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a. Using the proteins “P13056” and “P49116”, find their orthologs in UniProt in the following organisms:
mouse (Mus musculus), platypus (Ornithorhynchus anatinus), frog (Xenopus laevis) and chicken (Gallus

gallus). Choose reviewed entries whenever possible. Save the sequences in a fasta file.

b. Which phylogenetic relations can you describe using these sequences? Use Trex.

Mouse Chicken (rooster) Frog Platypus
(Mus musculus) (Gallus gallus) (Xenopus laevis) (Ornithorhynchus anatinus)
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P13056 P13056  NR2C1_HUMAN ,l,l Nuclear receptor subfamily 2 group NR2C1 TR2 Homo sapiens (Human)
]  Q505F1 Q505F1  NR2C1_MOUSE !i Nuclear receptor subfamily 2 group Nr2cl Tr2,Tr2-11 Mus musculus (Mouse) 590
] FeQ511 FEQ511  F6Q511_ORMAN Uncharacterized protein NR2C1 Ornithorhynchus anatinus (Duckbill 652
platypus)
[ QBGN21 Q6GN21  N2C1A_XENLA !i Nuclear receptor subfamily 2 group nr2cl-a dor2 Xenopus laevis (African clawed frog) 637
[ Q66163 Q66J63  MN2C1B_XENLA ,l,i Nuclear receptor subfamily 2 group nr2cl-b dor2 Xenopus laevis (African clawed frog) 637
[ FINWI4 FINW94 FINW34 CHICK Uncharacterized protein NR2C1 Gallus gallus (Chicken) 562
P13056!£\IR2017HUMAN
05F1IN 1_MOUSE
FB6Q511|ORNAN_NR2C1
I e e e e
[ P49116 P45116  NR2CZ_HUMAN Nuclear receptor subfamily 2 NR2C2 TAK1S
1NW94|CHICK_NR2C1

group ..
[  P49117 P49117  NR2C2_MOUSE ,',i Nuclear receptor subfamily 2 Nr2c2

group ... Mtr2rl, Tak1,Ti
[ FTAEZ27 FTAE27  FTAE2T_ORNAN Uncharacterized protein NR2C2
[ F1POB9 F1POB9 F1POB9_CHICK Uncharacterized protein NR2C2

. QB6J63|XENLA_NR2C1b

a. 10 sequences.

b. 1) All NR2C1 proteins together in one branch, ®
as well as the NR2C2 proteins in another branch. @

2) All of them are homologs, and each branch contains a group of orthologs.
3) In relation to NR2C1, X.laevis suffered a duplication. @

4) In relation to NR2C2, X.laevis suffered a gene loss.

ENLA_NR2C1a

F1POBS|CHICK_NR2C2

TAEZ27]ORNAN_NR2C2
PRA916NRRCCZHMIINSE

Pablo Mier 23

munoz@uni-mainz.de

JGlu @m@

Institute of
Molecular Biology



MSA + Phylogeny + Homology

14

Consider the following sequences: P50225, P50226, PODMM9, PODMNO, 043704, 000338, Q6IMI6,
0O75897. All of them are part of a human paralog family (sulfotransferases).

a. Look for the coordinates of the substrate binding region in the UniProt entry “P50225”. Do you expect all
the paralogs to share this substrate binding region? Why? Check it.

b. Using the previous sequences, could you determine which human paralog is the ortholog of the sequence
in “file4.fasta” (https://cbdm.uni-mainz.de/mb16/)? Do not use BLAST.

c. Which protein is the one found in “file4.fasta”?

Pablo Mier 28 @W&,
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(P50225)
Feature key Position(s) Length
Region! 106 — 108
10 20 30 48
MELIQDTSRP PLEYVKGVPL IKYFAEALGP LOSFQARPDD
60 78 80 98
TTWVSQILDM IYQGGDLEKC HRAPIFMRVP FLEFKAPGIP
1160 120 130 140
APRLLKTHLP LALLPQTLLD OKVEVVYVAR NAKDVAVSYY
166 178 180 190
EPGTWDSFLE KFMVGEVSYG SWYQHVOEWW ELSRTHPVLY
2160 220 238 240
KREIQKILEF WGRSLPEETV DFVVQHTSFK EMKKNPMTNY
260 278 280 290

SISPFMRKGM AGDWKTTFTV AQNERFDADY AEKMAGCSLS

Description

3 Substrate binding

50
LLISTYPKSG
108
SGMETLKDTP
158
HFYHMAKVHP
200
LFYEDMKENP
258
TTVPQEFMDH

FRSEL

a. Yes, because they share the motif “K[ST]H".

