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Simian sarcoma virus onc gene, v-sis, 1s derived
from the gene (or genes) encoding a platelet-derived
growth factor.

Doolittle RF, Hunkapiller MW, Hood LE, Devare
SG, Robbins KC, Aaronson SA, Antoniades
HN. Science 221:275-277, 1983.
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Fig. 1. Sequence similarity be-
tween p28sis and PDGF. The
p28sis sequence is from (/0);
the PDGF sequences are from
(18, 20). Residue identity be-
tween the p28sis and PDGF
sequences is indicated by the
solid lines between the se-
quences. A question mark in-
dicates that no amino acid se-
quence assignment has yet
been made for that position;
the brackets indicate no se-
quence is yet available for the
included segments. The box
.around p28sis positions 65 and
-66 indicates a possible proteo-
lytic processing position for
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gener:ation ofa fra,g.ment' of p28sis corresponding to PDGF-2. Single letter abbreviations for the amino acid residues are as follows: A, alanine; C,
cysteine; D, aspartic acid; E, glutamic acid; F, phenylalanine; G, glycine; H, histidine; I, isoleucine; K, lysine; L, leucine; M, methionine; N,
asparagine; P, proline; Q, glutamine; R, arginine; S, serine; T, threonine; V, valine; W, tryptophan; Y, tyrosine.
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What I hope you'll learn

sequence alignments
 Fundamentals of alignments
e Tools for building alignments

Identifying and Aligning Homologs (Whitehead Institute)



R R s T W e s oy e P m e

RMBL ID:

REFERENCES:

KEYWORDS:
SOURCE:
COMMENT:

FEATURES:

SITES:
key
refnuabr

2RNA/=aRNA 1

=) pept

pept/pept 112

-) rpt

ORIGIN:
SEQUENCE:
1

101
201
301
401
501
601
701
801
201
1001
1101
1201
1301
1401
1501
1601
1701
1801
1901
2001
2101
2201

HSFBRAA

A-alpha, B-beta, and gasma fibrine

USA 80, 3953-3957 (1983)

fibrin; fibrinogen.

Human: liver DNA and cDNA to =RNA. Homo sapiens

An alternate signal peptide start is

bases 2180-2185.
key from
pept 35
sigp 55
natp 112

to description
1989 A-alpha fibrinogen
111  A-alpha fibrinogen signal peptide
1941 A-alpha fibrinogen mature peptide

site span description
1 1 numbered 25 in [1]

start

Unreported.

2223 bp 648a 4%4c 553

aatcctttet ttcagetgga
cagcatggac tgeagatagt
ttcagactgg cccttotget
aacagaataa ataagctcaa
atttttcctc agecaataac
acagcatatc cagettctge
tcatgcagta gggetitage
gagataggea acacttacca
ggcattaaca gacatgecge
acggaaagcc caaggaaccc
gagggactge aacctggasa
tgggagecct agacctggta
actggacaat ggcactotga
tgtcaggaaa tgtaagteca
cacctctggt agcacaacca
gtgacctcog aagatggttc
aagcetgectt cttcgacact
agaatctgge atcttcacaa
tttactagta gecacgagtta
cacatagcac caagagagec
tatttotgea cagtgttcee
tgtaagttcc tigEEREcag
tgaatgaatt cctctgasac

gigtecteag
ggt2a2ggis
ctgzatgaaga
aaattcacta
cgtgataata
anaaaaatgt
tegtgaagta
ctgatcaraa
agatgagaat
tagcagtgct
cctggaaget
gtaccggaac
atctzgaagt
gEgacaagga
ccacgegtcs
tgactgtece
goectcaactg
atacaaagga
caacagagga
catgctaaat
atggeecett
ggocttigtc
tect

key

rpt =
pept/pept 1942

0 A-af mRNA unsequenced/sequenced
55 1 A-af cds signal pept start
0 A-af cds signal pept end/mature pept

Husan fibrinogen A-alpha-chain mRNA, complete cds. [ss-mRNA]
ACCESSION NUMBERS:
[1] (bases 1 to 2223) Kant.J.A., Lord,S.T. and Crabtree,G.R.:

gen chains: Evolutionary and functional implications":

Jool2s

found at bases 64-66, a consensus

site
1231

pepti~ 1989
920 1 A-af 39-bp tandem repeat unit start mRNA (- 2223
(8 coples)

g S528¢t

gagccagecc cacccttaga
actttctage tgaaggagga
ctggaactac aaatgecctt
tttgaatatc agaagaacaa
cotacaaccg Aagtgtcagag
tagagetcag ttggttgata
gatctgaagg actatgaaga
tgasaccagt tccagactig
ggagttagag agacctggte
ggaagetgga aclciggeag
ctggacctgg aagtacigga
ctggaatcct ggcagctolg
tttaggeccag atageccagg
gagagtacca cacagaaaaa
ttcatgetct aaaaccgtta
gaggeaatgg atttaggeac
gaaaaacatt cccaggtttc
atccagttct catcaccctg
gactccacat tigaaagcaa
ctcgecotgt cagaggtate
geatttcctt cttaactictc
tgtctcatet ctgtattece

aaagatgttt
EECZLECRLE
ctggctgcag
taaggattct
gatctgagaa
tgaaacgact
tcagcagaag
gttoceggea
gaaatgagat
ctectggacct
agctggaact
BACECEEAAE
ctetgggaac
ctggtcactt
ctaagactgt
attgtctgge
ttctcaccta
ggatagotga
gagctataaa
cacacttcte
tgttacacgt
aaatgcctaa

o
- O D-“E

tccatgagga
geccaagest
gatgaangee
cattcgttga
geagaatiga
ggaggtEgac
caacttgaac
atttitaagag
tactegagga
ggaagtactg
ctgggagete
tgotggacac
gegaggecta
ctaaaggaga
tattggteot
ataggeacce
tgttaggaga
attcccotice
atggeagatg
ctitggggan
cattgaaact
cagtacagge

DATE: updated

description
A-af 39-bp tandem repeat unit end (8
copies)
A-af cds mature pept end/propept
start’
A-af cds propept end
A-af =RNA end (poly-A site)

tcgtctgeot
tgtggaaaga
ttgattgatg
ccactaatat
agtcctgaag
attgatatta
aggtoattge
ccagettecag
ggctecactt
gaaaccgaaa
tggaactgga
tggacttotg
acaacccaga
tazagagetc
gatggtcaca
tggatgggtt
gtttgtoagt
cgtggtaaat
aggccggaag
gecttocctg
acactttttt
ccatgacteca

ggtcctaagt
catcaatotg
aagtcaatca
aatggaaatt
cgcaaagtca
agatccgatce
caaagactta
aaggtaccce
cttatggaac
cCClgReage
agtactggaa
agagetctgt
ctggggcaca
aggactggta
aagaagttac
ccgccatage
gagactgagt
cttcaagtta
tgaagecgat
tcccectaga
ggtetgtttt
atasatacat

85-12-16
“partial sRNA sequences for human
Proc Nat Acad Sci

polyadenylation signal is found at

gtggtggeca
cctgcaaaga
agattttaca
tigagagece
tagaaaaagt
tigtcgaged
cticectota
cagagtggaa
Cggatcagag
tctgggacty
accaaaacce
atctggtagt
titgaagage
aagagaaggt
caaagaagtg
caccctgatg
ctagggecte
cagcaaacaa
catgaaggaa
ctaagttaaa
tgtgetagac
gttaaatgea

~ Mt _t e imam A alaha_shain

=2NL fraomant [ss-mRNA|
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spt

gtgggca
goaaaga
ttttaca
AgRLEcE
asaaagt
togageg
ccctota
agtggaa
latcagsg
‘BBEACLE
1a233CCC
tggtagt
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1agaagteg
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1ggegcte
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Topics to Cover

—Why do alignments’
— Definitions
—Scoring alignments
e Pairwise Alignment methods
* Multiple sequence alignments
* Pre-computed alignment resources
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Why do alignments

proteins

e Identify more conserved regions of a protein,
potentially identifying regions of most functional
importance

e Compare and contrast homologs (perhaps into
groups) based on shared positions or regions

e Infer evolutionary distance from sequence
dissimilarity

Identifying and Aligning Homologs (Whitehead Institute)



Evolutionary Basis of

Sequence Alignment

percent 1dentity

e Homology - conclusion drawn from data
that two genes share a common
evolutionary history; no metric 1s associated
with this

— Paralog — genes related by duplication

— Ortholog — genes related by speciation

Identifying and Aligning Homologs (Whitehead Institute)



More Definitions

two sequences, which exhibits where the

two sequences are similar, and where they
differ.

