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Gesneriaceae on Hainan Island: distribution patterns and phylogenetic
relationships

Shaojun Ling, Qianwan Meng, Liang Tang, Mingxun Ren"

Research Center for Terrestrial Biodiversity of the South China Sea, Institute of Tropical Agriculture and Forestry,
Hainan University, Haikou 570228

Abstract: Hainan Island offers an excellent opportunity to study biodiversity and biogeography as it is the
biggest tropical island in China while its flora evolution and biogeographic patterns have remained largely
unexplored. Gesneriaceae is a typical tropical plant family, showing diversification centers in southwestern
China and the Malay Archipelago. Hainan Island is located between these two ‘hotspots’. In this study,
area-adjusted species density and endemic indices of Gesneriaceae on Hainan Island were compared with
nearby regions including Guangdong, Guangxi, Yunnan, Guizhou, and Vietnam. The detailed distribution
patterns of Gesneriaceae on Hainan Island were also explored by comparing species diversity and endemic
proportions among different mountains and altitudes. We also used nuclear ITS1/2 and chloroplast trnL-F
sequences to construct a phylogenetic tree of Gesneriaceaec on Hainan Island to study dispersal histories and
the speciation time of Hainan-endemic species. Our results showed that, although Hainan Island has only 24
Gesneriaceae species, of which eight species and two genera are endemic, it also was characterized by a very
high area-adjusted species diversity and endemic index due to its small geographical area. Hainan Gesneri-
aceae were distributed mainly in high mountainous regions such as Mt. Wuzhi, Mt. Jianfeng, and Mt. Yingge
and showed the highest species diversity at both 400—1,000 m and >1,400 m a.s.l. The molecular data showed
that two endemic monotypic genera, i.e. Metapetrocosme and Cathayanthe, evolved at about 12 Ma, which
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may have been triggered by the monsoon climate (formed at about 28 Ma). Hainan contains the most basal
taxa of Asian Gesneriaceae and shared these with Southeast Asia, suggesting Hainan Gesneriaceae largely
originated from Southeast Asia, instead of the Chinese mainland. However, the great similarity of species
composition between Hainan Island and the geographically-closest province, i.e. Guangdong, proves that
Hainan flora experienced frequent species exchanges with the Chinese mainland recently, likely during the
late Tertiary (~3 Ma) when the island was connected with the Chinese mainland.

Key words: species diversity; endemic species; geographic distribution; species dispersal; molecular phylogeny
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Caujapé-Castells, 2011). i Fg AT [ KRG B e
B NG IRZE, THARIA3.4km?, R E K
S UG . R AR AR AE Y REIE H S X
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tata). 1t 54 E & (Oreocharisflavida). Bt &%
Ei & (O. dasyantha) LA J2 T~ A M 2L 16T B 1E & (Aes
chynanthus moningerae) % A~ /b + 5 AN A& 1 Gy i
LA ERER T, 85 R FICTAB (Cetyl Trim-
ethyl Ammonium Bromide, —75Je3E = H LR E7)
EIREUH i SDNA (Doyle & Doyle, 1987). ##4%
SRR BE R i S 4R 36 ] Bt trnL-F (Wang et al,
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Table 1 Comparison of species diversity of Gesneriaceae between Hainan Island with its nearby regions

Hh X A Rz MR REE M YVFERE  FEEfRE 5iEE SAEBER Jaccard TR

Region Area Elevation No. of No. of endemic  Species Endemic Jaccard index of similarity between
(x10*km®)  range (m) species species density index the region and Hainan Island

¥R % Hainan Island 3.54 1,867 24 8 18.985 0.396 —

M Yunnan 39.10 6,664 236 106 64.373 0.222 0.040

]V Guangxi 23.67 2,141 211 120 66.683 0.417 0.044

StM Guizhou 17.62 2,793 97 28 33.809 0.141 0.052

J"Z% Guangdong 17.98 1,882 60 20 20.767 0.173 0.167

#FE Vietnam 32.90 3,143 60 21 17.175 0.154 0.050

R2 MESTEEREMRFXFRN DNA FERRESIY

Table 2 DNA fragments and the primers used for phylogenetic studies of Gesneriaceae species

DNA F Bt DNA fragment 519751 Sequence

FrBR/N Fragment size Z# W HR Reference

AR F B 1TS1/2 ITS1: TCCGTAGGTGAACCTGCGG
ITS2: GCTGCGTTCTTCATCGATGC
MERARIE DR Fr B trnL-F

trnF: ATTTGAACTGGTGACACGAG

trnL: CGAAATCGGTAGACGCTAGG

851 bp White et al, 1990

859 bp Wang et al, 2010
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ellipticum) Al et 2 28 4+ 1 & (R, formosanum) 7L i i
By % KX 50, HRIRZHE &SR M

e
Elevation (m) "
P High: 1796
B 0 80  320km
ow: 40 160
1. % FI4 Mt. Bawang 2. R4 Mt. Exian

