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(1. VR K2 A2 e, VE R T 1 570228 WhE; 2. W R R 1 48 FR M Bl ol 2B ) 2R P IR PRI A P 5T
W, R I 570228 FRE)
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BB B AR ™ E R G ABR A0, BT TR A A
B A%t R 22 A, W % B r 5 31 2
Rt Z A0 IR T [FE ARSI A #h, 2 2
fIC T3 43 © W0 P 09 W AE AR OR, T R A5 (Ginkgo
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AL AR AR R Y AU Wang A8 3E i
e 38 O 2 e T B A e A AR G Y B IR A )
G, 48R3 22 2R AR DUASAR, Bty i 4l A 3 58
ARE L W AR Y g A B Al RES H  [R)JR Y
A K

YW WO R b S Ak e B TR S
WS, JEWEE Y RPN A, A
PEAE R RS = SRR ) 32 B )y =, Totk AR A AT LA
B AR AT ) A MCEHE AL K A 19— T3 3z AL )
TCRilG A FE R e AN Gt WEREVE A A5, 51
BEAS B4 A i B0 07 =X, W0k ol 2 Jo e 2R B Y
— RS, BRI R TCR G AR5 S 2 S )
FHOGUT, Z A5 PRI A 3 R4S R 22 25 e ik (33 4%)
B 2s, [l g (AR 5y e A= AN Fa o3 B, S 3ie
AH, Bk, 250K 2 R oG A58 4
=5 T AT LUOE I 2L, Refs - A A
HAFEIFP . ZASRARYIE T IO G AR B S

TeR A A= FE VT 82 (e F 3 B DR AU () 1 R 5
E, A i TR SRS B ICR G AR AN RE
AFIIE L PR P v i B 3 9828, IR AR TR Y
KIAEAET, T WAEHEY), IR B A 7 XA
A BT trfa L, toA R T e G E A R R
B, H HATIE AR A I 223 R G ISR

e i A B A A A Ak R SRR P A B
M 2 AR AL S8 2k Do 24, i TCR & AR FE Y
7 R AR, g B U 1 = A5 K (Shorea
resinosa ) i JoRl-G A FE 77 A A T 1 R,
[RIJRVUAEAAR (S, ovalis spp. sericea) WA TR LY
Pl R TCR A AR T 7 A2 ), — e d 4 i 1 2 4%
&, W Hopea latifolia(3X), Hopea odorata(3X)
Hopea subalata(3X )55 #H8 W\ 4 77 12 TG il & AR 51
PG, TR B AR O R DO AR, 2 5 R s Y
2GR — AT TR A AR, I A PR, 3R
PETCRGAEFE 1 B 42 0 B0E ORI
WAL LS, RS SRR Dy S AR, AT B TOF
AT Ty ANl e MR E DR AP R T 5%

Gy FAmic R RE S B A ERG HL 3= 5 0 JE R A
GRS Y SOER Al EE A NEVE N 1P b S R Y VA 3
e, ff A (microsatellites ) , JNFR 1R 58 5 7
%1 (simple sequence repeats, SSR), & LA 1 ~ 6 4~
FER BT A R ERTEAE DNA JFFAI, |2 404 T3k
PRI 2 T SR AR S R 2 2 T R A i 2 — ki

PEprid, H HEARE ST RN, 280, 5
TR AP 20, SR ORI L 2 BRAR B A AR IC
ALY IR 2 25 P (single nucleotide polymorphisms,
SNP ) 2 A A [] A A2 1 1R 222 S (D) Bl e 4
HA | A AR R 7 A2 )7, R R o AR
Y SNP A2 B e a0 R 1 & SR FIRR
B, SNP bRiC#E) iz F TR RS AL S F IR 30 A= )
2RI SE

ARG E SR TR TS AR IEDS 10 BRIk
2RI S AR I DR SE AL, SR 5 M 10 5K
Z P HEHLEEE 4 1~ (BW4, BW7, BWS, JF), X
7 Ak 2 PR 2 00 e A 4 PR ZH 7K P19 SNP A2 5
S LR oM BRI AR TR S SNP kA
Y, R 22 i BT 2, s 2tk s 5
LR PR L DL

