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tibetana ) . WIS VP ( H neurocarpa ) . & R1»
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Table 1 Sampling information of sea buckthorn populations
LR TR SR s 25 FE(N) 2P (E) FEA R
Population code Location Latitude Longitude Sample number
FHEVIR (H rhamnoides subsp. sinensis)
CFA ESNEME PPN 3] 42°25'12" 119°45'36" 20
BAH PSR YR X U 42°18'51" 119°54'01"” 6
wWC AL Elp B 41°58'48" 117°41'24" 20
SY AL Elg B 41°5324" 117°05"23" 19
DaBao OBy =1 40°00'04" 115°0022" 20
YY Wi 2 B 40°04'48" 112°5136" 20
ZIW WL PE4E K [E T 2= KX 40°06'50" 113°01'06" 20
Qs I PEAE KB 35°28'41" 112°01'43" 5
wQ Bevtig Rtd B 36°55'04" 108°12'25" 12
XY PG 44 A & 5L 35°21'19" 108°41'46" 8
™ HilraEE R 35°18'33" 105°26'31" 3
ZhN Hitgses 34°39'17" 103°27'49" 10
LinX Hil AL R 35°39'43" 102°54'08" 10
QL HIGERER 38°05"27" 100°21'39"” 11
GLT A=y AT =Y 32°055'13" 103°24'30" 5
QY VY1128 i B 32°33'08" 103°37'25" 10
HY VY )1148 41 s 32°52'19" 102°35'47" 10
MWS P )1145 41 B 32°55'00" 102°37'42" 4
Z VIR (H. rhamnoides subsp. yunnanensis)
LX V9112 B R 31°30'56" 102°55'42" 17
SIS T )1145 41 B 31°54'04" 102°38'37" 12
WL UIE=S el E=1 30°54'43" 103°0127" 12
BX PO EME 30°40'56" 102°45'00” 10
XJ Tu)i48 g B 30°58'47" 102°18'15" 8
DB UPIE= PR a0 30°44'12" 101°44'29"” 5
KD P9I e B 30°02'42" 101°33'47" 6
LTB 91128 BRI £ 29°46'07" 100°22'11" 20
BS P H R X )\ 155 29°30'20" 96°44'22" 8
PM PO R X P E 29°52'12" 95°46'12" 4
ML FE7ER H 76 XK 29°13'12" 94°13'12" 6
LZ U3 A X TARYLIE B 29°57'18" 93°40'39" 18
CcY PH A X SR B 29°19'21" 97°09'58" 3
XZD ZHATE RN E 27°47'34" 99°40/57" 10
I (H rhamnoides subsp. mongolica)
MG EREEAEE R B X BRI, FE. HATE, fREES 8
BV (H. rhamnoides subsp. fluviatilis)
XS B LR VR E AR R E RS 10
MR (H. rhamnoides subsp. caucasica)
GIJS - bR A T 4 o 10
HEYY IR (H. rhamnoides subsp. turkestanica)
VA HEEES AR, HIR2 % 10
VPR (H. rhamnoides subsp. rhamnoides)
HB FHE. BT 8
PRI (H. tibetana)
XZ AR S A B N S R TR 6
MR (H. neurocarpa)
LG P EEEEARES. )G aEE 6
BRI (H. goniocarpa)
HL b E g AR E R 6
LR (H. gyantsensis)
1Z rh P E YA X TARTIE & 6
WYk CH. salicofolia)
LY r [ P 8 1 VA DX A 5
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— ZHPH
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Notes: A: Phylogenetic tree of five species and seven subspecies of Hippophae; B: Phylogenetic tree of H. rhamnoides subsp. sinensis and H. rhamnoides

subsp. yunnanensis ( a. Individuals from populations near distribution boundary. b. Individuals from Xizang, Yunnan and southern central of Sichuan. ) . The

percentage represents the node supporting probability of each taxa; population codes see Table 1.

