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Abstract: Natural hybridization plays a pivotal role in the formation of new species during the evolution of
organisms. There are two principal types of hybrid speciation: polyploidization and homoploid hybrid speci-
ation. The former has been regarded as an important force driving plant speciation, whereas the latter has
proved to be a main mode of speciation based on an increasing number of cases, which have reported suc-
cessful crosses between the species at the same ploidy level. However, only a few cases of homoploid hybrid
speciation have been documented when strict criteria are applied. Therefore, molecular evidence involving
more genomic loci and morphological investigations from different kinds of hybrid zones, as well as assess-
ments of existing speciation models and new computer stimulations, are required for further understanding
the genetic basis of the initial and entire process of speciation. Through the historical reconstruction of gene
flow between diverging lineages, additional organismal models for hybrid speciation need to be developed to
reveal the effects of natural selection on the formation of reproductive isolation, and to discern the ecologi-
cally adaptive changes and the formation rules of novel diversity in the process of hybrid speciation. Here I
briefly review the history of studies examining natural hybridization and speciation to introduce concept
changes, research methods, and the latest advances of natural hybridization and speciation, to identify the
unsolved core and basic scientific questions and to provide feasible suggestions for future studies and the
protection of biodiversity involved in natural hybridization.
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[ R 4 2¢ (natural hybridization) /& 7£ H R % 1
N, SREEET R A AN ATEAE R AT DU
X 73 (R PR A B2 A AN R B AR 1 S A 2 (8] 1) B ) 24k
ZZ(Arnold, 1997). fEAEMKIAR LIRS, BR
H 3T 5 WP i (speciation) {7 7E %6 B B KBk,
T HRKZZMAFAE, R ERAR AN R
GIR B RRBMNARTEFRR L T 5= X B E AN
(5] ) R T 20, 3 Mg A 3k 2 IR 34k (reticulate
evolution). DRI IS 850 A= B i (1) 77 sl e 4258
Yy#pFE i (hybrid speciation).

XTI A SR S R BN, ESHE Y
BT A AE W AN R DA . MDA BRI
R EE I, 2 BT AR 2R 58 MR B 7 2856 3 A
FEAE T WA . SR, AESH T I ) E AR IR AT

A TVPAT A BAR DLW B AR, A E N
i), BIME VR — AT BT R BT ) .
BRI T & — M E I B L 72 (Lotsy, 1916;
Anderson & Stebbins, 1954; Lewontin & Birch, 1966;
Amold, 1992), A B T # ¥ 4 1k (Rieseberg &
Wendel, 1993; Arnold, 1997), &/ BEAL I 2 )«
% (noise)” 5“5 ¥j(dead end)” (Wagner, 1970; Mayr,
1992; Schemske, 2000), EAFE] 2 5+ . FEAE
RIS AR 2R, R 2 AR ORI In) B3RS 1 RA, 5E
Z AT ORI BRI, REEZIRZY)
TR B R ok FEARTAE SC B Bk

1 FhiEZRZHF RS

H SR % A8 1) 38 A% A 5T 72 23 4 15 & )38 45 ) ot
Agim, R RAEEM. 25 L AER A
HFECHEAR AR, A J PR 2E 3t A AN A s ) 3 2
AN BEIRAESNEY G S o FhA) 258
JE AR AT BETE & & (fitness) L AH LU SR A 4b T+ 95 34,
FREMREATE, FMSEIR, HEdARKEH
FERW, WIS AR 2858 5 AARE IS R & R A )
P BN R B R, R SRR TR AR,
T 11 2 3 2 PR ZH AL A AT

R 48 15 A% ) o S AL IS 2 5 A G AR HOn 1%
PAS G SR A2 5 P AL AR TR R B, AT b ] 2 5
X4 93k 3= Eadk 4 77 0 2 % 4k (polyploidiza-
tion) « [A] fif 44 2% 2 ) b JE B (homoploid hybrid
speciation) Fl1i# 15 24 %2 (introgressive hybridization).

11 ZEk

2 A A 72 1 i A R I A ) B S Y Rl
177 7U(Abbott, 2003). K H AN [F4) Bk (1 BT 0T 4% (14
TEJE 7 R0 5 OVR IR H 0 8, REURZ FARA
Ho BIEZ AP, B EAmt, 505 a0k
X E PR 7 L AL 5ok B — MR IR A G oA,
I 5 Bk A] A4S B ORAIE, ATk B e AR AT
B HTRZFERACERK G EOMAE H AL, M
M SR AR = A AR e . PRk, AT DAAHX
B oy WA E B R . £k, R
£ {t.(allopolyploidization) £ 22 4% 23 TA gl ] 4=
FCHTRR, 0, DY A4 B 45 (Primula. kewensis)
= HWA AR A R E P verticillata) f 2
e (P. floribunda) %2 1 K (Ramsey & Schemske,
2002).
1.2 [EMEAERZAZHFPR R

G oA A5 VAR [R] B 4 o 2 1) W] DL e % 52
PRI . X7 2l RN AR
[F) 28 22 JE T2 OB A, nia) H 2% )& (Helianthus) . A5 24
J& (Paeonia) 5 B rh # G IX M [A] J 28 o IX EE i1
5 SR AN A 1 28 22 J5 A AT DLas i e R L 20 P2 AR
KSR AN [F] 0 1848 40 A, DAL O R [R] A 4 B AH
(homoploid recombination). FHAth {5 P4 [F] ¥ 2 1]
(VYRR S DU . SR S 7SR B 2 A8 @
F XN u Bk (Ferguson & Sang, 2001). i € [F] 5 A4 F
) 2 2 Ja ARG SR AR Z AR T AFAE L E PR S, A2 I
AT B S BRI A, A AT 75 B0 P A S A MR
Bk ) H 222 7 (hybrid zone, B{EAEZAT
[X | 2R A2 A BRI R R 2 TR A 4 118 4% 22 i
Flo R EANFSEAS ) PR A 3@ i % 58 2 AR I X I
BOEAE B — AN SEA ] 57— SR A Y I AR
(cline). fEZR A 5t b, PIASEARKATE R 7 AL
I3 A R GG . RIS AL KB LA A
BAGE, HIRIRZE R T R AATE LS
e XT38 T KA SR BRMR, AR 7035 B =
A RTAIRL: A BRI 12 X R A A A3 A FE 1S
A BT B 2% 52 JE AR SR AN B R A i &5 2R
JRAE R AL JE AR AR B DR vT R AR SR A AE, (AP
R8I0 1 3R A 72 e R 8 S A7 UORIEAT X 4o
13 HEHRX

KA JFAFT SR EAYME b2 — R E
M58, SR FEN—AFhEN 55— AP e A FE s
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TG ) 3 R 3 8, X Bl B3 AR 4% 52 07 LRI T8 4 =2
(Anderson & Hubricht, 1938; Anderson, 1949). f£H
SREAETS, BBV R AL ETE 22 28 G5 AN B RS
B 7Y ) 40 R [ B 2R (wolf, Catrans lupus) A1 & J&
(coyote, C. latrans)] #El & i J& (Gila)&sh¥); &5
BEJE(ris). HIJE Juniperus). A J& (Pinus)fl A A
Bl g5y . mRRAZEMNEEF AR I A7
FEIR AR Z B A BE A S SR AR B R 5E, IX A
FEAR N 24 S B (hybrid swarm). X MESIRE S 5
FeAE T I ARG « AR TR, AT
AN SR 2 ] ) 35 A AN 3 B RRAE A7 A 22 7 1 —
ROVARA RN, PRI AR AR 2R A S 1) () 5t
FRAZASARA . 540, H 808 4= A% (Oryza rufipogon) )
AR L ROE S BT R (0. sativa)AE K, REH
A R0 R, B A RE AR AT R 2 A BR AR 5 g ik A
Wik BN . MR MEIAER R SRAR

PG, I H A5 R A8 1 [ SN A FRAe,

RAZTER KA T o BUIRFARIR DA 7, B3
ANl 1 o N 7 N P N i [ Bl s 8 S M Sl 3
AR . BB HRAS —MASRE = LEHT P Fh, (Han
AKX L] 1 Ff ) 2% 22 A B o AR B AR R A BT A
a5 PR OB AR S, B AT AR T BORT 1 4% A2 Fl (Abbot,
2003).