Annotation

() Natural variant

&

[ Binding site

[ Nucleotide binding
[] Beta strand

[ Active site

[ Mutagenesis

[ Modified residue

[ Altemative sequence

b. The ortholog of “protein_of _interest” is ST1B1_HUMAN.

c. ST1B1_CANLF, from Canis familiaris (dog).

Protein names

Entry

P50225
P50226
PBGDMMY
PODMNE
043704
000338
06IMIG
075897

P50225
P50226
PEDMM9
PGDMNG
043704
000338
06IMIG
075897

ST1A1_HUMAN
ST1A2 HUMAN
ST1A3_HUMAN
ST1A4 HUMAN
ST1B1 HUMAN
5T1C2_HUMAN
ST1C3 _HUMAN
5T1C4 HUMAN

ST1A1_HUMAN
ST1A2 HUMAN
ST1A3 HUMAN
ST1A4 HUMAN
ST1B1 HUMAN
5T1C2 HUMAN
S5T1C3_HUMAN
5T1C4 HUMAN

el el el el el

P50225

P50226
PEDMMS
PODMNO
043704
000338
Q6INI6
075897

-MELIQDTSRPPLEYVKGVPLIKYFAEALGPLOSFQARPDDLLISTYPKSGTT
-MELIQDISRPPLEYVKGVPLIKYFAEALGPLOSFQARPDDLLISTYPKSGTT
-MELIQDTSRPPLEYVKGVPLIKYFAEALGPLOSFQARPDDLLINTYPKSGTT

———————— MELIQDTSRPPLEYVKGVPLIKYFAEALGPLOSFQARPDDLLINTYPKSGTT

———————— MLSPKDILRKDLKLVHGYPMTCAFASNWEKIEQFHSRPDDIVIATYPKSGTT

—————— MALT-SDLGKOQIKLKEVEGTLLQPATVDNWSQIQSFEAKPDDLLICTYPKAGTT

MAKIEKNAPTMEKKPELFNIMEVDGVPTLILSKEWWEKVCNFQAKPDDLILATYPKSGTT

MALHDMEDFT-FDGTKRLSVNYVKGILQPTDTCDIWDKIWNFQAKPDDLLISTYPKAGTT
- * & -

EEEE

WVSQILDMIYQGGDLEKCHRAPIFMRVPFLEFKAPGIP-SGMETLKDTPAPRLL
WVSQILDMIYQGGDLEKCHRAPIFMRVPFLEFKVPGIP-SGMETLKNTPAPRLL
WVSQILDMIYQGGDLEKCNRAPIYVRVPFLEVNDPGEP-SGLETLKDTPPPRLI
WVSQILDMIYQGGDLEKCNRAPIYVRVPFLEVNDPGEP-SGLETLKDTPPPRLI
WVSEIIDMILNDGDIEKCKRGFITEKVPMLEMTLPGLRTSGIEQLEKNPSPRI
WIQEIVDMIEQNGDVEKCORAIIQHRHPFIEWARPPQP - SGVEKAKAMPSPRIL
WMHEILDMILNDGDVEKCKRAQTLDRHAFLELKFPHKEKPDLEFVLEMSSPOLI
WTOQEIVELIONEGDVEKSKRAPTHORFPFLEMKIPSLG-SGLEQAHAMPSPRIL
* P s * - *

