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three sympatric populations
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Abstract: Natural hybridization is one of the research hotspots in evolutionary biology. The direction of
hybridization is a critical aspect to understanding natural hybridization and interspecific reproductive
isolation. Although natural hybridization between Primula secundiflora and P. poissonii has been confirmed
in overlapping areas in the Hengduan Mountains, the interspecific hybridization directions among different
populations remain unclear. We chose three sympatric populations to test interspecific hybridization
directions. Biparentally inherited nuclear internal transcribed spacer (ITS) and maternally inherited
chloroplast sequence trnH-psbA techniques were used to confirm hybridization and to test directions.
Moreover, hand pollination of intraspecies and interspecies populations were performed to detect which
factors influence seed numbers and hybridization patterns. Results of DNA marker analysis suggested that
the direction of hybridization was asymmetric in each population, and P. poissonii was found to be the most
maternal parent. Intraspecific crossing produced significantly more seeds than interspecific crossing. Primula
poissonii produced significantly higher seed numbers when it was treated as the maternal parent. The
asymmetric direction may be the result of the asymmetric strength of reproductive barriers between P.
secundiflora and P. poissonii. Similar mechanisms of reproductive isolation may contribute to the
asymmetric hybridization among the three sympatric sites.
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H SR A% AT S 18 P AN 18 A% B AR 5 A 2 1) )
22 B %5 (Barton & Hewitt, 1985), s a4 —Ff
W LHIBLR (Amold, 1997). M TH7s BRI AT
AR TR N B A AR B R S AL AT A (Zhou et al,
2008), i JLHEREW G T A2 #E 1) H )6 (And-
erson, 1948; Mallet, 2005; van Droogenbroeck et al,
2006; Arnold et al, 2012; Abbott et al, 2013). HIAZ
L REx G RIEZ B R, WIEnE RS
PR E) B RO E P AR B B 2 R R &, AT BGmn
W) 43 A0 A1 A2 25 & B P (Ellstrand et al, 1999;
Jensen et al, 2005; Abbott et al, 2013); ik /& ) Fl /6] 2%
AT R R EOR AL AL S, PR B 2 A1 (Levin
et al, 1996; Runyeon-Lager & Prentice, 2000). 4252 ]
77 0] 52 2% 22 v — AN E H 2 7 1 (Zhou et al,
2008), FEAAZIEREH, A3 T7 IA) AT RE A2 AN KRR AL
IF1] J4 2 B[] J 58 o X PR RAEAA Y AR L R
.(Zha et al, 2010; Field et al, 2011; Muranishi et al,
2013; Zhang et al, 2016). i BAX Fl L 5 K R KA
RZ, L ® @ A% M (unilateral incompatibility).
TEAEP: . ARy B HR 126 %A I LA S SR ASAE [F)

BEH 12 A1 08 (Carney et al, 2000; Zhou et al, 2008;

Zha et al, 2010; Muranishi et al, 2013; Zhang et al,
2016). BI85 A AR 7 TR A ) T 4R 52k AR T
A BARG B AR, T LA [F) M 5 TR R 2 58 7 [ e
PR 51 A% ) 52 W Aff R A T OG 3%

H [ DY R A AT L X AR 2 R I
[X(Myers et al, 2000; Mutke & Barthlott, 2005), {#4F
T 298,000 T HLWI(Z 5 ST ZEEE, 1993) . L2 )
i B M ATAE IZSB X BN W, HIX L G Fh ]
5 R H IR A ZE(Du et al, 2012; Yu et al, 2014; Liao
et al, 2015), #E W [ 2R3 ATTE BOH P A
(Wang et al, 2001; Mao & Wang, 2011). M HZRIEZE
B H AW F0IE FEAR 7T BE f2 1 T 1L X AR 2 R R
R ERAR 2 — o XL X B AR 2R SE B R 05T
A Y BRARZ M X AR ) 2 R AR YRR A R AR
WA -

AL & (Primula) DL =F & BP0 b A = B 1E
FETM I 44, HB R — 2 B4R A o A 18 b [ 7Y
Bl (Arnold & Richards, 1998; Richards, 2003; Wu
& Zhang, 2010). H RIS EAFEAREFAL)R IR L 71
Y #2103 (Stace, 1975; Richards, 2003;
Zhu et al, 2009; Terzioglu et al, 2012; Ma et al,

