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5 ARE R 2~9 A SEX AL 4.67 A, XN ARG BE (Ho ) FIIHERZ4 A BE (He) 4351k 0.142 F1 0.230,
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Genetic diversity and genetic structure of the northern
margin populations of Hippophae neurocarpa

LI Ni, JIANG Yan-Fei, SU Xue, CHEN Wen, ZHANG Hui, SUN Kun "

( College of Life Sciences, Northwest Normal University, Lanzhou 730070, China )

Abstract; We analyzed five natural populations of Hippophae neurocarpa in the Qilian area of Qinghai Province with
SSR molecular markers, in order to understand the genetic diversity of the northern margin populations of H. neurocar-
pa on the small geographic scales and the genetic structure of the populations which distribute fragmentally, and to pro-
vide reference for resource protection of H. neurocarpa populations. We used six microsatellite primers to amplify the
DNA of 107 samples and detected 27 alleles, with the range of 2—9 and a mean value of 4.67 per locus. The average
observed heterozygosity ( Ho) and expected heterozygosity ( He) of H. neurocarpa populations was 0.142 and 0.230 re-
spectively , and the range Shannon information index (1) was between 0.280-0.567 with a average value of 0.374. The
results showed that the genetic diversity of the northern margin populations of H. neurocarpa was abundant. The coeffi-

cient of genetic differentiation ( Fst) was 0.483. Molecular variance analysis (AMOVA) indicated that 48.33% of the
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variation existed among the populations, and 51.67% existed within the populations. No significant correlation between

genetic distance and geographic distance was detected by Mental test and the detection of gene flow found that Nm was

only 0.328 among populations. These results suggested that genetic drift was one of the key factors for the differentia-

tion of populations. The 5 populations were divided into 2 groups based on the structure analysis. UPGMA clustering

showed that the 5 populations were clustered into 2 branches, one of which was ARX, which was consistent with the

results of the principal coordinate analysis. According to the analysis of the genetic structure, it is suggested to protect

populations in situ as many as possible.
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AL AR SR R AL S5 A0 2 fa AR i
BENAS AR 2R AT 5 A AT DL 7R )
JEFE A s T HL Ay R — 25 g3 A kA g A
Ak fir iz B AR 4 o w4 I E 2 BT R} ((Soltis &
Soltis, 1991) 4% [a] 5% 1% 2% ¥4 () T i S AH 4 0 Ak i
FERNFPHE 2 25 0 SRR (A 2 4105 ,2014) | B
AL SE M 11 22 5 st A% 2R i B R, —
YyFp i AL T 3 FIARAAS R PREE 1Y e ) BRI A
PN AR R S 1 RN, A AR T T R Y8 A A A
( Grant, 1991 ;Millar & Libby,1991)

U IS (Hippophae L.) FELW) Jg MEMESE PR  KIEEA%
Ky Z AR TS REAR BN R S B B 28 T FIK
T ORIFHEY) , AT T R S b AR I X,
SEREE R B YA, B B AR R T M
{8, WISV ( Hippophae neurocarpa) f&—1>4341 F
T v D e T M DX L A M R A R T P
JEC DU AT R 4 A G #A A, A K TR K
2 300~4 200 m AT HTR | T0E B Y A8 (K 3
2000;Sun et al,2002) , I 4F A [ A b2 35 X vk
B Y R EL Z P C T R T R E ST TAE (Tian
et al,2004 ; Ruan & Li,2005;Chen et al,2008) ,{HiZ
AR LT T 6 s AR AR T SR U B R s AL 25
MFERAE ZREEATS B Z TR, G ERE— AL T4
XA B SR T T R A Y A2 Ak n] RE BE D L
TE BB T 5T, XIS R
FEAE A 182 1% Z2 R IR OR A7 3w I 5 A 0 v 1
(Van Rossum et al ,2003) . 75 A1 2 Hb X & Bl SR v
oA X AL S, X612 DXy SR VD AN ) 1y s A
WAL FNIs AL Z AR VESEAT AT ST, X T8 s Hoi Ak
I N HCAT AL A A X, AN SO SSR T
12008 T2 DX R0 T R 18 358 1 22 R T g A 25
HEATAESE , DA LLT (B 78 1453 A X Ab 2/
MR RURE T U SR U A S B A 354 22 AR OKF-
a7 24 Sy IKIREAL A9y ) e 9 T R S e 0 b, e Bk