& kEEE R

EEE LR

LPL
LPL
LPL
LPL
LFT
LST
LPS
LPF

s aE e wE

[ |
sp|Q6IMIB|ST1C3_HUMA Pprotein_of_interest

sp{Q00338|ST1C2_HUMAI

sp[O75897|ST1C4_HUMAN

PIO43704|ST1B1_HUMAN

Q95JD5 z'i Sulfotransferase family cytosolic 1B I
member 1 (Canis lupus familiaris)
Fevava Sulfotransferase (Canis lupus familiaris) — 98.3% A PSo s UMAN
D212Q5 Sulfotransferase (Ailuropoda melanoleuca) I— 84.3% sPIPS02Z6ISTAZ_HUMAN
UBCQEZ Sulfotransferase (Meovison vison) I — 93.6%
Pablo Mier
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Using T-Coffee, align the protein sequences found in “file3.fasta” (https://cbdm.uni-mainz.de/mb16/). All of
them are paralogs, but one ancestor protein to be used as outgroup.

a. Could you infer from the alignment which sequence should be used as outgroup?

b. In what order were the paralogs originated after diverging from the ancestor?

Pablo Mier 30 @W&,
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MRARPOVCEALLFALALOTGVCYGIKWLALSK - - - - - TPSALALNQ - TOHCKQLEGLVSAQVOLCRSNLELMHTVVHA
MAPLGYFLL - -LC-- SLKQALGSYPIWSLAV ————— GPQ‘!’SSLGSQPILCASIPGLVPKDLRFCRI"IWEIHPS‘MEG
MSPRSCLRSLRLL - - VFAVFSAAASNWLYLAK- - - - - LSSVGSISE-EETCEKLKGL. RRG
MLKSTOVIL - - IF- - ILLISIVESLS\I'LALGL ----- MMRFDRDKPGTSE KSLKGLTRREHRFCKKMI DLHESVRSG
MPSLLLLFTAALLS- SWAQLLTDANSWWSLALN-PVQRPEMFIIGA-OPVCSOLPGLSPGORKLCOLYQEHMAYIGEG

MHRNFREWIFYVFL-CFG-- - - -- VLYVKLGA- - - - - LSSVVALGA-NIICNKIPGLAPRORAICQSRPDAIIVIGEG
MNRKARRCLGHLFL - 5LG- - - - - - MVYLRIGG- - - - - FSSVWALGA-SITCNKIPGLAPRORAICOSRPDAIIVIGEG
MKKSFFLVALATIFF - SFAQVVIEANSWWSLGMNNPYOMSEVYTIIGA - QPLCSOLAGLSOGOKKLCHLYQDHMOYIGEG

AREVMKACRRAFADMRWNCSSIELA- - - PMYLEDLERGTRESAFVYALSM&ISH&IAHAETSGDLPGC SCGPVPGE -
IKIGIQECQHQFRGRRWNCTTWHDS - - LALFGHEVLDKATRESAFVHATIASAGVAFAVTRSCAEGTAAICGCSSRHOGS
AQLATEECOYQFRNRRWNCSTILDSL - - - PVFG QGTREAAFVYAISSAGVAFAVTRACSSGELEKCGCDRTVHGY
SLAAHAECQFQFHKRRWNCTLIDPVTHEVIPDVFLYENTRESAFVHAISSAAVAYKVTRDCARGISERCGCDY SKNDH
AKTGIKECOHOFRORRWNCSTRADNA - - - SWFGAVMOIGSRETAFTHAVSAAGVVNATSRACREGELSTCGCSRTARPK
AOMGINECOYQFRFGRWNCSALGEK - - - TWVFGOELRVGSREAAFTYAITAAGYAHAVTAACSOGNLSNCGCDREKOGY
SOMGLDECQFQFRNGRWNCSALGER - - - TVFGRELKVGSREAAFTYAIIAAGVAHAITAACTQGNLSDCGCDKEKQGQ
AKTGIKECOYQFRHRRWNCSTIVDNT - - - SVFGRVMQIGSRETAFTYAVSAAGVVNAMSRACREGELSTCGCSRAARPK

