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Abstract: Natural hybridization plays an important role in speciation, genetic exchange, and adaptive evolu-
tion. However, it can also lead to the extinction of rare species or can generate super invasive species. Studies
of natural hybridization involving rare species can therefore provide valuable information for species protec-
tion. In Melastoma, M. penicillatum and M. dendrisetosum are endemic to Hainan, China. M. dendrisetosum
is at the edge of extinction, with a wild population of less than 300 individuals. Based on morphological ob-
servations during our field survey, we found that there are putative hybrids formed between the two endemic
species and their widespread congeners, i.e. M. candidum x M. penicillatum and M. sanguineum x M. den-
drisetosum. In this study, we sequenced four low-copy nuclear genes and five chloroplast DNA intergenic
spacers of the putative hybrids and their putative parents. We found that these putative hybrids showed chro-
matogram signal additivity between putative parental species on differentially fixed sites at these nuclear
genes. Haplotype networks also showed that at al four nuclear loci analyzed, alleles of the putative hybrids
were shared with those of their putative parental species. The results above confirmed that hybridization oc-
curred between M. candidum and M. penicillatum, and between M. sanguineum and M. dendrisetosum. Also,
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we found an extremely low level of genetic diversity in M. dendrisetosum relative to the three other species
of Melastoma. It appears that there are strong ecological isolation between M. candidum and M. penicillatum
as well as between M. sanguineum and M. dendrisetosum, and habitat disturbance caused by highway con-
struction may have promoted hybridization between these species. Therefore, the key to protecting these two
species endemic to Hainan is to reduce habitat disturbance. Artificial propagation of the species is another

possible way to expand their population sizes.
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AT 20 58 IR AR (R B 2 VP A P I G S8 AR W idt A
MWIBHIEE—2, WA BT s X ey
PR RS o
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Chinatt, & ¥F A, K% 750 (Chen &
Renner, 2007). X P35 ELEYIFR 1) 7 A0 BE 4

fEE—SE 8, W (R EMEYE) SR g B
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Fig. 1 Morphological comparison between Melastoma peni-
cillatum, M. candidum and their putative hybrid. (A) M. penicil-
latum, (B) putative hybrid, (C) M. candidum. Fruits of M. peni-
cillatum (D), putative hybrid (E) and M. candidum (F).
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Fig. 2 Morphological comparison between Melastoma den-
drisetosum, M. sanguineum and their putative hybrid. Fruits of
M. dendrisetosum (A), putative hybrid (B) and M. sanguineum
(C). D, Leaves of M. dendrisetosum (l€eft), putative hybrid (mi-
ddle) and M. sanguineum (right). E, Young twigs of M. dendri-
setosum (left), putative hybrid (middle) and M. sanguineum

(right).
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S PH (0 S 1 51 P DUTE v Ak AT PCRYT 1
K Ay S AR DNA T BITE BF 41 P @ P Fl b 3R £ 57,
FRATTNT g 2 I 58 S5 A 43 )97 38 1 BAN I S Ak 5k [R] [)
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Tablel Sampling details of four species of Melastoma and two putative hybrids used in this study

2 Taxon

SKEEH S Location ME%E Samplesize

4L} M. candidum (CF)

8947+ M. candidum (Ch)

£ M. sanguineum (S)

HEHHIT M. penicillatum (P)

BB 4T M. dendrisetosum (D)

BRI T 5 BT R ke 24 R Putative hybrid between Pand C
BB PS5 B2 e Putative hybrid between D and S

1E# I Longhai, Fujian 19
#F i 2 1L Diaoluoshan, Hainan 20
#5211 Diaoluoshan, Hainan 20
#r Mm% 1L Diaoluoshan, Hainan 20
## A% 1L Diaoluoshan, Hainan 20
R 7% 1L Diaoluoshan, Hainan

R % 1L Diaoluoshan, Hainan 4

F|GenBank 3 CL 3K 154% 52 5 (K'Y 912087-K Y 912157,
KY659616-KY 659627, KY 659637-KY 659655, KY -
659674-KY 659677, KY659690-KY 659698, KY 65-
9705-KY 659710, KY659717-KY 659718, KY 659720,
KY659723-KY 659728, KY 659742-KY 659761, KY -
798067-KY 798069, KY 798100).
1.3 394