3. BFFIA Mt. Yingge 4. F#g 1l Mt. Wuzhi
5. ZEE1 Mt. Limu 6. | % 11 Mt. Diaoluo
7. \IZE A Ak Mt. Xian’an 8. R4 Mt. Jianfeng

1 BEBMHRAHRTAILE
Fig. 1 Topography of Hainan Island and the mountains studied
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Fig. 2 Altitudinal distribution of species diversity of Gesneriaceae on Hainan Island. o All species, m Hainan-endemic species.
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Fig. 3 Phylogenetic tree of Hainan Gesneriaceae based on ITS and trnL-F. The insert map shows the geographical distribution of
Asian Gesneriaceae. Note that Hainan Island locates at the center of the distribution range. The values above branches represent

Bayesian posterior probabilities.
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Fig. 4 Transitions of floral symmetry, habitat type and distribution altitude of Gesneriaceae on Hainan Isand. See Fig. 3 for the

indication of branch color.
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REA P B A 53 AT 1 = i 4 XS (B12), e 95
& AR E BN AT AETETR 1,400 mEL b R,
e LR T B ) AR S5 B B rl e i3 T 8 E B R
VIR RS AERF (TR NIEE, 2004). SR b,
¥ 7 5 R P IR AR AT R I ) BT R ) s
(F2). ZERWEFmBANHLTE B RKE (sky
islands; Knowles, 2001; Robin et al, 2015)F& & 1F H
B0, ATRE Y BRSSP G B A AR LA
T R 445 1) B iR A

T v S B 2 B ATz, e
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BEMEL LR ESERE D FELIEHREGREZ M
HAR AT o 31X R R it v I8 v 350 1L X B
o AR BTRREAGARE FE RN, T HIX Lehid B
4 5# (Francisco-Ortega et al, 2010; F#&E, 2012). U1
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B BRMMUAEK T IR IR A b, (HX N E
EEm AT B2 R X AR, BRESRES
i o M TE, 7 ATAE =R bR 25 A BE 1 Bl bR
AR L, EEHRGEIE1,000 m iR, BERE
B LI SE A A ORI, 2012).
32 Y#MIBHE

TEWE R & H AR I B B RHE I, Gt
[ PR R E B R (E3). R E & IR Al
AT MR R SE I (AR T, 1996), £I1E49 Ma
JE AR TR 3E, a4 H A I A X R
A B 255 A 5 — 7 (Perret et al, 2013). ¥ SA
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MWL, R E & FHEYER B S
RN 7RG o W5 S R0 5T 7 sh ik s 1
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2016).
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Ma, R 2 EFTE15-5 MaAd 7L H R (E3).
FE15 Ma/i A, 7 i 78 B EEARC S o RO AR B
A 2 By 10 B 5 e 00 4E R AIB B i 55 ok IR B

328 B8 30 K 29100 km (Zhu, 2016) . X FHAE 5 B
YERI AT e T30 1 53 B8 BHE R A E
H(Ling et al, 2017).
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OCHE NI R B (B13), 18 RO b 15 B FR 2H R
AHATEAR /&7 o
33 MuERz L
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A& Ky 3 B FE AR /1 — AN 2R (Wang et al, 2010;
F5HI, 2010; Martén-Rodriguez et al, 2015). 3l X}
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LA MEAEE D, AR IR R E & (K4 A BT
BE G AT 7 5 A K o b 30 e B b o0 A AR
B (F % [ 55, 2006).
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Appendix 1  The species used to construct phylogenetic tree of Hainan Gesneriaceae with their
accession numbers in GenBank. e Hainan distributed; * Hainan-endemic; o Outgroup.

Y)F Species ITS trnL-F

o EFATEE Beccarinda tokinensis KJ475423 KM232644
oHifiHiE i EE & Boea philippensis HQ632953 HQ632862
oEfEEE Chirita sinensis FJ501348 FJ501524
o XU E % Didymostigma obtusum HQ632971 HQ632875
oL & Epithema camosum KJ232426 KM232649
oM ikik=E = & Paraboea dictyoneura KJ475415 FJ501463
oMM E & Lysionnotus pauciflorus FJ501331 FJ501497
R E Rhynchoglossum obliquum KJ475424 AY423133
o (0B % Rhynchotechum discolor AB871628 FJ501436
ol £k HE 5 & Rhynchotechum ellipticum KJ475412 KM232661
o L 1 & Rhynchotechum formosanum KJ475412 BM232662
o KAt + ¥ Stauranthera grandiflora KJ475410 AJ492287
o fETFE L Aeschynanthus moningerae MF315102 MF315108
oT"FEEH Aeschynanthus acuminatus AB498560 KM232640
*WyAE & Cathayanthe biflora HQ632966 HQ632899
*AFEFEE S Chirita heterotricha MF315097 MF315103
*JEIE & Metapetrocosmea peltata MF315100 MF315106
*EF Ik EIE & Paraboea hainanensis MF315101 MF315107
*EIE D E S Oreocharis dasyantha MF315098 MF315104
*HIE D E S Oreocharis flavida MF315099 MF315105

oSanango racemosum KU991241 JX195799
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