i 2244, 2015, 42 (2): 386 - 394.
Acta Horticulturae Sinica
386 doi: 10.16420/j.issn.0513-353x.2014-0362; http: //www. ahs. ac. cn

[T AFENBEYMENTREEFZHMER ISSR 5
SRAP 9%
ETHL OF OB, BB, HEFEL B #, Fag

CT R KR B, TR B 4710035 2 B stk RV i Mol A 28 TRETR A SE6 %, 9o 210037; °J 7
REMEERE, BT 530004)

#  E: K ISSR I SRAP $5 AN H [ B 4 Wi Az A 4 % - A [Handeliodendron bodinieri( Lévl. JRehd.]
[ 5 ANEFAEERER 95 AR EAT 40T, 10 45 ISSR 534 AR 2 114 447, Hp 2 &40 68 4,
LML E2E (PPB) 59.65%, WM AEYFIAF LK Nei's FEKRZHAEME (H) 24 0.1817, Shannon’s
L Z RS BE (D 5 0.2792; MMM EEBIEL (N, b 1.5965, RBCEEAEERIEL (N 4 1.2984,
JEREMZEFF 3T (G K 35.17%. 15 41 SRAP 513y 1y th 292 AN 47, I 2 AM 47 269 4,
ZAMLN IR 92.12%, YWHRIKE L, FEHARR) Nei's ZEEZ M (H) 24 0.3171, Shannon’s Bk
ZHRMAE RIS (D 25 0.4758; MIEAFERE (N 4 1.9212, EREMIEFE (N 5 1.5380, J&
BEMRFER B A0 EE (G N 23.17%. 45 B /s B Fibs 350 REAS I 30 55 A R A 8 s (AL 2 A6 e, ot
RN B IR AFAE— 2 R AL A AR R DR A By, AR IS A% 204k R B AE T e .

KT HMOK; ISSR; SRAP; BULZFEME: JulE, wifLirk
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Genetic Diversity of the Endangered Handeliodendron bodinieri in Guangxi
Province by ISSR and SRAP Analysis

LI Xue-ping', GUO Song™’, XIONG Jun-fei'?, GUO Hua-wei', ZHENG Lin', and LI Zai-liu*"

('College of Forestry, Henan University of Science and Technology, Luoyang, Henan 471003, China; “Jiangsu Key
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Abstract: Genetic diversity of 95 samples of five natural populations of the endangered plant
Handeliodendron bodinieri(Lévl. )Rehd. was analyzed by using ISSR and SRAP techniques. A total of 114
bands were obtained with 10 ISSR primers, of which 68 bands were polymorphic with a polymorphic
proportion of 59.65%. At the species level, the Nei’s genetic diversity (H) was 0.1817, and Shannon’s
information index (1) was 0.2792. The observed number of alleles was 1.5965 and the effective number of
alleles was 1.2984. The differentiation coefficient (Gy) among the populations was 35.17%. Totally, 292
bands were obtained with 15 SRAP primer pairs, and 269 bands were polymorphic with a proportion of
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92.12%. The Nei’s genetic diversity (H) was 0.3171, and the Shannon’s information index (1) was 0.4758.
The observed number of alleles was 1.9212 and the effective number of alleles was 1.5380. The
differentiation coefficient (Gg) among the populations by SRAP analysis was 23.17%. The results showed
that both methods could be used to determine the genetic diversities among different populations of H.
bodinieri. There was a high genetic diversity in H. bodinieri, and genetic differentiation and gene flow
existed between the populations, but the main genetic differentiation occurred largely within the
population.

