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AB015962 16707 bp DNA VRT 08- APR- 2000
Must el us manazo mitochondrial DNA, conpl ete sequence

AB015962

AB015962. 1

Miust el us manazo liver mtochondrion DNA, clone: ntsh-1.

Must el us manazo

Eukaryota; Metazoa; Chordata; Craniata; Vertebrata
Chondri cht hyes; El asnmobranchii; Neosel achii; Gal eonorphii

Gal eoi dea; Carcharhiniformes; Triaki dae; Mistel us

1 (bases 1 to 16707)

Cao, Y.

Di rect Subm ssion

Submitted (07-JUL-1998) to the DDBJ/ EMBL/ GenBank dat abases. Ying
Cao, The Institute of Statistical Mathematics; 4-6-7 M nam -Azabu
M nat o- ku, Tokyo 106-8569, Japan (E-mail:cao@sm ac.jp,

Tel : 3-5421- 8748, Fax: 3-5421-8796)

2

Cao, Y., Waddell,P.J., kada, N. and Hasegawa, M

The conpl ete mitochondrial DNA sequence of the shark (Mistel us
manazo): Eval uating rooting contradictions to |iving bony
vertebrates

Mol . Biol. Evol. 15, 1637-1646 (1998)

Location/ Qualifiers
1..16707

/ cl one="nt sh- 1"

/ organel | e="nitochondrion"
/ organi sm=" Must el us nmanazo"
/ sequenced_nol =" DNA"

/tissue_type="liver"

1..69

/ product ="t RNA- Phe"

70..1022

/ product ="12S ri bosomal RNA"
1023.. 1094

/ product ="t RNA- Val "
1095. . 2764

/ product ="16S ri bosomal RNA"
2765. . 2839

/ note="codon: ttr"

/ product ="t RNA- Leu"

2840. . 3814

/ gene="NADH1"

/ product =" NADH dehydr ogenase subunit 1"

/ protei n_i d="BAA33037. 1"

/transl _t abl e=2

/transl ation="MQTI LLYLI NPLAYI | PI LLATAFLTLI ERKI LGYMQFRKGPN
WGPYGLLQPI ADGLKLFI KEPVRPSASSPFLFLATPTAALTLALL MAVPLPLPHPI
NLNLGLLFI LAI SSLTVYTI LGSGAASNSKYALMGALRAVAQTT SYEVSLGLI LLSM
VFAGGFTLHTENTTQET! WLLI PGAPLALMAY1 STLAETNRAPFDLTEGESELVSGFN
| EYAGGPFALFFLAEYTNI LLIMNTLSVI LFME SYNPLFPQLSTFNLMWKATLLTFI F
LW RASYPRFRYDQLMHLVWKNFLPLTLAI | LWHVALPLAMTSLPPI T"



BASE COUNT
ORIG N

1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341

5139 a

gct agt gt ag
ccgcgggcat
caagtttcag
at caggcaca
cagt aat aaa
taatctcgtg
agagtggttt
gcact cat ga
ccacgat agt
gacaat act t
act t ggcggt
aacct cacca
gggt caaaag
aagt gggaag
tacct aaagg
ggat gcgcac
tttctttaac
at caaaat gt
ttgggtcatt
taatttatac
aat aact caa
at cat t aaag
agaaaaact a
agcagcatta
cggt gaaaag
gcattaactc
agttatttag
gat cat aatt
cgt cgcagct
atcctattgg
gaacaaat ct
gaccccagac
tcgttaatcc
aaacacaaac
gcctgcectg
catttgtctt
tttctaatca
agaccctatg
aaacaaaat a
acaaat cccc

4077 c

cttaatttaa
acaaggtttg
ccctectgtg
cgcacgt agc
cattaattca
ccagccaccg
aagaat gacc
gt ggaat aat
t gagacccaa
caccatattg
at cccacacc
cttcttgcca
t aagcaaaaa
aaat gggct a
tggatttagc
acaccgcccg
aagaggaggc
ggct aaatta
ttgaacctta
cacaaacttt
gagcaat agc
t act aaaaag
ggcgaaaaga
ttagagct aa
cct accgagt
tttactatct
aagaggt aca
attaaggttt
ccagt ct aac
gttattttat
ct cccgacat
tgaggt catt
cacacaggaa
tccgectgtt
tgacaatgtt
tt aaat gaag
at gaaattga
gagctttaaa
tataatactt
ctcatcgatt

2319 ¢

agcat ggcac
gt cct ggcct
agaat gccct
ccaagacacc
t gagcgaaag
cggttatacg
ttttaataac
caacaacgaa
actaggatta
ttcgccagag
cacct agagg
ttaccgtcta
gaat t aaact
cattttttac
agt aagagaa
tcactctcct
aagt cgt aac
gt aaagcacc
aaact agcct
t aact aaaac
ttatgtaccg
cagagatt ac
tcttaagt ct
ccegtctcetg
ttagtgatag
agacaagaat
gcccttctaa
ccaccccagt
act aaaccta
aaaaat at aa
aagt gt acgt
atactattaa
t gt caccagg
t accaaaaac
caacggccgc
acccgt at ga
tctattcgtg
cacttaagtt
ctaacttaac
gagt act cag

5172 t

t gaagat gct
tagt gt t aat
aattaatcta
ttgctaagcc
cttgaattag
agt aact cat
taaagtttag
agtgacttta
gat accct ac
t act acaagc
agcctgttct
tataccgccg
ccaaaacgtc
caaaaacat a
gat cagagt a
caaaaacct a
at ggt aagt g
tcccttacac
at at accaat
attttaacct
caaggaaaag
acct cgt acc
atcctcccga
t ggcaaaaga
ctggttaccc
ttctcgtcaa
act aagat ac
gggcct aaaa
t aatttagat
aagaactt at
cagaaagaat
at catt aact
aaagat t aaa
atcgcctcett
ggtattttga
aaggcaccac
cagaagcgaa
aattatgtaa
tgtttttggt
tacttgaaaa

0 others

aagat gagaa
t gt aact aga
ttaaataatt
acacccccaa
tt aaagt cga
at t aacacac
acct cat aaa
cat at t aagg
t at gcccaac
gctagcttaa
at gaccgat a
tcgtcagctc
aggt cgaggt
cgaat ggt aa
cttccctgaa
cttatttttt
t act ggaaag
cgaggagat a
ct aaccagac
tct agt at gg
ct gaaaaaga
ttttgcatca
aact aaacga
gt gggaagac
aagaaaagaa
agaaaact at
atcttttaaa
gcagccacct
atttactcat
gct aaaat ga
taaat cactg
agaaaacctt
agaaaat aaa
gttaaattat
ccgt gcaaag
gagagtttaa
t at aat aaca
ccatttattc

t ggggt gacc
t cagaat aac

ataatttttt
attatacatg
aggagcaggt
gggatttcag
cagagt t ggt
cccggcegt aa
gctgttatac
agccttgatg
cat aaactta
aacccaaagg
atccccgttc
accct gt gaa
gt agcaaat g
att gaaaat a
attggctctg
t at aaat aca
tgcacttgga
cccat gcaaa
cttatagatc
gt gacagaac
aat gaaat aa
tgatttagct
gctactccga
ttccgagtag
ctttagttct
aagagt t aat
gat gggaaat
gt t aagt aag
aacccccttt
gt aat aaaga
acaattaatc
attcttctat
ggaact cggc
aagaggt ccc
gt agcgt aat
ctgtctctat
ttagacgaga
ct cagggt at

gagggggaaa
aattctgatt
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- - - PQLNTTVWPTM TPM_LTL- FLI TQLKM.- - = = == == == == == oo oo - - PVEP- - - <« oo e oo
- - - MPQLNTTVMPTM TPMLLTL- FLI TQLKM.NTSYHLPPS- PKPNKMKNYNKPWEPKWIKI CSL HSLPPQS*
- - - MPQLNTAVWPTM TPMLLTL- FLVTQLKM.NSNYHLPPS- PKPMKVKNYNKPWEPKWIKI YSLHSLPPQS*
- - - MPQLNTAVWAPTTI TPMLLTL- FLI TQLKM.NSNYHLPPS- PKPNKMKNYNKPWEPKWIKI CSL HSLPPQS*
- - - MPQLNTTVMPTM APM_LTL- FLI TQLKVLNTNYHLPPL- PKTMKMKNFCKPWEPKWIKI YSL HSLPPQS*
- - - MPQLNTTTVLTVI TPTLLAL- FLI TQLKLLNSHLHPPTP- PKFTKTKPHAKPWEL KWIKI YSPHSLPPQS*
- - - MPQLNTTTVPTI | TPMLLAL- FLI TQLKLLNSHLHPPTP- PKFTKPKL HAKPWGPKWIKVYL PHSLPPQY*
- - - MPQLNTTWWPTI | MSMLLAL- FLLMQLKTLNTHYHPPAS- PKLTNI KPHNNPWEHKWIKI YSL HSLPPQF*
- - - MPQLDTSTWETI | MAMLPTL- YLI TQUKLLSMNYYQPPL- TKNPNLQTHNTOWRPKWIKT YL PHSQPQQS*
- - - MPQLDTSTVSTTI MAMLPTL- YLI TQLKLLNTNYYQPPL- TKNPNLQTHNI YWQPEWTKTCLPHSQPQ -

- - - MPQLDI SPWPMVTLSM LTL- FYAMQLKM.KFI FHTTPL- SKLTKI QNQKTTWELKWIKI YLPLSMYQ- -

-~ - MPQLDTSTWII TI MSM LTL- FI LFQLKLSK- FMYPTNPTKKL TKPHKL ESPWENKWIKTYLPHSLPLQ *
-~ MPQLDTSTWLI TI LSM LTL- LI VFQLKI SK- FNYPLNPTMKNI NKDLYTNPWETKWIKI YLPLSLPQQS*
- - - MPQLDTSTVEI TI VSMLATL- FI LFQLKLSS- YCYYNLPQTKTNKTKKQDTPWNQKWIKTYLPLSLPRH- *
- -~ MPQLDTSTWLI M LSM LTL- FI TFQLKVSK- HYFPTNPEPKHTPLLKNSAPWEEKWIKI YSPLSLPLQ *
- -~ MPQLDTSTWLI M SSM LTL- FI TFHLKVSK- HYFPTNPEPKHTLLLKNSAPWEEKWIKI YSPLSLPLQ *
- - - MPQLDTSTWFI M FSMFLTL- FI LFQLKI SN- HYYPENPMTKSAKI AGQHNPVENKWIKI YSLLSLPPQ- *
-~ - MPQLDTSTVSI TI MM MTL- FI VFQLKI SK- YL YPSNPEPKSMTTLKQRNPWEKKWIKI YSPLSLPQQ- *
- - - MPQLDTSTVEI NI VSM LTL- FI VFQLKI SK- HSYPTHPEVKTTKMIKHSAPVESKWIKI YSPLSLPQQ- *
- - - MPQLDTSTVEI NI VSM LTL- FI VFQLKI SK- HSYPMHPEAKTTKMAKRL TPWESKWIKI YSPLSLPQQ *
- - - MPQLDTSTVBI TI VSM | TL- FI MFQLKLSK- YSYPSSPEL KL TKTPTHT TPVESKWIKTYLPLSLPQQS*
- - - MPQLDTSTWFI TI TSMTI TL- FI MFQLKLSK- HSYPSNPELKPI NTSVHTTPWESKWIKI YSPLSLPQQ- *
- - - MPQLDTSTVEI TI LSMLMTL- FI LFQUKLSK- HI YYPTPEPKFSKTHKQNTPWETKWKKI YLPLLLPQQ *
- - - MPQLDTSTVEI TI TSM MTL- FI LFQLKI SN- YSYPASPESI ELKTQKHSTPVENKWIKI YLPLLLPPR- *
- - - MPQLDTSTW.TM LSMFLTL- FI | FQLKVSK- HNFYHNPEL TPTKM_KQNTPWETKWIKI YLPLLLPL- - *
- - - MPQLDTSTW.TM LSMFLVL- FI | FQLKI SK- HNFYHNPEL MTTKTPKQNTPWETKWIKI YLPLSLPL- - *
- - - MPQLDTSTVETTI LSMFLTL- FI | FQLKI SK- HTYHPNPETTLPMIQKQPTPWETKWIKI YSPLSLPLQS*
- - - MPQLDTSMALLTI LSMLLTL- FVLFQLKI SK- HSYSPNPKLAHTKTQKQQAPWKTTWIKI YLPLL- - - - - *

