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Abstract: [ Objective | To reveal the genetic diversity and genetic structure in natural populations of Sapindus
mukorossi. [ Method ] The genetic diversity and genetic structure of 265 S. mukorossi individuals sampled from 18
natural populations distributed in China were examined using fifteen inter-simple sequence repeat (ISSR) markers
primers. [ Result]The percentages of polymorphic bands ( PPB) at the species and population level were 95.37%
and 57.82% , respectively. The Shannon’s indexes (I) of phenotypic diversity at the species and population level
were 0.256 9 and 0. 199 8, respectively, and Nei’ s genetic diversities ( H) at the species and population level
were 0.390 9 and 0.298 0, respectively. These results indicated that S. mukorossi contains relatively high levels of
genetic diversity. There was genetic differentiation among the 18 populations to a certain level ( Gg,: 0.233 7; Fy,:
22.22% ; AMOVA genetic differentiation: 24.74% ) , and most of the genetic differentiation occurred within popu-
lations. The UPGMA clustering and Mantel test showed that there was no significant correlation between the geo-

graphical distance and genetic distance (r=0.066 7, P =0.5417 >0.05). [ Conclusion ]S. mukorossi was given
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priority to selfing. lts natural populations had abundant genetic diversity. And the genetic diversity of S. mukorossi

within populations was higher than that among populations. The present study could provide a reference for the con-

servation and utilization of S. mukorossi.
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Joi T ( Sapindus mukorossi Gaertn. ) A JG B T
#} (Sapindaceae ) JG 2 T J& ( Sapindus L. ) &I K,
Je— TP B SR AR A B, 732 20 A A I 56
U A PR SRR 1L B B A K S 1l X, R o A7
St IR E LA T 2R — T LR A 1L R
X0 JCH T A i A B e AT 3k 10.76%
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1.1 #MBRE

TRF KR ER IS TL M EZ I AR R 2
—, HHTCER T RIR T2 N R . A5
AR BRAT OB 7 R AR BRI A1 O, X TR 5 H AR
IPATIX NS S Bk AL AR o A TR A, 3
RAET 1 ADEPATEUIXHY 18 s HERY 265 B4

AR IO CREERUILER 1) o SRR A AR
AT RE I PR 2 AR [ S 3 A - 80°C VKA AR
e i

®1 TETFEERHEHTR

Vi B2 Jz Bt N £ FEARL
FJJO 1 A AR 27°01" 118°18’ 18
ZJLA WivLI ¢ 30°21’ 119°26’ 5
VAR Witz s 28°22' 118°52' 8
IXYF PINIINEES 28°23’ 114°48’ 14
7ZJ1Q WL % 27°54' 119°10’ 15
GZRJ SR 25°58’ 108°04’ 23
JXSY PN e 26°18’ 114°10’ 24
AHHS g gl 30°12’ 118°11’ 15
SCCX PUN IR 32°08’ 106°21" 6
GDZS JRHL 25°44' 108°34’ 26
GXLZ Imiy A 22°26' 107°01’ 5
AHCZ BRI 32018’ 108°18’ 24
ZJTT Wit K& 29°10’ 120°59’ 15
HNCS i ARl 28°11' 112055’ 10
JSNJ VLI P L 30°37’ 116°37’ 16
ZIFY Wi & 30°04’ 119°59' 17
ZJAJ WL 30°23’ 119°23’ 16
HNXX ] g Pk 33°25’ 111°21’ 8

1.2 XEWFHE

1.2.1 AR DNA REBE =40 HRRM

CTAB 2 # B 1 18 &b BE IS 9 G 8 7 o 5% B 41
DNA'™ . FT 0. 8% B A5 W 366 2 HiL ik LA & Thermo f3
A% MR A H 70 A ( Nanodrop2000¢, 3¢ [ 38 BR K i
SRBHEE AT Kl DNA [ v Ji Fnadi i
1.2.2 314 fitA= PCR 3¢ MmE KaHe ik
KA (UBC) A 55 9 £ ISSR Hhrfifi ik i 47 1 4517 1
Wi SRS A (S 12 %) O h Bl T
AN T I

