Use of sequences to determine phylogenetic
relationships

Example 1.1 Retrieve the amino acid sequence of horse
pancreatic ribonuclease

ExPASy server: http://www.expasy.org/
NCBI server: http://www.ncbi.nlm.nih.gov/
Type the keywords: horse pancreatic ribonuclease (%4 % > %

i 15 il %)
Select RNAS1 HORSE and then find FASTA format
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Search Blast Align Retrieve ID Mapping
Search in Query
Protein Knowledgebase (UniProtkKB) EI horse pancreatic ribonuclease Search Fields »
WELCOME 3
NEWS 3]
The mission of UniProt is to provide the scientific community with a
comprehensive, high-quality and freely accessible resource of protein sequence UniProt release 15.15 — Mar 2, 2010
and functional infarmation. Bacillus subtilis, & Gram-positive mode/
bactenum fully annotated in UniProtKB/Swiss
-Prat - Cross-references to EuPathDB,
What we provide ProtClustDB and SUPFAM - Change ta cross

-references to HOVERGEN

UniProtkB Protein knowledgebase. consists of two sections: » Statistics for UniProtkB:
"7 Swiss-Prot, which is manually annotated and SwissProt - TEMBL
reviewed. » Forthcoming changes

N, h
7 TrEMBL. which is automatically annotated and is not ? HEwS ArEniEs
reviewed.
Includes Complete Proteome Sets. SITE TOUR
UniRef Sequence clusters, used to speed up similarity searches.

UniParc Sequence archive, used to keep track of sequences and
their identifiers.
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> UniProtKB

Downloads - Contact - Documentation/Help

Search Blast Align Retrieve ID Mapping *
Search in Query

Protein Knowledgebase (UniProtkB) El horse pancreatic ribonuclease

Search I I Advanced Search

13 results for horse  AND pancreatic ® AND ribonuclease ¥ in UniProtKB sorted by score descending

= Browse by taxonomy, keyword, gene ontology, enzyme class or pathway | : : Reduce sequence redundancy to Download
100%, 90% or 50%

Results

» Show only reviewed (4) 7 (UniProtkKB/Swiss-Prot) or unreviewed (2) *7 (UniProtKB/TrEMBL) entries
» Quote terms: "pancreatic ribonuclease”

» Restrict term "horse” to organism (12), strain (1), taxonomy (12)
» Restrict term "pancreatic" to protein family (12), protein name (2)
» Restrict term "ribonuclease” to protein family (12), protein name (5)

Entry Entry name Status  Protein names Gene names Organism Length
PO0GT4 RNAS1 HORSE |y Ribonuclease RNASE1 RNS1 Equus caballus (Horse) 128
pancreatic I
| —_ - Cameliis dromedarins S2
«

i |
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Names and origin Hide | Top

Protein names Recommended name:
Ribonuclease pancreatic

EC=31.275
Alfernative names(s)

RMase 1

RMNase A

MName RNASE1

Gene names
Synonyms: RNS1

Organism Equus caballus (Horse)
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FASTA format

>sp|P00674|RNAS1_HORSE Ribonuclease pancreatic (EC
(RNase 1) (RNase A) - Equus caballus (Horse).

3.1.27.5)

KESPAMKFERQHMDSGSTSSSNPTYCNQMMKRRNMTQGWCK
PVNTFVHEPLADVQAICLQKNITCKNGQSNCYQSSSSMHITD
CRLTSGSKYPNCAYQTSQKERHIIVACEGNPYVPVHFDASVE

VST
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All (18)
Results: 18 Selected 1 Bacteria (1
I pancreatic ribonuclease [Escherichia coli 3.2608] Related Structures E
1. 268 aa protein (18)
Accession: EIHB6692.1 Gl: 386179213 RefSeq (11

GenPept FASTA  Graphics Related Sequences  ldentical Proteins

putative pancreatic ribonuclease [Equus caballus
2. 185 aa protein
Accession: CAE45264 1 GI: 33945723

GenPept FASTA  Graphics Related Sequences  ldentical Proteins

i RecName: Full=Ribonuclease pancreatic; AltName: Full=RNase 1. AitName:
Full=RNase A

128 aa protein

Accession: FUIEE.1 Gl 133215
GenPept FASTA  Graphics

Related Sequences

angiogenin precursor [Equus caballus]
4. 146 aa protein
Accession: AAS15049.1 Gl: 42411028

Manage Filters

W Top Organisms [Tree]
Equus caballus (16)
Camelus dromedarius (1)
Escherichia coli 3.2608 (1)

Analyze these &
sequences

Run BLAST
Align sequences with COBALT

Identify Conserved Domains with
CD-Search
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UniProtkB/Swiss-Prot: P00674.1
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)| GenPept Graphics

Highlight !
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Example 1.2

» Determine, from the sequences of pancreatic ribonuclease from horse, minke
whale (-]- % #7) and red kangaroo, which two of these species are most
closely related.

* Retrieve the amino acid sequences from the database and use the multiple
sequence alignment (MSA) tool CLUSTAL-Omega

— http://www.ebi.ac.uk/Tools/msa/
— New MSA tool that uses seeded guide trees and HMM profile-profile
techniques to generate alignments. Suitable for medium-large alignments
 Clustal Omega is a multiple sequence alignment program for
proteins. It produces biologically meaningful multiple sequence
alignments of divergent sequences. volutionary relationships can
be seen via viewing Cladograms or Phylograms.



http://www.ebi.ac.uk/Tools/msa/

>sp|PO0686|RNP_MACRU Ribonuclease pancreatic (EC 3.1.27.5) (RNase 1) (RNase A)
- Macropus rufus (Red kangaroo) (Megaleia rufa).
ETPAEKFQRQHMDTEHSTASSSNYCNLMMKARDMTSGRCKPLNTFIHEPKSVV
DAVCHQENVTCKNGRTNCYKSNSRLSITNCRQTGASKYPNCQYETSNLNKQIIV
ACEGQYVPVHFDAYV

>sp|P00673|RNP_BALAC Ribonuclease pancreatic (EC 3.1.27.5) (RNase 1) (RNase A)
- Balaenoptera acutorostrata (Minke whale) (Lesser rorqual).

RESPAMKFQRQHMDSGNSPGNNPNYCNQMMMRRKMTQGRCKPVNTFVHESL
EDVKAVCSQKNVLCKNGRTNCYESNSTMHITDCRQTGSSKYPNCAYKTSQKEK
HIIVACEGNPYVPVHFDNSV

>sp|P00674|RNP_HORSE Ribonuclease pancreatic (EC 3.1.27.5) (RNase 1) (RNase A)
- Equus caballus (Horse).
KESPAMKFERQHMDSGSTSSSNPTYCNQMMKRRNMTQGWCKPVNTFVHEPLA
DVQAICLQKNITCKNGQSNCYQSSSSMHITDCRLTSGSKYPNCAYQTSQKERHII
VACEGNPYVPVHFDASVEVST
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Help EBI » Tools » Multiple Sequence Alignment » Clustal Omegs
FAQ Clustal Omega - Multiple Sequence Alignment

Clustal website
Jalview Clustal Omega is a new multiple sequence alignment program that uses seeded guide trees and HMM profile-profile

Programmatic Access techniques to generate alignments.

