Use of sequences to determine
phylogenetic relationships

» Example 1.1 Retrieve the amino acid sequence of
horse pancreatic ribonuclease

« ExPASy server: hitp://www.expasy.org/

* NCBI server: http://www.ncbi.nlm.nih.gov/

» Type the keywords: horse pancreatic
ribonuclease ("4 %% » % fE 1% %)

» Select RNAS1 HORSE and then find FASTA
format
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Results

» Show only reviewed (4) 7 (UniProtkKB/Swiss-Prot) or unreviewed (9) *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)
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2} Ribonnclease pancreatic - Equus caballns (Horse) - Microsoft Internet Explorer
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KESPAMKFER QHMDSGSTSS SNPTYCNQEM KRENNTQGWC KPVNTFVHEP LADVQAICLQ
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[1] "Horse pancreatic ribonuclease.”
Scheffer A.J., Beintema J.J.

LEF 1004



FASTA format

>sp/P00674RNAS1 HORSE Ribonuclease pancreatic (EC
3.1.27.5) (RNase 1) (RNase A) - Equus caballus (Horse).

KESPAMKFERQHMDSGSTSSSNPTYCNQMMKRRNMT
QGWCKPVNTFVHEPLADVQAICLQKNITCKNGQSN
CYQSSSSMHITDCRLTSGSKYPNCAYQTSQKERHITV
ACEGNPYVPVHFDASVEVST
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Al (18)
Results: 18 Selected: 1 Bncioria 4
|| [T pancreatic ribonuclease [Escherichia coli 3.2608] Related Structures
1. 268 aa protein (16)
Accession: EIH56692.1 Gl 386179213 RefSeq (11)
GenPept FASTA Graphics Related Sequences Identical Proteins Mihas
[ putative pancreatic ribonuclease [Equus caballus .
2. 165 aa protein W Top Organisms [Tre|
Accession: CAE45264.1 Gl: 33945723 Equus caballus (75)
GenPept FASTA Graphics Related Sequences Identical Proteins Camelus dromedarius (1

Escherichia coli 3.2608

RecName: Full=Ribonuclease pancreatic; AltName: Full=RNase 1; AltName:
Full=RNase A

128 aa protein

Analyze these

sequences
Accession 1 GI:133215 Run BLAST
GenPept FASTA Graphics Related Sequences up S
Align sequences with COBA
[71 angiogenin precursor [Equus caballus] Identify Conserved Domain
4. 146 aa protein CD-Search

Accession: AAS15049.1 Gl: 42411028
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Example 1.2

* Determine, from the sequences of pancreatic ribonuclease from
horse, minke whale (-] % &%) 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.




*  >sp|P00686|RNP_MACRU Ribonuclease pancreatic (EC 3.1.27.5) (RNase
1) (RNase A) - Macropus rufus (Red kangaroo) (Megaleia rufa).

+ ETPAEKFQRQHMDTEHSTASSSNYCNLMMKARDMTSGRCKPLNTFI
HEPKSVVDAVCHQENVTCKNGRTNCYKSNSRLSITNCRQTGASKYP
NCQYETSNLNKQIIVACEGQYVPVHFDAYV

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

+ RESPAMKFQRQHMDSGNSPGNNPNYCNQMMMRRKMTQGRCKPV
NTFVHESLEDVKAVCSQKNVLCKNGRTNCYESNSTMHITDCRQTGS
SKYPNCAYKTSQKEKHIIVACEGNPYVPVHFDNSV

» >sp|P00674]RNP_HORSE Ribonuclease pancreatic (EC 3.1.27.5) (RNase 1)
(RNase A) - Equus caballus (Horse).

+ KESPAMKFERQHMDSGSTSSSNPTYCNQMMKRRNMTQGWCKPVN

TFVHEPLADVQAICLQKNITCKNGQSNCYQSSSSMHITDCRLTSGSK
YPNCAYQTSQKERHIIVACEGNPYVPVHFDASVEVST
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= Help . =
= FAQ Clustal Omega - Multiple Sequence Alignment

= Clustal website
= Jalview Clustal Omega is a new muitiple sequence alignment program that uses seeded guide trees and HMM profile-profil§

» 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.

l
= Related Applications

Use this tool
Pairwise Sequence
Alignment STEP 1 - Enter your input sequences
Multiple Sequence
[l Aignment Enter or paste a setof PROTEIN ~ sequence in any supported format:
Phylogeny >sp|P00686 |RNP_MACRU Ribonuclease pancreatic (EC 3.1.27.5) (RNase 1) -
(RNase A) - Macropus rufus (Red kangaroo) (Megaleia rufa) . [ |
Clustal related ETPAERFQRQHMDTEHSTASSSNYCNLMMKARDMTSGRCKPLNTF IHEPKSVVDAVCHQENVTCRNGRTN | =
| litarature v CYKSNSRLSITNCRQTGASKYPNCQYETSNLNRQIIVACEGQYVPVHFDAYV B
Search for Clustal related >sp|P00673 |RNP_BALAC Ribonuclease pancreatic (EC 3.1.27.5) (RNase 1)
literature in Medline.. (RNase A) - Balaenoptera acutorostrata (Minke whale) (Lesser rorgual). =

|| more

I’ Or, upload a file:

STEP 2 - Set your parameters
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= FAQ Clustal Omega Results
= Jalview Result Summary | Submission Details | Submit Another Job

Alignment
= Related Applications

o Download Alignment File | Show Colors
Pairwise Sequence

Alignment
Multiple Sequence CLUSTAL 0(1.1.0) multiple sequence alignment
Alignment
Phylogeny
sp|PO06BE | RNP_MACRU —ETPAERFQRQHMDTEHSTASSSNYCNLMMRKARDMTSGRCRPLNTFIHEPRSVVDAV!
sp|P00673 | RNP_BALAC RESPAMRFQRQHMI PNYCN MTQGRCKPVNTEVHESLEDVEAV
sp|P00674 | RNP_HORSE KESPAMRFERQHEMDSGSTSSSNPTYCNOMMRRRNMTQGWCRPVNTFVEEPLADVQAT
Vg ek gkddeks g kkk kb bk ek g ik gk ey
sp|PO068E| RNP_MACRU ENVTCENGRTNCYKSNSRLSITNCRQTGASKYPNCQYETSNLNRQIIVACEG-QYVE'
sp|P00673 | RNP_BALAC RNVLCERNGRTNCYESNSTMHITDCRQTGSSKYPNCAYRTSQRERHIIVACEGNEPY VP
sp|P00674| RNP_HORSE ENITCENGQSNCYQSSSSMHITDCRLTSGSKYPNCAYQTSQRERHIIVACEGNPYVP]
s el kg W . ko wd W bWkl WowWe kW Wk
sp|PO06EE | RNP_MACRU DAYV-—--
sp|P00673 | RNP_BALAC DNSV-————
=p|PO0674 | RNP_HORSE DASVEVST
S
PLEASE NOTE: Showing colors on large alignments is slow.
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= FAQ Clustal Omega Results
| = Jalview Alignments | IESNESINHERE - Submission Details | Submit Another Job
Result files
= Related Applications
Prirwise § Input Sequences JalView
CIPMISE Sequence clustalo-120121018-035615-0080-14297961-pg.input
Algnment Tool Ouput
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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Consemvation I I L I l I n I l I I I I l I I . I I . I