PCR 3% Jz i £ TP600 PCR 1% ( H 4~ Takapa /%
A AT, ROWARFR R PCR KW RSV FR 20 wl,
HA 4G 1 L 9 50 ng - L™ 44 DNAL 1.6 plL i
10 mmol + L™" dNTP mix (2.5 mM each dNTP),1.6
pL ) 25 mmol + L' MgCl,,2. 0 wL () 10 x assay
buffer (Buffer F),0.45 wL ] 10 umol « L' primer,
0.9 LAY 1 U+ uL™" rTaq A1 11.45 pL ddH,0,

PCR {34 F2 )5 4 : 94°C T AL PE 4 min, 94°C AE Pk
60 s,52°CiE k 60 s,72°C ZEA§ 2 min, 3t 40 PEFIF,
5 T2°CHHAEM T min, 4°CY I . 9744 Y H]
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1. 5% BHUIREEEIAE 0. 5 x TBE ZZ i (pH =8.0)
FUKAY S, R S V - em ™' XA 2 000 bp DNA
marker , 3K 45 R J5 ﬁﬁ F-980A %541 EE It 1% & Gt
( R OB R A L A lIE & .

1.3 HiEAE

Nk A Uk B 3, ISSR ARic 2 25 4470
FARAPA Ay ke PR B 30 b B, A W] RS 0 ' A e
Sl aic g 17 EU07, 3k A5 0,1 Zou ke AR .
JH POPGENE versionl. 32 #A4AEE Y N JEREL S
X HS \$(Percentage of polymorphic loci, PPB) |
Shannon {5 2 3544 ( Shannon’ s index of diversity, I) .
Nei’ s 12fE ZFEMEF8 40 (Nei” s expected heterozygosi-
ty, H) \Nei’ s i85t 1% 431035 2 ( Coefficent of gene dif-
ferentiation, Gy, ) Fl g BEAEACIEFL B (FL A VL, Gene
flow, N,),HH N, =0.5x(1-6,)/G6,'"" .

FH Arlequin3. 1 {42 E‘Jﬁj‘?ﬁ%ﬁﬂ‘ﬁ
(AMOVA) B4 TC B T TN e a] st 4% 7 22
i, Al S R A] 38 AR 2 AL R G, R AMOVA
1. 55 B8 JeE Ak 1) e A0 PN B9 328 S A T 0 Ao
R HI NTSYS-pe 2. 10 AR Je 4 8] 1) 33 1 AH 0L A4
# UPGMA 3K, 5t TFPGA %4 g Mantel
Ao TR 43 BT Joe A (] b FHLER 5 5 35 4% B 2 =2 1) 1) A
Seppo-2

SO BLAY S SRS JOHARER T S, D Nei” s
AL IE B ( Genetic distance ) ; T: Nei’ s i3 & — 20 F
( Genetic identity ) ; H,; J&BE B B R Z 4E 44 (Total ge-
netic diversity) ; Hy : J& #E PN A9 3 R Z 14 (Gene di-
versity within populations ) ; Hy/H, : J&EE N LR £ ¢
P 5 EB AL ZREPE R H 3R ( The percentage of gene di-
versity within populations ) 5 1, : J& #f P it 1% 2 FF 1
(Average genetic diversity within populations ) ; 7, : Ff
IR BB 1AL Z R ( Total genetic diversity of popu-
lations) s1,,/1, < FEREI3H /5 2 BEFE 4 5430 15 2 B
It L2 ( The percentage of genetic diversity within pop-
ulations) ; Fyy = (1, = 1,,,) /1, « e RE I i 16 3 (L 3 4
(e e 5 12 Z2 Rk o S 382 Z B PE AT LE 3R, The

percentage of genetic diversity among populations ) 2

2 HRGHH

2.1 RETFEHEHEEASHY

FIA 12 2% ISSR 5| Py Xt 7o 8+ 18 4> i Bf 265
PREPRIES T, SLh 38 th 137 %487, b 114 &l
BB, MMK 2B 54 A% (PPB) A

