Chapter 6:
Multiple Sequence Alignment



Learning objectives

Explain the three main stages by which ClustalW
performs multiple sequence alignment (MSA);
Describe several alternative programs for MSA
(such as MUSCLE, ProbCons, and TCoffee);
Explain how they work, and contrast them with
ClustalWV;

Explain the significance of performing benchmarking
studies and describe several of their basic
conclusions for MSA;

Explain the issues surrounding MSA of genomic
regions



Outline: multiple sequence alignment (MSA)

Introduction; definition of MSA; typical uses

Five main approaches to multiple sequence alignment
Exact approaches
Progressive sequence alignment
Iterative approaches
Consistency-based approaches
Structure-based methods
Benchmarking studies: approaches, findings, challenges
Databases of Multiple Sequence Alignments
Pfam: Protein Family Database of Profile HMMs
SMART
Conserved Domain Database
Integrated multiple sequence alignment resources
MSA database curation: manual versus automated
Multiple sequence alighments of genomic regions
UCSC, Galaxy, Ensembl, alignathon
Perspective




Multiple sequence alignment: definition

* a collection of three or more protein (or nucleic acid)
sequences that are partially or completely aligned

* homologous residues are aligned in columns
across the length of the sequences

* residues are homologous in an evolutionary sense

* residues are homologous in a structural sense



Example: 5 alignments of 5 globins

Let’s look at a multiple sequence alignment (MSA) of five
globins proteins.We’'ll use five prominent MSA programs:
ClustalWV, Praline, MUSCLE (used at HomoloGene),
ProbCons, and TCoffee. Each program offers unique
strengths.

We'll focus on a histidine (H) residue that has a critical role
in binding oxygen in globins, and should be aligned. But often
it’s not aligned, and all five programs give different answers.

Our conclusion will be that there is no single best approach
to MSA. Dozens of new programs have been introduced in
recent years.



CLUSTAL W (1

beta glckin
myoglobin
neuroglobin
soybean
rice

beta glckin
myoglobin
neuroglobin
soybean
rice

beta glckin
myoglobin
neuroglobin
soybean
rice

ClustalW

.83) multiple sequence alignment

v

—————————— MVHLTDEEESAVTALWGEVNVD--EVGGEALGELLVVY PWTOQRFFESEFG—
——————————— MGLSDGEWOLVLNVAGEVEADT PGHGOEVLIBELEFEGHPETLERFDEFE -
————————————— MERPEPELIRCSWRAVSRSPLEHGTVLEFAELFALEPDLLPLEQYNCE
—————————— MVAFTEKQDALVSSSFEAFEANIPQYSVVEYTSILEKAPARKDLFSFLA—-
MALVEDNNAVAVSEFSEEQEALVLESWAILERDSANIALEFFLEIFEVAPSASOMESFLE -

V

DLSTPDAVMGHNPEVEAHGCGEEVLGAFSDG
HLESEDEMEASEDLEEHGATVLTALGET
CFSSPEDCLSSPEFLDHIEEVMLWVIDAR]
-—-NGVDPT--NPELTGHAEELFALVREDS

» *

* -

v

LEERGHHEARETEFLA-—————
VINVEDLSSLEEYLAS-———-LGEEHEAW

LAHLDNLEGTEATLS —————ELHCDELHVDPE
CSHATEHETEVE

VELS

LCOLEASGTVVADAR ———-LGEVHAQKANTDE

—-—NSDVPLEENPELETHAMSVEVMTCEARAOTLRFAGEVTIVREDTTLEELGATHLEY GV GDA

* = =

NFELLGNVLVCVLAHHF-GEEFTPPVOARYORVVAGCVANALAHEYH—————
YLEFISECIIOVLOSEH-PGDFGADAQGAMNEALELFREDMASNYEELGEQG
SFSTVGESLLYMLEECL-GPAFTPATERAAWSQLY GAVVOAMSRGWDEE ————
CEVVVEEALLETIEAAV-GDEWSDELSEAWEVAYDELARATERA ———————
HFEVVEFALLDTIEEEVPADMWSPAMESAWSEAYDHLVAATKQEMEPAE ———

154
151
144
lee

*

47
48
47
49
59

102
103
104
101
117

Note how the region of a conserved histidine (V) varies
depending on which of five prominent algorithms is used




Praline

(a)

Praline multiple seguence alignment

beta globin  .......... H?HLT?EEKSR?TRLWGHV..N?DE?GGERLGRLL???PWTQRQE#S.FG
myoglobin 0 L.......... MGLEDGEWOLVLNVWGEVEADIPGHGOEVLIELFEGHPETLEEFDE. FK
neuroglobin L ............ MERPEPELIROSWRAVSRSPLEHGTVLEARLFALEPDLLEPLEQYNCE
soybean 000 L ... .... MVAFTERQDALVSSSFEAFFANIPQYSVVEYTSILEEAPAREDLES. . FL
rice MATVEDNNAVAVSFSEEQEALVLESWAILFEDSANTATERFFLEIFEVAPSASOMES . . FL
Consistency 00000000D0D014Z26543282575934573463364343624453¢686433%35344*50063
beta globin DLSTPDAVMGNPEVEAHGCGEEVLGAFSDGLAHLDNLEGTFATLSEL . . HCDELH. . . .VDP
myoglobin HLESEDEMEASEDLEEHGATVLTALGGILEEEGHHEAETEPLAQS . .HATEHE]. .. .IPV
neurocglobin QFSEPEDCLESPEFLDHIREVMLYVIDAANTNVEDLSSLEEY LASTCREEHEAVH. . . . VEL
soybean A.NGVDP. .TNPELTGHAEELFALVEDSRGOL . EASGTVVADAL ., . . . LGSVHAQKAVTD
rice RE.NSDWVPLERENPELETHAMSVEVMTCEARAQL . EEAGEVTVRDTTLERLGATHLEYGVGD
Consistency 31e6354Z24776653*%436863542445445135335634333542003335440000822
beta globin ENFRLLGNVLVCVLAHEF . GEEFTPPVOARYORVVAGVANALAHKYH. . . . ..
myoglobin EYLEFISECIIOVLOSEH. PGDFGADAQGAMNEALELFREDMASNYFRELGFQG
neurocglobin SEFETVGESLLYMLEECL . GPAFTPATERAWEQLY CAVVOAMSEGWD. .GE . .
soybean POFVVVEEALLETIKEALY . GDEWSDELSREAWEVAYDELARATERA. . . v o v« .
rice AHFEVVEFALLDTIEEEVPADMWSPAMESAWSEAYDHLVAATEQEMEPAE. ..
Consistency 43744844498258542305336554454*%55465426446754322001000

Note also the changing pattern of gaps within the boxed
region in these five different alignments.




