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Abstract: Reproductive isolation is essential for sympatric populations of closely related species to maintain
species integrity and to prevent genetic introgression caused by hybridization. Primulina is the largest genus
of Gesneriaceae in China, with a high degree of species diversity and endemism. Most species of the genus
are karst habitat specialists (i.e. calciphiles), and many closely related species show a sympatric distribution
in karst landscapes. To better understand the mechanism of sympatry in Primulina, post-pollination repro-
ductive isolation, including pollen competition, fruit set, seed mass, seed germination, and pollen viability,
was investigated in two closely related species, P. eburnea and P. mabaensis. Results indicated that the total
post-pollination isolation strength for P. eburnea and P. mabaensis was 0.09 and 0.13, respectively, which
were not strong enough to prevent hybridization completely. The strength of reproductive isolation from pol-
len competition and seed germination of P. eburnea and P. mabaensis was negative, suggesting facilitation
for gene flow between species; while the strength of the fruit set, seed mass, and pollen viability showed a
weak role in preventing interspecies hybridization. However, the two species are able to maintain their integ-
rity well, as rare hybrid individuals are found in nature, suggesting that the existence of pre-pollination isola-
tion mechanisms may play a more important role in maintaining species boundaries in these two species.
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A B R B SR AR ) SRR, R AR R 5
ML RIS M ) Bl (Coyne & Orr, 2004) . #R 5 & A2
I E) B AN TR, AR B RS B AT R 2 e TR S A
T 5 B8 B (Kay, 2006), 7EREY) 0] LARIS> S8 8
HIT B 25 I 00 i R 25 (Baack et al, 2015). #2K3 AT bR
AR AL R 5 TE IR RS A R 4, 1%
¥ 5 B B e R AR AEAE R T BAEMCR R I By, B3
B TEF . R TIER RFAE . S
% (Baack et al, 2015). 1#% 2 H 2 FASE 1158
BT K 352 I R T WL 1) 3 [0 1 ke BEL o Ao B 1) BG40
] A PRI A AE o PRIV 25 Aol B 18 AL ] ) A RS
5 o2 B8 AR W) O] i S ) o 300 5 o R B O% B
(Martin & Willis, 2007). 4477k ] (1) 25 FE b 25 550 5
AN CA5E 4 BEL T3 DRI B R A, B ANk vl
KA RE, LR PECRAMME) KL, JoHE
WS A P ) K 4 G B =1 (Rhymer &  Simberloff,
1996; Wolf et al, 2001).

HEFEEE B Primulina) 2 & B & B — K&,

AL 150, B A EFRIE BB . 74 R i Ak
B AL E A K A HBIX (M6ller et al, 2016). 1%EHEE4
K2 HW R AR ISR I 7 R B, HAA RN
AR LY, RAFEDEW) Ak, wdH2eP
eburnea). 18-t (P. fimbrisepala)s. TR ik
BN AT BE &I AN B 1 = B FP T ROMLA, Gnw
Wik b3 5 2 b EE RS B (Gao et al, 2015), IX4E 5
0 A R AR JR A ORI (Cn ™ A P R B 1)
IR X P 220 R — SR P AR ), T R T
R ST P A2 B B B8 A i BEL L4 1) ) 2% 52
A, PREFE S, R H AR A
AL IX UL A Bl (Wang et al, 1998), 12530l
3 & (P. mabaensi s) A& 1T 4F T & e (1 — Ak Isigs
HM(Chung et al, 2013), HRTRAE — "M fidi. &
WMREEENAEKRESEKE T2, P
ARy ES, HEABIEMES K R (Kang
et al, 2014), {HIATHIEF FMULE A B4 mT LA
TR T M AR S5 F AT M AN S e, R0 4o As it
B A H AN SRR B 2 18 I TR L RE B L
H R AE R & B BRIl 5 A R B AL AR
XPAE PSR EE AN 2 AR SCPEGEE 9T T 2R B2 0 S 30
A BB R 5 A B AR B AL A AR X DTk, T
FU 4 B T B AR AT SR R38040 A 1) 4 R AL A
AHEREZ X