E1

ET 18 1 SSRAREHPMNMERF L BN

Fig. 1 Individual phylogenetic trees of Hippophae based on 18 SSR makers.

FIH Structure 2.3V 4, FeFrh E VBRI &
FUPIRAMA SSR ZEK B SH 0#T i: InP (D)
e K =2 WhlEsm, K>2 5T e (B 2A);
AKTE K =2 BRI (K 2B). Bk, Frf
MG 2 HE A, XN SHEYPIEES hED
B = VDR 2 A (& 2C) o AL T
MWS F1 QY 2 ASFPHER IH AR I A X 2 H
e AL (| 2C), L, JEZRarHriE e
MWS. QY 1EHHhE AR EE
22 HEDBRIZEDEHNSEESHESE

FET 18 4~ SSR v mi iy h E VD Bt i Z 1S
Bo(£2) £, Ny N 1.7-49 (FF¥35), Ng N
1.4~2.7 (CF42.3), Hy 40.213~0.528 (7470.402 ),
Hy 4 0.266~0.539 (744 0.462 ), T 18 4~ SSR i
MR 2SI (£2) W
Ny H1.4~42 (F342.7), Ng H1.3~2.4 (FH41.8),
Ho 90.056~0.331 (3F440.202 ). Hy 70.127~0.490

(F150334), hEVEM =P BD Ho B

A FREE /B YY KD, SR A FEE 5 TW
A PM, FEVPBEA Ny N Ho Hg BEYET
2.3 HEDRIMEEDREEE S

FET 18 XF SSR FRic,  H [ VD R 7 R ] 1)
Fgr 4 0.026~0.286, LA B KA AP HE CFA
MWC, LR fem i P EE TW fIHY; =/
U PRI EERIAY Fr b 0.069~0.539, srfbfR B
AR A ANEE LX A SIS, AL FERE fi i il S Rtk
LZ F1 SIS; ZEEVPIRIY For (B . Fig fE35 3 & T
FE7PRE (%2, 3). AMOVA ZpHriss (#4) fuR.
HH [l VORI o ()3 72 5 8 H oA 23.7%,
SV Ab A [ ARE ] 5 23.3%, FRRE NS A ]
53.0%. " ETVPBE 25.5% A9 AL AR ok @ Ah ],
74.5% st A5 A8 ok ARV EE MK s = BV iR
#F 36.7% ML AR ok FIRIRE], 63.3% MistfL s
Sk FLRRRE A AR ] .
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Notes: (A) The InP(D) corresponding to different K value; (B) AK of each K value; (C) Population structure and the geographic distribution of populations. See

Table 1 for details of each population code. This map is based on the standard map of GS (2019)1822.
B2 HEDEMZEDHRAENRESEER

Fig. 2 Population structure of H. rhamnoides subsp. sinensis and H. rhamnoides subsp. yunnanensis.
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Table 2 The genetic diversity of 30 sea buckthorn populations

TR E Yl H. rhamnoides subsp. sinensis

LYY H. rhamnoides subsp. yunnanensis

BG5S Population code N, N Hoy Hy Fig FhEE4n'5 Population code Ny Ng H, Hy Fig
CFA 4.6 24 0442 0498  0.055 LX 42 2.4 0323 0490 0292
BAH 29 21 0417 0432  0.008 SIS 3.1 1.9 0278 0403 0256
wcC 49 26 0458 0539  0.149 WL 33 2.1 0242 0413 039

