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Abstract : Metapetrocosmea peltata ( Gesneriaceae) is an endemic species distributed in the middle and southern moun-
tainous area of Hainan Island. In this study, we collected 172 M. peltata individuals from 11 natural populations, and as-
sessed the genetic diversity and differentiation of this species based on sequence variation of intergenic transcribed spacer
(ITS) region. In addition, the factors that may impact the level and distribution of genetic diversity were explored. The
results were as follows: (1) M. peliata had a high level of genetic diversity at its species level (H, =0.998, 7=
0.023 5), however, the gene flow between populations was very weak (N, =0.04), whereas the genetic differentiation
was quite strong ( Gy, =0.375). (2) Most haplotypes of M. peltaia were population specific, only except for BM and NM
populations, which shared a few haplotypes. (3) Mantel test showed that the genetic distances between haplotypes were
correlated with their geographic distances ( correlation index r=0.322, P=0.010). (4) Structure analysis clustered
individuals of M. peltata into six genetic groups, whose geographic distributions were largely concordant with the isolation
pattern of Hainan mountainous area caused by Changhua River. The geographic distribution of genetic clusters was fur-
ther supported by population cluster analysis based on Nei’ s genetic distance. This study manifests the isolation effect of
Changhua River on the distribution of genetic diversity of M. peliata. (5) AMOVA analysis showed that 67% genetic
variation was partitioned among populations, suggesting genetic differentiation of this species was mainly caused by geo-
graphic isolation. In conclusion, geographic isolation of Hainan mountainous area caused by Changhua River and its
tributaries should be the driving force for the strong genetic differentiation among M. peltata populations, and also may
lead to the high genetic diversity detected at the species level of M. peltata. This study not only provides recommendation
for efficient conservation and utilization of M. peltata, a potential ornamental plant species, but also facilitates the under-
standing of geographic distribution of genetic variation for Hainan Island endemic and other plant species.

Key words: Metapetrocosmea peltata, genetic diversity, genetic constructure, geographic isolation, island endemic species
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55 W5 0 ol () 3 A1 D38 R L BB /DN B R AR
0N DRI A2 5 05 52 2% T 1 55 i 1 9k 553 5 BEL 1T
P L s B L o G L L2 S
2004) . 055 HE A5 PR 3R 23 52 AR Y R
AN A T RS e 5 AR 2 AR PR S st AR A
( Stuessy et al., 2014) , W Fg 5 ELA B8 04 P
I, AR LIRS BT 04 A U B R e 0, D) LS PG )
G BBV BB T AR OB AR X, 2012) . B ARV R
B 55 R B R IR T B A ORI R BT R S 1Y
PSS, AARAL I U R I A Birth gl AR AR B
e pudl, &R i AN B VL E ) PEIE AL ER T (A
O, 2015) . BARTLCIARZ 16/ & R p
Ly 1B 43 51 SR AN 2 52 11 M B DX 35, 33 b b R AR %)
TR A R A R 38 A% 22 A M st A% oAk iR =2 el B i
TR AE G ENRAMMG

T E B Gesneriaceae ) ) K 2 B A MY
AEIE 5 A6 AR B AT R P 00 5% M (BB e, R
RN Tz e (IR, 2008 AR IE fE A 5 5
2009; LGS, 2011) , T EEEERMEY
THEE R, 6w 5 M b X2 S & T

FHAY 2 PR B S M X 2 — (28 9R 55 A B B,
2005; FHHEMIEE, 2010; 4 AL, 2017) , RS
By 3 24 R B H WARHE Y, AU45 2 S FEA TR
8 MRFAMN (1) (FBRMNISE, 2010; AL,
2012) o AT R S 2 T B R B R A L
TR A E S R i v S A P R IR S
HEALAR AT RE 32 B B AL VLI A LA e 5 0 3 57 s s 1Y
M (ERAE, 2015; wAZESE, 2017)

