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Conflicting gene trees and phylogenomics
Xin-Hui ZOU  Song GE”

(State Key Laboratory of Systematic and Evolutionary Botany, Institute of Botany, Chinese Academy of Sciences, Beijing 100093, China)

Abstract With more and more sequence data available, it has been a widespread practice to apply multiple
genes to reconstruct phylogenies at different hierarchical levels. The phenomenon of conflicting gene trees has
accordingly become a remarkable and difficult problem. It is increasingly understood that the difference between
gene tree and species tree and the causes behind should be fully appreciated in molecular phylogenetic studies. In
this paper, we have explored the major causes resulting in conflicting gene trees, including stochastic errors,
systematic errors and biological factors. We also introduced a newly developed discipline, phylogenomics, and
demonstrated its power and great potential in resolving difficult phylogenetic problems using our recent phyloge-
nomic study of Oryza as an example. Furthermore, we discussed some strategies and approaches in elucidating
conflicting gene trees and provided some suggestions and recommendations for molecular phylogenetic studies
using multiple genes.
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WE WHEBCORZ KRR FIIREE T T R G EE T, B2 EREERR R E oA 77 RGO AU H i R
B BRI, 7R3 T RGURE RS, LA AR DR R b 2 TP 22 5, 8 20V R A M B RISy S S K, T i i e
DT RFREMNER ASCEL LA 347 T A1 2 I R GRG0 5 IR IE IR o 5 1) =28 F U] BaAL2E
RGRIERVED) R 3R o AEIIEAL b, XD R G K R G R B 22817 T /4, IFLURE Oryzaliff 70 b 9, Rk T R 4¢
KB FER A TR IR PRI ph R LS R SR B OFFE P AR B, TR HE— DR T SR R b 5 0 S A 7
1%, U T REK GRS — L R s i .

KR BRI, BB, T REKRE Y RERFEEA Y, DR

xR b — U0 T A — AN 3L R B U,
T HY. B, JBAEAEY), R A,
CEATT A AR ph 5 ) 0 A sk i A A B B
PO TP A AP REA I S FF DL — bR 5
Ry B 2 45 % T W (phylogenetic tree) (1B sk &k
WIRBEZ A C R, —HERGEK B FHHFM
Zoo ), Wb Ayt RN EEAN L —
(Li, 1997; Futuyma, 1998; Nei & Kumar, 2000). &7,
AIEER RF R B R RBAUE AW 75 K Fl iy 4 (1) J
filh, T B SRR AP . R HEIR s A DL A
R YIRIE ML AT 3 (Futuyma, 1998; Soltis &
Soltis, 2000).
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AR 2 rhrt, i ] A= )2 5K v KR R
THEL) “RGER” , B dr T G bRl
2 i K B (Haeckel, 1866). 71K 5 1110022 4F HL,
AW AN B RS AE AR . L AR
SENEARIEAT DA R EEAL O R BIRIESE, R A i 2 A )
LT FEAHEZE, AHXAR AN A AE K B R FA Y
(Futuyma, 1998). 20tH£1604ECLLSS, B 4> 74
WA BRI R R, 7 TR iad) Zis T
ARG AW, WE ATk DNA-DNAZRAZ .
¥ 445 (Crawford, 2000). H201H2080EAC LA, Bifi
#PCR (polymerase chain reaction)£i A ¥ H B LL A
DNAM FFEAR A 583, FHIK R 7515k
HATRE KB EEN N ATRE. 7078, JTHZ
DNAFAY, HEHEF e e it i mr
O, AR HSE 40 B (R G 1 5 s A e i kAL
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W ERE ST B, S AE B M Gk
fill PR 2R G0 B B AR Rt B R T R A el 3R A
T KRR, BT 951 &R %K F % (molecular
phylogenetics)iX — 3§ (i 7T sk, BIAIFH A= 490K 5>
TG EORHENT A= RE A0 Py o, sl i i AR R
FE R Y8 % B < & (Li, 1997; Nei & Kumar, 2000).