1 #MR57E%

1.1 HEARFRE W XA TR ARE R
3 e B E 08 A IX(18°487 ~ 19°12' N, 108°55" ~
109°17 " E)Fl 42 W 0% J X (18°38 " ~ 18°48 ' N,
108°47" ~ 109°02' E ) (£ 1), ASHF5T P HUH I
e 2200 A IX NI AE 25 S 10 9 BR AR R BEAS,
IO E HSA R I B, BERE TR R AR A . T
Ao AR AR RE A SR S K24 25 A AR, 7 [ S 65 35 b 1
RIFGEERE . ERIENE X, HHE 500 m E[H
WACH 1R CAR HL T A6 19 3 22 AR 1R SR AF 58 X6
2, KRR R ik e it e AR S
1.2 WR2MFHELASMHEES, EFEZE DNAR
B, RIEEESBESEHCERANF Kika
AR AT ] S8 %, F i, 1 0.1% 1Y = B R A
WAL 20 min FEAT R LT, S5 & T
PR 2R PS8 B 1 VD IR i &, R4l
3~ 4 JrEit, SRAEM FARERCIE R 4 DNA. H
Tk TR DR ARG TN S5 1Y) 10 M2 K R T
RAEGR 1)

KR R CTAB 7SR 5 Y £
ZH DNA, ffi ] Wang %55 FF &R 12 XA S 19
AT T 2 JE N 43 . PCR 434 7E Eppendorf [
PAGAA P AT, B ARFR 20 puL, 7% 2 uL
gDNA, 0.2 L 1F [/ %6 651 41, 0.2 uL [ [0 51 4,
10 uL 2xTaq PCR MasterMix, 4% F &
ddH,0 #h5% . TEFFEFUNT : 94 C FWAE 4 6 min,
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Tab. 1 Code, seedlings number, district and altitude of ten family lines of Hopea hainanensis

FAHiE SSR(SNP)

Hi X P . i 7 TR /m
District Family line Number of seedlings Latitude Longitude Altitude/m
Y genotyped by SSR (SNP) £
BW1 20 19.0985° N 109.1331°E 461
BW2 20 19.0985° N 109.1333°E 458
BW3 20 19.0984° N 109.1335°E 465
BW4 20(9) 19.0914° N 109.1159° E 338
e , BWS5 0 19.0785° N 109.1449° E 785
Bawang Mountain
BW6 2 19.0789° N 109.3017° E 626
BW7 20(19) 19.0782° N 109.1192° E 741
BWS 20(20) 19.0798° N 109.1183°E 687
BW9 20 19.0819° N 109.1178°E 748
AN
RIEIR JF 21(20) 18.7349° N 109.7529° E 688

Jianfeng Mountain

SR 32 MEHR (94 °C A5 155, 59~ 63 C ik
305,72 C LA 60 s), FJ 72 °C LEAH 7 min,
Fil ABI3730XL 43#71X (applied biosystems) 47 H
Bty Mr, SSR &%V FE K 19 K B ] GeneMarker
2.2 W5, SRIG N TR ISR 4y 25 S

Ry B6IE AR T3 R e PR AR 2k TR ] SR, AN 5
BA M 10 > & Hh B AL IE B 4 1~ (BW4, BW7,
BWS, JF), i 1 {7 4k 5 R 20 0 e R A5 B K -1
SR SNP ARid. S ZH DNA H PR
PEN VI EcoRT Fl Msel JHAL, U p4z3k, LTk
JAEERE 400 ~ 500 bp 1Y 1 Bt, 28 PCR ¥ 4 & faifk
PRI I3 SRR, SCREFR ) M SESEAE R 2 7
i1 Ilumina HiSeq il 71 55 #3647 s 0T
1.3 #HIESH i Stacks KAL) process
radtags.pl T2 )7 %t B UE T ALEE #4795 01, 1L 08
SRR FE . 21T denovo map.pl F2J7, AKHH S
e SRR 2] )l ) G e U N R s R Ve
Z 18] SR VR RS IC B B (M) FIRDRE P AR AN
B Z 8] VRS FL A (n ), (HORRE B AR A, DA
B 1 FAICHE B MU, 1R A i RS 8
i . fii H Stacks 3K 4 1 19 populations F& )7 H| 132
SNP, ZER AV 1 52 F s 1) Ee 471l /NF 20%, HoAthasd
PEARE FHBRINEL . SH m P 22— 8T
T reads 20, N T K56 reads B ZH %6 A1 SNP H)
BEEE R, AR T S B L RR
mAE(m=3, 6,9, 12, 15), 73 Bt SNP H| {345 R (1) 2%

o FETRARGS BLRTT R S22 7, 0
A TAUS BEAS SNP 37 5 4 5 B AR [R] ) 7 554
Bo X TR—ADAFRBEAS T, 238 SNP i
RAENBIRTE L, GoiHEEA SNP L5 5 B AL A
TR [ 0 B A 25 437 PN 22 5 1) 1A L o, 1
Python F&t P2 R T ARALSE T4