SY 47 27 0360 0538  0.265 BX 29 2.0 0.118 0403  0.707
DaBao 3.3 22 0517 0469 —0.107 XJ 29 1.9 0237 0416  0.460
YY 3.8 23 0528 0476 —0.114 DB 2.3 1.8 0.195 0285  0.248
ZIW 29 22 0436 0456  0.070 KD 24 1.9 0331 0387  0.088
Qs 24 19 0306 038  0.181 LTB 3.9 2.1 0318 0460 0318
wQ 3.8 24 0342 0499 0316 BS 2.3 1.7 0.176 0300  0.406
XY 2.4 19 0237 0401 0393 PM 1.4 1.3 0.056  0.127  0.449
™ 1.7 14 0213 0266  0.125 ML 2.0 1.4 0.094 0227 0418
ZhN 4.1 26 0415 0507  0.183 LZ 24 15 0.088 0207  0.561
LinX 3.8 25 0418 0504  0.149 (0)'¢ 1.6 1.5 0.130 0253 0518
QL 3.4 23 0375 0454  0.104 XZD 2.8 1.8 0236 0300 0254
GLT 33 24 0522 0487 —0.112
HY 3.6 22 0444 0487  0.075
“FH)E Mean 3.5 23 0.402 0462  0.100 “F¥){H Mean 2.7 1.8 0202 0334 0378

i SEOHEAEE B IR EMWSHIQY .

Note: Genetic intermediate populations named MWS and QY were not included in this analysis.

x3 FEIR (MBEAETH) MamdR (NELELT ) THAREFHEEEEIURE ( Fir)
Table 3 Genetic differentiation coefficients (Fgy) between populations within H. rhamnoides subsp. sinensis (below
diagonal) and within H. rhamnoides subsp. yunnanensis (above diagonal), respectively.

Pt 5
Population SIS WL BX XJ DB KD  LTB BS PM ML LZ XZD
code
BAH 0.031° 0.069" 0.173" 0370" 0.153"  0227° 02267 0218 0335 0390 038" 0450" 03157 0360° LX
wC 0.026"  0.076” 0244 0417" 02057 0330" 03127 03027 0416" 0491 0474 0539 04047 0454" SIS
SY 0.0377 0032  0.064" 0284 0.147° 0137 0.198"  0.168" 0291 0394 0378 0452 02577 0364 WL
DaBao  0.088” 0.105" 0.095" 0.102" 0323" 0346 03407 03247 0345° 0458 0425° 0514" 0314 0458" BX
YY 0.080" 0.140" 0.092" 0.088" 0.126" -0.005  0.011 0.122" 0284 0387" 0360" 0436" 0250° 0353 XJ
ZIW 0.085" 0.136" 0.056" 0.110" 0.115" 0.132" 0.071 0.1317 0277 0528 0457 0528" 0303 0447 DB
Qs 0.093" 0.109° 0.089” 0.058" 0.130" 0.160" 0.181" 0017 0239 0371 0301" 0381" 0254 0269 KD
wQ 0,092 0.075" 0.061" 0093 0.114™ 0.130" 0.088"  0.059" 0225 0337 0301”7 03697 02227 0214" LTB
XY 0.126" 0.123" 0.125" 0.086" 0.167° 0.143" 0202 0051 0.060" 0286" 0219”0308 -0.051 0423" BS
W 0196 0.197° 0.190" 0.142" 0271 0239 0271 0089 0.177" -0.009 0.081  0.064 0316 0452 PM
ZhN 0.104” 0076”7 0090 0044 0.132° 0142 0120  0.047° 0.030°  0.077" 0.125" 0.087° 0257 0387 ML
LinX 0.117" 0.097" 0.088 0.085" 0.I81" 0.167" 0.144" 0049 0.052" 0074 0.073  0.017 0.345" 0425° Lz
QL 0.159"  0.174"  0.150" 0.116" 0207 0.178" 0.195°  0.057° 0.110"  0.141" 0.153" 0037  0.100" 0372 CY
GLT 0.108 0.1317 0.099” 0.086" 0.146" 0.175" 0.134" 0179 0102  0.150 0227 0.066" 0.125" 0.141"
HY 0.121°  0.118" 0.150" 0.120™ 0.190 0.168 0.193 0213 0.155"  0.154™ 0286”7 0.126" 0.148" 0.165"  0.117"
CFA BAH WC SY DaBao YY @ ZIW Qs wQ XY TW  ZiN  LinX QL  GLT