83.21% (£ 2), MFE3 WA, LEFRABFHLZE
ZARH T2 (PPB) v, o] pg P4 0 J5 B B 55 (PPB =
82.41% ) , Wk k) ZH il E#E (PPB =68. 52%)
DALY EARSERE(PPB =64.81% ) , i K 10 Al
JBIRJERE A, PPB 43 514 35. 19% F1 39. 81% .
M Nei” s 35t4& ZAEMEREEC(H) &, 10 R 7 e J T 0 ey
(H=0.259 9) , WiTlinZe miek 2 (H=0.254 2) , #f
VLR & R )1 4518 J5 BE B AIK, 4051 0. 128 5 N
0.139 9, HEHIn K/NEI AR S R L2850
HrR(PPB) #:A—3,18 A JE#£f Shannon’ s {2
BB B KA AR KW JE#E 0.399 6, f/IME
ﬁﬂl)ll@@ﬁﬁﬁo 209 4, T SEEEAIKE A5
{2 REME AR X 5555, PPB 34 95.37% ,H 34 0.256 9,1

-5 0.390 9,
&2 ISSR-PCR5|¥ I EER
. can BRI e ZAFK ZRFND
51 FFI(5'3) 1E/°C SRR s %?(PPB)
UBC808 (AG)4C 50 10 8 80.00%
UBC818 (CA)4G 50 12 9 75.00%
UBC824 (TC)sG 50 13 10 76.92%
UBC830 (TG) G 50 11 9 81.82%
UBC836  (AG)yYA 49 10 8 80.00%
UBC840  (GA)YT 49 13 10 76.92%
UBC841  (GA)4YC 52 12 10 83.33%
UBC848  (CA)4RG 52 11 9 81.82%
UBC855  (AC)4YT 49 12 11 91.67%
UBC860  (TG)gRA 49 12 11 91.67%
UBC880  (GGAGA), 49 10 9 90.00%
UBC881  (GGGT) G, 57 11 10 90.91%
i - - 11 10 83.34%
YRR - - 137 114 83.21%

E:Y= (C,T),R= (A,G),

R3 BT BABREHNEESHESHMEE

BT 2B ZBKWHE Nei’s Efe2Hf  Shannon {5

AR rE(PPB) YRR E) k()

FJJO 84 61.11% 0.2235 0.330 4
ZJLA 84 61.11% 0.254 2 0.368 1
ZJSC 72 52.78% 0.197 5 0.290 7
JXYF 85 62.04% 0.198 5 0.298 5
ZJLQ 86 62.96% 0.224 1 0.3306
GZRJ 86 62.96% 0.2050 0.308 2
JXSY 89 64.81% 0.196 3 0.298 9
AHHS 81 59.26% 0.228 5 0.3343
SCCX 55 39.81% 0.1399 0.210 2
GDZS 94 68.52% 0.2218 0.3333
GXLZ 67 49.07% 0.167 0 0.252 3
AHCZ 80 58.33% 0.187 4 0.281 4
ZJTT 79 57.41% 0.128 5 0.210 8
HNCS 48 35.19% 0.144 2 0.209 4
JSNJ 71 51.85% 0.199 0 0.2925
ZJFY 81 59.26% 0.220 2 0.3225
ZJA] 71 51.85% 0.200 8 0.292 4
HNXX 113 82.41% 0.259 9 0.399 6
HH 79 57.82% 0.199 8 0.298 0
YRR 131 95.37% 0.256 9 0.390 9
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MFE 4 AL, 1 Shannon {55 B8 8 (1) 1A To
T B EE A R R 77 T8% AFAE T IR HEN ,22. 22%
FEAET TR BEM . AR Nei” s st ZREVEIREC(H) h
BB RS AL R B Gy, 0.233 7,389
BT I8 N EHmE A R 2R A BN, KR
TImBEE] AL Z e B 2R LR Fo
0.222 2,7 Wright ? 3\, 24 Fy, <0.05 B, JERER] 4>
EAR/IN;0. 05 < F o <O. 15,388 /AL TR 45 25 0. 15
< FSTSO- 25 ,Eﬁlﬁhﬁﬁ?%%%i,ﬂr >0.25 ’Eﬁ
WAL MEAR K. BRI, To /8 JE i ) st A% Ak W 4
N, =1, BB ARSI B E T 7E— & B AL b 4G PR st
AREAR T A B R RS AL Ak N, <1, NSRBI LR it
e SRR AL ZE R A ) B R R AR AT g 2
SEUE AR R AL M TR TR T 18
MERE L LR G, R 0.233 7, TR Al
17(0.210 0 ~ 0.250 0) . ) 7 F A& 47 (0. 076 0 ~
0.340 0) Z ], LM TC B FEAFF BT 2. 2
ARAE ORI AR i G TG
B TEREE ARG N, o 1.639 4 BTG T
(B A7 A SRR B ) B PR