F| Ff SegMan (DNASTAR Inc., Madison, WI,
USA) g 5555 N0 Fh 2 st 2 o 1) 25 AN R (1) 7 971,
J-HIClustal X (Thompson et al, 1997)fi /7 %1 L%} .
12 FE K] [ LA P47 73K I DnaSP5.0 (Librado & Ro-
zas, 2009) "' ¥ Phase 52 1% - 1% F Network 4.6
(www.fluxus-engineering.com) # ] median-joining
Jii%(Bandelt et al, 1999) 4 4 % 5k [Al ) ) 4% 4],
DL B LA Y 2 TR 2R

2 #R

21 ZEEFISF
211 tpiERA

AN BT 4P B A Bl J2 24 i e 2 ol (1) tpi 2 1R 7
Bt JE K B oNT708 bp, f 828 Ry . Hop
LB PRI AL P 2 (8] BB AR (A
I3 MAFLETAS R3] 58 BS54, 20> et 27

2
W=T+A)

TEXT LA B 35 3 30 Ay I 558 1% A T 35k ol 24 11
HIREER2, 3).

tpi 55 DA ) A5 2R A N RS, — SR BB A
FH BB M AR, X FEEH
FCEEFH . BFHEPE AN EE 2% P ) B B R i, 3
WA BERLINBAER, %55 AR AT 8t B 4L
FHEITE TR (EI3A) o I K 1) 53 3 [AAFAE T/
()22 57 o B P AP AR 0t P B A P i B A
A ZEN, WAE IR RS e P
(13X /> BLA Y 500 5 1 2 L B A P I B L B
RIS WPALPHRN S B BT 4L P 5 A PP MR 12
AT 5y ) 5 B A PR R R WA R (Chl, CRL) AN
LB AP B LA R (PL) I = . B4 T
FE S I BE 24 P IR AN MR RN 3 B2
PR A, Forp S A B S5 B B4 S DL A
RIIL= AR 53 b A B T 40 1) 5 B 2
4N FRLE (S, S2, S3RISA)—F
2.1.2 gbssE[E

AN P4 PY @ YR Je 24 e 4 Fh (1Y) gbss i R
HIEL XA K N612 bp, FLAFLE294NE A ko
e EELUTIPR Y ILST PR Pl IR EeRe 2 375 M o o N W e
(B B A, A B A P AN B 28 2 TR A 24 T ik
BAR, I HAEIX AL A b5 A Fl AR R B

LEFHAMEF R EcamFitpi B E LB E LR A R EREAMEX LM S EREEEARR=A+G Y=C+T,

Table 2 The base composition of the differentially fixed sites at the cam and tpi genes between Melastoma penicillatum and M.
candidumin their putative hybrid (R=A+G; Y =C+T,W=T +A)

2P Taxon

292

74} Melastoma candidum (C)
S BT M. penicillatum (P)
BT FFRIEF AT (k58 24 F Putative hybrid between Pand C

cam tpi
244 204 225 258 272 315 340 568
G T T T G A T C
A A C c A G C T
R W Y Y R R Y Y
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*3 HEFHAMESEANERELMEETRMU S RERERMMEX LS ERRHEEAMR=A+G Y=C+T,W=T+
A;M=A+C;S=C+QG)

Table 3 The base composition of the differentially fixed sites at the four nuclear genes between Melastoma dendrisetosum and M.
sanguineumin their putative hybrid (R=A+G; Y =C+T,W=T+A;M=A+C; S=C+ Q)

2K Taxon cam chi gbss tpi

190 329 661 79 258 315 414 80 240 286
£ M. sanguineum (S) T C G C A G G G T
FEE4E T M. dendrisetosum (D) C T A T C A C A C T

Ko B4 SR B Z A Bk 24 F Putative hybrid between D and S Y Y R Y M R S R Y w

Ch4
(cf1)
Chl
A (Cfl ‘—°Ch9 B Ch3
PC1) Ch3 Ch2 2
2

Ch4

Ch7

Ch2 Ch7
Ch8
Ché

Ch12 4
s7 7
(Chi)

©Chl1

Chl0 , Ch2
Ch4
s4
o [ 1LEFHF} M. candidum (Ch) £% M. sanguineum (S)
G I 4T M. candidum (Cf) 0§ EcUitanRioLizawaniil: $72/3
© LT} M. penicillatum (P) Putative hybrid between P and C (PC)

; o R BEF P 5 BRI AR
*BBIHLSY M. dendrisetosum (D) Putative hybrids between D and S (DS)

