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What is Multiple Sequence
Alignment (MSA) ?
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Why do a Multiple Sequence Alignment ?
What’s the end goal ?

1
|
—

Simple sequence comparison

1
|
—

Conserved vs. non-conserved regions

| proteins - motifs/profiles

| whole genome - genes, control regions

1
|
| S—

Homology (as opposed to similarity)

| Evolution - phylogeny

| Structural homology

1
|
| S—

Sequence differences

"] Single Nucleotide Polymorphisms (SNPs)



Subsets of Functions

" Multiple Alignment

~ Multiple Sequence Editing

© GGenerating/drawing trees

“I Publishing - high quality output

7 Structure interface (CN3D)



Pre-computed MSAs

| DALI/FSSP
http://www2.ebi.ac.uk/dali/

| InterPro
http://www.ebi.ac.uk/interpro/

| PROSITE, PRINTS
http://us.expasy.org/prosite/

.| CDD, SMART, PFAM, COG
http://www.nchi.nlm.nib.gov/Structure/cdd/wrpsb.cgi

| VAST
http.//www.nchi.nlm.nib.gov:80/Structure/VAST/vastsearch.btml



Domain/Profile Construction

| PSI-BLAST
http.//www.ncbinlm.nib.gov/BLAST/

| MEME/MAST
http://meme.sdsc.edu/meme/website/intro.html!

-1 BLOCKS
http://www.blocks.fhcrc.org/

.| PRATT
http://us.expasy.org/tools/pratt/

| HMMER
http://bmmer.wustl.edu/



(Generating an Alignment

Get the sequences

+ Reformat them

Align the sequences

+ Evaluate the alignment

+ Realign or modify the alignment
+ Add/subtract sequence

Analyze, publish, draw phylogenetic trees,
connect to structures



Collecting the Sequences

"I Selection of sequences is important
“I Most programs will align ANYTHING
7 All sequences should be related
7 Avoid redundancy

1 Diverse set of sequences is best



Sequence Selection

1 Common source of sequences is blast output
1 Entrez searches
© Many pre-aligned

"I Personal sequences



Sequence Format

1 Several multiple sequence formats

"I Format selection is important for input and
output

7 Different programs /7ke (need) different formats

"I Reformatting software

http://molbio.info.nth.gov/molbio/gcglite/reformat.html!
http://genome.nci.nih.gov/tool/reformat.htm!

7 Output format determined by next step



Sequence formats
(sequential)

>chiins I nsulin2. nsf, 107 aa.

BALWIRSLPLLALLVFSGPGTSYAAANQHLCGSHLVEALYLVCGERGFFYSPKARRDVEQ

PLVSS---PLRGEAGVLPFQQEEYEKVKRGIVEQCCHNTCSLYQLENYCN

>xenins | hsul i n2. nsf, 106 aa.

BALWMOCLPLVLVLFFSTPNTE-ALVNQHLCGSHLVEALYLVCGDRGFFYYPKVKRDMEQ
ALVSG---PODNELDGMOLOPOQEYQKMKRGIVEQCCHSTCSLFQLESYCN

> | nsul 1 n2. nef, 110 aa.
BALWMRLLPLLALLALWGPDPAAAFVNQHLCGSHLVEALYLVCGERGFFYTPKTRREAED
LOVGQVELGGGPGAGSLQPLALEGSLOKRGIVEQCCTSICSLYQLENYCN

> | nsul i n2. nef, 110 aa.
BALWMRLLPLLALLALWGPDPVPAFVNQHLCGSHLVEALYLVCGERGFFYTPKTRREAED
POVGQVELGGGPGAGSLOPLALEGSLQOKRGIVEQCCTSICSLYQLENYCN

>dogins I nsulin2. mef, 110 aa.
MALWMRLLPLLALLALWAPAPTRAFVNQHLCGSHLVEALYLVCGERGFFYTPKARREVED
LOVRDVELAGAPGEGGLQPLALEGALQKRGIVEQCCTSICSLYQLENYCN