Key words: Handeliodendron bodinieri; ISSR; SRAP; genetic diversity; population; genetic

differentiation

1K [Handeliodendron bodinieri (Lévl.) Rehd.] /& o & %l (Sapindaceae) A J& & HFF A,
W ERE RS B AR SR AR (ST R RS, 1992), 5 =4l F it A . B AR AT
K15 m, FARME, HA R ARG N IAME ROERRAE IEFE, 1999), HIM-78& ikt
B HA KRR T RN (STRGER R, 1987, BRE 2, 2007). {H2EHATiZY
Tl 3 Ai DB IS, AL R 5 M i S DA R D XL FEAR S EL SR B AT o R I 1 AR SR e A 55
AR REAT HLA ST U ORAE I T e AT O TR B A R B AR A, R SRR AR (20000 1
T T HMEEIERL, F5/hI% (20060 X HZF A ARBOARUAT THGE, 1% (2002), 5KE A
PREPE (2006) X HITHLRA AT THIP R, AOHPREAS CHEBEME %5, 2002), FprAds (&
Ha &5, 2003) DR AT ST CETIEL 55, 20060 55771 A HGE .. Har 7Y 7T
WA 5, AL Wang 25 (2008). BUEmi4E (2011) BT 7 HM AR PR S Fhaid A STTF K
WE5T S dsi Al ZAEVERIBI D 34 o

YEZTERT A ISSR F SRAP (Zietkiewicz et al., 1994; Huang et al., 2013; Zhao et al., 2013;
Harish et al., 2014) RRMALE L TAERIERL b (2253 55, 2011, 2013), RADXBHEFbRICHA
X AR ) S AT —— VBN ) 5 AN AR R BEEAT RIS, W PR > hRC I AT A R, IR
R ARG AL ZAEVERBAL 450, SR IR 2R BRI G B e N S AL 24

QY ViR SRS DARES

11 iR

20112012 4FAF KR PR HLIBIHE 5 AJRRER 05 AFEA (61D, JE Rl B AR L
(BAIC), 5% (DME) BPIATEREREA ke BUEREM T, T-0kas o (B S = sUoR 4¢
it [F] e 4 P TR RGE R 5 BT - 70 "CHMIR KA DR A7 5 11

® 1 REMER
Table 1 Description of the populations analyzed
X5 Code i 55 Sampling locality W /m Altitude FEA% & Sampling size
A Sl L Meijia Villa, Leye County 1000 ~ 1200 29
B JA i A% 111 © Monkey Mountain of Bala, Fengshan County® 800 ~ 890 18
C KL g A 11l @ Monkey Mountain of Bala, Fengshan County® 800 ~ 900 19
D Sl E = £ © Zhongting Village, Fengshan County® 800 ~ 880 12
E JA il H A5 £ @ Zhongting Village, Fengshan County@ 800 ~ 880 17
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1.2 ISSR &2 #f

KA FLE (2011) A7 IE G 4 AR ISSR-PCR 74 R 78 T#EME . 25 uL (AR R4
. B DNA 30 ng, Mg* 2.0 mmol - L™, 5[4 0.8 umol - L', dNTP 0.20 mmol - L', Taq DNA %
SlE 1.5 U TR N 94 CHIASYE 5 min; 94 ‘CAEVE 455, Bk 45s, 72 ‘CIEAH 2 min, 44 MG
M S5 72 ‘CHEM 7 min, 4 CLRAF. F 887 M 1.5%50 IR kA A I, 3 V- em ™ fHE H
T HIKZ 1 h, HINEIKMIE RS (UVitee) HIfadsx.

100 4% ISSR 51K HI N Z R a6 LW 23R IR e 41, b AR AR TR Rl et PR 2w
Fr o ¥ N AE SENSQUEST LAB CYCLER ZE K4 #4347, i TagDNA KA. ANTP 3
“h TaKaRa 23 #] 7™ fili o A\ 100 4% ISSR 5|4 i 126 B4 3 ¥ b BH ity B VELF 9 10 4519 (3R
2) %P ANMARE T ISSR-PCR §3.

#2 FAISSRSIiFHAER
Table 2 List of ISSR primers used in the study

514 Primer J¥#%1 Sequence (5'-3") 5% Primer J¥%1| Sequence (5'-3")
UBC807 AGAGAGAGAGAGAGAGT UBC841 GAGAGAGAGAGAGAGAYC
UBCS811 GAGAGAGAGAGAGAGAC UBCS851 GTGTGTGTGTGTGTGTYG
UBCS823 TCTCTCTCTCTCTCTCC UBC857 ACACACACACACACACYG
UBC828 TGTGTGTGTGTGTGTGA UBCS861 ACCACCACCACCACCACC
UBC835 AGAGAGAGAGAGAGAGYC UBC866 CTCCTCCTCCTCCTCCTC

Y =T/C.

