A ~ PR R R AT IR SR

A EINAZ IR N RE (SR G B 5Tk

R ~ MR
AR

[RZE) R R R R AN ANRE ~ A GEAT IS P R B A (S A
YVIARIE - AFEE S T AR - FMTEE AR 20 TR AR - &
FE TR SRR USRI R S 2T (PE - E AR B PR A VS AR
SEFUELINE > RGBSR A R AT LUGAT © F S e GEE SRR 7 By RE
{3 B R R B R R A B 2 AR A RREEE (N - &
BEIEIERT (O FBBRE (m) o sCHEHIREGETE 38 L AYTERAC » SIREEIRACR MM
3G FF e CACRIRERT B P A AR AL - HEESI DT AT S A AN IRV (B2
BEROREAL R 75 ] DL iR AR F ) R B A RO M SR TR B R 2 AR

i

(BRET ) PRt G ~ TR - ATR0RERR » SPERsf] ~ SBRER ~ IM

[l

Al

ER SR ERSEE T R | BRI T TR - BEPRE(E F i R Ry
BHERER S AR O A ARBHR AL » (P AT i PP T3 A PR AL 2 el sk SRR
TR T T 3 I SERTELT 7T - FE{L (Speciation ) (IR SEMEEE BT e b B2 5 i R BLERFY
EHEZ — o (AHEBESRA R LB o BRI TR BERIEO N ARR -
ATEITE © EEE RIS AGRIE S A R - HE TR R BT
BHEATE S T RSB F A TR R I 4 - BRI AR IR TR 2 > il
EAYIET - RS S IR R o SRR E BRI AT TR fEREE
I TE A AR TR A -

RER AR EFRRERER

Tl b A R 80 2] SR 100 Hb B B A B R S R BT 4 B B > R ( Allopatric
speciation ) ~ 88 ff{}, ( Sympatric speciation ) FIAEFEL, ( Parapatric speciation)  (Rice and
Hostert, 1993; Turelli et al. 2001; Coyne and Orr, 2004 45 3 25 AN [E R A FOE R ) 8 —FE

*EEE 407 AP G S =B 181 5%
B AR A B R A o B (L E B =
E-mail : sr74425@hotmail.com

10



AYREE B8 H-H 1020 (2008)

P TR OB SR B AR - /DR s S A B TN 20 I - SBIRL F (L
PAEEC R T R R 5 B R AR S R BHAR T S R A B R A T AR
- BEREAESE BRI (SR SRR ) S FE ARk - #E
HYELR AR R R R A st & 2 ] -

SR IRE S TS (E Mayr  (1963) “E¥fE (Biological species concept ) FOELEE
L MEEES AT A JERERE (Reproductive isolation ) FURTHE FAE4: - JREMIAE 2 4L
Kl (Gene pool) EVREZCHRN « A FEbGEMEth # Wha0 52 K B A FEAY 8T E (Fitness ) [&
RAPEEL » BURE - (£ FURAIRTZED - 55— REEMHEAS R H SR % (Sterile) » (HMfEPEAIAT IE
HENTHR A (Orr, 1987; Noor er al., 2001 ) » [R5 —FUMEME A FRELER (1T - BRft T HK
AT AR - [ER R TR S S AW B (Powell, 1983) > BT SEMREF SR RE
HEE A FTRERS HHIE R IS S BN - (HAR B LU YRR BBk E - RN HE
B B S 2 A EPEEERBE Sy (Slatkin, 1987) - REHSEREAYEZE - drfbr it fhsskbs 1 (Wu,
2001) FREEMEMER " AV ) BN EREFZEEAR (Whole-genome view ) »
MFELAMEAIZEER (Genic view ) 7B BIATAYILIL -

e — B A R N R LR & RELE AT DA B E - FfTaT LABES R H B aTaE
EAFREEIE TR (GRS > HEEIREEFAEMEAI%: » KM ELEE et R rEtE LR
(EPEEGERISEE  (HAB B ) - £E55—HARBRZ - IREHE e LR B3 2R THRE sy
¢, (Functional divergence ) * ;5 K15k FTREFE AT RUBERE Y ( Gregg, 1983; Mallet ef al., 1998;
Magalhaes et al., 2008 ) BERIERAI L ( Mate recognition)  ( Wu et al., 1995; Boul et al.,
2007 ) » TRiEBIREHA » A= TENBHEE T RNEHRE - (HA0 58 Eihfe 2 4 B SRR (L B SR > W A A
[FPERIRHE T2 B A TEREE S22 KAZWFE /] ( Greenberg er al., 2003 ) » Z5H] ]
RE VR BMAIIRET L - TEEE W LAl b X 0 A SR AR B IS 47, - SRSy
R ATHEE A REAEZ (Hybrid incompatibility ) » FIAIHER RER 7R EARA N RELZTE