*. K m***:l i LI LR T e kK L
L I B B Y

- . N I N N E = = W
PP-GPGM%HGGCADNLSYGLLHGAKFSDAPM L TG5QANKLMRLHNSEVGROALRASLEMK
P- -Gk CSEDIEFGGMVSREFADARENR - - - - - - ------------- POARSAMNRHNNEAGRQAIASHMHLE
5- -POGFOWSGCSDNIAYGVAFSOSFVDVRERSK - - - - - - - - - - - oo - - GASFSRALMNLHNNEAGRKATL THMRVE
5G-K50 YD@CSDWKFGIGVSKEFVDSAD RVLWIK[}DMGTSLLGPSDLSA I-I"IIMLHNMDAGRWLEKSLRRE
DL - PR EYGYRFAKEFVDAREREKNFAK - - - - - - - - - - -
YMOAE! CSAWRYGIDFSRRF\JDARE e K ARRLHMLHMMEAGRKVLEDRHDLE
YHRDE! CSADIRYGIGFAKVFVDAREIK------cmcmmmmamm o ONARTLMNLHNNEAGRKILEENMKLE
DL-FPR 'n‘G(iCGDNIDYGYRFAKEF\JDAREIERIH#.K ——————————— GSYEBARILMNLHNNEAGRRTVYNLADVA

|

T it ! '. 1. 1% IUFE;

CKCHGYSGSCSIRTCWKGLOELQDVAADLKTRYLSATKVWVHRPM- - GT - - RKHLY - - PKDLDIRPYKDSELVYLOSSP
CKCHGLSGSCEVKTCWWSOPDFRATIGDFLKDKYDSASEMVVEKHRESRGWVETLR - - PRYTYFKVPTERDLVYYEASP
CKCHGVSGSCEVKTCWRAVPPFROVGHALKEKFDGATEVEPRRY - - G5 - - SRALY - - PRNAQFKPHTDEDLVYLEPSP
CKCHGMSGSCEMRTCWDSLPNFRHIGMATKDKFDGAAEVKVVEKE - - DGIEKPRIV - - MKNSQFKRHTNADLVYMTPSP
CKCHGYSGSCSLKTCWLOLAEFRKVGDRLKEKYDSAAAMRVTR- - - - - - - KGRLE - - LVNSRFTOPTPEDLVYVDPSP
CKCHGVSGSCTTKTCWTTLPKFREVGHLLKEKYNAAVOVEVVRA- - SRLROPTFLRIKOLRSYOKPMETDLVYIEKSP
CKCHGVSGSCTTKTCWTTLPOFRELGYVLKDKYNEAVHVEPVRA - - SRNKRPTFLKIKKPLSYRKPMDTDLVYIEKSP
CKCHGVSGSCSLKTCWLOLADFREVGDALKEKYDSAAAMRLNS - - - - - - - RGKLY - - QWNSRFNSPTTQDLVYIDPSP

LR LR EL L s kEkE 20 2 -H == * = = » Kk * ok
- -

DFCHKI"IEK'UGSHGTODRDCI"IKTSI"IGSDSCDLHCCGRGYMF’YTDRWERCHCWFMGCWTCRRCERWERWCK
NFCEPNPETGSFGTRDRTCHVSSHGIDGCDLLCCGRGHNARAERRREKCRCWFHWACYVSCOECTRVYDWVHTCK
DFCEQDMRSGVLGTRGRTCNKTSKAIDGCELLCCGRGFHTAQVELAERCSCKFHWCCFVKCRAOCQRLVELHTCR
DFCESDPLRGILGTKGROCTLAPNAIDDCSLLCCGRGYEKKVOIVEEKCNCKIFIY CCEVRCEPCOKRIEKYLCL
DYCLRNESTGSLGTOGRLCNKTSEGMDGCELMCCGRGYNQFKSYOVERCHC I-M[KIFVRCKKCTEI\IDQYICK
NYCEEDAATGSVGTOGRLCNRTSPGADGCDTMCCGRGYNTHOY TKVWOCNC CFVKCNTCSERTEVFTCK
NYCEEDWTGSVGTDGRACI"IKTAPQJ’LSGCDLHCCGRGW'I'I'HQ‘I"ARWQCMCKI:I-M' YWKCNTCSERTEMYTCK
DYCVRMESTGSLGT[}GRLCMKTSEG![}GCELHCCGRG‘I"DQFKTVQTERCHCFTI-M[KIWKCKKCTEI\IDQFVCK

R E e I R
-

a. Outgroup: “d”. Hints in red boxes.

b. Order: b, c, a, ancestor of [e+h] & [f+g].