(b)

MUSCLE (3.6)
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multiple sequence alignment
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PEOBCONS
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TCoffee

d
[ ]CLUETAL FORMAT for T-COFFEE Version 5.13
v
beta globin -—-———————--— MVHELTPEEESAVTALWGEVNVD - - EVGGEALGELLVVY PWTQRFFE-SF=
myoglobin ~ -—————————- MGLSDGEWOLVLNVWGEVEAD I PGHGOEVLIELEFEGHPETLEEFD-EFK
neuroglobin --—-—-—————-———- MERPEPELIEROQSWRAVSRSPLEHGTVLFARLFALEPDLLPLFOYNCE
soybean @ 0———————- MVAFTEEQDALYVSSSFEAFEANIPOYSVVEYTSILEFAPAREDLEFS-FLA
rice MALVEDNNAVAVSFSEEQEALVLESWAILERDSANIALEFFLEIFEVAPSASQMES—-FLE
. . . . - * *
v v
beta globin DLSTPDAVMGNPEVEAHGEEVLGAFSDEHLAHLDNL---KGTF---ATLSELHCDELHVIP
myoglobin HELESEDEMEASEDLEFHGATVLTAL-——|-ILEERGHHEAE-———-IEPLAQSHATEHEIHV
neuroglobin QFSSPEDCLSSPEFLDHIREVMLVIDAAVTNVEDL---SSLEEYLASLGREH-RAVGVHL
soybean NGVDP-—---TNPELTGHAEELFALVEDSAGOLEASGTVVAD-——-AALGSVHAQRAVTOP
rice NSDVEP--LEENPELETHAMSVEVMTCEARAOTLREAGEVTIVEDTTLERLGATHLEYGVGIA
* . . * &

beta globin ENFRLLGNVLVCVLAHHF-GEEFTPPVOAAYQEVVAGVANALAHEYH-————-

myoglobin FYLEFISECIIOVLOSEH-PGDFGADAQGAMNEALELFERDMASNYEELGEQG
neuroglobin SSFSTVGESLLYMLEECL-GPAFTPATRAAWSOLYGAVVORMSRGWDG———--E
soybean O-FVVVEEALLETIEARAV-GDEWSDELSEAWEVAYDELAAATFFA————————

rice H-FEVVEFALLDTIFKEEVPADIMWS PAMESAWSEAYDHLVARTEQE-———MEPAE

= - = - . *



Multiple sequence alighment: properties

* not necessarily one “correct” alignment of a protein family
* protein sequences evolve...

* ...the corresponding three-dimensional structures
of proteins also evolve

* may be impossible to identify amino acid residues
that align properly (structurally) throughout a multiple
sequence alignment

* for two proteins sharing 30% amino acid identity,
about 50% of the individual amino acids
are superposable in the two structures



Multiple sequence alighment: features

* some aligned residues, such as cysteines that form
disulfide bridges, may be highly conserved

* there may be conserved motifs such as a
transmembrane domain

* there may be conserved secondary structure features

* there may be regions with consistent patterns of
insertions or deletions (indels)



Multiple sequence alighment: uses

* MSA is more sensitive than pairwise alighment
to detect homologs

* BLAST output can take the form of a MSA,
and can reveal conserved residues or motifs

* A single query can be searched against
a database of MSAs (e.g. PFAM)

* Regulatory regions of genes may have consensus
sequences identifiable by MSA



Outline: multiple sequence alignment (MSA)

Introduction; definition of MSA,; typical uses

Five main approaches to multiple sequence alignment

Exact approaches

Progressive sequence alignment

Iterative approaches

Consistency-based approaches

Structure-based methods
Benchmarking studies: approaches, findings, challenges
Databases of Multiple Sequence Alignments

Pfam: Protein Family Database of Profile HMMs

SMART

Conserved Domain Database

Integrated multiple sequence alignment resources

MSA database curation: manual versus automated
Multiple sequence alighments of genomic regions

UCSC, Galaxy, Ensembl, alignathon
Perspective




Multiple sequence alighment: exact methods

Exact methods of multiple alignment use dynamic
programming and are guaranteed to find optimal
solutions. But they are not feasible for more than a
few sequences.



Multiple sequence alignment: methods

Progressive methods: use a guide tree (related to a
phylogenetic tree) to determine how to combine
pairwise alignments one by one to create a multiple
alignment.

Examples: CLUSTALW, MUSCLE



Multiple sequence alignhment: methods

Example of MSA using ClustalVWV: two data sets
Five distantly related globins (human to plant)
Five closely related beta globins

Obtain your sequences in the FASTA format!

You can save them in a Word document or text
editor.



Use ClustalWV to do a progressive MSA

STEP 1 - Enter your input sequences

Enter or paste a set of| Protein v | sequences in any supported format:

>beta_globin 2hhbB MP_000509.1 [Homo sapiens] A
MVHLTPEEKSAVIALWGKYNYDEVGGEAL GRLLYVY PWIQREFESEGDLSTPRAYMGNPKVKAHGKKYL GAESDGLAHLONLKGTEATLSELHCD

KLHVDEENERLLGNVIVCVLABHEGKEETERY QAAY QKVVAGVANA
>myoglobin 2MM1 NP_005359.1 [Homo sapiens]

MGLSDGEWQLVLNVINGKVEADIPGHGOEVLIRLEKGHPETLEKEDKFKHLK SEDEMKASEDLKKHGATVLTALGGILKKKGHHEAEIKPLAQSHAT

KHKIPVKYLEFISECIQVLQSKHPGDE GADAQGAMNKALELERKDMASNYKELGFQG
>neuroglobin 10J6A NP_067080.1 [Homo sapiens] v

MEBPEE’E&R@MB&@%@MM&M&R&PMMQ&%E@Qk%§EMJWMMDﬁAWMY&Qk§%LE&%L@B&BB

Or, upload a file: R Browse_

STEP 2 - Set your Pairwise Alignment Options

Alignment Type: @ Slow () Fast

Slow Pairwise Alignment Options
Protein Weight Matrix GAP OPEN GAP EXTENSION
Gonnet v 10 v|0.1 v

STEP 3 - Set your Multiple Sequence Alignment Options

Protein Weight Matrix GAP OPEN GAF EXTENSION GAP DISTANCES NO END GAPS
Boswm w0 vioao vI[5_ e
ITERATION NUMITER CLUSTERING

none vl[1 v N v/

Output Options

FORMAT ORDER

Clustal w/ numbers v \ input v

STEP 4 - Submit your job

[] Be notified by email (Tick this box if you want to be nofified by email when the results are available)

http://www.ebi.ac.uk/Tools/msa/clustalw?2
/



(a) Stage 1: series of pairwise alignments

CIUStaIW Stage I: SegA ¢ Name ¢ Length ¢ SegB ¢ Name ¢ Length ¢ Score ¢
series Of pairwise 1 beta_globin 147 2 myoglobin 154 25.17
al ign mentS 1 beta_globin 147 3 neuroglobin 151 15.65
1 beta_globin 147 4 soybean_globin 144 13.19
1 beta_globin 147 5 rice_globin 166 21.09
2 myoglobin 154 3 neuroglobin 151 16.56
2 myoglobin 154 4 soybean_globin | 144 8.33
s myoglobin 154 5 rice_globin 166 12.99
3 neuroglobin 151 4 soybean_globin 144 17.36
3 neuroglobin 151 5 rice_globin 166 18.54
4 soybean_globin 144 5 rice_globin 166 43.05h
best
score

(highest percent
pairwise identity)