2 FHRE5HM

12 X B2 5% 10 43 22 B4 3 (R 45 7Y
BISE R WL 2. i EI8 9 BRRERS A4 i3 T2 L P Al
St A, I B AR AR ) 5 R R 58 4 A
[F] o JQUAEIE R 55 & T UR-REA 72 o T2 B PR A [
FETE 25 57, (B ARQUA AR RS 5 AR iy S PR B 5 4
AR o BRI R A 52 4 M TR 2 7 B 22 1T B
TR PETom & AR, ] 582 R i T B FRIE
SIHERANG . I, AT A BA A ] Ak 3 R 2
W7 43 A7 3 PR 2 K SF L ) SNP AR A=, itk — 25
PRI Y 22 1 BRI

SNP i g A8 X T FE K RN T, 5T
TEBERR A 25 AN, F48 SNP o7 o5 % 5 [R 7Y
HHRAFATE2ME (K 3). 4 m=3 i, 5HA
SNP St K RUAH R 7 55 FE 4 DR R 2] 81%
DL b 2 sk 22 o0 AR DU A5 4, A& Hu il g &
BFH, B4 58 Z%; H SNP 45 2 1 Ak
A, FETCSH LR B 25000 F 3RA5 100, LA HE
BRI 2 SNP A o5 ] fE 2 4 25 45 1R S B JE EL 5K
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Tab.2 SSR genotypes of mother trees in ten family lines of Hopea hainanensis
HHAO01 HHAO03 HHAO04 HHA11 HHA14 HHA24 HHA27 HHA32 HHA41 HHA49 HHAS50 HHAG62
BWI1 103,108 / / / / / / / 126 / / 86,92
BW2 103,108 155,159 126,132 144,150 116 141,145 129,135 224,228 126 159 159,163 86,92
BW3 / / / 144,150 / 141,145 / / 126 / / /
BW4 103,108 155,159 126,132 144,150 116 141,145 129,135 224,228 126 159 159,163 86,92
BWS5 103,108 155,159 126,132 144,150 116 141,145 129,135 224,228 126 159 159,163 86,92
BW6 103,108 155,159 126,132 144,150 116 141,145 129,135 224,228 126 159 159,163 86,92
BW7 103,108 155,159 126,132 144,150 116 141,145 129,135 224,228 126 159 159,163 86,92
BWS8 103,108 155,159 126,132 144,150 116 141,145 129,135 224,228 126 159 159,163 86,92
BW9 103,108 155,159 126,132 144,150 / 141,145 129,135 224,228 126 159 159,163 86,92
JF 103,108 159,163 126,134 144,150 116 143 133 224230 126,129 159 157,167 84
s 7 RN E G
Note: "/" indicates missing data.
3 aNMFEL2RAZBHESFK SNP EEB LR SER
Tab.3 Comparative analysis of SNP genotype between mother trees and their seedlings in
four family lines of Hopea hainanensis
m=3 m=6 m=9 m=12 m=15
A A TG EA TR EA TR A TG EA
A EA AR AR B A AR A HHF
z sﬁpg s FHISNP - SNPEE[H  FISNP - SNPEEI F-HJSNP SNPAL[AZL F-H#SNP - SNPIEA  F-JSNP
Family 1 ﬁf (AS S QU150 A I RS QR 31 A I A S R ) 1 VA S R [ T DAY
p SNP Mean no. Prop. SNPs Mean no. Prop. SNPs Mean no. Prop. SNPs Mean no. Prop. SNPs Mean no.
ﬂfop. ® SNPs thesameas SNPs thesameas SNPs thesameas SNPs  thesameas SNPs
. © same as its maternal its maternal its maternal its maternal
its motherarent
parent parent parent parent
BW7 0.812+0.057 2883.2 0.854+0.051 1943.5 0.873+0.048 1311.0 0.881+0.045 920.3 0.883+0.042 671.9