7645 5 2°7-66 5

ol o L "TIIR NI T

NPNYCHGMMKRR - MTQGRCKPYNTEVHEPL - DV - AVC - QKNVTCKNGRTNCY - SNS-MHITDCRATG - SKYPNCAY. TSQKE Hlll\/‘Al:E
I "

2 Clustal W2 - Microsoft Internet
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Alignment
I Hide Colors ] I View Alignment File J
CLUSTAL 2.0.10 multiple sequence alignment
=p | POOET3 | RNP_BALAC RESPANMKFQRQHMD 3 GNS PGINPNY CHQITDMERKMTQGRCKPVNTFVEE SLEDVKAVCSQ 60
sp| POOE74| RNP_HORSE KESPAMKFERQHIMDSGS TSSSHPTY CHQMMKRRNNTQGWCRPYNTFVHE PLADVALCLO 60
sp| POOESE | RNP_MACRU ~ETPAEKFQROHMDTEHSTASSSHYCNLMMKARDMTSGRCKPLNTFIHE PKSVVDAVCH] 59
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Sp | POOS73 IRNP_BALAC KNVLCENGRTNCYESHS THHI TDCRQTGS SKYPNCAYKTSQKEKHIIVACEGNPYVPVHF 120
3p | PO0674|RNP_HORSE KNITCKNGOSNCYQS55SMHITDCRLTS GSKYPNCAY OTSQKERHIIVACEGNPYVRVHF 120
=p | POOESE | RNP_MACRU ENVTCKNGRTNCYRSNSRLSITNCROTGASKYFNCOYETSNLNKQIIVACEG-QYVPVHF 118
sp|PO0ST3|RNP_BALAC DHSV---- 124
sp | PO0E74|RNP_HORSE DASVEVST 128
=p | POOSEE | RNP_MACRI DAYV---- 122
PLEASE NOTE: Shawing colors on iarge alignments is siow.
[ Hide Colors ] | View Alignment File J .
Guide Tree
[__Show as Phylogram Tree__| [ Show Distances | [ View DND File |
v
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File Edit Select View Format Colour Calculate Help

faiF00673jANE_BALAC -
ol PO0GTIIRNE_HORSE/1-1.
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~-ESPAMKFOQRQHMDSG -5 - SNPNYCNOMMKRR - MTQGRCKPVYNTFVHEPL-DV-AVC-QKNVTCKNGRTNCY - SNS-MHITDCRQTG - SKYPNC
<
Fequence 3 1D: splPODSBSIRNP_MACRUI Residue: LEU (78)

|v

[ Java Applet Window

2 Clustal W2 - Microsoft Internet

RO ®HO HA0 SAEW TAD NH® i
. ~ 3§ 1
Ot=- O HEA®G Puws frwe @ -5 w-[JE 3
D) [ &) htp:/vrw ebiac ki Tock i 1 lecustabw 2 deiobid =clustal 90305-0236.241 2 poll v B BE EE
STFUUGTATRIF TURSE =
sp | PO0OESE | RNP_MACRU
PLEASE NOTE: Showing colors on farge alignments is siow.
[ Hide Colors ” View Alignment File ]
Guide Tree
[ Show as Cladogram Tree | [ Hide Distances ] [ View DND File
(
=p | POOGEE | RNP_MACRU: 0.23962,
Sp|PO0G73 |IRNP_BALAC: 0.08825,
sp|PO0OG74|RNP_HORSE: 0.14562) ;
Phylogram
piF _MACRU: 0.23962
}—7 spIPO0G73|RNP_BALAC: 0.08825
pl [RNP_HORSE: 0.14562
[___Show as Cladogram Tree__| [ Hide Distances | [ View DND File |
Right-click on the above tree to see dispiay options.
Froblems printing? Read how to print @ Phyloyram or Cladogram.
Terms of Use | EBIFunding = CorfactEBI |« @ Ewopean Biginformatics Institte 2006-2009. EBI is an Outstation of the European Molecular Bilogy Laboratory. o
< >
£&] Applet ClustalTree started © FREE
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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 (7§
P5 4% e77) mammals and kangaroo is a marsupial
(7 ®# 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:

>g1|532319|pir|TVFV2E|TVFV2E envelope protein
ELRLRYCAPAGFALLKCNDADYDGFKTNCSNVSVVHCTNLMNTTVTTGLLLNGSYSENRT
QIWQKHRTSNDSALILLNKHYNLTVTCKRPGNKTVLPVTIMAGLVFHSQKYNLRLRQAWC
HFPSNWKGAWKEVKEEIVNLPKERYRGTNDPKRIFFQRQWGDPETANLWFNCHGEFFYCK
MDWFLNYLNNLTVDADHNECKNTSGTKSGNKRAPGPCVQRTYVACHIRSVIIWLETISKK
TYAPPREGHLECTSTVTGMTVELNYIPKNRTNVTLSPQIESIWAAELDRYKLVEITPIGF
APTEVRRYTGGHERQKRVPFVXXXXXXXXXXXXXXXXXXXXXXVQSQHLLAGILQQQK
NL LAAVEAQQQMLKLTIWGVK
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In bioinformatics, a sequence alignment is a way of arranging the
sequences of DNA, RNA, or protein to identify regions of
similarity that may be a consequence of functional, structural, or
evolutionary relationships between the sequences. Aligned
sequences of nucleotide or amino acid residues are typically
represented as rows within a matrix. Gaps are inserted between the
residues so that identical or similar characters are aligned in
successive columns.