H T AN [E] IDNA J BUEEAH AR AR BOR
ZEgt, BT BLE LT Brfy 20 2R KF B HERT B )
KRR R, WH TR SR N 5%
ZIBISR SRR, LA 2 Bk A T S A4
2 R A (R S U 25 n) BE(Li, 1997; Nei & Kumar,
2000). Kl 5> AESE T2 N, AT AR
Bl AR B RS REZ B) . HAREHE A b 2
[F1) FRY 2 A O 2R 1 2 AR 5 A A 1 A 50 45 i ) DA IR
kA T AR A 28 4k (Crawford, 2000; Soltis &
Soltis, 2000). Chase%%(1993)73#7 7 2k H Fh T HMAE
RN HI499 5 M LA rbeL )7 71, B IRFE T 40 F
TR TR RE R ERR, Y
T RGO B AR, R o8
W Y R G0k EHERL(APG 11, 2003)34 5 T i %
(ARt o Bl DNAJFPF1I 5E HA 1 A e S HE A )
ORI B, B TR B PR B A JEL A B DL A ]
PEANGE [F] T DA A G, AR 25 CAS R 2 T
M= PIREFEBFNREKE KRR
Qiu%s(1999)FI K B &ALk A Mz ik R 41 1)
54N JE A BE L Soltis“%(1999) F) HI ok B #-&x A&
IZAE A 3N LD B B PR R K B R &
IRIETE, & RGEK B RN 2 5751 73 A 4R
R —o WA, ZMCRH 2 LK AT &
G B B ITVEZER) 2R, I C N 2T
T ARG BT RiFEA T 1% (Wendel & Doyle,
1998; Crawford, 2000; Delsuc et al., 2005; Philippe et
al., 2005a) .

B Bk B 2 B BE R BO ] T R Gk B
5%, FEDRIB i 5 (conflicting gene trees) L % B AN KT
HEL, B, OREAH R ST, AN R DR B b o
PRI 7 ARG R B RR, JEH, X —
MG OB WA 5 T RS8R o DL e 1
BT W2 — o ACEENH T 70 T RGFHGT
W 30 R P P DRI o S R L K 5 | e R e 5
) F LR, KRG LLEFE X8 Oryza LW R4 K
BN TG, AT RGK B R 25X

— AR ST 1A S FCAE g e S DR B v 5 v ) o 2
YRR, BUUIN H 2> 1 R oo R K 2 2L R e 21 S
WFFLER AL — 2 R A B o

1 EERIHR
7 58 i /Y 5] R

L7 T RGBT, PS5y Bk
P AE B IR E TR R 48 R F WP Ry ik R R (gene
tree), 1 S IR 2 0] ELSE AL K R IR R G0 K B W
iR A IR (species tree) o HARFE R AN GEZE [H] T
VIRhRR, AH LRI 1R 20 SRR BE S WA (1 AL
J77 52 (de Queiroz et al., 1995; Wendel & Doyle,
1998) . 4 1] 22 PRI ok it WY LAGE G B BE DR @ b £ i
AR IR ZER, AATRIR, ASRIEEF v Bon]
A 2x FE I 1l 22 1D ANTR] 1) 73 3 aCUFE L 4 ™ FE ) 73
B, REBEPRIR 2 [8) R A 5

BEAE 73 UEHE AW R R, IX Rk DR 2 1)
A B SOk 2, LT o — P ik
W% (de Queiroz et al., 1995; Wendel & Doyle, 1998;
Rokas & Carroll, 2006). PLAEA) k1, FEDRIB 2 0] (1)
MR ZAFAE T AR 73 2K 52K L, ik AE )
P FHiE] (Wendel et al., 1995; Rieseberg et al., 1996;
Doyle et al., 1999; Ge et al., 1999; Cronn et al., 2002;
Mason-Gamer, 2008), %}/ JE[H](Olmstead & Sweere,
1994; Soltis & Kuzoff, 1995; Kellogg et al., 1996;
Seelanan et al., 1997; Guo & Ge, 2005; Koch et al.,
2007), it H LA b sl g 7 A ) 3 2 &R )
(Goremykin et al., 2004; Soltis et al., 2004; Stefanovic
et al., 2004; Wortley et al., 2005), & Fh 1A A
A ot 22 A ) ST 1) 1) %S 2 2R 2K B
LT R b R4 (Won & Renner, 2003;
Bergthorsson et al., 2004; Qiu et al., 2006). X1, 7F
I RGBT, B KU R et 2 )
(225, 70 0 E A3 B B DR b SR A D AT, T A
R T RAE K E IS R