2014). {5 H A 753 [ 74 5 Hh XA R 3E 7 151 3 5 AL 8
YR H SR 5238 FH 44 (Zhu et al, 2009; Ma et al,
2014), Fo A — 451 2 75 TN VL [R] 38 23 A7 T8 A2 22 IX 1
W 2047 & & (P bulleyana) #1 &5 21 4T & & (P.
beesiana), #3275 Mg Hp ], 4438 5 A A A 2 Al
WRLLAT G IRER A AME, HAEB LT 6ikE LA
PG ST AR T-(Ma et al, 2014). 55—l
TR IR (P, poissonii) Al 1 1) & (P. secund-
iflora) [A][{] 2425 (Zhu et al, 2009), #fiilk T —E
FE 264 o E) TR SRR I AR 22584, 164N BA
HAVRE ABEAR, HR10CAMRIEHREF N EEA . £
XFJE A, DRI 2% 58 R AR R 75 TR AEAN [ ) 4 p
RBAEES, AUTUREE 13R85 A 5 1
(AR Al AEAR R 0 28 22 M, R R RGE gAE
() % % 3% 18] @ X ITS A BE &R 38 A% 1) ik 24 1 B
trnH-psb Al 254 52 AMA B BEAS, i f 2838 T7 1] o (7]
W, AEH A AN R T N Tk seie, friil24>
VIR RSEAR I SR A 12 AR, FFR 308 b
PRI AN SE RN 22 5 5 0T B R R

1 #MR57FE
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KK BB BRI 2(GZ), FikEE KA
Fel (PTS)FHA 4% B 47 = L A ) [l (SABG) (1) 34 &
FEREALIRE . WAL DL A 346Nk
Bt AR, A AL R B AR L AR T4
AME, A ARIE32A . FRERORGE TR B S T
] S0 2, SR o R 7S e i = 2 YR b B
(CTAB, cetyltrimethyl ammonium bromide)yZ: /& HiU.
DNA (Doyle & Doyle, 1987). 1% %% 3 [a] [ X ITS Al
g4k F BetrnH-psbA 73 7l FH 38 F 51 #I1TS4/1TS5 41
trnHR/psbAF (White et al, 1990; Sang et al, 1997)if
FTPCRY 1 (Kress et al, 2005). 2 bk & A50 uL, £
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Fig. 1 Locations of the three populations from Geza Village
(GZ), Potatso National Park (PTS) and Shangri-La Alpine
Botanical Garden (SABG) in Shangri-La
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Fig. 2 Double waves on part of internal transcribed spacer
(ITS) sequences in Primula poissonii (A), Hybrids (B) and P.
secundiflora (C)




650 4 ¥ % ¥ M Biodiversity Science 025 %
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Table 1 Positions at which hybrids and parents differ in the trnH-psbA sequence

JE# Population ¥Fh Species AMEEL trnH-psbA4S A7 5 K 7 B
No. of Sequence region and position (bp) of trnH-psbA
individuals 3¢ 63 bp 103 bp 112-386 bp
HEALRE Primulapoissonii 7 G c A 1*
WAt P secundiflora 7 A A T 2%
%I Geza Village (GZ) A5 AR T Hybrid type-1 6 G C A 1*
FAEAMARZERD Hybrid type-2 4 A A T 2%
Tt BEhim LAEY)E Shangri-La Alpine 2828 MAZEAY 1 Hybrid type-1 2 G C A 1*
Botanical Garden (SABG)
WEIEHE XK AR Potatso National Park AR ] Hybrid type-1 15 G C 1*
®TS) FAZ AR Hybrid type-2 5 A T 2%

1*=TCATAAAAAGCTTTCTTCTTACTAATGAAAAAGTATA

2*=ATTTATTAGTCTTTTATTTACATATACTTTTTCATTAGTAAGAAGAAAGCTTTTTATGAGAAAAAAGAAAAGGGGTCATGAGTTAGTTC
ATGATTAAGTACCGTCTTTTCATTTTTATTCTGTATTAATTTACACTTTATATTACTTTGTCTTTTTTTGTTTAATTTTTTTTGAATCATTGAAA
TAAAAAACTTTGACATTTTTTCTTTCATATTTTATAAAATATGAACTAAATAATGATGACGGGTTAAAATAGACTATTTCTCCTTTTCTAA
bpfRERBEENT, AR ER K [1IFEE: . bp represents base pairs, - is missing base.

3 it

Mg b, ROIZFERDRICE R AL, BTARSEA
PR iZ A R IF% UL (Broyles, 2002; Noyes, 2006;
/MBS, 2007; Zha et al, 2008). ITSFEHI7E LR
BHAFALRF P A R, 3AAF BR324
HAEARAEAN AL BB I 1 5 0080 22 57t B A
—F BRI PR SE T 5 AR A
Al — B P A o B 2R T (1812) o I S A I BT A
N REAE, BN GIRENELL & IRE T
trnH-psbA i /& £ R B4 (Ma et al, 2014). AHF 5
ITS 7 51 i B 06 DA B 28 G B 485 JRAE S 1 A ) 2% 52
IR, RGN RT3 SCRIEA TR el T
WLIRIZEAG o 22 UK IRl 58 DL R S B 2 M) AN ) 22 B 28 52
ZR FEOXFh S R R o BRI R BAESE T,
EAHEFE AT T — Mz s a1 BG X 1 B,
WRESBARG R ARG T, FHICTH EE L Rt
FOARIRWS T A] H IR AL