Global and local alignments

Global FTFTALILLAVAV
F--TAL-LLA-AV

Local FTFTALILL-AVAV
-—FTAL-LLAAV--

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

12



Case Study 1.5 — A harder one

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

FEd 4448 £~ % (Mammuthus primigenius) i* % 2_ S
fm*2 ¢ % b (mitochondrial cytochrome b) » # _d1v8— f&
I = % (Loxodonta africana and Elephas maximus)¥£? i&
T2 RS GG T2 0 B TR

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
LGIMPLLHTSKHRSMMLRPLSQVLFWTLATDLLMLTWIGSQPVEYPYIIIGQMASILYFS
IILAFLPIAGMIENYLIK

>sp|P24958|CYB_LOXAF Cytochrome b OS=Loxodonta africana GN=MT-CYB PE=3 SV=2
MTHIRKSHPLLKIINKSFIDLPTPSNISTWWNFGSLLGACLITQILTGLFLAMHYTPDTM
TAFSSMSHICRDVNYGWIIRQLHSNGASIFFLCLYTHIGRNIYYGSYLYSETWNTGIMLL
LITMATAFMGYVLPWGQMSFWGATVITNLFSAIPYIGTNLVEWIWGGFSVDKATLNRFFA
LHFILPFTMIALAGVHLTFLHETGSNNPLGLTSDSDKIPFHPYYTIKDFLGLLILILLLL
LLALLSPDMLGDPDNYMPADPLNTPLHIKPEWYFLFAYAILRSVPNKLGGVLALLLSILI
LGLMPLLHTSKHRSMMLRPLSQVLFWTLTMDLLTLTWIGSQPVEYPYIIIGQMASILYFS
IILAFLPIAGVIENYLIK

>sp|047885|CYB_ELEMA Cytochrome b OS=Elephas maximus GN=MT-CYB PE=3 SV=1
MTHTRKFHPLFKIINKSFIDLPTPSNISTWWNFGSLLGACLITQILTGLFLAMHYTPDTM
TAFSSMSHICRDVNYGWIIRQLHSNGASIFFLCLYTHIGRNIYYGSYLYSETWNTGIMLL
LITMATAFMGYVLPWGQMSFWGATVITNLFSAIPYIGTNLVEWIWGGFSVDKATLNRFFA
FHFILPFTMVALAGVHLTFLHETGSNNPLGLTSDSDKIPFHPYYTIKDFLGLLILILLLL
LLALLSPDMLGDPDNYMPADPLNTPLHIKPEWYFLFAYAILRSVPNKLGGVLALFLSILI
LGLMPLLHTSKHRSMMLRPLSQVLFWTLTMDLLTLTWIGSQPVEHPYIIIGQMASILYFS
IILAFLPIAGMIENYLIK
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fe ®E#E %Ry BOHRFE IAD HBW
R Q- [ B Pus Joanne @ue @ (2- 0 B - )3

| 0] ﬁmp;l,fus.expasy.org v EJ#E &
‘Site Map Search EXPASy Contact us
Hosted by NCSC US |Mirror sites: Can: sizerland | Taiwan

Search | Swiss-ProVTEMEL

ExPASy Molecular Biology Server

The ExPASy (Expert Protein Analysis System) proteomics server of the Swiss Institute of Bioinformatics (SIB) is dedicated to the
analysis of protein sequences and structures as well as 2-D PAGE (Disclaimer / Reference).

[Announcements] [Job opening] [Mirror Sites]
« Swiss-Prot and TIEMBL - Protein knowledgebase « Proteomics and sequence analysis tools
¢ PROSITE - Protein families and domains © Proteomics (Peptldent, PeptideMass, ...]
* SWISS-2DPAGE - Two-dimensional polyacrylamide gel o DNA -> Protein [Translae]
electrophoresis o Similarity searches [BLAST)
e ENZYME - Enzyme nomenclature o Pattern and profile searches [ScanProsit]
o SWISS-3DIMAGE - 3D images of proteins and other biological o Post-translational modification and topology prediction
macromolecules © Primary structure analysis [ProtParam, plMW, ProtScale]
« SWISS-MODEL Repository - Automatically generated protein o Secondary and tertiary structure prediction [SWISS-MODEL, Swiss-
models PdbViewer)
o CD40Lbase - CD40 ligand defects o Alignment (T-COFFEE, SIM)
« SeqAnalRef - Sequence analysis bibliographic references o

Biological text analysis

ra.1 a NBW. A Le. A RA~T L

2} Mammuthns primigenins in TniProtkB - Microsoft Internet Explorer X
HRE SHO RA0 BOREW TAD HE® o

CO+7-Q - HNEAG Prs rawvz @ -5 ®w-[Jld 3

LT —— i iusde

» UniProtKB

Search in Query

\__Prulein Knowledgebase (UniProtkE) b qumu{hgs prim}éermij’a Fields »

Search Blast Retrieve 1D Mapping = =

1 -25 of 133 results for Mammuthus = AND primigenius = in UniProtKB sorted by score descendings

+2a Browse by taxonomy, keyword, gene ontology, enzyme class or pathway | & x Reduce sequence redundancy to 100%, 30% or50% |
Customize display

» Show only reviewed ¢ (UniProtkKB/Swiss-Prot) or unreviewed ¢ (UniProtkKB/TrEMBL) entries
» Quote terms: "mammuthus primigenius"

» Restrict term "mammuthus" to organism, taxonomy

» Restrict term "primigenius" to organism, taxonomy

Page 1 of B | Mext »
Al Accession Entry name - Status Protein names - Gene names - Organism ~ Length -

(] P92658 CYB_MAMPR { Cytochrome b (Ubiquinal- MT-CYB Mammuthus 378

cytochrome-c reductase (COB) (CYTB) primig_smus

complex cytochrome b (MTCYB) (Siberian

subunit) {(Cytochrome b-¢1 woolly

complex subunit 3) mammoth)

(Complex Il subunit 3)

(Complex Ill subunit ity
O Q38PRY COX2_MAMPR { Cytochrome c oxidase MT-CO2 Marnmuthus 227 v

'Y

FEF. | Asequenedin. = B
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chrome b - Mammathus primigenius (Siberian woolly mammoth) - Microsoft Internet Explorer

BEO HEO SN0 SHEw IAD H8e i
Ot=- O HMEAG Pwyreaz @ -5 w-LJid 3
4 0) [) htp:Ivww mmiprot orghiiprorP92656 v ez Ew
~
+ Reviewed, UniProtkB/Swiss-Prot P92658 (CYB_MAMPR) ~Contribute
Last modified March 3, 2009 Version 56. £ History... T&L gﬁ:ﬁ E::E::::s {06 i i
+ % Clusters with 100%, 90%, 50% identity | =~ Documents (1) | (. Third-party data | |5 Customize display | TEXT RDE/XML | GFF | FASTA]
Names and origin - Protein attri - General (C - Ontologies - Sequence annotation (Features) - Sequences - References - Cross-references -

Entry information - Relevant documents

Names and origin

Protein names Recammended name:
Cytochrome b
Alfernafive name(s):
Ubiquinol-cytochrome-c reductase complex cytochrome b subunit
Cytochrome b-c1 complex subunit 3
Complex l subunit 3
Complex Il subunit [Il