---MPQLDTSTWLLTI LSMLLTL- FVLFQLKI SK- HSYSPNPKLVPTKTQKQQTPWNI TWI'KI YLPLL-

- - - MPQLDTSTWELTI LSVM.TL- FTLLQPKI SM HLYTPNPKPVPTKTQKQHSPWNTAWKI YLPLL- - - - - *
- - - MPQLDTSTVEI TI LATI LTL- FI | MQLKI S- TYYYHSNPEPKTTKMIKSLI PWEI KWIKI YSPLSLPLR- *
- - - MPQLDTSTVEI TI LSM LTL- YI | MQLKVSK- HL YHQNPEPTI AKSTKHSTPWEDKWIKI YSPLSLPLQ *
-~ - MPQLDTSTVEI TI LSM LTL- YI | MQLKI SK- HTYYQNPEPTTTKSTKHL TPWENKWIKI YSPLSLPLQ- *
- - - MPQLDTSTVEI TI MBM ATL- FI MFQLKI SK- HYYYTYPEPLAI KTQTHNTPWEAKWIKI YLPLSLPQH- *
- - - MPQLDTSTVEI TI LSM LTL- FI MVQLKVSK- HSFHSNPEPL EVKSSKHTTPVETKWIKI YSPLSLPQR- *
- - - MPQLNTSTVEI TI MSM LTL- YI | FQLKI SK- HYYYYNPEPSTTKSQKHTTPWETKWIKI YLPLSLPLH- *
- - - MPQLDTSTVFI TI | SM MTL- FI AFQLKI SK- YL YPMSPELKSL KAL KHNNPWETKWIKI YSPLSLPQQ *
- - - MPQLDTSTWETTI LATI TTL- FI LFQLKI SK- YI YPSSPELKSVKSLKHNTPWETKWIKI YSPLSLPLQ *
- - - MPQLDTSTVEI TI VSMLLSL- FI LMQLKFI K- FSSFSTPCPTTVEKTKHL TPVENKWIKTYLPHSLPLP- *
- - - MPQLDTSTVETTI VAM LSL- FI LMQLKFHK- YTYPMNPVLKAL ESTSFPCPVETKWIKI YSPLSLPQH- *
- - - MPQLDTSTWETVI LSM | SL- FMLLQLKI S- SHSFYLDPKTMSLKTTKHNL PVENKWIKTYLPLSLHLH- -
-~ - MPQLDTSTWALTI | SM | TL- FYFFQKKMVBYYYYNI NSQLKPNKTPKHL TPVEKKWIKTYSPLS- - - - - -
- - - MPQLDTSTWETTI LSTSFSI - | HRLQUKLT- THI FSPNPTPKDL KTLKHHNPWDKKWIKSYL PLSLHQH- *
- - - MPQLDTSTVEI TI | SSMATL- FI LFQLKI S- SQTFPAPPSPKTMATEKTNNPWESKWIKI YLPLSLPPQ- *
- - - MPQLDTSTVEI Tl | SSM TL- FI LFQLKVS- SQTFPLAPSPKSL TTMKVKTPWEL KWIKI YLPHSLPQQ *
- -~ MPQLDTSTWFI TI | SM LAL- FMLFQSKI A- NHSYYSNPSHKDVKPTTHSTPWEKKWIKI YLPLSLPLH- *
--- MERVDI | | W.LAWWI VLTTL- M FLHLKTL- KI | RLLFPI SKEL SKKSCVFPWKKKWTKNYPPSSMYP- - *
- -~ MPQLDTTPWEI TI LSM | TL- FI LFQSNNVS- KYL YPLEPQPKTLKTQLYNAPWETKWIKI YLPHSLHLH- *
- - - MPQLDTSPWL.I SI LSMVETL- YLLNPI KI S- KI LI NNDI NCYPSEI TKSTNPWKNKWIKI YLPHSLPLH- *
- - - MPQLDTSSWETM LAMFLTL- FI | MQLKI N- SYKTYNMVETKKQTLNHSL KPWEHKWIKI YLPLLLPLHY*
- -~ MPQLDTSTW.LTI TLM LAL- FCl YQSKM NQTM SI PPQDKKVI KPTTQLPWESKWIKI YLPHSSPLLS*
- -~ MPQLNTSTWILTI SLM | SL- FCl YQLKMVNQTLI Q TPSTEQSKLTKHTLPWEKKWIKI YLPHSSHQQF*
- -~ MPQLDTSTW.LVI FLM MAL- FCMYQLKMLNQKLI SI SPQNNDVI | TKPQLPWEKKWIKI YLPHSSPLQL*
LYDVPQUDTSTWHTTI LLM LA - FOI FQLKM KHLYMNVPLI LNGELFI KHQTPWHSKWITKI YLPPSLLLQS*
- - - MPQLNPNPWEY! MLATWLTL- LLAI QPKLL- SFTTTNQPSNK- LPTTI KTTPVAWPWI - - - - - - - - - - - -

- - - MPQLNPNPWEY! MLATVLTL- LLAI QPKLL- SFTTTNQPSNK- LPTTI KTTPWAWPWI - - - - - - - - - - - - *

- - - MPQLNPNPWFFI MLTSWLTY- SM | QPKLL- SFI TMNPPLNK- TQTTLTTSPWIVPWI - - -
- - - MPQLNPNPWFSI MLLTWFTF- SLLI QPKLL- SFTLTNNPANK- | T- TTKPTPWIWPWI-

- - - MPQLNPAPWESI M MMWLTL- ALLI QPKLL- TFTTTNPPSSK- PSLTTKPTPWAWP- - - « - « - < = < =« - -

- - - MPQLNPNPWFLTMLATWAI F- LLI | QPKLL- PFTPTNPPIMNK- TNTSNKSTPWIWP- -
- - - MPQLNPNPWLFI MFI SWFTF- SM | QPKI L- TFVSTNPPSKK- TLTAPTTTPWIWP.

- - - MPQULNPNPVWLFI M_TSW/TF- SLI LQPKLT- LFI PTNPPSTK- TSTTVKPSPWNWPW- - - - - - - - - - - - *
- - - MPQULNPNPVWEFI M MBWAVF- LLLI QPKLL- SFTHTNLPSNK- PLSTPNPTPWIWP- - - - - - - = - = - - - - -
- - - MPQLNPNPW.FI MEMBWIVF- LFLMQPKLT- SFI STNSPSNKNKT- TLTPTPWIPW- - - - - - - - - - - - *

- - - MPQLNPEPWLTTFLI VW SL- | VI LQPKI A- SLMLTSSPTPYKAM - - TI KTWPWPWT - - -
- - - MPQLNPEPW.TTFLI VW SL- | VI LQPKI A- SLMLTSSPTPYKAM - - TI KTWPWPWT-

- - - MPQLNPEPWLVI LLI TWIFF- TTI LQPQTT- SLI PTNDPLHMTYK- - - PPKTWPWPWILTY- - - - - - - - -

---MPQLDTI YI LMTHLWAWLM_- YLTTQ- KI K- TFI MTSHPM Y- HK- - - PNKQTPTPTW.- - -

- - - MPQLNPSPWFL| LLLI WITL- ATTFLNKTI - HSKFPSPPTPQKPN- QKPTEPWIPWHE - - < - < - = < - = - -
- - - MPQLNPAPW LI LLLSWIVL- MFI FKTKTL- SSTPHNTPTAPDLL- THHT TPWNMPW- - - < - < - - - - - - *

- - - MPQLNPHPWFSI FI TSWLI L- | || LLPKI K- SHI PNNSPTNKKNM LTTPMPWIWPWE - - - - - - -
--- NPQ_NTDF’V\FM LSSS\/\LM(- I LI LQ:’KI S- SYL F’TNDPTNKNNK TM—|TNSWI'V\PWI'Q—|SSI
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- - - MPQLDTSTWFI TI MSM ATL- FI MFQLKI SK- HYYYTYPEPLAI KTQTHNTPWEAKWIKI YLPLSLPQH- *
-- - MPQLDTSTWFI TI LSM LTL- FI MMQLKVSK- HSFHSNPEPL EVKSSKHTTPVETKWIKI YSPLSLPQR- *
- - - MPQLNTSTWFI TI MSM LTL- YI | FQLKI SK- HYYYYNPEPSTTKSQKHTTPVETKWIKI YLPLSLPLH- *
--- MPQLDTSTWFI Tl | SM MTL- FI AFQLKI SK- YLYPMSPELKSLKALKHNNPWETKWIKI YSPLSLPQQ- *
--- MPQLDTSTWFTTI LATI TTL- FI LFQLKI SK- YI YPSSPEL KSMKSLKHNTPWETKWIKI YSPLSLPLQ- *

-- - MPQLDTSTWFI Tl VSMLLSL- FI LMQLKFI

K- FSSFSTPCPTTMEKTKHL TPVEMKWI KT YLPHSLPLP- *

- - - MPQLDTSTWFTTI VAM LSL- FI LMLKFHK- YTYPMNPVLKALESTSFPCPWETKWIKI YSPLSLPQH- *
- - - MPQLDTSTWFTVI LSM | SL- FMLLQLKI S- SHSFYL DPKTMSLKTTKHNLPWVENKWITKTYLPLSLHLH- -
--- MPQLDTSTWALTI | SM | TL- FYFFQKKMVBYYYYNI NSQLKPMKTPKHL TPVEKKWITKTYSPLS- - - - - -
- - - MPQLDTSTWFTTI LSTSFSI - | HRLQLKLT- THI FSPNPTPKDL KTL KHHNPWDKKWIKSYL PL SLHQH- *
- - - MPQLDTSTWFI Tl | SSMATL- FI LFQLKI S- SQTFPAPPSPKTMATEKTNNPWESKWIKI YLPLSLPPQ- *
- - - MPQLDTSTWFI Tl | SSM TL- FI LFQLKVS- SQTFPLAPSPKSLTTMKVKTPWELKWIKI YLPHSLPQQ- *
- - - MPQLDTSTWFI Tl | SM LAL- FMLFQSKI A- NHSYYSNPSHKDVKPTTHSTPWEKKWIKI YLPLSLPLH- *