FIAH AMOVA X} JC i 7 18 A~ Jm #F 1 st 1% 531k
REHAT AT, A5 R R W IC B J5 1 R) 3 4% A8 S o
2y AR AL AR SRR 23,37 % |, SR BE N AL AR e
5 R 76.63% (P <0.001,3%5) , FHILHE
Tt ZREPE E B A AE SR A, L A ) o o
T BB ML Ak

R4 EEFBIHENEESHEESNT
Shannon” s {5 B 5 %(1) Nei” s LS HEESE R (1)

Loop 0.269 5 Hy 0.199 8
I 0.346 5 H, 0.260 7
Loop/Tsp 0.777 8 Hg/Hy 0.766 4
Fy 0.2222 Gr 0.233 7

x5 EBTFAEEEEE AMOVA 5317

AR AMBE A BT TR BRENR P
JE eI 17 1751.19  2.56 24.74%  <0.001
AR 247 4683.22  7.79 75.26%  <0.001

2.3 EERETFEHERBEEEHMBERIN

TCHF 18 N JEBEF P Z ] ) Nei” s it {4 — 3K
BE(T) (AR LGB 7E 0. 788 0 ~0.988 1 i), Nei’ s
BHLIE B (D) MARALIEEIAE 0. 012 0 ~0.257 4 Z [i]
(F6) o Hrp SEMIAATL R FERIVLYG 0 ) A a5t
R B iz , 8t % — BUZ B/, 43 AR B B e 5 1 P
DA JE A 55 90 R R U J i ) 1) a8t A2 BE g A 0l 3t
fe—3EE R, MR BAK, e LT Nei” s it
fe—BEE R FEHE UPGMA R [&] v 53 MG VL& A F
TLVS B0 A SR AR g — 2, i i VL B R D 5
LG H RRERE—’, WiiliE & BN S5V EF
JERERAE 8, X3 SO o AR B dem (L 1)
XF TG S K AR T T[] 35t 4% R 2 R b B BR 8 F 47
Mantel #5535 (& 2) , 2558 i 7 ot 4% FE 25 70 2 i B
ZIA A A PEAR B % (r=0.066 7,P =0.541 7 >
0.05) , UM JC 8 ¥ Ja B st AL 4 (A FF 5 Wright 1Y
BB s

R6 FTBTRAFER Nei’s BE—HER Nei’s BEEEH

JEBEgRTS FJJO  ZJLA  ZJSC JXYF  ZJLQ  GZRJ

JXSY AHHS SCCX GDZS GXLZ AHCZ ZJTT HNCS JSNJ ZJFY  ZJA)  HNXX

FJJO 0.94590.93110.92910.92370.92090.91950.92740.87330.93460.89290.93050.86950.86270.90420.92960.9199 0.873 4

ZJLA  0.0556
ZJSC 0.07140.039 1
JXYF 0.073 60.060 7 0.030 5
ZJLQ 0.079 4 0.046 6 0.056 3 0.044 6
GZRJ 0.08240.041 10.03190.046 3 0.031 2
JXSY 0.08390.03560.03530.05530.046 10.012 0
AHHS 0.07530.05990.069 10.071 20.070 50.058 4 0.042 6
SCCX  0.13550.080 10.060 2 0.068 40.08020.053 80.054 40.058 4