1 #MR57FE

11 #HRMAE

B e B — 0 KT R A, fERR (K
3—4 cm)MHEAN(EILE), 182276 HF IR i (- 1D),
TE A GBS (K 1D), {8345 H (Wang et al,
1998). LW FE &4 AR E, LR/ IK2.5-
3 em)ifi B E(EI1G), L2 EH(EI1C), &7 & (K
10), 1£#H4-6 H (Chung et al, 2013).

ESINE IR X N, AR A E K (E
1A), 3 BAFEERE M E S, (B SN AV
A AR GF AR HF B 1) e, AR L3 J 22 M
(B, F). 20124, AT Lo A &
B 1 migtAr /b B R, A2 emfE ARl TAE R I
Yol i = N, 201320145 48 J5 347 T~ 31 AL FE FR
BRI S
12 WRAE
121 TEMRNREFEKE

FEAVIFHBENLIG AR, BER 1o ETE, RAek
PrfEg A BIRA), RS M. Bk
B30ML LA B E IEH B AL, FH Imagel 34 &
HE. 98, W, FEALER 10 e, AL
R R EP MR .

122 TEHMEEK

53 XS AN PRk AN N TR A B (AN Ak
1025 LA BAE): (DM EZ: FHAEHTELE, HiEE
HAe# K, HEL, Q)FERA: JFEii &R, JF
FEJ5 53 AT AR EAT 28 38 (A Ho 2 & x LR
EE?, FHAE<BIIREEH 8), BEL. M
2 hJE K MEESHCT 7 R TR 0 R 9 IR E 3
W 1B T EE . 24 hE, FZEMEKEYS min,
HE2R, HRRNEMEKE, FEHLRIEEs M
A EANE R k24 Wi, FHZEKIE 2K,
BR3 min, B TWEEIA B, BIN25H0.1% 17K %
MR GO, Yetts min, % EEBOE, BIEAME
A Sk T 4 o 75 58 6 A B DAPLEE 410 nmyk K
AR TSI E RS, BN E
K.
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WU VEFERERAYS, BB AEm AR A
kb, BRBEW. FERSEBAIERTE, 7500



6 1

SNBSS A H 2R A AR B RIS B0 I 0 A B R 617

Bl 4EHx. SIREEERERIFARER. B, AOFERXNDNREEESFIMEM B FEXREG). FBRXFR(F)
MOUHREES (DKM (OSMIREESLED: DFERARES; E)FHERE, (ORXF AL (ODMREEER.

Fig. 1 Plant, flower and leaf of Primulina eburnea, P. mabaensis and their hybrid. (A) Plants of P. eburnea and P. mabaensis in
field; (B) Leaves of P. eburnea (right), hybrid (middle) and P. mabaensis (left); (C) Flower of P. mabaensis showing anthers; (D)
Flower of P. eburnea showing anthers; (E) Flowers of P. eburnea; (F) Flowers of hybrid; (G) Flowers of P. mabaensis.

BN RSP BB 75 B A 5 R R SR LA,
5 DERFRIN, AE2S CHIRE AN, ERRIE. fF
K /N S BENLIG EL30%K, KA 2R I CTABE 4>
HIFEHDNA, FH R 1 357 EE 5 14 SSRE1 )
BEATPCRY ™38, X4 MY Sl 3E AT 6 408 v ko 97
BB,

S SIEIG GG HH 3% PRl oRE S M SSRAR 1 (51 4
R, AUIXEEFRICTEEA Lo EA R 2 &
PERIZE AL 5 (A et al, 2015). [RIH, S REATER M
bric FoNFERES, WERBZAMATEIR &b G
2T IR . Rz, WIRBZAMATIE IR & B0
JEEEZ T [FIIRAERD -