---MERMDI | | WLLAWI VLTTL- M FLHLKTL-

KI'I RLLFPI SKEL SKKSCVFPWKKKWIKNYPPSSMYP- - *

---MPQLDTTPWFI TI LSM | TL- FI LFQSNVB- KYLYPLEPQPKTLKTQLYNAPWETKWIKI YLPHSLHLH- *
-- - MPQLDTSPWLI SI LSMVFTL- YLLMPI KI S- KI LI NNDI NCYPSEI TKSTNPWNNKWIKI YLPHSLPLH- *
- - - MPQLDTSSWFTM LAMFLTL- FI | MQLKI N- SYKTYNMVETKKQTLNHSL KPVEHKWIKI YLPLLLPLHY*

--- MPQLDTSTWLLTI TLM LAL- FCl YQSKM

NQTM SI PPQDKKVI KPTTQLPWESKWIKI YLPHSSPLLS*

- -~ MPQLNTSTWILTI SLM | SL- FCl YQLKMVNQTLI Qf TPSTEQSKL TKHTLPWEKKWIKI YLPHSSHQQF*

-~ - MPQLDTSTW.LVI FLM MAL- FCMYQLKM.
LYDVPQLDTSTWYTTI LLM LA - FCl FQLKM
- - - MPQLNPNPWEY] MLATWLTL- LLAI QPKLL-
- - - MPQLNPNPWEY] MLATW.TL- LLAI QPKLL-

- - - MPQLNPNPWFFI MLTSW.TY- SM | QPKLL-
- - - MPQLNPNPWFSI MLLTWFTF- SLLI QPKLL-
- - - MPQLNPAPWFSI M MTWLTL- ALLI QPKLL-
- - - MPQLNPNPWFLTMLATWAI F- LLI | QPKLL-
- - - MPQLNPNPWLFI MFI SWFTF- SM | QPKI L-
- - - MPQLNPNPWLFI MLTSW/TF- SLI LQPKLT- LFI PTNPPSTK- TSTTMKPSPWNWPWTI -
- - - MPQLNPNPWFFI M MBWAVF- LLLI QPKLL-

NQKLI SI SPQNNDVI | TKPQLPWEKKWIKI YLPHSSPLQL*
KHLYMWVPLI LNQELFI KHQTPWHSKWTKI YLPPSLLLQS*
SFTTTNQPSNK- LPTTI KTTPWAWPWI - - - - - - - - - - - -

SFTTTNQPSNK- LPTTI KTTPWAVPWI - -
SFI TMNPPLNK- TQTTLTTSPWIPWI
SFTLTNNPANK- | T- TTKPTPWIPWI
TETTTNPPSSK- PSLTTKPTPVAWP- - -
PFTPTNPPMNK- TNTSNKSTPWIVP- - - - - < = < - - = - - - -
TFVSTNPPSKK- TLTAPTTTPWIWP- -« - - < <= -« <<= < - -

SFTHTNLPSNK- PLSTPNPTPWIWP- - - - - = = = = = = = - - -

- - - MPQLNPNPWLFI MFMSWIVF- LFLMQPKLT- SFI STNSPSNKNKT- TLTPTPWIVWPWI - - - - - - - - - - - - *

- - - MPQLNPEPWLTTFLI VW SL- | VI LQPKI A- SLMLTSSPTPYKAM - - TI KTWPWPWT - -
- - - MPQLNPEPWLTTFLI VW SL- | VI LQPKI A- SLMLTSSPTPYKAM - - TI KTWPWPWT - - - -
- - - MPQLNPEPWLVI LLI TWITFF- TTI LQPQTT- SLI PTNDPLHMTYK- - - PPKTWPWPWILTY- -
---MPQLDTI YI LMTHLWAWLML- YLTTQ- KI K- TFI MTSHPM Y- HK- - - PNKQTPTPTWL- - -

- - - MPQLNPSPWFLI LLLI WI'TL- ATTFLNKTI

- - - MPQLNPAPWLLI LLLSWI'VL- MFI FKTKTL-

- HSKFPSPPTPQKPN- QKPTEPWIVIPVH- - - -
SSTPHNTPTAPDL L- THHT TPWRMPWT - -

- - - MPQLNPHPWFSI FI TSWLI L- || | LLPKI K- SHI PNNSPTNKKNM LTTPMPWIWPW - - - - - - - - - - - - *
- - - MPQLNTDPWFM LSSSW.MY- | LI LQPKI S- SYLPTNDPTNKNNK- TMHTNSWIAPWTQHSSI NS- - - - - *

- - - MPQLNPAPWFM LSSTWLI Y- T | LQPKI L-

SHLPTNNPTNKNNK- - | NTNSWIWPWIQHSSTNS- - - - - *

-- - MPQLNPVPWLSI LLI TWLTY- I M YQPKI T- SLLQTNNI | YNHKC- - LNTNSWAWPWT - - - - - - - - - - - - -

- - - MPQLNPGPWFLI LI FSWLVL- LTFI PPKVL-
- - - MPQLNPSPWLFYLFLAWLI L- TFLAPSKI L-

- - - MPQLNPAPWFWILI | | W.SM LMLWIKFI -

- - - MPQLNPSPWFAI FLTSW | Y- LTI LAPKMS- NFKYQNEPKLQDI N- KESPKPWNWPWT - -
- - MPQLNPGPWFNI LLI SW.TF- LLI LLPKI L-
- - MPQLNPSPWLLI LLFSW.I F- LTMLPSKTQ LHTFPNVMPSTONMC- KQEPEPWIWPWA- - - - - - - - - - - -
- - MPQLNPGPWFAI LVFSWLI F- LTI | PTKI L-
- - MPQLNPAPWFTI LVFSWM F- LAl | PTKVM GHTSPNDSSPL STE- KHKTESWDWPWQ- - - - - - - - - - - -
- - MPQLNPAPWFAI LVFSW.VF- LTVI PPKVL-
- - MPQLNPAPWFAI LVFSWL.VF- LTVI PPKVL-
- - MPQLNPAPWFAI LVFSW.VF- LTVI PPKVL-
- - MPQLNPAPWFAI LVFSW.VF- LTVI PPKVL-
- - MPQLNPAPWFAI LVFSW.VF- LTVI PPKVL-
- - MPQLNPAPWFAI LVFSWLVF- LTVI PPKVL-
- - MPQLNPAPWM FMFTWAI F- LTI LPPKVM AHTFPNEPSPQGMT- TPKTAPWANWPWH-
- - MPQLNPGPWFAI LVFSW.VF- LTI | PTKI L-

- - MPQLNPKPWFM LFFSW/I F- LTI | PTKI |

- - MPQLNPAPWM LVFSWWF- LTI | PPKVL-
- - MPQLNPSPWFAI WFSWLI F- LTVI PPKVL-

- - MPQLNPSPWFAI LLFSW.VF- LI | LPPKI |

- - MPQLNPAPWLS| SLLAW.I L- LTLI PPKI L-
- - MPQLNPNPWFLI LLFSW VF- LTI LPNKVM SHLFNNDPTLKSTE- KPKPNPWNWPWL - - - - - - - - - - - -
- - MPQLNPSPWFI | LLFSW/I F- MVI LPNKVM NHLFNNEPALKSTE- KSKPDPWNWPWL - -
- - MPQLNPHPWFAI LVFSW FF- LVI LPKKVM THLFNNNPTAKSAE- KPKPEPWNWPWI - - - - - - - - - - - -
- - MPQLNLNPWFLI FLFSW.FF- LVWLPHKLT-
- - MPQLNPNPWFTI LI FTWAVF- LTI LPNKVT-
- - MPQLDPAPWFSMLTVSWLI | - FLLI MPTI L-
- - MPQLNPSPW.L VAL SLW/CF- PLMMLSLSS- FLPLTLKTSLPSTL- KSSPNPW LPW - -
- - - MPQLNPI PWFLFFLWALVLGFLGLQKFTS- WTTTLDDSSEEVEVKSKEYSW - PW - -

--- POLNTTVWWPTM TPMLLTL- FLI TQLKM.

KHKAFNEPTTQTTE- KSKPNPWKMPWT - -
GHTNLNEPNPKGTK- - TTNFTWIWPVAQ- - - - - - - - - - - -
- NYEPTNPI NPFNYQTSHPSNPWAVPW

SHKTNNCPTPQSQD- KL FL PPVWNWPWL

SHI SPNEPTPVSAE- KHKTESVWDWPWY - -

GHTFTNEPTSQSTE- KAKPEPWNWPWH- - - - - - - - - - - -
GHTFTNEPTSQSTE- KTKPEPWNWPWH- - - -

GHI FTNEPTSQSTE- KTKPEPWNWPVH- -
GHTFTNEPTSQSTE- KAKPEPWNWPWH- -
CGHTFTNEPTSQSTE- KAKPEPWNWPWH- -
GHTFTNEPTSQSTE- KAKPEPWNWPVH- -

SHI SPNEPTPVSAE- KHKTESWDWPW - - - - - - - - - - - -
- NHI QPNDPTQVDAK- EHKNDTVRVPW - -

- AHTFPGEPAL - STE- KTKTEPWNAPWH- -
AHFTHNKLTP- GTE- KTQTKPWDWSWY- - - - = - - - - - - -

SYLLNYSPTPKNTE- KQKPEPVWAWPWS- - - - - - - - - - - -
SHKMPNEL LTKDPS- NLLTEI VWWPWH- -
FYQPQNTI STKQVT- KPKQSTWIWPWH- -




a) MOLPHY
(http://www.ism.ac.jp/software/ismlib/softother.html)

b) PHYLIP
(http://evolution.genetics.washington.edu/phylip.html)

c) PAUP (http://paup.csit.fsu.edu/)

d) PAML
(http://abacus.gene.ucl.ac.uk/software/pami.html)

e) TREE-PUZZLE (http://www.tree-puzzle.de/)



http://evolution.genetics.washington.edu/phylip.html
http://paup.csit.fsu.edu/
http://abacus.gene.ucl.ac.uk/software/paml.html




e NJ

OTU



3.
1)
%nuc2Zptn *.nuc > *.ptn (Universal code);
%nuc2Zptn —m *.nuc > *.ptn (Mitochondrial code).