BEHEE ( Metapetrocosmea peliata ) HFE T
EAERUEWE SR, N ERRE 2 R A 8
WA AEIFIR 400 ~800 m (111 5 BE [ Bl £1 BE e
Zerh FhRE 5 B B4, X AR B EOR AR AR
K, BT AR AL R AR DX SR B A
T EUE B T e 4 L A KA, I A
A a4 B (F R NS, 2010) , I EE B
FERPRERY 15 72 S e 5 FE 2, B AR TE 51 R 1Y 5 r
K v S L o 2 R A R R T M A R S
4 1 B3 A, A0 RTS8 DR O I R R 2
REPE 3 B0 0] 851 i R 15 B i 28 o AR A B it ]
DX (ITS) 25 ffa e A< I e e B2 /N, T T 428
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FERY R G E 5 TR 8L 2 B o8 (B SO 4%
2010; EBEHESF, 2011) , ABFFEREH] ITS ARic sk
M ieE B R Bl R R IR A 2R S AR
GERE PR STV R I b BAK SR i R R R st A
A5 S oKV 5 23 (8] 43 A W52 W, SRy V6 R AR AT R
U5 HEALFNOR B R AR S

1A

1.1 ##

AR TIEME S 11 AR 172 4
A RAE S BRI AE N R 5 1Y A A M (R
RN, 2010) . BFAPRAEAK R4 JoR B0 4
W R fie PR T 5l [ S 06 & B DO R AR
1~21 MME(E 1), BT R HSZ R X 114
FRRE 20 76 3 HoRN 7% 22 0 X 3R, G v kA 0
(JX) BSEFS (YG) . % EI& (BW) (B8 (NG)
5B (LM) FlBEAL T B AT LA, 2 e i
(JF) SR (XA) Rl R AL T B AT R 74
ML, R B BALTL R AR m TR0 b B
WA SRR — L aE (E 1),

1.2 DNA £E{#1 PCR # 3% il 5

F MR B CTAB ¥ (Doyle, 1990) , M g
T A A PSR ECA DNAL s 518 1TS4
(5’ TCCTCCGCTTATTGATATGC 3') F1 ITS 5HP
(5" GGAAGGAGAAGTCGTAACAAGG 3') ( White
et al., 1990) 4 3G M E &1 1TS R B,

PCR ¥ 1A & 25 pL, 84 17 pL K&+
K,2.5 pL 10x Z& Wi, 0.5 pl 10 mM dNTps,
5 wmol - L5445 0.5 wL, 1 wL DNA B4z #1 0.5
L5 U« pL"! Taq B, ITS H B B TR F .94 °C il
AFVE 4 min;94 CZAEPE 1 min, 55 CiE & 40 5,72 C
FEAH 1 min, 535 36 K, fixJ5 72 °C #EH 10 min,
PCR 77 ) 22 Byt BiE W68 B PR DK R DU 3 326 ) 1 R — W
e YR A RS I
1.3 HIEFHIT DT

e ContigExpress 2014 Xf i Jy 45 2 F T &
1E, 2R )58 id MEGA 6.0 ( Kumar et al., 2008) 27
F#EEF B L XF, F DnaSP 5.1 ( Librado & Rozas,
2009) i HAG R T RAE R 2 A (H )