(a) Stage 1: series of pairwise alignments

CIUStaIW Stage I: SegA ¢ Name ¢ Length ¢ SegB ¢ Name $
series Of pairwise 1 beta_globin 147 2 myoglobin
al |gn mentS 1 beta_globin 147 3 neuroglobin
1 beta_globin 147 4 soybean_globin
1 beta_globin 147 5 rice_globin
2 myoglobin 154 3 neuroglobin
2 myoglobin 154 4 soybean_globin
2 myoglobin 154 5 rice_globin
3 neuroglobin 151 4 soybean_globin
3 neuroglobin 151 5 rice_globin
4 soybean_globin 144 5 rice_globin

ClustalWV stage 2:
create a guide tree®

Note that the two proteins with
the highest percent pairwise
identity (soybean and rice globin)
also have the shortest connecting
branch lengths in the tree

(
(

Stage 2: create a guide tree (calculated from a distance matrix)

beta_glcbin:0.36022,
myoglebin:0.38808)

:0.06560,

neurcglcbin:0.39924,

{

soybean globin:0.30760,
rice_globin:0.26184)

:0.13652);

Length ¢ Score #

154
151
144
166
151
144
166
144
166
166

2517
15.65
13.19
21.09
16.56
8.33

12.99
17.36
18.54

< 0s

best
score

(highest percent
pairwise identity)

—

beta_globin: 0.36022
myoglobin: 0.38808
neuroglobin: 0.39924

soyhean_globin: 0.30760
rice_globin: 0.26184



Feng-Doolittle MSA occurs in 3 stages

[I] Do a set of global pairwise alighments
(Needleman and Wunsch’s dynamic programming
algorithm)

[2] Create a guide tree

[3] Progressively align the sequences



Progressive MSA stage | of 3:

generate global pairwise alighments

beta globin
beta globin
beta globin
beta globin
myoglobin
myoglobin
myoglobin
neuroglobin
neuroglobin
sovhean

myoglobin
neuraglobin
sovbean
rice
neuroglobin
soybean
rice
sovbean
rice



Number of pairwise alignments needed

For n sequences, (n-1)(n) / 2
For 5 sequences, (4)(5) /2 =10

For 200 sequences, (199)(200) / 2 = 19,900



Feng-Doolittle stage 2: guide tree

Convert similarity scores to distance scores
A tree shows the distance between objects

Use UPGMA (defined in the phylogeny chapter)

ClustalWV provides a syntax to describe the tree



ClustalWV alignment of five distantly related beta globin orthologs

beta globin ~ ---==--=---- MVHLTPEEKSAVTALWGKVN - - VDEVGGEALGRLLVVYPWTQRFFESFG- 47
myoglobin = = ----------- MGLSDGEWQLVLNVWGKVEADI PGHGQEVLIRLFKGHPETLEKFDKFK- 48
neuroglobin = ~emmcresmesees MERPEPELIRQSWRAVSRS PLEHGTVLFARLFALEPDLLPLFQYNCR 47
soybean globin ---------- MVAFTEKQDALVSSSFEAFKANIPQYSVVFYTSILEKAPAAKDLFSFLA- 49
rice globin MALVEDNNAVAVSFSEEQEALVLKSWAILKKDSANIALRFFLKIFEVAPSASQMFSFLR- 59
. . . o * *
v v
beta_ globin DLSTPDAVMGNPKVKAHGKKVLGAFSDGLAHLDNLKGTFAT - - - - - - LSELHCDKLHWDP 101
myoglobin HLKSEDEMKASEDLKKHGATVLTALGGILKKKGHHEAEIKP- - - - - - LAQSHATKHK[I PV 102
neuroglobin QFSSPEDCLSSPEFLDHIRKVMLVIDAANTNVEDLSSLEEY - - - LASLGRKHRAVGVKLS 104
soybean globin --NGVDPT--NPKLTGHAEKLFALVRDSRGQLKASGTVVAD- - - -AALGSVHAQKAVIDP 101
rice globin - -NSDVPLEKNPKLKTHAMSVFVMTCEARAQLRKAGKVTVRDTTLKRLGATHLKYGV{ZDA 117
* . . * *
beta globin ENFRLLGNVLVCVLAHHFGKEFTPPVQAAYQKVVAGVANALAHKYH- - - - - - 147
myoglobin KYLEFISECIIQVLQSKHPGDFGADAQGAMNKALELFRKDMASNYKELGFQG 154
neuroglobin SFSTVGESLLYMLEKCLG- PAFTPATRAAWSQLYGAVVQAMSRGWDGE---- 151
soybean globin QFVVVKEALLKTIKAAVG-DKWSDELSRAWEVAYDELAAAIKKA-------- 144

rice_globin HFEVVKFALLDTIKEEVPADMWSPAMKSAWSEAYDHLVAATKQEMKPAE--- 166

Y 2 :



(a) Stage 1: series of pairwise alignments (closely related globin proteins)

SeqA ¢ Name 4 Length 4 SegB ¢ Name 4 Length ¢ Score ¢
1 human_NP_000509 147 2 Pan_troglodytes_XP_508242 147 100.0
1 human_NP_000509 147 3 Canis_familiaris_XP_537902 147 898
1 human_NP_000509 147 4 Mus_musculus_NP_058652 147 80.27
1 human_NP_000509 147 5 Gallus_gallus_XP_444648 147 69.39
2 Pan_troglodytes_XP_508242 147 3 Canis_familiaris_XP_537902 147 898
2 Pan_troglodytes_XP_508242 147 4 Mus_musculus_NP_058652 147 80.27
2 Pan_troglodytes_XP_508242 147 5 Gallus_gallus_XP_444648 147 69.39
3 Canis_familiaris_XP_537902 147 4 Mus_musculus_MNP_058652 | 147 78.91
3 Canis_familiaris_XP_537902 147 5 Gallus_gallus_XP_444648 147 7143
4 Mus_musculus_NP_058652 147 5 Gallus_gallus_XP_444648 147 66.67

(b) Stage 2: create a guide tree (calculated from a distance matrix)

(

(

(

human NP 000509:0.00000,

Pan troglodytes XP 508242:0.00000)
:0.05272,

Canis familiaris XP 537902:0.04932)
:0.03231,

Mus musculus NP 058652:0.12075,
Gallus gallus XP 444648:0.21259);

human_NP_000509: 0.00000
f Pan_troglodytes_XP_508242: 0.00000
Canis_familiaris_XP_537902: 0.04932
Mus_musculus_NP_058652: 0.12075
Gallus_gallus_XP_444648: 0.21259




ClustalWV alignment of five closely related beta globin orthologs

human NP_000509
Pan_troglodytes XP 508242
Canis_familiaris_XP 537902
Mus musculus_ NP 058652
Gallus gallus XP 444648

human NP 000508
Pan_troglodytes XP 508242
Canis familiaris XP 537902
Mus musculus E B 058652
Gallus_gallus_XP_444648

human NP 000509
Pan_troglodytes XP 508242
Canis_familiaris XP 537902
Mus musculus NP 058652
Gallus_gallus XP 444648

v
MVHLTPEEKSAVTALWGKVNVDEVGGEALGRLLVVYPWIQRFFESFGDLS
MVHLT PEEKSAVIALWGKVNVDEVGGEALGRLLVVYPWIQRFFESFGDLS
MVHLTAEEKSLVSGLWGKVNVDEVGGEALGRLLIVYPWIQRFFDSFGDLS
MVHLTDAEKSAVSCLWAKVNPDEVGGEALGRLLVVYPWIQRYFDSFGDLS
MVAWTAEEKQLITGLWGKVNVAECGAEALARLLIVYPWIQRFFASFGNLS