An optimal alignment is one that exhibits
the most correspondences and the least
differences. It 1s the alignment with the
highest score. May or may not be
biologically meaningful.

Identifying and Aligning Homologs (Whitehead Institute)



Alignment Concepts

along the entire length of the sequences.

e Local alignment - Smith-Waterman (1981) produces
the highest scoring regional match between two sequences.

e Insertion and Deletions (indels)

¢ Af ﬁne gap costs - a scoring system for gaps within
alignments that charges a penalty for the existence of a gap
and an additional per-residue penalty proportional to the
gap’s length

Identifying and Aligning Homologs (Whitehead Institute)



Global vs Local Alignment

From Mount, Bioinformatics, 2004, pg 71
Identifying and Aligning Homologs (Whitehead Institute)



Possible Alignments
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Nucleotide vs Protein

e If protein sequences are very similar, it
might be more instructive to use DNA
sequences

e If interested in DNA alignment of coding
sequences, first do a protein alignment and

use 1t as a template for aligning DNA
sequences

Identifying and Aligning Homologs (Whitehead Institute)



AA Scoring Matrices

Part of PAM 250 Matrix Part of BLOSUM 62 Matrix

_——

*PAM - point accepted mutation *BLOSUM - block substitutions

based on global alignment based on local alignments [similarity
[evolutionary model] among conserved sequences]
Lo g-OddS= pair in homologous proteins Lo g-OddS= obs freq of aa substitutions
pair in unrelated proteins by chance freq expected by chance

Identifying and Aligning Homologs (Whitehead Institute)



Substitution Matrices

similarity
BLOSUM 62 PAM 120 (66)
BLOSUM 80 PAM 90 (50)
% 1dentity % change

Identifying and Aligning Homologs (Whitehead Institute)



Scoring for BLAST Alignments

Query: 257 NWGLGGHAFCRNPDNDIRPWCFVLNRDRLSWEYCDLAQCQT 297
GLG H +CRNPD D +PWC VL  RL+WEYCD+ C T
Sbjct: 258 ALGLGKHNYCRNPDGDAKPWCHVLKNRRLTWEYCDVPSCST 298

Position 1: Y - Y = 7

Position 2: T - S = 1

Position 3: G - S 0

Based on Position 4: P - E = -1
BLOSUM62 Position 9: - - P = -11
Position 10: - - A = -1

Sum 230

Identifying and Aligning Homologs (Whitehead Institute)



What's significant?

alignments (Rost, 1999 found that sequence alignments
unambiguously distinguish between protein pairs of similar
and non-similar structure when the pairwise sequence

identity >40%)
o “Twilight zone” — blurry - 20-35% 1dentity
e “Midnight zone” - <20% i1dentity

Identifying and Aligning Homologs (Whitehead Institute)



Topics to Cover

— Exhaustive methods; Dynamic programming

algorithm (Smith-Waterman (Local), Needleman-
Wunsch (Global))

— Heuristic methods; Approximate methods; word
or k-tuple (FASTA, BLAST, BLAT)

* Multiple sequence alignments
* Pre-computed alignment resources

Identifying and Aligning Homologs (Whitehead Institute)



Comparing two sequences

e NCBI

BLAST 2 Sequences (www.ncbi.nlm.nih.gov/blast/bl2seq/wblast2.cgi)

e EBI - (http://www .ebi.ac.uk/Tools/psa/)
GLOBAL
needle (EMBOSS) - Needleman -Wunsch
stretcher (EMBOSS) — modification of N-W
LOCAL
water (EMBOSS) - Smith-Waterman
matcher (EMBOSS) - uses algorithm based on LALIGN

Identifying and Aligning Homologs (Whitehead Institute)



Dot Plot

e ook at structure of a sequence by doing a
self comparison

 Method first described by Gibbs and
Mclntyre (1970)

e Can find direct or inverted repeats in
sequences

Identifying and Aligning Homologs (Whitehead Institute)



Dot Matrix Comparison

B Leucnerichrepeat [ EGF domain

w2 horizontal: SLIT_DROME
vertical: SLIT_DROME
matrix: Blosum62

sliding window: 15

zoom: 1:5

gray scale: 53% - 30%

I“L.

I _l o -

s

http://myhits.isb-sib.ch/cgi- b1n/d0tlet
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NCBI

» NCBV BLAST/ blastp suite

blastn |blastp | blastx | tblastn | tbiastx

Enter Query Sequence BLASTP programs search

Enter accession number(s), gi(s), or FASTA sequence(s) &

>gi|15235708]|ref|[NP_195491.1| 1-aminocyclopropane-1-cart
[Arabidopsis thaliana]
MGLLSKKASCNTHGCQDSSYFWCGWEEYEKNPYDEIKNPDGIIQMGLAEN
ANFQR
EGQSIFRELALFQDYHGLPSFKNAMADFMSENRGNRVSFNPNKLVLTAC

Or, upload file
Job Title

| Choose File | No file chosen ()

Qi[15235708|refiINP_195491.1| 1-aminocycloproj
Enter a descriptive title for your BLAST search &)

 Align two or more sequences &

Enter Subject Sequence
Enter accession number, gi, or FASTA sequence &

>gi|62751809]|ref|[NP_001015526.1| 1-aminocyclopropane-1-
like protein 1 [Bos taurus])
MFTLPQKEFRMTTACPGSDSIQDLPSNKGDGLERECSRKPDQKLLKFYC
RGSV
IKWFWDSAEECYRTYHMDEYDEDKNPSGIINLGTSENKLCFDLLSRRLS(

Or, upload file

| Choose File | No file chosen ()

Program Selection
Algorithm (+) blastp (protein-protein BLAST)

Choose a BLAST algorithm &)

Identifying and A

- Blast2seq

Align Seq (©)Algorithm parameters

General Parameters

Max target 100 s

sequences Select the maximum number of aligned sequences to display &
Short queries  Automatically adjust parameters for short input sequences &
Expect threshold 10 %)

Word size @ )

Max matches in a 0 2)

query range

Scoring Parameters

Matrix BLOSUM62 3| &
Gap Costs (Existence: 11 Extension: 1 3] @

Compositional

[Conditional compositional score matrix adjustment :] (2]
adjustments

Filters and Masking

Filter [ Low complexity regions &

Mask [ Mask for lookup table only &

) Mask lower case letters @

Search protein sequence using Blastp (protein-protein BLAST)
¥ Show results in a new window



NCBI - Blast2seq

» NCBI BLAST/ blastp suite-2seq I For - VJUKYHEG112

Edit and Resubmit Save Search Strategies > Formatting options > Download
Blast 2 sequences
gi|15235708|ref|[NP_195491.1| 1-aminocyclopropane-1-carboxyiate...
Query ID |[cl|31635 Subject ID 31637
Description gi|15235708|ref|[NP_195491.1| 1-aminocyclopropane-1- Description gi|62751809|ref|[NP_001015526.1| 1-aminocyclopropane-1
carboxylate synthase 8 [Arabidopsis thaliana] carboxylate synthase-like protein 1 [Bos taurus]
Molecule type amino acid Molecule type amino acid
Query Length 469 Subject Length 502
Program BLASTP 2.2.26+ P Citat
Other reports: > Search Summary [Taxonomy reports] [Multiple alignment] Plot of Icl|31635 vs 31637 ©
©Graphic 2T -
Summary : —
St
ST+
Distribution of 1 Blast Hits on the Query Sequence & E
|Mouse over to see the defline, click to show alignments \ E
of
=l
Color key for alignment scores o
<40 40-50 50-80 80-200 >=200 [
G ey | o2
1 | | I I | ST
1 S0 180 270 360 450 E
~ |
5 E
“r
5_‘__ /
SL/
IclI31635 100 150 200 250 300 350 400 442
Dot Matrix View
©Descriptions
Legend for links to other resources: [!] UniGene E GEO E Gene 8 Structure E.'J Map Viewer ;'j PubChem BioAssay
Sequences producing significant alignments:
i it Max Total Query . E Max i
Lz SEEe | score | score | coverage |—‘ value | ident | Ll |
31637 gi|62751809|ref|NP_001015526.1| 1-aminocyclopropane-1: 221 221 91% 1e-69 31%