Download Internet Explorer users: If button presses (including copy/paste operations) don't appear to work please
try enabling Compatibility View.

|
u Related Applications .
Use this tool
Pairwise Sequence

Alignment STEP 1 - Enter your input sequences

Multiple Sequence
| Alignment Enter or paste a set of PROTEIN ~ sequence in any supported format:
Phylogeny >sp|P00686 | RNP_MACRU Ribonuclease pancreatic (EC 3.1.27.5) (RNase 1) - M
(RNase A) - Macropus rufus (Red kangaroo) (Megalsia rufa). T
Clustal related ETPAEKFQROHMDTEHSTASSSNYCNLMMKARDMT SGRCKPLNTF IHEPKSVVDAVCHQENVTICENGRTN | =
literature v CYRENSRLEITNCROTGASKYPNCQYETSNLNEQIIVACEGQYVPVHFDAYV |
|
Search for Clustal related >sp|P00673 |RNP_BALAC Ribonuclease pancreatic (EC 3.1.27.5) (RNase 1)
literature in Mediine_ (RNase A) — Balaenoptera acutorostrata (Minke whale) (Lesser rorgual). =
more

Or, upload a file: FRIEE..

STEP 2 - Set your parameters
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EMBL-BI ::* 32! EEEETEE i 7 of Use Privacy  Cookies

Databases | Tools Research [ Training | Industry About Us | Help Site Index [ &

EBI » Tools > Multiple Sequence Alignment »> Clustal Omega

u Help
= FAQ Clustal Omega Results
u Jalview Result Summary | Submission Details =~ Submit Another Job

Alignment
» Related Applications

m

H Download Alignment File | Show Colors
Pairwise Sequence

¢ Alignment
l - Multiple Sequence CLUSTAL ©(1.1.0) multiple segquence alignment
: Alignment
~-Phylogeny
sp|PO0GBE| RNP_MACRU —ETPAERFQROHMDTEHSTASSSNYCNLMMEARDMTSGRCEPLNTFIHEPRSVVDAVCHQ
=p|P00ET3 | RNP_BALAC RESPAMEFQRQHMDSGNSPGNNPNY CNOMMMRREMTQGRCEPVNTFVHESLEDVEAVCSQ
=p|PO0GT4| RNEP_HORSE EESPAMEFERQHMDSGSTSSSNPTYCNOMMERRNMTQGWCEEPVNTFVHEPLADVQATCLY
o P
sp|PO0EBE| RNEP_MACRU ENVTICENGRTNCYRSNSRELSITNCRQTGASKYPNCQYETSNLNEQIIVACEG-QYVEVHE
=p|P00673 | RNP_BALAC ENVLCENGRTNCYESNSTMHITDCRQTGSSKYFNCAYRT SQRERHI IVACEGNPYVEVHE
sp|PD0GET4| RNP_HORSE ENITCENGQSNCYQSSSSMHITDCRLTSGSEYPNCAYQTSQRERHIIVACEGNPYVPVHE
Ln kg gk kg ek ke kg ke p ek ke
=p|P00DE8E | RNP_MACEU DRAYV---—
=p|PO0GT3| RNEP_BALAC DN3V————
=p|P006T4 | RNP_HORSE DASVEVST
-
PLEASE NOTE: Showing colors on large alignments is slow. -l
i
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EMBL-EBI . _ Find Terms of Use ; Privacy ; Cookies

Databases | [REEEN [ Training | Industry About Us | Help Site Index [ &

EBl » Tools » Multiple Sequence Alignment » Clustal Omega

= Help
» FAQ Clustal Omega Results
I » Jalview Alignments  [FESIESTHNEYE | Submission Details | Submit Another Job
Result files
= Related Applications =
 Pairwise Sequence Input Sequences JalView
: clustalo-120121018-035615-0080-14297961-pg.input .
i : Alignment Tool Ouput i Start Jalview
“Multiple Sequence clustalo-120121018-035615-0080-14297961-pg.output
Alignment Alignment in CLUSTAL format
- Phylogeny clustalo-120121018-035615-0080-14297961-pg.clustal
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[£] fTools/services/rest/clustalo/result/clustalo-1201 21018-035615-0080- 14297961 -pg/aln-clustal WL L. T @ et

File Edit Select View Format Colour Calculate Help
a0 40 50 &0 70 100
N
K
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50|FO0BSE|RNF_MACRLI 12235 L Mt~ B D MT = 3 FPLNTF IHEF KS VDAY v =1 K RLSITHN G A FHCO LNBO | | WACES - affy <
50|FO0BT3|RNF_BALAC-124 HP M RR KMTE S PVNTFV LEBY KAV VL =1 MH | 63 PHEAYK] | IWACESHFPYY
50|FO0B 7H|RNF_HORSE-125ME T N NMTAE PVNTFVHEFLADVOA | CL 1 =3 SSSMH | LEse FPHCA I I WACESHFPYY

n
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. NFNYC‘NQMMKRR—MTEGHEKF’VNTFVHEPL—DV—AVC—QKNVTCKNGHTNEY— SNE-WMHITDCRATG - SKYPNCAY - TSAKEKH \l\VACEGNPYV -
[ [ [.x]

Seananca nnstion 120 F 100%

2} ClustalW2 - Microsoft Internet Explorer

#HEE KEE® RO BOEEL IAD SHAD >
Q- O HNEAG Pus fomex @ 2-2 @ J@A 3
A4k ‘@hﬂp.#wwweblax:uldTuulsfesfugrbmiclusbalehesullvg)‘?tuDlﬂlusmlw2&1017|d=:luswlw2'2009030570236311| Zeoriby=seq - .?5% i
~
Alignment
Hide Culaors ] [ Wiew Alignment File

CLUSTAL 2.0.10 mulriple sequence alignment

sp|PO0GT3 |RNP_BALAC RESPAMEFQROHMDSGHSPGNIFNTYC TAGRCKPVNTFVHESLEDVEAWCSO 60

sp|PO06T4|RNP_HORSE FESPAMEFERQHMDSGST NPTYC TAGWCKPVNTFVHEPLADVQAICLO 60

sp | FO0GEE |RP_MACRT -ETPAEEFOROHMDTEHSTASS SHY CHLMMEARDNT SGRCKPLNTFIHEPKSVYDAYCHO 59
T T T HEE BE G A% REE;REE EE,  F FpE b

sp |PO0GT3 |RIP_BALAC KVLCENGRTNCYVE SN TMHITDCRQTGS SKY PNCAYHTSQFERHIIVACEGNPYVPVHE 120

sp | PO0ST4|RP_HORSE KNITCENGOSNCY QS 53 S MHITDCRL TS GEKY PNCATQTSQFERHIIVACEGNPYVPVHE 120

sp | PO0GEE |RIP_MACRT ENVTCENGRTNCVESNSRLS ITNCRATGASKY PNCQYETSNLNKQIIVACEG-QVVPVHEF 118
DEp REEELEREDE B g REEE B, REREEE Gihhp opppahEEEAR RREEEE

sp | PODGTS | RNP_BALAC DHEV---- 124

sp | PODET4|RNP_HORSE DASVEWST 128

sp | PODGEE |RIP_MACRT DAYV- lzz

P

PLEASE NOTE: Shawing calors on 1aege allgniments s siow.