1.3 SRAP &#f

SO INE A R SRAP AR (FEHM 55, 2013) HHTIRE. 20 uL A REFE:
AR DNA 20 ng, Mg” #J% 2.0 mmol - L™, 543 0.6 pmol - L™, dNTP 0.20 mmol - L', Taq DNA
REW 1.5 U, RN 94 CHIARTE 5 min; 94 "CAEME 50 s, 35 CiBk 50s, 72 ‘CIEMi50s, 5
AMEFR: BJGRJERE T H] 50 °C, 30 MEH: BE 72 CHEEM 7 min, 4 CLRAF. § 847k H
10%AFA PR N IR R e e FELUK, AR 8, S AR ARALHRE . M 10 AN IE ISR 10 AR
M54 (R 3) 468 100 X 5IA AR dHTIFE. S mE TAY TR R B RAF
B

#3 SRAPSI#F7
Table 3 Sequences of primers used in SRAP analysis

5|4 Primer J7%1 Sequence (5'-3" 514 Primer J¥% Sequence (5'-3"
Eml GACTGCGTACGAATT AAT Mel TGAGTCCAA ACCGGATA
Em2 GACTGCGTACGAATT TGC Me2 TGAGTCCAA ACCGGAGC
Em3 GACTGCGTACGAATT GAC Me3 TGAGTCCAA ACCGGAAT
Em4 GACTGCGTACGAATT TGA Me4 TGAGTCCAA ACCGGACC
EmS5 GACTGCGTACGAATTAAC Me5 TGAGTCCAAACCGGAAG
Em6 GACTGCGTACGAATTGCA Me6 TGAGTCCAAACCGGTAA
Em7 GACTGCGTACGAATTATG Me7 TGAGTCCAAACCGGTCC
Em8 GACTGCGTACGAATTAGC Me8 TGAGTCCAAACCGGTGC
Em9 GACTGCGTACGAATTACG Me9 TGAGTCCAAACCGGTAG
Em10 GACTGCGTACGAATTTAG Mel0 TGAGTCCAAACCGGCAT

14 HESH
FR 4 FL UK B 45 A TCEEAT 1. 0188k, FEAMFNERALE LA &amidh 1. B4 IEN 0, TEK
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0/1 JEPFERE NN, KT POPGENE Version1.31 BEATEIE /M, THE S A TR BER) 22 547 04
Hor%. Nei’s JEK ZHEPE, Shannon’s AL ZAEVE B % MINAEA JE A E . A 255 A7k N4

JaE N L 2R . R BRI 2R L st AL I B s A — 34 . KA NTsys2.0 ' SHAN
A4 Lynch-Milligan 12 1E 3 ) Nei JG (b A% 25 2544 13 fs 18] UPGMA 2K (Joanne, 2000;

Tang etal., 2003). izJf] SPSS13.0 HEA7 i Ff A% B0 25 (KA Ak 20 Hr

2 HiIR5 0

21 EMKREEZHMER ISSR 91

10 2% ISSR 5IWI7E 95 MNFEA T ILAT IR 114 A4 O BORZINE 200 ~ 2 000 bp 2 [0, 74551
Yy 8 ~ 16 N4l b Z2EMA& 68 41, Z2EMAWH % (PPB) 4 59.65%, {HAE/ZH#f
AL PPB AT 21.05% ~ 41.23%2 (18] (R 4), HEIARLEYFKT L) Nei’s JERIZFEME (H) 4
0.1817, Shannon’s %L (1D 4 0.2792. WLIZEAIIENEL (N 4 1.5965, FHREMFEREL (N A
1.2984. 14 JEREN H 4 0.0868 ~ 0.1542, P H Jy 0.1147, & JEEEI 1M 0.1265 ~ 0.2271, V¥ H
7 0.1684, N, b 1.2105~1.4123, N. K 1.1617 ~ 1.2710 (£ 4).,