Identifying and Aligning Homologs (Whitehead Institute)



NCBI - Blast2seq

© Alignments

>1cl|31637 gi|62751809|ref|NP_0010155) | 1-aminocy opane-l-carboxylate
synthase-~like protein 1 [Bos taurus]
Length=502

Score = 221 bits (563), Expect = le-69, Method: Compositional matrix adjust.
Identities = 137/442 (31%), Positives = 216/442 (49%), Gaps = 29/442 (7%)

Query 14 GODSSYFW= === GWEEYERKNPYDEIRKNPDGIIQMGLAENQLSFDLIESWLAKNPDAANF 68
G +FW G+ Y + YDE KNP GII +G +EN+L FDL+ L+
Sbjct 68 GSVIKWFWDSAEEGYRTYHMDEYDEDKNPSGIINLGTSENKLCFDLLSRRLS == == === 119

Query 69 QREGQSIFRELALFQDYHGLPSFRKNAMADFMSENRGNRVSFNPNKLVLTAGATPANETLM 128
Q + + L + D+ G + +A F+8 + P +V+ G L
Sbjct 120 QSDMLQVEPALLQYPDWRGHLFLREEVARFLSFYCRSPAPLKPENVVVLNGCASLFSALA 179

Query 129 FCLADPGDAFLLPTPYYPGFDRDLKWRTGAEIVPIQCKS===m=m== ANGFRITKVALEEAY 182
L + G+AFL+P PYY + + +V o+ S F4+4T LE A
Sbjct 180 TVLCEAGEAFLIPAPYYGAITQHVYLYGNVRLVCVYLDSEVTGLETRPFQLTVEKLEMAL 239

Query 183 EQAQKLNLKVKGVLITNPSNPLGTTTTRTELNHLLDFISRKKIHLISDEIYSGTVF-TNP 241
+ A +KVKG+++ NP NPLG + EL L+F R ++H++ DE+Y +VF +
Sbjct 240 QGANSEGVKVKGLILINPONPLGDIYSPGELQEYLEFAKRHELHVMVDEVYMLSVFEESA 299

Query 242 GFISVMEVLKDRKLENTDVFDRVHIVYSLSKDLGLPGFRVGVIYSNDDFVVSAATKMSSF 301
G+ SV+ LE R H++++ SKD G+ G R G +Y+ + V +A + o+
Sbjct 300 GYRSVL====== SLERLPDPQRTHVMWATSKDFGMSGLRFGTLYTENWAVATAVASLCRY 353

Query 302 GLISSQTQYLLSALLSDKTFTKN-YLEENQIRLKNRHKKLVSGLEAAGIECLKSNAGLFC 360
+5 QY ++ LL D + YL EN RLK H + LAGI + AG F
Sbjct 354 HGLSGLVQYQMAQLLRDHDWINQVYLPENHARLKAAHTYVSEDLRALGIPFVSRGAGFFI 413

Query 361 WVDMRHLLKSNTFEAEIELWKKIVYEVKLNISPGSSCHCNEPGWFRVCFANLSEETLKVA 420
WVD+R L TFE E+ LW++ + E K+ +5S G + C EPGWFR+ F++ + L +
Sbjct 414 WVDLRKYLPEATFEEEVLLWRRFL-ENKVLLSFGKAFECKEPGWFRLVFSDKTHR-LHLG 471

Query 421 LDRLKRFVDGPSPTRRSQSEHQ 442

+ Rb++ +4+G HQ
Sbjct 472 MQORVRQVLEGQPQLADGAPPHQ 493

Identifying and Aligning Homologs (Whitehead Institute)



Pairwise Alignment Tools at EBI

EBI > Tools > Pairwise Sequence Alignment
Pairwise Sequence Alignment

Pairwise Sequence Alignment is used to identify regions of similarity that may indicate functional, structural
and/or evolutionary relationships between two biological sequences (protein or nucleic acid).

By contrast, Multiple Sequence Alignment (MSA) is the alignment of three or more biological sequences of
similar length. From the output of MSA applications, homology can be inferred and the evolutionary
relationship between the sequences studied.

Global Alignment

Global alignment tools create an end-to-end alignment of the sequences to be aligned. There are separate
forms for protein or nucleotide sequences.

Needle (O EMBOSS Needle creates an optimal global alignment of two sequences using the
(EMBOSS) Needleman-Wunsch algorithm.

Q, Protein || Q Nucleotide

Stretcher (0 EMBOSS Stretcher uses a modification of the Needleman-Wunsch algorithm that allows
(EMBOSS) larger sequences to be globally aligned.

Q, Protein || Q Nucleotide

Local Alignment

Local alignment tools find one, or more, alignments describing the most similar region(s) within the
sequences to be aligned. There are separate forms for protein or nucleotide sequences.

Water O EMBOSS Water uses the Smith-Waterman algorithm (modified for speed enhancements) to
(EMBOSS) calculate the local alignment of two sequences.

Q, Protein | | Q Nucleotide

—

Matcher (0 EMBOSS Matcher identifies local similarities between two sequences using a rigorous
(EMBOSS) algorithm based on the LALIGN application.

Q, Protein || Q Nucleotide

LALIGN ® LALIGN finds internal duplications by calculating non-intersecting local alignments of
protein or DNA sequences.

Q, Protein || Q Nucleotide

http://www.ebi.ac.uk/Tools/pkdéntifying and Aligning Homologs (Whitehead Institute)



Needle (global)

EBI > Tools > Pairwise Sequence Alignment > EMBOSS Needle

EMBOSS Needle - Pairwise Sequence Alignment

EMBOSS Needle reads two protein or nucleotide input sequences and writes their optimal global sequence
alignment to file.

Use this tool

STEP 1 - Enter your protein sequences

Enter or paste your first protein se

>hgi||152]35708|ref|NP_195491.1| STEP 2 - Set your pairwise alignment options
4ol

MSLIEEQKASCNTHGQDSSYFWGWE

EGQSIFRELALFQDYHGLPSFKNAMA  MATRIX GAP OPEN GAP EXTEND OUTPUT FORMAT
PTPYYPGFDRDLKWRTGAEIVPIQCK
TELNHLLDFISRKKIHLISDEIYSGTVF | BLOSUMGE2 s || 10 s+ | 0.5 3 | pair
VGVIYSNDDFVVSAATKMSSFGLISS(

Or, upload a file: Choose File | Ni - END GAP END GAP END GAP

AND PENALTY  OPEN EXTEND

Enter or paste your second proteir | f3|se s || 10 +| 0.5
>gil62751809|ref|[NP_00101552
taurus)
MFTLPQKEFRMTTACPGSDSIQDLPS
IKWFWDSAEEGYRTYHMDEYDEDKY = STEP 3 - Submit your job

FLREEVARFLSFYCRSPAPLKPENVWY = ) ) ) ) ) ) )
LVCVYLDSEVTGLETRPFQLTVEKLE! | || Be notified by email (Tick this box if you want to be notified by email when the results are available)
ELHVMVDEVYMLSVFEESAGYRSVLS =

Or, upload a file: Choose File N m

STEP 2 - Set your pairwise aligni
The default settings will fulfill the ne

(Click here, if you want to view or change the default settings.)