Gene names Name: MT-CYB
Synonyms: COB, CYTB, MTCYB

Encoded on Mitochondrion

Organism Mammuthus primigenius (Siberian woolly mammoth)

Taxonomic identifier 37349 [NCBI]

Taxonomic lineage Eukaryota » Metazoa » Chordata » Craniata » Vertebrata » Euteleostorni » Mammalia » Eutheria »

Afrotheria » Proboscidea » Elephantidae » Mammuthus

ke e wAe BHREW IAD HEW
R Q- X B @ Pne Jramex @ae £ (2

Wl

|2 |1 ris: omwes. b ac.ckcustabt v BszE &
TAFS ERTENSION ]
o 8| ol | (w8 |[w@ | [w8
TREE GRAPH PHYLOGENETIC TREE
TYPE DISTANCES | TREETYPE | CORRECTDIST. | IGNORE GAPS
cladogram v| | [hide w| | [none v [off ¥] off v

Enter or Paste a set of Sequences in any supported format :

>sp|047885|CYB_ELEMA Cytochrome b - Elephas ~
maximus (Indian elephant) . ||
MTHTRKFHPLFKIINKSFIDLPTPSNISTWWNFGSLLGACLITQIL
TGLFLAMHYTPD THTAFSSHSHICRDVNYGWIIRQLESNGASIFFL
CLYTHIGRNIYYGSYLYSETUNTGIMLLLITHATAFHMGYVLPUGQH
SFUGATVITNLFSAIPYIGTNLVEWIUGGF SVDKATLNRFFAFHF I
LPFTMVALAGVHLTFLHETGSNNPLGLTSDSDKIPFEPYYTIKDFL
GLLILILLLLLLALLSPDMLGDPDNYMPADPLNTPLEIKPEWYFLF
AYAILRSVPNKLGGVLALFLSILILGLMPLLHTSKHRSMMLRPLSQ
VLFUTLTMDLLTLTWIGSQPVEHPYIIIGOMASILYFSIILAFLPI ~|

Upload a file: Mj

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

Page maintained by suppont@ebiacuk Last updated: 01/22/2003 23:23:15
Viewr Printer-friendly version of this page.
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ustal W2

Microsoft [ntermet

WEE REO RO FOREW ITAD NE®

Qt+=- 0 ch’l’h "19‘*(%5*8L4 L@l

&

4 D) ] hitp:vww b ukToolsleslegi =] bid Tw2-20090305- hid Zsorth Sucol

CLUSTAL 2.0.10 multiple sequence aligmment

sp|P24958| CYE_LOXAF MTHIRKSHP LLKIINKSFIDLPTPSNISTWWNFGSLLGACLITQILTGLFLAMHYTPDTH 60
sp|047885|CYE_ELEMA MTHTREFHPLFKIINKSFIDLPTPSNISTWWNFGSLLGACLITQILTGLFLAMHYTPFDTH 60
Sp|P92658 | CYE_MANPR MTHIRKSHPLLKILNKSFIDLPTPSNISTWWNFGSLLGACLITQILTGLFLAMHYTPDTH 60

TR RE MR AT RNER R TAAEAREEAARTARATTAEREEERTASTRASEARSARY

=p | P24958 | CYB_LOXAF TAFSSMSHICRDVNYGWIIRQLHSNGAS IFFLCLYTHIGRNIVYGSYLYSETUNTGINLL 120
=p|047885|CYE_ELEMA TAFS5MSHICRDVNYGWIIRQLHSNGASIFFLCLYTHIGRNIYYGSYLYSETUNTGINLL 120
sp|P9Z658 | CYE_MANPR TAFSSHSHICRDMGUIIROLHSNGAﬁIFFLCLYTHIGRNINGSYLYSET\WG[HLL 1z0
srzrrrraazres rrras P
sp|P24958| CYB_LOXAF LITMATAFMGYVLPUGOMSFUGATY ITNLFSAIPYIGTHLVEWINGGFSVDEATLNRFFA 180
sp|047885|CYE_ELEMA LITMATAFHGYVLPUGQNSFUGATVITNLFSAIPVIGTHLVEVIUGGFSVDFATLNRFFA 180
=p|P92658 | CYE_MANPR LITMATAFMGYVLPUGONSFUGATYITNLFSAIPYIGTDLVEWIUGGFSVDEATLNRFFA 180
sp| P24958| CYB_LOXAF LHFILPFTHIALAGVHLTFLEETGENNPLGLTSDSDETPFHPYYTIKDFLGLLILILLLL 240
sp|047885| CYB_ELEMA FHFILPFTHVALAGVHLTFLEETGSNNPLGLTSDSDRIPFHPYYTIKDFLGLLILILLLL
sp|POZESE| CYE_MAMPR LHFILPFTHIALAGVHLTFLEETGSNNPLGLTSDSDEIPFHPYYTIKDFLGLLILILFLL
Sp|P24958| CYB_LOXAF LLALLSPDHL ADPLNTPLHIKPEWY FLFAYAILRSVPNKLGGYLALLLSILI 300
3p 1047835 | CYB_ELEMA LLALLSPDHLGDPDNYHPADPLNTPLHIKPEWYFLFAYAILRSVPNKLGGVLALFLSILI 300
sp| P92658 | CYE_MAMPR LLALLSPDMLGDEDNYMPADPLNTPLHTKPEWYFLFAYATLRSVPHKLGGVLALLLSTLT 300
sp|P24958 | CYB_LOXAF LGLMPLLHTSKHRSMMLRPLSQVLFWTLTHDLLTLTWIGS QPVEYPYILIGQMASILYFS 360
sp|047885|CYE_ELEMA LGLMPLLHTSFHRSMMLRPLSQVLFWTLTHDLLTLTUIGSQPVEHPYIIIGQMASILYFS 360
Sp|P92658 | CYE_MANPR LGIMPLLHTS}G-E\S!NLEPLSQVLF\'}TLM‘DLLMLTUIGSDPVEYPYIIIGOP!ASILYFS 360
v rrtzrazs
sp|P24958 | CYB_LOXAF TILAFLPIAGVIENYLIK 378
sp|047885| CYB_ELEHA IILAFLPIAGMIENYLIK 378
sp | P92658 | CYB_MANPR TILAFLPIAGHIENYLIK 378

ustal W2

B% Lesk 3nd edition icrosoft Powe... Z st M A Vahoo FEF. 2 Sequence align...