Y SEOTEARG S hIE R EEMWSHIQY, #750.01 <P < 0.05, "ExRP <001,
Notes: Genetic intermediate populations named MWS and QY were not included in this analysis. *represents 0.01 < P < 0.05, ** represents P < 0.01.
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Table4 AMOVA analysis based on SSR genotypes of H. rhamnoides subsp. sinensis and H. rhamnoides subsp. yunnanensis

A5 R Ef:i)is

Source of variation df

Sum of squares

iR
Percentage of
variance/%

P75 Al 75

Mean square

TENE

Variance component

o E YIS =BV H. rhamnoides subsp. sinensis and H. rhamnoides subsp. yunnanensis

WEFhE Among taxa 1
S Fd 9 B £ ] Among populations within taxa 28
Fh#E N M4 [A] Among individuals within populations 308
A7t Total 337

HHE YDl H. rhamnoides subsp. sinensis

FhEEIA] Among populations 15
FhE PN /MA ] Among individuals within populations 183
1t Total 198

VIR H. rhamnoides subsp. yunnanensis

FhEEIA] Among populations 13
FhE PN /MA ] Among individuals within populations 125
ST Total 138

931.4 931.4 52 23.7
1918.9 68.5 5.1 23.3
3579.3 11.6 11.6 53.0
6429.6 21.9 100.0

886.3 59.1 3.9 25.5
2094.2 11.4 11.4 74.5
2 980.5 15.3 100.0
1033.4 79.5 6.9 36.7
1490.3 11.9 11.9 63.3
2523.7 18.8 100.0

i SEOFEAEE IR EMWSHIQY .

Note: Genetic intermediate populations named MWS and QY were not included in this analysis.

HEVBR M RGBS, /33K
FERAR, WIRBAALERNI A2 s Al — A R4 70 5
THRREZAE, R—IFREMAIFARE S 2R
S, I AR ] A AR S s Structure 45
R R, WHEAXETBHE, X5/
GiR g, PEYEES 2 BRI R
T, SRR EFNRREE ] AT REAEAESE R3S . (R —
LI R AR, T EE W 2 A9 SSR i 14,
LR BRI SE R, DL S I BRI
32 HEDRIZECREE S IEE SN

PN ZER R ] ISSR ARic 5T 1 ARl
VBRI IRAL A SO0, BB A AL Ay 22 i
AT RE R L R AZ B . ABFsE . fikdls AMOVA
FRAL ML R, KIN = m U s 1% o AR B
FREVR, 1RGSR R RS A
VHCREAMI, =, PiRGERsX, &
F=I I A S A AR ) R S 2 R . 55— A
AR, LB XY 2 RV O R OT RE S R
B, ARV, fEAERPRIZRAS, 2R R AR
FEEARAC B B TS (i 15 X SR 5 HAb b X
() 25 FE VDR A AL 22 52 TR o

VD TR A 0 A A R T v B M X, TR
(A TR 20 — 20 SAESE IR 16 1R 0 A Y LR 2 B
PE, TS WO A E A b X2 D
AETRESE N ), . oL T . N5

YIA A SRAPRE M, RS2 O . lH A  F
IR 2 R R IR 2R Mg e A
re . AR SN G I 2 PRI AR A ) SR, R
s, PEVE S IURE SRS B S T R
FAVPIR, QG  E VBRI AL AR T = R VB
M, X HETARIE A8, XARER T
Hh FE YIS T 2 g DR A TS TR

4 Hip

ABIFERTE T E VA = MU R F
KA, KB EU S Z R R T SR,
SR ) 2 ISR G 5 R UBOR AR Y g
P AR B v T rp YR A, HEIDR A 2R R i
MO R T 25 g U0 BRORI AR () A BE DR S0, B DXl
Ml A A R IRAE AY 22 55 BlE
T E YN 2 R VDR A A T DY AR Y
ZrFE MR . AR TAE T EV O = e v
TGEAL BEIR B ORI FHAR AL T SRR A,

Sk :

C1] Bk, BRegak, T, 55 Yomiim a4 IR i Bt 52 (0], Wbk,
1997,10 (2): 1-7.