STEP 3 - Submit your job
[ Be notified by email (Tick this box if you want to be notified by email when the results are available)

Identifying and Aligning Homologs (Whitehead Institute)
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Needle (global)

NP_195491.1

EBI > Tools > Pairwise Sequence Alignment > EMBOSS Needle

EMBOSS Needle - Alignment NP_001015526. MFTLPQKEFRMTTACPGSDS IQDLPSNKGDGLERECSRKPDQKLLKFYGV
Submission Details | Submit Another Job NP_195491.1 GWEEYEKNPYDETRNPDGIT
Alignment el : 2| [zeleaza [I11]-11]
NP_001015526. GDPAAELSSSSPYLSSRGSVIKWFWDSAEEGYRTYHMDEYDEDKNPSGIT
View Alignment File
NP_195491.1 OMGLAENQLSFDLIESWLAKNPDAANFQREGQSIFRELALFQDYHGLPSF
SRR AR AR AR viletlz]ell 2ene]s T T TR
# Program: needle NP_001015526. NLGTSENKLCFDLLSRRLS QSDMLQVEPALLQYPDWRGHLFL
# Rundate: Sun 20 May 2012 23:24:21
: °°“‘“‘:l’:‘t’ime‘ needle NP _195491.1 92 KNAMADFMSENRGNRVSFNPNKLVLTAGATPANETLMFCLADPGDAFLLP 141
% D taont PR [ [ [ Y E Y e s e P R
¥  _asequence emboss_needle-T20120520-232408-0601-60957810~c: NP_001015526. 143 REEVARFLSFYCRSPAPLKPENVVVLNGCASLFSALATVLCEAGEAFLIP 192
# -bsequence emboss_needle-I20120520-232408-0601-60957810-0;
4  _datafile EBLOSUME2 NP_195491.1 142 TPYYPGFDRDLKWRTGAEIVPIQCKS—-————— ANGFRITKVALEEAYEQA 185
# —gapopen 10.0 cesefefeceesant tlezaad] R I P I I I
#  —gapextend 0.5 NP_001015526. 193 APYYGATTQHVYLYGNVRLVCVYLDSEVTGLETRPFQLTVEKLEMALQGA 242
# -endopen 10.0
#  -endextend 0.5 NP_195491.1 186 QKLNLKVKGVLITNPSNPLGTTTTRTELNKLLDF ISRKKIHLISDEIYSG 235
# -aformat3 pair B R I RN [Jeeale]oa]ezs]zea]]e]..
#  -sproteinl NP_001015526. 243 NSEGVKVKGLILINPQNPLGDIYSPGELQEYLEFAKRHELHVMVDEVYML 292
# -sprotein2
# Align_format: pair NP_195491.1 236 TVF-TNPGFISVMEVLKDRKLENTDVFDRVHIVYSLSKDLGLPGFRVGVI 284
# Report_file: stdout - NTETATEIE T [elzzzzal|lo]z-]- :
HHAHE SRR NP_001015526. 293 SVFEESAGYRSVL--———- SLERLPDPQRTHVMWATSKDFGMSGLRFGTL 336
A NP_195491.1 285 YSNDDFVVSAATKMSSFGLISSQTQYLLSALLSDKTFTKN-YLEENQIRL 333
# Aligned sequences: 2 I I P I N P e e I e
# 1: NP 195491.1 NP_001015526. 337 YTENWAVATAVASLCRYHGLSGLVQYQMAQLLRDHDWINQVYLPENHARL 386
# 2: NP_001015526.1
# Matrix: EBLOSUM62 NP_195491.1 334 KNRHKKLVSGLEAAGIECLKSNAGLFCWVDMRELLKSNTFEAETIELWKKI 383
# Gap_penalty: 10.0 P I R I F P I N I I I Y I
# Extend —0 NP_001015526. 387 KAABTYVSEDLRALGIPFVSRGAGFFIWVDLRKYLPEATFEEEVLLWRRF 436
#
Length: 545 NP_195491.1 384 VYEVKLNISPGSSCHCNEPGWFRVCFANLSEETLKVALDRLKRFVDG——— 430
# Identity: 140/545 (25.7%) P I IO I I O B B I B I I T (P S [P e
# Similarity:  223/545 (40.9%) NP_001015526. 437 L-ENKVLLSFGKAFECKEPGWFRLVFSDKTHR-LHLGMQRVRQVLEGQPQ 484
# Gaps: 119/545 (21.8%) -
# Score: 575.5
NP_195491.1 '} Q—— PSPTRRSQSEHQRLKNLRKMKVSNWVFRLSFHDREPEER 469
# R
A NP_001015526. 485 LADGAPPHQIQEPQGPHR 502
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Water (local)

EBI > Tools > Pairwise Sequence Alignment > EMBOSS Water

EMBOSS Water - Pairwise Sequence Alignment

EMBOSS Water uses the Smith-Waterman algorithm (modified for speed enhancments) to calculate the local
alignment of two protein or nucleotide sequences.

Use this tool

STEP 1 - Enter your protein sequences
Enter or paste your first protein sequence in any supported format:

>gi|15235708|ref[NP_195491.1| 1-aminocyclopropane-1-carboxylate synthase 8 [Arabidopsis
thaliana)
MCLLSKKASCNTHGQDSSYFWGWEEYEKNPYDEIKNPDGIIQMGLAENQLSFDLIESWLAKNPDAANFQR
EGQSIFRELALFQDYHGLPSFKNAMADFMSENRGNRVSFNPNKLVLTAGATPANETLMFCLADPGDAFLL
PTPYYPGFDRDLKWRTGAEIVPIQCKSANGFRITKVALEEAYEQAQKLNLKVKGVLITNPSNPLGTTTTR
TELNHLLDFISRKKIHLISDEIYSGTVFTNPGFISVMEVLKDRKLENTDVFDRVHIVYSLSKDLGLPGFR
VGVIYSNDDFVVSAATKMSSFGLISSQTQYLLSALLSDKTFTKNYLEENQIRLKNRHKKLVSGLEAAGIE P

Or, upload a file: Choose File  No file chosen

AND

Enter or paste your second protein sequence in any supported format:

>gi|62751809|ref[NP_001015526.1| 1-aminocyclopropane-1-carboxylate synthase-like protein 1 [Bos
taurus]

MFTLPQKEFRMTTACPGSDSIQDLPSNKGDGLERECSRKPDQKLLKFYGVGDPAAELSSSSPYLSSRGSV
IKWFWDSAEECYRTYHMDEYDEDKNPSGIINLGTSENKLCFDLLSRRLSQSDMLQVEPALLQYPDWRGHL
FLREEVARFLSFYCRSPAPLKPENVVVLNGCASLFSALATVLCEAGEAFLIPAPYYGAITQHVYLYGNVR
LVCVYLDSEVTGLETRPFQLTVEKLEMALQGANSEGVKVKGLILINPQNPLGDIYSPGELQEYLEFAKRH
ELHVMVDEVYMLSVFEESAGYRSVLSLERLPDPQRTHVMWATSKDFGMSGLRFGTLYTENWAVATAVASL P

Or, upload a file: Choose File No file chosen

STEP 2 - Set your pairwise alignment options
MATRIX GAP OPEN GAP EXTEND OUTPUT FORMAT
(BLOSUM62 $)( 10 $)(os 4 pair 4)

STEP 3 - Submit your job
[ Be notified by email (Tick this box if you want to be notified by email when the results are available)
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Water (local)

EBI > Tools > Pairwise Sequence Alignment > EMBOSS Water
EMBOSS Water - Alignment
8 | Submission Details | Submit Another Job
Alignment

NP_195491.1

LLSKKASCNTHGQDSSYFW ————— GWEEYEKNPYDEIKNPDGIIQMGLAE

[eloeannzsn [veeet]] [teelease Lol T-T T 8] 251

LSSSSPYLSSRGSVIKWFWDSAEEGYRTYHMDEYDEDKNPSGIINLGTSE 106

NP_001015526.