GDZS 0.067 70.057 6 0.048 6 0.050 9 0.061 50.042 2 0.047 2 0.060 1 0.061 3
GXLZ 0.11320.08120.069 80.06170.08510.06080.074 7 0.085 80.081 00.040 5
AHCZ 0.07210.06260.08690.093 10.07690.063 20.047 00.051 40.107 8 0.067 00.093 7
ZJTT 0.13990.067 40.048 80.069 7 0.072 9 0.036 2 0.035 6 0.074 2 0.032 9 0.059 7 0.073 6 0.099 5
HNCS 0.14770.16760.18890.18860.18050.15100.15260.173 50.25740.167 00.186 3 0.140 00.228 5
JSNJ 0.10070.09940.13230.13610.11550.09610.090 50.11270.181 6 0.120 7 0.137 00.086 8 0.152 4 0.043 4
ZJFY 0.07300.06270.07360.074 40.071 20.058 30.062 3 0.074 70.100 1 0.055 9 0.071 00.069 4 0.093 3 0.104 9 0.075 6
ZJA] 0.08350.064 80.07190.068 40.073 80.06210.05650.06560.097 50.069 40.08120.06540.09560.119 8 0.080 4 0.016 9

0.96170.94110.95440.95970.96500.94560.92300.944 10.922 00.93930.934 8 0.84570.90540.93930.9372 0.9229
0.969 90.945 3 0.968 6 0.965 30.93320.941 60.95260.93250.916 80.95240.82790.876 1 0.92910.930 6 0.949 8
0.95640.95470.94620.93130.93390.95040.94020.91110.93270.82810.87270.92830.9338 0.937 4
0.96930.95500.93190.92290.940 4 0.918 40.926 00.929 7 0.834 8 0.890 9 0.931 20.928 8 0.908 5
0.988 10.94330.947 70.958 70.941 00.938 8 0.964 50.859 8 0.908 4 0.943 40.939 8 0.937 3
0.95830.94710.95390.92800.95400.96500.85850.91350.93960.9450 0.934 3
0.94330.94170.91780.94990.928 50.84070.89340.92800.9365 0.909 7

0.94050.92220.897 80.967 70.780 8 0.833 9 0.904 70.907 1 0.930 7
0.96030.93520.94200.84620.88630.94570.9329 0.9313
0.91050.92910.83000.87200.93150.9220 0.918 7
0.90530.86930.91690.93300.9367 0.8813
0.79580.85870.91090.908 8 0.953 5
0.95750.90040.887 1 0.776 9
0.92720.9228 0.841 6
0.9833 0.910 4
0.911 9

HNXX 0.13540.08020.051 60.064 60.09590.064 80.067 90.094 60.071 80.071 20.084 8 0.126 30.047 6 0.25240.17250.093 9 0.092 2

A EAEEA Nei” s 31— B0, 72 F MEUE Y Nei” s SEIZHEE o
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| —tws REEUREEE PR B RVICE TR R SR
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Ms 3.2 EBRTERRMEGSE

2Ty TR T 18 ANERER T 24057 (AMOVA) 45 . i
,—'_%% 7, F 00,222 3(P <0.001) , A A 24. 74% 1
AT T et 22 B VEAF A T Jo BE ), KW oy 3 AR 2

I HET Neis B —BUZRITLE T AR KRG HE UPGMA 22

B r=0. 066 7
P=0.541 7
0.3 F
= .
@ 0.2 | R
e .
0.1}
0 1 1 1 1
0 2 4 6 8
b P P
Fl 2 JoHFHUEE R E AR BRI AL IR B Mantel 4556