Pablo Mier
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a. Using “file2.fasta” (https://cbdm.uni-mainz.de/mb16/) and Trex, can you approximate to which taxonomic
division belongs “proteinX”?

b. From which organism could it be? After guessing, check it.

il @4
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splP35381  Drosophila melanogaster (Fruit fly)

splP08428|ATPA_XENLA ~ Xenopus laevis (frog) e
UniPro.t..-

BLAST Align Ret

sPIP15999IATPA_RAT  Rattus norvegicus (rat) BLAST

How to use this tool

The Basic Local Alignment Search Tool (BLAST) finds regions of local similarity
—sp|Q03265|ATPA_MOUSE Mus musculus (mouse) evolutionary relationships between sequences as well as help identify members

>proteinX
MLSVRVAAAVVRALPRRAGLVSRNALGSSFIAARNFHASNTHLQKTGTAEMSSILEERIL
GADTSVDLEETGRVLSIGDGIARVHGLRNVQAEEMVEFSSGLKGMSLNLEPDNVGVVWFG
H NDKLIKEGDIVKRTGAIVDVPVGEELLGRVVDALGNAIDGKGPIGSKTRRRVGLKAPGIT
sp[P25705|ATPA_HUMAN Homo sapiens (human) PRISVREPMQTGIKAVDSLVPIGRGQRELTTGDRQTGKTSIATDTIINQKRFNDGSDEKK
KLYCIYVAIGQKRSTVAQLVKRLTDADAMKYTIVVSATASDAAPLQYLAPYSGCSMGEYF
RDNGKHALIIYDDLSKQAVAYRQMSLLLRRPPGREAYPGDVFYLHSRLLERAAKMNDAFQ
GGSLTALPVIETQAGDVSAYIPTNVISITDGQIFLETELFYKGIRPAINVGLSVSRVGSA

Target database i E-Threshold! Matrix! Filterin:

proteink a. Primates --Mammals 210 2 [Auto -] [None

[T Run Blast in a separate window.

Identity B
lk 15k 2k 2.5

\, Run BLAST

L splasrsasiaTPA_PONAB  PONgo abelii (orangutan)

o

sp|P80021|ATPA_PIG Sus scrofa (pig) VOHW26 ATP synthase subunit alpha (Homo sapiens) I — 100.0%
KTDNHS ATP synthase subunit alpha (Pan troglodytes) —— 100.0%

p25705 3 AP synthase subunit alpha. mitochondrial (Homo sapiens) — 100.0%

ABABHS 83 AP synthase subunit alpha, mitochondrial (Pan troglodytes) I — 100.0%

sp|P19483|ATPA_BOVIN Bos taurus (cattle) Q5R546 B3 ATP synthase subunit alpha, mitochondrial (Pongo abelii) I 99.8%

b. Homo sapiens (human) or Pan troglodytes (chimpanzee), they are 100%
identical.

Pablo Mier 33 . il
U
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Human hemoglobin consists of four protein subunits: two from the alpha globin gene cluster (located on
chromosome 16) and two more from the beta globin gene cluster (located on chromosome 11). But there are
at least nine different globin genes in these clusters, which are: zeta, alpha, gammaz2, thetal, mu, beta,
gammal, epsilon, alpha, delta.

a. Find the protein sequence for each one of them.

b. Sort them either in cluster alpha or cluster beta.

c. Why do you think they are clustered in either cluster alpha or cluster beta?