NP_195491.1

NQLSFDLIESWLAKNPDAANFQREGQSIFRELALFQDYHGLPSFK‘NAMAD

Pelellltennls [eteentans [ovtolte]onnntant i,

NP_001015526. 107 NKLCFDLLSRRLS-——————— QSDMLQVEPALLQYPDWRGHLFLREEVAR 148

View Alignment File

B e e e e 2
# Program: water
# Rundate: Sun 20 May 2012 23:28:18

NP_195491.1 98 FMSENRGNRVSFNPNKLV‘LTAGATPANETLMFCLADPGDAFLLPTP‘IYPG 147

[2leeentannns Jovtltee]onnnnnn ewelozalel [ 12l-11]--

FLSFYCRSPAPLKPENVVVLNGCASLFSALATVLCEAGEAFLIPAPYYGA

NP_001015526.

# Commandline: water NP_195491.1 148 FDRDLKWRTGAEIVPIQCKS------, ANGFRITKVALEEAYEQAQKLNLK 191
owater T e Hlavellolotalonans]
# —-auto NP_001015526. 199 ITQHV‘ILYGNVRLVCVYLDSEVTGLETRPFQLTVEKLEMALQGANSEGVK 248
i _::::§:nce emboss_water—I20120520-232815-0355-55247721-0y . asequence NP_195491.1 192 VKGVLITNPSNPLGTTTTRTELNHLLDFISRKKIHLISDEIYSGTVF-TN 240
B - B - B B el [1lzzzal[o]]]]onnzen [Jeeela]oelozzfaea]]a]aes]] «
# -bsequence emboss_water-I20120520-232815-0355-55247721-oy.bsequence NP_001015526. 249 VKGLILINPQNPLGDIYSPGELQEYLEFAKRHELHVMVDEVYMI.SVFBES 298
# -datafile EBLOSUM62
# —gapopen 10.0 NP_195491.1 241 P(I;FIT\IIMEVLKDRKII.TNTDVFDTVTIWSLTTTL(I;LPTFTVTVIYSNDDF 290
# -gapextend 0.5 NP_001015526. 299 AGYRSVL-—-——- SLERLPDPQRTHVMWATSKDFGMSGLRFGTLYTENWA 342
# -aformat3 pair
# —sproteinl NP_195491.1 291 xlzvszlwrmsSFGLITsQT(lnlrLLsml,Il,sllnxTFTm-ﬁml-n]wITll,Tmex 339
# -sprotein2 NP_001015526. 343 VATAVASLCRYHGLSGLVQYQMAQLLRDHDWINQVYLPENHARLKAAHTY 392
# Align_format: pair
# Report file: stdout NP_195491.1 340 LVSGI|.|ETATTECLKSN?TLTCTTTHTHLTKSNTEI‘TAEIIIEIIJTKKIVYEIIVTL 389
HERAAAAHHAAAAAAHAAAAAAAHAAAAAAA A AR AR A NP_001015526. 393 VSEDLRALGIPFVSRGAGFFIWVDLRKYLPEATFEEEVLLWRRFL-ENKV 441
& NP_195491.1 390 NISPGSSCHCNERGHERVCFANLSEETLKVALDRLKRFVDGRSPTRRSQS 439
p lefezen] I ITI]]:
# NP_001015526. KAFEC 490
# Aligned_sequences: 2
# 1: NP_195491.1 SRLISSESLEL
# 2: NP_001015526.1 NP_001015526.
# Matrix: EBLOSUM62
# Gap_penalty: 10.0
# Extend_penalty: 0.5
#
Length: 453
# Identity: 139/453 (30.7%)
# Similarity: 220/453 (48.6%)
# Gaps: 29/453 ( 6.4%)
# Score: 578.5
#
#
"
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Topics to Cover

* Multiple sequence alignments

* Pre-computed alignment resources
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Multiple Sequence Alignment

 Remove uninformative sequences
 Dynamic programming techniques require
prohibitively large computer resources

e Tree or hierarchical methods (successive pairwise
alignments), Consistency-based methods,
Template-based methods
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Multiple Sequence Alignment

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

EBI » Tools » Multiple Sequence Alignment

Multiple Sequence Alignment

Multiple Sequence Alignment (MSA) is generally the alignment of three or more biological sequences (protein
or nucleic acid) of similar length. From the output, homology can be inferred and the evolutionary relationships
between the sequences studied.

By contrast, Pairwise Sequence Alignment tools are used to identify regions of similarity that may indicate
functional, structural and/or evolutionary relationships between two biological sequences.

Clustal Omega New MSA tool that uses seeded guide trees and HMM profile-profile techniques to generate
® alignments (protein only). Suitable for medium-large alignments.
Q, Launch Clustal Omega
Clustalw2 (© Popular MSA tool that uses tree-based progressive alignments. Suitable for medium
alignments.
Q, Launch Clustalw2
DbClustal (0 Create a Multiple Sequence Alignment from a protein BLAST result using the DbClustal
program.
Q, Launch DbClustal

Kalign (0 Very fast MSA tool that concentrates on local regions. Suitable for large alignments.
Q, Launch Kalign

MAFFT (O MSA tool that uses Fast Fourier Transforms. Suitable for medium-large alignments.
Q, Launch MAFFT

MUSCLE (© Accurate MSA tool, especially good with proteins. Suitable for medium alignments.
Q Launch MUSCLE

reformat a Multiple Sequence Alignment using the MView program.
Q Launch MView
T-Coffee (i) Consistency-based MSA tool that attempts to mitigate the pitfalls of progressive alignment
methods. Suitable for small alignments.
Q, Launch T-Coffee

MView (© Transform a Sequence Similarity Search result into a Multiple Sequence Alignment or
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Clustal Omega

EBI > Tools > Multiple Sequence Alignment > Clustal Omega

Clustal Omega - Multiple Sequence Alignment

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

Defines the type of the sequences to be aligned

techniques to generate alignments.

Use this tool

STEP 1 - Enter your input sequences

Enter or paste a set of | PROTEIN % | sequence in any supported forn

>gi|187936925|ref|[NP_001120691.1| 1-aminocyclopropane-1-ca
[Homo sapiens]

MFTLPQKDFRAPTTCLGPTCMQDLGSSHGEDLEGECSRKLDQKLPELRGV(
KWFWDSAEEGYRTYHMDEYDEDKNPSGIINLGTSENKLCFDLLSWRLSQRD!
LREEVAKFLSFYCKSPVPLRPENVVVLNGGASLFSALATVLCEAGEAFLIPTPY]
AYVYLDSEVTGLDTRPFQLTVEKLEMALREAHSEGVKVKGLILISPQNPLGDY
LHVIVDEVYMLSVFEKSVGYRSVLSLERLPDPQRTHVMWATSKDFCGMSGLRA

Or, upload a file: Choose File = No file chosen

Type |Va
PROTEIN protein

profile DNA dna
gi|187936925|ref |NP_001120691.1| ELQEYLVFAKRHRLHVIVDEVYMLSVFEKS-VGYRSVLSL~~~~~~ ERLPDPQRTHVMWA
gi|332836227|ref|XP_003313044.1| ELQEYLVFAKRHRLHVIVDEVYMLSVFEKS-VGYRSVLSL~~ ==~ ERLPDPQRTHVMWA
gi|109106658|ref|XP_001113725.1| ELQEYLVFAKRHKLHVIVDEVYMLSVFEES-AGYRSVLSL~~~~=~ ERLPDPQRTHVMWA
gi|62751809|ref|NP_001015526.1| ELQEYLEFAKRHELHVMVDEVYMLSVFEES-AGYRSVLSL~~~~~~ ERLPDPQRTHVMWA
gi|34850059 |ref|NP_899043.1]| ELQDFLRFAMRHKLHVIMDEVYMLSVFEES-LGYRSVLSL ~———~~ ERLPDPQRTHVMWA
gi|363734384|ref|XP_421096.3| ELRDYLEFAKRHELHVIVDGIYMLSVFDES-ATFHSVLGM-~—~~~ DRLPDPQRTHVMWG
gi|62122835|ref|NP_001014345.1| EMTGFLQFAKMHQLHVIVDEIYMLSVFGEK-HTFRSVLSL——~——~ DGLPDPQRTHVMWG
gi|15235708|ref |NP_195491.1| ELNHLLDFISRKKIHLISDEIYSGTVFTNP--GFISVMEVLKDRKLENTDVFDRVHIVYS
gi|115455083 |ref|NP_001051142.1| DLETIVDFVAAKGIHLISDEIYAGTAFAEPPAGFVSALEVVAGRDGGGADVSDRVHVVYS