TR ZFEME () FRE (] F- 24 LRI (Y, ) R B
g% b REC(Fy,) . R PERMUT (Pons &
Petit, 1996) K 1 i1 55 b #F N F- 34 35t 1% 2 1
(Hg) MoKV St 28 5 (H, ), UL R 3st A% 4y Ak
FR(Cy M Ny ) o G RE BT R Ny, %
JE T B R Y A SR R S 22 5 (Raymond &
Rousset, 1995) ., Ny KT Gy, il i R R REAAAETE
R b FREEAE L 2 Ml 1 000 B EA T A5G
f#i ] GenAlEx 6.5 (Peakall & Smouse, 2012) 4T
AMOVA ( Analysis of Molecular Variance ) 73 #7 , ¥
SR SRR PRI ] 5 b DX ] = A 2K
LT EI 5y, ) Mantel ;55 ( Mantel, 1967) L
JE P T R g5 2 B R 5 b IR S 2 ) 9 AH OC
PE 10 000 BEALH A5 W& P . >R Net-
work 5.0 ( Bandelt, 1999) [ H f5 i 4% 7% ( Median-
joining Networks ) X J& i 150 5 11 /> B ) 2 4%
R4 ], R gt 14 4544 1 Structure 2.3.4 20 #F,
MCMC R LG 1 10° AR ARUBRETT 5, b5
AR 10°HH AR, K AR R A% 153 B Fh A, LR
EEFEBE RN 1~ 11,5 TR KEE 10 REL
G3HT K 10 PGB S AE USREVE R BA K 1R
SRAE . TREBIARY B R RE P LUIR A, H A8 A7 B A
B R A 56 1Y ( Pritchard et al., 2000) . ffi Hi
Structure Harvester #f 17 DeltaK {E & 43 ¥, UL ¥ &
el K AR, BV AT RE 1Y 38t 4% 153 A4 H (Evanno et
al., 2005). ¥ Structure % %45 B L & F
CLUMPAK server £ ffil it % %5 #4) [&] ( Jakobsson &
Rosenberg, 2007) . % Nei 154 15 2 i FH MEGA
6.0 F IR I8 5 1 A AL i IR I b R R ) SR G
Z & (Tamura et al., 2013) ,

2 HEREHRHM

21 FIER

2R ITS ¥ 5 K B2 647 bp, — 46 I
2 64 AR A AL 7 AR R A Bk AR,
FRHE BM A1 QX 1948 S 07 45 HL 9l B i, oM 0.92%
FPEE NG (19 ITS JPF A A8 5 5 FLAR R RE (4 28 4
JHBIAE 0.15% ~0.77% 2 [0 (F£ 1) ,
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22 BEMNSHESHESR

BT ITS JP oItk 3 42 S fi Al g b s &
FiRE R BAAERUANRON 1~7 REE(F 1), KB4 Fb
FEG A 0 A 1 B R L b R T ) R R
BM Al NM L2 7 {80 H28 H30 Al H31, J&I
B ARG P AL 2R PR A R R NG A 1
P g5 RUAN AR RE A 2 B DL Y B A5 A P
fE R ZREPETE0.381 0~0.909 12 [A]

e P AR B A ) £ ELAT R BT ) B A
ANV TR B4 A5 A 7 0 285 )L Ak A4 o ik 57 19 7
B b R T A R L LR R Y 5t A% B R A
(P 2) , AR B4 70 0 2% ] LR BOK A M EE &5 1Y
T ASREERBERI S 6 4. 1. YG; 1T, JX; 1. NG
H5BW;IV: LM; V. JF 5 XA; VI. BU.NM . QX 5
WZ (B 2) ., 20N AR R85 25 (0.004+0.003)
5 /N T2 ] A AR A a5 AR HE 25 (0.026:£0.006)

