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(UUC) 1 5'tpS12-1pL20, FHH 14t 1) Fr B FUGE I RS R BEHEAT 5 2 i it f ZRE M A0 B . 25 R R W) Ll
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and animal husbandry of S. oritrepha and species richness in Qinghai-Tibet Plateau in the future. We designed two use-
ful primers 5'trnG2G—3"trnG (UUC) and 5'rpS12-rpl.20. The amplified fragments and their combined fragments were
used for subsequent genetic diversity analysis of S. oritrepha. The results showed that we detected 35 haplotypes by the
combined sequences, haplotype diversity ( Hd) was 0.626, nucleotide diversity (Pi) was 0.000 85. Neutrality tests of
Tajima’s D (=2.286 70, P<0.01) and Fu’s Fs (=5.298 05, P<0.02) showed significantly negative values, which
meant that S. oritrepha had expansion recently of its individual numbers. Analysis of molecular variance showed that
within-population variance was described as 93.70% of the total variance, while among-population variance was
6.30% , which meant that within-population variance was the main resource of genetic variation of S. oritrepha. The fi-
xation index ( Fg ) was 0.063 and number of migrants (N, ) was 7.439, which meant that gene flow was very frequent
among different geographical populations. An estimation of non-signification Ny.(0.075) was bigger than gene differen-
tiation coefficient G4, (0.068). UPGMA tree based on genetic distance and haplotypes suggested that all populations
were divided into four groups and had no significant correlation with the geographical distribution of the population. The

mode of reproduction ( sexual or asexual) of S. oritrepha mainly depended on environmental factors. The genetic varia-

bility mainly came from within-population and it has a frequently gene flow among populations.

Key words: Salix oritrepha, gene flow, Qinghai-Tibetan Plateau, chloroplast DNA, genetic diversity

LA M0 ( Salix oritrepha) 72 E A W Fh | 751
B/NEEAR T 10~ 120 em), J& 25 RR I IS A T
13 000~4 700 m {45 LA, BT LA A
BHN T, JOE BB S il o R s R X vy FE A
PN LR R Sl | B A 10 v 1) 25 AR (L, X 2
SHE R PRAPR Iy F 2, — 5w i A= ik sy
AT AT ST, UE WG AT i R T R kR R T 1A B
P AR s AL e ) (35 22552001 ) 5 55— 7
TET L1 A= A0 2 TR AR P T8 A, R R K B2 8 B4R Bk O 1)
R4 ~ 5 A T IR R AR . R T
e i e B LA R BB R i RE T 7R K IR R D
B b, A HAES B RT 2 B K b AR AR A A (R SC
P55, 2008) 5 LS5 2648 ( Spiraea alpina) |
4% #% M5 ( Potentilla fruticosa) V0 §¥ ( Hippophae rham-
noides) 7 M- ff VL 4¥ ( Sibiraea angustata) | K A5l
(Salix pseudospissa ) %5 4 1%, = FE HE N\ ( F 55 %,
2010) , ek B B B B AT A

AL RS M 2 DR A R OR B WG W Y 2
FLFEAR (Cires et al., 2011) , Ff st f5 24 M=
WO PR ) A N BE ) 0 | R T AR
B RGN ZAEAL, W BRI R Dy 3 W 2 Ak Ir 2
AR TR o LAk, X 7 R it DX AR B
(38 22 P 19 AT 58 BR8P A (Duan et al.,
2011; Khan et al., 2014) , 3% SEHR X5 3 35 9 i AR

DR R W R HE IR T R S DY)
AL MR T b M SR SE [ 4 DNA #)7iz
i F§ ( Demesure et al., 1996; Rungis et al., 2017;
Wu, 2016) , MF4E{R DNA B 450 B3R 8 0 F
/N AT 1 R AT L BORS W R 2 A, LA
DNA FA7E SIS g | A0 5 n 22 1 H. 9 7% ) 51
PRS0 32 T T R W 8 A 22 A5 P 0 ) T 0T
(Shaw et al., 2014) ., F4¢{& DNA 75 K 254k T
L bk R AL Sl i R AT A A2 AR
3 38045 [ 5% 1 ( Mogensen , 1996) .