3 ZibE5itib

3.1 TETEHEESHEG

BT ISSR 73 FARICH AN 3 [ T /8 7 - 2
A7 X1 18 SRR FEREIL 265 DR IFTE KRBT, TC &
TREREZ KM 1 R (PPB) 1K 95.37% Nei” s ji
TR ZFEEFEEL(H) 2 0. 256 9 Shannon” s {5 B 454X
(1)490.390 9, KB TC B 5 R ARJm et 14 Z A
&, PPB W1 T Nybom 457 R45 9 107 4>
ViR i1 PPB (71.02% ) , H.im T ARHE ) F
K ( Handeliodendron bodinieri ( Levl. ) Rehd.)
49.42% " F1 59. 65% % | A 46 A ( Eurycorymbus
cavaleriei (Levl. ) Rehd. ) 1) 62.25% "' 3545 ( Litchi
chinensis Sonn. ) f#] 83. 59% ) | 5 J¢ R ( Dimocarpus
longan Lour. ) [ 95.40% Rl . T HF 4015 X 55§,
P EAT R A . Souza A Ky Wy itk
1o AR 2 LA D S = oA XN A=)
FRVE (R BT RE) MAESKM (AR
) RN TIER REG AR, K28

(75.26% ) AFAE T FEE, 1 Ut W1 JG H 7 i 10 1 3t
BB, B Z R R A T I,
Glemin 2% BFFE A N S BE s AL 0k R B2 1B by 1%
F677 2 R ALHE 77 20 A3 s AR A (25 B
Wi, JE VA IR AL S M I T B 240, Brown 451
S BB 2807 3R PRS2 R B R W S T A
LEM IR BN, BARE B 6, K TR
W) G, . Hamrick 257 fF5e 45 R W FA2AHY) G,
H0.197 0, [ 52 M ¥ 4 0. 510, T 1R 28 Al ¥ 1 K
0. 216 ; Nybom ™ W53 IA B FASHIY G, H 0.270, {
SERIMI N 0. 650 IR ASHIMIN H5 0. 400, ToHT G, N
0.2337,4-F0.197 0 #10.270 0 Z[a] , FH LB T
PLAAS R, % S WS A 14 B —3L

FEEF(N,) KNS JERER AL L R A B3
TEARESE 2R, LR /INAT LB 4 B R s e s A4 3 Ak
REYIEOLT o N, BRI, R ] g 56 PR 5 7
Z |, JERER WAL SRR /N N, B8/ INIT T A (] 1 35
DIAZ AR D, 350 e 18] ) A AL R BE IR, N, =1
B, e — e PR b 2 BRI DR 3okt A% U5 A T = A 1 s
WAL N, < 1 D00 U56 BH JE 38 8] 1) 35 4% o0 Ak B 202
g N, BLER Y, KFRDERTERN, =
1.639 4 WA T — M%) A M i N, P94 1. 8817,
AL R T U0 5 PR R /NG 6 T B R
BRI T EEA A, HRRE T FEMKEE
Fobv 5~ R, AR AL R AN K X LR A A R0, A
S5 M B I] (G DR A AR T AT
3.3 TERFRRARABEEX

FET Nei’ s igife—50% (T) i) UPGMA 245
RFH], T T IR S T ) 5 B g 2 ) A
EHIAH RN . Mantel A SR FE R 36t 26 I G 28 1
iR R ] 35 £ 8 1 5 F o PP 8 2 ) R A A S A %
Ph(r=0.066 7, P=0.541 7), JCH T & HE ] 8% %
ZREPES M PR B 2 AIAR SRR B3, AT RE S R R
HAr A G R ) RV A S M 25 25 S 3 K A o
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RN A5 TR T R IR SR AR L Z R 181

BN A 18] IRRURE F B 2 AR 3t 3 B s 22 5 |k
L) R 8 i A ) ) e DR S A2 BHL , 5 800 A ) gt 1
IR ; T3 AN R REAE A R $E IS T, 2 145
FI Bk S7 ) BEAR 3 i, X SE R T RE e T B HE (8] g %
ZoREE 5 s B S 2 PRV DG AN 5 P S DR

S 3Lk

[1] Chhetri A B,Tango M S,Budge S M, et al. Non — edible plant oils as
new sources for biodiesel production [ J]. International Journal of
Molecular Sciences,2008,9(2) : 169 —180.

(2] PEBEYEREZ S PEEYENHCEGEE 0 [M].
Jent: Bhef AL, 1998 : 14 - 15,

(3] HB3CEE, ZRFR, HI, 5. A o8 7R E B H & &
P SRS T]. ARG, 2012,32(5) : 627 -631.