Hide Colors ] [ “iew Alignment File L
e Tree
[ Show as Phylogram Tree ] [ Show Distances ] [ “Wigw DMD File

£

< |
&) Applet Clustal Tree started
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File Edit Select WView Format Colour Calculate Help

10 20 a0 20

Z ‘ 50 b 70 a0
SBIPO0ET3|RNE_BALAGH-24 FANEF MDEGNEPEHNP T 11 R < W TG FUNTF Y L EBY KA WL 3 hH | @S P -
3BIPO0GTH|RIP_HORSE 12! P AMKF MDSG S T8 s ENP T Iah N TR PYNTFYHERPLADVOA| 1 3 MH | 56 P
SBIPO0ESEIRNA_MACAL-122 - ETF A ERF WD E HIET A8 s L hnalld - Bl Wi = 6 FLNTF IHEF K3 VDAY v 3 K] RLEITN @) P

[«]

Consenation

CRE] 44573887 774 6 86 TEA5 5 2°7 98 B 58 Gu4 EBCE]
Qual\fvl X .I. l'l HI I II .I

Consensus
-ESPAMKFQRQHMDSG - S - SNPNYCHOMMKRR - MTQGRCKPYNTFWHEPL - DV - AVC - QKNYTCKNGRTHNCY - SHS-MHITDCRQTG - SKYPNC
< [ i
Sequence 3 1D splPODGEERNP_MACRU Residue: LEU (781

[1ave, potet Wi

2} ClustalW2 - Microsoft Internet Explorer

WED REED ®RO BSEEW IAD HA® a

Q:rx- O RNEG Peefomer @35 5-UE B

iBaED) \@ Tuttp:itwwny ebi ac i Toolslest gi-binde InstalwZivesnlt cgivtnol=clustalw2 Zjobid=clustelw2- 20000 305-0236341 2% poll=yes >
PTPUUG 4T RIE_HURSE TESTETST L =
sp |PO0GEE |RITP_MACRT DAYYV---- 122 n
o
PLEASE NOTE: Showing coiors an 1arge alignments is siow.
Hide Colors ] [ Wiew Alignment File
e Tree
[ Show as Cladogram Tree ] [ Hide Distances ] [ Wiew DD File
i
sp | PODGEE |RNP_MACRU: 0. 23962,
sp |PO0GT3 |RNP_BALAC: 0.08825,
sp|PODE74|RNP_HORSE: 0. 14562) :
Phylogram
bl P_MACRU: 0.23962
}— splPODG73IRNP_BALAC: 0.08825
pIPO0G74|RNP_HORSE: 0.14562
[ Show as Cladogram Tree ] [ Hide Distances ] [ Yiew DND File
Right-ciick on the above tree to see dispiay options.
Problems printing? Read how to print a Phyiograrm or Cladsiram
Terms of Use ¢ EB|Funding ¢ Contact EBI © @ European Bioinformatics Institute 2006-2009. EBI is an Outstation of the European Molecular Biolooy Laboratary. m
< | 5

&) Applet Clustal Tree started
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Alignment Result

« Horse and whale share the most identical residues. The result
appears significant, and therefore confirm our expectation.

— Knowing that horse and whale are placental (3 *5# )
mammals and kangaroo is a marsupial (3 K& 4= ), we
expect horse and whale to be closer pair.

FASTA format description

A sequence in FASTA format begins with a single-line description, followed
by lines of sequence data. The description line is distinguished from the
sequence data by a greater-than (">") symbol in the first column. It is
recommended that all lines of text be shorter than 80 characters in length.
An example sequence in FASTA format is:

>Qi[532319|pir| TVFV2E|TVFV2E envelope protein

ELRLRYCAPAGFALLKCNDADYDGFKTNCSNVSVVHCTNLMNTTVTTGLLLNGSYSENRT
QIWQKHRTSNDSALILLNKHYNLTVTCKRPGNKTVLPVTIMAGLVFHSQKYNLRLRQAWC
HFPSNWKGAWKEVKEEIVNLPKERYRGTNDPKRIFFQRQWGDPETANLWFNCHGEFFYCK
MDWFLNYLNNLTVDADHNECKNTSGTKSGNKRAPGPCVQRTYVACHIRSVIIWLETISKK
TYAPPREGHLECTSTVTGMTVELNYIPKNRTNVTLSPQIESIWAAELDRYKLVEITPIGF
APTEVRRY TGGHERQKRVPFVXXXXXXXXXXXXXXXXXXXXXXVQSQHLLAGILQQQKNL
LAAVEAQQQMLKLTIWGVK

11



In , @ sequence alignment is a way of arranging the
sequences of : , Or to identify regions of similarity that
may be a consequence of functional, , or relationships
between the sequences. Aligned sequences of or

residues are typically represented as rows within a . Gaps are inserted
between the so that identical or similar characters are aligned in

successive columns.

Global and local alignments

Global FTFTALILLAVAV
F--TAL-LLA-AV

Local FTEFTALILL-AVAV
——FTAL-LLARAV-—

Homework #1

 Find the pancreatic ribonuclease of any other three species and
perform following operations:

« 1. Perform multiple sequence alignment by use of CLUSTAL-
W software
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http://en.wikipedia.org/wiki/Protein
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http://en.wikipedia.org/wiki/Evolution
http://en.wikipedia.org/wiki/Nucleotide
http://en.wikipedia.org/wiki/Amino_acid
http://en.wikipedia.org/wiki/Matrix_(mathematics)
http://en.wikipedia.org/wiki/Residue_(chemistry)

Case Study 1.5 — A harder one

Two living genera of elephant: the African elephant and the Indian

FEd AL L % (Mammuthus primigenius) i 7 2 % 8w ¢ %Db
(mitochondrial cytochrome b) » 7 2 _d1#w%— f&3R % + % (Loxodonta
africana and Elephas maximus)£2 ig + 2. £ £ % 5 $&RiT2 & 5B % o
From the results, it appears that mammoth is more closely related to
African elephant. However, there are few differences. Are they significant?