TER =% *% LE N S ¥ % _HEkE KK KREXXXK ok Rkk k%

v
DNLKGTFATLSELHCDKL
DNLKGTFATLSELHCDKL
KNLDNLKGTFAKLSELHCD
DNLEGTFASLSELACDKL
DNIKNTFSQLSELHCDKL

rREK 2R Khkr FAFEEEF TR AR F

v
TPDAVMGNPKVKRAHGKKVLGAFSD
TPDAVMGNPKVKAHGKKVLGAFSD
TPDAVMSNAKVKAHGKKVLNSFSD
SASAIMGNPKVKAHGKKVITAFNE
SPTAILGNPMVRAHGKKVLISFGD

*::_*_ * - *x**** :*__.:

PENFRLLGNVLVCVLAHHFGKEFIPPVQARAYQKVVAGVANALRAKYH 147
PENFRLLGNVLVCVLAHHFGKEFTPPVQARYQKVVAGVANALAHKYH 147
PENFKLLGNVLVCVLAHAFGKEFTPQVQAAYQKVVAGVANALRHKYH 147
PENFRLLGNAIVIVLGHALGKDFTPARQRAFOKVVAGVATALAHKYH 147
PENFRLLGDILIIVLARHFSKDFTPECQAAWQKLVRVVAHALARKYH 147

kkkkohhkes o+ R K kok%¥w kk s kk ¥ ¥k kkkewkk

50
50
50
50
50

100
100
100
100
100



Progressive MSA stage 2 of 3:
generate a guide tree calculated from the
distance matrix (5 distantly related globins)

[

beta globin:0.E6l2:,
myoglobin: 0. 358808,

[
neuroglobin: 0. 39924,
[

sovbean: 0. 30760,
rice:l,26154d)
s0.13852)

:0.065a0) ;

bheta_globin: 0.36022

myoglohin: 0.38808

neuroglobin: 0.39924
, soyvbean: 0.30760

rice: 0.26184



IO R o I S I S el

human NP_000509 147
human_NP_000509 147
human NP_000509 147
human_NP_000509 147

Fan troglodytes XP S03zZ4:2 147
Pan troglodytes XP_H083Z4:2 147
Fan troglodytes XP S03zZ4:2 147
Canis_familiaris_XP_53790Z 147
Canis_familiaris XP_S37002 147
Muz_musculuzs NP 055652 147

[0 T O Y SO [T SR e Y SR T I

{
(

{
human NP_00050%: 0. 00000,

Fan troglodytes XP 508242:0.00000)

:0.05272,

Caniz familiariz XP 53780Z:0.04932)

:0.03251,

Muz musculus NP 0558652:0.12075,

Name Len(aa) 3Score
Fan troglodytes xP H03zZ4:2 147 100
Canis familiaris XF_53790Z 147 g9
Muszs musculus NP 055652 147 g0
Fallus_gallus XP_444645 147 69
Caniz familiarizs XP_537902 147 =
Muz_musculuzs NP 055652 147 an
Fallus_galluszs XP_44d6ds 147 6o
Muz_musculuzs NP 055652 147 T4
Fallus_galluszs XP_44d6ds 147 Tl
Fallus_gallus XP_444645 147 B
5 closely

related
globins

Fallus gallus XP_ 444645:0.21259) ;

hurman_NP_000509: 0.00000

|Pan_troglodytes XP 508242
Canis_familiaris_XP_537902: 0.04932
Mus_musculus_NP_058652: 0.12075

0.00000

Gallus_gallus_XP_444648: 0.21259



Feng-Doolittle stage 3: progressive alignment

Make a MSA based on the order in the guide tree
Start with the two most closely related sequences
Then add the next closest sequence

Continue until all sequences are added to the MSA

Rule:“once a gap, always a gap.”



Why “once a gap, always a gap™?

There are many possible ways to make a MSA
Where gaps are added is a critical question

Gaps are often added to the first two (closest)
sequences

To change the initial gap choices later on would be
to give more weight to distantly related sequences

To maintain the initial gap choices is to trust
that those gaps are most believable



Additional features of ClustalW improve
its ability to generate accurate MSAs

Individual weights are assigned to sequences;
very closely related sequences are given less weight,
while distantly related sequences are given more weight

Scoring matrices are varied dependent on the presence
of conserved or divergent sequences, e.g.:

PAM20 80-100% id
PAM60 60-80% id
PAMI20 40-60% id
PAM350 0-40% id

Residue-specific gap penalties are applied



I3 L Hbb_Heman: 0221

1 - Hbb_Horse: 0225

. . .. 5 219 2 Hba_Human. 0154
Rooted neighbor-joining i es

tree (guide tree) and
sequence weights

L J

Progressive
alignment: Align
following the guide
tree
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Iterative approaches: MAFFT

Uses Fast Fourier Transform to speed up profile
alignment

Uses fast two-stage method for building alignments
using k-mer frequencies

Offers many different scoring and aligning techniques
One of the more accurate programs available
Available as standalone or web interface

Many output formats, including interactive phylogenetic
trees



Iterative approaches: MAFFT

MAFFT version 6

Multiple alignment program for amino acid or nucleotide sequences

Download version

Mac 0S X Multiple sequence alignment and NJ / UPGMA phylogeny
Windows

Linux

Source Input:

Paste protein or DNA sequences in fasta format. Example

qi[55743122 |ref |NP_006735.2| retinol-binding protein 4, plasma precur
MKV {YAMAREDPEGLFLODNIVAEFSVDETG
{IVDTDYDTYAVQYSCRL||

Usage
Online version

Alignment

Phvlogeny
Merits and limitations

CLEPEAQKIVROROEELCLARQYRLIVE

i|BAB25881.1| unnamed protein product [Mus

GSAERDCRVSSERVEENTDEARESCLWYATIAKKDEE GLELQDH. RGH

qi|12843160
MEWVWALVLLAAL
Algorithms
Tips
Aligning large data
Mafft-homologs
Benchmarks

Feedback

qi|4502163 |ref | NF_001638.1] & i in D precursor [Homo

or upload a file: Browse... |

Use structural alignment(s}

Contact address

E n
has changed!! Output order:

_ kkatoh@ _ ¢ same as input
kuicr.kyoto-u.ac.jp & pligned
‘kg@: Notify when finished (opticnal; recommended when submitting large data}):
bioreg.kyushu-u.ac.jp Email address: |

Submit | _Reset | Has about 1000

aavanced sewgs—— advanced settings!