2 BRRIHIIR

SRR, FEBN R AE M A] IR AE A
AR AR FAR, T AR R A T )R o 38 3k (Gd 4 )
rarefllwidespread K JEZ¥, Arnold, 1997). REGnit,
FEP) P ] 2 A8 R BEAR R A AR AN 15, AN S ek
ERI R H R IEG B ARSI R
e, Won R R, tehn: PRk MEAEL. W
M2ERb SR IR T A A A R A
Z, (/e BRI G R ER D R A . AN X &
S =/ W U S S M P e | P
Bl & B7KF H I 2 AR 2 AN S5 1K (Ellstrand et al,
1996). M4, ZFEAMI R A G BRI =T
—HEA YY) (Stace, 1975). (HBA 2EH iP5
10% HITE P A1 25% 1 Zh 40 28 /0 F0 53 — AP wh ok AL e
Z%3Z (Mallet, 2005), 7EBRIEAE S BEAL SR HTIL S
PR LS 5 RAEFAE o BIRIRAS FAFAEA A 43 K0
ORISR I, — 7T B T AR A S E R
(B RGN ZE ), 71— J7 S K0 ma %

EVIR AR, MR AT RS T A R B R
H& A2 75 T s AT e i A =] B ATLAE o

VriesendorpfliBakker (2005)4i11 1 & 2 SCHk
sl AT A [ E) 2 22 07 AL =1, K
2 15 A B G L [R) 4% 4 B 20 5 O ¥l . Kim Al
Lockhart (2006) U9\ 4y [ £ {4 23 52 At 6 T BSAS B2
WEERFRNRER, dT FEEEANRE L
WRE G %€, RATBE ™ HARAY, FOVRAEE
M) 28 AL 5 8B A S HIX o

—EERF R, K2 Hk T YR IR TR B
Z%%Z(Clausen et al, 1945; Stebbins, 1947; Soltis &
Soltis, 1993). {HALA HF TN R A KLI2-4% 1
TV T% I BRIAE I N 2 R 2SSV (Otto &
Whitton, 2000), 4% A4 A1 DR 2 (PR BE S
74K 2 B T R AN R 3 i 2 4% 4K (paleopoly-
ploidy), 7 7FH 7o S8 1 3 K 2 N 4% (Grant, 1981;
Masterson, 1994; Cui et al, 2006). Wood%5(2009)iH
Tk 0 i 2 BRI b R RS8R B R RIS
W, B0 LA 15% I8 5 F AN 31% 8 R AR Y
VIR A & 7 T e ORI N, (EnfE S
THBA IR T B I HE R 3 A Z i m k.

3 £EBARXNBRAEE

31 FHEELE

FLIPI0 AR ) 2 58 T BARIETE SRR, 283844
HOH Bl T DX 43 XK 8] () v 1) 28 250 5 4 W >4 72
oK H A3 o AHTEASRRAE B AT 38 1 5 A AR XR
BE . H TSR TSRS, WA — 3 0hs
#E, B EANF B S0 H T RE ARG SRAN R 1) e
25, UK SR S PRid ok %08 IR A 5 35
B BT o A 2= bR B A R 2% A8 I L W bR
1, [R5 R Z A8 WY RN 22 A4k 1A ik o R A 5
OARE H HER S E, (HSEBRERAE I 20 25 B i G £,
PRI RS RSEATE L, DR AR EAR R ) SR PR A

Iy THRICAE BRI T &€ 5 7 b b 8 k4%
HEMMEH . © B4 A8 AR IF AT Rl iRy 7 1
JRFRCAZ IR BRI 8 5 AR 10 J7 2 ([ TR AN 4%
A7 it 45 ) DRH W B35 B AN 2, B R ok K R )
DNAFRICEUR . H FH I DNAFRIC 3 B A R il P K
Jr Bt % 2% (restriction fragment length polymorphi-
sms, RFLP). FEHLY 142 & 1EDNA (random amplified
polymorphic DNA, RAPD). ¥ 34 iy Bt K& 2 &1
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(amplified fragment length polymorphisms, AFLP).
i ¥ 85 &2 [y 4/l (simple sequence repeats, SSRELFRIH
TRE)%, HHRFLP. SSRAILE AL, 8% e
2858 SORA, NIRRT 2 . R Thrid 24T
XPREANFERI 8, KR E . ([EREER, BT
RAGHE By B A To kg, 2 sk Y
MR, 485 45 R AN Rk By 51 YE 1

BB R G R E 73, R IT H AR TT
FR MR 23S B N H T 7, 2 5 T B
#(Arnold, 1997). %%EMRIZRAZN, B ZikFFIE
T P A L 2 BE AR AR AL, IRl PR IS
I GRTEA RW I r H5. HYRER A A HE I ]
. M SRRIE R AR KA IL R A, 4 K2 85
oM SRARFEDR A o 1 MRS [ 25 R 4 ) A e DL A T Y
i) L R AR (R AIT E O R R BRDNA B B, KA B T
HHIMA RS ENEZFERAEKEEE, Hk
HARARZE

I ¢ i Tk [R] 2 0 44 07 4 5% R 28 30 Dy B R it
&, Y RZHORHIERAL, TR H B FH R A B A 52
FRHIREA o R S Ak ik PRI 20 v 2 ) 25k R] £ et
LR ARG Y PR 51 (A T B RS X H g trnL-F
rpl16. trnT-L. trnG-S. trnC-D. rpsl6%5#E % 4
2 H AR R ] PR 5E, 3& TR TE) 2 32 AN
SRASHIFE, T 2R iRk KA nad AT nadd4s /> %
A RS AR 5 B N 7 R R Bl B T AR A A
B 258 ()AL 50 HT(Chat et al, 2004). B AT K EAEY)
2R AR SR R 2 2 ik IE, & & 15 BAL R EE B
v B % S SR I Tt BUBU S T Bobr A 2H ik
PR RIS, R 2 A Z M . L
BinE, shrgriik i R A AR AR e,
TE WA R G0 K B 5 KA 40 M (3= A AL gL
(cytochrome ¢ oxidase subunit I, COI). 4l 2
B(cytochrome b subunit, cytB). 16S rDNAZZE[A,
T B ZRL AR B R 2 AR BN, i & FH o8 B 2k
WA LR E S i ) S PR TR, R st 4 73 2
(Morin et al, 2010).

22 TSHEVSRYES il G R AL TR VSN PN
BGPTSR AN FE RO 8 A HE WT T AR B AN IE A
IY SR F SRR o EECORAZ T DR 2, 55 1) R R 7 2
AR RO, AH AR TR & A ) 2 58 R R
K PP 91 e 22 I AR BERDNA (nrDNA) ITS. "B H
/- F18S rRNA. 5.8S. 26S rRNA [AJf 7 )5 41

(ITSTAIITS2)H e R L BS54 DR
TR, (BXEA—ERE R, AP S EX,
Bo AT . BIRITSTERE KA A7 A2 K& U1, (HAE
2 HEY) o — 51k (concerted evolution, Elder
& Turner, 1995), ZHHH T A LG 1F /2 598 DA%
B, BRI RS R AT J& 9 Bl ] 3R 42 kB 9T F0 B AR
EHIWT R EAR B, 3302 N . TR A 2R AL
SRR F RSk B XCR MR FE 51, Tk
B 43 A% 35 R HR (R B A7 A5 B &R RN 55 2 R DL,
AT 1H A5 FH A% ik RT3 AT 27 52 A2 Y 1) B It o0 03R4 T 73
M. FRIEZPERDNALIALN, —HE G KNG T
(1) 5 A DURZ R DR A R % I B AT R, R4
N T PRk R ) FR G B W T, XSS DR
J7 0 CAHS BT AR5 A4k S AR 3R AH DS )
PR Ut . H AT C st B (9 2 R 45 Adh (D i
LWE A B, Sang et al, 1997; Ferguson & Sang,
2001). RPB2 (4ui4RNAZ A B — KEHE).
PQiC (4 fth Tk 1R i1 %) W% S A4 g, — Pl 20 1)
PhyC (i g B 5K I — A O, dmbs BOt &
1) (Russell et al, 2010). Pl (1688 B K AEKBAR
FE[H, Lee et al, 2002). LEAFY (2 4¢ 0 A 4H 2R 1E
WILEThfE, Kim et al, 2008). GBSS (4 fith/INi &5 &1
¥4 B, Smedmark et al, 2003)%F . H F KE 5
SR B R P B BIE, {515 AR & D fig 2k R
i 36 T 8 P B ] R S8R B W AT S DUAR
[Fl(single copy nuclear gene, SCNG)FE N{EF, HF 7l
RLLEEHKNE TR R R NES H
SRIRAT [ H 7€ A BB R SR E