.. . * . adoe s %* - % - * . . * . ad s

gi|187936925|ref |NP_001120691.1| TSKDFGMSGLRFGTLYTENQDVATAVASLCRYHGLSGLVQYQMAQLLRDR-DWINQVYLP
gi|332836227 |ref|XP_003313044.1]| TSKDFGMSGLRFGTLYTENQDVATAVASLCRYHGLSGLVQYQMAQLLRDR-DWINQVYLP

109106658 |ref|XP_001113725.1|

i|62751809 |ref|NP_001015526.1|
i|34850059 | ref|NP_899043.1]
1|363734384 |ref|XP_421096.3|

TSKDFGMSGLRFGTLYTENQDVATAVASLCRYHGLSGLVQYQMAQLLRDR~-DWINQVYLP
TSKDFGMSGLRFGTLYTENWAVATAVASLCRYHGLSGLVQYQMAQLLRDH-DWINQVYLP
TSKDFGMSGLRFGVLYTENQHVATAVASLCRYHGLSGLVQHQMAQLLRDH~-DWISQVYLP
ISKDFAVSGIRFGTLYTENQDVANAVASLCYFHGVCGPVQHKVAQLLRDRGDGSNQVYLR

gi|62122835|ref|NP_001014345.1| VSKDFAMAGMRVGTIYSENKDLVQALDQLGCFHGVPGPTQYQMAQLLRDR-DWLNSEFLP
gi|15235708|ref |NP_195491.1| LSKDLGLPGFRVGVIYSNDDFVVSAATKMSSFGLISSQTQYLLSALLSDK-~TFTKNYLE
STEP 2 - Set your parameters MBED-LIKE | 9i|115455083|ref|NP_001051142.1]| LSKDLGLPGFRVGAIYSANAAVVSAATKMSSFGLVSSQTQYLLAALLGDR-~DFTRSYV.
DEALIGN INPUT OUTPUT ALIGNMENT  CLUSTERIN( el L R b o R R L R B L Nl . 33
SEQUENCES FORMAT TREE
gi|187936925|ref|NP_001120691.1| ENHARLKAAHTYVSEELRALGIPFLSRGAGFF IWVDLRKYLPKGTFEEEMLLWRRFL~DN
no v [ Clustal 6][ yes gi|332836227|ref|XP_003313044.1| ENHARLKAAHTYVSEELRVLGIPFLSRGAGFFIWVDLRKYLPKGTFEEEMLLWRRFL-DN
NUMBER of COMBINED MAX GUIDE TREE gi|109106658|ref|XP_001113725.1| ENHARLKAAHTYVSEELRALGIPFLSRGAGFFIWVDLRKYLPKGTFEEEMLLWRRFL-DN
ITERATIONS ITERATIONS MAXHMM ITH gi|62751809|ref|NP_001015526.1| ENHARLKAAHTYVSEDLRALGIPFVSRGAGFFIWVDLRKYLPEATFEEEVLLWRRFL-EN
= A gi|34850059 |ref |NP_899043.1 ENHARLKAAHTYVSEELRALGIPFVSRGAGFF IWVDLRKYLCKGTFEEEALLWRQFL~-DN
[ default(0) '][ default '][ default gi 363734384|1 |reL|XP_42 1095.:|a| ANHARLKAAHTYVTDELKTLGVPFLNRNAGFFVWIDFRKYLRTGTFEEEMLLWRRFL-DN
gi|62122835|ref|NP_001014345.1]| ENKRRLKEAHEYLTEELKKLDIPFPHRGAGFF IWADLSKFLKEKTFAEELCVWRCFL-KH
STEP 3 - Submit your job gi|15235708 |ref|NP_195491.1]| ENQIRLKNRHKKLVSGLEAAGIECLKSNAGLFCWVDMRHLLKSNTFEAEIELWKKIVYEV
gi|115455083 |ref |NP_001051142.1| ENKRRIKERHDQLVDGLREIGIGCLPSNAGLFCWVDMSHLMRSRSFAGEMELWKKVVFEV
[ Be notified by email (Tick this box if you want to be notified by email! 7 SR % - St S e
VIENNA VIENNA alignment format vienna

Default value is: Clustal [clustal]
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EBI > Tools > Multiple Sequence Alignment > MUSCLE

MUSCLE - Multiple Sequence Alignment

MUSCLE stands for MUltiple Sequence Comparison by Log- Expectation. MUSCLE is claimed to achieve both
better average accuracy and better speed than ClustalW2 or T-Coffee, depending on the chosen options.

Use this tool

STEP 1 - Enter your input sequences EBI » Tools » Multiple Sequence Alignment » MUSCLE
Enter or paste a set of sequences in any supported forr

>gi|187936925|ref[NP_001120691.1| 1-aminocyclc MUSCLE Resu“s

[Homo sapiens] . P . .
MFTLPQKDFRAPTTCLGPTCMQDLGSSHGEDLEGECSRKI Alignments ' FEESIESglaEs | Submission Details | Submit Another Job
KWFWDSAEEGYRTYHMDEYDEDKNPSGIINLGTSENKLCF .

LREEVAKFLSFYCKSPVPLRPENVWWLNGGASLFsALATVLc Result files

AYVYLDSEVTGLDTRPFQLTVEKLEMALREAHSEGVKVKG
LHVIVDEVYMLSVFEKSVGYRSVLSLERLPDPQRTHVMWA'

Input Sequences JalView
Or upload a file: |_Choase File] No file chosen muscle-120120517-195822-0596-64663385-pg.input o
Tool Ouput | Start Jalview |
STED3 - Sul powy Punuunius muscle-120120517-195822-0596-64663385-pg.output
OUTPUT FORMAT: [ Pearson/FASTA 3] A"gnment in FASTA format
muscle-120120517-195822-0596-64663385-pg.fasta
OUTPUT TREE OUTPUT ORDER
("none 4 )( aligned v

STEP 3 - Submit your job
[ Be notified by email (Tick this box if you want to be notified by email when the results are available)
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EBI > Tools > Multiple Sequence Alignment > T-Coffee
4 Offee T-Coffee - Multiple Sequence Alignment
Multiple Sequence

Alignment T-Coffee is a multiple sequence alignment program. Its main characteristic is that it will allow you to combine results
obtained with several alignment methods.