(inviable ) - tATRER HEAY KIREE ) - BUANANMEERES « 17 B A B A B ot B e A R 37
TEERHIE (Mallet et al., 1998; Via et al., 2000; Hendry and Taylor, 2004; Alexandrino ef al., 2005:
Turner et al., 2005 ) - fEE(AIRF - A= TEFREECASFEIIZH » (HIREG N VIRRNGE ML
H ] DA RO E B BRI 20 IR RS A T HEAR ST X848 (Secondary contact) i
E1E—#E (Mayr, 1963; Coyne and Orr, 2004 ) » 5@ S0 HAF € A T ififd | ( Subspecies) 2K
REH LR AER T A FR R T RE. (ERRE AT DUE R A — YR R R 0 ) o 28 =1
FAIRRFAE > REE S I HOAE B AR T AR RS S ORGSR - BRI & 28 4 P S HT UK
E  AENMUERYRES MR TR - D R B WREEEELKIZ A (Introgression )
B AR R » 15 T BEE RRE R — BRI R - 14 SR B B i b > B3R Drosophila
mauritianal1D. sechellia®|D. simulans?5 3K AWJHH % (Coyne and Orr, 1997 ) » & 5 dhigf A
PRI IR (E AT RIS Heliconius melpomene¥1H. cydno” it Z$ P EREIFR S (Bull et al.,
2006 ) » B 7 B2 —H > A GEFEEECARSE 2 PHAR T HREERIIR IR ACBECHTFERE ( Premating
isolation ) AJRERKES X ZIEBERTRET -

BiER

WRFATRAB LA BT TR R NG X - MRS SEE R [ BIA3EE4E% (Non-coding )
FEoI ) TERE AL v DARHERZE R A0 - T0EE T ARRIREAR vl BE sk I ¢ I 2 R e L PR i e i 4
JHE( Adaptation )3Ifi[H (- FEKIZZ 37 » 1 82 4 BERREE( Ecological isolation ) ~ M4 RIFE#E( Sexual
isolation ) B A FC 1% HYFEHE ( Postmating isolation ) © B&fi-1- (Wu, 2001 ) U35 BbELAFAE Y T FE



ZERIB - MR ERIRIAN FAOTE (LR SR T

fh.ELK ,  (Speciaton gene) ((F& T amam saOrr ef al., 2004) o BTG SRR R i 4H R AE
D. SimulansF1D. mauritianaft) £ FHZERIEE A5G 20{E 3K (Zeng et al., 2000) ~ 4G 15{FEE
K#ZED. MelanogasterfJ{ELLFE - TZ ) A1 "M BIRYACHEITTE (Ting ef al., 2001) - FESR
AR (RIER BN ATRE R AR S - (HHETRLERASE > NS ERgE R EE
MY DR EERABEIRM > BRIREHE e B E > SHIEAE R RSR T TREE R
H{FEE—LE ( Wu and Ting, 2004) -

H i L E R L R A 22 3k B A SRR ZE - R B BN EbsE i M A R A st
C9EER] ( Wu and Hollocher, 1998; Wu and Ting, 2004; Mallet, 2006 for review ) » @4l OdsH
( Odysseus site homeobox) (Ting et al., 1998; Sun et al., 2004) ~ Hmr ( Hybrid male rescue)
( Barbash et al., 2000, 2004; Barbash and Ashburner, 2003 ) « Nup96( Nucleoporin-96 )( Presgraves
et al., 2003 ) F1Zhr ( Zygotic hybrid rescue) (Ortiz-Barrientos and Noor, 2005 ) - 3SR 7EH
RATRE B AR S - TR TR B H A 2 L EERZ I A TR R
(Mallet, 2006) - {fc#Haldane’s Rule » BIZ el NEE/ZIEHYHEACHE - B F BRI
(Heterogametic sex) - " E@ilEHH% , ( Dominance theory) (Turelli and Orr, 1995 ) f#fE 78k
HFR S » PR BAAX G Frks i BN e il S — R L EH8 (Autosomes) HRUEAME
BN EER SR AR HANIRE » FTLURE — X ERaa 25— QMBI A R
G NBEIEL o MERTECERE BN IR MR A RAE - RS TR RERRELR
% (HEEME  EIER R RIS - B ARG E 2R iR - FUR
FEEEEBIR AR T ERERE MR - BIEEF AR K ER S B U ETEE
BEELER] bR R ACE B EABEME - ol o SERE R T RE R AR R R AR

