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PR DOMEEL (FI30) + AWH%ElE, g TRHEFNAINY HoerHEEch>7ER7 L —F
(A GHA D EROBER DR OB TERIC T T o2 Tro R TLOMEEL T
V—7) OMEACHRIFIHOF /- e k% 24 HEETHEZ L, Z 02 K vs. 3K
Ky HEYENRE (0fh - ERE) b RECELLZ THODEKRZ L —F (YHliH & EEE) 1<
RN UTHBIGEM T 27:01XT7>7%., COHERO LB LR LD, HEEENPER LI MY
J LTI EMEN S S DT, HOWETH2HED I M7/ 2RI, S £I 48T
oo N T O (FT—F_XR—2Ap 5 ¥ 7 vu—F) 28I I¢ LR TH 5.
AAHDI b7 ARSI 59 fICH-D GRS (Saitoh er al. 2006) 5 iH F o - ARKWFIL, B
FEIIZ 602 FED 2 b7/ A ARRELGID & 7% 2 KBIBATIINEFE L, a4 HEEHOKRERHOM
HRRT I EDTE Miya et al. 2011).  Z DRBIBALTHID & HEE S L1 KR % Bl E D
PefLA (constraint) & L TH, T—=F RXR=2p 5657 va— R L&#HaY 1,073 & &b
TIENT L 72 & 25 Gl 1,675 ff), 94,000 fiz&t a4 HORRHZ DD TRV TRT Z
EBTEN Miyaetal. 2011), £/, aAHO—HTH 2 7 F@ICZOBITHIEZEH L TR
WMzfTol 25, MBIALS AT % 7 FEokRZ IR T 2 LIS L7 (Takada et
al. 2010). 51T, ZNEAWfTLTNEH I2fE a1 H2EOEHEH 1200 M7 7 o4
ERAZREL, NS00 V=718 2 KERMOMELEGL L Tc&E ., BHEICH
L Tl¥ Nakatani et al. (2011) TZDREDO iz FL L7z, a4 HTHEICRI NI +7 )/
LB OERMEE, SBMIN—7TRT I ENSBRORESLHEE RS,

e R OBESE () © Resolution of phylogenetic relationships among members of a species-rich
clade is inherently difficult because it requires longer sequences from a large number of taxa. Freshwater
fishes of the order Cypriniformes represent one of such species-rich clades, with over 4,000 species
currently recognized that have been placed in 6+ families, each with poorly defined subfamilies and/or
tribes. This study attempted comprehensive resolution of the cypriniform phylogenies by combining a
mitogenomic tree as a backbone constraint for the robust higher-level relationships and numerous partial
sequences downloaded from GenBank for the reconstruction of lower-level relationships within the
constrained clades. Also this supermatrix approaches were applied to fishes of Gobioidei and Otophysi,
both including numerous species (ca. 2,000 spp. and 8,000 spp, respectively) and exhibiting different
habitat preferences (principally marine vs. freshwater). The mitogenomic tree of the Cypriniformes was
based on 602 sequences (including 6 outgroups) and the resulting best-scoring ML tree is congruent
with the previous molecular phylogenies based on both mitogenomes and nuclear genes. A total of
17,057 partial sequences from cypriniforms were available from GenBank and they were sorted into 9
mitochondrial genes from 1,073 species, of which 1,039 species were those from the cyt b gene alone.



The supermatrix was constructed by combining 602 mitogenomic and 1,073 partial sequences and it was
subjected to partitioned ML analysis using the mitogenomic tree as a backbone constraint. The
best-scoring ML tree derived from 24 runs using a fast bootstrap (BS) option in RAXML places all
species from the partial sequences (1,073 spp.) in reasonable positions, with 62.2% of the internal
branches being supported by >80% BS probabilities. In addition whole mitogenome sequences from 152
gobioid and 120 otophysan were assembled to provide robust phylogenies for these groups of fishes and
the trees will be used in the subsequent supermatrix analyses.
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1. ORI LI D 5

HEEMEDTERLI L7 ) LoahTIcit
D —HDOWSE (Inoue et al. 2003; Ishiguro et
al. 2003; Miya et al. 2003; Saitoh et al. 2003) I
L0, EORTHRRODERETD 5 5:0E
(42 H 431 £} 4070 J& 23,680 ) D KFk
HRIERE R 2 2 7, Zns—Ho
WMRIETEH R LE 2 - TCHEIN
(Ramsden et al. 2003), HELFEDOHIED S H K
EhIHZEDBL LIk o T,

Z 9 L 7ZH T, Assembling Tree of Life
(AToL) & Barcode of Life (BOL)& W9, %
ZIREEYRE O R & o T RE (o
oY —VE%) 25D 2 2 L2 HBN
LRI 27 R E EAso T,
AToL TI3faHd 5 a4 H (CToL) 4%, BOL
TH AN Z 41 (Fish-BOL), HEE& X %
nNFho7r7uy 7 b TRELRELE%Z R
L T &7 (Miya et al. 2006; Saitoh et al. 2006
% 5.

BERZL—FIiE, 1) BREICHEE oo
5N, 2) BRSO 7% Z
DIEFR (FiPH) DB TH 2 &) EDK
WMELD, LEBoT, ZORMMEITIE (&
D &) RWEEHCTY) KENICHEET,
KEBDOGFTF—yZ2HO W02 T 70
—FBEF N T/ (Hodkinson & Parnell
2007). SO HEETHE D B a s Hfams
(6FF321JE 3268 ) bZD LI HEKRKI L —
FDO—=2THYH, HiEFEHIZZDORKRHEZH
15,000 HEHEXF 53 53 HIHED & 75 5 7 — 7 1741
T ML Z Ltk D, FEBERO AN 2
T &7 (Saitoh er al. 2006).