Questions:
— Could we tell from these sequences alone that they are from closely related species?

— Given the differences are small, do they represent evolutionary divergence arising
from selection, or merely random noise or drift?

>sp|P92658|CYB_MAMPR Cytochrome b OS=Mammuthus primigenius GN=MT-CYB PE=3 SV=3

MTHIRKSHPLLKILNKSFIDLPTPSNISTWWNFGSLLGACLITQILTGLFLAMHYTPDTM
TAFSSMSHICRDVNYGWIIRQLHSNGASIFFLCLYTHIGRNIYYGSYLYSETWNTGIMLL
LITMATAFMGYVLPWGQMSFWGATVITNLFSAIPYIGTDLVEWIWGGFSVDKATLNRFFA
LHFILPFTMIALAGVHLTFLHETGSNNPLGLTSDSDKIPFHPYYTIKDFLGLLILILFLL
LLALLSPDMLGDPDNYMPADPLNTPLHIKPEWYFLFAYAILRSVPNKLGGVLALLLSILI
LGIMPLLHTSKHRSMMLRPLSQVLFWTLATDLLMLTWIGSQPVEYPYHIGQMASILYFS IILAFLPIAGMIENYLIK

>sp|P24958|CYB_LOXAF Cytochrome b OS=Loxodonta africana GN=MT-CYB PE=3 SV=2

MTHIRKSHPLLKIINKSFIDLPTPSNISTWWNFGSLLGACLITQILTGLFLAMHYTPDTM
TAFSSMSHICRDVNYGWIIRQLHSNGASIFFLCLYTHIGRNIYYGSYLYSETWNTGIMLL
LITMATAFMGYVLPWGQMSFWGATVITNLFSAIPYIGTNLVEWIWGGFSVDKATLNRFFA
LHFILPFTMIALAGVHLTFLHETGSNNPLGLTSDSDKIPFHPYYTIKDFLGLLILILLLL
LLALLSPDMLGDPDNYMPADPLNTPLHIKPEWYFLFAYAILRSVPNKLGGVLALLLSILI
LGLMPLLHTSKHRSMMLRPLSQVLFWTLTMDLLTLTWIGSQPVEYPY IIGQMASILYFS IILAFLPIAGVIENYLIK

>sp|047885|CYB_ELEMA Cytochrome b OS=Elephas maximus GN=MT-CYB PE=3 SV=1

MTHTRKFHPLFKIINKSFIDLPTPSNISTWWNFGSLLGACLITQILTGLFLAMHYTPDTM
TAFSSMSHICRDVNYGWIIRQLHSNGASIFFLCLYTHIGRNIYYGSYLYSETWNTGIMLL
LITMATAFMGYVLPWGQMSFWGATVITNLFSAIPYIGTNLVEWIWGGFSVDKATLNRFFA
FHFILPFTMVALAGVHLTFLHETGSNNPLGLTSDSDKIPFHPYYTIKDFLGLLILILLLL
LLALLSPDMLGDPDNYMPADPLNTPLHIKPEWYFLFAYAILRSVPNKLGGVLALFLSILI
LGLMPLLHTSKHRSMMLRPLSQVLFWTLTMDLLTLTWIGSQPVEHPYIHIGQMASILYFS IILAFLPIAGMIENYLIK
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Search in Query

Protein Knowledgebase (UniProtiKB) Vl ‘Mammmhus primigenius ‘ [ Search ] Fields »

Search Blast Align Retrieve 10 Mapping ™ u

1 - 25 of 133 results for Mammuthus ® AND primigenius = in UniProtKB zorted by score descending=

+ew Browse by taxonormy, keyword, gene ontology, enzyme class or pathway | - x Reduce sequence redundancy to 100%, 90% or 50% | [
Customize display

» Shaowi only reviewed 7 (UniProtkKBiSwiss-Prot) or unrevievred ©¢ {(UniProtKBITrEMBL) entries
» Quote terms: "mammuthus primigenius"

» Restrict term "mammuthus” to organism, taxonomy

» Restrict term "primigenius" to organism, taxonomy

Page 1 af B | Mext »
All Accession Entry name Status Protein names Gene names QOrganism Length

] PO2658 CYB_MAMPR v Cytochrome b {Ubiquinol MT-CYB Mammuthus 378
cytochrome-¢ reductase (COB) (CYTB) primigenius
complex cytochrome b (MTCYB) (Siberian
subunit) {Cytochrome b-c1 wioolly
complex subunit 3) mammath)
(Complex Il subunit 3)
(Complex Il subunit Il

O Q3EPRY COX2_MAMPR v Cytochrome ¢ oxidase MT-CO2 Mammuthus 227 v
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- Mammathus primigenius (Siberian woolly mammoth) - Mictosoft Internet Explozer
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D) | ] hitpsthwr uniprot orgmiprotPIZ65B

r Reviewed, UniProtKB/Swiss-Prot P92658 (CYB_MAMPR)

Last modified March 3, 2009. Version 56. a History...

23 Clusters with 100%, 90%, 50% identity | |~ Docurments (1) | () Third-party data | (2 Custarmize display

Entry information - Relevant documents

Protein names Recommended nams
Cytochrome b
Alfernative name(a):

Cytochrome b-c1 complex subunit 3

Complex Il subunit 3
Complex Il subunit

Afrotheria » Proboscidea » Elephantidae » Mammuthus

Contribute
50 Send feedback o
2 Read comments (0} or add your own E

RDF/XML FASTA

Mames and origin - Pratein attributes - General annotation (Comments) - Ontologies - Sequence annotation (Features) - Sequences - References - Cross-references

Names and ori Hide | Top

Ubiguinal-cytochrome-c reductase complex cytochrome b subunit

Gene names MName: MT-CYB
Synonyms: COB, CYTE, MTCYB
Encoded an Mitochondrion
Organism Mammuthus primigenius (Siberian woolly mammoth)
Taxonomic identifier 37349 [NCEI]
Taxonomic ineage Eukaryota » Metazoa » Chordata » Craniata : Vertebrata » Eutelsostomi : Mammalia » Eutheria

BEE HRED R BREW ITRD HBW
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>
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GAP EXTENSIUN

TREE GRAPH PHYLOGEMETIC TREE

TYPE DISTANCES TREE TYPE CORRECT DIST.

IGNORE GAFS

cladogram V| |hide V‘ |none V‘

Enter or Paste a set of Sequences in any suppored format

»=p|047885| CYE_ELENA Cytochrome b - Elephas
maxirmus (Indisn elephant) .

