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8 E. RS SR (Asplenium nidus) A IRFIVIERI84E ZREMERORGOC R, AL B A 15 SR G IR RO
FURIH, AR FE AV S B9 X AR50 Ai B 2 SR WX 42, B SRAP - FHRic AR, SR UPGMA J5 7551t
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Ko (2) FIREPIIBIR 15 A1k & A LR 86.94%, TFRPHEIE] S AL 4k & A LA 13.06%, T Wi fa) 77 7F —
FERIRAE . (3) BEHLER 6 ADFIHE T8 L HRLUE A 0.922 4, V3438 L 2 °4 0.080 9. Hor, BW Al
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AN R RPN 3 Al B A AT AT UL, BEAS B T RS A5 2 RV o0 A, ]l B IR 2 4 P A R A 22 7
FIA ) 8 B BEMT 2 M EAR A HERR S 10 LI, Tad e 7 TR IC ORI S BRSO R, 15 B A}
SEFIRGSE BT Al 2R o T B B SRR A L 2 — 1 P A AR v A T e | MR | AR
LA LA L A5 PR RAR X S A TR A ) 9 55 SERRAE I JE | Mg L A7 SRR/ DT A7 AR — i 22
ST ot R B BEER FARFREAR DL, (@ BEEFAE 15 SEBR BT BRI AR, ASBTFER T SRAP FRic 4
AR, X B 5 0 | RTINS | BEREILATLRS L 6 > 15 SR [ AR P HEA T st A AR 0T, B TR R IE
5 5 SUBRA I Z LB DGR | RGO AR, RN 575 V65 ¥ B A 7] iy PR 5 0 15 SRS A% 2 AR 1k SR A 704k
AR, oA B LR DR 1 R1IER 1 B URUM) AR (BB A

1 RS

1.1 w8 F 2011 4F 5 H-8 1 f 2019 4 3 A4 J1, e & 80 0% | RS0 | 22811 & A5 1L 6 4>
HARFIEEUES ToRAE, AP RIS EI4>2 km?, 6 4~ H AR FHEEAH B[R] M ERRE B> 10 ko AR SRAEFIIE N RAE
AR 25>1 mo HORAE 96 M HERENT B REA, RERE T-45 , 7 a1 5256 %, $2H DNA . 25 PR i A
B EBECRFEMAROE LR 1,

*1 EEHEER 6 MIRMENBEBENESEE

Tab. 1 Location, habitat, and sample size of the 6 populations of Asplenium nidus in Hainan Island

s b A FEARRU A ZEE)  HEN) TH/m

Population Location Habitat Sampling/No. Longitude Latitude Altitude
BW Hi T4 (Bawangling)  FIMIAR £ i 16 109°12' 19°06’ 755 ~770
EXL & 5E14 (Exianling) MMEA Ak, Bk 16 109°38' 18°53' 900~ 1000
LMS1 ZZREIL (Limushan 1) FMGAS A4, B 8 109°42' 19°10 740 ~ 760
LMS2 ZEEI (Limushan 2)  FMKGIAZS A4, B 7 109°25' 19°26' 720 ~ 740
LMS3 ZZREIL (Limushan 3)  FMGAS A4, B 23 109°18' 19°38’ 700 ~ 750
WZS HFE1 (Wuzhishan) — TIMRIAA A5, B4 26 109°41' 18°54' 800 ~ 900

1.2 DNARER RACH FARAEYA R B A= B A 3L 241 DNA $2 U & (DP305) $2HL % 5L
BRI DNA, H w=1.0% BB BEEE A FE kR, 1] 1 o S5 SRR AL M 2 DNA LUK R . SEIORE L R
ZH DNA AL BRIV LI AR B 22— B0 BT it W B (50 mg L), B T-20 °C FIRAEEH -

1.3 SRAP I #ESH&M A4 ARYE LI Bk, WITEm B 174, )Im 514 20 4>, ddtat =g
W AR A BRA T A M. PCR Y44 52 )i i Ff TC-512PCR 1% ( Techne, Ltd.) . PCR 344k £ 1U 1 Taq
DNA i, 1.5 mmol-L™" #J Mg*", 0.20 mmol-L™' /) dNTP(Fermentas Biotec.) fll 25 ng /) DNA, 0.5 umol-L™