F AR SRR B ) & 48 &k B A —F (phylo-
genetic incongruence) K H WrFh 8] 458, &M H HEL
23 () J57%, WIChat %5 (2004) 3 T -S4 5L R 7 51
IR AA 43 B0 A 1k T8 (Acti midlia X R 3E £k 1) A
Fo (EAEY) AR AL SR 7 b, JE T ITSHIR
JE SR AR T DR 1R 38 G2 8 AN — BB0R 4 Wi Ao 1] e 52
AT IR AR I O TV, BETE A A AR
SR AL DRI BEPE 10 A5 Ry ORI E J P BEAS . 75 22
EERR, B 7 AE AR, HEEIKF4 % (horizontal
gene transfer) . % K & ] j5 1) ¥ U % 2% (hidden
paralogs) & A 58 4% i & 43 1% (incomplete lineage
sorting) I FE 4 1] B8 T ELR G 1 98 (Wendel &
Doyle, 1998), 7 FI W i) 23 52 15 W) Fft JE2 BCIF B2
PLIX 77
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32 HRIZEH

BT EREAH G, TR S RPE S,
HREIHHE RS Z B9 RkIE (Amold, 1997). 7ER
1\ Heliconi usa B 3445 [7) £ 44 28 b T B
IE S (Schwarz et al, 2005; Mavarez et al, 2006; Melo
et al, 2009; Salazar et al, 2010),

SR AL LTS 28 5 A FANE], A E
SRR TT A Z R, HERCE AR R IR
%, k)& (Gossypium) ADZE R ZH 1) 5798 £ 5k
Ji(Wendel et al, 1995). [n] H 2% & 1 [R5 AR L 458
(Rieseberg et al, 1990; Rieseberg 1991). AjZjjEHIE
Z MR IE L (Sang et al, 1995). B JEHIBNS AT
(Arnold et al, 1990a, b, 1991; Arnold, 1993). EH 4l
Jii i DN A .5 HL AN EHE 5 X (Mogensen, 1996) 4
BHEWI ) H 2R 4228 (Isoda et al, 2000; Wang et al,
200155 . UbAh, A BT 5P DL EARES DA% AR
R 2 AR Rl IR A S A 7, T
FAERIAT 8 (Lepidium).  #75 Rl Geinae 2R HEH Y
R HFE L E (Perdcaria). =R} 2 #>% J& (Polystachya)
GRANAE . X PP E T VEAM T DA B R R 4 DL
HC5 R A5 1 A M SRR T A S IR, X 43[R RN
FEUR 2 A5 AR, LT DAHE 5 E A MR (e 4
Kt I E1E 77 52 (Lee et al, 2002; Smedmark et al,
2003; Kim et al, 2008; Russell et al, 2010).

4 ERFERRIFHNRATEEBRRARS
TR B 5 LR R

b o I — AR DR 2L T VR AN R R, Bk
22 (1) B BRI N B B AR A 5 R Y i it
i, AFE: ()R PEAL 5 DS DNA M 7 (restri-
ction-site associated DNA sequencing, 4FXRADseq),
A SR —Ffid FH 10 17 44 22 A1 40 0 17 (reduced-represen-
tation sequencing) /7 %, ‘& & 7 BUAR JE oK 1Y
AFLP. RFLP. SSREELLZL MM I 7> THRIC, EA
[F] A8 ) 8 2% 52 5 Wb 8 s it 7 b 3R 45 N,
54, GE PR Ao ] 2y 52 A B 73 A (Gompert et al,
2012; Nadeau et al, 2013). [ 1 /1) 44 3V FP T B 5 TR
H 4R (Keller et al, 2013; Martin et al, 2015)~ #3351
W15 44 3Z (Streicher et al, 2014), T~ Yo AR 3 fr
54 FERE (0’ Loughlin et al, 2014)%%; 4 fig 5
J& (Ficedula, Rheindt et al, 2014). LG & (Pedi-
cularis, Eaton & Ree, 2013). #%J&(Populus, Stélting

et al, 2013). 7] H %% J&(Andrew et al, 2013; Andrew &
Rieseberg, 2013)3%5 1847 S B ) i [R) ¥ 2 2% S0t 9
Q)P ZHIR L SYEREESI(SNP array) iR, B
F1E K B.(Mus musculus domesticus) 5 i 2 5 1E 44
s WM EAEY R A A A2 20 A (Wang et al,
2011; Janousek et al, 2012, 2015; Geraldes et al, 2014;
Liu et al, 2015); (3)¥M2F41llJ¥(exome sequenc-
ing), Good 5% (2015) H] % 75 % #£ Wi i 1€ 2 W
(chipmunk) BRI 1 A2 B & =5 5 Fh ] % 52 1) 5K &R
(4)5% 20 7 (transcriptome sequencing), % /7155
EARZRMHS RN A, 5K 51T %28 (Phifer-
Rixey et al, 2014). ERIMHF 522/ T FH (Oryctolagus
cuniculus algirusf1O. c. cuniculus, Carneiro et al,
2014). 7 H %)@ A [E 4 F(Renaut et al, 2013; Barb et
al, 2014)%%; (5)ll Fr =K 73 B (genotype by sequenc-
ing) B AR, 7F 1k 1% & (manakins) F1 81| & 1 (swordtail
fish) ) Z 0 b, RHZIT V5 mlda R T 21k #R5R5)
A IE A AN 21 R0 3 B0 b 7] 2% 52 5 2% A o A B b 1
(Parchman et al, 2013; Schumer et al, 2014a); (6)4= 3
IRl 20 M 5> (whole-genome  sequencing), iX FAiff 7T 5%
RVER ) T7 7 H T TR B T 885 (Heliconius
Genome Consortium, 2012; Martin et al, 2013). i
(Garrigan et al, 2012; Lohse et al, 2015). H(Jénsson
et al, 2014). I f-(Fontaine et al, 2015). il 5.)E
(Ellegren et al, 2012; Nadachowska-Brzyska et al,
2013; Burri et al, 2015)5 3R BE R S5YFE
BT &S5, AR 28R Ny FHER LA
AN Z 8] 12 K73 N A5 4% 5 20 B 50 (Green et
al, 2010; Sankararaman et al, 2012, 2014; Wall et al,
2013; Lohse & Frantz, 2014; Priifer et al, 2014). ZAX
IMERIBE T IT 5, HSEANINF P38 T 51 7 dr
WIRGUR B Ik, Fa T AACHEER A1l AR S5 Ar
HE DRI AR A IR A% 22 TV

BRILZ A, GRS HTE A S AT T B 0l 2 [F]
REARYIMIE SR T AR 3 TR . RIS 2
Ja& Tl N R DR B A AR R, 2 AT R R E A A
PR B % AR OE 3% £ B B 5 G DL HE AT R U
(McCarthy et al, 1995). i1, K H [ H3EHRKL
(YRR AR 73 BT SR, ol T 2% 52 v 0 3 6 R 4 (£
RO)FEL P IE £ 8l 1 S A e I st 2 4 T 8 T ok
X R J5 SRR A RS T M A R SS MR A AR
B, R IR AL E AR AR i i iE &
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B, A WFPIE Bt 2 A H B (Buerkle et al, 2000;

Duenez-Guzman et al, 2009). HTZ4+32i@ % 2 r=4
ETHTER, AR XE PR IR L PR A AR 2 B Eadi e |
BB SEARAREGWESE, B, SIEAER
HEEN BB, PR Rt R AR
AL E IR AT EHE BT H e &R
FER SR A E GRS . T UL, A8 7R Fh )
He AT AT LI I 50 5 5 A AN S FI R AL AT 1R K
SEPAE BE B B (Schumer et al, 2015). {HFERMIA&Z,
B F0 SR — B 5 DART B AL R A, HIE
T 2 S 5 (A Hermansen et al, 2014) K56 IE
PR e MR . A BATE RPN N AR e Sy 4258 AT A
PR BEPRE YR AR S (Meier et al, 2017), M KI5
AT & A, VoA IR RSP 75 ACBSORE e AAT AR 4
S, R, A AR R — SRR 2 5 R E)
IS B0 X PR AN [R5 & S 8 336 4T 9 A
IO E