FIRIT, % i 2 1 A M DA B 3 7 R AIE 7 78 4
VR F LA R A By 1k 70 A ke B i 4 AR A
5% (Kang et al., 2015; F 25 F1 F 5%, 2015 ; 47 %
F7,2013) X Ll A= Mg 4% 22 61 O BIF ST 0 | 8
55 (2012) BYBFFE R B LU AR MIRREE A 45w 1 5
1% 220 1 EL B A T SRR 2 Y T s T 2 T o
e, Bt e s EEARAE TIRREN, N BT TS 1Y
b FR3A5 3 AR AR % 1L, AN BE HE A 23 A7 i Ll A
WALk A e sl &5 AWFTEREE T 7 R i
DRV 234 X8 L A M 52T I 0 228 HR T X A e
FEXF LI AMIAY cpDNA 5147, FH - S A 24 £ IX 1
PR BOWS L A M0 R A7 388 1 22 REMEAT 5T, B %) 1l
AR B 2R GE R T T R B A PR 4 A A 2 3R
SR PRI R L,
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1.1 ##l
2006—2017 4FEXF 4347 T 75 9l g It b X9 1 A=
MIEAT ) Z W EF AR AR XT RSB A1 B AR & B ik

B8 ~58 AN AR HE#E 42 100 m, H i 48 1L
AW 12 A TERE 35T DMK 1) o RE AN
K K A7 (038 e 2 o - S R R AT TR, 2
JERF-20 C KEIRAE . BT RE M FEIERR AR AE L
T o Bl 2 e P AL v A R ST T R g SR A )
FRAME (HNWP)

1 LENEEHERERER

Tablel  Information of twelve populations of Salix oritrepha
B SRR R i £ e A
Code  Voucher specimen  Locality Longitude Latitude (21“)( e Number
GZ Chen2006247 I, H X Ganzi, Sichuan 99°44' E 29°00" N 4170 27
MQ Chen2006328 T, 0 Magin, Qinghai 100°17" E 34°18' N 3 990 29
YS zhang2016713 T, A Yushu, Qinghai 96°34' E 32°53' N 4 425 57
oM chen2014621 16, HFR3€ Qumalai, Qinghai 97°27" E 33°12’ N 4 440 8
GD zhang2016125 FfE, 5748 Guide, Qinghai 101°38’ E 36°18' N 3103 43
MY Gao2017087 FIE, T Menyuan, Qinghai 101°08' E 37°48' N 3520 58
DR chen2013173 F§ 15 H Dari, Qinghai 100°27" E 33°18' N 4130 15
BM zhang2015118 %, PE1S Banma, Qinghai 100°40" E 32°42' N 4 464 28
NQ zhang2016468 FfE, %3k Nangqian, Qinghai 96°22' E 31°00" N 4085 34
QL 602017016 T, 4R34 Qilian, Qinghai 98°12' E 38°45' N 3786 24
SN 602017044 Hf, 7B Sunan, Gansu 99°28' E 38°43" N 2 901 13
DT Gao2017104 T, K3l Datong, Qinghai 101°48" E 37°12' N 3 681 15

1.2 DNA 2L 5 PCR ¥ 15

BEISC R CTAB 2 D4 Ak B A 11 A= 40 ik
R BUCEE K 2H DNA (Porebski et al., 1997), %
P33 L E 4% ) NCBI b Salix arbutifolia
S. babylonica . S. interior . S. oreinoma . S. purpurea .
S. suchowensis F1 S. tetrasperma %5 W J& A 4 i 2 {4
SR T3, 519 R By it B2 2% 2 e BF 5
(Hamilton, 1999; Scarcelli et al., 2011; Shaw et
al., 2005) , FH%X M4 Primer Premier 5.0( Singh et al. ,
1998) \BioXM 2.6 ( & 5 1 5K £1. 2, 2004 ) FI Snap-
Gene 3.2.1( McKeone et al., 2014) #4751 9111,
BT T 21 X5 T PCR 973, P78 A
M 25 pL:2.5 pL ) 10 x PCR Buffer (& 1.5
mmol + L' MgCl,) .0.5 pL #J 10 mmol + L' dNTP |
ERGIHA 0.5 WL (10 pmol - L) |1 AN BA A7 ()
Taq DNA fiff ( TaKaRa, Ki%) .15 ~ 50 ng [ £5 4