DTFRFEREMRTH

2 EAB AR EZERE

ANV LB PR 5% (RE LU, X AN E 1
JAt, JLREAL T SR, BRI
PR 2 AN FE DI 2 1] B P SR, S Fo



AT T 5 53 (B 230 0 ik DRI ARE 3% i LE A S5 Bl 47 e
HEIC R . DRI, RIS BEDRIR i 5 (1) Jot PR S B 2
PRI IE DR AN B8 1R A S A Ao (R J R . 324, &
H 20 SCHRAT 2R 48 & 1 5 1R Jt DR] B LA ) 7 v
HEAT T B 458145 #r(de Queiroz et al., 1995; Johnson
& Soltis, 1998; Wendel & Doyle, 1998; Philippe et
al., 2005a; Jeffroy et al., 2006). [ FAi145 & —LL5
151 75 T SUHE DR e S 1 LA 32 R PRI AT A
o PRI e B PR E0RT BV A BUR =K T7
[fil o
(L)BEHL 5 22 (stochastic error), S ] FR A HURE 1%
7=(sampling error). /£ F ARG K BWF T, HREA
RF T 50 8 T A0 e b P T R A R R AR T
KE LR, HAT #5508 I DNA T BU#AT R
G H R RIA B2 WU 3 ) (de
Queiroz et al., 1995; Wendel & Doyle, 1998). 454>
FEDR 7 B i sl S R, A R
“MEET (NRIESRAR, EFIRAE ., SPATRARSE) ]
e THOFF R ZE M SR L E LM REKTHE L,
M5 3 BB () 4 S AR S W AR AS (R
(Cummings et al., 1995; Wendel & Doyle, 1998). /)
T R G ST B () — e L DR ph S AR A 2
H 3BT A Bl B A R M A1, BT IR i ovk
19¢ (soft incongruence)(Seelanan et al., 1997). 4,
Olmstead f1Sweere (1994) 7t Al FH1 3243 1 UE 4 % i
F} Solanaceae % 4t &K H < & BEAT 20 A ik kB,
Solanoideae V. Bt R G B AN & 564 2t 115 5
HALMGIER, HAEERRZ mE . g
RNy G BRI EA €= N e S TR
RE % JH B B L 22 0 R G K B B &1 R
(Cummings et al., 1995; de Queiroz et al., 1995;
Wortley et al., 2005).
(2) R Y 2 (systematic error). /£ R K B B4k
SO i S =iy S P SR Gl s e eV €7 TR 4 N
AR, ke 1S R 1B S 15 1 BN 3R
Z o R, oI S 2R 2 RN AT IR
VAT 14 5 V5 I A BRAR T 40L& 56 DR B S g 4k
B, T2 Il RGO ik AN B S e L SE R A G R
(Delsuc et al., 2005; Brinkmann & Philippe, 2008). 5
HEERZ, SHEMGREAR, REREASHA
s BRI, (ERRLE LT B B
n, RERESABINK, T LS 3R 2]

