2.4 BUEBREENH

R ST M E 15 cpDNAtrnS-trnGIE 4R 5 X F

A 2
H1~H31 R Ea,; B M A/h 5 AR aHE— 5
Fig. 2 Haplotype network of the cpDNA

trnS-trnG fragment

cpDNA trnS-trnG B B AR R B

H1~H31 are the haplotypes; The size of circle is proportional

to the relative frequency of the haplotypes in this study

P8 Al B FE BTl e A BE Fsr fH (0. 602 4) FlI L
B (0. 330) . 3T cpDNA trnS-trnG FE 4% X ¥
572 7 89 AMOVA 4yt & B3, 3 ot 36 16 K 4
(60. 24 Y0 MG R R A TERME . RA 39. 76 %0 K
BETRKEEREBRANGE O, BN BE L
KT JERE oAk, U B B 44 1] 28 7 2 98 i JETE Y
FEBRRE. BREMEMWERR(N,=0.330),%
HH I B M 38 A & JE B ) B R AR
2.5 BEBNRAZEEXER

AR ERENARESBEENRER
WBin, AR PR EES BN S EERILES,
MRS Al LUE . & B BB EFE R 7E 0. 000~
0.007, ¥ % 0.003, ZK 5 HZ,MY1.,TZ1.TZ2.
XH.HZU .REG i# £ IE 8 &% (D=0. 007) , £ H &
MIZ B W EG R RBUE

FI F Mantel G531 4347 % J& B 6] 19 358 1% BE 5 A
M IEPR S 2 [E] #5477 Mantel £, F # 47 1 000 K
FEMLAST I , H r=0. 049, BRI & Z B A MK (P=
0.143) , R BAFE 35 15 J& #1345 78 5 19 20 A B0 W
B s T

4 EHEBEHEEFLREE AMOVASHER
Table 4 Analysis of molecular varianceC(AMOVA) for populations of N. forbesii
based on cpDNA trnS-trnG sequences

BIEERKE

Source of variation

HEE

Degree of freedom

Stdev square

41t Total population

FEBEH] Among populations
2 BN Within population

137
13
124

252.333
157.78
74,55

BETRAS BAL B EL ) & 7 45 4
Variance component Variation/ % Fixation index
1,918 00
1.155 47 60. 24 Fsr=0.602 44
0.762 53 39.76

£S5 UAEHEERBMAMEEE k) ALK LHMBEEEEO AL TH)
Table 5 Geographic distance(km) (above diagona 1) and genetic distance(D) (below diagona 1)

between the 14 natural populations of N. forbesii

HY HZH PA LD MH HZ MY1 MY2 ZK TZ1 TZ2 XH HZU REG
HY 0. 000 56,18 67.15 92.81  130.32  96.53 80.14 83.49  166.29 118.71 113.45 205,02 232,23 385.337
HZH 0.005 0.000 18.85 76. 87 86.42  91.56 130.45 112.41  112.37 114.19 107.93 150.30 176.5  329.49
PA 0. 004 0. 005 0.000  61.50 68,17  78.21 134,34 108.23 111.25 99,92 93.64 138.02 166,25 323.12
LD 0.003 0,004 0.004 0.000 61.68  20.19 122,53 74.61  158.93 38.79 32.59  163.51 186.98 350.83
MH 0.003 0. 003 0. 005 0.004 0.000 80,01 180,12 135.97 114,61 88.97 84.55 91.99 125.82 289.98
HZ 0.003 0.003 0.005 0.004 0.001  0.000 111.76 59.44  178.56 23.27 17.34 172.05 205.85 369.93
MY1 0.003 0. 003 0.005 0.004 0.001  0.000 0.000 56.29  242.82 123.69 121.78 267.41 298.25 457.38
MY2 0. 002 0.004 0. 004 0. 003 0.003  0.003 0. 003 0,000 219.12 67.91 66.64 227.17  260.01 422.92
ZK 0,005 0. 006 0.005 0.005 0.006 0,007 0. 007 0.005 0,000 195.58 189.92 87.33 92.43  221.53
TZ1 0.003 0.003 0. 005 0.004 0.001  0.000 0,000 0.003 0.007 0. 000 6.29 179.21 213.57 377.69
TZ2 0. 003 0.003 0.005 0. 004 0.002  0.001 0. 001 0.003 0. 007 0. 001 0.000 175,41 209.68 373.83
XH 0,003 0.003 0.005 0.004 0.001 0,000 0. 000 0.000 0.007 0.000 0.001 0.000 34,48 198.48
HZU 0.003 0.003 0.005 0.004 0,001  0.000 0. 000 0,003 0.007 0. 000 0.000 0. 000 0.000 164.23
REG 0,003 0.003 0. 005 0. 004 0.001 0,000 0. 000 0.003 0. 007 0. 000 0. 001 0. 000 0.000  0.000
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3.1 EHEFENEESFE