E3 ANEHABYIHE2NRERMEANZER LR RERNEE. A. B. C. D5IAtpi. gbss. chificamERE Y $ (5
BIREE. BN RERZEMEL EBFARRESR, AFHEFHAMRT—IRETR. B/ EBERRKEEEIRY
BEANEEREED,

Fig. 3 Median-joining networks of tpi (A), gbss (B), chi (C) and cam (D) genes of the four Melastoma species and the two putative
hybrids. The numbers around the connecting lines between haplotypes represent the number of mutational steps between them, while
those without numbers represent only one mutational step. Small black circles represent hypothetical or unsampled haplotypes.
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5igra M2 LB B A PR A B IR AN RS T
B B FIE A AN MR ) R R . SR
FHF0EY P 1 T 55 25 P A 1 1A B4 204 5 4 )
ICh2H L f RIS, FHAN AR AR, (HE 5
B P R B AR 2 (0] R Z LS . A B4
P10 26 10 Sk 5% P 1 i A AN AR 350 2 45 2
I3 9 5 BB 4L FH(DL, D2) M1 & % R (S, S2,
AL,

213 chii[RA

AN BT P JE W Je 20 (e 558 2 B ) chi 25 R 7
HI Xt 5 K BE 740 bp, Hh A5 55438 FA .
TEZIE N _F 58 B WA P R0 ) 2 8] 35 T 52
BIE B AR, B B R PRI B 25 2 [RIAFAE 24N [ 52 1Y
B B 4, AT B R A AR X 24 i B AR
UNPAN SR AL (1 Z IR (3R 3) -

B T K BE AP R A 2R s R AN, A3
FROEZEEDE i) S 15 2 2 R 3 35 (B13C) o A A
I 1) A P I 2 A B (CFLANCE2) 3 5 7 1)
B B A PR ) AR A AL (H AL R H I i T
JEE . BPHEFE. BESAER B PHEZ R B3R
BRI R — P i) 5 28 2 [R] 9% 2 3 AR R o
EEIE P A5 RY(SIFICh2) . KB ET
L PR AR A PF ) S A b N ) 2 B AL 43l
HF - P () ChL B 5 1 R0 48 B B 4 P (1) PLER £ 28 S
2o BB RSB S B AR 24
58, FHA3AME R 24 B A5 8L 53 i) S5 A B BT A )
(D1, D2MEZE(S2)FHLE, RN MER FAER 2
— 5K EHHFHDY)ILE, FH—DEERNZAME
R, (5 BEM R RGN (S) 2 M A MHZELIAN
B
214 camiEHA

HE TP B R B A P I A i Kt e 2 A i cam
BRI LT 5 B P I B 741 bp, —JLAS I £1564
AR . e R BI ST S 2 E] L kB
PR 2 8] 43 A 280 34 ] 5 F B3 By 4, T
VR ATl S 2% b L0 AR o7 B 35 3R B A ik S Lo
B FN I B IR (K2, 3)-

BB 4 PR ANAR i ) BT 4 E camdE A I
R BRI B B Z A, #8032 A5 24 (K

3D). ARSI EH P24 B T84 5 i L B
FHILE L SR BF AR EF AP (8 58 4 A Ak 1 2
Tl B A5 4 4 31) 5 5% T A 1) PLERL A3 R R T A4
[FICh6 (CF2) B fif B L =2 .l B B A4 PR B 25 ) B S
F AL SR AR, 35 B E(SL, S2ISE) L=, 2
Fh S5 B4 PHDIMD2) L E . FH4b, FATERZ
BEMLIN PG RIST 5 i 2 L0 BT 4P Chl
RIS AR AT BE HH B AL FHETA K o
22 MEFAEERAERXFEYISH

TEFRATT 5 BT BB I SR A S R 8] By X o, B R
P PR 2 AEtrnL-trnF | B A5 AR A7 5, TR
S A R A P X 4 3R ] i) G X 4 oA A i 2 AR
o BT AT B H P B Y FhtrnL-trnF P S EAT LEXE
JE WK FEN825 bp, B BEFH I FIEZIITE M
FRANRS I B 1A 2 S AL S . RN BN
C, HBE AR ZEHANEABN)NT, DEAE
(@M)HNC. AN REERFAME T, LI NT, 5403
AAC.