DNA, 5 Tk 455 5] 25 pL, PCR J v 9 14 72
¥ .94 C A1 3 min; 94 °C 784 45 5,60 °CiE k
45 5372 CHEA 30 535 NMEFR ;72 CHEA 5 min;4
CAIRAF . PCR BNk 2R TR (i) IRy
AR RN, KA 21 XFS1TE 12 A5 B 24
AR AT PCR 4731 PR 1 28 5 4R 45 P X
WAL 2B E RS [5'tmG2G-3"tnG (UUC) Fl
5'rpS12-1pL20 ] HF i MR P 34T (£ 2) .
1.3 TS

iz ] Chromas 4 ( http ://technelysium.com.au/
wp/chromas/) il MEGA 7. 0. 26 ( Kumar et al.,
2018) X Fr A I ¢ 80 AT N TAXE, IF J MEGA
A X NS e ) I AT S AR 8 4™ 388 e B gk A7 %o a2
5, FIH DnaSP 6.10.04 ( Rozas et al., 2017 ) & {4
i LA MDA Y IR G it PR 36 Y Tajima’ s
D Ml Fu’s Fs, iz H SPSS( George & Mallery, 2003 )
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#* 2 FT PCR ¥ 1A cpDNA 5|#15 %
Table 2 cpDNA primer sequences for PCR amplification
%> GIL BN BB SIS (5'-3")
Code Primer name Annealing temperature (°C) Primer sequence (5'-3")
1 5'tmG2G-3"tmG (UUC) 60 F CGAACCCGCATCATTAGCTT
R GCAGCATAGCGGGTATAGTT
2 5'rpS12-rpL.20 60 F ACCAAATCCCCCGCTCT
R GCCCCACGAAAGCTTGATGT

BRPRARAG kT 38 A B R A B2 A ) UPGMA
R E L, A Arlequin 214 4 ( Excoffier &
Lischer, 2010) H 943 F 78 5% 43 A1 77 ¥ (analysis of
molecular variance, AMOVA ) ¥&:i0 JF 7 PN 1 B[R]
R385 728 S KV I Xk B B O3 A 1Y F o HEAT I
(1 000K HE A EHeAs i ) . MRIEFENFL(N,,) Hitt
LR FRI(Fg) ZIAIR KRR N, (EAEREF
WA HE R B, R C 43 4 ( mismatch distribution )
SHTETE Arlequin P 5E R, i i PERMUT #4411
BRBE N O 2 38 5 2 #E 1 (average gene diversity
within populations , hy) . &35t/ ZAE M (total gene di-
versity  hy ) | JEFEIR] B AL 0 AL REL( Gy ) BN (Ngp )
I U-GEiH 7 k5t G Bl N 647 i3 (1 0003k
R oRlDRPE oRTINITRE Y IR (i B U TS
(Caraux & Pinloche, 2005), #] Fi TCS #x 14
(Clement et al., 2000) 3 & 57 1 A= 4 2435 7Y 2 [6]
fy TCS fi 25 45 C R &

2 HREHAH

2.1 WAEWEE S EFEES T

XF 351 AN A 38 7 Wy kAT B e ) R
H MEGA #4 %) 7 HE 51 5 M Br poly &5 #4 )5,
5'trnG2G-3"tmG ( UUC) Ml 5" rpS12-1pl.20 F Bt 5
WA B 43 519 481 bp 730 bp , FhAG I 3] 36 75
B, Ho 17 A R R 2 PR B AL AL, R 5o R
2.97% . MIIAEMIRYER G F Berp iy 35 A~ s
%Y ( Haplotype, HO1 ~ H35) , ¥ 5" trnG2G -3’ tmG
(UUC) 7 By A% B 7 5 A1 57 1pS12 -rpl.20 | Bt
() B A5 AL 1) B 32 & GeneBank ( MK602662 ~