[ 2] Bartish 1V, Jeppsson N, Nybom H, et al. Phylogeny of Hippophae
(Elacagnaceae) inferred from parsimony analysis of chloroplast DNA

and morphology [J]. Systematic Botany, 2002, 27(1): 41-54.



20 WO B % B % o34 %
[3] SunK, Chen X, Ma R, et al. Molecular phylogenetics of Hippophae form independent analysis tool for large microsatellite data sets[J].
L. (Elacagnaceae) based on the internal transcribed spacer (ITS) se- Molecular Ecology Notes, 2003, 3(1): 167-169.
quences of nrDNA[J]. Plant Systematics and Evolution, 2002, [15] Blanquart F, Kaltz O, Nuismer S L, ez al. A practical guide to measur-
235(1): 121-134. ing local adaptation [J]. Ecology Letters, 2013, 16(9): 1195-1205.
(41 S0, /5 g, 1875 R WA bR M5 8 SR LR ZRA )] [16] Pritchard J K, Stephens M, Donnelly P. Inference of population struc-
HEK R AR, 2019 (7): 45-49. ture using multilocus genotype data[J]. Genetics, 2000, 155(2): 945-
[5] BRoAk, TR, b b, 5. of b B TV R LA 059,
55 H 2L . 451- .
BFFELI]. PHALRPISAHE 2003, 23 (3): 451-455. [17] Evanno G, Regnaut S, Goudet J. Detecting the number of clusters of
(6] Jia D, Abbott R J, Liu T, et al. Out of the Qinghai~Tibet Plateau: individuals using the software STRUCTURE: a simulation study[J].
evidence for the origin and dispersal of Eurasian temperate plants Molecular Ecology, 2005, 14(8): 2611-2620.
from a phylogeographic study of Hippophat rhamnoides (Elacag- [18] Rosenberg N A. DISTRUCT: a program for the graphical display of
J]. New Phytologist, 2012, 194(4): 1123-1133.
naceae)[J]. New Phytologist, - 194(4) population structure [J]. Molecular Ecology Resource, 2004, 4(1):
(7] hERp b Y S AR 2 T EREY S M. dbst: Bl 137-138
th AL, 1983. . .
[19] Peakall R, Smouse P E. GenAlEx 6: Genetic analysis in excel[J].
[ 8] Wang H, Liu H, Yang M, et al. Phylogeographic study of Chinese
Molecular Ecology, 2012, 6(1): 288-295.
seabuckthorn (Hippophae rhamnoides subsp. sinensis Rousi) reveals . e o " ‘
- i _ , [20] 7h B, EEE, B L0 2 GRS LR IR R R
two distinct haplotype groups and multiple microrefugia on the Qing- o )
- ) LA (], VEALIRIE R4 . AARBIEAR, 2013, 49 (2):
hai-Tibet Plateau[J]. Ecology and Evolution, 2014, 4(22): 4370-
4379 77-81.
[0 Sl i, SR R b RS Fh (3 R ML SE [0 o R [21] Jia D R, Bartish I V. Climatic changes and orogeneses in the late
2 . ] HUTZ N (" . SWE . (1]
B2, 2019, 49 (4): 320-326 Miocene of Eurasia: The main triggers of an expansion at a continent-
[10] BE35 BREE, T 48, 25 FIFHRAPDAR DA BN B AR X al scale[J]? Frontiers in Plant Science, 2018, 9: 1400. doi:
A R 4 0 B B 4030 14728 3 ). 1 S 3R BEE 902441, 2007, 103389pls.2018.01400.
13 (6): 753-758 [22] Manel S, Joost S, Epperson B K, et al. Perspectives on the use of
(111 DLEAE, A5, MFE, 25 e TITSE IR R I R 5 landscape genetics to detect genetic adaptive variation in the field [J].
ﬁﬁ%% U] mﬁﬁﬁzﬁl“’?&, 2014, 25 (10): 2985-2990. Molecular ECO]Ogy, 2010, 19( 17): 3760-3772.
(12] ZE9a, 4%, TR =, 5. JE T U EL SR 4UT 5 T K EST-SSRAT [23] Hoban S, Kelley J L, Lotterhos K E, et al. Finding the genomic basis
FHRC [T]. Ml REBFSE, 2017,30 (1): 69-74. of local adaptation: Pitfalls, Practical Solutions, and Future Direc-
[13] EB =, M#x, DM, & V7AW 5264 E 2 5 A8 (S tions[J]. The American Naturalist October, 2016, 188(4): 379-397.
ZREPELT]. WITTARMOC 241, 2019, 36 (4): 670-677. (241 b Bh BR B DEE, & 0 P DR R 5 G 2R
[14] Dieringer D, Schlstterer C. Microsatellite analyser (MSA): A plat- WFFE (0], 22 M R2E24 4t B ARBRERR, 2004, 40 (3): 77-80.