HTHTRKFHPLFKIINKSF IDLPTPSNISTWUNFGSLLGACLITQIL
TGLFLANHYTPDTHTAFSSHSHICRDVNYGUIIRQLESHGASIFFL
CLYTHIGRNITYGSYLYSETUNTGIMLLL ITHATAFHGYVLPUGQH
SFUGATVITNLFSAIFYIGTNLVEUIVGGFSVDKATLNRFFAFHF I
LPFTMVALAGVHLTFLHETGSNNPLGLTSDSDEIPFHPYYTIKDFL
GLLILILLLLLLALLSPDMLGDFDNYNPADPLNTPLEIKPEWYFLF
AYATLRSYPNELGGVLALFLSIL ILGLMPLLHTSKHRSMHLREPLSQ
VLFWTLTHDLLTLTUIGSQPVEHPYITIGQMASILYFSIILAFLET

Upload a file B

& iew Printer-friendly version of this page

If you plan to use these services during a course please contact us using the email below.

Page maintained by support@@ebiacuk Last updated: 01/22/2003 23:23:15

DISTANCE =]
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lnstal W2 - Microsoft Internet Explorer

HRO KEED WA EREW IAD HIG® i
-u - N Dua don Q. B Y
Q7 -0 HRAG Pz @ 2-L @ JE 3B
4 D) | ] hitpitiwre.obi ac ki Toolsleslogi bivo sty hestilt cei?ool-shustaby 2 jobid—c ustaly3-20090305-033 isp=hid e=new uortby=seqnodecol
CLUSTAL 2.0.10 multiple sequence alignment
ap | P245358 | CYE_LOXAF MTHIRESHPLLKIINKSFIDLPTESNIS MFGSLLGACLITQILTGLFLAMHYTFDTH 60
ap | 047885 | CYE_ELEMA MTHTREFHP LFKIINKSFIDLPTESNIS MFGSLLGACLITQILTGLFLAMHYTFDTH 60
2p |P92658 | CYE_MAMFR MTHIRESHPLLKILNKSFIDLPTESNIS MFGSLLGACLITQILTGLFLAMHVTFDTH 60
[ -
sp|P24358 | CYB_LOXAF TAFSSMSHICRDVNYGWITROLESNGASTFFLOCLYTHIGRNI VY GSVLYSETUNTGIMLL 120
sp | 047885 | CYB_ELEMA TAFSSMSHICRDVNYGWITROLESNGASTFFLOCLYTHIGRNI VY GSVLYSETUNTGIMLL 120
sp | P92658 | CYB_MAMPR TAFSSMSHICRDVNYGWITROLESNGASTFFLOCLYTHIGRNI VY GSVLYSETUNTGIMLL 120
sp|P24358 | CYB_LOXAF LITHATAFMGYVLPIGOMS FUGATY ITHLFSATPYIGTNLVEWIUGGFSWDKATLNRFFA 160
2p | 0478851 CYE_ELEMA LITHATAFMGYVLPUGOMS FUGATY ITHLFSATPYIGTNLVEWIUGGFSWDKATLNRFFA 160
2p | P92658 | CYE_MAMPR LITHATAFMGYVLPIGOMS FUGATY ITHLFSATPYIGTDLVENIUGGFSWDKATLNRFFA 160
=p |P24958 | CYE_LOXAF LHFILPFTMIALAGYHLTFLHETGSNNPLGLTSDSDEIPFHPVVTIKDFLGLLILILLLL 240
5p | 0478851 CYE_ELEMA FHFILPFTHVALAGYHLTFLHETGSNNPLGLTSDSDEIPFHPVVTIKDFLGLLILILLLL 240
sp | P92658| CYE_MAMPR LHFILPFTHIALAGYHLTFLHETGSNNPLGLTSDSDEIPFHPVVTIKDFLGLLILILFLL 240
K X i
sp|P24958 | CYE_LOXAF LLALLSPDMLGDPDINYMPADPLNTPLEIEPEWY FLFAYATILRIVPNKLGGVLALLLEILI 300
sp|047885 | CYE_ELEMA LLALLSPDMLGDPDNYMPADPLNTPLEIEPEWY FLFAYATILESVPNKLGGVLALFLSILI 300
sp|P9ZE58 | CYE_MAMPR LLALLSPDMLGDPDNYMPADPLNTPLEIEPEWY FLFAYATILESVPNKLGGVLALLLSILI 300
rnen 5
sp|P24958 | CYE_LOXAF LGLMPLLHTSFHRSMMLEPLEQVLFUTLTMDLLTLTUIGSQPVE¥PYIIICQMASILYFS 360
sp|047885 | CYE_ELEMA LGLMPLLHTSFHRSMMLEP LEQVLFUTLTMDLLTLTUIGSQPVEHPYIIICQMASILYFS 360
sp|P9ZE58 | CYE_MAMPR LGIMPLLHTSFHRSMMLEPLSQVLFUTLATDLLELTUIGSQPVE¥PYIIICQMASILYFS 360
oy : rrr .
sp | P24958 | CYE_LOXAF IILAFLPIAGVWIENYLIE 378
sp | 047885 | CYE_ELEMA IILAFLPTAGMIENYLIE 378
sp|P9ZE58 | CYE_MAMPR IILAFLPTAGMIENYLIE 378
R ——
: b4
<
€] Applet Clustal Tree started

Clustal W2 - Microsoft Internet Explorex

WED REE ®RO BSEEW IAD HA®

Qrr-O WNEG Sus frmex @3- 8 U S

it D) \@hﬂp:ﬁwww ebi ap mh/Tonlsfest gi-bink Instalwivesult c2iPn ol=c hostelw2 &jobid = Tostehw2- 20000 305-03% hid by=seq: 1 g
our Input Tile Cltaha 2 200005 a7 ST 0BT A
SUBMIT ANCTHER JOB
Tor save @ resul file Hght-click the fils link in the above table and chonse "Save Target As”
IFyou cannat see the Jalliew bulton, refoad the page end check your brawser seitings tv enable Java Applets.
Scores Table
[ Sort by ”Sequence MNumber VH Wiew Outpul}’\(e ]
Seqh Hame Hame Ien{aa) Score y
==
1 sp|P92658|CYE_MAMPR 378 2z sp|P24956|CYB_LOXAF 378 a7
1 sp|P92658|CYE_MAMPR 378 3 sp|047885|CYB_ELEMA 378 95 N
2 sp|P24958|CYE_LOXAF 378 3 sp|047885|CYB_ELEMA 378 37
»
PLEASE WOTE: Same scares may be missing irom the agabterﬁedirﬁﬁ waéc];réﬁ:ﬁménﬁqtcm made. Please check the oulpu.
[ Sort by ”Sequance Number VH View Qutput File ]
Alignment
Hide Culaors ] [ Wiew Alignment File
CLUSTAL 2.0.10 multiple sequence alignment
3p|P24358|CYB LOXAF MTHIRKSHELLKIINKSFIDLETESNISTIUNFGSLLGACLITQILTGLFLAMEYTEDTH 60 ]
< | >

€] Applet Clustal Tree started
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Sequence 3 D splPI2ESEICYE_ MAMPR Resicdue: GLN (44)

[seva Appiet Wendow
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Background: Similarity & Homology

« Similarity: the observation or measurement of resemblance
(#p 12 2t) and difference, independent of the source of the
resemblance.