BWS8 0.869 £ 0.062

JF

BW4 0.814 £ 0.044

0.857+0.034

31825
4189.7
4518.1

0.910+0.052 2401.2
0.888 £0.029 3026.5
0.859+0.032 3225.6

0.930+0.048 1855.6

0.911+0.026 2310.0

0.883 £0.028 2377.7

0.939+0.042 1518.2
0.926+£0.025 1822.5
0.902+0.028 1880.8

0.942+0.042 12233
0.935+0.024 1478.7
0.917+0.026 1530.4

SNP

M=
E#o

ZH m P — A D)L BT 1

RUARIR] 5 BN 28 R K R AR SNP

reads %5, &5 m (B AT LASRE R 220 007 A A T
S3HT R, SNP A8 S0 A5 U BE S50 m (E 3 K
Tk /L, 3502 B ok m {ELRG 05 3504 e 1 U0 B
WD, (H 5 REAR SNP S5 PR AU A [R] 437 5 11 H 9132
PEme Mom BUE 3 2 15, SEEAEA M SNP (1)
ELBIE R T 7~10 NE 405 (3 3) 0 X —JrHrdh R
FEH] SNP A5 T3 o5 B S A7 R 2 Rt 1 i 2
(1) K2 B SNP, T4 55 250 m BAE FT LAAE— 5 72
R SNP 1T, dF— 24 I 5 R AL

ARSI BRI RAEOL (B 1) o FERE m AE AR KR,
S REARSE AR Y SNP AL A K i i3 b H
SRS — A SR 22 5 1Y SNP 7 s, Ho22 57 Lu 9]
18 A 15 R A W S B, DA TR - 2 1 3 AR
PR BE I A G o X R WIAH 24 LE ] £ SNP £
s AU REA SNP KL LA B i) 22 S AR AT B2 1
AR SINP 5k PR 7 [A] 21 25 A % T 3 S50 1) P s A R
4 m EEAIG N, — R EY reads SRR
VLA BONFHCAL S, IR (R SNP BB/, 5
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AR 22 5 SNP L sl ARl o R If F AT A B,
RIEE m HUE N 15, T5SRAFAERR > SNP 37 5 AR

(a) m=3
1.0

BW7 0.5 ‘
0 3250
1.0

BWS8 0.5 ‘
0 3479
1.0

JE 0.5 ‘

0 4550
1.0

BW4 0.5 ‘

O.
0 4946
(c) m=9 (d)y m=12
1.0 1.0
BW7 0.5 ‘ 0.5
0 0
1.0 = 1.0
BW8 0.5 1 0.5
0 2057 0
1.0 1.0
JF 05 ‘ 0.5
0 0
1.0 2504 1.0
BW4 0.5 ‘ 0.5
0 0
0 2601 0

5 REATFEAR i He i 9 22 5 (18] 1), 3% 28 SNP i
R AR A R T
(b) m=6

1.0

0.5 ‘
1'8 2212

0.5 ‘

1'8 2627

0.5 ‘

1.8 3276
0.5 ‘

Same
I Different

0
0 3526
(e) m=15
1.0
oo )
0
1072 10 785
‘ 0.5 ‘
1705 0 1389
1.0
‘ 0.5 |
1983 0 1616
0
N
0
2 066 0 1 692

(a) (b) (c) (d) (e) FFHIXIRIm=3, 6,9, 12, 15044 25K AR AL L
(a)(b)(c)(d)(e) show the SNP variation of four family lines of Hopea hainanensis when m =3, 6, 9, 12 and 15, respectively.

1 AE mE4 MEERFZFHE TR SNP ERASLBESTER

Fig. 1 Comparative analysis of SNP variations between mother trees and offsprings in four family linese of

Hopea hainanensis under different m values
T MRS SNP AR50, JK (LR S5 EEA SNP 78 —Eg A L], B 6 R S RAC SNP L 1 /IME IR 22 5319 TARLL A
Note: The horizontal axis represents SNP variation, with gray part indicating the proportion of seedlings whose SNP genotypes are identical to those of
their mother trees, and blue part indicating the proportion of their seedlings with one nucleotide difference from the mother trees.