MK602696 1 MK606373 ~ MK606407 ) . B4 H Bk
B BAAE R 2 REIE 20.626 1, BAAE I Z2 KE I b 1 22
$}0.029(FK3), KEBHA R BEZENZEMH
TSR], 8B 00 38 45 7 S (N, IR R
1.067 ,1.078 ,1.278 . 1.022 . 1.656 .1.089 . 1.067 .
1.100.1.056 .1.078 ,1.089 .1.033 . 1.134, #{t %
FEME SR W R R RE YS, B A e m i iR £
FEPE(0.001 45) SEI IR 22 57 (1.722) Mg £
HYASERIECE (13) (£ 4) .

B 5 JE A 1 A R 43 A W AT, A HOT B4 12
AN FERERT IS, HO4 (HO5 (HO6 1 HO7 & GZ Tl
A B L, HLL 2 MQ BTl A 1Y 45 A B
H17 H18 H19 H20 H21 FI1 H32 J& YS A4 A il
A HERL, H27 H28 H29 Fl H30 J& GD Frfii A ity
A EAERLHL6 2 MY Frdil A i Rea Sofs Al H1S 2
DR Pl A 1957 A B A% 24 H24  H25 H1 H26 /& BM
PRI B4 B A H3L S NQ R IA 1A
5%, H33 2 QL il A By FRFA S5 50 H34 F1 H35
J& SN JIr i B R A SR L HO2, HO3, HOS, HO9,
H10, H12,H13,H14, H16, H17, H22  H23 /& 2~ 10
A EREIEA RS (B 1,36 4) .
2.2 WWANIER SRS

O3 TR AT (AMOVA ) 45 F S B | Jis ¥ 1] 35t
LA 50 6.30% , JE #E W st fE 28 54 93.70% (P<
0.01) , Vi I JE A P4 35t 1% 48 53 hy LU AR A0 35t 1% 28 S5 1Y
FERFE(ES), BRI Fy, =0.062 98, )%
MR AR /N, R N, 5 Fo Z Y
XA (Kirk & Freeland, 2011) ,N, =(1-F)/2F,,
BN, K 7.439, K E AR, H PERMUT F1
DnaSP #AF 1345 1L A= 400 7 7 245 24
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Table 3  Haplotype diversity analysis and neutrality test of of Salix oritrepha

2427 22T AR 2 R M $1%}ﬂg#‘ﬁ
" LA H T o ik b £ 30 A
AR B Variance of Standard deviation . .
G Haplotype No. of Neutrality test Neutrality test
ene fragment R haplotype of haplotype ey ,
diversity haplotype S R (Tajima’s D) (Fu’s Fs)
(Hd) (h) diversity diversity
(Vh) (Sh)
5'trnG2G-3"tmG(UUC) 0.229 1 22 0.000 83 0.029 -2.467 38 -7.065 62
P<0.001 P<0.02
5'rpS12-rplL20 0.547 2 18 0.000 78 0.028 -1.701 83 -2.220 48
0.05<P<0.10 0.05<P<0.10
& 15 0.626 1 35 0.000 85 0.029 -2.286 70 -5.298 05
Combined segment P<0.01 P<0.02
N g ™ / z H DS T TV e
/H/ "r’/' : rr’lf \ o k : 'L"'\l/}\J
/ / w lsam=R . BRI
( 7 v 5 f 7 1 ' 1 15 i
{ \ IRy #]
| Al i1 Ky
55474 ,\ ]
L T~ \
s - Cand
Y — SN K
e Y : ) A\/\
7 "%\‘ MY
y = | D"
1t 7 \ : i
: > L Bay i 7.9 i
1 g S AT S S P ose. b
_ N il N y
\ /E PG ’ﬁ‘ - azszf‘%
K \ DR )5 D .V
% {4 Saal L B¢ @ { MQA} -'./
7 o A “ Sy |
& ' o prl
. Dk p y A - i
47045 : A .
\\,\ : Hr "'f'i/ﬁ;gﬁjf‘g s !
ré g \, Pk gor o t “ i (‘l\@ﬂ <
/P ST L CMEAR o
Wit Wim? WHpS WEps WEpS  Eoes 8 M iGE,Q%B \\ :
WHp 7 WHx S  WHp9 WHap 10 [PHap 11 JPHap 12 i IS