« Homology: the sequences and the organisms in which they
occur are descended from a common ancestor, with the
implication that the similarities are shared ancestral
characteristics.

— Homology must be an inference from observations of similarity.
Only a few special cases is homology directly observables.

 The need for thoughtful scientific judgment!
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 Does the very high degree of similarity of the sequences justify
the conclusion that they are homologous; or are there other
explanations?

« A functional cytochrome b requires so many conserved residues

« Indian elephant has evolved faster than that of the African
elephant or the mammoth, accumulating more mutations

» They gained a common gene by transfer from an unrelated
organism via a virus.

SINES & LINES

Short and long interspersed nuclear elements — repetitive non-coding
sequences that form large fractions of eukaryotic genomes. 30% of
human chromosomal DNA, and over 50% of some higher plant
genomes.

Typically,

— SINES are ~70 — 500 bps long, up to 106 copies may appear.

— LINES may be up to 7000 bps long, up to 10° copies may appear.

To derive the phylogenetic relationship

Features of SINES that make them useful for phylogenetic studies
include:

— A SINE is either present or absent.

18



« SINES are inserted at random in the non-coding portion of a
genome.

— Appearance of similar SINES at the same locus in two species implies
that the species share a common ancestor in which the insertion event
occurred.

« SINE insertion appears to be irreversible: no mechanism for loss
of SINES is known, other than rare large-scale deletions that
include SINE.

 Not only do SINES shown relationships, they imply which species
came first. The last common ancestor of species containing a
common SINE must have come after the last common ancestor
linking these species and another that lacks this SINE.

Camels N — Tylopoda
—x  Pigs = Sk
ik ino(ARE2) RGeS
gpi(ARE) ——— Peccaries —
pro(ARE)
2 Chevrotains —
ino(ARE) aaa792(Bov-tA) ” R
uminantia
A A Fas(Bov-tA)
¢21-352(CHR-1) l% |
AAAA Pgha (CHR-1) Pecorans
aaa228(CHR-1 ) )
aaa792ECHH-1; x Hippopotamuses — Hippopotamidae
GmM5(CHR-1) HIP5(CHR-2) .
[HIP5(CHR-1)] AAAA ————— Toothed whales -
HIP24(CHR-1) T x Q etacea
KM14(CHR-1) L Baleen whales -
HIP4(CHR-1) imgi(gﬂg'? aaa792?CHR-2)
AF(CHR-1) m7A(GHR2)
M11(CHR-2)

Fig. 1.5 Phylogenetic relationships among cetaceans and other artiodactyl subgroups,
derived from analysis of SINE sequences.
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Searching for similar sequences in databases:
PSI-BLAST

The search of a database for items similar to a probe.

The ideal method is both sensitive and selective:
— Sensitive: it picks up even very distant relationships
— Selective: all the relationships that it reports are true

A powerful tool from NCBI USA: PSI-BLAST
— Position Specific Iterated — basic linear alignment sequence tool
Example 1.4. Homologues of the human PAX-6 gene.

Example 1.5. What species contain homologues of human PAX-6
detectable by PSI-BLAST?

2l NCBI HomePage - Microsoft Internet Explorer ‘Z”E‘
WRE REE WRY FRE@ IAD HEW L
Q:% O RRAG Pmedrmez @3- % w-UE 3
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disseminates biomedical information - all for
the better understanding of molecular
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disease. Mare

¥ Coffee Break,
Genes & Disease,
MNCEI Handbook

» Electronic PCR

The HCEI Whole Genome Association (WGA) resource
provides researchers with access to genotype and
associated phenotype information that will help
elucidate the link between genes and disease. For
more information, click here to see the the WGA

¥ Entrez Tools
¥ Gene expression
omnibus (GEO)

resource page and click here to read the press
release.

» Human genome
resources

7100 fGinabacac ¥ Malaria nanatics ~
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RecName: Full=Paired box protein Pax-6; AltName: Full=Aniridia

gi|6174889|sp|P26367.2|PAX6 _HUMAN RecName: Full=Paired box protein Pax-6; AltName:

Analyze this

Identify Conse
Highlight Sequ
Find in this Se

Protein 3D §

3 BLAST: Basic Local Alignment Search Tool - Microsoft Infernet Explorer
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A4 (D) €] hitp#blestanebi b nih. goviBlast o

v DEE @ >

Basic BLAST

Chonse a BLAST prograrn to mn

Search a nucleotide database using a nucleotide guer:
Algonthrs: blastn, blast, discontiguous bl

) Search protein database using a protein guery
Algonthras: blastp, psi-hlast, phi-blast

blastx

nucleotide blast

Search protein database using a translated nucleotide query

thlastn | Search translated nucleotide database using a protein query

tblastx | Search translated nucleotide database using a ranslated nucleotide query

Specialized BLAST

Chonse a type of specialized search [or database name in parentheses.)
Make specific primers with Primer-BLAST
Search trace archives

Find conserved domains in your sequence (cds)
Find seguences with similar conserved dor

architecture (cdart)
Search sequences that have gene expression profiles (GEO)
Search immunoglobulins {lgBLAST)

Search for SNPs (snp)

Screen sequence for vector contamination (vecscreen)

Align twa (or more) sequences using BLAST (bi2ser)

Search pr or nucleotide targets in PubCherm BioAssay

Doooooooaoo

Belationships Between ~
Seguences.

The: ness Tree Yiew option on
the MCBI Weh BLAST service
presents & dendrogram or trse
display that clusters
seruences accordng tatheir
distances from the cuery
seruence.