Iterative method of MAFFT

Initial
alignment

Sequences ———»

a b d e
Divide into
subalignments
a
b
C

a Tree-dependent
b partitioning
c —-
Q —
e T e
Replace
(if score
is improved)
a — Group-to-group
b alignment
C e—— — -
A —
e rm— Bl

A —

2 =




OONOOOOOOOOOOOO0O00O000000000000O000O0oNOOooNOooo0O0oo0oooooooooooooooOoOooooooooodoodoooooooooooooooOooooooooooooooooooooaoonan

MAFFT

MUSCLE

(a) Alignment of nine globins by MAFFT FFT-NS-2 (v7.058b) (DSSP colors: turn, alpha helix, bend, 3/10 helix)

hbb_human
hbb_chimp
hbb_dog
hbb_mouse
hbb_chicken
myoglobin
neuroglobin I
soybean = imo-moososs MVAFTEKQDALVSSSFEAFKANIPQYSVVFYTSILEKAPAAKDLES -FLA
rice MALVEDNNAVAVSFSEEQEALVLKSWAILKKDSANIALRFFLKIFEVAPSASQOMES -FLR

* *

hbb human  DLSTPDAVMGNPKVKAH
hbb chimp  DLSTPDAVMGNPKV
hbb_dog DLSTPDAVMSNAKV
hbb_mouse DLSSASAIMGNPKV
hbb_chicken NLSSPTAILGNPMVRAH
myoglobin  HLKSEDEMKASEDLKKH:
neuroglobin QFSSPEDCLSSPEFLDHIRKVMLVIDAA

H---LDNL---KGTFATLSELH
H- - -LDNL- - -KGTFATLSE
-=--LDNL---KGTFAKLSE
---LDNL---KGTFASLSE
---LDNI---KNTFSQLSE
K- - -KGHH---EAEIKPLAQSE
NVEDLSSL---EEYLASLGR

RAVGVKL

soybean NGVDP- - - -TNPKLTH EKLFALVRDSAGQLKASGTV-VADAA---LGS AQKAV[ITD
rice NSDVP - - LEKNPKLKTHAMS VEVMTCE QLRKAGKVTVRDTTLKRLGATH-LKYGVGD
* . * * .

(b) Alignment of nine globins by MUSCLE (3.8)

hbb human  ---------- MVHLTPEEKSAVTALWGKVNVD - - EVGGEALGRLLVVYPWTQRF] SFG
hbb chimp  -----=----- MVHLTPEEKSAVTALWGKVNVD - -EVGGEALGRLLVVYPWTQRF] SFG
hbb_dog

hbb_mouse

hbb_chicken

myoglobin

neuroglobin

soybean = o ---------- MVAFTEKQDALVSSSFEAFKANIPQYSVVFYTSILEKAPAAKDLES -FLA

rice MALVEDNNAVAVSFSEEQEALVLKSWAILKKDSANIALRFFLKIFEVAPSASQOMES -FLR

* *

2
HGKKVLGAFSDGLAHL - - - DNLKGTFATLSELH
KKVLGAFSDGLAHL- - -DNLKGTFATLSELH
IGKKVLNS FSDGLKNL- - -DNLKGTFAKLSELR
KKVITAFNEGLKNL- - -DNLKGTFASLSELH DPE
hbb_chicken NLSSPTAILGNPMVRAHGKKVLTSFGDANKNL- - -DNIKNTFSQLSELH: DPE
myoglobin  HLKSEDEMKASEDLKKHGATVLTALGGILKKK- - -GHHEAEIKPLAQSHA PVK
neuroglobin QFSSPEDCLSSPEFLDEIRKVMLVIDAANTNV- - - EDLSSLEEYLASLGR VGVKLS
soybean NGVDPT- - - -NPKLTGHAEKLFALVRDSAGOQL - - - - KASGTVVADAALGS VHAQKAV[TDP
rice NSDVP- - LEKNPKLKTHAMS VFVMTCEARAQLRKAGKVTVRDTTLKRLGATHLKYGVEDA

hbb_human DLSTPDAVMGNPKV
hbb_chimp  DLSTPDAVMGNPKV
hbb_dog DLSTPDAVMSNAKV
hbb_mouse  DLSSASAIMGNPKV

DPE
PPE
DPE




ProbCons

T-COFFEE

(c) Alignment of nine globins by ProbCons (version 1.12)

hbb_human
hbb chimp
hbb_dog

hbb mouse
hbb_chicken
myoglobin
neuroglobin
soybean
rice

hbb_human
hbb_chimp
hbb_dog

hbb mouse
hbb chicken
myoglobin
neuroglobin
soybean
rice

| (ST VHLTPEEKSAVTALWGKVNVD--EVGGEALGRLLVVYPWTQRE!%S-FG
Mo VHLTPEEKSAVTALWGKVNVD - -EVGGEALGRLLVVYPWTQRFFES-FG
|| R ——— VHLTAEEKSLVSGLWGKVNVD - -EVGGEALGRLLIVYPWTQRFEDS -FG
Moo simmid VHLTDAEKSAVSCLWAKVNPD - -EVGGEALGRLLVVYPWTQRYEDS - FG
M VHWTAEEKQLITGLWGKVNVA - -ECGAEALARLLIVYPWTQRFEAS-FG
A ——— GLSDGEWQLVLNVWGKVEADI PGHGQEVLIRLFKGHPETLEKEDK - FK
M ERPEPELIRQSWRAVSRSPLEHGTVLFARLFALEPDLLPLEQYNCR
Mussmsszzss VAFTEKQDALVSSSFEAFKANIPQYSVVFYTSILEKAPAAKDLESF-LA
MALVEDNNAVAVSFSEEQEALVLKSWAILKKDSANIALRFFLKIFEVAPSASQMESF-LR
* * . . . * *

KA¥2 \ £
DLSTPDAVMGNPKVKAHGKKVLGAFSDGLAHLDNL - - - - - - KGTFATLSELHCDKLHVDP
DLSTPDAVMGNPKVKAHGKKVLGAFSDGLRAHLDNL - - - - - - KGTFATLSELHCDKLHVDP
DLSTPDAVMSNAKVKAHGKKVLNSFSDGLKNLDNL - - - - - - KGTFAKLSELHCDKLHVDP
DLSSASAIMGNPKVKAHGKKVITAFNEGLKNLDNL - - - - - - KGTFASLSELHCDKLHVDP
NLSSPTAILGNPMVRAHGKKVLTSFGDAVKNLDNI------ KNTFSQLSELHCDKLHVDP
HLKSEDEMKASEDLKKHGATVLTALGGILKKKGHH- - - - - - EAEIKPLAQSHATKHKIPV

QFSSPEDCLSSPEFLDHIRKVMLVIDAAV
NGVDP - - - -TNPKLTGHAEKLFALVRDSA|
NSDVP - - LEKNPKLKTHAMSVFVMTCEAA

% . Sis

TNVEDLSSL- - -EEYLASLGRKHRAV -GV
GQLKASGTV---V-ADAALGSVHAQK-AYV]|
AQLRKAGKVTVRDTTLKRLGATHLKY -GV]

* * .

KL
D
GD

(d) Alignment of nine globins by T-COFFEE (Expresso version_10.00)

1hbrB
3RGK
10j6A
1FSL
108U

cons




Multiple sequence alighment methods

Iterative methods: compute a sub-optimal solution and keep
modifying that intelligently using dynamic programming
or other methods until the solution converges.