3 3t g

TeRil G E SIS AEAR Y AR WL, H AT 7Ewk
FAEYIHG 70 &2 FL 300 24N & HE A T LRl A
AEFEIL G, S e R O A AR B S TR 5 O
BT, LS AR LS | LA LI A4y
A TR D A 2 TC Rl AR B R %) S ke
FUI) e i A R 1 JC Rl A B S o 4 A ARG
ST, R I 2% WURE (Shorea), i 22 )&
(Hopea) FUJg i 75 J& ( Dipterocarpus ) B Z A5 Yy
FAETCR A A FH G P75 38 ARk Fhric 3
ARBE AR Z F T ICRl & 455K . 41 Pangsuban
BN | B RAPD #ric & B Garcinia atroviridis Fh
e 58% HYTUS BEA B S8 e A 19 2 41

B N BN A AR - A r . i SSR,
AFLP FI-2R 4K F- BE 4347, Majesky 2549 & B
Taraxacum scanicum W) JCRl& BHEM LB AL L&
JE [R5, AN [RIF R PR 1) /Dt () R A BE R AR, A
R R AR A S B AR R 22 R Yu FEEY
F R SNP #Ric 8 E T Iris domestica 3@ 15 TGl
EHM AN ER S L dichotoma 1) 4% 38 &
o 3 Fhric B BA R T RE, 7T T
Fill5 A S M e SR AT RS

Aot SSR FRic st sk 20 RS
AR Y SSR A B 58 4 AH W], H I A DU ¥Eg e 5%
Y3 22 AT BBAT JCR & A2 B o T AT Ak PR 4
IRAFH 7 55 S 1Y) SNP AR S it — 2 308 Bk
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HEWT, 7R b 0 FIARIE IS 4 NI 2 X R T
HATR R LU A 55 BER SNP Kk PR YA [] f4 728 537
Ao INARE TR Y B A2 BT AR R X L
Bl HR AR LL 0.5 1 IKEL, SNP A7 a1~ %K
AR, BUE L35 T %, NI 2 b 5 1
FRHY SNP AR SO Al R A VAR S A . R
SRRy SNP 7 i W52 2 — 5E HL Bl 110 H: SNP
BE DN Y 55 B AF A 25 7, 8 A v 21 D) 67 A,
1) reads AT AR 22 5 SNP A7 51 Ho B, 7 33
53 2%5% SNP A AR AT GBS D] Fr B 2 i 22 i 20
(K D)o T8 RIRUAE R, IF B0 R B
TETCS 2 RN R B0 T 418y, DRt 1 Be
e 55 R v AT BEAEAE [R) PR P i %, S T o1 B0 R A
225 SNP 15,

TV JCRL& LE AR — P Rh Rl AT R R
BEAJGR A R A, R TR & AR 5 R 1
5 REACKE PR 52 A ], T A 1 A B Y AR
IR S REAR ] REAFAE 22 5% 0 SSR FRic A 45
7R B AT T4 SSR (A B 1 55 HARRAS 58 42 A [R]
SR AN VR TR RS . SNP ARiC/Hrdl
BRTACE REAH) SNP 22 S /e R ZH 7 i BORER
— L, HFACUSBEA SNP JE R ABIAAAE /D B 22 5, 1K
— 2 AR AT RESK AR I A, WA RE R TS 4
S F) i 22 BT B, 5 B2 IV 4 e o B A
DRI ZE F 0 P Mg 28 R AR HEA TRV ORI 5 A B

W 22 3B AL AL ST Al Rl O HTE R 5 A L
f 7 A EEIEE . Wang SEU R SSR WAL T
1 3 A PR 1) 3515 22 e, R B 3 IR T A
JEWfE B BRI . Tang 551 3 i R AL L A 20
0 e BT T 85 39 48 O PR Z2 AR M KPR,
FU EL 284 (14 HA AR /IR R A S AR A (1 22 Ak
IR I 2R R e 5t 14 728 5 v RS
Joil e A5 0 ST A K

SSR FRIC &S ik /R I USRI 5 5 0 B
P AR A A 22 S, XIHE 55 M. Wang 5 U K
Tang U Z Tt e RIS, 73501 B v 1 394
SRR 2 A 8l 5 B IR, R W 22 Rl e 4
7T — AR AL A 5 . 2RI g 15 78
S A RESE IR A I R AL 7 A Y, Z2 UG IR AR
L ZAEPER AT REDR A . ZEHERG BT 22 SNP 7%
S B HEAR IR, T ZEARAT g T i 3 2 2 R
21, 1 i e P AL E I — A R T i A