5 SEMRESRZMAFIETRE

F ] 2 52 FEAN— 5 P2 A2 24 A2 M (hybrid species);
BT FARE T T A8 fE . TR B2, 78
IR ZAE UL T 8 MR AEZE 5, (R € DA TE K
AT P ———k BRI B AR FE LU R A o 3X AN
A RN & 35 1 S0t T AE WD R 3k A 3 R R )
X, NPT A 5 7 B A% R E .
Schumer#(2014b) &t 1 Uk H AR 448 T80 1 ¥ Fh
TR 2 AR 3 A (1) RZE T IR 2E; (2)Fi ]
AL SRR Z [MAFAEE TR B Q)P S8 T
XA TERG RS . BRI E, FIRZ IR
AH LU [R5 A A8 W Y | B 25 B A3 BIUE B o FEBNHE
VBRI EGH K2 RAEH T (1)), %
Schumer%5 (2014b) ) 73 #7, 7] i i 2 L3 34> ™ 4%
(1) s 1 RE 08 R I S5 (%) [ 3% A2 4 A8 WD Rl T j 3 49 A
A 1] H 2£ &8 11 47) F1Heli coni us) B (1144 24 32 Filr

1] H 2% & ¥ Helianthus anomal us. H. deserticola
FIH. paradoxus, & H [\ H2Z%(H. annuus)Fl<x={E%%
(H. petiolaris) WEA I 24 S o 1KLL 52 43 J31)
GV L WBEAVE E L VE A, A
AR B S5 A Rh AR 2 W ILAE E SR B A8 . Rie-
sebergZ%(2003)K FIRAPD. AFLP. SSRZ%/> ThRid,
38 1 HE IR AL 55 (quantitative trait locus, QTL)H
Tk, Ry Ze A8 PR N T4 A8 i i 2 LA AR (R AR

HAT LR AT, W RN 2 5 A PR 22 R g
WELERT & N T2 A8 b 2, B 5 T2 Bk %,
N T 2 22 o 1 A i 9 30 2R BT 75 (19 S AR et ik 1y B
H G [RIFE AT DR 2 58 Bl I o IX TRUAH 2375 B
it B2 Bh T 10 H 25 @AY AE S 4k

I i Heliconius  heurippaff ¥ Fh & il 2 h 4 b
73 2R L UE B (1) [R5 4 2 22 Y5 22 49 (Maviérez et al,
2006; Melo et al, 2009; Salazar et al, 2010). Z4Ff
N RIRTH. melpomenefliH. cydnoffi 2438, 24758
Fh SR ARAERCGALSANRE FAAEREER . 5L
FOFEAR G S DR 20 X S IE S 1 A S 2B o JEId
ASEAR AN TR AZ R I JE AR, R 5 H.
heuripparfl [F] I PEAR . ISR Bow, SR F A Fl
H. heurippaty s A2 (B AZERES AL R, (HE
8 E R T 548 R R AL SR B AMAZE L, A
M T 5o Z BRI . B FIESE A2 JE 1
54 AE H (reinforcement) 2 3 | 22 52 Fh 5 S A 1 A4
VELCT

Feliner&(2017) WA [F] X [7) £ 44 % 58 W0 A 1 B S
SRE RS () A ARG B A, (R4 A R 2 56y AR
VBB ES A B, IE R 2 RAERTEE A EFEEN
AR HIEARAE . X2 B K2 BRI
JR I IR AN I 5E A AR E B 2 ) (Lowry & Gould,
2016), i LAE B B4R E 2% 2210 7= AR 1 AE B B 25
AN o 2T X AR G S WP pie i 2 2
()22 5, AR T A [F) 4 Fh 25 Foh 2 B I 2 58 s
IR Z MRANRIRBES . oF5% 2 2FRHER
A AR g A, G3E PLIRIAE Y B
ERHERRASHE, EANTH R RS SR
HEER AT, R I AR A B A PR,
SEIRTT F4 AW FP L BAL A4 A 22 1T Bk 1 241
BB o IEAR R, B A7 K E ] 248
W2 NP R RN EHE, SOod kT i A 7 K
M5, RARE IR T YR AL ] 5 A 1S 1
HLi(Dejaco et al, 2016).

6 BRI ERMESZIY

WM B R TR ZER . A A
ATRE BB, PHAS T UL 228 o BIE AT LA S A
A2, AR ARA & B8O VEARAR, B 2% A 1
B AEA T JEASEE TR E, TR Ry
o AEXAMIE DL ASTELERT (1, WIRF AQRE LI
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EERE: HRRZ SR 571

EETH(TEME S A) PR AR B SR (AR AT R
FEIRFFAE WS ANF AL R ) o5 38 AS 8] 1) AR B (A
A0 ) B BEE T B0 & B PR R 25, ek mT DLk
Yo SRR, R DHERTIAR, BT U
Flo KRBT, Phia)Fe58 ] DRI B 210 1
BbERE, DLIE B PR TE 20 1) 28 5 (Armold, 1997,
Rieseberg & Carney, 1998). 2 fiifbxf TIEdtfE 4
FROE BCIE I TV A 5 T, 17 [ £ Ak 4 22 AR Bl A
Vet B R, R SR B A AT (Mallet,
2007). [ H 2&J& FHeli coni us) 55 85 (1) 2 i JE 5 T
FONX— W R T 3R E ST SCRF . X S R AAMY
MIEE RS F T AE W T A58 56 AR 1K R,
M B E AT 2 18] AR TR R S AR, T HLE il i A [R] 1Y
FFEIEBA A28 ST X MR e I EEAE . H AT
I AE, HARW KBRS I PR &
6 56 A& 75 755 A Schumer5: (20 14b) 7™ kA A b 25 A i
5, AHIX RIZE H SR A8 5 YRR T OB 72 1)
BJim. ORISR, BEWFEHE N
[ £ PR e A 2R, T ELIX P P % B B 2 AR AT R
PAEAL(Kim & Lockhart, 2006). filt, 38 AAK
053 S0 Foh R = AR S 2 B PR b oy AT ok
1. SchwarzZ(2005) M 7T ) ik 7= AOIE#H 5| 4 214k
EM SR A R, R E T A L e e
A2, HTTE E ORI R 1 R IR 4 22 e AR S AR
Z ARG RS, FECH I RS Z A= . ]
BRI —Modd B AR AR AE T T S A, A
LETHRATEEFE ZHNT LY, Wik
FEASETARI ) 7 RAEX R R AR ] R i A7 7E o
Fe A AN AT F B3 B A R X, g it
VIFIERL, AT REH R E AR . RAF}
ZAFE A KB R (Spartina) 4, R 4 A8 1 5 E AE 3
NZ RG] TEIT— 2 a2 i R 5,
ZIBHEYZ KRB 5P, A 540 DGE H
JRP=HE E, CAE R IR E I KA, B
TSN EMER, BFEEYMNE. BERL
BRI B (Baumel et al, 2002). iX M A 41T 5
e JER A A T A 38 R R 1) HO A6 K L (Spartina
alterniflora) g 51 Fh BB PN AIL L TOHEF, 5 24
B E PR A T AL . AR08 E R 22 U HACK
5K EN(S maritima) K AEZRAE, TERA T IS x
townsendii, 17V, [FRE 58 AR 44 22 W S
x neyrautii, ‘& 5S x townsendii Z I HAH AL A 4

M Z 54K 7K F-(Baumel et al, 2003). S x townsendii
SR ORINETE R T — B E . A RIS
AW FIRZ A A F—IOKE(S anglica). T
RS HEEACREWW IR, B R — s Ex
Za1b: R Y O By 1 AN < i R A e S B = S|
FIHL SR 7 OKES . (HE, XA 762 A5 R g b
AR FF4 ) A L SR VA RO X, X i i A
S50 K] VA B o

AEA AN NAR T, 258 R W B 1A A
BRI R 2 — o 2R A AR ik A2 P N AR A Ui (Hybrid-
ization-Invasion hypothesis, Stebbins, 1985; Abbott,
1992), 13 31K 2 Z 4 1) X #F(Ellstrand & Schieren-
beck, 2000; Schierenbeck & Ellstrand, 2009; Hovick
& Whitney, 2014) TR 75 B 24 58 A BEIY
5 G FE A MR O N R T, AR R 2E W A ON 1R
(Mesgaran et al, 2016). T2 IBEIIHNE FAAE1F I
SE A ) ORAP T S B PR A, AT 8 SRR A R
P DX 08 T AH L P DR AP S, 1 52 3Rk 22 1)
FEFE A (Jackiw et al, 2015; Bohling, 2016).