ARHTR, BRI FEM PR RGN AR T 797

58 Z ) 48 v SCRFAH AR R I i S e ) Al p
(Huson & Bryant, 2006; Jeffroy et al., 2006).
A H DL R G 22 B =T, BB —Fh 2%
TR o> 25 7 D 3 B R 48 25 (LR R
“compositional signal” ). H ayEATHE H 1775 K&
L IR AP 2 (1] — e DR A AN [) A2 ) S T o e A I 4
TR AH [ B Ak R AR, BRI R[] — i PR 7 75
AN A 2B EA A AR ABL ) BRE 52 1) (stationary ) B 2 4t
Z(Kumar & Gadagkar, 2001) . 243X — {5 B A Bz I,
T2 FE 1a] DR 58 78 fhi 1 (biased - substitution) Bl i 4% 4%
DRI 22 Al Rk S A0 23 4 3 AN RIS, R A A AL A0 36 1)
KR AR ISR — 3, A XA AT
AT, 10 H ARt T H A Sl 3t [ 4H % (Foster &
Hickey, 1999; Collins et al., 2005). tt 21, PhillipsZs X}
Rokas®(2003)fiff ¢ ¥ 1} J& Saccharomyces Meyen ex
Reess |14t A4, 5C 22 15 it H 111 1063k BRIk A T 43 A
AR, 25 4 e /N b A BE Bk AT R R B AN
i, 2545 31 5 Rokas ) 45 AN [A){H 3 FF #2145 100%
(P RGERT, oA R BIAX A bl T H5ds v 00 1 i ik e
43 25 51 1% AR (Phillips et al., 2004).
MR G E R H 2R A AR R 22
SRR “rate signal 7 ).t T HACK A —,
FER/IMH S, DNASZ N (R ITEZEAH . DNAB K
MR SAIRER R, AR ED ISR 306 2 2
ANJA] B (Andreasen & Baldwin, 2001). 2% & 24 1R
HADYFOIRAS, 4 1A] 3 4 26 v A — U,
AP B R v] R D A 22 o 98 AR A1 B LU g A
A BRI M A5 A () B B, 223X el S [] s AH AR
(homoplasy) /& LAHE 5 77 41 i EL 56 1 g 5045 B, el
2eit KA 51 (long branch attraction)(Felsenstein,
1978). filtn, wMXHFR B4 (bilaterian animal) ik
R FR— AL LM TGN 258, Philippes i I
A H R TR, I G I Rh BORE R 2 R PR g gk Ak
(R PR A5 5 B B, 1 N 22 1R 93 P A (1)
4518 (monophyly of Coelomata)Szfr I & i1 T HURE K
DI A 51 1) 45 S (Philippe et al., 2005b).
B an ke T g1 Tz AU R 1 R A SR
Amborella trichopoda Baill.[¥] 2 Z¢ 7 & iv] {5, E AR
LA Amborella Baill. . Austrobaileya C. White FI
Nymphaea L. 410 I ANITARE R ol 1A 335
FBEX— WA DB REEIR, EX I 5 sE il —A
KRR IR T RSB A T3
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A Amborelladh 75 # A 1) J 5537 (Qiu et al.,
1999; Soltis & Soltis, 2000; Soltis et al., 2004), {H
Goremykin 45 (2003, 2004) 43 % 3 1 Amborella
trichopodafINymphaea alba L. H- &4k 4 5L K 41 7>
H1) 3t 55 oAl 134N Py - & A 4 I DR AR A7 LU AR O
Prlads: B R o A7 HoAb A R 1 b ok
B . JE ok, Soltis%% (2004) Fl Stefanovic %5 (2004) X}
Goremykin ()£ 48 BRTEAT T o0 M, RKIAESE In—
AN RBERBELLG, 8O 50 M AR Y R AT 43
#t, Amborellaf/y SR i 4 1R (1) e B ST, AT
WHRGRKE P B GE AN ZE T
Goremykini 15 H B~ A5 40 ok B 1 R A BE SRS T
(R SR, AT Ay B AR ) P S A AT ) A 3 32 1
S N1 AL G W= A R N 7/ =3 o
(Stefanovic et al., 2004).