OISR U BRAT T AR 25 [l e 4k 7 L4
FoHs 4 BE— ARV R D R 15 12 72 5 5 AL
AL BEBLIE LA, D 1 SR v B 0 B TR 4 A
AR IS H K Y

1 MR E 7%

1.1 #EARRY R & F0 DNA $REX

T 2012 4F 9 F e 4R 2% LU g M ) 7 g 4 AR 1% B
PEFTRAE 43 BRI S5 A Bl R U i b 5 B A 42
BRI AFR 00 EBE A RS R 1, T
A1 R B 5 0 e I A A A R A v T R R
£E 1 IS A5 W SR VDR B 4 5 DNA (1)
RIS IR Y 2 x CTAB #:( Doyle,1987) .
1.2 D EHNH

M Wang et al(2008) F- &1 9 X} SSR 5|9 Fi%F
TT45(2014) A 13 X SSR 59w vt H 6 4%
WIEW EEM AAHBEEZENEIM(F2), B
ArRE4E R B AE 10 WL IR & b AT, AL
buffer 1 plL, 2.5 mmol - L' MgCl,, 15 mmol - L
dNTPs (2.5 mmol - L each),0.2 wmol - L' 5|#),
1.5 U Taq DNA R & [}, DNA #i4g 50 ng, H 4 H
3dH,0 #h 5%, PCR [N 55 1F K 94 C Pl A2 1% 1.5
min;35 MEH .94 CAEME 45 s 3Bk 45 s (1B KIEE
W 2),72 CHEM 1.5 min; TEIRLEH T, 72 °C 1Ef
7 min, 4 CIRAE, Y 7Y 6% (1) 722 P 58 V9 4 ok
JHe e IR HEA T HIL DK, R 2% i 8372 I 25~ 500 bp DNA
marker FEEY S BERK
1.3 HT/EIT 55

K GENEPOP 4.0( Rousset , 2008 ) % {4461l {37
MALERIAAEIE BT . ] GenAlEx 6.501 4%
(Peakall & Smouse ,2012) 437 WL S5 FE K ( Na ) |
FRENFER (Ne) JHEIL A BE (He) WM ZR 5 B
( Ho) 1 Shannon 15 BI85 (1) FFtfES5, HhH
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Table 1  Sampling information of H. neurocarpa
V. i -
B Aiﬁlﬁe Latitude %tﬁmz,—:liﬁf KA L
Population ’ E2YE ampng Location Habitat
(m) Longi number
ongitude
(opes 2984 100°45.518' E 22 R £ TTE VD RHE DA
ARX 38°06.128" N Qilian County Sea-buckthorn shrub on the beachland
K 3295 100°19.403' E 20 R H TV A
BG 38°08.963' N Qilian County Sea-buckthorn shrub on the beachland
L 3100 100°24.537' E 24 i n PG
GBW 38°14.936' N Qilian County Spruce border of forest
EJLEE) 3048 100°39.825" E 17 AR TTE VD IR DA
RXC 38°13.909' N Qilian County Sea-buckthorn shrub on the beachland
INRR 2 940 100°32.007' E 24 AR TTE VD RHE DA
XDS 38°08.615" N Qilian County Sea-buckthorn shrub on the beachland
&2 SSR5|¥FFFIFNE NIEE
Table 2 SSR primer sequences and annealing temperature
519 GiVESTH FIFH (5'-3") B Sk G Rl
Primer Repeat motif Primer sequence (5'-3") T.(%C) Size range (bp)
Hr-06 (CA), F:CAACAAAATACAATTCGGAAAC 50 70~90
R:AATAGGAGACACAGAGGCTTC
HTP-06 (A),(CAAACA), F:CAATTGTTCAATACTAAATG 42 113~125
R:ATCCTAATCAAAAGAAATC
HTP-12 (A)g F:TGCCAGAAGATTAGACTTTTAC 55 70~85
R:GGAGCAGCTTATACCCATTAC
HTP-08 (A) F.CCCCCTTCTTTTTCAGATAGT 52 135~140
R:GAGAGTTGCATTTTTGCCCTTT
HTI-01 (A) (T, F:GACGCTTGGCGACAATATAACA 55 125~145
R:CAAACCCATAGCCTCTACCTCC
NHTP-27 (TGA), F:AACCACAGCAAAACAAAAAAC 47 230~250