9 10 11 12 13 14 15 16 17 18

2 000 bp

1 000 bp
750 bp
500 bp

250 bp

B 1 S 6 NS HERFREEFE 4] DNA kI

Fig. 1 The electrophoretogram of genomic DNA of 6 populations of Asplenium nidus in Hainan Island
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5149, PCRY HEFEF: 94 °C HAEYE 5 min, 94 °C 8 30 sec, 52 °C 1B K 30 sec, 72 °C #Efiff 1 min, 3
35 MIEH; fefi 72 °C AIEMH 10 min, 4 C ARAF1Y, § P27 w=6% A5 1E SR IS BRI L (65 wHE
D) MUK 2 ~ 2.5 he HADKSEERSS, SFATAR YL, 8 B TR A7

1.4 BHEGITHH 1 SRAP i B IR IR T AN T8y, &l 1 a4, DARl—07 s Aa 19 ie e 17, Jory
TCFE 07, AT I MT . FasE HAKJEAE 300 ~ 2 500 bp FYH$ 4547, T AL 0-1 R —ICEd i A fa i .

K POPGENE32 #fFfif it SRAP /K- FistL A8 e AR AL, Xh 4 M Al R 20 il A 7 1544 280
M, 3 R A AL FE R L (Ne, effective number of allele), %54 FEKI WIEL{E (Na, number of allele), £
A7 55 H % (PPB, percentage of polymorphic bands), Nei’s #& K £ #£ ¥4 (He, Nei’s genetic diversity).
Shannon {55 B384 (Ho, Shannon’s information index)!"* ™', i B [K 2 FEFE (Ht, total gene diversity).,
BENILN ZHEE (Hs, gene diversity within populations). FEER] A& K7 (N, geneflow), Fl [A] 3514 434k
Z B (Gst, coefficient of population differentiation), Nei’s Jofii 22 15t {41 55 (D, Nei’s genetic distance) £l
f&—FUEF (1, genetic identity) S S EEF TS,

I GenAlEx v.6(Genetic Analysis in Excel) /4 X Fh B P 5t 4% A8 SRR (8] 354 A8 R b 4740 1
50T (AMOVA), THE AL AR S AERVEE N FIAPHEE] 5345 . Shannon 15 84548 Hp TR A=A

Ho = —ZPi log, P,

K, Hy oM Shannon 5 B85, P, ME i 5015 (MR BUNIR
W5 434k 280 (coefficient of genetic differentiation, Gst) FH AR S FRHE ] i) 32 A% /P FE BE, BIVFRFE ] 35t
B Z2REE b7 BTl ZREPE R e i

Gst= (Ht[-—ltHs); Ht= l—irjz; Hs= i[l —gqif]/n,

= =

X, Gst Jist e oA R AL, He AFPREN % ZHEEE, Hs AR RE N YRR R ZRE L, m iz s B RS £
S, n N EREBEL ry AL B AR N SRR TP P IIRR, g AR | AR RETEIZ AL L
5 J ARFLEEINIAR, m; 2 i DR L ISR R PR

FE R (gene flow) FHSRAG S AEE (] 3 R S AR BE, DB AR MR [RL AT A% A AR, 2 Jgt A%

TR EORAG Y
0.25(1 = Gst)
N = Gst ’

R, N, WIERFL, N A SFRER N m AFEERHMRIT R, Gst gL b 280
M4 Nei’s AL E B i F NTSYS-pe 2.1 #A4X FiEiEf T UPGMA B0, REARRCH 85,

2 HRS5S

21 EESEERBAMBMBREZHEN A 17 MERBIYS 20 D513 340 X151 44
T4, TsE i 10 XFAAF T . FooE M . B ety H 28 5 1 PCR U8R T S R it 2
FEMEAMATS, Horh, IE AR 615 0 E 51 WL 2% 2, 10 %51 1404 4 : ME3-EM3. ME4-EM 10, ME5-EMS.,
ME6-EM16. ME5-EM7. ME10-EM10, ME14-EM6. ME16-EM14. ME16-EM10, ME3-EM4,