[4] Ghagi R,Satpute S K, Chopade B A, et al. Study of functional prop-
erties of Sapindus mukorossi as a potential bio-surfactant[ J]. Indian

Journal of Science and Technology,2011,4(5) : 530 —533.

—
W
[

Ibrahim M, Khaja M N, Aara A, et al. Hepatoprotective activity of
Sapindus mukorossi and Rheum emodi extracts; In vitro and in vivo
studies[ J]. World Journal of Gastroenterology,2008,14(16) ; 2566
-2571.

[6

[

Verma N, Amresh G,Sahu P K, et al. Antihyperglycemic activity , an-
tihyperlipedemic activity , haematological effects and histopathological
analysis of Sapindus mukorossi Gaertn fruits in streptozotocin induced
diabetic rats[ J]. Asian Pacific Journal of Tropical Medicine,2012,5
(7):518 =522.

[7] Sun S, Ke X, Cui L, et al. Enzymatic epoxidation of Sapindus
mukorossi seed oil by perstearic acid optimized using response surface
methodology[ J]. Industrial Crops and Products,2011,33(3): 676
-682.

—
oo
[l

Kuo Y H,Huang H C, Yang Kuo L. M, et al. New dammarane-type

saponins from the galls of Sapindus mukorossi[ J]. Journal of agricul-

tural and food chemistry,2005,53(12) . 4722 —4727.

[9] Du M,Huang S,Zhang J,et al. Isolation of total saponins from Sap-

indus mukorossi Gaerth[ J]. Open Journal of Forestry,2014,4(1) .
24 -27.

[10] M, BRSCEE, R0, 55, JL TR ST Mtk i T 2B 1 AR AR IA
RAVZHNMEITIE[T]. A25%40,2014,34(6) = 1451 - 1460.

(1] amsse, BRCEE, 5t R, 5. TR 73R BERFh S22 A MR AR
SERFFELT ] PUALARMRAL B R 2 2 4. B SRR i, 2014, 42
(5):75-83.

[12] HE3CEE, TRAE, FEMM, 4. KR TR SIEE KA TR
MARI]. MolREM5T,2013,26(5) : 603 -608.

[13] ke BB TIERMRZ A SCRES R FMANIEID]. dt
Bt R EMOL AT B ,2014.

[14] AR3CEE, AMEE, UM, 5. KR TRILLFIS RN EY S
WAL Mol RRERESE,2014,27(5) 1697 - 701

[15] DM, B8 SCEE 310, 45 ERFOL G A3 A A8 5 A 3k
SHEFRRLT]. PEHCHEY) ¥4 ,2014,34(4) : 828 -834.

[16] Mahar K S,Rana T S,Ranade S A. Molecular analyses of genetic

variability in soapnut ( Sapindus mukorossi Gaertn. ) [ J]. Industrial
Crops and Products,2011,34(1) . 1111 - 1118.

(177 Hk F0, ABA 0, sk iE, &5, BB TR R IHZ A SR %0
MY ISSR A SRAP 3 A7 [J]. WLl Fl2#,2013, (5) : 566
-568.

(18] sakify, JuMete , x| 52,%F. JUM ¥ SRAP-PCR NI K & B

TRLT]. WTTARMOR 242447 ,2014,31(2) « 322 -328.

ZEE W, SRR RO A BBk SRR R L ZAEE ISSR 43

Brid]. FHYBLTTIREH,2011,12(4) : 640 - 645.

[20] X 4,002, 00 31,58. BRAbbE 16 MR RS E 2 4E
PERYISSR 43 BT [ J]. A 435t 4% ¥ 8 4% 4k, 2015, 16 (3) : 618
-623.

[21] 8 5 ar, 2 i, 5. E R RARBEMIE 1% S5 44 (1Y st
AR T]. FEPDIBAR BT ,2013,14(3) « 395 -401.

[22] Z0LM, B, XIFRE, 5. QEZEHE ZREER ISSR 4047
[1]. #lkfhez, 2014, 50(6) : 61 -66.

[23] Wright S. The interpretation of population structure by F-statistics

[19

[

with special regard to systems of mating[ J]. Evolution, 1965,19
(3): 395 -420.