Hw AN TA SO X R MY Fh s % B R
P AR AR, B SR A B R E B Rt
FUFEAR EMERHAMURERFRE AR
B IE 2R tE . A< SC B o X B AR A A T eE R IR
14 N AREREE cpDNA 1rnS-1rnG 43 ¥ 18 3 E 9y
FAKSER Hd.Pi 89{E 4 520 0. 750 3,0. 007 111,
KUY TEH HEYFOKE BB E SRR, X
TR B 8L 2 BE M AE [RLR 19 32 15 (Notopterygium in-
cisum) PHFERME . UEAHRER, FEH
b VR S R S S S Aa il e
BRARMES ) FrREYFKE LB EIRE
ZHETEREUTHERAEX., B TSR
FHEFTREARX. BREMEFETREWIR
R ARE B S EEEBNRIE N RLR,
SR H XA LAY IR RS s B R, 2
BHRFRANEELTER LG REEAMLSEET
FMNTGERFEBE AL, F . TRES5ZOHE
AR eI R A X, HEETREAR T ZHN
WARA , ZER HvK )N B, 3 B T K& AR
R4 AUH FRA AT — 2SR s B " P 48 LA 7 TR
ERBHAITRPEFEMRE T KA EEE
RS A B R (AN AR R HS JT iz 0 TR BE
10 MR D, (R N EYF B E RS KFE 8
(2N
3.2 EMEBENEESEN

— YRR AR BT T, ETR KRR B
WFERBRBBMESEH . i MR eE R
WAL, & T LAY BN, KT YR E 2
MBI ERE L. BRBEEEN NEHRETR
EEBIH R, — Bl AMOVA S8R 0.
HASERB (Fs) REERBRBRE T LET AN
ir, ERATERNBRIEEF P EFEEZER LW
B, — B Ol X T U R R U B (] B 3Bt
&7 AT K, Ak B B, 40 o 1 e B A AR
BAZET, YK R REENZZRME RN,
Hamrick " MR ZH MY MW EBT 45 . AR
TR BOLH S B AR R 5 R R XA Y Y it 1%
SEMERBRMEE, [, BESHE S YR NH
R0 s R A e R, b IR BE R R R
BESHGE —EMHEM, RFK G, AMOVA

WIERH T s MR R R TR R B
(60.2400) , JRBEAN AL B/ (39. 76 0) , For B 8%
THBIRER. XNMERBEES LTRSS UTR
EHX,

(DR Z . BF35 5 it 22 PR 2 5 3
A 2 DR O/ R o L JE B st A b R 55 — A4~
BRIREE. — B SEEHEESERRANE
R V6 B4 28 4% o3 ok A T 6, 18 JRL 30 B R/t W] LA
SRR L e B Kb . R R B, TR B
B Fy 38 4% 434/ IR R K Y B B 98 mT A B Ok B B ()
38 1% S AL, B IR E R 3R Y s R =22, JB B ] 1 i 1%
SHAERSY L X F R SRR W E , — 5 W, I 4E 3R Y
AN Had BERAE, I B ABWE ST B RAEBMBEIR, F
BUTEM RS SRR A 4D, B R REAUE B
ARFTE G HY BREA HZ B, J3 B 5 46/ A
AR R B B A R B R AL BELIRT TR R Y
HEZW, #— 2R T RS E S, B
—H W, FEE MRS RE. EERER
NEBT I & A, M BB EEL G TF
SR R Y R LA A AR L 7 e R 2 R I A A
) b 3 3k BEL O b B A6 K 9 1% 48 Sl BEL L /8 B 1) 1Y
ZZU 5 e T 1) A PR AG 2 R 9L (N, = 0. 3300 3 — 254
B TiX—pi. PRI, 7 5 R X Y st 3R A% 5 FT BB
SETRMEEERMRE, KT E R B L
Sl . ¥ Megacodon stylophorus™? . Kb 4L 8 K
(Rhodiola crenulata ) | B 811 & 2% (Anisodus
tanguticus) i — Bk (Lamiophlomis rotata )™ | &
A K E (Rhewm tanguticum ) % 75 8 = [FAE ) &
RRRE SRR BE U RERY, AKX
NEZRHIEEM TR EE RT3 R
7] 388 1% 43 A ) TR

(D) BBEE . BT LR 17 5% 25 5 T a8
SBUBBER AR KM EE R, Fischer %57
AN A R B 5 b T B B 2 ) R 2 I 3 M G R
BB E TSR R PR E AT 2R E
s 8iE S Ei 5 AR RE R, BHE R
78 F8 R 5% VIe) T e SR A A R 1 o B R [ 38 A5 A8 R 9
HEHNEK, EARBRT, 58 M FETE 5B H A8 Z
BB EZEEA B ERHEXEP>0.05),
PG R A HIE AR 45 R R SE T B TE H AR R
ARIM AW XA, F, R
WRESEAEM ZEERALERFRRAN X —PEHE
SIS
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