2) 1 2 3
%molcodon -1 *.nuc > *.1st (1 )
%molcodon -2 *.nuc > *.2nd (2 )
%molcodon -3 *.nuc > *.39 (3 )
%nuc2code *.nuc > *.code ( 3

3) Molphy

Y%phy2mol (mol2phy) *.phy >*.mol
%megaZmol *.mega > *.mol



104 331 ndl

Homsa Homo sapiens (human) # D38112

M- PMANLLLLIVPILIAMAFLMLTERKILGYMQLRKGPNVVGPYGLLQPFADAM
KLFTKEPLKPATSTITLY ITAPTLALTIALLLWAPLPMPNPLVNLNLGLLFILATSSLAV
YSILWSGWASNSNYAL IGALRAVAQTISYEVTLAIILLSTLLMSGSFNLSTLITAQEHLW
LLLPSWPLAMMWFISTLAETNRTPFDLAEGESELVSGFNIEYAAGPFALFFMAEYTNI IM
MNTLTTTIFLGTTYDALSPELYTTYFVTKTLLLTSLFLWIRTAYPRFRYDQLMHLLWKNF
LPLTLALLMWYVSMPITISSI-PP-QT----

Pantr Pan troglodytes (chimpanzee) # D38113

T PMTNLLLLIVPILIAMAFLMLTERKILGYMQLRKGPNIVGPYGLLQPFADAM
KLFTKEPLKPSTSTITLY ITAPTLALTIALLLWTPLPMPNPLVNLNLGLLFILATSSLAV
YSILWSGWASNSNYAL 1GALRAVAQTISYEVTLAT ILLSTLLMSGSFNLSTLVTTQEHLW
LILPTWPLAMMWFISTLAETNRTPFDLTEGESELVSGFNIEYAAGPFALFFMAEYMNI IM
MNTLTATIFLGATYNTHSPELYTTYFVTKALLLTSLFLWIRTAYPRFRYDQLMHLLWKNF
LPLTLASLMWY ISMPTTISSI-PP-QT----

Panpa Pan paniscus (bonobo) # D38116

T-——-——- PMTNLLLLIVPVLIAMAFLMLTERKILGYMQLRKGPNIVGPYGLLQPFADAM
KLFTKEPLKPSTSTITLY ITAPTLALTIALLLWTPLPMPNPLVNLNLGLLFILATSSLAV
YSILWSGWASNSNYAL IGALRAVAQTISYEVTLAIILLSTLLMSGSFNLSTLITTQEHLW
LILPTWPLAMMWFISTLAETNRTPFDLTEGESELVSGFNIEYAAGPFALFFMAEYMNIT IM
MNTLTATIFLGTTYNTHSPELYTTYFVTKALLLTSLFLWIRTTYPRLCYDQLMHLLWKNF
LPLTLASLMWY ISMPTTISSI-PP-QT----

Gorgo Gorilla gorilla (gorilla) # D38114

M=———— - SMANLLLLIVPILIAMAFLMLTERKILGYMQLRKGPNVVGPYGLLQPFADAM
KLFTKEPLKPSTSTITLY ITAPTLALTIALLLWTPLPMPNPLVNLNLGLLFILATSSLAV
YSILWSGWASNSNYAL 1GALRAVAQTISYEVTLAT ILLSTLLMNGSFNLSTLIMTQEHLW
LLLPTWPLAMMWFISTLAETNRTPFDLAEGESELVSGFNIEYAAGPLALFFMAEYMNI IM
MNTLTTMIFLGTTYNAHSPELYTVCFITKTLLLTSLFLWIRTAYPRFRYDQLMHLLWKNF
LPLTLALLMWY ISMPTTISSI-PP-QT----

Ponpy Pongo pygmaeus (Bornean orangutan) # D38115

M PVINLLLLTMSILIAMAFLMLTERKILGYTQLRKGPNIVGPCGLLQPFADAL
KLFTKEPLKPSTSTTILY IVSPALALTIALLLWTPLPMPNPL INLNLGLLFILATSSLTV
YSILWSGWASNSNYALIGTLRAVAQTISYEITLALILLSVLLMSGSFNLSTLITPQENSW
LLLPSWPLALMWFISTLAETNRAPFDLTEGESELVSGFNTEYAAGPFALFFMAEYTNIIL
MNALTAMIFLGTTFNIHSPELHTTLFTIKTLLLTSLFLWIRQTYPRFRYDQLMHLLWKNF
LPLTLALLMWHISMPITTSGI-PP-QT----

Ponpy Pongo pygmaeus abelii (Sumatran orangutan) # X97707
M-—————= PMINLLLLIMSILIAMAFLMLTERKILGHTQLRKGPNIVGPYGLLQPFADAL
KLFTKEPLKPSTSTITLY 1 1SPALALTIALLLWTPLPMPIPLINLNLGLLFILAASSLTV
YSILWSGWASNSNYAL IGALRAVAQTISYEITLALILLSVLLMSGSFNLSALITTQEHSW
LLLPSWPLALMWFISTLAETNRAPFDLTEGESELVSGFNTEYAAGPFALFFMAEYTNIIL
MNALTTMIFLGTTENIHSPELYTTLFTIKTLLLTSLFLWIRSTYPRFRYDQLMHLLWKNF
LPLTLALLMWHISVPIATSGI-PP-QT---*

Hylla Hylobates lar (common gibbon) # X99256 (lar gibbon)
M——————- PMINLLLLILPTLIAMAFLMLTERKILGYTQLRKGPNIVGPYGLLQPFADAM
KLFTKEPLKPSTSTTALY 1 IAPTLALTIALLLWTPLPMPNPLINLNLGLLFILATSSLTV
YSILWSGWASNSNYAL IGALRAVAQTISYEVTSAI ILLSVLLMSGSFNLSTLITTQEHIW
LLLPTWPLAMMWFISTLAETNRTPFDLTEGESELVSGFNTEYAAGPFALFFMAEYVNI IM
MNALTTMIFLGTTHNAHRPELYTTCFTIKTLLLTSLFLWIRTTYPRFRYDQLMYLLWKNF
LPLTLTLLMWY ISLSTMIASI-PP-QT---*



1)
%nucst *.nuc > *.nucst
Yoprotst *.ptn > *.ptnst

LogDet
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. 069
. 068
. 068
. 065
. 060
. 058
. 065
. 065
. 057
. 068
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. 047
. 043
. 048
. 044
. 045
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. 048
. 048
. 041
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. 042



Jukes-Cantor model (1969)
Kimura model (1980,1981) Proportional model

Felsenstein model (1981) Dayhoff model (Dayhoff et al. 1978)

HKY model (1985) o JTT model (Jones,Taylor & Thornton,1992)
Tamura & Nei model (1993) mt-REV model (Adachi & Hasegawa, 1996)

Poisson model



NucML 2.3b6(December 16 1996) Maximum Likelihood Inference of Nucleic
Acid Phylogeny

Copyright (C) 1992-1996 J. Adachi & M. Hasegawa. All rights reserved.
Usage: nucml [switches] sequence_file [topology_file]

sequence_file = MOLPHY format | Sequential(-S) | Interleaved(-I)
topology file = users_trees(-u) | constrained _tree(-e)

Model:

-tnl nl: Alpha/Betaratio (default:4.0) Hasegawa, Kishino & Yano(1985)
-t n1,n2 n2: AlphaY/AlphaR ratio (default:1.0) Tamura & Nei(1993)

-p Proportional -pf Poisson (-f withOTU data Frequencies)

-r users RSR-F -rf users RSR (Relative Substitution Rate)
Search strategy or Mode:

-u Users trees (need users_trees file)

-R local Rearrangement search -RX LBP only

-e Exhaustive search (with/without constrained_tree file)

-s Star decomposition search (may not be the ML tree)

- Quick add OTUs search (may not be the ML tree)

-D maximum likelihood Distance matrix --> NJDIST

Others:

-n num retained top ranking trees (default -e:105,-g:50)

-P num Per cent (default -e:30, if possible trees<=945 : 200)

-b no RELL-BP -M Minimum evolution (with -e)

-S Sequential format -l Interleaved format

-v verbose to stderr -i, -w output some information



ProtML 2.3b6(December 16 1996) Maximum Likelihood Inference of Protein
Phylogeny

Copyright (C) 1992-1996 J. Adachi & M. Hasegawa. All rights reserved.
Usage: protml [switches] sequence_file [topology_file]

sequence_file = MOLPHY format | Sequential(-S) | Interleaved(-l)
topology_file = users_trees(-u) | constrained _tree(-e)

Model:

-} JTT (default) -jf JTT-F Jones, Taylor & Thornton(1992)
-d Dayhoff -df Dayhoff-F  Dayhoff et al.(1978)

-m mtREV24 -mf mtREV24-F Adachi & Hasegawa(1996)
-p Poisson -pf Proportional (-f: with data Frequencies)

-r users RSR -rf users RSR-F (Relative Substitution Rate)
Search strategy or Mode:

-u Users trees (need users_trees file)

-R local Rearrangement search -RX LBP only

-e Exhaustive search (with/without constrained _tree file)
-s Star decomposition search (may not be the ML tree)

-g Quick add OTUs search (may not be the ML tree)

-D maximum likelihood Distance matrix --> NJDIST

Others:

-n num retained top ranking trees (default -e:105,-g:50)

-P num Per cent (default -e:30, if possible trees<=945 : 200)
-b no RELL-BP -M Minimum evolution (with -e)

-S Sequential format -| Interleaved format

-v verbose to stderr -i, -w output some information



OTU topology

topology
MOLPHY NJ

topology topology
( )

% protml -mf -e —n 10000 sequence_file constrained file > topology_file
% protml -mf -u sequence_file topology_file > ML _file

% protml —mfD sequence file > distance file
% njdist —o n distance_file > NJtree_file (njdiat.tpl
% protml -mfR sequence_file NJtopology file > MLtreelr_file



constrained file

(Hipam,Phyca,{Balmy,
(Eubau,Eubgl),
Capma,

Escro,

(Balac,Balbon),
(Balbor,Baled),
Balmu,

Balph,

Megno});




10000 / 2027025 protml 2.3b6 "mtREV24-F" 14 OTUs 3535 sites. ndl nd2 coxl cox2 atp8 atp6 cox3 nd3 nd4l nd4 nd5 cob