More tips...
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Protein BLAST: search protein databases using & protein query - Microsoft Internet Explorex

BEE RKEED WAD BBEL TAD NN

Qt=- O HEAM Pusdrames @ -2 @-[JH B

EHE D) \@ ttp/blast nchi nbmn nih govw/Blast ¢ Zi7PAGE-ProteinsAPROGR AM=blastp&BL AST_PROGRAMS=blastp&PAGE_TYPE=BlastSearchdeSHOW_DEFAUL TS=andkLINE_LOC- v | BE ER 7

Job Title |0i161 7 488015p1P 26357, 21PAHE_HUMAN Recharme: |
Enter a descriptive title for your BLAST search '\9,'

[ Align two or more sequences

Choose Search Set

Database |Nun—redundam protein sequences {nr Vl @

Organism

Optional

Enter arganism cammon name, hinamial, or taxid. Only 20 top taxa will be shown. @&

Entrez Query | |
Optional

Enter an Entrez guery to limit search @

Program Selection

Algorithm o

(& PSIBLAST (Pasition-Specific iterated BLAS
© PHFBELAST (Pattern Hit Initiated BLAST)
Choose a BLAST algorithrm &

Search database nr using PSI-BLAST {Position-Specific Iterated BLAST)

[CIshow results in a new window

P Algorithm parameters 4

IPAXG_HUMAN RecName: HMicrosoft Intenet Explozer

HCBI Blast:zik61 74889 kpP26367.
BRE RED WRD HFOEREFW IAD HEEL

Qim-© (026 Swe demss @ 35 @ -[JE B
44 (D) | ] hit:blast ncb nlm nih goviBlast egi v BrE = >
=

:_,, BLAST

= Home  Recent Resulis Saved Strategies  Help

o

T INCEL BLAST blasty suite, Formating Rosums WosNT0 101
Edit and Resubrmit ~ Save Search Strategies  »Farmatting options  &Download
PSI blast Iteration 1

0il6174889]sp|P26367.2/PAX6_HUMAN RecName:...

Query ID |cl|55835 Database Name nr
Description gi|6174889|sp|P26367.2|PAX6_HUMAN Reclame: Description Al non-redundant GenBank CDS
Full=Paired box protein Pax-6; AltName: translations+PDE+SwissProt+PIR+PRF excluding

Full=Cculorhombin; AltName;: Full=Aniridia type II environmental samples from WGS projects
protein Program BLASTP 2.2.20+ = Citation

Molecule type  amino acid
Query Length 422 Other reports: &Search Summary [Tazonomy reports] [Distance tree of

results] [Related Structures
v Graphic Summary

v Show Conserved Domaing
Putative conserved domains have been detected, click on the image below for detailed results.
ki a0 a1 a2z

u“"!‘mgﬂn‘mg cite AMRA o MGL MGEY Sy 4hG  specific DNA base contacts A FrTy
DNA binding site Sk & AL A,

specific hits

Superfanilies PAX superfamily

Distribution of 100 Blast Hits on the Query Sequence &

1 7 150

Mouse over to see the defling, click to show alignments
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Q:x- O RNEG P

D) | E] hitpiblsstncbi b nih gov/Elsct o

v|BwE EE >
~

Sequences with E-value BETTER than threshold =
Score E
Sequences producing sigmificant aligrments: (Bits) Valus
L E ref|NP_000271.11 paired box gene 6 isoform a [Howo sapiens] >... 870 0.0 G}
M8 [¥] oblEAWEBZ33.11 paired box gene 6 (aniridia, keratitis), isefo... _8e3 0.0 G
M9 | refime DD1035735.1| paired box gene § [Bos taurus] >sploinzei... _ses 0.0 O
MW W] ob|ana50063.1] oculorhombin Sgh|ARASO963.1] oculorhombin _8e8 LR G |
o [¥] oblEDL79721.11 paired box gene &, isoform CRA = [Rattus norve... 868 0.0 9
L) ’E ref|NP_037133.1] paired hox & [Rattus norvegicus] >splP63016.... 860 0.0 [u Gl
i |W| h|2BAO0484.1] paired box protein PAXE isoform a [Oryetolagus... 867 0.0 &
MW ] dbi|BAGE2023.1] unnamed protein product [Homo sapiens] se7 o0 @
MW [P] dhq184025720.11 unnamed protein product [Mas musculus) 367 0.0 @
T E b |AEIOEE46.1] paired box 6 transcript wariant 3 [Colunka livia] 865 0.0
W [¥] preii19023zes paxs geme 863 0.0
MW W] ref|mp 001595.2| paired box gene 6 isoform b [Homo sapiens] »... _863 0.0 K9
MW W] peflmp 038655.11 peired box gene & [Mus wusculus] vemb |CARA53... _B62 U G|
MW |V pefimp_001091013.11 paired hox gene & [Canis lupus femiliaris... 861 0.0 UGl
W8 [F]| obIEDL27788.11 paired box gene 6, isoform CRA_d [Mus musculus]  se1 0.0 (G
M8 [¥| biEAWEBZI6.1| paired box gene 6 (aniridia, keratitis), isefo... _se1 0.0 G
MW W] 1EDL79723.11 paired bax gene 6, isoform CRA ¢ [Rebbus norve... _2é0 0.0 (G
nw V| en |cACB0516.11  paired box protein [Mus museulus] 860 0.0 G
W [¥] ob125248919.11 paired box € isoform Sa [Rattus norvegicus] >g... 858 0.0 (&
W8 [¥| refiNe D01075686.1| paired box protein PAX6 isoform b [oryeto... _8sa 0.0 O
MW W] eris|cAE45868.1] hypothetical protein [Howa sapiens] a5 oo @
Mo (V] blaBs17534.11 Paxe [Bufo raddeil _858 0.0 2
. = e v

WERE) REE WRY BOREW TAOD HHEH [
: I = A
— - ) ) fibx S <

Q- O KRG Lus frwmse @me @

FEUED) | ] s fowow,obi.ac ukfservicestmp /396360 455315 il = EENE
CLUSTAL W (1.82) multiple sequence alignment L]
gi| 2133658 | pirc| | I45557 NFTLOPTPTAIGTVVPPUSAGTLIERLPSLEDMAHEGHIGVNQLGGVFVG S0
Sp|PZE367| PAXE HUMAN MSHIGVNQLGGVEVIT 17

ST
gi| 2133658 | pirc| | I45557 GRPLPDSTROKIVELAHSGARPCDISRILOVENGCVSKILGRYYETGSIR 100
Sp|PZE367| PAXE HUMAN GRPLPDETROKIVELAHSGARPCDISRILOVENGCVSKILGRYYETGSIR 67
T
gi| 2133658 | pirc| | I45557 PRAIGGEEPRVATAEVVEKIZOVERECPSIFAWE IRDRLLOQENVCTNDNI 150
Sp|PZE367| PAXE HUMAN PRAIGGEEPRVATPEVVEKIAQVERECPSIFAWEIRDRLLSEGVCTNDNI 117
g A A
gi| 2133658 | pirc| | I45557 PEVESINRVLRNLAAQKEQQITGEGISITIAGHS IS ARV SV IGCNVINY 200
Sp|PZE367| PAXE HUMAN PEVISINRVLRENLASEKQD NG i3s
ramararERaREIET ALY i*
gi| 2133658 | pirc| | I45557 AZGERGTLESSTDLHQTATPLNSSESCGATNSGEGSEQEAIYEELRLLNT 250 1
Sp|PZE367| PAXE HUMAN ADGHMYDELRMLNG 151
orereeagae
gi| 2133658 | pirc| | I45557 QHAAGPGPLEPARLAPLVGQIPNELGTRISHP QLVHEGNHOALQOHQOQOST 300
Sp|PZE367| PAXE HUMAN QTG WGTRF is0
P ooy
gi| 2133658 | pirc| | I45557 PPREVEGEWYPTILSEIPISSAPNIASVTAYASGPSLAHSLEPPNDIESL 350
Sp|PZE367| PAXE HUMAN WYPG TEVPGOP i7z
Crer e
gi| 2133658 | pirc| | I45557 AZIGHQRNCPVATED IHLKRELDGHOSDETGEGEGENSNGGASNIGNTED 400
Sp|PZE3IET|PANE HUMMN oo TDGCQOQEGG——-GENTHNS ISSNGEDIDE 199 v
| 3