124 HREEMFES
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FR1 SSREMIEERYERESSM

(DR ERS(N = 20): JFIERTESY, THEE AT
Ky, FHESEIEH, QFIEIZEE(n = 30): JF{EHT
BASTELRME, TFAEIG 53 B P AP Fpdk AT A B 2R A8
(FHZE S xOHMEBFEE ¢, FHZExLIRE
EHS), BB, RG4S &4
HAR R, R RT EHAMILERI0NKE IE
WHIRE, HEFRPRESNREIMHFRER.
125 TMEN

43 9 Bl AL 3% B AF 2 A T R R 1 B SR AR
IRFR R AR F A3 R, BERREU SR AE, R AR B
FHAEB A LIRE], WINETTCY(, Bk
B R, BTEAEIE AN R, 35°CE
30 minbd b, 7EEMEL (4 x 2065) 0BG i AL ET
R EE LRI B ek AU R, L&t

Table 1 SSR primer information and amplified fragment length polymorphism

k7R S LY A 514 YA BRKEZ A Amplified fragment length polymor-
Primer Forward primer Reverse primer phism (bp)

4HZ Primulinaeburnea  HUHREFEE P. mabaensis
325 AACGGAGAACACCCCATTTA TCGCCTTATGAAGGTTTTGG 249 246
415 AACCCATCGTTTCACTCCAC CTCGGAATCAACTCCTAGCG 289 299

1143 CGGAGTCAGCTTTGCACATA CTCTCTCCTACACACGAGCG 222 219
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10N PRET, BCPIIME R ATERY i 71 (Dafhi, 1992).
126 FFRAERE

FEL10 _EiRaRh N TRk AL EL R B IR 1
Fesi, BN RS 100K B 7 HURE 75 iU E A 5 7F ©
R FR b, 55 EESFRIL, A5 CIIRE RN,
FEARIE, 60RERITIIRE. 10 RS T35
RBENRF G IR R R
127 HERBBEEMITE

KH{Sobel AChen (2014)4#% H i+ 51 )5 13k 5
WA I B A B I 1 2B B B 50 5 o o S AL 1
PR RN RI= 1-2x[H/(H+C)]. RUNKEEHL
HIIRRAE, HoA SRR GGG B, CRRER
WA IE A, HA(CHH) AR A A T b
PEo AR 7, AR E B R 9 (R EE-1.02]1.0
Z M), n, ML RE R R G, &R AR R
TEAENT BT A3 3, WU [RIIAE M0, B B o N, 25 Fl
T AR TR AR 2], WERER AL, FEER
FER-1; 5 PIRAERD 4280 R J1AR TR, DU PR N
0.5, FEESREAN0. BARSEA I 0 R 5 5 FE 1) i
SN AR B I VEAI IS LN 2 . N5 S IR B B N
AN R I 8 25 4% DTRRAE ) R

2 #£R

21 TEMRNRIEHFKE

HEH AR B 1928.14 £ 0.61 pm, BE
FEFH7914.99 + 049 pm, [HART-3°4334.02 +
12.69 pm* SRR BAERRIK T35 432,79
0.92 um, FEEEFHIN17.58 + 0.72 um, THA TN

I+

F2 BEMEERBENFEENTEREEERR

461.82 £22.17 um*. “FHE-ZE TR R D IR 1
EACHRLAE /N, FRKRE . T8 B AT AR EAE 4 B oA
1:1.17. 1:1.174 1:1.38. A HAAeH K T3)°49.87 +
0.85 mm, LR EFE B KE T H19.52 +
1.01 mm, —FHEAHAKE A N1:1.98.
22 TEMEEK