QMTIE 35 e P A SR e ot BE A B (L Y R AR

a

C I y l )
1 I

C i i o 11 )

b

¢ i m e
§ i 1 § 1 1 ::i:

C X o | )

<

C 9 ¥ o i o il b}

1 4 ! i

{ ) i 1 |1 9% | " ) 1X L

d

. L.X ¥ | - 4 X )

[ ) L R L L L1 L 2 L L 1Al X b

il — - ERR ERRE AR - Al B - TEMIS A RME AR B RATHER - &
MFIEAEERLT R - FaEARERE N M RIER - a. F—H » REFEHEE
HIREE R A 4IRS - {BAFEREE REHEE - b, S5 S ISKEHER > A6 R4 B M - ]
APEBHEAEAMEE - ATEREEERE > (BRI  EEEXAG o ¢ B=H o
I R CASE A P S RGBS MR/ NI I BERE R v AR » (HEAR FEARSIR S
TERE - d. SFBUE > REHEEEE AR EERAZOR » ZH7E 24 FEkeRE (3RE Wu and
Ting, 2004 ) -
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TR R Tk

BN RIMHAE AR > BRI R BN it R e e 4 fEe
BHENR > HWRHEE G EERER LB ETEERNLT - BRCREHES Hik
AJ AR HEEE R B R ZZURAIARI > ELBRE R 25 s 58 278 AT iR SR
HEBHER R GFEEANIHER] (Wakeley and Hey, 1997; Wang et al., 1997; Machado et al.,
2002; Osada and Wu, 2005 ) - A —8b 73k B L8 H —(E R EE - AN[E AR BB AU ( Ecotype ) FIANA]
IERfrh A A RERURIRE I (Rolan-Alvarez et al., 2004; Panova et al., 2006 ) » 57 [L#5
TR SCRUFIR A R E RS SR (Zhou er al., 2007 ) LUK AR L4540 200 F — Bl

( Genealogical discordance ) (Bull ef al., 2006; Putnam et al., 2007 ) -

4% - TR EERR (Coalescence theory ) HYBERE | - STHAF th B REH —toiRIR B A%
# (Maximum likelihood ) 33 H{i%Hl] ( Bayesian inference ) FfEs » (i B B A s ik
#i5 (Markov chain Monte Carlo, MCMC ) G BEGEER(HE 0B AR E BHIEEEt
FRERARMNZE) - WHEECRER - ST E MR F gt s EIsE
I8 - {Hat s S AHM: - #1141 MIGRATE (Beerli and Felsenstein, 1999, 2001)) - DI&
LAMARC (Kuhner, 2006 )- §ij# = B A48 % (# R BEAI A R EE & ( Effective population size )
FIRER < B AR B3 (Migration rate ) » #REIG N T i EERE BN K (Population
exponential growth rates ) FIEEAH (Recombination rate ) « {H | LA R fEH B A BARA FR AL 45
AR IR ( Divergence time ) » {R{RiE A28t 5 2 KK E BRI/ - Nielsen and
Wakeley (2001 ) f2H 1" 55—l A% » AJLAGRIRFEE S EEE ISR A A (28 (RF30) -
Hey and Nielsen (2004 ) B R Bl A5 A B IGHE =0 » f6FEE " IM | (Isolation with
Migration) - ;5HE & " Isolation model ; F1 " Migration model | B4 - RSB LIRS
RIBERIECTE N GE R s E R, FTLALL B &l 047 ikt 245 &M (Nielsen and
Wakeley, 2001 ) -

B — IS IMES IR - (5B 2 W S R A R AR (N, Ny) RI—(H
TSCTIAE ROPREE R (Ny ) ~ HRREAMERSE (0 LLRRBE R — A (A R AERS K (m,
Flimy) - AR EEIHE (RIGMITHEESR ) - Frblm fEE B R SRR | B A2
B > mfR R EIBEE LB - BEIEMELEES Bl ARSI R
RERAHESEE I - FTLVE BRI 2 LA D8R (u) R8N