# <= 10000 trees (top ranking for approx. In L) in the top 30.0% range of TBL
# range TBL trees

# < 36.77 0

# 5% 37.26 1164

# 10% 37.75 21656 *

# 15% 38.25 95722 *****

# 20% 38.74 166432 ***dkkix

# 25% 39 . 23 551569 AEXEAXAXAAAXAAAXAAAAXAAAXAAAAXAAAXAXAAX

# 30% 39 . 72 930987 AEAEXAXAAAXAAAXAAAXAAAXAAAAXAAAXAAAAXAAAXAAAAXAAAXAAAAXAAAXAAK
# 35% 40.22 259482 FFFxFAdxAdhxx

# 40% 40.71 13

# 45% 41.20 0

# 50% 41.70 0

# 55% 42.19 0

# 60% 42 .68 0

# 65% 43.17 0

# 70% 43.67 0

# 75% 44.16 0

# 80% 44 .65 0

# 85% 45.15 0

# 90% 45.64 0

# 95% 46.13 0

# 100% 46.62 0

# over 0

# approx. In L -18191.3 ... -18350.9 diff 159.7, TBL 36.8 ... 37.7 diff 0.9

(Hipam,Phyca, ((Balmy, (Eubau,Eubgl)), (Capma, (Escro, ((Balac,Balbon), (((Balbor,Baled),Balmu), (Balph,Megno)))))));
(Hipam,Phyca, ((Balmy, (Eubau,Eubgl)), (Capma, (Escro, (((Balac,Balbon), ((Balbor,Baled),Balmu)), (Balph,Megno))))));
(Hipam,Phyca, ((Balmy, (Eubau,Eubgl)), (Capma, (Escro, (((Balac,Balbon), (Balph,Megno)), ((Balbor,Baled),Balmu))))));
(Hipam,Phyca, ((Balmy, (Eubau,Eubgl)), (Capma, ((Escro, (Balac,Balbon)), (((Balbor,Baled),Balmu), (Balph,Megno)))))); 19.
(Hipam,Phyca, ((Balmy, (Eubau,Eubgl)), (Capma, ((Escro, (((Balbor,Baled),Balmu), (Balph,Megno))), (Balac,Balbon))))); 19.
(Hipam,Phyca, (((Balmy, (Eubau,Eubgl)),Capma), (Escro, ((Balac,Balbon), (((Balbor,Baled),Balmu), (Balph,Megno)))))); 23.
(Hipam,Phyca, (((Balmy, (Eubau,Eubgl)), (Escro, ((Balac,Balbon), (((Balbor,Baled) ,Balmu), (Balph,Megno))))),Capma)); 23.
(Hipam,Phyca, ((Balmy, (Eubau,Eubgl)), (Capma, ((Escro, ((Balac,Balbon), ((Balbor,Baled),Balmu))), (Balph,Megno))))); 25.
(Hipam,Phyca, ((Balmy, (Eubau,Eubgl)), (Capma, (((Escro, (Balac,Balbon)), (Balph,Megno)), ((Balbor,Baled),Balmu))))); 25.
(Hipam,Phyca, ((Balmy, (Eubau,Eubgl)), ((Capma, ((Balac,Balbon), (((Balbor,Baled) ,Balmu), (Balph,Megno)))),Escro))); 27.
(Hipam,Phyca, ((Balmy, (Eubau,Eubgl)), (Capma, ((Escro, ((Balac,Balbon), (Balph,Megno))), ((Balbor,Baled),Balmu))))); 28.
(Hipam,Phyca, ((Balmy, (Eubau,Eubgl)), (Capma, (Escro, ((Balac,Balbon), ((((Balbor ,Baled),Balmu) ,Megno) ,Balph)))))); 29.
(Hipam,Phyca, ((Balmy, (Eubau,Eubgl)), (Capma, ((Escro, (Balph,Megno)), ((Balac,Balbon), ((Balbor,Baled),Balmu)))))); 29.
(Hipam,Phyca, ((Balmy, (Eubau,Eubgl)), ((Capma,Escro), ((Balac,Balbon), (((Balbor,Baled),Balmu), (Balph,Megno)))))); 29.
(Hipam,Phyca, ((Balmy, (Eubau,Eubgl)), (Capma, (Escro, ((Balac,Balbon), ((((Balbor ,Baled),Balmu),Balph),Megno)))))); 29.

[N Ne)
o 01 O

OFRPOONUIOOONOO W



protml 2.3b6 mtREV24-F 14 OTUs 3535 sites. ndl nd2 coxl cox2 atp8 atp6 cox3 nd3 nd4l nd4 nd5 cob
#1

———————————— 1 Hipam
——————— 14 Phyca
:-11 Balmy
--16
: -9 Eubau
:-15
: o :-12 Eubgl
:---25
: ----13 Capma
:-24
:---10 Escro
:-23
: :--8 Balac
I--17
: ;-7 Balbon
=22
: :-6 Balbor
:-18
:-5 Baled
:-19
: :--3 Balmu
=21
: :--2 Balph
:-20
:--4 Megno
No.1 ext. branch S.E. int. branch S_E.
Hipam 1 11.65 0.62 15 0.62 0.14
Balph 2 1.45 0.21 16 1.10 0.19
Balmu 3 1.02 0.18 17 1.07 0.18
Megno 4 1.37 0.20 18 0.80 0.16
Baled 5 0.88 0.16 19 0.45 0.12
Balbor 6 0.40 0.11 20 0.42 0.12
Balbon 7 0.67 0.14 21 0.17 0.09
Balac 8 1.32 0.20 22 0.36 0.12
Eubau 9 0.07 0.05 23 0.45 0.13
Escro 10 2.18 0.26 24 0.59 0.15
Balmy 11 0.68 0.14 25 2.53 0.32
Eubgl 12 0.24 0.08 TBL : 40.26 iter: 4
Capma 13 3.28 0.31 In L: -18168.04 +- 302.04
Phyca 14 6.50 0.47 AIC : 36424.09
#2
I 1 Hipam
——————— 14 Phyca
:-11 Balmy
:--16
: :-9 Eubau
:-15
: : :-12 Eubgl
i---25
: ----13 Capma
=24

:-—-10 Escro



protml 2.3b6 mtREV24-F 10000 trees 14 OTUs 3535 sites. ndl nd2 coxl cox2 atp8 atp6 cox3 nd3 nd4l nd4 nd5 cob

Tree InL Diff InL S.E. #Para AIC Diff AIC TBL RELL-BP
1 -18168.0 0.0 <-best 44 36424.1 0.0 ME  0.2609
2 -18170.6 -2.5 9.0 44 36429.1 5.0 0.0 0.1739
3 -18171.9 -3.8 8.7 44 36431.7 7.7 0.0 0.1069
4 -18180.7 -12.6 12.3 44 36449.4 25.3 0.1 0.0496
5 -18186.0 -18.0 10.6 44 36460.1 36.0 0.2 0.0035
6 -18195.9 -27.8 12.0 44 36479.7 55.7 0.3 0.0005
7 -18192.9 -24.8 12.4 44 36473.7 49.6 0.1 0.0041
8 -18190.0 -22.0 17.1 44 36468.1 44.0 0.2 0.0064
9 -18190.4 -22.4 16.1 44 36468.8 44.7 0.2 0.0101
10 -18195.1 -27.1 12.3 44 36478.2 54.1 0.3 0.0005
11 -18197.7 -29.7 16.1 44 36483.4 59.4 0.3 0.0008
12 -18189.8 -21.7 14.3 44 36467.6 43.5 0.1 0.0236
13 -18198.0 -29.9 15.2 44 36484.0 59.9 0.3 0.0000
14 -18191.1 -23.1 12.9 44 36470.2 46.1 0.2 0.0075
15 -18196.9 -28.8 12.7 44 36481.8 57.7 0.2 0.0001
16 -18198.8 -30.8 15.2 44 36485.7 61.6 0.3 0.0001
17 -18198.4 -30.3 15.0 44 36484.8 60.7 0.3 0.0005
18 -18195.8 -27.8 15.6 44 36479.7 55.6 0.1 0.0019
19 -18196.3 -28.2 15.1 44 36480.6 56.5 0.1 0.0011
20 -18200.4 -32.4 13.9 44 36488.8 64.7 0.3 0.0000
21 -18186.6 -18.6 17.4 44 36461.3 37.2 0.2 0.0141
22 -18202.9 -34.9 17.2 44 36493.8 69.7 0.2 0.0001
23 -18183.8 -15.8 19.4 44 36455.7 31.6 0.2 0.0687
24 -18193.6 -25.6 14.1 44 36475.2 51.2 0.2 0.0022
25 -18202.5 -34.5 15.4 44 36493.0 68.9 0.3 0.0000
26 -18192.4 -24.3 14.5 44 36472.8 48.7 0.2 0.0024
27 -18185.7 -17.6 17.1 44 36459.3 35.2 0.2 0.0365
28 -18192.0 -23.9 14.8 44 36471.9 47.8 0.2 0.0067
29 -18187.8 -19.7 18.4 44 36463.5 39.4 0.2 0.0136
30 -18195.9 -27.8 18.5 44 36479.8 55.7 0.2 0.0126
31 -18191.1 -23.0 15.2 44 36470.2 46.1 0.2 0.0062
32 -18204.5 -36.4 16.1 44 36496.9 72.9 0.3 0.0001
33 -18203.4 -35.4 16.5 44 36494.8 70.8 0.2 0.0000
34 -18212.7 -44.7 15.8 44 36513.4 89.3 0.3 0.0000
35 -18209.7 -41.7 16.3 44 36507.4 83.3 0.3 0.0001
36 -18201.1 -33.0 18.0 44 36490.1 66.0 0.2 0.0037
37 -18201.8 -33.8 16.8 44 36491.7 67.6 0.2 0.0011
38 -18195.5 -27.4 17.9 44 36478.9 54.9 0.2 0.0093
39 -18209.6 -41.5 17.2 44 36507.1 83.1 0.4 0.0003
40 -18205.2 -37.2 17.4 44 36498.4 74.4 0.2 0.0005
41 -18212.3 -44.2 15.7 44 36512.6 88.5 0.3 0.0000
42 -18210.0 -41.9 15.9 44 36508.0 83.9 0.3 0.0001
43 -18212.1 -44.1 15.9 44 36512.2 88.1 0.4 0.0000
44 -18212.9 -44.8 17.6 44 36513.7 89.7 0.3 0.0005
45 -18205.5 -37.5 19.2 44 36499.0 74.9 0.2 0.0080
46 -18214.0 -46.0 21.2 44 36516.1 92.0 0.3 0.0003
47 -18220.3 -52.3 19.8 44 36528.7 104.6 0.5 0.0000
48 -18218.4 -50.4 21.0 44 36524.8 100.7 0.4 0.0000
49 -18218.4 -50.4 19.9 44 36524.8 100.7 0.5 0.0000
50 -18204.3 -36.3 18.9 44 36496.7 72.6 0.3 0.0028

8 8 4 44 36523.7 99.6 0.3 0.0008

51 -18217.

-49.



14 3535 sites mtREV24-F ndl nd2 coxl cox2 atp8 atp6 cox3 nd3

Hipam Hippopotamus amphibius (hippopotamus)
0.000000000000 0.153580525863 0.152341133796
0.151740699891 0.151384309969 0.152927634810
0.152494603302 0.152069177505 0.158653083608

Balph Balaenoptera physalus (fin whale)
0.153580525863 0.000000000000 0.027861710165
0.030482220514 0.031910037028 0.038960084185
0.041894923216 0.041829729679 0.053327901901

Balmu Balaenoptera musculus (blue whale)
0.152341133796 0.027861710165 0.000000000000
0.020420925868 0.029496610867 0.035331685494
0.038051509922 0.040120942278 0.050363073264

Megno Megaptera novaeangliae (Humpback whale)
0.151332783168 0.027404145088 0.028289243438
0.029486715894 0.032751311032 0.038843575223
0.041263185592 0.041832834680 0.049738366917

Baled Balaenoptera edeni (Bryde®s whale)
0.154100981904 0.035190847377 0.024794483896
0.012580464517 0.033631193639 0.039174305753
0.042462637654 0.043072749274 0.050023868060

Balbor Balaenoptera borealis (Sei whale)
0.151740699891 0.030482220514 0.020420925868
0.000000000000 0.032159531065 0.035046051142
0.039240687397 0.041305235984 0.047639492109

0.
0.
0.

0.
0.
0.

0.
0.
0.

0.
0.
0.

0.
0.
0.

0.
0.040132044288
0.

151332783168
151231079281
173257287807

027404145088
039462576534
107486453535

028289243438
038948648668
104786677038

000000000000
040670432928
104817245281
032404039101
042488823733
104225746502
029486715894

103350050478

Balbon Balaenoptera bonaerensis (Antarctic minke whale)
0.151384309969 0.031910037028 0.029496610867 0.032751311032
0.032159531065 0.000000000000 0.019788277844 0.038625544093
0.039564209075 0.039503464854 0.050997249360 0.102593094788

nd41 nd4 nd5 cob

0
0

0.
0.