Microsoft Intermet

BEE ®REOD O FOREW TAQD NE®
Q%O ¥@G Pre frame @ 2
o | ﬂhmwwebnmuﬂ' S i =clustalw 2 &riobid=clustaby 2-20090305- ispehids &sorth ol ~ ‘_gg SEEE
Vour mpurt file T [, = Ty |
To save & result file right-click the file iink in the above table and choase "Save Target As”.
K you cannot see the JalView bulton, refoad the page and check your browser settings to enable Java Applets.
Scores Table
2. African elephant
Sort by | Sequence Number ¥
1. Siberian woolly mammoth
Seqh Nane Len(aa) Score
1 513%[’92656!5‘!‘3 MAMPR 378 2 sp|P24958|CYB_LOXAF 378 97
1 sp|PI2655|CYB_MAMPR 378 3 Sp|047885|CYB_ELEMA 378 96 i |
2 sp|P24958|CYB_LOXAF 378 3 sp|047885|CYE ELEMA 378 97
PLEASE NOTE: Some scores may bé missing from mk?g!abﬁlrnne dﬂgnment ma.sdl)n i!wle CRU mode. Piease Check the output
l1an €Ic
Sort by || Sequence Number v | View Output File
Alignment
I Hide Colors ” View Alignment File J
CLUSTAL 2.0.10 multiple sequence alignment
Sp|P24958|CYE LOXAF MTHIRKSHPLLKIINKSFIDLPTPSNISTWUHFGSLLGACLITOILTGLFLAMHYTFDTH 60 b

-

05 Lesk 3dedibon | 3 M o 3 Clusts 2 Vahoo! B EEF. 7} Sequence align...
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{ede s/c gi-bindjo be

L B0 i-bindjobr
File Edit Select View Format Colour Calculate Help

e Dot Sk
12 24958]C'YB_LOXAF/ 1-376 W 1] PLLEI I FIDLPTPSNI
0 047686|CVB_ELEMA/1-370 M I'|.|E7'| l.\PlEI'[m‘
fo1P9 265610 YB_MAMPR/1-3TEMITH | PLLEIL IBLPEPSN 3

£ Overview hitp:/fwww ebi.ac.uk/Toolsles/cgi-binfjo. .. @E]
Al 1 O LA (R

la]

Quat [ I

Consensus

MTHIRKSHPLLKI INKSF IDLPTFSNISTWWNFGSLLGACL I TOILTGLFLAMHYTPDTMTAFSSMSH I CROVNYGWI IROLHSNGASIFFLOLY
<l I

equence 3 1ID: splPa26S8ICYB_MANPR Residue: GLN (44)

»

Java & pplet Window

S € 7 [lekd |[BMins, | BCuul [ B Veool. [ Depen. [ Mgl £ Overvie = B ‘{J;‘. LF 144

Background: Similarity & Homology

» Similarity: the observation or measurement of resemblance
(#p 1 Bk) 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 10° 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
lacks this SINE.

species and another that

|| [ 2

A ino(ARE2)

gpi(ARE)

pro(ARE)

A
aaa792(Bov-tA)
A A Fas(Bov-tA)
©21-352(CHR-1) Yy

A A KA Pgha (CHR-1)
aaa228(CHR-1)

aaa792(CHR-1) A
GmS5(CHR-1) HIP5(CHR-2)
[HIP5(CHR-1)] AAAA —
HIP24(CHR-1)|—
Eﬁm;té?-iHﬁﬁ;;) PmM52(CHR2) 4
AF(CHR-1) Pm72(CHR-2) aaa792(CHR-2)
M11(CHR-2)

artiodactyl subgroups, derived from

Fig. 1.5 Phylogenetic relationships among cetaceans and other

Camels N — Tylopoda
Pigs
] Suiformes

Peccaries

Chevrotains
:| Ruminantia

Pecorans

— Hippopotamidag

, :| Cetacea

Hippopotamuses

Toothed whales

Baleen whales

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?

2 NCBI HomePage - Microsoft Internet Explorer
BRO BHE RV SH8EQ TAD AW

Qt%-Q HEAG Pre ez @ -5 ®-LJK 3

Google - astrip@uvﬁviewdwr;load.v IC g -9 o B DoBEr Y ME - RBA S (G jevasaipt [§) javaview [§] download

D) ‘._éj Pttps fjuwas.ncbi.rln. i gov v EIBE s

Biotechnology Information

Natlonal Insti Healih

Structure

Sy hurnan PAXD

» What does NCBI do?

Established in 1988 as a national resource for ¥ Assembly Archive
molecular biology information, NCBI creates

public databases, conducts research in ¥ Clusters of
computational biology, develops software odhologous groups
tools for analyzing genome data, and
disseminates biomedical information - all for
the better understanding of molecular
processes affecting human health and
disease. More .. » Electronic PCR

The HCEI Whole Genome Association (WGA) resource
provides researchers with access to genotype and
d phenotype i that will help
elucidate the link between genes and disease. For
more information, click here to see the the WGA
resource page and click hiere 1o read the press
Feigar ¥ Human genome

» Coffee Break,
Genes & Disease,
NCBI Handbook

¥ Entrez Tools

» Gene expression
omnibus (GEQ)

100 €5 nhacnc R . ¥ Moloria aanotics 2

-

® WEE

&)

5 5%

Microsoft PowerPoint 5 4 Internet Explorer - C TH062

Bug
2006/3/18
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! ){ & httpi/fwww.ncbi.nlm.nih.gov/protein/7t O~ B ¢ X “ 2 human PAX-6 - Protei

xL_F {nt lfI
Google NCBI e @-|EsmE» mAA- @mP  x @
~ B - - BB 220 IEO-@-J NG

1]
Results: 1 to 20 of 67 Page 1 of4 Next> Last>>
RefSeq (30)
71 Chain A, Solution Structure Of The Homeobox Domain Of The Human Paired Box Manage Filter:

Protein Pax-6

80 aa protein

Accession: 2CUE_A Gl: 159163961

GenPept FASTA Graphics Related Sequences

w Top Organisms [Tree]
Homo sapiens (27)
Mus musculus (14)
Pediculus humanus
corporis (6)
Schistosoma mansoni (3)
Chrysaora quinquecirrha (3)
All other taxa (714)

7] Chain A, Crystal Structure Of The Human Pax-6 Paired Domain-Dna Complex
Reveals A General Model For Pax Protein-Dna Interactions
133 aa protein
Accession: 6PAX_A Gl: 5822580
GenPept FASTA Graphics Related Sequences