5 = R G 22 R A B R R S
(LHEFR A “heterotachous signal ” 8% “heterotachy” |
ok B 7 e, =R “different speed” , Philippe et al.,
2005¢c). HHiH H RS 2 2% 82 T AL A
TS R AN [ S A7 a5 DR By e 24 AR AS (] 1 A5 AH 7 1)
L% (Yang, 1994; Gu et al., 1995), {HJLF-Fify
(R 5 R R B D RE LY RANBE I [A) 504, e e AE k4L
A b, BVREE R R A 2 B I TR 42
TERBE L A ORFRIEE o AR, 75 SEBR )7 1 JE kit
R, BEPRIZH B e A i B Rk 1 A 2 1)
SEANERY,  ELASR]A A5 3 26 A8 S v fig A AT )
(Philippe & Lopez, 2001; Lopez et al., 2002; Jeffroy
et al., 2006). %1, Huelsenbeck T 2% F&iX Pl i il
FEA 5539 5 2= 5 (] covarion B 8 6k 10 25 1 5 4 i
SRR LA AR B R EAT 20 M7 Jm R, A 94~
FEDMF, covarion s 84 ik 55 W] 1 B AN 2% R A R
WO B Be SE 47 b dUl S BL SE A s
(Huelsenbeck, 2002).

(3) 424K 2 (biological factor). % T HL [+
6 ) TRI TR R % — T2 R 8 24 0T I o
P2 RIAEDNAFA b, A %L B )t
YA o B AT 1R H 2R [R] U5 BH] (orthologs) I, A4 fig
73 20 W FhopS 100 1 A AL T o SR T R Ak I R A A AL
(hybridization) F1#77% (introgression). & K AP 8
(horizontal gene transfer). & A & 5 5 DL E K
(hidden paralogs) P4 /¢ i¥% % 4)-i% (lineage sorting)=5 it
P B HAEBETUE AR AR W L D Py B 5 o AR T

Uat, A IS TS X — B A% A 110 5 DRl Ay st ik DR
T S R A2 A DR B B R kA R T O R
IRk % 3 0

EFEPIH, A8 Fs N thah e 0L, A
R AR (reticulate) 1 A4 OG R AR B LA KE R i 58
(TR R, IX 0 DRI 1R e SEG L 5 ) R AR
E B2 384T (1) I S AR e R AR P B B 00 g A% 1)
K HE IR A B2 ] (Soltis & Kuzoff, 1995; Doyle et al.,
1999; Ge et al., 1999; Guo & Ge, 2005). H-7E L4l
QUAEAR I, At &I 11002 41 (1 T~ 2 A It
SEARIE RV N T 3 B 38 DR ok 52 (1) 512 481 (Rieseberg
et al., 1996). KL /K P58 )2 — P 5L DA 5 A A )
AL T, HRR 5 2258 T8 AN SR AHAL
A, AR ] DUR AR SR GO0 RARE I b 2 1] o
SRS R LA A T I A T R A R R R
KRS, 102 AR AL SR W) AR R ) vh A7
TE KB LK KP4 7% (Wendel & Doyle, 1998). i
1, Bergthorsson5(2004)ill )7 T 4% R 4 3 5 A
Amborella ) 2 w443 K 41, I 5 H At B A=A 20 11
RRRSE AT TR . G REKI, 7
Amborella T %1 19 314> 26 b A4 g i £ 11 FE DA v,
20 PRI A /b 14N 95 DR B HAd i) B A= R A (L
H64K B EEERY) . nLATU, BT XEL) T
AR BT Rk & Ed, LRI
(19 43 32 2R (FE DRTARE) AN 1T i L Aff b S WL o 22 ) )
BEAL R AR (HIF) o

WVFLE 5 R IR b 58 (1) 22 A )2 R v,
HEHNELZGMHENERMERSEEREKE E
PO O] R G H AR AE ] FE RS R 2R . IR,
U HE R A1 27 3 AT 2 W, #00Rd J+ (Simillion et al.,
2002). 7K #g(Paterson et al., 2004; Wang et al., 2005)
BHESHYI(Gu et al., 2002). EERE(Wolfe & Shields,
1997) A h B R T 2 A FHAT, AR5
IR E 1 £ £ 44 (paleo-polyploid) 7 4= 1 5 v i %
WAEAE, DRI DR 53 5 S 25 2R 48 DUt R 2R (AR
L DA RN 5% 2 [) 5 5 (M (paralogs) VR i X — K & AN wf
R ME LR, — AMHAETE ) IR F I
PEIGTERC T AL By C=/NFp, o AR 56 Fl b A
RERRAEEZIVHR T 2408 0, UAREE I ER
I, B 3N e AR M #AE AR 2 5 UL, X2
P D153 70 i HR REAS B 1E A A R (1L, B)e W]
AT, W AR SR b 24 BE DR DUAE S AR A ke