R:TAAAAATACACCTCCAACTCA

He 1 1 kAl i J& B 19 38t 15 2 F£ % (Nei, 1973;
Shannon & Weaver,1959)

X gt AL G5k B 43 M, AL T Arlequin B
( Excoffier et al,2005) 115 & #f Z 18] B9 352 1% 4 b &
B (Fst) s IF38 3350 F 5 2250 B (AMOVA) Al 55 21
VDR 7] J B ) ast A% AR R o A O, ds
STRUCTURE3.0 %/ ( Hubisz et al,2009) fY Il -3t
REEMRIE A MAR AL RIS T2, A
SCHFFE T 5 AN M7 JE A, 8 K=1~8,MCMC H&Z {H
2K 100 000, burn-in #2471 000, 45 K {55 3732 17
20 X, H Evanno et al #9777 (2005) i+5. AK {H, it
X & FE L A5 M AT T A E L, 5 b FRATIE R
JH GenAlEx B XF e G AR 4T T 3 A2 45 43 Bt
( Principal Coordinate Analysis, PCoA) , F|H NTSYS-
pe(Rohlf, 2000) ¥ #1477 R /317 .

2 HERH4M

2.1 BEEESHYE

F 6 X5 1 W%t il S Vb kR AR EA T SSR 43 AT, A
R 2] 27 A0 FEH , o 209k 9 4 (NHTP -
27) EP R 2 A (HTI01) . PRG54 3
WY ZEAE AR S0 4.67 A, HLI B 5 1) AN A7 78 2
AP, AL 5 DNA B R/ T 70~250 bp 2
], A3AR X JEZE M SRV 5 AN TR RER PRI 2
JE(Ho) 2} 0.142, F- ¥ 3 A5 (He) 7 0.230,
Shannon 15 BF8 %L (1) Ky 0.374, JE#E# & ZREPEK
RN ER S AR HLE (GBW) FERER)
WAL ZREVE f B (He = 0.324,1=0.567) , H Bk
(RXC) )38t Z AN E R AR (He=0.188,1=0.280) , J4
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Table 3  Genetic parameters of H. neurocarpa populations

" LI 45 A7 3 K] AR AR K] WG WL % 5 BE Shannon {5 B4 44
A A b ber of E 1 h. ” s inf i
Population verage number Number ol xpected Observed Shannon’ s information

of alleles ( Na) effective alleles ( Ne) heterozygosity ( He) heterozygosity (Ho) index (1)

HEAL s GBW 2.833 1.753 0.324 0.160 0.567
HJBAF RXC 1.500 1.320 0.188 0.166 0.280
INRER XDS 1.667 1.357 0.211 0.132 0.319
fiTZE £ ARX 2.167 1.446 0.225 0.129 0.377
VK5 BG 1.833 1.345 0.202 0.125 0.327
34 Mean 2.000 1.444 0.230 0.142 0.374

x4 MRIBREBHEBREIURY
Fst & (X A%k b)) fBEEs (MHALT)

Table 4 Pairwise genetic differentiation Fst (above diagonal)
and genetic distances (below diagonal) among

H. neurocarpa populations

WH AL HiR  NRE  WES o]
Item GBW RXC XDS ARX BG
HeAuys — 0.348 ## 0.414 % * 0.565* = 0.306 * =
GBW