[24] TREIGR, 2 H895 4%, 5. (ARMFI B ek KOs A4
HILT]. AW 2 ,2013,21(6) : 723 -731.

[25] Nybom H. Comparison of different nuclear DNA markers for estima-
ting intraspecific genetic diversity in plants[ J]. Molecular ecology,
2004,13(5) ; 1143 - 1155.

[26] Nybom H,Bartich 1. Effects of life history traits and sampling strat-
egies on genetic diversity estimates obtained with RAPD markers in
plants[ J]. Perspectives in Plant Ecology, Evolution and Systemat-
ics,2000,3(2) . 93 -114.

[27] %S, £, 0% 3C. TR PO g AR 45 2R ks A B R
T AT I PR ARG &L [T ], $l W A %
412,2011,19(6) : 493 —498.

(28] A, 58 A4, BB K45 )BT AEBG A i RIRIE 2
FEPERY ISSR 15 SRAP 34 [J]. Bel 20244 ,2015,42(2) : 386
—-394.

[29] Wang J,Ye Q,Kang M, et al. Novel polymorphic microsatellite loci
and patterns of pollen-mediated gene flow in an ex situ population of
Eurycorymbus cavaleriei ( Sapindaceae) as revealed by categorical
paternity analysis [ J]. Conservation genetics, 2008,9 (3): 559
-567.

[30] PRIRPK, ARdfe, s tE, 5. Hvim RAG R S E R 5 2
FEPERY ISSR 237 J]. T Va4 ,2013,33(2) : 225 -228.

[31] dtEFl. JelR Ay ISSR 2347 B M R 23 F B ig F 52
[D]. f&@M . fEEfhkR:,2007.

[32] Souza I G B,Souza V A B,Lima P S C. Molecular characterization
of Platonia insignis Mart. ( “Bacurizeiro” ) using inter simple se-
quence repeat ( ISSR) markers [ J]. Molecular Biology Reports,
2013,40(5) : 3835 -3845.

[33] Hamrick J L, Godt M ] W. Allozyme diversity in plant species
[M]// Browm A H D,Clegg M T,Kahler A L,et al. plant popula-
tion genetics, breeding, and genetic resources, Sunderland, Mass
Sinauer,1990 . 43 - 63.

[34] Honjo M, Kitamoto N, Ueno S, et al. Management units of the en-



182 NI /A = S 1 S 29 &

[39] Slatkin M. Gene flow in natural populations[ J]. Annual Review of
mong and within populations throughout Japan[J]. Conservation Ecology and Systematics,1985: 393 —430.
Genetics,2009,10(2) : 257 -267. [40] Hamrick J K. Gene flow and distribution of genetic variation struc-

dangered herb Primula sieboldii based on microsatellite variation a-

[35

Glémin S, Bazin E, Charlesworth D. Impact of mating systems on ture in plant populations[ M ]// Usbanska K. Differentiation pat-

patterns of sequence polymorphism in flowering plants [ J]. Pro-
ceedings of the Royal Society B: Biological Sciences, 2006, 273
(1604) : 3011 -3019.

Brown A H D,Clegg M T, Kahler A L,et al. Plant population ge-
netics, breeding, and genetic resources[ M ]. Sinaue, Sunderland,
MA,1990.

Wi . 1ILIEESE (Malus hupehensis) AN [a] o 4G S R M it %
ZREMERIUIFELD]. Biat: B Rl K%, 2000.

Wright S. The genetical structure of populations[ J]. Annals of Eu-
genics, 1949 15(1) : 323 -354.

terns in higher plants[ M]. NewYork: Aeademic Press,1987: 53
-67.

Yoon M Y, Moe K T,Kim K Y, et al. Genetic diversity and popula-
tion structure analysis of strawberry ( Fragaria x ananassa Duch. )
using SSR markers[ J]. Electronic Journal of Biotechnology,2012,
15(2): 1 -16.

[42] aher. HEIRA % E W Populus cathayana Rehd 3815 ZkE

EBFGEL D] dbsc: Bk BERl st Bt , 2006.
ST L)