S HF XRS5 S HER 6 NP AEFPEEIL 96 MAMADEST PCR ¥ 3, iy 45 R (& 2) ] B i, — It
PHE 184 DUEMTARAE 19 557, Tk 6 R0 M S b AT o0 b, o 174 A5G 2380, 280605 A %N
94.57%. M 1 AIE W, BA5 1WP B A ACH R 5 ~ 9 4%, FIIZRECN 6.9, 451/ T-8AE 250 ~ 2 000 bp
Z[a), Wi 3 HLAYAS R 28000 A - RAATE R R 255 . FET SRAP 4 FARic i S YAk £
A E 3 (PPB) 24 94.57%, SRAP K B () R 22507 45 B 43 LBl (PPB) 7E 76.09%(LMS2 Ff) ~
94.57%(LMS3 FHF) Z ], 348 85.15%, & HpRFEEH] 5% 48 AR ALK (76.09% ~ 94.57%), Ui HH 45 F
REBEA R 1 st Z RO
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Tab.2 Forward and Reverse Primer sequences used in SRAP analysis

Forward Primer 5’3’

Reverse Primer 5'-3'

ME1 TGAGTCCAAACCGGAGC
ME2 TGAGTCCAAACCGGATA
ME3 TGAGTCCAAACCGGAAT
ME4 TGAGTCCAAACCGGACC
MES5 TGAGTCCAAACCGGAAG
ME6 TGAGTCCAAACCGGTAA
ME7 TGAGTCCAAACCGGTGC
ME8 TGAGTCCAAACCGGTCC
ME9 TGAGTCCAAACCGGTAG
ME10 TGAGTCCAAACCGGTTG
ME11 TGAGTCCAAACCGGTGT
ME12 TGAGTCCAAACCGGTCA
ME13 TGAGTCCAAACCGGGAC
ME14 TGAGTCCAAACCGGGTA
ME15 TGAGTCCAAACCGGGGT
ME16 TGAGTCCAAACCGGCAG
ME17 TGAGTCCAAACCGGCTA

EM1 GACTGCGTACGAATTAAT
EM2 GACTGCGTACGAATTTGC
EM3 GACTGCGTACGAATTGAC
EM4 GACTGCGTACGAATTAAC
EMS5 GACTGCGTACGAATTTGA
EM6 GACTGCGTACGAATTGCA
EM7 GACTGCGTACGAATTGAG
EM8 GACTGCGTACGAATTCTG
EM9 GACTGCGTACGAATTGTC
EM10 GACTGCGTACGAATTCAG
EM11 GACTGCGTACGAATTCCA
EM12 GACTGCGTACGAATTCAC
EM13 GACTGCGTACGAATTGCC
EM14 GACTGCGTACGAATTGGT
EM15 GACTGCGTACGAATTCGG
EM16 GACTGCGTACGAATTATG
EM17 GACTGCGTACGAATTAGC
EM18 GACTGCGTACGAATTACG
EM19 GACTGCGTACGAATTTAG
EM20 GACTGCGTACGAATTTCG