K E 3N E TS R RE T, e A R
i A 41 A AN AL i 2 4 T DAAE R 28 S AR B BEAR,
0 2% AR ) T AL R T N BEAS, ) — A EE
RS REARHR B T AR, RYFEA
X PR R X J) 4% 58 28 B[] AT o ANXEPR H AR A I
Bl FAEREP ) 208, AR AR R
FALA] 24 A2 ) (Xiang et al, 2000; Tiffin et al, 2001; van
der Velde & Bijlsma, 2004; Zhou et al, 2008; Zha et al,

2010; Ma et al, 2014). FEAXS R JEFH R
% o W A [F) 1 A 30 48 19 E T S B A RS R
(Rhododendron)H 7 1% 1 5 2841 RS (R. delavayi)
TERTEWI K 5y 52 K H #2 Bk AT BS(R. irroratum)ff)
16k, RIMAEZRASH B E A REAR (Zha et al, 2010);
i & (Sl ene) T I — X Al e 2 W pp, DR D 1 2
P 2 A T BE(S. yunnanensi ) LA G R e 1,
hn ALKy 3 Bk B m I, A3 2% 28T I AEAR KRR
bR T T B KR T 52 (S asclepiadea)
(Zhang et al, 2016); & JE(Ligularia)&E3 M@ H T
T 5] 38 53 A B 57 A8 £ 8 (1) AN 5] 1T 3 B0 R 2
R R A, WL P R AT A G R A REAR
(Zhou et al, 2008); T ELLIT GIREMFLAT Gk
F AR Xk, T 8 T AT 20 AR T A T
ANHBEMALRERLLAT GIE EARETE A 7 7
(R 2R AEFh-, MTAT TR B HE ) ) 2% 28 (Ma et al, 2014).

AHIEFE AN BR 1R 2% 22 7 0] AT e 2 BT A
YIMA R SR A RE 0 S U, ImfEik B e K
KT AR R RACAE SRR (AR K B, mTRe 1S
TR AR B DR 20 6K B AN 2 LLitE N Bl AL T
(D5 SE A o 3P I 0 A8 A 1] 4 22 B AR 5 I,
EL /N (P. forbesii) IAER B A 5 K FE A KT
ANRERIE A AR (P. saxatilis)fI T 55 5C A2 K5, M
M-S T MpIALZRAE AR A (H E MRS, 2014). FhlE]
SEHCHT, WAL AREE BEA RS SR m 2 I
FEE(FK2), XATHE S T AL AR A A
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35 Mk-GZ6 ~ Hybrid-GZ6 g
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Fig. 3 The nuclear ITS and chloroplast trnH-psbA phylogeny tree based on Bayes method. GZ, PTS and SABG are the
abbreviations of populations from Geza Village, Potatso National Park and Shangri-La Alpine Botanical Garden.

R2 HAHEZRAGEHNEN - B RN S, BRI F, 1 23 A 2 1y
able ects of cross-pollination treatments (within or S o
between species and mother species) on seed production B R S 55 T AL R I3 7E 2% 58 XI5 H BB 2
KR Source Wald K7 EEE Pl LRI N BRI 282K . T 28 AR 8] AN F]

Wald Chi-Square of  Povalue S8 20 56 5 110 A6 75 235 52 U7 I AN IS AR DB RAE AR 22K
R vs. File) 61.110 1 <0.001 TR #R 4 4714 (Arnold, 1997; Tiffin et al, 2001; Field
Within vs. between species (WBS) . . NS

. 8 |

WA vs. (AR 29.078 | <oon Ctah201L; Natalis & Wessclingh, 2012). 515 s
Primula poissonii vs. P. secundi- AR S BEAR AT AE A% b, BrLVEA I Re A
floraas mother (PSMD) B A R B A, VAR 1 A 8 T e 59
22 HAE 22.074 1 <0.001

Ineraction (WS x PSM) TR, BB R R B AR 2 s 5 1




652 4 ¥ % B ¥ Biodiversity Science

0253

Tl ) 24 52 772 A e P[] 25 IR0 97 2t SRAR K B 0 1)
Re IR Fh 1) SE B8P, TS KIFR A2 T g 5
BRI RR A o Tz o3 AAE B LU RINE A I 25 7 5 1)
K3 #i] J& (Onopor dum)FE#0. nervosum A J@ #i &
0. hinojenselfl 3k s Ay, KAAEAEAKTFR I A
LI, AIRES A3 A FRO. hinojensefE4 AR
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