0.
0.

0

0.

0.
0.

0.
0.

0.
0.

Balac Balaenoptera acutorostrata (North Atlantic minke whale)

0.152927634810
0.035046051142
0.047187474786
Eubau Eubalaena

0.038960084185 0.035331685494 0.038843575223 0.
0.019788277844 0.000000000000 0.046559861473 O.

0.048033263921 0.053837374383 0.106310304179
australis (Southern right whale)

0.151231079281 0.039462576534 0.038948648668
0.040132044288 0.038625544093 0.046559861473
0.013682619178 0.003118727878 0.052391890505

Escro Eschrichtius robustus (Grey whale)
0.151776098041 0.042835529946 0.036196198259
0.037153245901 0.037401807203 0.043295975025
0.044320382285 0.044806243269 0.053606001107

Balmy Balaena mysticetus (Bowhead whale)
0.152494603302 0.041894923216 0.038051509922
0.039240687397 0.039564209075 0.047187474786
0.000000000000 0.015122707747 0.052609295950

0.152069177505 0.041829729679
0.041305235984 0.039503464854
0.015122707747 0.000000000000
Capma Caperea marginata (Pygmy
0.158653083608 0.053327901901
0.047639492109 0.050997249360 0.053837374383
0.052609295950 0.053611075154 0.000000000000
Phyca Physeter catodon (sperm whale)

0.173257287807 0.107486453535 0.104786677038
0.103350050478 0.102593094788 0.106310304179
0.097840413246 0.097723878711 0.114025556143

0.040120942278
0.048033263921
0.053611075154
right whale)

0.050363073264

0.
0.
0.

040670432928
000000000000
097736656928

-040305238223
.044571119424
-102507043017

0.041263185592
0.013682619178
0.097840413246
Eubgl Eubalaena glacialis (Northern right whale)
0.041832834680
0.003118727878
0.097723878711

-049738366917
-052391890505
-114025556143

.104817245281
.097736656928
-000000000000

0.
0.

0.
0.

0.
0.

0.
0.

0.
0.

0.
0.

-154100981904
.151776098041

035190847377
042835529946

024794483896
036196198259

-032404039101
040305238223

000000000000
039211572680

012580464517
037153245901

033631193639
037401807203

039174305753
043295975025

042488823733
044571119424

039211572680
000000000000

042462637654
044320382285

043072749274
044806243269

050023868060
053606001107

104225746502
102507043017



ngdist 1.2.5 14 OTUs 3535 sites mtREV24-F ndl nd2 coxl cox2 atp8 atp6 cox3 nd3 nd4l nd4 nd5
cob

:--2 Balph
:-22
:—-4 Megno

|
N
o) I

:--3 Balmu
:-23
: :-5 Baled
:-18

-6 Balbor

:-7 Balbon

1
N
[ I | _bll [ T N T I R B I I |

|
=
(o]

u :--8 Balac
=21
: :---10 Escro
:-20
: ----13 Capma

I

|
=
o1

: :-9 Eubau
: :-16

: : 1-12 Eubgl
:-11 Balmy

——————— 14 Phyca

((((Balph,mMegno), (Balmu, (Baled,Balbor))), (Balbon,Balac)),Escro),Capma) , ((Eubau,Eubgl) ,Balmy)),Phyca,Hipam);



protml 2.3b6 mtREV24-F 14 OTUs 3535 sites. ndl nd2 coxl cox2 atp8 atp6 cox3 nd3 nd4l nd4 nd5 cob
(((((((Balph,vegno), (Balmu, (Baled,Balbor))), (Balbon,Balac)) ,Escro),Capma) , ((Eubau,Eubgl) ,Balmy)),Phyca,Hipam);

:--2 Balph
:-15
:--4 Megno
:-18
: :--3 Balmu
=17
:-5 Baled
:-16
: -6 Balbor
:-20
T :-7 Balbon
:--19
: :--8 Balac
:-21
: :---10 Escro
=22
: :—----13 Capma
:---25
: : :-9 Eubau
:-23
. :-12 Eubgl
--24
:-11 Balmy
——————— 14 Phyca
———————————— 1 Hipam
No.1 ext. branch S_.E. int. branch S_E. LBP 2nd pair
Hipam 1 11.65 0.62 15 0.42 0.12 0.940 0.058 17&4
Balph 2 1.45 0.21 16 0.80 0.16 1.0 0.0 386
Balmu 3 1.02 0.18 17 0.45 0.12 0.981 0.019 3&15
Megno 4 1.37 0.20 18 0.17 0.09 0.478 0.307 19&17
Baled 5 0.88 0.16 19 1.07 0.18 1.0 0.0 78&18
Balbor 6 0.40 0.11 20 0.36 0.12 0.837 0.142 10&19
Balbon 7 0.67 0.14 21 0.45 0.13 0.966 0.028 13&10
Balac 8 1.32 0.20 22 0.59 0.15 0.990 0.009 21&24
Eubau 9 0.07 0.05 23 0.62 0.14 1.0 0.0 11812
Escro 10 2.18 0.26 24 1.10 0.19 1.0 0.0 22811
Balmy 11 0.68 0.14 25 2.53 0.32 1.0 0.0 14&24
Eubgl 12 0.24 0.08 TBL : 40.26 iter: 1
Capma 13 3.28 0.31 In L: -18168.04 +- 302.04
Phyca 14 6.50 0.47 AIC : 36424 .09



AlIC

MOLPHY

% protml -mfv -u - sequence_file topology_file > outfile
ND1.lls
% totalml *.lls > total file



totalml 1.2 (01/26/00) 24 data sets 8155 sites.
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same bootstrap likelihood occured 1 times

tree 1

1 0.0101
2 0.4210
3 0.0307
4 0.0549
5 0.0130
6 0.3027
7 0.0084
8 0.0001
9 0.0191
10 0.1359
11 0.0013
12 0.0023
13 0.0000
14 0.0002

15 0.0003

2
0.0106
0.0141
0.2627
0.5407
0.0026
0.0367
0.0025
0.0743
0.0000
0.0003
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Comparison of log-likelihood scor es among the 15 possible trees among Aves(Bi), Crocodylia(Al), Testudines(Tu),
Squamata(Li) for nuclectideswith the HKY model and HKY +T" model. Thelog-likelihood values of the highest
likelihood trees are given in angle brackets, and the differencesin log-likelihood of alter native trees from that of the
ML tree areshown with their S.E. following + .

AU: Approximate unbiased, BP: RELL bootstrap probability, KH: Kishino-Hasegawa test, SH: Shimodair a-
Hasegawa test.

HKY + T modél
HKY model
topology Al SE AU BP KH SH Al SE AU BP KH SH
01 ((Bi,(Tu,Al)),Li) <-15531.0> 0.968 0.918 0.944 0.999 <-14984.7> 0.837 0.698 0.778 0.972
02 (Bi,((Tu,Al),Li)) -21.8+ 13.8 0.081 0.046 0.056 0.377 -42+ 5.6 0.356 0.172 0.222 0.669
03 ((Bi,Li),(Tu,Al)) -23.6+ 13.4 0.064 0.029 0.043 0.333 -5.0+ 5.3 0.248 0.108 0.169 0.630
04 (((Bi,AD),Tu),Li) -54.7¢ 16.4 0.001 0.000 0.000 0.022 -23.0+ 9.1 0.009 0.002 0.009 0.036
05 (Bi,((Tu,Li),Al)) -57.2+ 235 0.015 0.005 0.008 0.015 -21.2+ 11.4 0.036 0.012 0.032 0.051
06 (((Bi,Tu),Al),Li) -61.5¢ 15.3 0.002 0.000 0.000 0.007 -24.1+ 8.7 0.014 0.001 0.005 0.024
07 (((Bi,Li), Tu),Al) -65.2+ 21.9 0.002 0.000 0.002 0.004 245+ 11.4 0.021 0.005 0.018 0.028
08 (Bi,(Tu,(Al,Li))) -74.0+ 21.6 0.001 0.000 0.000 0.001 -24.7+ 105 0.005 0.000 0.010 0.017
09 (((Bi,Li),Al),Tu) -75.0+ 20.4 0.000 0.000 0.000 0.001 -27.3+ 10.6 0.004 0.000 0.007 0.011
10 ((Bi,(Tu,Li)),Al) -87.0¢ 24.6 0.000 0.000 0.001 0.001 -30.0¢ 12.3 0.016 0.002 0.009 0.012
11 ((Bi,Al),(Tu,L1)) -90.3t 23.8 0.000 0.000 0.000 0.000 -31.9¢ 11.8 0.012 0.000 0.005 0.007
12 (((Bi,Tu),Li),Al) -106.4+ 22.4 0.001 0.000 0.000 0.000 -33.3¢ 11.6 0.022 0.000 0.003 0.004
13 (((Bi,Al),Li),Tu) -108.1+ 21.6 0.000 0.000 0.000 0.000 -35.1+ 11.1 0.015 0.000 0.002 0.002
14 ((Bi,Tu),(Al,Li)) -114.4+ 21.2 0.000 0.000 0.000 0.000 -36.6+ 10.8 0.000 0.000 0.001 0.001
15 ((Bi,(Al,Li)),Tu) -114.9+ 21.3 0.000 0.000 0.000 0.000 -36.6+ 10.8 0.000 0.000 0.001 0.001




Comparison of log-likelihood scor es among the 15 possible trees among Aves(Bi), Crocodylia(Al), Testudines(Tu),
Squamata(Li) for proteinswith the JTT-F model and JTT-F +I" model. The log-likelihood values of the highest
likelihood trees are given in angle brackets, and the differencesin log-likelihood of alter native trees from that of the
ML tree areshown with their S.E. following = .

AU: Approximate unbiased, BP: RELL bootstrap probability, KH: Kishino-Hasegawa test, SH: Shimodair a-
Hasegawa test.