1 EHEEHHENREMS TRUAH . AEE SEESHMMZERSHEN

Table 1  Sampling location, number of polymorphic sites, haplotypes, haplotype diversity and
nucleotide diversity for each Metapetrocosmea peltata population
7 S A,
=y y e ol e % l
TR MRS BARGE SR i ML L A Hfgi
. . . ) ) A Number of AR R B vy
Sampling Population ~ Sample Longitude and Altitude L ZHE
. . polymorphic sites Haplotype and number
location code number latitude (m) H,
and percentage
(%)
Bkl LM 11 109°44’ E, 19°10' N 4(0.62) HI(S), H2(5), H3(1) 0.636 3
Mt. Limu
HEW BW 14 109°09’ E, 19°07' N 1013 2(0.31) H4(4), H5(7), 0.692 3
Mt. Bawang H6(2), H7(1)
= NG 21 109°19" E, 19°10"' N 600~750 0(0.00) H8(21) 0.000 0
Mt. Nangao
AR JX 14 109°08" E, 18°53" N 700~ 800 2(0.31) H9(9), H10(2), HI11(3) 0.560 4
Mt. Houmi
PR YG 21 109°33" E, 19°03' N 700~1 000 1(0.15) H12(16), HI3(5) 0.381 0
Mt. Yingge
ity JF 20 108°52' E, 18°46' N 900~1 100 4(0.62) HI14(10), HI5(3), HI6(1), 0.694 7
Mt. Jianfeng H17(5), H18(1)
il 2 £k XA 12 109°26' E, 18°35' N 5(0.77) H19(3), H20(1), H21(4), 0.848 5
Mt. Xian’ an H22(2), H23(1) ,H24(1)
A BM 11 110°12" E, 19°04' N 450~700 6(0.92) H25(3), H26(1), H27(1), H28(2), 0.909 1
Mt. Baima H29(1), H30(1), H31(2)
B NM 17 110°06" E, 19°01’' N 600~ 870 5(0.77) H26(1), H30(7), H31(4), 0.757 4
Mt. Nanmao H32(4), H33(1)
LAl QX 17 109°41’ E, 18°42' N 417~590 6(0.92) H34(6), H35(3), H36(2), 0.786 8
Mt. Qixian H37(1), H38(5)
HIgIL wz 14 109°41’ E, 18°53' N 800~1 530 3(0.46) H39(9), H40(1), 0.582 4
Mt. Wuzhi H41(2), H42(2)
BT Total — 172 — 64(9.89) — 0.958 0

2.3 MBBEASEMERES U

Deltak fEFE 3T & B K=6 A DeltaK BUfS K
E(E3:A), JEES 6 Mgt fe T i1 5
LT 8 0 28 8] 43 1 6 ZH R R S8 4 X Ry (8] 3
B) . (i T BALILLAALAY 5 A FRRE, Bk BW 5 NG 2L
TR — By () AR 24 ey i a8 A% 1800 1
o ALT BTV g A JF 5 XA i v
PR, AL T EARTIAR 19 4 SFPHE QX WZ NM 5

BM) il VIFGRL (K 3:B) o X 6 Mgt s iy
MO IR AT 5 T T S R A L Y R e A AR )
HE ) o JEMHE SR RIS TGRS AR
25 KIF Structure 43 BT 45 R — 3%, AHTA] 814 B 43 1Y)
FPRE e RN BRI S, BALTLZR R 4 SFRE
A 14 A S5 AR TR 179 35t % B B 00, 40 AT AE
ST AL A 0 PG R A bR D0 RS B o5 — ik Ak S (T8
4) MHEYG RIPERIHERAYG JF XA JRAE—k, Mif T
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H1 HSE Ho H13 Il H17 H21 I H2s I H29 I H33 I H37 H41 I
H2 HoI  H10 H14 I H18 H22 I H26 I H30 M H34 W H3gI  H42
H3  H7I H11 Hi5 Il H19 H23 I H27 I H31 H3s Il H39 Il
HAI  Hel H12E H16 H20  H24MEE H2s I H32  H3s I H40 N

PR I R S Y 00 A PR A

Fig. 1 Constitution and geographical distribution of haplotypes of Metapetrocosmea peltata populations

EALIT AR IX . BW NG 5 LM Ml — ¥ &,
HRARR DY R AL HE BN (B 2)

H4 L3R 6 Tt 1% B 43 i A6 FhOE 1) 1 3 43 A5 X
YE R b IX 2 UHEAT AMOVA 43047, 362 45 R WK,
b D[] R B 55 R D 1 38t A% AR SR 0 ol o AR
S 67% . 27% F1 6% , #8578 J& B & Y 5 A% AR
St EBOR R AN M DXOFP 1938 4% 22 5+ . DnaSP
FhTFP R[] (9 SF- 2 L R N, = 0.04, Fh 7 a] 52 1%
i 25 F,=0.8, Mantel test IS Hb B R B R
TR BE B AFAE — o AHOCME (MG PE R % r=0.322,P=
0.010) , & FHAE R A G M B & Bt Z
M H,=0.998 (+0.012 1), FhiE N 2815 ZRa M