2000 bp

1900 bp 000
750 bp
390 Bp §§§ §§

1234567 89101112131415161718

1234567 89101112131415161718

o
1000 bp p
750 bp 750 bp
398 6B 39868

M123456789101112131415161718 345678 9101112131415161718

2000 bp [ % 888 Ep
1000 bp [ 990 bp
750 bp p
39665 b 3966

B2 65 Bk S SUBRMERY PCR 371
Fig. 2 PCR amplification of six populations of Asplenium nidus
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#3 SER 6 MEAMEE SRAP FRIZIEML BN (FHEHREE)
Tab. 3 Genetic diversity (Mean+SE) of 6 natural populations of Asplenium nidus based on SRAP markers
o e : Sh. s - AL
3 R NeidEIH A 2T TLL G N
Fhite WLEEAE (No) FEP B (Ne) ZAEVE(He) R Number of
. . . . Shannon’s . Percentage of
Population ~ Observed number Effective number Nei’s genetic . . polymorphic .
. . information . polymorphic
of alleles of alleles diversity . loci .
index loci/%
BW 1.8152+0.3892 1.4799+0.3509 0.2822+0.1814 0.4227+0.2510 150 81.52
EXL 1.8533+0.3548 1.534340.3491 0.3094+0.1714 0.4597+0.238 1 157 85.33
LMSI 1.8533+0.3548 1.4901+0.3350 0.2919+0.1686 0.4403+0.2301 157 85.33
LMS2 1.7609+0.4277 1.52244+0.3771 0.2961+0.193 3 0.4346+0.2696 140 76.09
LMS3 1.9457+0.2273 1.5332+0.2273 0.3225+0.1378 0.4881+0.1796 174 94.57
WZS 1.8804+0.3253 1.5087+0.3198 0.3040+0.1607 0.4577+0.2191 162 88.04
Population level  1.8515+0.3465 1.5114+0.3265 0.3010+0.1689 0.4505+0.2313 156.7 85.15
Species level ~ 1.9457+0.2273 1.5893+0.2864 0.3475+0.1329 0.5181+0.1728 174 94.57

22 BHERHEMESIL POPGENE B4 M4 SR, Fe Rl AN EE N BIfE A — e st 8 5, (H 32 %2
RAAEFPRENER, FREMIER AR (Hr) M 0.346 2+0.018 3, Hir, Rt IR 2R (Hs) 77 0.301 0£0.014 2,
R 86.94% izl stk A LEXERIIE INER; RIS /3L R EL (Gst) 2 0.130 6, BIFPREANEAL /040K 13.06%,
Ui B 5 SR FRRE )35 AL A K4 s, ELSH B AR 5 R R A AE AP RE N0 . ARBFI LR V,=1.664 2, &
A 5 SR 2 [B) S5 R 3 sl

AMOVA 7, st A8 5 LURBEN AR S8 3, ILHT 45 55 POPGENE 43 Hr 4 SR AR—3L,
R AFEWN, BERL L (P =0.010) TR NIRRT SAETE, 85728 SAE MR 5 Sl 28 5
1 10.62%, TERMHEN (5 89.53%.
2.3 BHRMBEMNBEEESHENEAER WL SATH, SR 6 ANFRER 2 A UE R 0.922 4,

*4 DEREBRAMEEERI AMOVA 51
Tab. 4 Analysis of molecular variance (AMOVA) of natural populations of Asplenium nidus

AR5 F H1 S5 A Y75 NN ARSI % (S
Source of variance df SS MS Variancecomponents Percentageof variation P
TR ] 5 471.146  94.229 3.959 10.62% 0.010
FIREN 90 2 997.989 33.311 33.311 89.53% 0.010
Bt 95 3469.135 37.270 100%
=5 BT SRAP 6 M EEEMEFEIFIEERINEREGES
Tab. 5 Genetic similarity and genetic distance among the 6
populations of Asplenium nidus based on SRAP
Ff Population BW EXL LMSI1 LMS2 LMS3 WZS
BW Hokkk 0.950 5 0.925 6 0.926 9 0.8977 0.9237
EXL 0.050 8 ok 0.942 1 0.929 5 09115 0.934 5
LMS1 0.077 3 0.059 7 Rk 09150 0.937 6 0.928 9
LMS2 0.076 0 0.073 1 0.088 8 HrxE 0.8899 0.897 6
LMS3 0.107 9 0.0927 0.064 4 0.116 6 HokxE 0.9255
WZS 0.079 4 0.067 7 0.073 8 0.108 0 0.077 4 HokxE

T MRERIR 1 —2 LRROMIB AR, T s e

Note: The population is consistent with Table 1. The upper part is genetic similarity and the lower part is genetic distance.
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R AL A A 0.080 9. Hirp, BW Al EXL fYi% BW
fHE B B3, 24 0.050 8, LMS2 I LMS3 it {4 FE &5 lEXL
ik, 4 0.116 6, WS
SRAP #ric X 6 ANFiE & SLEREF SRR B iR
B 1Y) UPGMA K045 S, MR 6 154 LMS1
BRAPEE T 2 =R 28 th & 3 T A5, s BR A T - LMS3
9 BW A EXL S5 T3S [l —HulX 9 LMS1 A1 LMS3 LMS2
ROAE TR T2 T LMS2 5 AR A 0.69' - I0.£)8( - '0.67' a IO.(I)6I o '0.65
M2k, Hoast AR R B ik, st ot e il 3 Coefficient
. . B3 R 5 S HR 6 M FPBE Nei’s 8 {5 HE % UPGMA %
3 it # A