<

&) Applet jabview.ButtonalignApplet started
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3 BLAST: Basic Looal Alignment Search Tool - Microsoft Internet Explorer

WEE REER HRO JEHNEREY TAD HAD

Qtx-©-XE G s fomme @ 3% - JH -

HEAE D) | @] hitp:tblast nobi nln nih goviBlast cgi

L

Choose 2 BLAS T prograrm 1o fan

nucleotide blast Seanilh a nucleotide database using a nucleotide query

i blastn, r , discontiguous

Search protein databaze uging a protein guery

tein blast
protein b as Algorithms: blastp, psi-blast, phi-blast

blastx | Search protein database using a translated nucleotide query

thlastx

thlastn ‘ Search translated nucleotide database using 3 protein guery

Specialized BLAST

Choose a type of specialized search (or database name in parentheses.)

o Make specific primers with Primer-BLAST
o Search trace archives
o Find ved d in your seq (cds)
0 Find seq with similar consel | domain hil e (cdart)
O Search sequences that have gene expression profiles (GEQ)
o Search immunoglobulins ([gBLAST)
o Search for SNPs (snp)
for vector ination (vecscreen)
o Align tepAor more) sequences using BLAST (bl2sey)
0 Search protein or nucleotide targets in PubCharm BioAssay

Copuricht | D) | Privacy | Accessibilty |

Search translated nucleotide database using a translated nucleotide guery

~

Tip of the Day

Using Tree View to Examine
Relationships Between
Sequences.

The new Tree View option an
the NCEI Vish BLAST service
preserts a dendragram o tres
display that clusters
senuences according to their
distances from the guery
seuence

More tips...

3 Protein BLAST- Align two or more sequences using BLAST - Microsoft Internet Explorer

WED REED ®RO BSEEW IAD HA®

Q- Q- -HEAG Pus framer @ -5 = -[Jl 3

AFHED) | 4] hitpfblast ncti.alm i gov/Blsst

rotemns&FROGR A M=blastp&EL

T_FROGE.

<, BLAST
Home Recent Results = Saved Strategies = Help

E_TYF

HOW_DEFAULT EL

Enter Query Sequence

Enter accession number, gi, or FASTA sequence &

ix]
[
g

r

>gil6174889 | 5p | P26367. 2| PAXG_MIMAN RecMame: Full=Paired hox protein Pax-
6; AltWame: Full=Oculorhombin; AltMName: Full=iniridia type IT protein
NONSHSGYNOLGGYFVNGRPLPDSTROKIVE LAHSGARPCD I SRILQVSNGCWSKILGRYYETGSTRFRA
IGGERPRVATFEVVSKIAQVFRECPSIFAVEIRDRLLSEGVCTHDNIP SV S S INRYLRNLASERQQHGAD
GMVDELRMLNGQTGSWGTRE GUVE GTSVRGOPTODGCQQ0EGGGENTHS IS SNGED SDEAQMRLOLKRKL b

I —

Joh Title

BLASTP programs search protein subjects using a protein query. more

Query subi

nge
2 —
]

|5ilB174889]5pIP26367.2/PAXE_HUMAN RecName

Enter a descriptive title for your BLAST search &

Align two or more sequences

Enter Subject Sequence

Enter accession number, gi, or FASTA sequence & Clear

>gi| 12643545 | 5p| O18351.3 | PAX6_DROME RecName: Full=Paired hox ~
protein Pax-6; AltName: Full=Frotein eyeless

MEMLPCLGTAGGIGLGGIAGKPEPTHEAVE ASTASHRHS TS VFATTYYHLTDDECHIGVIQLG
GUFVGG

RPLPDSTROQKIVELAHSGARPCD ISRILOVENGCVSKILGRYVETGS IRPRAIGGSKPRVATAE v

Program Selection

@

Subjectsubrange &

From l:l
o]

Resetpace  Bookmark

£
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P-c X| 22|Protein BLAST: Alignt... | = NCBIBlastgi|61748... x ‘ = Recame: Full=Paired.. ‘ ¢ fo3

x Go’gla‘

i
x

L PEs . B EzzEs 2AA - mER T ox @ -f

i~ B -= =~ S5~ 220~ ISO-@- A TG 0

x S#:[o18381

o

Edit and Resubmit  Save Search Strategies

gil6174889splP26367 2P AX6_HUMAN RecName:...

CBI BLAST/ blastp suite-Tsequences! Formatting Results - BEJRHEV311N
b Formatting options.

| Query ID lcl|8143 SubjectID 2145
Description gi| 6174889 sp| P26367.2|PAXS_HUMAN RecName: Full=Paired hox Description gi| 12643549 |5p|018381,3| PAX6_DROME RecName: Full=Paired
protein Pax-6; AltName: Full=Aniridia type II protein; AltNams: box protein Pax-6; AltName: Full=Protsin eyeless
Full=Oculorhombin Molecule type amino acid
Molecule type amino acid Subject Length 857
Query Length 432 Program BLASTP 2.2.27+ & Citation

Other reports: P Search Summary [Taxonomy reports] [Multiple

| t—& T8 |[F)=E - |

b Download

Blast 2 saquences

m

(=) Graphic Summary

Distribution of 5 BlastHits onthe Query Sequence &

Mouse over to see the defiine, click 1o <how alignments

Color key for alighment scores

+] Dot Matrix View
(= Descriptions

Legend for links to other resources: [0 UniGene 3 6£0 [E Gene B Structure [ Map Viewer Bl PubChem BioAssay

<

mn b il

T T W e ol

———
a\)[ S httpy//blastncbinim.nih.gov/Blast

cgi | & NCBIBlastgil61748... % | & RecName: Full=Paired... o ¢ 6ol
x Google| “.. EsgE» EAQ- om0 T x @ -f
B-E -0 & - 5P 2280 IEO-@- N 86 0 1
x 2#:[ 018381 | t—& T—& [[F)=E - |
Plot of ic}8143 vs 8145 &
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