http://dx.doi.org/10.1007/s00606-002-0206-0
http://dx.doi.org/10.3969/j.issn.1000-0941.2019.07.016
http://dx.doi.org/10.3321/j.issn:1000-4025.2003.03.016
http://dx.doi.org/10.1111/j.1469-8137.2012.04115.x
http://dx.doi.org/10.1002/ece3.1295
http://dx.doi.org/10.3321/j.issn:1006-687x.2007.06.001
http://dx.doi.org/10.11833/j.issn.2095-0756.2019.04.006
http://dx.doi.org/10.1046/j.1471-8286.2003.00351.x
http://dx.doi.org/10.1111/ele.12150
http://dx.doi.org/10.1111/j.1365-294X.2005.02553.x
http://dx.doi.org/10.1111/j.1365-294X.2010.04717.x
http://dx.doi.org/10.1086/688018
http://dx.doi.org/10.1007/s00606-002-0206-0
http://dx.doi.org/10.3969/j.issn.1000-0941.2019.07.016
http://dx.doi.org/10.3321/j.issn:1000-4025.2003.03.016
http://dx.doi.org/10.1111/j.1469-8137.2012.04115.x
http://dx.doi.org/10.1002/ece3.1295
http://dx.doi.org/10.3321/j.issn:1006-687x.2007.06.001
http://dx.doi.org/10.11833/j.issn.2095-0756.2019.04.006
http://dx.doi.org/10.1046/j.1471-8286.2003.00351.x
http://dx.doi.org/10.1111/ele.12150
http://dx.doi.org/10.1111/j.1365-294X.2005.02553.x
http://dx.doi.org/10.1111/j.1365-294X.2010.04717.x
http://dx.doi.org/10.1086/688018
http://dx.doi.org/10.1007/s00606-002-0206-0
http://dx.doi.org/10.3969/j.issn.1000-0941.2019.07.016
http://dx.doi.org/10.3321/j.issn:1000-4025.2003.03.016
http://dx.doi.org/10.1111/j.1469-8137.2012.04115.x
http://dx.doi.org/10.1002/ece3.1295
http://dx.doi.org/10.3321/j.issn:1006-687x.2007.06.001
http://dx.doi.org/10.11833/j.issn.2095-0756.2019.04.006
http://dx.doi.org/10.1007/s00606-002-0206-0
http://dx.doi.org/10.3969/j.issn.1000-0941.2019.07.016
http://dx.doi.org/10.3321/j.issn:1000-4025.2003.03.016
http://dx.doi.org/10.1111/j.1469-8137.2012.04115.x
http://dx.doi.org/10.1002/ece3.1295
http://dx.doi.org/10.3321/j.issn:1006-687x.2007.06.001
http://dx.doi.org/10.11833/j.issn.2095-0756.2019.04.006
http://dx.doi.org/10.1046/j.1471-8286.2003.00351.x
http://dx.doi.org/10.1111/ele.12150
http://dx.doi.org/10.1111/j.1365-294X.2005.02553.x
http://dx.doi.org/10.1111/j.1365-294X.2010.04717.x
http://dx.doi.org/10.1086/688018
http://dx.doi.org/10.1046/j.1471-8286.2003.00351.x
http://dx.doi.org/10.1111/ele.12150
http://dx.doi.org/10.1111/j.1365-294X.2005.02553.x
http://dx.doi.org/10.1111/j.1365-294X.2010.04717.x
http://dx.doi.org/10.1086/688018