2. Mo

AWZElE, TN F TREAZED Hoodd
WEEcho7-ERXZ7L—F (HERHEIZHA
7EIE R DB e DB DB R R 7T
LNLTOLOHTOOMEGEL I NV—7) D
ELS RO - itk 24 BT
Sz L, ZhzE iR Gk vs. %K)
SAEYVFRERE (Of - 42HE) HRE CHA
2-O0FEKZ7L—F (~EliHE a4 H%
GRS IO L CEBIEN T b0 T
b5,

COHERO LA L% DO, HiEENE
L7 b7/ LT EIEN S DT,
HOWRETZ2LHD I V7 ) reERINIC,
IFIFRhEEFLOBONLETOHT
Begl (7= R=Ap6 ¥ ru—1F) 2
ISR 7RETIITH 5. FERRITE, I +7
J BARBGINC HED & A 72 5 R % HE
EL, #0% 377 LEITHNC X B R
EDRRD TR A (constraint) & LTHW 3
LT, WMORANDR ST +—2 v R
DRI 29 L FIIRFIC, oMM Z REER
[ Tl =S e

Zor7a—Fickh, g THlEICHE
2 L T &7z Assembling Tree of Life (Rf) &
Barcode of Life (77 [AE) ® ->D7ay
7 b EMAETHIENAREERD, EYWE
B D CLIE Y 72 EAL SR B 1 U 7 B e T
WO L s 2 MRS,

3. o HE

1) JTiEEmDMET K2 L - 2R 602 fE &
HBoYERA 1,073 flICHEO X 3 M4 LTS



ZAERR L 7o, MEALHEE DS L < ol MRSk
DT % a FroE=ericowTlx, b
TUAN=YavyDHREHNDLRY 3 —F 4
VI RBM L, avEa—%4fH GF32

o CPU Z#EH) #flioT LRSI M7/ A

EBAT51 D RAXML 12 X 2 KBUBR LfRT % 17
o7, ZoO, 2REYI»oHBeoNnI M
J LRk 2 TP A (—roption) & L CTH]
W, fER T BT BLIIAS 2 D R IR
AIZIRE S X HIT L7, RAXML TR
2 O 7T XL (—fa &—froptions)
ZHOWTRLEN 2T 7.

2) AR DINEE 1 H 617 9 BEAIEE I 2
THEEBEWN R 2y b7 —27 28 L EARDIL

Er2fTo%. a4 HIZOoWTIZERIC 7 iE
AREZPEL T30 E M INE ST 72,
NYHiH & FEE IO W T, WIS
D)1 TERMEZ 5 L 7.

3) M7 AEREYIPE  HEEE DSBS L
7za v 7 PCR ENH 774 ~—%2FIHL 72
¥ a— b PCR ZflAtrbE = Fik (Miya &
Nishida 1999) 2 X b 2 b7/ A 2ERI%

g L 72,

4) AR & B REi N 2 b7 AR
FIDOBDFELRENED B & Z 2% % HE 2 7 BRI
(A4 HEANYCHHTIRKT) TRAEICK

3 PR 2 T o7, S 7 a8k
A DBBFEL DB X 2 10%%# 2 72

BB, IR ABITIIEICBIT S T
Ay & LTHWS R %Z RAXML 12 X > T
ELT.

5) I b7 LEATANE 7 R EEENT: S b
77 NEATA (RS + S8 BCA) & AR
G5, DNAT—FR—=ADP5A7 Y 7t
RO THNRISEREDOE L % ¥ 7 v 1

—FL7% ZtsfaBsliconTiE, £
FHEOWINZ R 21T, BEFADD
DIZOVTHFEERLEWMATL I LI X

D FZWEDEED L WEANXERA L 72, DA ETT
E BB T I L DA AR % RO AR

XTI N LB TE, TOEK
Pz 3D & RAXML % o 72 KEUBHEE %
1o 7=,

4. WRZEHR

a4 HTIEI MY 2R 602 ffic K
O 2 RHEHEE Iz, T DORMIEE
BIZF2 68607 RM (Chen & Mayden
2011) LEEAWTH Y ERFH 2R L T»3
EEZ T, FrATPRE L 72 BEF DY 500 fiE
BHZ, FRRET=IVBEo2h0wIn
13 ERBIBLD T — & fFT IE R T b m# D
HUITHY, XRHEETEIRELTEHZED
72 (Miya et al. 2011). ZDRFEDA XA =P %
TSR, IR LD b7 ek
FeHlic HeD S HEE S - R C, s

lics z i LCo < &zl 75l % fi@hr L <
BoN R TH 5. HDORMETHROEL
DBERTESN 6 Db DT, REEEICEA
RAUBGLDEHELTHB I EDBbh b,

Supermatrix analysis for 1597 spp.

using the mitogenomic tree as a backbone constraint (red branches)

Mitogenomic analysis for 469 spp.
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¥ 72, Nakatani et al. (2011) 128 WTIE, I
L7 A AERESNICEE-D R ICm 2
THERZHELTE Y, af HAaHZ2E
OEEFE O RICREE Z ALs Z i
B L7z (FIKIZ), #7510 & 3 IAER
S ZEHAEDLE DT EICLD, KD RKBE
AL D PGSR AIREIC 72 B .
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