More
1 RecName: Full=Paired box protein Pax-6; AltName: Full=Aniridia type || protein;
AltName: Full=Oculorhombin Find related data 1
422 aa prote Database:
Acc255|6174889 Select E
GenPept ASTA Braphics Related Sequences  |dentical Proteins
Find items
|1 RecName: Full=Paired box protein Pax-6; AltName: Full=Oculorhombin
422 aa protein
Accession: P63015.1 Gl: 51702790 Search details
GenPept FASTA  Graphics Related Sequences  |dentical Proteins ("Homo 4

e ett Ao~ NUM LOCK: O

0

24 NCBI Sequence Viewer v2.0 - Microsoft Internet Explorer

BED #8® Ay SH8Ee TAD Hew I3
Q- © HRAG LPrwe Jranes @ -2 B-JE 3

D) | ) hetp: fwswe.ncbi.nln.rih. goventrez}viewer fegitdb=proteintty=18x dist_uids=61 i pt: df i o v E§§ i
Coogle - |sscrpt javaview download v | [G) 188 - @ 59 PO DoEgme Y BE - BIEA & [ jevesont [ joveview [§) download

oo seeese LIU5 r
o 5 Protein
Limits Preview/ndex Histary Clipboard Detalls
D;.phy|FASTA V!M‘E V[Sandlu V|
Range:fiom | begin Jia lend | [Refresh |
[CI1: P26367. Reports Paired box protei.[gi6174889] BLIok: Cohoored

Domains, Links
>gi| 6174889 |sp|P26367| PAX6_HUMAN Paired box protein Pax-6 (Oculorhombin) (Aniridia type IT protein)
HONSHSGVNQLGGVFVNGRPLPDSTRQKIVELAHSGARPCD ISRILQUSNGCVSKILGRYYETGSIRPRA
IGGSKPRVATPEVVSKIAQVKRECPSIFAVE IRDRLLSEGVC TNDN IPSVSS INRVLRNL ASEKQQHGAD
GNYDKLRMLNGQTGSUGTRPGUYPGTSVPGQPTQDGCQQQEGGGENTNS ISSNGEDS DE AQMRL OLKRKL
QRNRTSFTQEQIEALEKEFERTHYPDVF ARERL AAKIDLPEARIQVUF SNRRAKWRREEKLENQRRQASN
TPSHIPISSSFSTSVYQPIPQPTTPVSSFTSGSNLGRTDT AL TNTYSALPPHPSF THANNLPHQPPVPSQ
TSSYSCHLPTSPSVNGRSYDTYTPPHNQTHMNSQPNGTSGTTSTGL ISPGVSVPVOVPGSEPDUSQYWPR
LQ

Disclaimer | Write to the Help Desk
NCBI | NLM | NIH

<@ @ T | ok [€] Microsoft PowerPoint 7 5 Internet Explore o B k&R REE

TP e®E S FAT
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o=

fwwow.ncbinlm.nih.gov/protein/s1 O ~ B & X “ & RecName: Full=Paired bo... x

ESRE» BEA A - #@RA b

x Google NCBI ME ECR
- >~ [ @ v BAP > 250~ IRO-@- NN O
= NCBI Resources () How To (¥

’rotein Protein (-]
Limits Advanced
lisplay Settings: (v] FASTA Send to: (v)

Chang{

RecName: Full=Paired box protein Pax-6; AltName: Full=Aniridia
ype Il protein; AltName: Full=Oculorhombin Analvz

Run BLA
niProtkKB/Swiss-Prot: P26367.2 -
Identify
enPept  Graphics
Highligh

gl|€174889|sp|P26367.2|PAX6_HUMAN RecName: Full=Paired box protein Pax-6; AltName:
ull=aniridia type II protein; AltName: Full=Cculorhombin Find in t
ONSHSGVNQLGGVFVNGRPLPDSTRQKIVELAHSGARPCDISRILQOVSNGCVSKILGRYYETGSIRPRA
GGSKPRVATPEVVSKIAQYRRECPSIFAWEIRDRLLSEGVCTNDNIPSVSSINRVLRNLASEKQQMGAD
MYDKLRMLNGOTGSWGTRPGWY PGTSVPGOPTODGCOOQEGGGENTNSISSNGEDSDEAQMRLOLERKL
RNRTSFTQEQIEALEREFERTHYPDVFARERLAAKIDLPEARIQVWEFSNRRAKWRREEKLRNQRRQASN

Protein|

PSHIPISSSFSTSVYQPIPQPTTPVSSFTSGSMLGRTDTALTNTYSAT.PPMPSFTMANNLPMOPPVRSQ
SSYSCMLPTSPSVNGRSYDTYTPPHMOTHMNSQDPMC R

Q

< [ - - aaag oo

2} BLAST: Basic Local Alignment Search Tool - Micmosoft Internet Explorer

WEE ®REO RO FOREW ITAQD NE®

Qrx- O KEG s ez @ 2

2 E-LJd8

D) | 42] hitp:blast ncbi nbn nih gov /Blast cgi v| B izs EE
Basic BLAST Sequences,
Choose a BLAST program ta run, The new Tree View option on
the NCBI Web BLAST service
: v presents a dendrogram or tree
nucleotide blast | Search a nucleotid using @ nucleotide query display that clusters
Algorithms: blastn, , discontiguous megablast sequences according 1o their
. distances fram the query
Seau:h protein database using a protein query ascumnce
Algonthms: blastp, psi-blast, phi-blast
[ More tips...
blastx | Search protein using a translated leotide guery

thlastn ‘ Search translated nucleotide database using a protein query

thlastx ‘ Search wanslated nucleotide database using a translated nucleotide query

Specialized BLAST
Choose a type of sp search (or d name in f )
o Make specific primers with Primer.BLAST
© Search trace archives
o Find conserved d ins in your (cds)
o Find sequences with similar conserved domain architecture (cdart)
o Search seq that have gene e jon profiles (GEO)
8 Search immunoglobulins (gBLAST)
o Search for SNPs (snp)
o Screen for vector
o Align two (or more) sequences using BLAST (bi2seq)
o

Search protein or nucleotide targets in PubChem BioAssay

ft PowerPaint -




2} Protein BLAST: search prote

WEE ®REO RO FOREW ITAQD NE®

Qrx-O HEAG Ans frmone @ 3-5 @-JA 3

|4il6174809]sp|P 26367 2/PAX6_HUMAN RecName:..
Enter a descriptive lille for your BLAST search &

[ Align twe or more sequences

Choose Search Set

Database

;J’un-redarlnrdani prmeiﬁ sequences (nr) v 9

Enter organism common name, binamial, or tax ¢ Only 20 top taxa will be shown, &
Entrez Query [ ‘
Optional

Enter an Entrez query 1o limit search &

Program Selection

Algorithm o)

@® [PSI-BLAST (Position-Specific lterated BLAS

O PHI-BLAST (Pattem Hil Initiated BLAST)
Choose a BLAST algorithm &

Search database nr using PSI-BLAST (Position-Specific lterated BLAST)