5544 ERHE, & P EVEA U RSS2 Sas e 2Rk 21

Genetic Differentiation and Genetic Diversity of Hippophae
rhamnoides subsp. sinensis and H. rhamnoides subsp. yunnanensis

WANG Tian-yi, XU Yue, WANG Luo-yun, ZHANG Jian-guo, ZENG Yan-fei

(Key Laboratory of Tree Breeding and Cultivation, National Forestry and Grassland Administration,
Research Institute of Forestry, Chinese Academy of Forestry, Beijing 100091, China)

Abstract: [Objective] To evaluate the genetic differentiation between Hippophae rhamnoides subsp. sinensis and H.
rhamnoides subsp. yunnanensis, to clarify their geographic boundary in ambiguous areas, and estimate the genetic di-
versity within each taxon. [Method] 18 Simple Sequence Repeat (SSR) makers were used to analyze the genetic
variation of 32 H. rhamnoides subsp. sinensis and H. rhamnoides subsp. yunnanensis populations. Phylogenetic ana-
lysis and cluster analysis were conducted to identify the grouping of these populations according to their morphology
and geographic distribution. The genetic differentiation coefficients were calculated among populations within each
taxon, and the Analysis of Molecular Variance (AMOVA) was conducted to estimate the variance components at dif-
ferent levels. The genetic diversity parameters, such as allele number (V,), effective allele number (Ng), observed
heterozygosity (Hy), expected heterozygosity (Hg) and inbreeding coefficient (Fig), were calculated for each taxon
and each population. [Result] The genetic diversity of H. rhamnoides subsp. sinensis was higher than that of H.
rhamnoides subsp. yunnanensis. Compared with H. rhamnoides subsp. yunnanensis, H. rhamnoides subsp. sinensis
had lower genetic differentiation coefficients between populations; and AMOVA analysis found that the percentage
of variance among populations within taxa was lower in H. rhamnoides subsp. sinensis (25.5%) than in H. rham-
noides subsp. yunnanensis (36.7%), suggesting that the differentiation among geographical populations of H. rham-
noides subsp. sinensis was lower than that of H. rhamnoides subsp. yunnanensis, and the genetic variation of H.
rhamnoides subsp. sinensis was mainly between individuals. Phylogenetic analysis suggested that all individuals of
H. rhamnoides subsp. sinensis mainly clustered into one clade, while several highly differed clades were found in H.
rhamnoides subsp. yunnanensis, and the subsp. sinensis was closer with Sichan subsp. yunnanensis clade than with
others. By population genetic cluster analysis, all H. rhamnoides subsp. sinensis and H. rhamnoides subsp. yunnanen-
sis individuals were divided into two major branches, and hybridization between them were found in several popula-
tions, especially in populations Hongyuan and Songpan that located in northern Sichuan province. [Conclusion] H.
rhamnoides subsp. sinensis has higher genetic diversity and lower genetic differentiation than that of H. rhamnoides
subsp. yunnanensis. Hongyuan and Songpan counties in northern Sichuan province are most likely to be the distribu-
tion boundary between H. rhamnoides subsp. sinensis and H. rhamnoides subsp. yunnanensis.

Keywords: Hippophae rhamnoides subsp. sinensis; Hippophae rhamnoides subsp. yunnanensis; SSR; genetic

differentiation; genetic diversity
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