1 SREERMEEGSEE sy IO 0 e e
Y RN oy, RS RE LY makers using UPGMA cluster analysis
T 2 REPE R SERA 7, 2 o Hr Rt AT T Ak
SKefiiz By U, SR AE SRR KNP R I =), S A RS A R R A R, sl
SR 5 ) oo AR AR A3 N7 B T R , RS ) A L A BN B R R R A B2,

AW EE AR, Mg 5 B A S SRR B A B it 2, 2800 H 4 L (PPB) 1E 76.09%
(LMS2 FIEE) ~ 94.57%(LMS3 FhEE) Z 0], SEXI0 85.15%. %45 5 59 i 4502 py ey -2k 2k A 4R Fa R
3% ZAEVEIT S FE 0 K S5 B K R ) A 855 S st A% Z ARV 4 B 25 AR R, {555 28 R P A5 04 X 45
BRI IR G 2R AFLP AT h e 45 RAFAE — o 25 5 o JR IR AT BRJEWF ST AR R 73 AT 22 S 35
K, SR FARIC AR R T8, ARG b, B A S SRR ] A 5% 22 SR, (0 Bl 2 VA o,
e, BHE MRS & AR T B ARk, PRI AL 6 N FPEFRS R s ZREE . o, LMS3 HbIX it %
ZFEVE R (Ne, He. Ho 4350 1.533 2, 0.322 5, 0.488 1), A AEZZ AL 111 (LMS) VE Ay i g = R VT3] (1 i
VL TR BARTL) M R IR, A AT 32, F7 6 S AR A SR 2R o i 1 2B AK DX & #vis 22 X
S, 2 Rt e A TR A R T 5 R A A R R TR, TN A A Ml 5 BRI I AR A R
(Ne. He. Ho 535l 1.4799. 0.282 2., 0.422 7); AT —EREREEAMAMIER AR, 52 T
;o — IR T BB S SR o0 M2 R RGN, AR T FAE R M . ARIFoT 45 5 3R I, 7R
6 ™ L HEFRAIEE P LMS3 & SLBRFIE T (AR S i 22, T BWL 5 SUBRAE st 1% 48 S AR X 40
3.2 MEMEERTFMIBRGEN  SUELTEFIRE S 2R 5010 B2 48 Jmy, HAESERI L B[R 548
A A SREPEMILRIVE T TR K, 5 it Ak s R A P Rt A o6 -2,

5 B R BARAE RN RE R Fh AT 5 AT B8 At A% 2 e, (EAH LU 35, R K TG Z PR 12T
TW K, 5 RPE ] ELAT 55 2 B (Nm=1.664 2, Nm>1) 48 3¢, (#1145 i R ) A Fh s G 450 £ 2 A
R, R SR B s PP R AT A — R I A2, AL LR Gst o4 0.130 6, 7E 0.05 ~
0.15 Z[H], J& T aFRE B it A% 44k

T SRAP FRiCAFH 6 4~ BLER R A= R 22 250 5 A 7% . Shannon 15 B 84X (Ho) . Nei’s JE[H £+
PE (He). FIRE 8L ZHE M8 BORL 5 G ZFEMETR S, i8 1 AMOVA 431745 5 b 7 B i R R ) 22 5
1%, 160 5 BLERFEE AR LR 5 MG A8 5, 6 /> 5 BLERIEF A 43 A0 AR (B 25043 e it A% 48 S, 2 B) 1L o
S HA 5 AR RS AR S o B RAE P B, S R AR S T R R R LR B s A 24
PERRINZ — o T S ERRA T Z5H, A5 THREEE T, 2 rk i B 5, 00 BERE 25 v] G2
T A SRR (]38 1 AR T AL, T R a8 1 728 S T RRR AR IR v 4% 1 SRR [ a5t A% 2R PR3
B SR 22—
3.3 SHBRBARMEHRIP YRS E 2K 68 R WSS N RE ) FEEEE ), 84 B TR A Bk
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Wife N B R BRI C . XA PR DR AP DT BT R A 2 , 0 SRAE SRS AT 1 At PR AP R 4
AT AN IR ZAEAR ) & SRR A B 0H, 11 B AE R A PR A I, T p )
AU 3 T SR TR A K, AP ML UE ST R B 1 SR R gt AL 2R, UEWIEAS BT S T 1 X
BB S 1 Bl %t B SRR AR SR Mg A% 2R E RN, 2% X A — 5 B & SR A 0 A