Bl e s R b R D A (el R M) N R Gk E AR R
Wi 7 P A s TR TR T S (A () DR e DR o A 7 A R A
DRI 95 DL (i K1 L 24 F 0 v 22 285 A A 7 0 A 57 i DA ) B0 £
S, A7 B SR R PRI RIS 0 (R DR AR, 24 DR DLl A Ay ik
[R5 ) FH SEER AN 26 KR o F-BEAL BRICT BIRER = AN A 4 Fl
PR L2800 Sk o AR AN R AR P DL R il R I I e, IR
B o3 R B R A DL R B R AN K 0L«

Fig. 1. The effect on phylogenetic reconstruction by hidden paralogs
(or Lineage Sorting). Left is the history of two gene copies arising
from duplications (or two alleles arising from polymorphisms in the
ancestral population) drawn in the context of a species tree (gray bars),
and right is the gene tree drawn from the left. Two gene copies (or two
alleles) are drawn in solid lines and broken lines, respectively. Letters
A, B and C denote three different species. The upper half of the figure
shows the case when there is no loss of gene copies or lineage sorting,
and the lower half of the figure shows the case when loss of gene
copies or lineage sorting does happen.

A2 et R, AR FH A2 DR A S 1 25 DR RS st A0 4 o
PIA—E(EL, F), IR RGN T X RIEEN
J&5% 2[5 7 Bt (paralogs) . i 28 201 1) J 5 15 BE K]
BTG X ERE VAL, TR E L 24 # D
(S22 2) BR A Ry 24 A [R] Ry A5 A7 BE DRI 2o AR
PRHERME, RS S 5P RO
TR AN EL R PR IR A Tl T 1 = A4 £ ) e 1sf ) 25 D1 AH
5%(Nei, 1987; Pamilo & Nei, 1988), ‘&% W &KL T
YT 1 S A D) o . HLAEL e AR K 1 a2 R
WA BEAEPEAKSESE (Chen & Li, 2001), i & 3
W Fh(Pollard et al., 2006), ## & M Hir ZxFl (Zou et
al., 2008)[f ALt FE A

BT FRBBRZEZ A, B — L A R 3=

ARHTR, BRI FEM RN R AU AN AT 799

AT e BRI 5%, T SR S BRI AR N
PAAS o, Bendse AR B S R an i e, A&
Gt DRI DR 20 3 e 7 T80 ) Dt DRI B 7 2 ) £ 1 I
Wik FE PRI ELL . RNAZHH(RNA editing) 5
(Wendel & Doyle, 1998; Philippe et al., 2005a).

3 RpABERAF —ERARNKR™
)

TFLL R 5 s A7 P10 56 DRI ARG e 5 DA R 7 A4 5 DR
MR 2R 5 Y, —ANBEZ iR 1) AU, B
BTG BN 22, JE DR b S IR A 00 T e s
BRI, BAnTREKEEELGNRE
2 B 1995 4F tHE F b B — 151 S A K g I AT B
Haemophilus influenzae Rd.f#)4=3E PR 417 414 LA
Sk (Fleischmann et al., 1995), 4x%&[H4L00 51 RI7E
SEGEITE, £20084E1H, CLASER T 86611
T BRI A, 541 26544 P Tl (1) 4> KL K]
2000 > T AF IE 4F $E47 7 (Genomes On Line Data-
base). ik KIZH VIR SE i, I R R BT
(5 IR &R, — DN RGK T Y # Ak
PRI 20 27 A8 SOTE B T 27 Bl—— R G0 R & 3 R 4 2
(Phylogenomics) N1z 1fi 4= (Eisen, 1998; Delsuc et al.,
2005; Philippe et al., 2005a), &AM AFRATNIE A
AR EREAT R R H EARME T AL, R
AU I A LA R A BRI DRI o SRR E T A
Bto