H AT 0.278 — 0.500 # % 0.465 % 0.345 * *
RXC

INFRER 0.333 0.421 — 0.655 # %  0.442 %
XDS

firz & 0.743 0.293 0.867 — 0.509 =
ARX

KI5 0.208 0.272 0.285 0.442 —
BG

E: * FIR P<0.05, * * £k P<0.001, T2 S5HKR P>0.05,
Note: * represents P<0.05, * * represents P<0.001, absents of asterisk stands
for P>0.05.

x5 MRIVBREEHNSFERSH (AMOVA)
Table 5  Analysis of molecular variance (AMOVA)

for H. neurocarpa populations

- o 50

AR AR A TR Variance e fl ﬁﬁ
L Sum of Percentage Signifi-
Source df compon- L

squares of variation cance

ents
(%) tests

JeE T f) 4 128.375 0.734  48.33  P<0.001
Among populaitions
JEREN 209  164.050 0.785  51.67 P<0.001
Whithin populations
S Total 213 292.425 1.519 100

R ZREMIK T}y GBW>ARX>BG>XDS>RXC (% 3) .
2.2 BEHREEN
U SRV R T e T £ 352 4% 20 A R AR Fse 172

>4 0.306 ~0.655 ,~F-¥I{H g 0.483, 352 1% 734k (Fst)
TEJEREMZRBLN .35 (P<0.001) 5 5 A& HEH] A9 F
PR AE IR R 0.414, Hor XDS Al ARX 22 8] A fc Kk
{H,GBW il BG ZIHHE/ N (£ 4), RIS
BRI R 0.328, 43+ 5 2250 H (AMOVA ) E W],
T VAR 4 ) SR U0 U B 2 (R A A B 2 7 (P<
0.001) ,48.33% )28 A7 T I #E ], 51.76% (1) 2%
S RAETERRE NI (R 5) . Mental K 5545 2R
W BARTFIGARIE 5 > Wy 5 V0 0 A 10 3 A% 1
SRS — 2 B9 IE ARG HAH A 3 (r=
0.330, P=0.170) .
2.3 Structure 534

Structure X453 #7 9 AK WEE HIAE K=2,4
K=5 i}, InP (D) ik B & m 7K F H LB AK {5 15
B K=2 0, A EC RS 1 4l p9AMR E 8ok [ R
GBW 1 XDS, 55 2 41 (2K I =2 & ARX  RXC F
BG;K=5 B ,5 MEHEA Ly BB A4,
Horft XDS A1 ARX 1y 434~ 4 B 43 2 5l i) 40,
RXC B 1 RS HADA A AR 1k 3 28 0 57 7 —
A4, GBW Fl BG AN —H 947 2 RXC M4
P, B RER ARt gl T 20 Bk N (T 1)
2.4 BESME X LIRS

UPGMA BRI 5 AN ERER N 2 My,
HrE# GBW 5 BG SE®R A —3, JF KK 5 RXC
1 XDS BN— 3 JETE ARX B —s2 (& 2)
FARFRA TR ZE R 5 UPGMA BB45 3Kl 3) .

3 w5 4En

AL Z R YA I BEIL B 78, & 1K
g T WIS DL IELC T T, VOB AR B A
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GBW RXC

XDS ARX BG

Bl 1 XFRELEMA Structure 434145

Fig. 1 Result of structure analysis on genetic structure

GBW:|
BG

RXC
xS ——— -
ARX
0.I200 0. 1‘300 0. ;100 0. SIOO 0. 6I00
Coefficient

B2 AREDBE S A e UPGMA SR2E5#r
Fig. 2 UPGMA clustering for 5 populations

of H. neurocarpa

T e SR L 2 b X A R B O R Y S
Fofr, e VDR 2 R VD PO A A S N e i
ARSI R R T 3 & sl 2Rk
Shannon 15 EI5 X0 0.197 F] 0.410 ( FM3H1%5 2004 ;
Tian et al, 2004; 7 ¥ 1 55 55, 2006 ) . i 0N 4 55
(2008) | FHM-2544 DNA X iy S5 70 ki 22 b B 22 1))
WFoE & B0, JL A5 R ZRE MR BT 14 0.300, Ve
TPV B AL 22 P 10 B BN 2 5 5 L e 5 ok
WS 32 BB RG R — 3, A5 FIH SSR
Sy FARIERT RIS BB R B A AR X AL
kT AL 3% ]l DX %) SR R S5 A5 2 1 AR AR T 3R AT
Xof bR RURE T B SR v st % 22 R R 1 A g 4 SR