JTT-F model JTT-F+T model
topology Alx SE AU BP KH SH Alx SE AU BP KH SH
01 ((Bi,(Tu,Al)),Li) 5.1+ 7.7 0.370 0.165 0.244 0.718 3.6+ 4.1 0.265 0.117 0.186 0.635
02 (Bi,((Tu,Al),Li)) -5.2¢ 7.7 0.381 0.159 0.242 0.714 -3.7+ 4.1 0.281 0.109 0.183 0.630
03 ((Bi,Li),(Tu,Al)) <-5890.4> 0.881 0.560 0.756 0.976 <-5789.3> 0.928 0.669 0.814 0.980
04 (((Bi,Al), Tu),Li) -25.6+ 14.8 0.053 0.010 0.041 0.083 -18.5+ 9.3 0.038 0.004 0.025 0.037
05 (Bi,((Tu,Li),Al)) -26.1+ 12.7 0.003 0.000 0.026 0.060 -16.2+ 8.0 0.011 0.000 0.026 0.049
06 (((Bi,Tu),Al),Li) -29.8+ 13.8 0.007 0.000 0.018 0.034 -19.3+ 9.0 0.014 0.000 0.019 0.027
07 (((Bi,Li),Tu),Al) -15.9+ 104 0.105 0.029 0.069 0.311 -10.1+ 7.7 0.148 0.063 0.093 0.269
08 (Bi,(Tu,(Al,L1))) -20.9+ 13.8 0.087 0.024 0.064 0.161 -15.0+ 85 0.076 0.013 0.042 0.080
09 (((Bi,Li),Al),Tu) -14.6+ 10.8 0.153 0.052 0.091 0.353 -11.4+ 7.3 0.074 0.019 0.064 0.203
10 ((Bi,(Tu,Li)),Al) -35.5+ 14.1 0.000 0.000 0.008 0.014 -18.9+ 9.7 0.030 0.002 0.028 0.040
11 ((Bi,Al),(Tu,Li)) -33.6+ 14.7 0.055 0.001 0.017 0.026 -20.4+ 9.5 0.004 0.000 0.018 0.027
12 (((Bi,Tu),Li),Al) -35.0+ 14.3 0.001 0.000 0.010 0.016 -18.8+ 9.7 0.030 0.004 0.029 0.041
13 (((Bi,Al),Li),Tu) -30.2+ 15.2 0.039 0.002 0.030 0.047 -19.5+ 9.7 0.043 0.004 0.023 0.035
14 ((Bi,Tu),(Al,Li)) -33.3¢ 14.7 0.009 0.000 0.017 0.025 -20.0+ 9.6 0.016 0.000 0.022 0.032
15 ((Bi,(Al,Li)),Tu) -30.0+ 15.3 0.028 0.002 0.028 0.047 -19.2+ 9.8 0.049 0.003 0.027 0.039




Comparison of log-likelihood scor es among the 15 possible trees among Afrotheria (Elephant(Ele),

Aardvark(Aar), Tenrec(Ten)) and Eulipotyphla (Shrew(Shr), Mole(Mol), Hedgehog(Hed))

for the 12 mt-

proteins. The analyses are based on the Shr/Mol and Ele/Aar grouping. Thelog-likelihood values of the
highest likelihood trees are given in angle brackets, and the differencesin log-likelihood of alternativetrees

from that of the ML treeare shown with their SE. following £ .

AU: Approximate unbiased, BP: RELL bootstrap probability, KH: Kishino-Hasegawa test, SH: Shimodair a-

Hasegawa test.
MtREV-F model MtREV-F + I" model

topology Alx SE AU BP KH SH AlxSE AU BP KH SH

1 ((ShrMol,Hed),(EleAar,Ten)) -23.2+ 17.8 0.152 0.082 0.092 0.402 <-28553.9> 0.838 0.676 0.732 0.988

2 ((ShrMol,(EleAar,Ten)),Hed) <-29813.4> 0.903 0.734 0.819 0.995 -6.4+ 10.9 0.390 0.243 0.268 0.650

3(((ShrMol,Hed),Ten),EleAar) -53.9+ 24.1 0.015 0.001 0.013 0.038 -13.4+ 7.4 0.069 0.021 0.039 0.355
4 (((ShrMol,Hed),EleAar),Ten) -46.3+ 23.8 0.031 0.005 0.026 0.068 -13.6+ 7.3 0.049 0.011 0.034 0.350

5 (ShrMol,((EleAar,Ten),Hed)) -47.3¢ 14.5 0.001 0.000 0.001 0.062 -185+ 84 0.005 0.001 0.017 0.181

6 (((ShrMol,EleAar),Ten),Hed) -15.7¢ 17.3 0.254 0.165 0.181 0.572 -18.9+ 15.0 0.130 0.045 0.102 0.183

7 (((ShrMol,Ten),EleAar),Hed) -37.5¢ 14.1 0.002 0.000 0.004 0.154 -26.0+ 13.7 0.002 0.000 0.029 0.049

8 ((ShrMol,EleAar),(Ten,Hed)) -44.1+ 24.8 0.042 0.009 0.039 0.092 -28.6+ 14.0 0.014 0.002 0.020 0.038

9 (ShrMal,(EleAar,(Ten,Hed))) -54.6+ 22.4 0.013 0.002 0.009 0.029 -28.6+ 11.6 0.008 0.001 0.006 0.028
10 (((ShrMol,EleAar),Hed),Ten) -60.3+ 23.4 0.000 0.000 0.005 0.014 -30.1+ 13.9 0.009 0.000 0.014 0.027
11 (ShrMol,((EleAar,Hed),Ten)) -82.1+ 19.9 0.000 0.000 0.000 0.000 -30.9+ 11.2 0.011 0.000 0.004 0.016
12 ((ShrMol,(Ten,Hed)),EleAar) -64.3+ 25.0 0.007 0.000 0.005 0.008 -35.1+ 12.2 0.004 0.000 0.002 0.007
13 (((ShrMol,Ten),Hed),EleAar) -86.9+ 22.7 0.013 0.000 0.000 0.000 -37.7+ 11.8 0.015 0.000 0.001 0.003
14 ((ShrMol,(EleAar ,Hed)),Ten) -89.0+ 22.4 0.000 0.000 0.000 0.000 -40.0+ 11.8 0.013 0.000 0.001 0.001
15 ((ShrMal, Ten),(EleAar ,Hed)) -96.0+ 21.2 0.023 0.000 0.000 0.000 -41.1+ 11.8 0.025 0.000 0.001 0.001




Comparison of log-likelihood scoresamong the 9 possible trees of the phylogenetic position of hedgehog among Afrotheria
(Elephant(Ele), Aardvark(Aar), Tenrec(Ten)) and the phylogenetic position of tenrec among Eulipotyphla (Shrew(Shr),
Mole(Moal), Hedgehog(Hed)) for the 12 mt-proteins. Thelog-likelihood values of the highest likelihood treesare given in
angle brackets, and the differencesin log-likelihood of alter native trees from that of the ML tree are shown with their S.E.

ing +
flLll:OVX\I;gr:)x.imate unbiased, BP: RELL bootstrap probability, KH: Kishino-Hasegawa test, SH: Shimodaira-Hasegawa
test.
MtREV-F model MtREV-F + T model

topology Al SE AU BP KH SH Al SE AU BP KH SH
1 (((Shr,Mol),Hed),((Ele,Aar),Ten)) <-29836.6> 0.697 0.572 0.636 0.917 <-28553.9> 0.842 0.776 0.791 0.972
2 (((Shr,Mol),Hed),((Ele, Ten),Aar)) 4.7+ 142 0.435 0.328 0.364 0.750 -10.3+ 7.0 0.073 0.028 0.075 0.351
3(((Shr,Mol),Hed),(Ele,(Aar,Ten))) -11.9+ 13.7 0.182 0.102 0.194 0571 6.6+ 8.1 0.246 0.194 0.209 0.526
4 ((Shr,(Mol,Hed)),((Ele Aar),Ten)) -88.6+ 19.3 0.001 0.000 0.000 0.000 -30.2+ 9.9 0.002 0.001 0.002 0.014
5 ((Shr,(Mol,Hed)),((Ele, Ten),Aar)) -89.5+ 23.6 0.001 0.000 0.000 0.000 -30.9+ 12.0 0.001 0.000 0.001 0.001
6 (((Shr,Hed),Mol),((Ele Aar),Ten)) -90.3+ 19.0 0.000 0.000 0.000 0.000 -30.8+ 9.7 0.001 0.000 0.001 0.012
7 (((Shr,Hed),Mol),((Ele, Ten),Aar)) -90.5+ 23.4 0.006 0.000 0.000 0.000 -40.2¢ 11.9 0.001 0.000 0.000 0.001
8 ((Shr,(Mol ,Hed)),(Ele,(Aar,Ten))) -97.2+ 232 0.000 0.000 0.000 0.000 -35.9+ 12.7 0.002 0.000 0.003 0.003
9 (((Shr,Hed),Mol),(Ele,(Aar,Ten))) -97.7+ 23.0 0.000 0.000 0.000 0.000 -36.2+ 12.7 0.003 0.000 0.002 0.003