*4 BEERBHRLELERM ISSR

Table 4 Genetic variation of different populations by ISSR analysis

EZSE SHEVIEILT) MMEALIEF L AR IR AL Nei’s JEF L FEVE Shannon’s Hi 4

iilation Percentage of Observed number  Effective number of  Nei’s genic diversity ~ Shannon’s information
polymorphic band (PPB)  ofalleles (N,) alleles (N.) (H) index (1)
A 41.23 1.4123 1.2710 0.1542 0.2271
B 28.07 1.2807 1.1746 0.1001 0.1482
C 28.07 1.2807 1.1696 0.0972 0.1446
D 33.33 1.3333 1.2455 0.1351 0.1956
E 21.05 1.2105 1.1617 0.0868 0.1265
V35 Average  30.35 1.3035 1.2045 0.1147 0.1684
YK 59.65 1.5965 1.2984 0.1817 0.2792

Species level

IINT 7R, FE AR SRR R 2 AR (HD

K 0.1769, JERER IIERI ZRERE (H,) % 0.1147, z
JERERIEE A R (G M 35.17%, FERIA

(Nn) A 0.9218. A POPGENE TI4 J i (0] ?
Nei J&ffis H 2 85 3 f— SOk I, 99785 S o €
ISSR 437 1 i 1z 26 85 LA R L B o 22 % A i ‘ ‘ ‘ ‘ *
(D Eﬁ%nEEﬁ) Eqﬁ{%&g%%d\ (0.0538), 0.08 0.09 0.10 0.11 0.12

FHALZEE Coefficient
Rl BB (C R SRl B s ’ t

Z—JaRE (B Ja#E) [ pstfLEE g iR (0.1106) 1 EMAET ISSR 478 Nei's BB UPGMA BRH
(%% 5) ﬂﬂ: Nei %{ﬁﬁ{?ﬁﬁ% *’Q}iTE’ﬁIEﬂ Fig. 1 Dendrogram of UPGMA cluster analysis based on Nei’s
o A= DAl

genetic distance among populations of

UPGMA KK (K 1), H. bodinieri by ISSR analysis
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F5 HREHNei's RRBEES (ETA) SiRfe—HlE (ALMA) & ISSR o
Table 5 Nei’s unbiased measures of genetic distance (below diagonal) and genetic identity
(above diagonal) of the populations by ISSR analysis

Ji 1 Population A B C D E
A - 0.9101 0.9198 0.8974 0.8707
B 0.0942 - 0.9426 0.9384 0.9065
C 0.0836 0.0591 - 0.9296 0.8953
D 0.1083 0.0636 0.0730 - 0.9476
E 0.1051 0.0981 0.1106 0.0538 -

2.2 EMARIELRZHMER SRAP 547

M 100 ™ SRAP 5|#hidik 1 14 2054 (Em3-Mel .Em3-Me7. Em4-Me9. Em5-Me5 . Em5-Me6.
Em5-Me8+ Em5-Mel0. Em6-Me6. Em6-Me9. Em7-Me2. Em7-Me3.Em7-Me8. Em10-Me3. Em10-Me9)
XPHE AR MAEAT T SRAP-PCR #1. JLAF ) K/NE 50 ~ 500 bp Z W] (1445 292 4>, Hrph %
BUELN 269 4, AL (PPB) h 92.12%. JafEAK T I, & RBE 2 A4 1 0%
AT 56.16% ~ 81.16%. 18] (£ 6).

TEPFIACE b, AR Hy 1 N FTN 435904 031714 0.4758. 1.9212 F1 1.5380, 4% J& #E )
H 4 0.1942 ~ 0.2916 (°F-¥J% 0.2402), 1fi 1 24 0.2891 ~ 0.4352 (V#4524 0.3585), N, 5 N 43514
1.5616 ~ 1.8116 £l 1.3388 ~ 1.5094 (% 6).