PR BRI o

Y AE W) U5 G I DR B A L A Y A
5, AN U S TR R | AR BRI A R
ANREREAT AR AR B, JC R & A 58 n] S 1) B4 IR
BRAAE R, 35022 2 [R) PR DUARRAS, DR o3 AR M
A RET RYIC T, JOR 5 25 52 i 42 SR AN RE A A
SRIEFE . (HJC R A A FEE B AN 7 AR 97 S 24
&, AFITWIEY gL SRR, T T 3% 2
WEHIINET . DRI, w250 BRAE 38 22 A A G
I, LU AT REERF R REAY I AR . h T4
PR R, ARME LR I B 2 WO AE, I e 5E nl
VL i 2 AR SE Bk — AP B TR 2 TR A
BEL, I 18 i E 0 e R o A AU SR A Y 3
225, RITY A TAL 7L S I A5 HEFS AL

4 & it

FhE 7 AR W R (LA 5 A S R Y
HENER, JUE TYMREE . RTHIAE
TS H R 22 A VAL 57, AT 5T 8 75 3l 22 14 B4 0
J7 XA TER A AR B, X5 ) PR O A MR A 1 AR
F o BB S5 2K — 7 1 RE G 18 HE X i 22 P ok
ey sz | SRR SRR K- A1 R B, 55— i
A7 B T 5 B ORAP 1, i 2 3 22 bl R
BEE G ZREEIR I o XTI 2 T AR 28, TR AE
FLAEE MBI AL TR AR B, NI T 70 Thrid
14 25 5 P ARAL S R AE Sk 2 o RO B
ST AT B SR T e e N 41 R SNP 22
S i RESR AL TC R B A= S8 b VAR 200 0 5748 1) A A1
e S L U ST S R 2 P |
AR IS 26 PF A 5 M AR S0 40 S0 Ul 0 22 ) TG Rl 2
HFEAEST

S 3k
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Apomixis of Hopea hainanensis Merrill & Chun based on

SSR and whole genome SNP variations

Wang Haiying'”, Rao Chaokang', Wang Chen', Tang Liang'*"
(1. School of Ecology, Hainan University, Haikou, Hainan 570228, China; 2. International Joint Center for Terrestrial
Biodiversity of the South China Sea of Hainan Province, Hainan University, Haikou, Hainan 570228, China)

Abstract: Hopea hainanensis Merrill & Chun, a large evergreen tree belonging to the family Dipterocarpaceae, is a representative
species in tropical rainforests of Hainan Island. The population size of H. hainanensis has contracted seriously due to over
exploitation and deforestation, and as a result this species has been listed as a national first-class protected plant in China. The
reproductive system determines the transmission of genes between generations, which is an important research topic on
endangered plant species. Mother trees of H. hainanensis and their seedlings were genotyped using both microsatellite markers
and single nucleotide polymorphisms, on which the reproduction mode of this species was inferred. Results showed that the
genotypes of the seedlings of 10 mother trees were identical to their corresponding parents at 12 microsatellite loci. Four
randomly selected mother trees and their seedlings were further genotyped using single nucleotide polymorphisms generated by
reduced-representation genome sequencing. Most of the SNP loci in the seedlings were found to be identical to their parents,
which could be hardly explained by sexual reproduction. In summary, the reproduction of H. hainanensis was inferred to be
apomictic based on both microsatellite and SNP markers. As an autotetraploid species, it is impossible for H. hainanensis to
reproduce through meiosis, and apomixis is the only way to produce seeds thus maintaining its population. Somatic mutation is
the main way to generate variation in apomictic species. In order to restore the genetic variation in H. hainanensis, the existing
populations must be strictly conserved to avoid further loss of diversity. Moreover, high-throughput sequencing such as reduced-
representation genome sequencing should be conducted to screen seedlings which are different from its parent. The seedlings with
somatic mutations could be used to rebuild H. hainanensis populations in natural habitats, so that genetic diversity may be
gradually restored and the long-term survival of this species could be achieved at last.

Keywords: Hopea hainanensis Merrill & Chun; apomixis; microsatellites; single nucleotide polymorphisms; conservation

(REHE:HTF)



	1 材料与方法
	1.1 样本采集
	1.2 坡垒种子萌发与种苗培育，基因组DNA提取，微卫星基因分型与简化基因组测序
	1.3 数据分析

	2 结果与分析
	3 讨　论
	4 结　论
	参考文献