Principal Coordinates (PCoA)

A
A
o GBW X P T
oRxe X XA A
~ X g X ¢
| A xDs 0
b o U o
5[ x ARrx .
S X
X BG X x X 1 xl o
X o a i
X 0
Coord. 1

Bl 3 SR S AR 107 AR ARG T
(PCoA)  Coord. 1 Fl Coord. 2 43 #Ift 3 39.33%F1 17.26%
BRI R ERFUS ISR 1,

Fig. 3 Principle coordinate (PCoA) plot for the 107 individuals
from 5 populations of H. neurocarpa  Coord. 1 and Coord. 2 account
for 39.33% and 17.26% of total genetic variation, respectively.

Population codes see Table 1.

(IRYTHE,2010) AEATSHA B8 £ 5 18 L Z 0
WER 5 BEFI Shannon {5 B8 5053 5 He = 0.230,
1=0.374, X450 3FF TSR R S5%00 e A
LU AR BB 4 5 4 X 57 35t A% 22 1 B9 WL A5, ( Eckstein et
al ,2006; X 4255 2013) , Van Rossum et al(1997) 1A
R A B R IR B ) R DR AT A & s
st 1% 22 A 1 B & 19 B %2 5L R, Thomas et al
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(2001) $2 H1 Wy Fh o3 A X i 2% J i st 1% 2 RE M
Al eSS Hm I R A A7 R Ty, (45 o B8 5% B aE AL
SO O, AR DR XU S5 52 1 22 A7 A E R 5
ANTROR, Bl T3 A 5 K B A (Lu et al,
2005) , 3X 1] G 2 T 1A % M DX SR v R A s AL
R RN AN, TR T S AR RE
GBW JEBE MG M s, LR ] g 5% B
SIATIERR AMREE 2, B 5 i EV IR AR FhiE]
Al REAEAESE RIS A5 6

) JE R AR S50 52 B 2 A N AMNR 5
HBEH RS SR 5B B &5 T
()55 434k, , J2 5 TR 358 12 445 ) 1) o o 8 PR 3R (5 T,
1994) , TRl —h Bl I 500 BB L,
NG SRR AR AR R 1R | st % 43
{21 K (Hampe & Petit, 2005) , ASHFFE o, 7 i
A% b DX Pl SR VDI AR S A AR e AR B s AR O
B (Fst=0.483) , AMOVA Z5 53 B Ju B [a) A9 722 5 o5
R S 48.33% M Structure 43R DAE HY 4% SR
RERI ) bR B i XU AE A5t A% A S R o047
FETREREN, JEHER A AR/ (B RIEAZ R 1)
P SRV A AE AT AR = ) B B[R] 352 4% b ( SCE I
7 ,2010) , FRATLARGT HORFIE K B, Bl SR v o
AR A R A% 3, 18 G A6 by 1Y) e 3 A% 5 TR B Ay
125 m (5K B 1R, 2009) , 1M 7 7 1641532 Hi Xl SR 70 i
R B JE A 22 1) b B B # A K T AR
T 0RO B 0 ) AR AL B B A TC VL AT R A )
(LRI ZE I Rl 35 PR It A ) 2 0 S8 R (B 1) N A
0.328 ,/NT 1, Al T KU, S5 S8 AF ) 1) 1 34 5 AL i
TRV AN DIG R o B N i AR B 5 R B 434k,
b, T ke BEH L2 ) SR A A J B RD Y38 4 0
AR

Uy SRV A A 5 90 o L R A R R VR R
MR YR, B EE A ML NE, |
TRV = & () SRR s A AR 2 Y
REMDIB AL 504k, 7 SRV R F A fdr v S AT fig
Z M AR AP TR s A, A R e R B BE L DR AF T
RUPBR L Z

SE k.
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