Hy=0.624 (£0.076 8) , 1 & T DNA J¥ 55 1)
JEMEE Y FOK PR ZHNE 7=0.023 5, 1
TR R IR 2 FEVELE 0~0.004 62 (8], LA T4 Fft
K- 35t A5 2 B BE S R 35t A% 43 Ak Y 4 L
G F1 Ny 3514 0.375+0.078 1710.933+0.015 2,
N EKTF Gy, (P<0.001)

3 g4
3 EEBRHERENENHESEAERZ=ES

Lok A o)
ABEFE R, B AT A5 R 1 R 5 o R A L
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Fig. 2 Metapetrocosmea peltata haplotype network

constructed based on ITS sequence variation

G380, T R L Ml P A O B A b AR Ry B S
V55 £ 22 BH DT KR R A2 0, R AR AL A Ak iy
Zi i [A (Slatkin, 1987; Ouborg, 1999; Manel et
al., 2003) , H Gy> 0.25, F BFRE R A R 35 1Y
%5316 (Buso et al., 1998) , JEMEHEN Gy, =
0.375, I 7~ AN [7) by 3500 B A7 76 5iR B0 382 4% 4 b
BEPRI AT AR AR A RE 204k, SR AL PR A58 (N, <
1), S0 BEHREY i & B 5| 0 B #a 55 ( Slatkin,
1985) , JEMEHE A KIEART il M4, 4
MR/, HAE A R A R R B AR A IR, Iz
B AT A% 1) R B A T, A ] b 30 B 2 A= 2 A
TLAATREPEREUIN . AWE TG TS i B R
N, =0.04 E/NF 1, SR T ) 5L A A2 mi AR A R,
X5 5 i AR A AR o B AR o Ak i 25 2R —
., Structure 7MHTHIE T 6 Flsi45 L5, Hor 4 F

20 A
X 15
S
2
@ 10
el
r
'Y
< 5

0

2 4 6 8 10

B (K=6) K{&E K value

I 11 111 1Y \Y VI

JX  BW NG LM JF XA BM NM QX WZ

K3 R KA1 Deltak 22 4L (A) FI
K=6 Xt i) Structure 255 1& (B)
Fig. 3 DeltaK variation diagram (A) at different

K values and structure result diagram when K=6 (B)

Y6 meemmmmmceeaaa 1
JF
I Y S
LM = mmmmmm e il
N R L L L T vV
NG
BW | """"" v
00X
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0. 005

Pl 4 FET Nei gtfRBE sty EAy 11 4
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Fig. 4 Population tree of relationship among 11 populations

of Metapeirocosmea peliata based on Nei’s genetic distance

(1. I I IV) A e BALTERLE 1 V AT VLR
A B AL TR PG R 5 AR B, R A P L4 5 5
AT 4 B s A P T e — 25 23 A D AN T Y e A%
ST o B R I 4 R R R SRS A BT 48 7, A A
B LTI A 1 I B & 5 AR B A B 9 J A%
oAt BTN AR BT T AK g AR5 AL R A e Y
FENAZL, M0 U35 1541l 2 £ bR Ta] A9 L0 A% 5 BOR
155 V4 R R B TR B AT AL R R A
VO R = AR I B 2 A A R, L 6 st
B B B3 A, DL R BERRRERY R ZE R R S
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Table 2 Results of analyses of molecular variance ( AMOVA) for Metapetrocosmea peltata
75 S R I B e B T3 A A% 5 HArLE PAE
Source of variation df SS Estimated variation Percentage (%) P value
HiLIX [ 5 1129.178 225.836 6.758 67 0.001
Among regions
adid! 5 209.993 41.999 2.739 27 0.001
Among populations
FHEN 161 90.899 0.565 6 0.001
Within populations
Bt 171 1 430.070 10.062 100
Total

TE: * FIRLL Suucture J}HTHAE BY 6 Flvigt £ 10023 BT 16 3 XA Dy X R AT AMOVA J3#7

Note: * means AMOVA analysis was carried out at the regional level with the six genetic components identified by Structure analysis.