* Help Use this tool

» T-Coffee website

» Jalview STEP 1 - Enter your input sequences

= Programmatic Access Enter or paste a set of sequences in any supported format:
» Download

= Related Applications
Pairwise Sequence

Alignment p
Multiple Sequence Or upload afile: Ch File | No file ch
Alignment r upload a file: oose File No file chosen
Phylogeny
STEP 2 - Set your Parameters
T-Coffee related v | | MATRIX ORDER
literature
( None 4 [ aligned $)

Search for T-Coffee related
literature in Medline...

more STEP 3 - Submit your job
[ Be notified by email (Tick this box if you want to be notified by email when the results are available)
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M-Coffee

I ( o F F E E Home History Tutorial References Contacts

http://tcotfee.crg.cat/

M-Coffee
Aligns DNA, RNA or Proteins by combining the output of popular aligners

Sequences input

Paste or upload your set of sequences in FASTA format .
Output options
Sequences to align >gi|187936925|ref|NP_001120691.1| l-aminocyclopropar t tion t trol tf
Ciick here to use the sample file synthase-like protein 1 [Homo sapiens]

MFTLPQKDFRAPTTCLGPTCMQDLGSSHGEDLEGECSRKLDQKLPELRGVGI Alignment format @ score_html # clustalw_aln () pir_aln () pir_seq (J gcg
KWFWDSAEEGYRTYHMDEYDEDKNPSGIINLGTSENKLCFDLLSWRLSQRD} B o )
LREEVAKFLSFYCKSPVPLRPENVVVLNGGASLFSALATVLCEAGEAFLIP] @ fasta_aln [ score_ascii () msf_aln ™ phylip

AYVYLDSEVTGLDTRPFQLTVEKLEMALREAHSEGVKVKGLILISPQNPLGI
LHVIVDEVYMLSVFEKSVGYRSVLSLERLPDPQRTHVMWATSKDFGMSGLRE
RYHGLSGLVQYQMAQLLRDRDWINQVYLPENHARLKAAHTYVSEELRALGI! Case upper

- OR - Click here to upload a file

<>

<>

Residue number on

<>

outorder ~input

Alignment Computation
M-Coffee computes by co lectior iple A " med / y Alignment length 80

Pairwise Methods () Mlalign_id_pair () Mclustalw_pair () Mpoa_pair () Mprobc

() Mproba_pair () Mmafft_pair () Mdialigntx_pair (] Mslow_ Your email address

() Mmuscle_pair

Multiple Methods ¥ Mpcma_msa  Mmafft_msa ¥ Mclustalw_msa  Mdiali Reset
¥ Mmuscle_msa @ Mprobcons_msa ¥ Mt_coffee_msa
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M-Coffee alignment result

T-COFFEE, Version 9.02.r1228 (2012-02-16 18:15:12 - Revision 1228 - Build 336)
ggggic gotredame

*
B0 VGO0
95
7. |re
96 22835 | ref
94 152357¢ lref
96 115455 |re
96
86 cons
89
88 7936925 | re
90 2836227 | re
93 9106658 re
75 re;
91187936925 | re [ N
9332836227 re 0 riti
0i[109106658|re 0 152357 lref
0162751809 | ref 0 115455083 | re
01i[34850059 | ref 0
9i|363734384| re 1 MDFRGKKYERGSNWSDPEVVELLQLWADESVQLELESCLRNQHVFNRTAEVLREKGIHRTGDQ 63 cons
01)62122835| ref 0
gi|15235708| ref 0 7936925 | re
01[115455083|re P L L L e R EE L L L LRttt LT LLLELLLLLLLLLLL 0 2836227 | re
9106658 | re
cons 1 63 220 l£§¥
734 |r$
228. re
9i]187936925|re 0 152357 lref
gi(332836227 |re 0 115455083 | re
01109106658 | re 0
9i|62751809| ref 0 cons
0134850059 | ref 0
0i|363734384|re 64 126 7936925 | re
0i(62122835|ref il 0 2836227 | re
01i[15235708| ref 1 0 9106658 | re
01]115455083 | re 1 0 u l;g;
cons 64 126 ritaiid
357 lref
235083 | re
9i]187936925|re i 0
gi (332836227 re 1) 0 cons
0i[109106658 | re il 0
9i|62751809| ref i 0 7936925 | re
9i|34850059 | ref i 0 2836227 | re
0i|363734384|re 127 189 9106658 | re
0162122835 | ref 1 0 i
0i|15235708| ref i 0 734384 | re
911154556083 | re 1 0 22835 | ref
52357 lref
cons 127 189 15455083 | re
cons 505 I S67
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Other Considerations

— More options to change parameters
— Process lots of alignments in one command

Which web page to use?

— Alignment home page vs uniform interface

Alternatives

— Use subsequences or subset of sequences

Realign by hand
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Doing Lots of Alignments

and then create a consensus alignment, a sort of a meta-
alignment. This can be done with a single command like

t coffee my proteins.fa
-method=t coffee msa,mafft msa,probcons msa,muscle msa
-output=fasta aln

The final consensus alignment will appear in the file
my_proteins.fasta_aln, which can them be viewed in JalView.
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JC('ViZW (http://www.jalview.org)

File Edit Select View

Format Colour Calculate Web Service

pdgf A_Mouse/1-196
p28sis_Monkey_Sarcoma_Virus/1-226
pdgf_B_Mouse/1-241

Conservation

Quality

Consensus

pdgf A_Mouse/1-196
p28sis_Monkey_Sarcoma_Virus/1-226
pdgf_B_Mouse/1-241

Conservation

Quality

Consensus

pdgf A_Mouse/1-196
p28sis_Monkey_Sarcoma_Virus/1-226
pdgf_B_Mouse/1-241

Conservation

Quality

Consensus

1-M )
1MTL
1 MNRICWA L FlErliCE

M-RTWA--L-L-C-YL----AEGDPIPEELYEMLS-HSIRSFDDLQRLL--DS-G-EDCAELDLNMTRAHSG-ELES--RGRR-SLGS

85 KRS | |BE
71 LSV
86 LAA

DHLACKCETV---R-VTRSPGTS-EQRAKTTQ-RVTIRTVR-RRPPKGKHRK-KHTHDK-ALKETLGA
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Topics to Cover

 Multiple sequence alignments
e Pre-computed alignment resources

—Homologene (NCBI)
—Ensembl (EBI)
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HOMOLOGENE: http://www.ncbi.nlm.nih.gov/homologene

My NCBI
Isign Oy = Iy -:HomoloGene
o S Books - NCB] Discover Homologs
Search | HomoloGene
HOME | SEARCH | SITE MaP PubMed All Databases Human Genome
[ Limits T Preview/Index T History T Clipboard T Details W
Display | HomoloGene 4] Show [20 :|[Sendto ¢ Search | HomoloGene | for
" All:1 | Fungi:0 | Mammals: 0 =
/1: HomoloGene:86007. Gene conserved in Eukaryota HomoloGene Downloader
Genes Proteins . .
Genes identified as putative homologs of one another Proteins used in sequence comparisons and their conserved Homologene:75335. Gene conserved in Eukaryota
during the construction of HomoloGene. domain architectures.
ACCSL, H.sapi NP_001027025.2 e = —— "
T-aminccyclopropane-1-carboxylate synth o MO [ Download | [ Protein | sequences (in FASTA format)
homolog (Arabidopsis)(non-functional Hik Include 0 bp upstream of gene
1] ACCSL, P.troglodytes [81] XP_508381.2 e -
1-aminocyclopropane-1-carboxylate synthase 568 aa Include 0 bp downstream of gene
homolog (Arabi is)(non-functional ik
sl ACCSL, M.mulatta &) XP_001113751.1 e —— Select which sequences should be included
1-aminocyclopropane-1-carboxylate synth, 568 aa ———— ——————
homolog (Arabidopsis )(non-functional}liki | Select All | | Unselect All |
1] ACCSL, B.taurus 81| XP_002693605.2 e m—— Species Gene mRNA Protein
1-aminocyclopropane-1-carboxylate synth 576 aa
(A )non-fur Hik & Hsapiens  ACCS NM_001127219.1 NP_001120691.1
|s1] Accsl, M.musculus [81] NP_001028624.2 e -
1-aminocyclopropane-1-carboxylate synth 580 aa B . . . .
homolog (Arabidopsis)(non-functional}liki % troglodytes ACCS XM_003312996.1 XP_003313044.
|s1] Accsl, R.norvegicus [s1] NP_001103064.1
1-aminocyclopropane-1-carboxylate synthase 617 aa “  M.mulatta ACCS XM_001113725.2 XP_001113725.1
homolog (Arabidopsis )(non-functional )ik
5] MGG_07740, M.oryzae 5] XP_367836.1 ——— # Cllupus ACCS XM_849057.2 XP_854150.2
hypothetical protein 466 aa
3] ACS2, A.thaliana S NPATIGS5.1  —— & Biaurus Rees RLELOYMIET - R AL
" 1-aminocyclopropane-1 y ynthase 2 496 aa
) M.musculus  Accs NM_183220.2 NP_899043.1
|s1| ACS1, A.thaliana (& NP_191710.1  —— -
1-aminocyclopropane-1-carboxylate synthase-lik 488 aa _
protein 1 ¥ R.norvegicus Accs XM_001074505.2 XP_001074505.2
1] ACS6, A.thaliana [s1] NP_192867.1 i —
1-aminocyclopropane-1-carboxylate synthase 6 495 aa  Gugallus ACCS XM_421096.3 XP_421096.3
. O.sati 1 1 ——— 9
e atont mosion e o AP-001053637 o Durerio accs NM_001014323.1 NP_001014345.1
¥ Adthaliana ACS8 NM_119939.2 NP_195491.1
Protein Alignments Conserved Domains ) )
Protein multiple alignment, pairwise similarity scores and Conserved Domains from CDD found in protein sequences  Athaliana ACS4 NM_127846.1 NP_179866.1
evolutionary distances. by msblast searching.
¥ Adthaliana ACS9 NM_114830.1 NP_190539.1
ow Multiple Alignment PLN023‘76 (PLN02376) - - -
" 1-aminocyclopropane-1-carboxylate synthase.
Pairnise Al TS ¥ Athaliana ACS5 NM_125977.2 NP_201381.1
ow Fairwise Alignment Scores Aminotran_1_2 (pfam00155)
- Ami .
Pairwise alignments generated using BLAST Aminotransferase class | and Il.  Athaliana  ACS11 NM_116873.1 NP_567330.1
AAT I (cl00321) _
Regenerate Al = Aspartate ami \sferase (AAT) rfamily (fold ¥ Osativa 0s03g0727600 NM_001057677.1 NP_001051142.1
[ NP_001027025.2 (H.sapiens) | type 1) of pyridoxal phosphate (PLP)-dependent
= enzymes. PLP combines with an alpha-amino acid to
| XP_508381.2 (P. s form a compound called a Schiff base or aldimine
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Ensembl (www.ensembl.org/)