7 MRERE

ARG 5RO It e & h 7S o+
Frich s 2 DRI e 4 M 7 v 5 0, R0 AH S AR,
FIH 2R EHE B A A SRR, — AR s
RNEATRAE T ARA2 . 245 S5 YFTE 1828 SR BT
PIILAR . AN £V 2 SN F M K IRAS R
T2 B 1) 4= 3[R 4H & 1] (whole genome duplication,
WGD)ILR, Ui B R4 g s b ) 2 540 B A7
fE(Jiao et al, 2011). XF /ALY N 5% A%
A 1Ry e DR 2EL 0 0 2 R K] 2 RRE 1) 35 ER RS 9 T 4
N VAR I T s bR At 2 IR G W Fh
% ([R) 435 1k 2 240 FN %2 4% 46 ) F 44 (Marcussen et al,
2014); X AN [R]IE JRK SCAE P ) B DR e 23 A 4
71 V) 25 DRV B 2 N I B AR A T AR, X — & L
A R A B R 2% 2 12 5 (Lamichhaney et al,
2015); fAAESE NS A KA RIS 352 (8], J8d
PR R 00 J DS 4 1) 5 S P SR AT 5 AS (R 4) r 32 2R 1)
ZE 5, FERE A KRR 8T A8 5 R4 1)
AL N EER R (Poelstra et al, 2014); JE R ICH#TZ
ZRAZW I se AT DLl It R KR B A A1 VA
% (Fontaine et al, 2015).

X LT FEHE N AT TE A R SR B H SR AL




572 4 ¥ % ¥ M Biodiversity Science

0253

J7 G YRR B34 SCIE, S5 R SR AH DA 5T B
FERMW R, W 755 R AR AT B RS AL,
anar i R AR AT A BN 2 BEAR 42 A I £ A%
M s EE T, At AfE— D ENIR D
AE %5 8 B OK S Fh A 22582 28 28 Fh 1) b 9 197 1 fp
OB A Bk R 2H ) SR AL S AT R R ik
(B )BT R R? fE7 L, % T
A 22— N EHEP EAL? BT AT, FRATTM
XA 228 T DAL Se {42

B8 & B T AR, R T2 5 YRR L)
N A RN AZ O ) R 2 40 BB 8, e ol o AR B R 25
X T AAZ P ENE . HARIE N T A B RS B R
Wi GnA] E SR AT A g I AR Gk 8 R DT ) £
#i. PayseurfllRieseberg (2016) % $2 /R 1EiH L £ 248}
UEE 73 AT R DR R U — OIS, 8278 73
WA R IR YE 5 5 2, DA R AR S 22 (R 4H 2
PatE e RPHD 24 (panacea)” RAL A A8 A MR E A
BRI A5, AT B IR RS MM Y
WEFLIE, BRI DGE LR LA (1) & & a7t
IR R MR, IRAGHT TR AT AT S A IR I S
Bh, KA AR R T 3 1 S B A 50 AN St 1 v
WH L, 1B REHIE O RA AR A T R o 27 ) R
FAE A 22 E R = Q)RR A=A Fh
TE R AR AL R A, 280 9 7™ % B F5 #E(Schumer
et al, 2014b) IR AR B IE A FRRN, 78 24T
THRERALE . FREERA . ATERE SR
ZEE B EHARBHT, Kl & LB TP fh
TV AT A A0 AN [] A 1] % 52 1) 2k PR 4H 5 3 B AR Ak
(Nolte & Tautz, 2010), BT X 51k 1 & 2 8] FE A
() 7 S A, A B AR 2R R X AR B R R T ) B
Mo\ WF T RSO 2 R 0 A 250 B AR A 22 R a8 A%
BB P A, TR R 2 SR U A O
AT A S Rl (3) TR o A SR R R AR A,
S RS RY MR R ASAAAE S, B 2 SIS,
HH T E AR R AR I 2 A8 2 AR, DA S AR SR N 9 Jel
FURS), 1R 2 vh ] P SR e vk IR B AR 3RS,
WS Be PA& 1 1 77 AORAF X L AT 1) B (A 45
WM NAR R, KA Bh T R R B AN [F] B
A TR BEAR, (4)2K H 2 BT IR 25
A, HIRFAZ SR IR A0 BT | 8%
AR KBEAFEEAE RN, KRBWF 5
oy ATERG B 5 IE A R AR ES, IR MRS

T AL RO AR, DRI i 75 SR 252 (0 28T
JHik, JT e B R SR IR £5 5 0T o

SE

Abbott RJ (1992) Plant invasions, interspecific hybridization
and the evolution of new plant taxa. Trends in Ecology and
Evolution, 7, 401-405.

Abbott RJ (2003) Sex, sunflowers, and speciation. Science,
301, 1189-1190.

Anderson E (1949) Introgressive Hybridization. John Wiley &
sons, New York.

Anderson E, Hubricht L (1938) Hybridization in Tradescantia.
III. The evidence for introgressive hybridization. American
Journal of Botany, 25, 396-402.

Anderson E, Stebbins GL Jr (1954) Hybridization as an evolu-
tionary stimulus. Evolution, 8, 378-388.

Andrew RL, Rieseberg LH (2013) Divergence is focused on
few genomic regions early in speciation: incipient speciation
of sunflower ecotypes. Evolution, 67, 2468-2482.

Andrew RL, Kane NC, Baute GJ, Grassa CJ, Rieseberg LH
(2013) Recent nonhybrid origin of sunflower ecotypes in a
novel habitat. Molecular Ecology, 22, 799-813.

Arnold ML (1992) Natural hybridization as an evolutionary
process. Annual Review of Ecology and Systematics, 85,
1893-1896.

Arnold ML (1993) Iris nelsonii: origin and genetic composition
of a homoploid hybrid species. American Journal of Botany,
80, 577-583.

Arnold ML (1997) Natural Hybridization and Evolution. Ox-
ford University Press, Oxford.

Arnold ML, Bennett BD, Zimmer EA (1990a) Natural hybridi-
zation between Iris fulva and |. hexagona: patterns of ribo-
somal DNA variation. Evolution, 44, 1512-1521.

Arnold ML, Hamrick JL, Bennett BD (1990b) Allozyme varia-
tion in Louisiana irises: a test for introgression and hybrid
speciation. Heredity, 65, 297-306.

Arnold ML, Buckner CM, Robinson JJ (1991) Pollen mediated
introgression and hybrid speciation in Louisiana irises. Pro-
ceedings of the National Academy of Sciences, USA, 188,
1398-1402.

Barb JG, Bowers JE, Renaut S, Rey JI, Knapp SJ, Rieseberg
LH, Burke JM (2014) Chromosomal evolution and patterns
of introgression in Helianthus. Genetics, 197, 969-979.

Baumel A, Ainouche ML, Bayer RJ, Misset MT (2002) Mo-
lecular phylogeny of hybridizing species from genus
Soartina Schreb. (Poaceae). Molecular Phylogenetics and
Evolution, 22, 303-314.

Baumel A, Ainouche ML, Misset MT, Gourret JP, Bayer RJ
(2003) Genetic evidence for hybridization between the native
Spartina maritima and the introduced Spartina alterniflora
(Poaceae) in South-West France: Spartina x neyrautii
re-examined. Plant Systematics and Evolution, 237, 87-97.



6

EEE: BR

FAZ 5P 573

Bohling JH (2016) Strategies to address the conservation
threats posed by hybridization and genetic introgression. Bi-
ological Conservation, 203, 321-327.

Buerkle CA, Morris RJ, Asmussen MA, Rieseberg LH (2000)
The likelihood of homoploid hybrid speciation. Heredity,
84, 441-451.

Burri R, Nater A, Kawakami T, Mugal CF, Olason PI, Smeds
L, Suh A, Dutoit L, Bure§ S, Garamszegi LZ, Hogner S,
Moreno J, Qvarnstrom A, Ruzi¢ M, Sether SA, Satre GP,
Torok J, Ellegren H (2015) Linked selection and recombina-
tion rate variation drive the evolution of the genomic land-
scape of differentiation across the speciation continuum of
Ficedula flycatchers. Genome Research, 25, 1656-1665.