Pablo Mier 34 @W{%

munoz@uni-mainz.de
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17 (] HBAZ_HUMAN PO2008 HBAZ_HUMAN Hemeoglobin subunit zeta .
() HEBM_HUMAN QEBOKS HBM_HUMAN = Hemoglobin subunit mu .
(] HBA_ HUMAN PE69905 HBA_HUMAN AT Hemoglobin subunit alpha ‘
(] HBAT_HUMAN P09105 HBAT_HUMAN * ' Hemoglobin subunit theta-1 .
(] HEE_HUMAN P02100 HEE_HUMAN o I gl p .
O HEG1 HUMAN P69391 HEG1 HUMAN o L, gl g 1 ‘
(] HEGZ_HUMAN PE9892 HEGZ_HUMAN ~ I globi i 2 '
(] HBD_HUMAN PO2042 HBD_HUMAN * ' Hemoglobin subunit delta .
(] HBEB_HUMAN P6BETL HBE_HUMAN o Hemoglobin subunit beta .
. chrig ¢pi3.3) [1EpiZ. S BN FE
a. In UniProt.
Toale 28 kib| | hass
chIr1E: | 1se,eeal 155,@8a] 168,888] 165,888 17e,see] 175,888 150,888] 155,808
H . GEMCODE w22 Comprehensive TrahsScript Set (onld Basic displaded
b. USIng Trex: HEZ -t HEM HEAZ B 7 RMA I LAIEC-0S12.:
HERAZ H HEG1 {H
HEAL i
HEAL g
® cCluster alpha
Refieoq Genes
HEZ k=H HEM HH HERZ H HE21 fH
H
chrit ¢pis.4 [ B B-CIEE | [ 0 B e
Zcale 28 kb | hass
chiril: 5,236, aaa| 5,248, aas| 5,256, aas| 5,268, age| 5,278, a8s|

GENCODE w22 Comprehensive Trahnscript Zet {only Basic displaged by defaults
EGLTS mm HEGE |

® Clusterbeta "™ waes b

HEG1 =} HEGZ |

HEGE fersrerreeeecf) HEE1 j—j-
ACLB4359, 2 b  HEGE | HEE1 {4
AC1 84359, 1 j

Refzeq Genes

HEGL b HEG2 4

HEE -4 HED -4

HEEF1 F—#

HEE1 §-Ji

sp|Q6BOK9|HEM_HUMAN

c. Paralogous expansion from one ancestral alpha and one
ancestral beta.

sp|P68871]|HBB_HUMAN

|P02100|HBE_HUMAI pIP02042|HBD_HUMAN

sp|P09105HBAT_HUMAN

sp|P69905|HBA_HUMAN

sp|P02008|HBAZ_HUMAN

Pablo Mier 35
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a. All of the sequences in “filel.fasta” (https://cbdm.uni-mainz.de/mb16/) are homologs. How many groups of
orthologs would you say there are in this file?

b. What could you say about the history of this protein family?

c. Would you say there is any wrongly annotated sequence?

Pablo Mier 36 JG‘U @W‘(f
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S.pombe_yeast_B

C.elegans_worm_B

Xdaeyis_irog_C

Xtgevis_frog_B

S pombe_yeast_A

C.elegans_worm_A

M.musculus_mouse_B

H sapiens_human_B

_-E.coli_bacteria_A

X.tropicalis_frog_B
X laevis_frog_A

musculus_mouse_A

H.sapiens_human_A

a. Two groups of orthologs:
® Proteins “A”
@® Proteins “B”

b. E.coli has only one protein, and then it duplicated to form A
and B. It is possible that X.laevis_B duplicated later to form B
and C.

c. X.tropicalis_B is wrongly annotated. It should be X.tropicalis_A,

because they are in the same branch. The actual X.tropicalis_B
is not in the dataset, or was lost during evolution.

Pablo Mier
munoz@uni-mainz.de
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Consider the following sequences: Q9T4B2 (CYB_DELDE, dolphin), P00156 (CYB_HUMAN, human),
P00157 (CYB_BOVIN, cattle), Q9MIX8 (CYB_DANRE, zebrafish), P18946 (CYB_CHICK, chicken), Q36461
(CYB_ORNAN, platypus) and P00160 (CYB_XENLA, frog).

a. Do you think that a phylogenetic tree built using these sequences would be coherent with the evolution?

b. Check with the taxonomy provided by UniProt (http://www.uniprot.org/taxonomyy/).