R B AR L A R B R UR B &, B — 2P
RS A K B A V) A 3 8 1 e 2 R 2 3 B
M F AL A B E A TR R4 (2018 ) Al
MITS FA R A B SR ESR
( Oreocharts dasyantha) 1o AL AR R K S 5 B 4y
A7 SR R BB AL DA S T B AL T 23 9 0 A7
B 0 3 A A 0 o 2 TR A 0 b A 5 1
S RN E R ) 52 ) P B 52
Wi 75 oy 5 HE WY I AR5 A5 oAk, Al R B T b
YA Fp 4 H-2E ( Primuling eburnea) A=K 75 E 1 5
PR A IR e ML XA 2R PG A 32 00 A X (8] B R
BKZ) 200 km, Gao et al. (2015) KBLVPEH 5 A
AR A H 2R AP AW A3 (F g = 0.665) , KR
b PHE R 5 R T SR VG A b R L R A A i
PR, Lk B ARG E R g i H R R
S 1) b B 53 A 55 T e L i B A U AR — F
32 1Y by LR 2 2 AR ol i P A% A A AR R TE I
MEZERER,
32 EMHEEMEESHG

— RN S A | el R A R Y s A 2
M B AL (Ellstrand & Elam, 1993; Hamrick &
Godt, 1996) , tA W 5 7 X 26 W) R A7) BE 4k 45 45
KB AL AR S X AT RE S T TR REA R AR T
Tl s AL oAk, BAR B FIRE B ZRE VR i, (H
A AN B A B R KT 1Y 352 48 48 5 ( Dixo et al.
2009) . a0, O I S A W Rl R OR B
( Rheum tanguticum ) WFHFEH /D {H St 45 Z P

B (H,=0.632) (EZE2MA4T, 2017), &
MR P 118 K AR RE AL, A [F) 2 R
(35t A5 4 B AR R, S B A OK 1 19 3848 2 HE VR B
i [ R R R B e AL E RSB L
AR S RE I R SR AE R R b (] ITS P A4 TS
M EE Y R OK PR 848 Z M (H, = 0.998, 7 =
0.023 5) L& T B A FhORE A9 28 53 (FhEE N - 28t
LA H=0.624,m7=0~0.004 6) . R
BR b gl B AL TLI AR R 45 or ) R EUR M E A
FE 2 2 AL, TEW A OK P B B B = R %
25+ . Song & Thomas (2007 ) B 57 £ 4F A= B AR A
¥ Boechera fecunda 2B, % B s A% a5 4 a2 L B
B, e DR B T, RO L b (Fy =
0.57) , 5 B0y Pl 3 U 4 15 4 e 7K 7 1Y 35t A% 78 7
(H,=0.46) . H5IEMEHEMIE M MEET R5EL
IR Elymus glaucus, 55 W5 5 5 2 4F 4 B AR M Y)
Lithophragma maximum , U4 X 16 F 5 F¢ A5 FH ) E 46
LR S P M S 2 5 R b e 0k B o Ak, [ A
YFh B 5t 1% 22 25 K- 4855 ( Furches et al., 2008 ;
Hufford et al., 2013 ; JRWIEEAT, 2018) . Hfl4efy
KB G AR S Y oy — R R R A S 2 SRR &
He I 3% 58 (Frankham & Briscoe, 2005) , 15 E &
B FEE & ( Primulina tabacum) 323 H 1B 5 A1 JK
L DX )RR AT ol A S A T W R TR B B Bk
ZE M X, (H W FOK P (38 2 AR B (PPB =
85.6% ,H,=0.339,7=0.495) (Ni et al., 2006) ,
Ni et al. (2006 ) Az A ¥ 75 oK U138 2o 8 #fE Br
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PTRE T KA o #H 56 2 280k i Fh B A Y st 4% 28
P8R L F- 5 o i B & o A e AR 5 B AT
DX, 55 D 22 vk 0 1 20 %of JHL 5 g B 7 a5t A% A8 S g
R E B HE P TE R RE h (B R %, 20065 BR4 1
45 2011) , PRI, HOJE I R )5 4% 4 A0 R0
WAL TELERE, 7l RE 2 H W MoK 7 BA 55 it
e ZFEME E R A,
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