(Scaling) CEII6, ~ 6,6, 1~ mFlm,) » ufEia i BAHEPIEIZE8 (fiFEAHERIEE ) -
AR S SO 2R+ wRh SR SR Zeierty 84 798 ( Geometric mean ) -

[@l-~ - Isolation with migration &% » oI
HWE2H - B BEREARE R EL
%Q%Z ’ @?ﬁﬁ%{f@ﬁ% (Nl : N2$HNA) N
TREEST SRR () DR REF R A
RSB E (mflm,) o 55 B2
ARz (u) R (0,260,604~ ¢~
miKm;) - 2B AR ELE R
2% (#*H Hey and Nielsen, 2004) -

Past
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IMA S S 3 DI DA AR B 2 30 - JRENE (82 82 R /> ffi (Marginal posterior
distribution ) » FREREIIY SRR 2 B3 HiE (Nielsen and Wakeley, 2001) » ZITR{EFHIZ
WBREEE (m Mm% ) fifFAlsolation model | EBEHRANBE (msimAH%F) > H
SR EIEMRALART - RIFRAB (LR il AR R 2R B R - SR ATRER S L Hh— {35
LR ESIREE RS  ERRRS MBI REF SAEMS RS R PR L - B
BB B R AR RBUERRE rTAERIZA B (Hey and Nielsen, 2004) £
WA FIRERIEIT » PEIREY BRI B SE B SR g ANt - 2 (A IM AR AR L 3
PRI BRI A A FRA AR ©

Won and Hey (2005) #1154 {EZEKIEE - 404 —FEPEIERV RIS » HREHE M 41
B PR IERE > SIS IRIEEEIE (Bonobo, Pan paniscus ) FIWi{iE¥5 8 B8 ( Common
chimpanzee ) BHfE » FIEBIETE (P, troglodytes troglodytes ) $1PE3EEIZIE (P, troglodytes verus ) »
SERE EREA 2L F 0 a B FEEtE (Gagneux ef al. 1999 ) o BfESRTE(AR{E B R B3 5 SR JE 8
AT EREEER A o (H S m R R E A - B =2 IM (BB ERIE R
A LLE TR IR IR R R vE FE AR R R BEIR A TR &2 HhiR B e SR £
FEEZ M » 7R PEFE IR E R R ch IR R PR R A R R 2R - i AlFE 7% (MR ZEAT T
VA BRI - BN B R (B SRR R S A RE(AAEFE R R R R AR
% o N E BT = fE BIEIEM R S B o T USSR R B R R R At B o B
FER M - SEERCCEEEF /NIRRT RS L B ERVET 2 R B A ST B A St R
sk e IR L =GR IR E B BeE97T s (Losos and Glor, 2003 ) -

18 I
1.6
141 —pyoverus o Pororoglodytes
12 P troglodies 1o P. 1 verus
£ 0% 1= - IM A3 R R 5 - IR
0.6 R FT2HAIHEHE - B R EREAETENE
0.4 ] TR (PRBIEERAC R ) B G » FhIR B ENE (Pan
02 / troglodytes troglodytes ) HREEFIPHIETIEIE (P
' troglodytes verus ) WREFHTBISHEETE ¢ {HAH
" : ; . ' TR (BRI Won and Hey, 2005 ) -

Migration

SRI - AEMERIBIERIZC 0% - ATE S R IR - SRR AatkrI BRI - BIE
SEAEREC SRR MR R R ? —MEIE DU R AR SRR T SRR A RREORTAE 5
FEETLE » REER IR 7 — B % - RS R (RSB Elima LRt - &
SrPEERIRE T RERYTEI - FTLAE IM k3 BRI - thale MCMC i D > O8RS
BUAR BB EL (Won and Hey, 2005 ) « Niemillar er al. (2008) i 5yt » KBRT
TREEE S B LR AU ATEENE o MM R BTSSR B R B AR BRI - IR AT
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JERL - & R R R (R H BT " Climate-relict , Bl " Adaptive-shift |, RIfE{BRER © BT#HE
HIRAE RS ~ SRR /R - [R5 S e (b B bt S RN 45 RaBE ok B
BVEDRE (REEE) Fmaiiy BB R e BRSNS - RS A
SR IR AT AR RBAENT (Niche) - (HARHEEIM AR A G SN AT - BB B fE (L
R tAh o SERRI IR A 0 A R B SR IR R I S S R A R S B LR
( Homogenizing process ) ( Schluter, 2000; Coyne and Orr, 2004 ) - (i IM F945Frs SE2885H > Hize
RUSGHE B AU R AR TP A R RN A 8 4 - HEMI AR T Climate-relict | FE{EER - f
HANSR AR R B R - RN A R R e o s — (A e e s
P (LYY ) » {H FEC SRR A8 SRR P B B B8 BRI B 2 -