ast P,
BLAST/BLAT I BioMart | Tools I Downloads BLAST/BLAT | BioMart | Tools | Downloads | Help & Documentation | Blog | Mirrors -

Human (GRCh37) v
Search Ensembl

L New Search

Search: | Human

+ | for msh2

Results Summary

Your search of Human with 'msh2' returned the following results:
e.g. BRCA2 or rat X:100000..200000 or coronary heart disease

By Feature type By Species
550 550
» Domain 1 » Human 550
+ Bookmark this page — ;
Browse a Genome > Family
» Gene 1
The Ensembl project produces genome databases for vertebrates and other » Somatic mutation 51
eukaryotic species, and makes this information freely available online. » Transcript 10
. . . Variati
Click on a link below to go to the species' home page. pRv Ao 485
» Variation phenotype 1

Popular genomes (Log in to customize this list)

#?, Search for a DNA or protein sequence
Result in Detail 3LAT

a you want
atabase, using the Perl API

M
‘ nc 1 Gene matches your query ('msh2’) in Human
abases via FTP

2 MSH2 )L and other formats
¢

% 2vi Description mutS homolog 2, colon cancer, nonpolyposis type 1 (E. coli) [Source:HGNC Symboly, BiomMart
Ensembl/Havana merge] -

Gene ID ENSG00000095002
All geno Location 2:47630108-47789450:1
umahalast Variation Table

Source e67

nces or tables in text, html, o

our FAQs or glossary

Variations

Institute)



Ensembl

ast
BLAST/BLAT | BioMart | Tools | Downloads | Help & Documentation | Blog | Mirrors _

Human (GRCh37) v Location: 2:47,630,108-47,789,450 ([KECLTHLIET 72

Gene-based displays
— Gene summary

— Splice variants (13) . . ) L
- Supporting evidence Description mutS homolog 2, colon cancer, nonpolyposis type 1 (E. coli) [Source:HGNC Symbol;Acc:7325)
~ Sequence Location Chromosome 2: 47.630.108-47.789.450 forward strand.

 External references

— Regulation

E- Comparative Genomics

- Genomic alignments Show (B entries Show/hide columns

E- Gene Tree (image)

Gene: MSH2 ensGo0000095002

Transcripts = This gene has 13 transcripts

Gene Tree (text) Name Transcript ID Length (bp) Protein ID Length (aa) Biotype cCcDSs

i Onii?;g:;ie(g')'g"me“” MSH2-001 | ENST00000233146 3307 ENSP00000233146 934 Protein coding | CCDS1834
- Paralogues MSH2-002 | ENST00000406134 3628 ENSP00000384199 921 Protein coding -
— Protein families (1) MSH2-003 | ENST00000454849 560 ENSP00000411482 140 Protein coding -
& EnenolyRe ation MSH2-201 | ENST00000394792| 2917 | ENSP00000378272 341 Protein coding -
 Variation Table MSH2-202 | ENST00000413880 2537 ENSP00000402969 720 Protein coding -
- Variation Image MSH2-203 | ENST00000419559 2918 ENSP00000391195 810 Protein coding -
&) Exparaciral vanation MSH2-204 | ENST00000422810] 1184 | ENSP00000389452| 168 Protein coding ;
L personal annotation MSH2-205 | ENST00000432737 2917 ENSP00000395752 533 Protein coding -
& Pé‘"ston{ MSH2-206 | ENST00000448533 2918 ENSP00000415023 410 Protein coding -
80s Testory MSH2-207 | ENST00000453755 2917 ENSP00000390362 485 Protein coding -
MSH2-208 | ENST00000543555 3018 ENSP00000442697 868 Protein coding -
MSH2-005 | ENST00000461394 416 No protein product - Processed transcript -
MSH2-006 | ENST00000467323 313 No protein product - Processed transcript -

P Export data O Transcript and Gene level displays
| | i i | :
l Bookmark this n Ensembl we provide displays at two levels

! @ Transcriot views which provide information specific to an individual transcriot such as the cDNA and CDS seauences
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] Clupeocephala: 8 homologs
] Eutheria: 5 homologs
-l Laurasiatheria: 12 homologs
.l Euarchontoglires: 8 homologs
L MSH2, Homo sapiens
. . 097706_9PRIM, Gorilla gorilla P/ |1 /1 O I JI W I I/
. = Locloos3ies, Pongo abelii 1 /1 1 I 1 I W I [I;
I . MSH2, Nomascus leucogenys . m W1l
I I MSH2, Macaca mulatta T T | T T N (I W TN
. 1 i A6MKV2_CALJA, Callithrix jacchus I I T
" 1 MSH2, Tarsius syrichta [N TN Y N N | N TN T
1 L] Strepsirrhini: 2 homologs (T Y R T T N T Y | T TN 11T
'/ MSH2, Sorex araneus (N T R O | T | U [ Y TN
L] Marsupialia: 4 homologs T O O T T T T O [y W T
B Ornithorhynchus anatinus: 2 homol__-]:-_-]-:-]]l-
L) Sauria: 4 homologs 1 N R T T Y T U TN TN TN
msh2, Xenopus tropicalis . (/. m | 1. m 1 1l]|
. Latimeria chalumnae: 2 homologs (R T R I T T T T [Ty I T
MSH2, Petromyzon Marinus -—.-]:.
= Ciona: 2 homologs .1 55 1 1 1 m | II]|
spell, Drosophila melanogaster NN D Y N [T T
msh-2, Caenorhabditis elegans (T T T OO T N N T M
MSH2, Saccharomyces cerevisiae I Y Y N e T
LEGEND -
x1 branch length Gene ID current gene = speciation node collapsed sub-tree m  AA alignment match/mismatc
x10 branch length Gene ID within-sp. paralog = duplication node « collapsed (current gene) M AA consensus > 66% (mis)m:
x100 branch length = ambiguous node « collapsed (paralog) M AA consensus > 33% (mis)m:
= gene split event AA alignment gap



What I hope you learned

sequence alignments
 Fundamentals of alignments
e Tools for building alignments
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