3 it

31 FHARNEEBEMSRRE HMZEB
AR RS FIEHR

AW TG AR R AR DU R 5 51 3
RSt SEt Ry LY awE Pl LN SR EL L RE RS
B ARG AR . BB I MEEA S
AN L, KB B AL PN B A PR I A R
DR P 2422 [A] L (camATtpi) 254 22 1 [ 5 FO sl 2t 22
5, BT R SE R A X LA PR B X
SRIRFER R BIVIRE . 34k, Fra dseZsF Mk
FERF I B2 A 2R B R (R 4), H KB
FEPHANET BT ) B SE S R AN PR B gbssEE R 41, 2
ERBR I SEH I, BN 5 EBEH T
I, fEgbssH:[H b, B2 AR A S EF AL
=, BUNHAA R R, ER IS KB H
PRI 2 BERAGRA ZE LEE . A BE AL AR
(R I S5 2 Aol A A [ 24 B A5 B 1 3 5 A B B Y
L, 1A BRehifk R4y 5 B EIL S, fEchizER
I EREE SR F AR B AN B T S BCR B AL P 3R
2, I HAE R, HiZREREEE
T B R Ja) FOM R LA, o T 2% il e il
HURFAT 1 B RUAR RT RESR B T R TORE 21 1) Sk S 55
ARI AT o DR OIR BB R SE A R AR AE Pl 73 A
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x4 FHAR2MRERMNMAEANMZERE EWERE. PCHEREFHAMEFH IR GREERF/ME; DS 1-DS 4AKEEH
HAFEZBINRERFANMKR., BTHILK. WT%. BREFMEESHNKNKRSHFHT. KEHFHI. EENREFHT

HZiZHEE. BERGEFES.

Table 4 Genotypes of two putative hybrids of Melastoma at four nuclear genes (tpi, cam, chi and gbss). Haplotypes with single,
double, wavy, or dotted underlines have identical sequences with those of M. candidum, M. penicillatum, M. sanguineum, and M.
dendrisetosum, respectively. Haplotypes without underline are unique to the putative hybrids.

ZHE Taxon MES S SamplelD  tpi cam chi gbss
EBEFA PR EF ALY 1k BE 2 A Putative hybrid (PC) PC PC1PC2 PC1PC2 PC1PC2 PC1 PC2
A BT A PH RN R 2 D S A ol DS 1 DS1DS2 DS1DHA DS1DS2 DS1DS2
Putative hybrid (DS) DS 2 DSIDS3 ~ DS2DS4  DSIDS3  DS3DS4
DS 3 DS1DA DS3DS5 DS3DSA DS1DS2
DS 4 DSIDS5 DS2DSA DSIDS3 DSIDS5

() 5 A A% FE TR b 35 22 30 A 1 S o1 A 40 o S5 Ao 2 R
A, EEelERKTEEEAMFI N MES
DX 3 L 7] B B S8 S AR e i v [T S R AE, R
BEFRATTIR 20 7 508 SRR I 24 BB e i 23 30l 55 B
TP PHREP AP A BB PRSI E AR STl
I 257 5 R 1) [ DX trnL-trnFFE 31 40 T 2 81, b B8
HEFHRI B S I R 2R B 2, LR ISR 1) B
R SR BB P, ROZOE DU BB P B
A AR B I 5 DR R/ BN B B 4
FHE PSR UL TEVEHIW L RE AR, (HEZAE
NBREAR AT PR
32 HETFIAIsEER T HHA B2 EREE M
SRE Mz BRI B AL

PR FHE S T PR E N R S, TR
BRI R R T 202 AN (Meyer, 2001;
Renner & Meyer, 2001). 4Ff ¥ B F2 il 1 £ Fif
FEHZ BRI Rk, X — S ar LA
AHEFCIAZ I R A T N 2 P T RS B P AT
Gb, PRI ERAE B R OR RHF A BRI,
EAE BT PO A& R R T, B4 PR R A AR
PRGBS A A, NIRRT LS. A2
LEHH TR H P, R BEH B
BRIFMAERRRE. LB EK TR
IR, dE5 S8, R4 P A KT R R 2
WAy, JEH S, BRSNS R AR E
B. BEEWEKTMARE, ME, M B4
BEAKTHRT, 20, R -HROEIS KA
ARMES. RXEYRRFFAESRNRE, KE
FAZHINL AR N o KT, — 2 ZF B 2 LRI X
(1) 2 % A1 1KLL Y 44 P SR W R IR AR B8 52 B T R BT
oo TATHVE SR A I, £ 44 300-400 m [A] ()

NI, HERH PR RS K, R
900 M o B SKk RS AL, 55 B B AL FHA
HPgt PHAERTE—RS . AT T R IR e ANk 4
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