*6 BEFBLELRM SRAP S
Table 6 Genetic variation of different populations by SRAP analysis

e LM% I 5 o7 s R £ ARG e R K Nei’s J&[K £ PPk Shannon’s 54

Ponulation Percentage of Observed number Effective number Nei’ s genic Shannon’s information
P polymorphic band (PPB)  ofalleles (N,) of alleles (N) diversity (H) index (D)

A 81.16 1.8116 1.4967 0.2916 0.4352

B 70.21 1.7021 1.3820 0.2253 0.3411

C 78.77 1.7877 1.5094 0.2904 0.4285

D 57.53 1.5753 13423 0.1996 0.2985

E 56.16 1.5616 1.3388 0.1942 0.2891

132 Average . K K . .

V44 Averag 68.77 1.6877 1.4138 0.2402 0.3585

WRtKT 92.12 1.9212 1.5380 0.3171 0.4758

Species level

SRAP 43 HT B~ B A B e RS IR 2 AR (HO 4 0.3127, Fa B R DR 22 R (H ) ol 0.2402,
JERETR) LR A A0 (Gy) A 23.17%, JEPI (N 4 1.6575.
JEREN AT 4 R (R 7)) BonSobgs EERE (A ERD S5RLE B L—E (B

F7 EBEENei's RIRBEES (ET/A) SRE—BE (AL i SRAP 24
Table 7 Nei’s unbiased measures of genetic distance (below diagonal) and genetic identity (above diagonal)
of the populations by SRAP analysis

Ji 1 Population A B C D E
A - 0.9498 0.9282 0.8813 0.8571
B 0.0515 - 0.9278 0.8744 0.8604
C 0.0745 0.0749 - 0.8539 0.8496
D 0.1264 0.1343 0.1580 - 0.9181
E 0.1542 0.1503 0.1630 0.0855 -
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BE) AL FE S 5/ (0.0515), 1M is% B B ik

A
(RPN JE R ULl EL B L — JR B CC ) .
SRR g S —[RiE (B e [ Rgfe i 2 4——4
N s > D
K (0.1630), F&T Nei Jo st P 25 p i Jo .
i) UPGMA %K E WL 2. }
E
2.3 ﬂﬁﬂlﬁiﬂﬂ’\]&%éﬁ\#ﬁ 0.10 0.11 0.12 0.13 0.14 0.15 0.16
10 4 ISSR 3141 15 %t SRAP 51434 17 FHBREL Coctlicint
AN AR HE K s AN .
51406 ki, HRZ AR 337 4, D&M B2 HAZT SRAP SH7H Nei's R
KM TEN 83%. {EPIFIKN b, HEHRE UPGMA B2
Nei’s % zﬁé,r&k (Hs) 7'j 0.2789, | 7'j 0.4204, Fig. 2 Dendrogram of UPGMA cluster analysis based on Nei’s
. . N ) genetic distance among populations of
N, 3 1.8300, N. ) L4703 0 B[ R 2 AR H. bodinieri by SRAP analysis

(HO 0.2742, JEBENI H ol 0.2047, JE a5

A MLIE (Gg) Ky 25.39%, LRI (N 4

1.4692. 5 ISSR HI SRAP PYRfFRIC EAM o3 A R 45 SR — 20, SUL TR 5 A A e B B e = A7 30
RS, FERIGAEN, R A — 8 L o4k, 1846 A8 S B AE TR Al SR
SR FEAE AL E R ERERE L C JREES T S0 E SR A P B d K, T A BB L
AR B IRIBAEFE B d N, 0B B A S R ) (10 353 4% A S 5 FL b B 23 A TG B A DG

3 e

31 ARSI LE RN

ISSR Fll SRAP 1E Ky F 5 1 iy« A EARGHEEE I PP o> FAR IR AR, UTAEskepl) iz F T el
(RIsAL ZREVES T . ABFFTP A5 ISSR Fl SRAP H5 ARG A 5 AN AR FR BEIEAT804L Z R
AT s, BRI AR 1045 3 (A% BE 2 AR OCHEIRAE (r=0.407, P =0.243), {HPIFFRICH %
AR b TR AT LA A S 55 Fa R ) (1) 5 4% B 25 S5 AR OCFR bR (M AR A A SE AR — 3, 1Y
RERE FH T 2P0 R IEAL AR SRR 0T, SEIDI (Yildiz et al., 2011). (h#F K5 (Liuetal., 2013)
RS IE T . HHT ISSR JEEN X SN FE N AUF ST I 14, ELy B4 B2 5 [k £
S, 17 SRAP SZEFXIE R 41 (1) ORF X8, H ISSR — %2 FI B Ik B bk A, 10 SRAP £ 5
PRI T F AT R R bt P A o ) A — S A7 AR A i A G o AR iE I 255 20T s, SRAP
Fric S IE A TR S R 8 2 AR . IbAh, IR 3R0E SR ROZeR T R R bR id 25 5 AT 0 B ast
FEAS )43 HT (Wang et al., 2012; Liuetal,, 2013), LR 45 B R o