A H 2PN B e B 49925.78 £ 56.17 pum,
PR (B2 @ x BUREEE & IR EK
JEN722.53 + 153.87 um, Fit Py H 22 L] 2 32 14
M K28.13%. SLHIREFEE RN B EKE
N771.66 + 338.17 um, FEIZAZ(HLHHREEE ¢ <
AH 2 Y RIEm B KEN387.92 £ 102.38 um,
Tl B A2 LA ] 2% 52 (R 48 K B 4 128.18% . ToiR 72
fHE R GHYIREE S, AR ERIEREELK
BI A JE AR R
23 MRS

L URAEH MG, 3% SSRAR LA I 5
ALK KI5 1) 45 5 B B R R B & ek X 4
HEHHAT FIRBOR I 2 66.05%; 4 B2 ek vt
LR E & R IR 851.29%. 7 IR1Ek
I —E A
24 MHRE

A H e ) A AL R A 9 100%, A 4258 (4
HA S xGHHREE & &)L F R H88.56%; il
WEREE RN A LB TRNET.96%, Fhlf 2428 (5D
HREEE S <P H 2 8 )AL R KNS 43%.
25 MTEE

4B PN B A RS A BT BT

Table 2 Equations used to quantify components of reproductive isolation. Details of how the variables were constructed are given

in the text.

BB AL Isolation barriers

15 77%2 Equation for calculating reproductive isolation (RI)

1-2x[interspecific pollination ratio/(interspecific pollination rate + intraspecific pollination rate)]

1-2x[interspecific seed mass of per fruit /(interspecific seed mass of per fruit + selfing seed mass of per fruit) ]

1-2x[interspecific seed germination/(interspecific seed germination + selfing seed germination)]

TERysi s 12X [ SRR LI /(R UEAERD B0 -+ R AL R B0 %))
Pollen competition

frEs 12X (AR AL NI AE AL e F S AL )]

Fruit set 1-2x[interspecific fruit set/(interspecific fruit set + selfing fruit set)]
My EE 12X [ 23 B R/ (R A 3 H R+ H AR T L))

Seed mass

RS 12X [ 2R B A W A 28/ (AR AT AT B R e+ A TR )]
Seed germination rate

eI ST 12X [ ACF AL 1/ AEF ARTER 5 3+ AL 7))

Pollen viability

1-2x[interspecific F; pollen viability/(interspecific F; pollen viability + parent pollen viability)]
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HEN160.41 £ 90.00 mg, FhlE]Z438(4-H -2 @ x5
WHRBEE YN RELNTEM TR EEN
116.98 + 68.72 mg. GHIRFEEMH A HAN R
SEP T FRF R R CR29.95 £+ 8.37 mg, FifA]
FAZ(GIMBEEE SxFHAE BN RELHIA
Pl -1 735 B 552890 + 8.39 mg.
26 TEMEN

SRAH, R EN IS 71 995.58%, Bk E
BB RS J1894.32%. 24 XF ACHIAERNE 115
FIRToEARMIEMTE S, FH R xGUREESE
& HIF ARAERITE 11 55.62%, BIREFEE S x4FH
= & IR ARAEMNE 11 847.18%. 278 Ja RAEME 11
BT B JF A& 77
27 FhFEEEE

FH PN B R FAE K T3 857.33 +
27.74%, FPRIZAZ(FHA @ xBHHREEE &) F
B R FN6221 + 9.52%. LHIREFEEF AN H
EFACH K V126,14 + 22.42%, Fiaj 2428 (D
WMIMEBFEE ¢ xFHHx ) FRITKEN39.15 +
22.31%.
28 HEIRENFIEE

TER o G AIFD T R R I BR B iR B o Tl 3R
R AR R AT AR VR, AR R M EE K
AEH3 3 7 00 b B8 50 5 N IE A, 2R LA B 1k (]
Ao FHor, TR IR B R AR . PR AL
P ORGSR VR LR 3 . B RN A B IR B AR bR, 2
F M R A B & R0 5 BR B S 5REE 7 ilh
0.097410.13