e
CERK
LT

Hap 13 Hap_14 Hap_15 Hap 16 W Hap_17 Hap_18
WHap 19 WHp 20 g 21 Hap 22 WHap 23 W Hap 24
Hap_25 Hap 26 Hap_27 Hap 28 Hap_29 Hap_30

W31 ME2 2 WHp33 PWHpt WHp S

IE: GZ,MQ,YS,QM,GD,MY,DR,BM,NQ,QL,SN,DT ¥4 12 & BER A% 4 FK 3 Hap” S 8458 Haplotype B9fH 5
Note: GZ, MQ, YS, QM, GD, MY, DR, BM, NQ, QL, SN, DT are the code name of 12 populations; “Hap” is the abbreviation of Haplotype.

1 A B B R A L ) A ]

Fig. 1 Distribution of populations and haplotypes of Salix oritrepha

PE(HS) 9 0.598(0.037 0) B HYIRAE ZREVE(H,) LA 490 2% s T 8] 1 352 4% B 1 R340 T 4570
9 0.646(0.040 1) | J& Hf [H 52 1% 730 b Gy, = 0.068, Hidr QM AT NQ Z 1] H BL T f Kist L 2 0.977,
Ng=0.075( Ny >Gyp , P>0.05) YS FI SN H B T /N st A RS 0.000, K ZHUERE
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Table 4 Haplotype diversity analysis of all populations of Salix oritrepha

MR PAEE e
. Haplotype diversity No. of haplotype L
Population (Hd) (h) Distribution of haplotype

GZ 0.593 7 HO1(17) ,H02(04) ,H03(01) ,H04(02) ,H05(01) ,H06(01) ,HO07(01)

MQ 0.798 7 HO1(11),H02(06) ,H08(01) ,H09(04),H10(03),H11(03),H12(01)

YS 0.626 13 HO1(32) ,H02(09),H03(01),H09(03),H13(01),H14(01),H17(02),
H18(01) ,H19(01),H20(01),H21(01),H22(02),H32(02)

QM 0.464 3 HO1(06) ,H22(01) ,H23(01)

GD 0.521 10 HO01(29) ,H02(03),H10(01),H12(01),H13(03),H23(01),H27(02),
H28(01) ,H29(01) ,H30(01)

MY 0.589 8 HO1(38) ,H02(04),H03(01),H09(04),H10(02),H12(02),HI13(05),
H16(02)

DR 0.562 5 HO1(10) ,H02(01) ,H09(02) ,H14(01) ,H15(01)

BM 0.265 5 HO1(21),H02(01),H24(03) ,H25(02) ,H26(01)

NQ 0.701 6 HO1(11),H02(15),H03(01),H09(04) ,H10(01),H31(02)

QL 0.622 7 HO1(14) ,H02(03) ,H08(01),H09(02) ,H12(01),H13(02),H33(01)

SN 0.667 6 HO1(07) ,H09(02) ,H10(01),H12(01) ,H34(01),H35(01)

DT 0.371 4 HO1(12) ,HO2(01) ,H09(01) ,H23(01)

x5 ETHRARRWLENS FERSN
Table 5 AMOVA analysis based on combined sequences of Salix oritrepha

B E ST 2%

AR5 el

LA R Degree of freed Sum of squares il Percentage of variati
SOLII"CC ()f valiation cgrce [0) reedom um o: qudrcs Vaﬁalion cumponenl (‘JI"LC]’ltdgc ol variation
(df) (SS) (%)
JE ] 11 16.697 0.025 86 Va 6.30
Among population
JEREAN 339 264.905 0.781 43 Vb 93.70
Within population
B3 Total 350 281.601 0.807 29 100
5 R EL 0.062 98