3.2 EMARRBEH G S5RIP

FEXT R St R4 o R Bk R e, e XRHZ R BB A 2 AT T, SR R AU 4
PERI IR MG RO R il o 5 A DAy M FAHY R e SR L b o S P e R AS MR IR R b 2 —, Bl
SR AR MRAE D I K TR B AR, IA R B2 A0 T P g R0 P P o 02 S ATk B AR
A, ARNAMIFTEM, AWBEIREE, HAREERG, 255 meRy .

BT 53 B &5 B o, FE AR HA B a iag AL 2 A (SRAP 404t PPB 24 92.12%H 24 0.3171,
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| 9 0.4758) . — AN ) A HA B m risiAk 2 /0 (FJ7KiE 4%, 20105 Liao etal., 2012; Chen et
al., 2013), TR BEL S A DX B2 (P FP st AL 2 FEPE AR AR (FE/N A 45, 19965 Xiao et al., 2004;
R AR, 2005), HECREZ AR, — SR M Pdaohi L 2 P Fl th 5 OR KR40 gL 2
FEME, nifa A K4T74E (Taihangia rupestris) PPB 4 80.43%, H 4 0.2479, 14 0.3785 (Wang et
al., 2011); BtA PPB 4y 96.44%, H 4 0.3429, 14 0.5107 (ZFH#: 4%, 2012); Commiphora wightii
PPB 4 86.72%, H 4 0.294, |4 0.439 (Harish etal., 2014), ¥W{RFEE R L ZHENE, EIAK
WIRhA B AR A i v, LBE A T L 2 FE I PR R B . R AESE (2007) X
SRR AR A IR I, LRh AN [ S A7 AR W A AN, LSO IR IR A = 2F T 25
AUGE L0 HE AR B A ) 2= IR I, R IRl R rh IR AR A W A, R T g S E0%
WIBhAT T BT R, kT O JL A R R 2R

SRR R RS LR BT R A . S Bl B, BH RS,
FUAK HARIE A2 (Liuetal., 2013; Vikietal., 2013). ZEH REAEWR AL T2 BAR A
ER, PR & BAREREEERIAY, AR E G 7 AnT = AN H ] ) s A 5 ai G KR, A HE
WAL S R BN S R HE R I 0 A, e e B etk 2% 458 (Wang etal., 2011; Andreaetal., 2014),

B AN ZAEERTIAR, HARES, ERILE RS, &N AL LR e R R AR
Nk, TR T R TR R R s Al . ORI R RO, HRARRN, B AR ) R
IE, (AARPEAXN KT RGN, ZOFEEIERAS, §0 B0, Al R Z ek
T, AR TP, I ARSI, Ak R R EAZ . A, FEHRIEIIE R 4
—5 H, WWIRRAABUALE, [ 8GR A WA RSOSSNz SRR bl
Y, HG RS, Bk, SRR e a2 A 00 R KA, JE RN .

FET AR ST N AR, A a5 AR P i Ay 5 B BL R (—) i
T AR LI AL A AP T TR RE N, DRI 1 SE A B O, bt 4 SRR . B
AR AR k> N AR BERR, WREEFIRERIAS; (D XA ARAT T R, T8 R AR 5|
WA A, AT 2 R, B EAAEE, R R AR A )
AAFI L X REAFIRAE 385y, KK RS B T R W fE R R, S5 BRI R4 F e
FETAED s () IsmE M ARSI ARSI, 5 KR AR .
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