Carneiro M, Albert FW, Afonso S, Pereira RJ, Burbano H,
Campos R, Melo-Ferreira J, Blanco-Aguiar JA, Villafuerte
R, Nachman MW, Good JM, Ferrand N (2014) The genomic
architecture of population divergence between subspecies of
the European rabbit. PLoS Genetics, 10, e1003519.

Chat J, Jauregui B, Petit RJ, Nadot S (2004) Reticulate evolu-
tion in kiwifruit (Actinidia, Actinidiaceae) identified by
comparing their maternal and paternal phylogenies. Ameri-
can Journal of Botany, 91, 736-747.

Clausen J, Keck DD, Hiesey WM (1945) Experimental studies
on the nature of species. II. Plant evolution through am-
phiploidy and autoploidy, with examples from the Madiinae.
Carnegie Institution of Washington Publication, 564, 1-163.

Cui L, Wall PK, Leebens-Mack JH, Lindsay BG, Soltis DE,
Doyle JJ, Soltis PS, Carlson JE, Arumuganathan K, Barakat
A, Albert VA, Ma H, dePamphilis CW (2006) Widespread
genome duplications throughout the history of flowering
plants. Genome Research, 16, 738-749.

Dejaco T, Gassner M, Arthofer W, Schlick-Steiner BC, Steiner
FM (2016) Taxonomist’s nightmare ...
light: an integrative approach resolves species limits in
jumping Bristletails despite widespread hybridization and
parthenogenesis. Systematic Biology, 65, 947-974.

Duenez-Guzman EA, Mavarez J, Vose MD, Gavrilets S (2009)
Case studies and mathematical models of ecological speci-

evolutionist’s de-

ation. 4. Hybrid speciation in butterflies in a jungle. Evolu-
tion, 63, 2611-2626.

Eaton DAR, Ree RH (2013) Inferring phylogeny and introgres-
sion using RADseq data: an example from flowering plants
(Pedicularis: Orobanchaceae). Systematic Biology, 62,
689-706.

Elder JR, Turner BJ (1995) Concerted evolution of repetitive
DNA sequences in eukaryotes. Quarterly Review of Biol-
ogy, 70, 297-319.

Ellegren H, Smeds L, Burri R, Olason PI, Backstrom N, Ka-
wakami T, Kiinstner A, Mékinen H, Nadachowska-Brzyska
K, Qvarnstrom A, Uebbing S, Wolf JB (2012) The genomic
landscape of species divergence in Ficedula flycatchers.
Nature, 491, 756-760.

Ellstrand NC, Whitkus R, Rieseberg LH (1996) Distribution of

spontaneous plant hybrid. Proceedings of the National
Academy of Sciences, USA, 93, 5090-5093.

Ellstrand NC, Schierenbeck KA (2000) Hybridization as a
stimulus for the evolution of invasiveness in plant? Pro-
ceedings of the National Academy of Sciences, USA, 97,
7043-7050.

Feliner GN, Alvarez I, Fuertes-Aguilar J, Heuertz M, Marques
I, Moharrek F, Pifeiro R, Riina R, Rossello JA, Soltis PS,
Villa-Machio I (2017) Is homoploid hybrid speciation that
rare? An empiricist’s view. Heredity, 118, 513-516.

Ferguson D, Sang T (2001) Speciation through homoploid
hybridization between allotetraploids in peonies (Paeonia).
Proceedings of the National Academy of Sciences, USA, 98,
3915-3919.

Fontaine MC, Pease JB, Steele A, Waterhouse RM, Neafsey
DE, Sharakhov 1V, Jiang X, Hall AB, Catteruccia F, Kakani
E, Mitchell SN, Wu YC, Smith HA, Love RR, Lawniczak
MK, Slotman MA, Emrich SJ, Hahn MW, Besansky NJ
(2015) Extensive introgression in a malaria vector species
complex revealed by phylogenomics. Science, 347,
1258524,

Garrigan D, Kingan SB, Geneva AJ, Andolfatto P, Clark AG,
Thornton KR, Presgraves DC (2012) Genome sequencing
reveals complex speciation in the Drosophila simulans
clade. Genome Research, 22, 1499-1511.

Geraldes A, Farzaneh N, Grassa CJ, McKown AD, Guy RD,
Mansfield SD, Douglas CJ, Cronk QC (2014) Landscape
genomics of Populus trichocarpa: the role of hybridization,
limited gene flow, and natural selection in shaping patterns
of population structure. Evolution, 68, 3260-3280.

Gompert Z, Lucas LK, Nice CC, Fordyce JA, Forister ML,
Buerkle CA (2012) Genomic regions with a history of di-
vergent selection affect fitness of hybrids between two but-
terfly species. Evolution, 66, 2167-2181.

Good JM, Vanderpool D, Keeble S, Bi K (2015) Negligible
nuclear introgression despite complete mitochondrial cap-
ture between two species of chipmunks. Evolution, 69,
1961-1972.

Grant V (1981) Plant Speciation. Columbia University Press,
New York.

Green RE, Krause J, Briggs AW, Maricic T, Stenzel U, Kircher
M, Patterson N, Li H, Zhai W, Fritz MH, Hansen NF, Du-
rand EY, Malaspinas AS, Jensen JD, Marques-Bonet T, Al-
kan C, Priifer K, Meyer M, Burbano HA, Good JM, Schultz
R, Aximu-Petri A, Butthof A, Hober B, Hoffner B, Siege-
mund M, Weihmann A, Nusbaum C, Lander ES, Russ C,
Novod N, Affourtit J, Egholm M, Verna C, Rudan P,
Brajkovic D, Kucan Z, Gusic I, Doronichev VB,
Golovanova LV, Lalueza-Fox C, de la Rasilla M, Fortea J,
Rosas A, Schmitz RW, Johnson PL, Eichler EE, Falush D,
Birney E, Mullikin JC, Slatkin M, Nielsen R, Kelso J,
Lachmann M, Reich D, Pdébo S (2010) A draft sequence of
the Neandertal genome. Science, 328, 710-722.



574 £ ¥ % B M Biodiversity Science

0253

Heliconius Genome Consortium (2012) Butterfly genome re-
veals promiscuous exchange of mimicry adaptations among
species. Nature, 487, 94-98.

Hermansen JS, Haas F, Trier CN, Bailey RI, Nederbragt AJ,
Marzal A, Satre GP (2014) Hybrid speciation through sort-
ing of parental incompatibilities in Italian sparrows. Mo-
lecular Ecology, 23, 5831-5842.

Hovick SM, Whitney KD (2014) Hybridisation is associated
with increased fecundity and size in invasive taxa:
meta-analytic support for the hybridisation-invasion hy-
pothesis. Ecology Letters, 17, 1464—1477.

Isoda K, Shirasi S, Watanabe S, Kitamura K (2000) Molecular
evidence of natural hybridization between Abies veitchii and
A. homolepis (Pinaceae) revealed by chloroplast, mitochon-
drial and nuclear DNA markers. Molecular Ecology, 9,
1965-1974.

Jackiw RN, Mandil G, Hager HA (2015) A framework to guide
the conservation of species hybrids based on ethical and
ecological considerations. Conservation Biology, 29, 1040—
1051.

Janousek V, Wang L, Luzynski K, Dufkova P, Vyskocilova
MM, Nachman MW, Munclinger P, Macholan M, Pialek J,
Tucker PK (2012) Genome-wide architecture of reproduc-
tive isolation in a naturally occurring hybrid zone between
Mus musculus musculus and M. m. domesticus. Molecular
Ecology, 21, 3032-3047.

Janousek V, Munclinger P, Wang L, Teeter KC, Tucker PK
(2015) Functional organization of the genome may shape the
species boundary in the house mouse. Molecular Biology
and Evolution, 32, 1208-1220.

Jiao Y, Wickett NJ, Ayyampalayam S, Chanderbali AS, Land-
herr L, Ralph PE, Tomsho LP, Hu Y, Liang H, Soltis PS,
Soltis DE, Clifton SW, Schlarbaum SE, Schuster SC, Ma H,
Leebens-Mack J, dePamphilis CW (2011) Ancestral poly-
ploidy in seed plants and angiosperms. Nature, 473, 97-100.