Human Dolphin Cattle Chicken (rooster) Zebrafish Platypus Frog
(Homo sapiens) (Delphinus delphis)  (Bos taurus) (Gallus gallus) (Danio rerio) (Ornithorhynchus anatinus) (Xenopus laevis)
Pablo Mier 38 ]G‘U © b
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BLAST Align

Retrieve/ID mapping

How to use this tool

Retrieve/ID mapping

Enter or upload a list of identifiers to do one of the fa
Retrieve the corresponding UniProt entries to downlo
Convert identifiers which are of a different type to Un

1. Provide your identifiers

Q9T4B2
POO156
POB157
QoMIX8
P18946
Q36461
POO160

QoT4E2

P00156

P00157

P18946

Q36461

&=
=
&=
&  QoMIxa
&=
=
=

P00160

@ Dpownload selected (7)
) Download all (7)

Format: FASTA (canonical)

) compressed @ Uncompressed

i

Preview fi

QIMIXE

P18946

Q36461

P00160

CYB_DANRE

CYB_CHICK

CYB_ORNAN

CYB_XENLA

L,
r

Ly
r

L,
o

Ly
r

ClustalW is a widely used sequence alignment toaol

Paste your sequence into the window :
(7 input formats are accepted: FASTA NBRFIPIR, EMBLISwiss-Prot, GDE, Clustal, GCGIMSF, RSF)

=5 ochrome S=Delphinus i - = =
p|09T4B2 | CYB Cytoch b 05=Delph Gl PE=3 5V=1
T T

Al R E. Wy E

T A V] T
El E. El

P P TPA

LIEIRMLOT SKORSMIEREE SOLLEWTLIADLLTLTWIGOOPVEHRYTIVGOLASTILYEL
LILVEEPTAGL JENKLLEW
>sp|PBO156 | CYB_HUMAN Cytochrome b 0S=Homo sapiens GN=MI-CYB PE=1 Sv=2
MIRMRKTNELMEL INHSEIDLETRSNISAWWNEGSLLGACLILOITTGLELAMHY SEDAS
Al R E.

. A Vi %
El E. E E

@IBY

File ' @ Ppasted nar... | No se ha seleccionado ningan archivo.

| Alignsequences | | Reset | | Clear |

Dolphin - Eukaryota > Metazoa > Chordata > Craniata > Vertebrata > Euteleostomi > Miammalia > Eutheria > Laurasiatheria > Cetartiodactyla > Cetacea > Odontoceti > Delphinidae > Delphinus
Cattle » Eukaryota > Metazoa > Chordata > Craniata » Vertebrata > Euteleostomi > Mammalia > Eutheria > Laurasiatheria > Cetartiodactyla > Ruminantia > Pecora > Bovidae > Bovinae > Bos
Human - Eukaryota > Metazoa > Chordata > Craniata > Vertebrata > Euteleostomi > Mammalia > Eutheria > Euarchontoglires > Primates > Haplorrhini > Catarrhini > Hominidae > Homo
Platypus — Eukaryota > Metazoa > Chordata > Craniata > Vertebrata > Euteleostomi > Mammalia > Monotremata > Ornithorhynchidae > Ornithorhynchus

Frog — Eukaryota > Metazoa > Chordata > Craniata > Vertebrata > Euteleostomi > Amphibia > Batrachia > Anura > Pipoidea » Pipidae > Xenopodinae > Xenopus > Xenopus

Chicken — Eukaryota > Metazoa > Chordata > Craniata > Vertebrata > Euteleostomi » Archelosauria > Archosauria > Dinosauria > Saurischia > Theropoda > Coelurosauria > Aves » ..

Zebrafish - Eukaryota > Metazoa > Chordata » Craniata > Vertebrata > Euteleostomi > Actinopterygii > Neopterygii > Teleostei > Ostariophysi > Cypriniformes > Cyprinidae > Danio

sp|Q9T4B2|CYB_DELDE

s5IP00157|CYB_BOVIN

spIPO0156/CYB_HUMAN

plQ36461|CYB_ORNAN

SPIQIMIX8ICYB_DANRE

pIP00160|CYB_XENLA

sp|P18946|CYB_CHICK
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