AT AR, — HAESE BB 2 B S B T AN BB AIAA, 5 SER I A S 2 e e, Hagt
R R P LS BEPR IR N AR ML AR 37 08 2, T 5 SRR e i A4 2P g O B2 B
PR DX DX (AN A I 9 B B L LMIS3 X380 S 57 40001 B e ) AR ORAP DX, TR 4 B SRR A2 0 B
PR A% BRI T A5 TR BTk 3 ZURN R R e Z 1815 A2 0 R X — LR, AT X AN[R]
FLARTEAR PP 15 SR AT H PR 37, 45 A R B S I ASORZEST A SRR IR, S e e 4 DM REE, 37
RAR AR ) 5 RS20, e ACBIR EE O & SRR A5 22, (e A R AR 5 8 el

S 3wk
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Analysis of Population Genetic Diversity of Wild Asplenium nidus in
Hainan Island Based on SRAP Markers

HOU Xiangwen'®, XU Shitao’, WANG Deli’, LIANG Jingwen?, SI Genghua’
(1. School of Forestry, Hainan University, Haikou 570228, China; 2. Horticulture College, Hainan University, Haikou, Hainan 570228, China;
3. Hainan Branch, Institute of medicinal plants, Chinese Academy of Medical Sciences, Haikou, Hainan 570311, China)

Abstract: Asplenium nidus, commonly called bird’s nest fern, now unique in the rainforest, is referred to as a
“ Hanging Garden” plant. In order to reveal the genetic diversity and genetic relationship of the natural
population of A. nidus, and promote the effective conservation and utilization of wild A. nidus resources, 96
samples were collected from 6 populations of A. nidus in Hainan Island, and clustered by using UPGMA cluster
analysis based on SRAP markers. The results showed that a total of 184 loci were amplified by 10 pairs of
primers in A. nidus, of which 174 were polymorphic loci with the percentage of polymorphic loci or bands
(PPB) being 94.57%. The PPB varied greatly in the populations, with an average of 85.15% based on SRAP
markers. The populations of 4. nidus had a relatively higher genetic variation, and each population had a high
level of genetic diversity. POPGENE analysis showed that the percentage of genetic differentiation within the
population was 86.94%, while the percentage of genetic differentiation between populations was 13.06%,
which proved that there was a certain level of genetic differentiation among the populations. The average
genetic similarity of the 6 populations of A nidus was 0.9224, and the average genetic distance was 0.0809.
The genetic distance of the populations between BW and EXL was the closest, which was 0.0508, and the
genetic distance between LMS2 and LMS3 was the longest, which was 0.1166. UPGMA cluster analysis
showed the genetic distance of the wild populations of 4. nidus in BW and EXL are geographically close, and
hence were clustered together, indicating that the gene flow of 4 nidus in these two locations was smooth. The
A nidus populations in LMS1 and LMS3 in the same area were clustered together. The genetic distance
between the population in LMS2 and other populations in LiMushan area was the highest, and the genetic
differentiation was also the most significant. This shows that SRAP markers have abundant polymorphisms
among the populations of 4 nidus and are of great significance for revealing the genetic relationship of 4 nidus.
When compared with the wild habitat, the population of A. nidus in each area was found to be damaged to
different degrees. It is recommended to focus on in-situ conservation of 4 nidus. The LMS3 area, where the
genetic diversity of the 4 nidus population is higher, can be selected to establish a higher-level nature reserve or
Hainan tropical rainforest national park to facilitate expansion and rehabilitation of the population and habitat
of A nidus for conservation of tropical rainforest and sustainable development of plant diversity.

Keywords: Hainan Island; Asplenium nidus; SRAP; genetic diversity; cluster analysis
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