Jonsson H, Schubert M, Seguin-Orlando A, Ginolhac A, Peter-
sen L, Fumagalli M, Albrechtsen A, Petersen B, Kornelius-
sen TS, Vilstrup JT, Lear T, Myka JL, Lundquist J, Miller
DC, Alfarhan AH, Alquraishi SA, Al-Rasheid KA, Stage-
gaard J, Strauss G, Bertelsen MF, Sicheritz-Ponten T, Antc-
zak DF, Bailey E, Nielsen R, Willerslev E, Orlando L
(2014) Speciation with gene flow in equids despite extensive
chromosomal plasticity. Proceedings of the National Acad-
emy of Sciences, USA, 111, 18655-18660.

Keller I, Wagner CE, Greuter L, Mwaiko S, Selz OM,
Sivasundar A, Wittwer S, Seehausen O (2013) Population
genomic signatures of divergent adaptation, gene flow and
hybrid speciation in the rapid radiation of Lake Victoria
cichlid fishes. Molecular Ecology, 22, 2848-2863.

Kim MB, Lockhart PJ (2006) Reconstructing reticulate evolu-
tionary histories of plants. Trends in Plant Science, 11,
398-404.

Kim ST, Sultan SE, Donoghue MJ (2008) Allopolyploid speci-

ation in Persicaria (Polygonaceae): insights from a low-
copy nuclear region. Proceedings of the National Academy
of Sciences, USA, 105, 12370-12375.

Lamichhaney S, Berglund J, Almén MS, Magbool K, Grabherr
M, Martinez-Barrio A, Promerova M, Rubin CJ, Wang C,
Zamani N, Grant BR, Grant PR, Webster MT, Andersson L
(2015) Evolution of Darwin’s finches and their beaks re-
vealed by genome sequencing. Nature, 518, 371-375.

Lee JF, Mummenhoff K, Bowman JL (2002) Allopolyploidiza-
tion and evolution of species with reduced floral structures
in Lepidium L. (Brassicaceae). Proceedings of the National
Academy of Sciences, USA, 99, 16835-16840.

Lewontin RC, Birch LC (1966) Hybridization as a source of
variation for adaptation to new environments. Evolution, 20,
315-336.

Liu KJ, Steinberg E, Yozzo A, Song Y, Kohn MH, Nakhleh L
(2015) Interspecific introgressive origin of genomic diver-
sity in the house mouse. Proceedings of the National Acad-
emy of Sciences, USA, 112, 196-201.

Lohse K, Clartke M, Ritchie MG, Etges WJ (2015) Ge-
nome-wide tests for introgression between cactophilic Dro-
sophila implicate a role of inversions during speciation.
Evolution, 69, 1178-1190.

Lohse K, Frantz LA (2014) Neandertal admixture in Eurasis
confirmed by maximum-likelihood analysis of three ge-
nomes. Genetics, 196, 1241-1251.

Lotsy JP (1916) Evolution by Means of Hybridization. Mar-
tinus Nijhoff, The Hague.

Lowry DB, Gould BA (2016) Speciation continuum. In: Ency-
clopedia of Evolutionary Biology (ed. Kliman R), pp.
159-165. Academic Press, Oxford, UK.

Mallet J (2005) Hybridization as an invasion of the genome.
Trends in Ecology and Evolution, 20, 229-237.

Mallet J (2007) Hybrid speciation. Nature, 446, 279-283.

Marcussen T, Sandve SR, Heier L, Spannagl M, Pfeifer M,
International Wheat Genome Sequencing Consortium, Ja-
kobsen KS, Wulff BB, Steuernagel B, Mayer KF, Olsen OA
(2014) Ancient hybridizations among the ancestral genomes
of bread wheat. Science, 345, 1250092.

Martin SH, Dasmahapatra KK, Nadeau NJ, Salazar C, Walters
JR, Simpson F, Blaxter M, Manica A, Mallet J, Jiggins CD
(2013) Genome-wide evidence for speciation with gene flow
in Heliconius butterflies. Genome Research, 23, 1817-1828.

Martin CH, Cutler JS, Friel JP, Dening Touokong C, Coop G,
Wainwright PC (2015) Complex histories of repeated gene
flow in Cameroon crater lake cichlids cast doubt on one of
the clearest examples of sympatric speciation. Evolution, 69,
1406-1422.

Masterson J (1994) Stomatal size in fossil plants: evidence for
polyploidy in majority of angiosperms. Science, 264, 421—
424.

Mavarez J, Salazar CA, Bermingham E, Salcedo C, Jiggins CD,
Linares M (2006) Speciation by hybridization in Heliconius



6

EEE: BR

FAZ 5P 575

butterflies. Nature, 441, 868-871.

Mayr E (1992) A local flora and the biological species concept.
American Journal of Botany, 79, 222-238.

McCarthy EM, Asmussen MA, Anderson WW (1995) A theo-
retical assessment of recombinational speciation. Heredity,
74, 502-5009.

Meier JI, Marques DA, Mwaiko S, Wagner CE, Excoffier L,
Seehausen O (2017) Ancient hybridization fuels rapid
cichilid fish adaptive radiations. Nature Communications, 8,
14363.

Melo MC, Salazar C, Jiggins CD, Linares M (2009) Assorta-
tive mating preferences among hybrids offers a route to hy-
brid speciation. Evolution, 63, 1660—1665.

Mesgaran MB, Lewis MA, Ades PK, Donohue K, Ohadi S, Li
C, Cousens RD (2016) Hybridization can facilitate species
invasions, even without enhancing local adaptation. Pro-
ceedings of the National Academy of Sciences, USA, 113,
10210-10214.

Mogensen HL (1996) The hows and whys of cytoplasmic in-
heritance. American Journal of Botany, 83, 383—404.

Morin PA, Archer FI, Foote AD, Vilstrup J, Allen EE, Wade P,
Durban J, Parsons K, Pitman R, Li L, Bouffard P, Abel
Nielsen SC, Rasmussen M, Willerslev E, Gilbert MT,
Harkins T (2010) Complete mitochondrial genome phy-
logeographic analysis of killer whales (Orcinus orca) indi-
cates multiple species. Genome Research, 20, 908-916.

Nadachowska-Brzyska K, Burri R, Olason PI, Kawakami T,
Smeds L, Ellegren H (2013) Demographic divergence his-
tory of pied flycatcher and collared flycatcher inferred from
whole-genome re-sequencing data. PLoS Genetics, 9,
€1003942.

Nadeau NJ, Martin SH, Kozak KM, Salazar C, Dasmahapatra
KK, Davey JW, Baxter SW, Blaxter ML, Mallet J, Jiggins
CD (2013) Genome-wide patterns of divergence and gene
flow across a butterfly radiation. Molecular Ecology, 22,
814-826.

Nolte AW, Tautz D (2010) Understanding the onset of hybrid
speciation. Trends in Genetics, 26, 54-58.

O’Loughlin SM, Magesa S, Mbogo C, Mosha F, Midega J,
Lomas S, Burt A (2014) Genomic analyses of three malaria
vectors reveals extensive shared polymorphism but con-
trasting population histories. Molecular Biology and Evolu-
tion, 31, 889-902.

Otto SP, Whitton J (2000) Polyploid incidence and evolution.
Annual Review of Genomics, 34, 401-437.

Parchman TL, Gompert Z, Braun MJ, Brumfield RT, McDon-
ald DB, Uy JA, Zhang G, Jarvis ED, Schlinger BA, Buerkle
CA (2013) The genomic consequences of adaptive diver-
gence and reproductive isolation between species of ma-
nakins. Molecular Ecology, 22, 3304-3317.

Payseur BA, Rieseberg LH (2016) A genomic perspective on
hybridization and speciation. Molecular Ecology, 25, 2337—
2360.

Phifer-Rixey M, Bomhoff M, Nachman MW (2014) Ge-
nome-wide patterns of differentiation among house mouse
subspecies. Genetics, 198, 283-297.

Poelstra JW, Vijay N, Bossu CM, Lantz H, Ryll B, Miiller I,
Baglione V, Unneberg P, Wikelski M, Grabherr MG, Wolf
JBW (2014) The genomic landscape underlying phenotypic
integrity in the face of gene flow in crows. Science, 344,
1410-1414.