Examples: MUSCLE, IterAlign, Praline, MAFFT



MUSCLE: next-generation progressive MSA

[I] Build a draft progressive alignment

Determine pairwise similarity through k-mer counting
(not by alignment)

Compute distance (triangular distance) matrix
Construct tree using UPGMA

Construct draft progressive alignment following tree



MUSCLE: next-generation progressive MSA

[2] Improve the progressive alignment
Compute pairwise identity through current MSA
Construct new tree with Kimura distance measures

Compare new and old trees: if improved, repeat this step,
if not improved, then we’re done



MUSCLE: next-generation progressive MSA

[3] Refinement of the MSA
Split tree in half by deleting one edge
Make profiles of each half of the tree
Re-align the profiles

Accept/reject the new alighment



Access to MUSLCE at EBI

http://www.ebi.ac.uk/muscle/ —

BL-EBI

uropean Bicinformatics Institute

EBI Home About EBI Groups Services Toolbox Databases Downloads Submissions
SEQUEMCZE ANALYSIS

* Help Index (LIRS Submission Form

* General Help

* Farmats MIUISCLE stands for MUItiple Sequence Comparison by Log-Expectation. MUSCLE

MIUISCLE is claimed to achieve both better average accuracy and better speed e
Cialgs than CLUSTALW ar T-Coffes, depending on the chosen options. ‘ﬁ
: = ORGP a

= hiatrix Download Software s,
9] e

* References

« Muscle Help EMAIL RESULTS | ALIGNMENT = OUTPUT FORMAT OUTPUT TREE

TITLE

* Jalview Help

. Guide Tres interactive j |Sec|uen|::e fasta j | norne j

* Alignment

= Colours Enter or Paste a set of Sequences in any suppaorted format:

* Similar Applications

* Clustahay
* T-Coffes

Lipload a file: Browse... | Fun | Feset |




Outline: multiple sequence alignment (MSA)

Introduction; definition of MSA,; typical uses

Five main approaches to multiple sequence alignment
Exact approaches
Progressive sequence alignment
Iterative approaches

Consistency-based approaches

Structure-based methods
Benchmarking studies: approaches, findings, challenges
Databases of Multiple Sequence Alignments
Pfam: Protein Family Database of Profile HMMs
SMART
Conserved Domain Database
Integrated multiple sequence alignment resources
MSA database curation: manual versus automated
Multiple sequence alighments of genomic regions
UCSC, Galaxy, Ensembl, alignathon
Perspective




Multiple sequence alighment: consistency

Consistency-based algorithms: generally use a database
of both local high-scoring alignments and long-range
global alignments to create a final alignment

These are very powerful, very fast, and very accurate
methods

Examples: T-COFFEE, Prrp, DiAlign, ProbCons



ProbCons—consistency-based approach

Combines iterative and progressive approaches with a
unique probabilistic model.

Uses Hidden Markov Models to calculate probability
matrices for matching residues, uses this to construct a
guide tree

Progressive alignment hierarchically along guide tree

Post-processing and iterative refinement (a little like
MUSCLE)



ProbCons—consistency-based approach

Sequence x X
Sequence y Y,
Sequence z z,

If x, aligns with z,
and z, aligns with y,
then x; should align with y,

ProbCons incorporates evidence from multiple
sequences to guide the creation of a pairwise alighment.



(c)

PEOBCONS

beta globin
myoglobin
neuroglobin
soybean
rice

beta glckin
myoglobin
neurocglobin
soybean
rice

beta globin
myoglobin
neuroglobin
soybean
rice

ProbCons output for the same alignment:

consistency iteration helps

v
M--—————— VHLTPEEESAVTALWGEVNVD--EVGGEALGELLVVYPWIQRFFES-FG
M—— GLSDGEWQLVLNVWGEVEADI PGHGOEVLIELFEGHPETLEEFDE-FK
M--—————— ERPEPELIRQSWRAVSESPLEHGTVLFAERLFALEPDLLPLEFQYNCR
M VAFTERQDALVSESFEAFEANTIPOY SVVEYTSILEEAPAREDLEFSE-LA
MALVEDNNAVAVSFSEEQEATLVLESWATILERDSANTALEFFLEIFEVAPSASOMESEF-LE
* * = = - - - m * ko

v

DLSTPDAVMGHNPEVEFAHGEEVLGAF SDGLAHRLD-———-NLE———GTFATLSELHCDEL P
HLESEDEMEASEDLEEHGATVLTALGEI-—--LEEEGHHE---AETEPLAQSHATEHEI PV

QFSESPEDCLSSPEFLDHIEEVMLVIDAAN TNVEDLSSLE-——EYLASTGEEHRLV— L
NGVDP-——-TNFELTGHAEFR LFALVEDSRGOLEASGTVV————ADARAT.GSVHARK— D
NSDVP-—-LEENPELETHAMSVEVMTCEARAOLEFAGEVIVREDTTLERLGATHLEY — =0
. : . e * .ot : . * *
ENFELLGHNVLVCVLAHHF-GEEFTEEVOARY OEVVAGVANATLAHE-————— YH

EYLEFISECITOVLOSEH-PGDFGADAQGAMNEALELFEEDMASNYEELGEQG

SSFSTVGESLLYMLERCL-GPAFTPATREAAWSOLY GAVVOAMSEG——W-DGE

POFVVVEEALLETITEAAYV-GDEWSDELSEAWEVAYDELAALT

AHFEVVEFALLDTIEEEVPADMWSPAMESAWSEAYDHLVAATEOE-——MEPAE
. * .



T GOEEEE

A collection of tools for Computing, Evaluating and
Manipulating Multiple Alignments of DNA, RNA, Protein
Sequences and Structures

T-Coffee Server

Quick links to the most popular T-Coffee modes:

M-Coffee

R-Coffee

Expresso

more ...

Other T-Coffee links

Documentation
Downloads

Support & discussion group

Access to TCoffee:
http://tcoffee.org

--Make a MSA

--MSA w. structural data
--Compare MSA methods
--Make an RNA MSA
--Combine MSA methods
--Consistency-based

--Structure-based



APDB ClustalVV output:
TCoffee can incorporate structural information into a MSA

T-COFFEE, Version 4.71{(Thu Howv 16 15:08:43 200a)
Cedric Hotredame

CPU TIME: 0 =ec.

# APDE Evaluation: Color Range Blue- [0 % -- 100 %]-PRed
# Sequence Score: APDB

# Local Score: APDB

SCORE=47

*

§aD Ave)G90D
*

Z2hhbB 224
1VhHA : 213
MMl : 219
10J6A 194
1FSL : 157
2hhhbB

1VhHA

MMl

10J6A

1FSL

Protein Data Bank accession numbers
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Multiple sequence alighment: methods

How do we know which program to use!

There are benchmarking multiple alignment datasets that
have been aligned painstakingly by hand, by structural
similarity, or by extremely time- and memory-intensive
automated exact algorithms.

Some programs have interfaces that are more user-friendly
than others.And most programs are excellent so it
depends on your preference.

If your proteins have 3D structures, use these to help you
judge your alignments. For example, try Expresso at
http://www.tcoffee.org.



Strategy for assessment of alternative
multiple sequence alignment algorithms

[I] Create or obtain a database of protein sequences
for which the 3D structure is known. Thus we can
define “true” homologs using structural criteria.

[2] Try making multiple sequence alighments
with many different sets of proteins (very related,

very distant, few gaps, many gaps, insertions, outliers).

[3] Compare the answers.



Naaoe hiv-1 protease

MiSioes 52 Sustesdes ; BaliBase: comparison
ignmment Length 106

Longest Sequence 104 .