[Jshow sesults in a new window

» Algorithm parameters

#HE ©) | ] hatp: bi.nbin nih.gov/El i?PAGE=P; &PROGRAM=blastp&BLAST_PROGRAMS=blastp&PAGE_TYPE=BlastSearch&SHOW_DEFAUL TS=on&LINK_LOC: ¥,
~
01, upload file [ P
Job Title

B2 Microsaft PowerPoint -

2} NCBI Blast:il5174889kp[P26367.2[PAX6_HUMAN RecName:
BEQ #EE wR0 HHREW IAQD HE®

Q= © Iﬂ Lﬂ :_h Pus JeasE @ -2 m
#3(D) |) htp Mot ncbi.nkm nih gov/Blastegi
< BLAST

Home  RecentResulis = Saved Strategies = Help

»NCBI' BLAST/ blastp suite/F ing Results - W38N7016016

Edit and Resubmit Save Search Strategies  »Formatting options > Download

PSI blast Iteration 1
gil6174889|sp|P26367.2]PAX6_HUMAN RecName:...

Query ID  [cl|55835 Database Name nr
Description 0i|6174889|sp|P26367.2|PAXE_HUMAN RecName: Description  All non-redundant GenBank CDS
Full=Paired box protein Pax-6; AltName: translations+PDB+SwissProt+PIR+PRF excluding
Full=Oculorhombin; AltName: Full=Aniridiz type 1I enyironmental samples from WGS prajects
protein Program BLASTP 2.2.20+ bCitation
Molecule type amino acid
Query Length 422

Other reports: »Search Summary [Taxonomy 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.
1 s 150
i

2% 300 s 422

n L n L n L L 1 " n N
Lt T v v —TTT Ty oy
-

binding site
specific hits
Superfanilies PAX superfamily

Distribution of 100 Blast Hits on the Query Sequence &

\Mouse over to see the defline, click 1o show alignments
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4 D) ] htp:Mblast ncbi b nih gov/Blastegi

Seguences with E-value BETTER than threshold
Score E

Sequences producing significant alignments: (Bits) Value
L |ﬁ ref|Np_000271.1] paired hox gene € isoform a [Howo sapiens] >... 870 0.0 G]
NEW E b [EAWES233.1| paired box gene 6 (aniridia, keratitis), isefc... _869 0.0 G}
#¢ V]| cefiwp 001035735.11 paired box gens 6 [Bos taurus] >sp|QILZELl... 268 0.0 [E
WH [P] n122a50962.11 ceulorhombin >gblARAS9963.11 cculorhembin ses 0.0 [©
teW || ob|EDL79721.1] paired box gene 6, isoform CRA_a [Rabtus norve _868 o @
L |E ref|NP 037133.1]1 paired box 6 [Rattus norvegicus] >splP63016. _868 0.0 EE
w4 W] ob|aBa90484.1] paired box protein PAX6 isoform a [Oryetolagus... 867 0.0 L8
W [F] abyiBac52023.1] i protein prod: [Homo sapiens] ge7 0.0 ©
W ] @hq12c25720.1] unnamed protein product [Mus musculus] 857 oo [
NEW E b |ABI98848.1| paired box 6 transcript variant 3 [Columba livia] 865 0.0
W @] prs)| 19023285 PAXG gene 863 0.0
W (V| refiwp_001595.2] paired box gene 6 isoform b [Howo sapiens] >... 863 0.0 G
ew ’E ref |HP_038655.1]1 paired hox gene 6 [Mus musculus] >ewmb |CAA453... 862 0.0 [!E
L E refINP_001091013.1| paired box gene & [Canis lupus fewilieris... _861 0.0 U G}
L E ob|EDL27748.11 paired box gene €, isoform CRA_d [Mus musculus] _861 0.0 G]
MW ¥ | ob|EAWGBZ36.11 paired box gene 6 (aniridia, keratitis), isofo... _861 0.0 E
we V] o5 EDL79723.11 paired box gene €, isoform CRA_c [Rattus norve... 860 0.0 [H
NEw E emb |CACB0516.1| paired box protein [Mus musculus] 6 0.0 E
Hew E gh |A2S548919,1] paired box € isoform 5a [Rattus norvegicus] >g... 0.0 E
Me @] cefiwp_001079686.11 paired box protein BAXE isoform b [Orycta... o0 [E
W (] emb |CAE45868.1| hypothetical protein [Homo sapiens] 0.0 E
wW  [F] oplapsi7534.11 PAXE [Bufo raddei] 0.0

a s ey

% Lesk 3rd edition B2 Micmsaft PowerPoint -

[o @EE© #Rw BOREE IAD HEW
— - / @) ] 2. 2 F o~
ER- O (6@ G O fommer @ @ - L B
|2 | ] http:j . ebi. ac.ukfservicestmp 996860, 455315, html v #Si B |

CLUSTAL ¥ (1.82) multiple sequence alignment

i]|2133658] pir| | 145557 MFTLOPTPTAIGTVVPPUSAGTLIERLPSLEDNAHKGHSGUNQLGGYFVG 50

Sp|P26367| PAXE_HUMAN IQNSHSGVNQLGGVFVN 17

Lo smtEaseee

§i]|2133658|pir|| 145557 GRPLPDSTRQKIVELAHSGARPCDISRILQVSNGCVSKILGRYYETGSIR 100

3p|P26367| PAX6_HUMAN GRPLPDSTRQKIVELAHSGARPCDISRILQVSNGCVSKILGRYYETGSIR 67
AR AR AR R AT AR AR AR AR AR AR A AR AR AE AR AR A

gi|2133658| pir| | 145557 PRAIGGSKPRVATAEVVSKISQVYKRECPSIFAVEIRDRLLQENVCTNDNI 150

sp|P26367| PAXS_HUMAN PRATGGSKPRVATPEVVSKIAQYKRECPSIFAVEIRDRLLSEGUCTNDNT 117
A TEATEAREATEN RTEATTLTEAATATAAATATLAIATEN T TEAEIAE