Fixation index ( Fy,)

Z[E) 38 15 B B 25 S PR K, R A S 349 5 4% IR
R 0.424 ; JEBE R 845 S L A8 8L (Fyy) R A 18
AAHE, &7 27.28%, o QM R NQ Z a3 T
WA Fy,=0.2550(%6)

WA M 12 A 3 B Y % R B Y38 [ R
0.000~1.234, & B 11 A= M) J 3% D9 35t A% 2 FE M
W TR UPCGMA B0, 153 14
Ml 12 AN JEBESr 8 T(YS, SN, MY, DT, QL,
BM) .1 (GZ, MQ, DR) . II(GD, NQ) 1 IV(QM)
pug (K 2), HET AR UPGMA R,

FE) 12 A EREST N 1(YS, GD, MY) (II(NQ) [III
(BM, GZ) M1 IV(QM, SN, QM, QL, DT, DR) 3t
PULL(E 3) . PR RIS 12 DA H
LI TV POV -5 S
2.3 WWAEMFBEHE

rh PR SR AE R R W L AE NS 51 W R BRI
& Fr BYHY Tajima’s D(-2.286 70, P<0.01) #l Fu’ s
Fs(-5.298 05, P<0.02) ¥ R WM HE (32 3).,
PEL AT EE A o, 7 L A 043 A 3 B P 53 A il
LA L BRI /AT, L SSD ('sum of square devia-
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Table 6  Genetic distance and fixation indexes of different populations of Salix oritrepha
6z MQ YS oM GD MY DR BM NQ oL SN DT
GZ — 0.431 0.129 0.791 0.504 0.244 0.315 0.252 0.550 0.233 0.191 0.235
MQ 0.024 9 — 0.263 0.765 0.438 0.261 0.431 0.327 0.534 0.289 0.228 0.331
YS 0.0057 0.0230 — 0.682 0.285 0.059 0.106 0.072 0.354 0.073 0.000 0.044
QM 0.0910 0.1085 -0.008 8 — 0.906 0.617 0.881 0.676 0.977 0.588 0.704 0.673
GD 0.0089  0.026 1 0.0148 -0.039 4 — 0.284 0.473 0.405 0.557 0.316 0.279 0.419
MY 0.0135 0.0304 0.0035 0.0432 0.0150 — 0.238 0.134 0.375 0.120 0.078 0.169
DR 0.0382 0.0238 -0.0122 0.0034 -0.0134 -0.009 1 — 0.240 0.548 0.250 0.149 0.163
BM 0.0989 0.1229 0.041 3 0.0044 0.0262 0.0849 0.0385 — 0.407 0.126 0.108 0.185
NQ 0.0624 0.0074 0.069 5 0.2550 0.0590 0.0927 0.1289 0.222'1 — 0.396 0.358 0.397
QL 0.0123 0.0310 -0.0095 0.0245 -0.0041 -0.0191 -0.0206 0.0582 0.102 4 — 0.102 0.184
SN 0.0619 0.0446 0.0040 -0.0086 -0.0112 0.0166 -0.0523 0.0370 0.1585 -0.0011 — 0.075
DT 0.0669 0.0891 -0.0080 -0.0324 -0.0156 0.0133 -0.0237 0.0252 0.2154 -0.0040 -0.0154 —
TE: B IRER (Fo) (RHART DY) ; GRS (AL EH),
Note : Fixation indexes of genetic variation (below diagonal) ; genetic distance (above diagonal ).
— DR — YS
—— DT — SN
—— QL — MY
QM —— DT
SN —— QL
MQ — BM
6z —— GZ
BM [[e]
— DR
NQ @D
YS — NQ
GD aM
I MY I 1 T 1 1 1 1 1 1 T 1 T 1 T 1 1 1 1 1 1 T [ | T 1 1
T LI LI L L T T TrTrrr1r1rr1r1rT LI} 1 23 1 OO 0 70 0 50 0 25 O 00

25 20 15 10 5 0

K2 BT RifeBi sy UPGMA R
Fig. 2 UPGMA tree based on genetic distances
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