() Recent gene Now followmng alfepatric divergence (b1 Gene flow following alfopatrie diverzence

|

7] 1] ] {0
e pon g time e long agos e nows time e long ugo)
(nuimber of generutions agao) toumbeer of generanons agod

&

t HE

Frequency of migration events

Frequenes of nigration events

() Ongoing gene How

Frequeney ol migration cvents

(re. now) ume (e long agos
(number of generations ago’

[BAVY - A AN AR A B E R R (L AR sl R SRR AR b (NS ki
T A A LR A - 15 IM 3 B RS Sl A o - GO SERS K B LE R BT R R A A
& - X BT Y 5 MCMC SHBEERR T » B R RS ERSRE - iR e R8RS
F (JREMEERIZR ) S8/ ERIA R - SOOI LB R BOrEi (sl R A RIS - BN
T MRS =T o ARSI - TR RIS » BRSO EREER
TEANARERT - FEEAHL o BRSO AS « b, RBEUMEts » KCH AT
FEMNER A BB BEEFARET - HINGSEIHALE - Al b BRI gETH
R AREE - o BRLEIZRHRTEE R RN AN - BB B R REE - (A Ly
BRI ERT R B (FRE Nosil, 2008) -
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A

H BiEEHET /1 el B B = B R BT A i EREEE IR AR MRRE LR S [F A ]
REBE 2 > HEMEBIZCAAT S 4 DAR A R ARSI » W BRI F o s BTG R &L -
wEBET > BT RIEAERYEEN - (HEFN  EAHMETOIIMEE (A
Irwin et al., 2001; B5FEBAHE © Boul e al, 2007; ## Seehausen ef al.,2008; HFA4- FLi -
Yukilevich and True, 2008; &4 2455 H, Kirkpatrick and Ravigne, 2002 ) ~ £ REAAIHUEER (1
/£ : Rolan-Alvarez et al., 2004; “EZS4Z : Panova et al., 2006; #5845 : Niemiller ez al., 2008 ) - &
F##f% (Host-shift) (EEMERIEABIEY) © Schwarz et al., 2005) B # it (Pollinator
preference ) (I {E © Schemske ez al., 1999 ) ZEi i njREE EARIL (FEEFTHREE R Via, 2002,
Rundle and Nosil, 2005 ) - fIE AT R, » DT ASERTEF: PRt S ] fe g 22 b I ME (LY
TR AR  EFFETELR AR TR LR A SRR AE N AR - FERANHERE
NEEBESEAYE (Model organisms ) B - 8% HAMEF A SR EfE (Non-model
organisms ) HYRHZEF HEBIAT B F— SRR (L IR -
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A brief introduction of studies and methods for a
speciation model with gene flow

Yat-Hung Lee*, Chung-Ping Lin
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ABSTRACT

The studies of speciation used to focus on the morphology, reproductive behavior, genetics, or
biogeographic patterns of species. With the recent development of molecular biology, we now have
much more powerful and useful tools to study speciation in addition to traditional means. In the last
decade or so, gene flows among population were no longer considered as obstacles for speciating
processes. When the view of units of speciation shifting from the whole-genome to individual genes,
speciation and gene flow appear to be able to coexist. Many studies have identified the speciation
gene that caused species to diverge. At the same time, advanced computer programs were employed
to estimate important parameters of population genetics, including effective population size (N.),
divergence time (t), and migration rate (m), and to help infer the amount of gene flow during
speciation. The view of speciation with gene flow has shifted from whether or not it can happen to
how did it works, and what were the underlying mechanisms. Nevertheless, the field still need more
empirical data to assess whether this mode of speciation can be applied to non-model organisms and
wild populations in general.

Keywords: Species concept, speciation gene, effective population size, divergence time,
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