112 122 nd3

SB17F M NFALI LM | NTLLALLLM | TFWLPQLNGYMEKSTPYECCGFDPMSPARVPFSMKFFLVAI TFLLFDLEI ALLLPLPWAL QT TNLPLMYMS- SLLLI T | LALSLAYEW. QKGLDWAE- - - -
CHI WP M NFVLI LM TNTLLALLLM | TFW.PQLNSYMEKSTPYECG-DPMSPARVPFSMKFFLVAI TFLLFDLEI ALLLPLPWALQTANLPLMWVTS- SLLLI TI LALSLAYEW. QKGLDWIE- - - -
PyGC M NFVLI LM TNTLLALLLM | TFW.PQLNSYMEKSNPYECG-DPMSPARVPFSMKFFLVAI TFLLFDLEI ALLLPLPWALQTANLPLMMS- SLLLI TI LALSLAYEW. QKGLDWAE- - - -
GORI L M NFALI LM TNTLLALLLM | TFWLPQLNSYMEKTNPYECGFDPVSPARI PFSMKFFLVAI TFLLFDLEI ALLLPLPWALQTTNLPLMVNVS- SLLLI | | LTLSLAYEW. QKGLDWIE- - - -
ORANG I - NFVLALT- | NTLLALLLM LTFW.PQLNPYMEKSDPYECGFDPAYPARI PFSMKFFLVAI TFLLFDLEI ALLLPLPWALQTTNLPLMITS- SLMLI | | LALGLTYEWSQKGLDWIE- - - -
Ponpy I - NFVLALT- VNTLLALLLMIT TFWL.PQLYPYMEKSDPYECGFDPAYPARI PFSMKFFLVAI TFLLFDLEI ALLLPLPWALQTTNLPLMITS- SLMLI | | LALGLTYEWSQKGLDWAE- - - -
Hyl I a M NLALALM | NTLLALLLMIT TRWLPQLNTYMEKTNPYECGFDPL SPARI PFSMKFFLVAI TFLLFDLElI ALLLPLPWALQTTNPSLTI AS- SLTLI TI LI LSLAYEWSQKGLDWE- - - -
Papha M NLMLALT- VNTLLTALLTI I MFWLPQLNSYAEKANPYECGFDPLNPARI PFSMKFFLVAI TFLLFDLEI ALLLSLPWALQTANLPTM KT- SI MFI Tl LALSLAYEWTQKGLDWI - - - - -
Macsy I - NLALALM TNTLLTSLLTI I MFWLPQLNSYVEKTSPYECGFDPLNPARI PFSMKFFLVAI TFLLFDLEI ALLLSLPWAI QTTNLQTM KL- Tl ALI | | LTLSLAYEWTQKGLDWAE- - - X
Cebal M NLMLTLA- TSTLLALLLI TI TRWPQLNKYTEKHNPYECCGFDPTTSAHLPFSMKFFLVAI TFLLFDLEI ALLLPLPWATQTDNLM_.MINM VFTLLI | LALGLAYEWTQKG.DW/D- - - -
Nycco I - NTM MLI - TNTSLASVLVLLAFW.PQLNI YTEKYSPYECGFDPTGSARLPFSMKFFLVAI TFLLFDLEI ALLLPLPWAI QTHVLNLMLTM TFLLI LI LALGLAYEW QKGLEWQE- - - X
Tupbe M NLI LALV- | NTSLAALLVTI AFW.PQLNVYMEKYSPYECGFDPMGSARL PFSMKFFLVAI TFLLFDLEI ALLLPLPWAI QSNYPTTMLTM ALLLI SI LALGLAYEW. QKGLEWAE- - - -
Phovi M NVALTLF- TNTALASLLVLI AFW.PQLNTYSEKASPYECG-DPMGSARL PFSMKFFLVAI TFLLFDLEI ALLLPLPWASHTDNLTTMLTM ALLLI SLLAASLAYEW EKGLEWTE- - - -
Hal gr M NVALTLF- TNTALASLLVLI AFWL.PQLNTYSEKVSPYECG-DPMSSARL PFSMKFFLVAI TFLLFDLEI ALLLPLPWASHTDNLTTMLTM ALLLI SLLAASLAYEW EKGLEWTE- - - -
Canf a M NVMLTLM TNVTLASLLVLI AFVWLPQLNI YTDKTSPYECGFDPMGSARL PFSMKFFLVAI TFLLFDLEI ALLLPLPWASQTNKLTTM.I M ALLLI SLLAASLAYEWTGKGLEWTE- - - X
Fel ca M NVMLALL- TNTLLSTLLVLI AFVLPQLNI YAEKASPYECGFDPMGSARL PFSMKFFLVAI TFLLFDLEI ALLLPLPWASQTDKLPTMLTM ALLLI SLLAASLAYEWTQKGLEWTE- - - X
Equca M NLMLTLL- TNTLLASLLVLI AFVLPQLNI YAEKTSPYECGFDPMGSARLPFSMKFFLVAI TFLLFDLEI ALLLPLPWASQTTNLNTMLI M ALVLI SLLAI SLAYEWTQKGLEWTE- - - -
Equas M NLMLTLL- TNTLLASLLVLI AFVLPQLNI YAEKTSPYECGFDPMGSARLPFSMKFFLVAI TFLLFDLElI ALLLPLPWASQTTNLNTMLI M ALI LI SLLAI SLAYEWTQKGLEWTE- - - -
Cer si I - NLMLTLF- I NTSLASVLVLI AFWLPQLNI YTEKASPYECCGFDPMGSARLPFTMKFFLVAI TFLLFDLEI ALLLPLPWASQTTNLKTMLTM ALI LI SLLAASLAYEWTQKGLEWAE- - - -
Rhi un I - NLI LTLL- I NTLLSSVLVLI AFVWLPQLNI YTEKSSPYECCGFDPMSARLPFSMKFFLVAI TFLLFDLEI ALLLPLPWASQTTNLKTMLTM ALI LI SLLAASLAYEWTQKGLEWTE- - - -
Lanpa M NLLLALL- TNTTLASLLVLI AFVWL.PQLNVYAEKTSPYECGFDPMGSARLPFSMKFFLI Al TFLLFDLEI ALLLPLPWATQTNYLHTM.I M ALLLI SLLAI SLAYEWMQQGLEWTE- - - -
Sussc M NI MLTLL- TNVTLASLLVLI AFW.PQLNAYSEKTSPYECG-DPMGSARL PFSMKFFLVAI TFLLFDLEI ALLLPLPWASQTNNLKTMLTM ALFLLI LLAASLAYEW QKGLEWAE- - - -
Sussc?2 M NI MLTLL- TNVTLASLLVLI AFW.PQLNAYSEKTSPYECG-DPMGSARL PFSMKFFLVAI TFLLFDLEI ALLLPLPWASQTNNLKTMLTM ALFLLI LLAASLAYEW QKGLEWAE- - - -
Bost a M NLMLALL- TNFTLATLLVI | AFVLPQLNVYSEKTSPYECGFDPMGSARL PFSMKFFLVAI TFLLFDLEI ALLLPLPWASQTANLNTMLTM ALFLI | LLAVSLAYEWTQKGLEWTE- - - X
Ovi ar M NLM TLL- TNFTLATLLVTI AFVLPQLNVYSEKTSPYECGFDPMSSARL PFSMKFFLVAI TFLLFDLEI ALLLPLPWASQTTNLNTMLTM ALLLI FLLAVSLAYEWTQKGLEWTE- - - X
H pam M NLVMVALL- TNTALASLLVLI AFVWL.PQLNSYAEKTSPYECGFDPMGSARL PFSMKFFLVAI TFLLFDLEVALLLPLPWATQTTNLKTMLI M ALTLI SLLAI SLAYEWTQKGLEWTE- - - -
Bal ph M NLLLTLL- TNTTLALLLVFI AFVLPQLNVYAEKTSPYECGFDPMGSARLPFSMKFFLVAI TFLLFDLEI ALLLPLPWAI QSNNLNTMLTM ALFLI SLLAASLAYEWMQEGLEWAE- - - -
Bal nu M NLLLTLL- TNTTLALLLVFI AFW.PQLNVYAEKTSPYECCGFDPMGSARL PFSMKFFLVAI TFLLFDLEI ALLLPLPWAI QSNNLNTMLTM ALFLI SLLAASLAYEWTQEGLEWAE- - - X
Phyca M NI LLTLL- TNTTLALLLM.I AFVWL.PQLNAYTEKTSPYECGFDPMISARLPFSVKFFLVAI TFLLFDLEI ALLLPLPWATQUNNLKTM.TT- ALFLI SLLAASLAYEWIQEGLEWAE- - - *
Artja M NMAI TLL- TNTFLASLLVM AFW.PQTNSYTEKVSPYECGFDPLGSARLPFSMKFFLVAI TFLLFDLEI ALLLPLPWASQTNNLONMLPM SLMLI SLLALSLAYEW. QEGLEWSE- - - *
Pt eda I - NLMVTLL- TNTLLASLLVLI AFVWPQWNT YAEKSSPYECGFDPMGSARL PFSMKFFLVAI TFLLFDLEI ALLLPLPWAI QTNNLTI MLTM SLTLVSLLAVSLAYEWFNKGLEWAE- - - *
Pt esc M NLM TLL- TNTLLASLLVLI AFVWPQWNT YAEKSSPYECGFDPMGSARL PFSMKFFLVAI TFLLFDLEI ALLLPLPWATQTNNLM MLI M SLTLI SLLAI SLAYEWFNKGLEWAE- - - *
Chat u M NFMLTLL- | NTLLALLLVTI AFVWLPHWNI YTEKSSPYECGFDPMGSARLPFSMKFFLI Al TFLLFDLEI ALLLPLPWASQTNKLSI MLSM SLFLI LLLI | SLAYEWMQKGLEWSE- - - *
Rhi pu M NFMLTLL- TNTLLALLLVTI AFVWL.PQTNVYSEKSSPYECGFDPMGSARL PFSMKFFLVAI TFLLFDLEI ALLLPLPWASQANNLEVMLTT- ALLLI SLLAI SLAYEWSQKGLEWE- - - *
Pi pab I - NFMLTLF- TNTLLALLLVTI AFVWL.PHWNT YAEKSSPYECG-DPMSSARL PFSMKFFLVAI TFLLFDLEI ALLLPLPWASQTDKLLVM.SM SLALI MLLI | SLAYEWMQKGLEWBEY- - -
Sor un I - NMLLALS- | NTLLASI LVLI AFVWL.PQLNVYAEKASPYECGFDPMGSARL PFSVMKFFLVAI TFLLFDLEI ALLLPLPWASQTEQLNI M TM SLALI TLLAVSLAYEW QKGLEWIEYSN*
Tal eu I - NMLLTI T- VNTLLSSI LVLI AFVLPQLNTYSEKSSPYECGFDPMGSARL PFSMKFFLVAI TFLLFDLEI ALLLPLPWASQTNDVKTVLTM ALI LI SLLALSLAYEWTQKGLEWTE- - - -
Dasno I-NI'M TLF- 1 NVBLASLLVLI AFVWL.PQLNTYTEKSSPYECCGFDPMGSARL PFSMKFFLVAI TFLLFDLEI ALLLPLPWATQANTMIPMLTT- ALVLI LLLALGLAYEW. QKGLEWNE- - - -
Oycu M NLMLVLL- I NTTI SLVLVTI AFVWLPQLNI YSEKSSPYECGFDPMGSARL PFSMKFFLVAI TFLLFDLEI ALLLPLPWAAQFNNLNLVLI M ALMLI SI LALGLAYEW QKGLEWVE- - - X
Cavpo M NI Al SLL- TNCSLTLLLI TI AFVWLPQWNTYTEKTSPYECGFDPTESARLPFSMKFFLI Al TFLLFDLEI ALLLPLPWASQ SNLNLM_LV- ALM_I LVLSLGLAYEWT QKGLEWAE- - - -
Thr sw M NMMLALS- FNYLLTLLLI TI AFVWPQTNI YTEKASPYECGFDPTESARLPFSMKFFLI Al TFLLFDLEI ALLLPLPWALQTNNLPLMIMA- SLMLVFI LALGLMYEW. QNGLEWNE- - - *
digl I - NMMLTI F- I NLTLSSI LI TI AFVWLPQLNI YTEKI SPYECGFDPL GSARL PFSMKFFLVAI TFLLCSLEVALLLPLPWASQ NNLLLM_MV- ALVLI SI LALGLAYEW QKGLEWE- - - -
Rat no I-NLPITTT-1N TLSFI LI SI AFVWLPQWNL YSEKANPYECGFDPTSSARL PFSMKFFLVAI TFLLFDLEI ALLLPLPWAI QTTNTTTMVAT- AFI LVTI LSLGLAYEWTQKGLEWE- - - *
Musmu I -NLYTVI F- | NI LLSLTLI LVAFW.PQWNLYSE- ANPYECGFDPTSSARL PFSMKFFLVAI TFLLFDLEI ALLLPLPWAI QTI KTSTMM M AFI LVTI LSLGLAYEWTQKGLEWTE- - - *
Musmmu2 M NLYTVI F- 1 NI LLSLTLI LVAFWL.PQWNL YSEKANPYECGFDPTSSARL PFSMKFFLVAI TFLLFDLEI ALLLPLPWAI QTT KTSTMM M AFI LVTI LSLGLAYEWQKGLEWTE- - - -
Sci vu M NLLI TLL- 1 NI SI SLI LVLVARFW.PQTNI YSEKVSSYECGFDPMGSARLPFSMKFFLI Al TFLLFDLEI ALLLPLPWASQTNNLTLMLTM ALVLI LI LTLGLAYEW QKGLEWAE- - - -
Loxaf M NLM TLL- TNTMLTSLMLI AFWLPQTYNYSEKTSPYECGFDPVGSARLPFSMKFFLVAI TFLLFDLEI ALLLPLPWAI QANNTSLTLLM SFMLI | LLAI GLAYEW. QKGLEWTKY- - -
O yaf I - NLAI SLI - TNVBLASLLVLI AFVWL.PQLNTYMEKTTPYECCGFDPMGSVW. PFSMKFFLVAI TFLLFDLEI ALLLPLPWAI QTNNLKLMLFM ALLLI SLLALSLAYEWMKG.EW E- - - -

Echte I - NLM TVT- | NVLLASLLVLI AFW.PQLNLYI EKASPYECGFDPMSSARLPFSMKFFLI AVTFLI FDLEI ALLLPLPWAI QSNNLMLM_SM ALFLWVI LSLALAYEWT QKGLEWVEL - - *
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