Priifer K, Racimo F, Patterson N, Jay F, Sankararaman S,
Sawyer S, Heinze A, Renaud G, Sudmant PH, de Filippo C,
Li H, Mallick S, Dannemann M, Fu Q, Kircher M, Kuhl-
wilm M, Lachmann M, Meyer M, Ongyerth M, Siebauer M,
Theunert C, Tandon A, Moorjani P, Pickrell J, Mullikin JC,
Vohr SH, Green RE, Hellmann I, Johnson PL, Blanche H,
Cann H, Kitzman JO, Shendure J, Eichler EE, Lein ES,
Bakken TE, Golovanova LV, Doronichev VB, Shunkov
MYV, Derevianko AP, Viola B, Slatkin M, Reich D, Kelso J,
Péadbo S (2014) The complete genome sequence of a Nean-
derthal from the Altai Mountains. Nature, 505, 43—49.

Ramsey J, Schemske DW (2002) Neopolyploidy in flowering
plants. Annual Review of Ecology and Systematics, 33,
589-639.

Renaut S, Grassa CJ, Yeaman S, Moyers BT, Lai Z, Kane NC,
Bowers JE, Burke JM, Rieseberg LH (2013) Genomic is-
lands of divergence are not affected by geography of speci-
ation in sunflowers. Nature Communications, 4, 1827.

Rheindt FE, Fujita MK, Wilton PR, Edwards SV (2014) Intro-
gression and phenotypic assimilation in Zimmerius flycatch-
ers (Tyrannidae): population genetic and phylogenetic in-
ferences from genome-wide SNPs. Systematic Biology, 63,
134-152.

Rieseberg LH (1991) Homoploid reticulate evolution in Heli-
anthus (Asteraceae): evidence from ribosomal genes. Ame-
rican Journal of Botany, 78, 1218-1237.

Rieseberg LH, Carney SE (1998) Tansley review No. 102:
Plant hybridization. New Phytologist, 140, 599-624.

Rieseberg LH, Carter R, Zona S (1990) Molecular tests of the
hypothesized hybrid origin of two diploid Helianthus spe-
cies (Asteraceae). Evolution, 44, 1498—1511.

Rieseberg LH, Raymond O, Rosenthal DM, Lai Z, Livingstone
K, Nakazato T, Durphy JL, Schwarzbach AE, Donovan LA,
Lexer C (2003) Major ecological transitions in wild sun-
flowers facilitated by hybridization. Science, 301, 1211-1216.

Rieseberg LH, Wendel JF (1993) Introgression and its conse-
quences in plants. In: Hybrid Zones and the Evolutionary
Process (ed. Harrison RG), pp. 70-109. Oxford University
Press, Oxford.

Russell A, Samuel R, Klejna V, Barfuss MH, Rupp B, Chase
MW (2010) Reticulate evolution in diploid and tetraploid
species of Polystachya (Orchidaceae) as shown by plastid
DNA sequences and low-copy nuclear genes. Annals of
Botany, 106, 37-56.

Salazar C, Baxter SW, Pardo-Diaz C, Wu G, Surridge A,



576 £ ¥ % B M Biodiversity Science

0253

Linares M, Bermingham E, Jiggins CD (2010) Genetic evi-
dence for hybrid trait speciation in Heliconius butterflies.
PLoS Genetics, 6, 1-12.

Sang T, Crawford DJ, Stuessy TF (1995) Documentation of
reticulate evolution in peonies (Paeonia) using internal
transcribed spacer sequences of nuclear ribosomal DNA:
implications from biogeography and concerted evolution.
Proceedings of the National Academy of Sciences, USA, 92,
6813-6817.

Sang T, Donoghue MJ, Zhang D (1997) Evolution of alcohol
dehydrogenase genes in peonies (Paeonia): phylogenetic
relationships of putative nonhybrid species. Molecular Bi-
ology and Evolution, 14, 994-1007.

Sankararaman S, Patterson N, Li H, Padbo S, Reich D (2012)
The date of interbreeding between Neandertals and modern
humans. PLoS Genetics, 8, €1002947.

Sankararaman S, Mallick S, Dannemann M, Priifer K, Kelso J,
Pddbo S, Patterson N, Reich D (2014) The genomic land-
scape of Neanderthal ancestry in present-day humans. Na-
ture, 507, 354-357.

Schemske DW (2000) Understanding the origin of species.
Evolution, 54, 1069-1073.

Schierenbeck KA, Ellstrand NC (2009) Hybridization and the
evolution of invasiveness in plants and other organisms. Bi-
ological Invasions, 11, 1093—1105.

Schumer M, Cui R, Powell DL, Dresner R, Rosenthal GG,
Andolfatto P (2014a) High-resolution mapping reveals hun-
dreds of genetic incompatibilities in hybridizing fish species.
eLife, 3, e02535.

Schumer M, Cui R, Rosenthal GG, Andolfatto P (2015) Re-
productive isolation of hybrid populations driven by genetic
incompatibilities. PLoS Genetics, 11, e1005041.

Schumer M, Rosenthal GG, Andolfatto P (2014b) How com-
mon is homoploid hybrid speciation? Evolution, 68,
1553-1560.

Schwarz D, Matta BM, Shakir-Botteri NL, McPheron BA
(2005) Host shifts to an invasive plant triggers rapid animal
hybrid speciation. Nature, 436, 546-549.

Smedmark JE, Eriksson T, Evans RC, Campbell CS (2003)
Ancient allopolyploid speciation in Geinae (Rosaceae): evi-
dence from nuclear granule-bound starch synthase (GBSSI)
gene sequences. Systematic Biology, 52, 374-385.

Soltis DE, Soltis PS (1993) Molecular data and the dynamic
nature of polyploidy. Critical Reviews in Plant Sciences, 12,
243-273.

Stace CA (1975) Introductory. In: Hybridization and Flora of
the British Isles (ed. Stace CA), pp. 1-90. Academic Press,
London.

Stebbins GL Jr (1947) Types of polyploids: their classification

and significance. Advances in Genetics, 1, 403—429.

Stebbins GL Jr (1985) Polyploidy, hybridization, and the inva-
sion of new habitats. Annals of the Missouri Botanical Gar-
den, 72, 824-832.

Stolting KN, Nipper R, Lindtke D, Caseys C, Waeber S, Cas-
tiglione S, Lexer C (2013) Genomic scan for single nucleo-
tide polymorphisms reveals patterns of divergence and gene
flow between ecologically divergent species. Molecular
Ecology, 22, 842-855.

Streicher JW, Devitt TJ, Goldberg CS, Malone JH, Blackmon
H, Fujita MK (2014) Diversification and asymmetrical gene
flow across time and space: lineage sorting and hybridiza-
tion in polytypic barking frogs. Molecular Ecology, 23,
3273-3291.

Vriesendorp B, Bakker FT (2005) Reconstructing patterns of
reticulate evolution in angiosperms: what can we do? Taxon,
54, 593-604.

Wagner WH Jr (1970) Biosystematics and evolutionary noise.
Taxon, 19, 146-151.

Wall JD, Yang MA, Jay F, Kim SK, Durand EY, Stevison LS,
Gignoux C, Woerner A, Hammer MF, Slatkin M (2013)
Higher levels of Neanderthal ancestry in East Asians than in
Europeans. Genetics, 194, 199-209.

Wang L, Luzynski K, Pool JE, Janousek V, Dufkova P, Vysko-
¢ilova MM, Teeter KC, Nachman MW, Munclinger P,
Macholan M, Pialek J, Tucker PK (2011) Measures of link-
age disequilibrium among neighbouring SNPs indicate
asymmetries across the house mouse hybrid zone. Molecular
Ecology, 20, 2985-3000.

Wang XR, Szmidt AE, Savolainen O (2001) Genetic composi-
tion and diploid hybrid speciation of a high mountain pine,
Pinus densata, native to the Tibetan Plateau. Genetics, 159,
337-346.

Wendel JF, Doyle JJ (1998) Phylogenetic incongruence: win-
dow into genome history and molecular evolution. In:
Molecular Systematics of Plants. II. DNA Sequencing (eds
Soltis DE, Soltis PS, Doyle JJ), pp. 265-296. Kluwer Aca-
demic Publishers, Boston/Dordrecht/London.

Wendel JF, Schnabel A, Seelanan T (1995) An unusual ribo-
somal DNA sequence from Gossypium gossypioides reveals
ancient, cryptic, intergenomic introgression. Molecular
Phylogenetics and Evolution, 4, 298-313.

Wood TE, Takebayashi N, Barker MS, Mayrose I, Greenspoon
PB, Rieseberg LH (2009) The frequency of polyploid speci-
ation in vascular plants. Proceedings of the National Acad-
emy of Sciences, USA, 106, 13875-13879.

GUERZ: H¥%F  SUERmE: FXD)