R3 HEAMDHREEEIRYEZEER S R5EE
Table 3 The strength of post-pollination reproductive isolations
between Primulina eburnea and P. mabaensis.

b B B H 2 OHREES
Isolation barriers P. eburnea P. mabaensis
14} 354+ Pollen competition -0.321 -0.026

AR LA Fruit set 0.058 0.003
FhFEE Seed mass 0.157 0.019

7 K% Seed germination rate  —0.068 -0.199
TEME 71 Pollen viability 0.264 0.333
M 5 PR 2 B RT 0.090 0.130

3 g

HATRT TR T B AL IR EE S R
SRRSO R i o5 B LA R, S5 SRR I

) (%) 452 T A A2 B o 25 i B2 2 55 (49 il 2491009 A
0.13), A2 PASEABH bR R 245 . AREEY A BRAT
Yo ARF A AR B FEIF R AR B T A
Te M A n i BA P ke AR K AL (Snow &
Spira, 1996), BIAEH: 5645+, X FRLEI AT REARE —Fh
B4 FE B B ALH](Klips, 1999; Husband et al,
2002). 16K 1 1TR G0 7 A A1 SO SR 27
PR S YR M 2 R e T R R R 2 (R IR AR
W FHZ(66.05%) vs. GHIHREFE E(51.29%)),
BV B 58 4 32 A R 04 o i) 25 BRI R A= S AR 3 A
At w4 H2e (—0.321) vs. IR
FE H(-0.026)). Axt, FRATNEE BI2FH 2408
L R E B RS/, B SRR E 0, Lk
AR B B YRR S %, AR
X 28 L R — 2 IR 22 o - R SR I o 125 54 A
B (- H25(-0.068) vs. IR FEE £ (-0.199)),
KRZFRAATRMSA . BRR, FirERED
S AEK T F1 55348 b 1 B8 B9 9 FE 35 O IEAE, 7RI
H 5K o ) 2 RT3 ) B oA P, (LR o B 2 Bl 8 5,
KA TG 1 b s s B i, 2R Hoe i SR G
B &0 0 N0.264F10.333 ., FRATT 45 B AT H %
SR A A —8, 78 HE W 2458 b R IR
EE & R 2 B (R a] LR A2 = A AR F AR
(CRRFHIR) . MEEE BT R A AH F
et /A% H (Liu et al, 2012; Kang et al, 2014), HZ
A Mpar DL B2 A8 = A TR IR X, BR & R
FE G R 2 5 R a5 5 b 5 ] B A5 o
AHEMGUREE S BARIEMNRAKE LR
(Kang et al, 2014), [KIHP#H FE4E 430 RT BEIE A
JE DL 3 ST R B A28 5 B B AL (Luo et al,
2015). ZF Ho M B UG E & WA HE,
{HEFAME DA B IR IR MR AAAE, R PRI ] LU
UFHLGRFR 5 Se B, H DR HE 432K w1 B 39 0 BHLE
A H o A MR 1 8 R A Rl mT R L 31 TE D B
PFEF, b, AR R Xu et al, 2011). &k kg
14 B 25 (Huang & Shi, 2013) M 32 it R Sih 25 (Brys
et al, 2014, 2016)%5# 1l g LA BGRMEH, (HRA4
HIT PRI B AL 7 AR LAJS A 72 h gk — D i .
MR I B B R K, B WU s b A )
HH o M B IHRE B & K AEZRE AR K. B
SR AT T DL A 3 MR (Soltis & Soltis, 2009), {H[A]
B AT g S BRI FRI K 4G, G AR B )
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S A B K 448 KU (Rhymer & Simberloff, 1996;
Wolf et al, 2001). 3R & & AR R
T (H BT R — A0 A0 ), R H 2Rk AR R R
i, HAR AT REBSAEL FfL T S BUK L, RIS G
AR RS TAE 25 T = E A

Bt R FAE RIEN E S RE L.
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