Shortest Sequence 98 Of mUItIPIe Sequence
Average Percent Identity 49

Maxirmun Percent Identity 86 M :

Minimum Percent Identity 35 allgnment algorlthms
Secquence Nawe SWISSPROT Accession

1frb P32542

7upiB P0O3366

pol_sivcz P17283

POL_SIVHK P0OS897

Family 1frdd 7upjB pol_sivcz POL_SIVHK

1frb 1 vTYNLEKRPTTIVLINDTPLNVLLDTGADTSVLTTahynrlkyrgrk.¥YQ
7upiB 1 pQFSLWKRPVVTAYIEGQPVEVLLDTGADDSIVAG..... iel.gnn.YS
pol_sivcz 1 pQITLWQRPLIPVKVEGQLCEALLDTGADDTVIER..... iglggl..WK
POL_SIVHMK 1 pQFSLWRRPVVTAHIEGQPVEVLLDTGADDSIVTG..... iel.gph.YT
1frb 50 GTGIGGVGGNVETFS.TPVTIKKKGRHIKTRMLVADIPVTILGRDILQDL
7upib 44 PKIVGGIGGFINTLEYKNVEIEVLNKKVRATIMTGDTPINIFGRNILTAL

pol_sivcz 44 PKMIGGIGGFIKVKQFDNVHIEIEGRKVVGTVLVGPTPVNIIGRNILTQL
POL_SIVHK 44 PKIVGGIGGFINTKEYKNVEIEVLGKRIKRTIMNTGDTPINIFGRNLLTAL

1frab 99 GAKLV1
7upib 94 GMSLN1
pol_sivcz 94 GCTLV.
POL_SIVHK 94 GHMSLN1

Key
alpha helix RED
beta strand GREEN

core blocks UNDERSCORE



Multiple sequence alighment: methods

Benchmarking tests suggest that ProbCons, a consistency-
based/progressive algorithm, performs the best on the
BAIIBASE set, although MUSCLE, a progressive
alignment package, is an extremely fast and accurate
program.

ClustalW has been the most popular program. It has a
nice interface (especially with ClustalX) and is easy to
use. But several programs perform better. There is no
one single best program to use, and your answers will
certainly differ (especially if you align divergent protein
or DNA sequences)
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(a) Pfam alignments

wellcome trust
Sanger HOME | SEARCH | BROWSE | FTP | HELP | P‘ﬁm

institute I [keyword search
Family: Globin (PF00042) = i b = -

e

Domain

organisation We store a range of different sequence alignments for families. As well as the seed alignment from which the family is
built, we provide the full alignment, generated by searching the sequence database using the family HMM. we also

Clan generate alignments using four representative proteomesd? (RP) sets, the NCBI sequence database, and our

- metagenomics sequence database. More...
Ements

View options

HMM logo
We make a range of alignments for each Pfam-A family. You can see a description of each above. You can view these
Trees aliqnmgnts in various ways but please note that some types of alignment are never generated while others may not
Curation & be available for all families, most commonly because the alignments are too large to handle.
model FTeTs S
Seed Full “.', ",’ '"I'ﬂ_"" =
Species @3) (6000) RP15 RP35
Interactions ' (39} 1)
Jalview v v v v
Structures
HTML v = v v
Jump to... ¥ PP/heatmap X, - v v
X X

[_'—._w Pfam viewer v v

lcannot generate PP/Heatmap alignments for seeds; no PP data available

Key:  available, X not generated, — not available.

(b) Pfam seed alignment

Seed sequence alighment for PF00042

Q20638 _CAEEL/74-184
Q19601 _CAEEL/105-215
Q18311 _CAEEL/32-140
GLB4_LUMIE/11-120
GLB4_LUMIE/11-120 (SS)
GLB3_TYLHE/8-117
GLB4_TYLHE/8-117
GLB1_TYLHE/7-110
GLB2_TYLHE/9-115
GLB2_LUMIE/8-114
GLB2_LUMIE/8-114 (S5)
GLB_TUBIU/6-112
GLB3_LAMSP/7-113




Pfam alignment retrieved in the JalView Java viewer

(a) Principal components analysis (PCA) (b) Neighbor-joining tree
B8 Principal component analysis =10/ x| HBB_LITCT
File View HEBN_AMMLE
HBBO_MOUSE

HBEB LEPPA
HEB1_CYGMA

HBB_SQUA
HBAT_XENBO

HBAT_HORSE

HBAT_IGUIG

HBA3_PLEWA
HBAD_PASMO
HBAZ_ CAPHI

H »—'«,_ZE. QUAC

-
1

HBA_HETPD
HBA LEFPPA
HBA CATCI

HBAM_LITCT

MYG HETPI

MYG _CYPCA
> | E«_»H ISCA

= | vI y= Idmz LI = |d|m3 LI [—{ ! LB1B ANATF




Databases on which Interpro (release 51.0) is based

Database Contents (entries)
PANTHER 9.0 40,000
Pfam 27.0 14,800
PIRSF 3.01 3,300
PRINTS 42.0 2,000
ProDom 20061 1,200
PROSITE 20.105 patterns 1,300
PROSITE 20.105 profiles 1,100
SMART 6.2 1,000
TIGRFAMSs 15.0 4,300
CATH-GenedD 3.5.0 2,600
SUPERFAMILY 1.73 2,000
UniProtkB 2015_04 47,300,000
UniProtkB/Swiss-Prot 2015_04 531,000
UniProtKB/TrEMBL 2015_04 44,715,000
G0 Classfication 27,000

http://www.ebi.ac.uk/interpro/release_notes.html
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Multiple sequence alignment of genomic DNA

There are typically few sequences (up to several dozen),
each having up to millions of base pairs. Adding more
Species Improves accuracy.

Alignment of divergent sequences often reveals islands
of conservation (providing “anchors” for alignment).

Chromosomes are subject to inversions, duplications,
deletions, and translocations (often involving millions of
base pairs). E.g. human chromosome 2 is derived from
the fusion of two acrocentric chromosomes.

There are no benchmark datasets available.



(a) HBB gene (zoomed out 1.5x to 2,409 base pairs)

UCSC Genome Browser on Human Feb. 2009 (GRCh37/hg19) Assembly
move << | << | <|>] > | > |zoomin 15x | 3x | 10x | base |zoomout 15x | 3x | 10x |

chr11:5,246,295-5,248,703 2,409 bp chr11:5,246,295-5.248.703 l go |

|!:'\PH (R1S.4)

RefSeq Genes
| HEB S - E—

- Placental Mamma) Conservation by Phast

Mammal Cons | 1
°_ ) | i

Placental Mammal Conserved Elements

100=23 100=13] 10a=162 Il 100=15| 100=19 ]
Toci=43 i Toci=43 loc=69 | Tod=23 |
1od=35 i Tox '] lod=28 | lod=28]
1od=13 ] 100=53 1od=18 |
lod=17 | lod=101 Il lod=30 i
1ou=52 i 106i=16 |
| lod=31 ||
S.24 _ GERP scores for mammalian alignments
GERP =

(b) View of HBB gene (100 base pairs)

UCSC Genome Browser on Human Feb. 2009 (GRCh37/hg19) Assembly
move <<< | << | <| > | > | >»> |zoomin 15« | 3x | 10x | base |zoomout 15x | 3x | 10x |

chr11:5,248,201-5,248,300 100 bp. | enter position. gene symbol or search terms ‘ go I