gi]|2133658| pir| | 145557 PSVSS INRVLRNL R AQKEQQSTGSGSSSTS AGNS ISARVSVSIGGNVSNY 200

3p|P26367| PAXS_HUMAN PSVSSINRVLRNLASEKQQ: M 138
AEFRRTREIRAASH 1 K F i F

gi|2133658| pir|| 145557 ASGSRGTLESSSTDLMQTATPLNSSESGGATNSGEGSEQEAIYEKLRLLNT 250

3p|P26367| PAX6_HUMAN ADGMYDKLRMLNG 151

sLrmiTamsae

gi|2133658| pir|| 145557 QHAAGPGPLEPARAAPLVGQSPNHLGTRSSHPQLVHGNHQALQQHQQQSY 300

sp|P26367| PAX6S_HUMAN QTG! WGTRP 160
o waw,

1]12133658] pir| | 145557 PPRHYSGSUYPTSLSEIPISSAPNIASVTAVASGPSLAHSLSPPNDIKSL 350

Sp|P26367| PAX6_HUMAN WYP! TSVPGQI 172

. ca ok
gi1]2133658| pir| | 145557 ASIGHQRNCPVATED IHLKKELDGHQSDETGSGEGENSNGGASNIGNTED 400
Sp|P26367| PAX6_HUMAN ~ -———---mmmmmmmmmo TQDGCQOQEGG---GENTNSISSNGEDSDE 199
plet jalview. Buttonalignapplet started © B
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nkm.nh.gov/Blast
00SE & prograrm fo run

nucleotide blast | Search @ nucleotide database using a nucleotide query

Algorithms: blastn, megablast, discontiguous megablast

Search protein database using a piotein guery

tein blast
buotein ast Algorithms: blastp, psi-blast, phi-blast

blastx

Search protein database using a translated nucleotide query

thlastn

Search ranslated nucleotide database using a protein guery

thiastx

Search wanslated nucleotide database using a translated nucleotide query

Specialized BLAST

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

o Make specific primers with Primer-BLAST
9 Search ttace archives

8 Find 1d in your seq (cds)
Find sequences with similar conserved don

architectwre (cdart)
Search sequences that have gene expression profiles (GEQ)
Search immunoglobulins (IgBLAST)
Search for SNPs (snp)

] for vector_contaminati
twoAor more) sequences using BLAST (bl2seq)
8 Search protein or nucleotide targets in PubChem BioAssay

[& Microsoft PowerPoin. .

2} BLAST: Basic Local

Tip of the Day

Using Tree View to Examine
elationships Between

Sequences

The new Tree View agtion on
the NCBIWeb BLAST service
presents & dendrogram o tree
display that clusters
sequences according to their
distances from the query
sequence.

[£] More tips...

2} Protein BLAST: Align two or more sequences

WEO ®REO RO FOREW ITAQD NE®

Microsoft Internet Explorer

O+%- Q- ¥ @G Pus Jramsz @ 24 Jid 3

-

BLAST
Home  Recent Results = Saved Strategies  Help

LD :é’] ‘hitp:/fblast ncbinbn nih. gov/Blast cgi?P AGE=Proteins 2PROGR AM=blastp&ZBL AST_PROGRAMS=blastp&PAGE_TYPE=BlastSearch&SHOW _DEFAUL TS=on&BLAST _SPE v #E RS

>gi 16174869 | sp|P26367. 2| PAXS_HUMAN RecName: Full=Paired box protein Pax- &
6; AltMame: Full=Oculorhombin; AltWame: Full=Aniridia type II protein
MONSHSGVNQLGGVFVNGRPLPDSTROKIVE LARSGARPCDISRILOVSNGCYSKILGRYVETGSIRPRA
IGGSKPRVATPEVVSKIAQYKRECPSTFAVE IRDRLLSEGVCTHDNI PEVESTNRVLRNLASEKQQMGAD To
|CRYDELEKLNGOTOSE G IRPGUYRGTSVCHRTODEC QT JEGE GENTREE S SHGED SDEAGHRL QLERKL__

. ] o

| 4il6174889]sp|F 26367 2/FAX6_HUMAN Reciame: .
Enter a descriptive title for your BLAST search &
Align two of moie sequences

From \

Or, upload file [
Job Title

Enter Subject Sequence

Enter accession number, gi, or FASTA sequence &

>gi|12643549| sp| 018381.3 | PAX6_DROME RecNawe: Full=Paired hox ~
protein Pax-6; AltName: Full=Protein eyeless

MRNLPCLGTAGGSGLGGIAGKPSPTHE AVE LS TASHRES TSSYFATTYYHLTDDECHSGVNQLG To ‘
GVFVGG :

RPLPDSTRQKIVELAHSGARPCDISRILQVSNGCVSKILGRYYETGS IRPRAIGGSKPRVATAE :‘

Or, upload file

From |

Program Selection

Enter u""y s!l'llellce BLASTP programs seaf ch protein subjects using a protein query. more_
Enter ion number, gi, or FASTA sequence & Clear Query 9

Clear Subjectsubrange &

Resetpage Bookmark

3 Protein - RecName: F.. | % Lesk 3rd edition T Microsoft PowerPoin

2} Protein B
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)2 hpy/olastncbinimnihgovBlastegi P~ ¢ X || = ProteinBLAST: Alignt... | = NCBIBlastgil61742... « | = RecName: Full=Paired...
ESRE» BEA N - BEM B

x Google ME ECR

ICBY BLAST/ blastp suite-2sequences/ Formatting Results - SEJRHEVI1IN

Edit and Ressbmit  Save Search Stusteges b Formaiting ootions & Download
Blast 2 sequences.
gilb17488%spiP26367 2P AX6_HUMAN Rechame:...
Query 1D Icl[8143 Subject ID 8145
Description gi|6174889|sp|P26367.2|PAX6_HUMAN RecName: Full=Paired box Description gi| 12643549 |sp|018381.3|PAX6_DROME RecName: Full=Paired
protein Pax-6; AltName: Full=Aniridia type 11 protein; AltName: box protein Pax-6; AltName: Full=Protein eyeless
Full=Oculorhombin Molecule type amino acid
Molecule type amina acid Subject Length 257
Query Length 422 Program BLASTP 2.2.27+ & Citation

Other reports: *Search Summary [Taxonomy reports] [Multiple alignment]
(= Graphic Summary

Distribution of 5 BastHits onthe Query Sequence &
Mouse over to see the defie. Cick to show alignments ]

Color key for alignment scores

<40 4050 5080 80-200 >=200
e —————
) | | D | 1
1 80 160 240 320 400

Dot Matrix View
© Descriptions
Legeng for inks to other resouroes: [T UniGens 3 620 [ Gene B Structure [ wap viewer B Pubchem Bioassay

< [

— ) I JE— ——
S hitpy/blastnchinimnihgovBlastegi 0~ & X || = ProteinBLAST: Alignt... | = NCBIBlastgil61742... « | = RecName: Full=Paired...

x Google M ELRER B :

ESRE» BEA A - #@RA b

| t-@ T

EE v |

Plot of Ic§8143 vs 8145 ©

679

400 500

300

Ich§145

Icll6143 60 80

120 140 160 180 200 220 240 260 280 300 320 346

1,