MNRGER BB FIMEE, HEA N+
HAEEEEHE TREFAIME R, RIS 28 56E A 0
SRR DNAJFY BUl RGN B 1 25 R G N 55
FE, NWRGERKEWITRME T FE M8k, E3H
FH R FRASE 5 PR AL 7K 1 I B AT R GE K A 70 HT Ak
Sl fig(Delsuc et al., 2005). FRG8 & B R4 2 2 A
FH PR 2H 7K 1R i o 254 A5 R AT REER E 40 i
(PR D622k, e 2R RN AR =), Ak
WA R BB E A — . BEE H = A
Wi N, 2r ¥ RGO E EE T I BEALRZE 0] R E
W O, o T DRRR o S & A AR A 2 DR BR AR e
B, RN REHIRIEHA “Zrh” £/, ¥
A DR R R e A A I, e 24 B ) S i AE T 1
FLSRHIRBE MO R . RGK B HE A 22T
TR SAE T B ] 4 MR 46(Qiu et al., 2006; Zou
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et al., 2008), {HIT104F >k LU i Myiz F 2145 K1)
RAEDRBM ARG R G HE TAED, Wiz Ey
(Daubin et al., 2002; Comas et al., 2007). Jii =44
(Bapteste et al., 2002). H. [ (Rokas et al., 2003). 3/
¥y(Takezaki et al., 2004; Rokas et al., 2005; Savard et
al., 2006) LA S A ARy tn i Je N85 IR Gl
kA5 Z2WF97 H (Chen & Li, 2001; Patterson et al.,
2006; Pollard et al., 2006), fiftyk T — 2L R A=
W 2R 1) 1)

M T Rk G050 00 HE R A 204 3 2045 =
5 — 20 % %) (primary  sequences), ik PRl 21 4% 4iF
(whole-genome features) 1 i PX| 41 #% 45 4% 5 (Rare
genomic changes)(Delsuc et al., 2005). v, AT
R PR s DAY 2 R I A 35 PR A2 (gene contentakigene
repertoire). &K i (gene order). %A% R £
(DNA strings) =5 o5& DA 2H A7 A2 e D) G35 4l A 0 2%
(indel). %% 514 A\ (retroposons integration). Ji
[K1 4324 5 fili 7+ (gene fusion and fission). P& T15k
(gain or loss of introns)%5(Rokas & Holland, 2000).
AR RZ AT IR P 1 I AR v] RRARAS, K& DR 41 e 1iE 0
AT 20 A5 A A% e 3K PR 8 PIR HL A £ s A > ml A IR
AW, KA GEAL J G [F LA ARAR, DR,
A [FE AR AT s P R S e, RN X et T Al
AL HEP A IR, HAT R Ry 5 sl ZE R v 91
ARELCIAI L, PR AEfF D R G R B 1) — L8 B
R AE ) RIS HAT F S . HanVenkatesh 541 H
SR 7 A (96 NG 2R R Y % 15 R IX S L R 21
WA IR, e T A RCFHESI I RE KT K
RIXAG0 T AN 2L R HfE (Venkatesh et al,
2001). 1, /KFEOryza sativa L. M2 H6AN T 4874
B EA LRI ATE R 2R, T X LY Mw b
S BARAE @ AR, HRGEKERARL
HOEASE I FE R — BAAAE N, O uEHE
SE M FE R R BEREAT O, meridionalis Ngti450. long-
istaminata Chev. & Roehr. (Zhu & Ge, 2005). Zhuf!l
Ge (2005)F FH P18t 2k 4 1R i Bk DX 85 1 s 471 o 4t
THRBARERNAMNREKE KR EifEAKER4Y]
FEERIBERS, A AT AL T 3Nl 2 Je [v) 53 4% Joe I
FEMITE) R A ELEMRAKBTHEE, SIREHIER
ML VR 207, e ARL PR 20 (1) 35
KB 3R RE(2: A-C), ZhuFGe (2005) % 334
MITESH A £I[40. meridionalis AZMiT A JEREAT %