Iarn wis. (DI |

Scale 56 bases|
chrit: s 2418‘;21°| S, 243 &ﬂ 5, 2438,230| 5.248,240|T 2
¢ G GTCCK AAG GTCCTCAGTCTACGTGGT
n c
Rcfsoa G«\e:
RefSeq Genes
4. Flacental Mammal Baseuise Conservation by PhyloP
Mammal Cons &
-
Placental Mamma] Conservation by FhastCons
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Analyzing multiple sequence alignments at Ensembl

(a) Ensembl entry for HBB

AST/BLAT | BioMart Tools

Human (GRCh37) v

Location: 11:5.246,694-5.250,625 v

pevsner@kennedyknegerorg ¥

B - Search Human

Gene: HBB v

Gene-based displays
Gene summary

- Splice variants (4)

i~ Transcript comparnison
Supporting evidence
Sequence

{- External references

i~ Regulation

i~ Expression

1 £ Comparative Genomics

-~ Genomic alig
=- Gene tree (image)
‘ - Gene tree (text)
Gene tree (alignment)
Gene gain/loss tree
‘ I Orthologues (123)
Paralogues (9)
Protein families (1)
i~ Phenotype
£ Genetic Vanation
| |- Variation table
Variation image
| “ Structural variation
& External data
[ Personal annotation
& ID History
 Gene history

l £+ Configure this page

Gene: HBB ensG00000244734

Description hemoglobin, beta [Source:HGNC Symbol;Acc:4827]
Chromosome 11: 5,246 694-5 250,625 reverse strand

chromosome:GRCh37:CM000673.1:5246694:5250625:1

This gene has 4 transcripts (splice variants) | Hide transcript table

Location
INSDC coordinates

Transcripts

Show/hide columns [Fiter |

Name Transcript ID Length (bp) Protein ID Length (aa) Biotype CDS incomplete CCDS
HBB-001 ENST00000335295 754 ENSP00000333994 147 Protein coding - CCDS7753
HBB-004 ENST00000380315 502 ENSP00000369671 90 Protein coding - 4 -
HBB-002 ENST00000485743 680 No protein product Retained intron

HBB-003 ENST00000475226 319 No protein product Retained intron

Genomic alignments @

Alignment: I -- Select an alignment -

6 primates EPO
Goto a grap 13 eutherian mammals EPO 2
Key 20 amniota vertebrates Pecan
36 eutherian mammals EPO LOW COVERAGE
Features  Pairwise alignments -
Alpaca (Vicugna pacos) - blastz
Anole lizard (Anolis carolinensis) - translated blat
Human chic  Armadillo (Dasypus novemcinctus) - blastz
suman acn Dushbaby (Otolemur gametii) - lastz
i ':‘C’,.‘ Cat (Felis catus) - lasz
suman T Chicken (Gallus gallus) - lastz

Chicken (Gallus gallus) - translated blat
Chimpanzee (Pan troglodytes) - lastz

Chinese softshell turtle (Pelodiscus sinensis) - lastz
Ciona intestinalis - translated blat

Ciona savignyi - ransiated blat

Cod (Gadus morhua) - translated blat

Coelacanth (Latimeria chalumnae) - translated blat

Human




Analyzing multiple sequence alignments at Ensembl
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(b) Ensembl multiple sequence alignment (Enredo/Pecan/Ortheus software)

Homo sapiens 11: 5246983 TTCATACCTCTT-ATCTTCCTCCCACAGCTCCTGGGCAACGTGCTGGE
Gorilla gorilla gorilla 11: 5181573 TTCATACCTCTT-GTCTTCCTCCCACAGCTCCTGGGCAATGTGCTGE
Pongo abelii 11: 65235065 TTCATACCTCTT-GTCTCCCTCCCACAGCTCCTGGGCAATGTGCTGG
Oryctolagus cuniculus 1:146237264 TTCATGCCTTCT--TCTCTTTCCTACAGCTCCTGGGCAACGTGCTGGE
Mus musculus 7:103812810 TTGATGGTTCTT--CCATCTTCCCACAGCTCCTGGGCAATATGATCG
Bos taurus 15: 45339417 CCCTTGCTTAATG-TCTTTTCCACACAGCTCCTGGGCAACGTGCTAG
Bos taurus 15: 45074455 CCCTTGCTTAATG-TCTTTTCCACACAGCTCCTGGGCAACGTGCTGGE
S8us scrofa 9: 5633260 CCCTTCCTTTTTA-TCTCTCTCCCACAGCTCCTGGGCAACGTGATAG
Equus caballus 7: 73536736 CCCCCTCTTT-TT-TCTCTTCCCCACAGCTCCTGGGCAACGTGCTGE

Canis lupus familiaris 21: 28179266 CACATGCCTCTTG-TCT--TCCCCACAGCTGCTGGGCAACGTGTTGE

ooooooOoOoOoOoOOOOOOOOOOOOOoOoOoOoOoOoOoOoOoOoOoOoOoOoOoOoOOoOoOoOoOoOoOoooood



(a) Pairwise alignment

Human
Mouse

(b} Ancestor alignment

Human

Ancestral TTGA
TCCTE

Mouse

{c) Multiple seqguence alignment

Human
Gorilla
Rabbit
Mouse
Horse
Dog

{d) Multiple sequence ancestor

Human
Ancestral
Gorilla
Ancestral
Ancestral
Rabbit
Ancestral
Mouse
Ancestral
Ancestral
Ancestral
Ancestral

{H{JIEE
Log

Ancestral TCAA

ancestral T, &
or other?

CTTTT

CTATTC CT

CTT.

insartion in mouse or
delation in human?

CTTTT

ancesiral T

insertion
in mouse

4

CTT
CTT.

CTATTCRSTCECT

£

TTCAT
TTCAT
TTCCT

deletion
in mousa

insartion
in mouse

inference of nested insertion
and deletion events

11:5227749
7:103813380

11:5227749

619 _156519:74
T:103813380

11:5227749

11:5182738
1:146237759
T:103813380
T:T3937279

21:281759781

11:5227749
619 156521:74
11:5182738
619 _156519:74
619 156525:75
1:146237759
819 15%6527:75
T:103813380
619 196523:75
619 156526:63
Bl9 196524:74
619 156522:74
T:T3937279
619 156520:74
21: 28179781



Outline: multiple sequence alignment (MSA)

Introduction; definition of MSA,; typical uses
Five main approaches to multiple sequence alignment
Exact approaches
Progressive sequence alignment
Iterative approaches
Consistency-based approaches
Structure-based methods
Benchmarking studies: approaches, findings, challenges
Databases of Multiple Sequence Alignments
Pfam: Protein Family Database of Profile HMMs
SMART
Conserved Domain Database
Integrated multiple sequence alignment resources
MSA database curation: manual versus automated
Multiple sequence alighments of genomic regions
UCSC, Galaxy, Ensembl, alignathon

Perspective




Perspective: multiple sequence alignment (MSA)

* Many dozens of MSA programs have been
introduced in recent years. None is optimal. Each
offers unique strengths and weaknesses.

* Key methods include consistency-, iterative-, and
structure-based multiple alignment.

* Alignment of genomic DNA presents specialized
challenges and different sets of tools. MSA are

readily available through genome browsers such as
Ensembl, UCSC, and NCBI.