SR &, X485 1R Z S #FO. meridionalis
HAFER YL SRR (K2: A), O E2A N B
SCYFRRR, 3ASMITE A7 AE H 75 B3k E AL S 4
AT A SE R AT, TR AR A At AT A — gk Ak G
Z(El2: B, C) ISR, 3A-MITEM AL
JiiE ik e RS A B S R, T DA I 2A ) 2k
K F A TR

S T tof 35 TR 2 A R 3 DR 2 e AT AR S R S
REIF S B M, OB VERE RS A 3%, H
AT B DR 2 B0 A 7 5 AR R AR N — 384y, A

0. sativa/O. rufipogon
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Fig. 2. The basal lineage of A-genome in Oryza was resolved by
MITEs (miniature inverted-repeat transposable elements).  Three
phylogenetic hypotheses regarding the basal lineage of the A-genome
species were shown in Fig. 2A, 2B and 2C. Downward and upward
arrows stand for the insertion and excision of MITEs, respectively. In
Fig. 2A, the most parsimonious explanation of the occurrence for a
MITE requires only one insertion event. In Fig. 2B and 2C, at least two
evolutionary events are required for accounting for the occurrence of a
MITE, i.e., two independent insertions (closed arrows), or alternatively
one insertion and one deletion (open arrows) (from Zhu & Ge, 2005).
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JHAR F R SR IR 431 P 40 a3k A A 1R A PR BL AR
FH B DR Sl SR A Oy S ) Jit BN 7 R AT A
BB RS K G RRNA 50 HarN HEZ 1
% kDAl At A SR g 2 AL G 1 S T 40 AT (total
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(Miyamoto & Fitch, 1995). FEL#:4 M2 50k ok
B AN [R5 DAL PR e 40 o R e B — A 48— ) s o
ME P REAT R Gk B Al 00 07 v, B Y]l Kluge
(1989) i i, & T-¥72% 5 Rudolf Carnap# Hi ) & f4&
TEE B U], BROGEAT frr 3412 Sl 1 1R 4 0 S 0 0 35k
AHEBUEYE, WS IR R B R KU ARG KE
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Delsuc et al., 2005; Philippe et al., 2005a). Lti,
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(Salamin et al., 2002).
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Fig. 3. The phylogenetic relationship of rice genomes. A, Evolutionary relationships of the rice genomes inferred from Adhl, Adh2, and matK
gene phylogenies. Dashed lines indicate origins of allotetraploids. Solid circles indicate the maternal parents of the tetraploids and open circles
indicate the unidentified diploid genomes (from Ge et al., 1999). B, The maximum likelihood (ML) tree inferred from the concatenated sequences of
142 genes. The same topology was obtained from maximum parsimony (MP) and Bayesian inference (Bl). Capital letters A, B, C, E, F, and G
represent all recognized diploid genome types of Oryza, and L represents the outgroup. Numbers above branches indicate bootstrap supports of ML
and MP, and posterior probability of Bl, respectively (from Zou et al., 2008).
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Fig. 4. Genome-wide incongruence among gene trees and its
characteristics. A, Pie graphs indicate the proportions of gene trees
that support alternative relationships between A, B, and C genomes
(above) and the basal lineages in Oryza (below). R represents the rest
of the genome types, including A-, B-, C-, and E-genomes. B, Illustra-
tion of the relative physical locations of the 142 sampled genes (in the
corresponding colors) on the 12 rice chromosomes (from Zou et al.,
2008).
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Fig. 5. The proportions of correct clades based on resampling of 142
gene sequences at various scales. Results of ML and MP analyses are
indicated by triangles and diamonds, respectively. Genome types are
represented with the same capital letters as in Fig. 4.



804 M/ Journal of Systematics and Evolution 2008 464561

Z (8], A AU R 1 UEdE 2 [A] (de Queiroz et
al., 1995; Futuyma, 1998; Wendel & Doyle, 1998),
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al., 2006).
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hart, 2007),
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2001; Enard & Paabo, 2004; Patterson et al., 2006),
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