> | nsul i n2. nef, 110 aa.
MTLWMRLLPLLTLLVLWEPNPAQAFVNQHLCGSHLVEALYLVCGERGFFYTPKSRRGVED
POVAQLELGGGPGADDLQTLALEVAQQKRGIVDQCCTSICSLYQLENYCN

>bovins 1 nsulin2. nsf, 105 aa.
MALWTRLRPLLALLALWPPPPARAFVNQHLCGSHLVEALYLVCGERGFFYTPKARREVEG
POQVGALELAGGPGAGG-———- LEGPPQKRGIVEQCCASVCSLYQLENYCN

>guiins i nsulin2. nsf, 110 aa.
MALWMHLLTVLALLALWGPNTGQAFVSRHLCGSNLVETLYSVCQDDGFFYIPKDRRELED
POVEQTELGMGLGAGGLQOPLALEMALQKRGIVDQCCTGTCTRHQLQSYCN




Clustal W

(interlaced)

CLUSTAL W (1.74) nmultiple sequence alignnent

chiins BALWIRSLPLLALLVFSGPGTSYAAANQHLCGSHLVEALYLVCGERGFFYSPKARRDVEQ

xenins BALWMOCLPLVLVLFFSTPNTE-ALVNQHLCGSHLVEALYLVCGDRGFFYYPKVKRDMEQ
BALWMRLLPLLALLALWGPDPAAAFVNQHLCGSHLVEALYLVCGERGFFYTPKTRREAED
BALWMRLLPLLALLALWGPDPVPAFVNQHLCGSHLVEALYLVCGERGFFYTPKTRREAED

dogins MATLWMRLLPLLALLALWAPAPTRAFVNQHLCGSHLVEALYLVCGERGFFYTPKARREVED

hamins MTLWMRLLPLLTLLVLWEPNPAQAFVNQHLCGSHLVEALYLVCGERGFFYTPKSRRGVED

bovins MALWTRLRPLLALLALWPPPPARAFVNQHLCGSHLVEALYLVCGERGFFYTPKARREVEG

guiins MATLWMHLLTVLALLALWGPNTGOAFVSRHLCGSNLVETLYSVCQODDGFFYIPKDRRELED

chiins PLVSS---PLRGEAGVLPFQOEEYEKVKRGIVEQCCHNTCSLYQLENYCN

xenins ALVSG---PODNELDGMOLOPQEYQKMKRGIVEQCCHSTCSLFQLESYCN
LOVGOVELGGGPGAGSLOPLALEGSLOKRGIVEQCCTSICSLYQLENYCN
POVGQVELGGGPGAGSLOPLALEGSLOKRGIVEQCCTSICSLYQLENYCN

dogins LOVRDVELAGAPGEGGLOQPLALEGALQKRGIVEQCCTSICSLYQLENYCN

hamins POVAQLELGGGPGADDLQTLALEVAQOKRGIVDQCCTSICSLYQLENYCN

bovins POVGALELAGGPGAGG—-=-—--- LEGPPQKRGIVEQCCASVCSLYQLENYCN

guiins

POVEQTELGMGLGAGGLQPLALEMALQKRGIVDQCCTGTCTRHQLOSYCN




GCG - MSF - Pileup

PileUp
MSF: 110
Nanme: chiins
Nane: xenins
Nanme: hum ns
Nanme: noni ns
Nane: dogins
Nanme: ham ns
Name: bovi ns
Nane: gquiins
/1
chiins
xenins

dogins
guiins
chiins
xenins

dogins

guiins

Type:

0o
0o
0o
0o
00
0o
0o
00

Len:
Len:
Len:
Len:
Len:
Len:
Len:
Len:

P Check:
110 Check:
110 Check:
110 Check:
110 Check:
110 Check:
110 Check:
110 Check:
110 Check:

BALWIRSLPL
BALWMOCLPL
BALWMRLLPL
BALWMRLLPL
MALWMRLLPL
MTLWMRLLPL
MALWTRLRPL
MALWMHLLTV

SPKARRDVEQ
YPKVKRDMEQ
TPKTRREAED
TPKTRREAED
TPKARREVED
TPKSRRGVED
TPKARREVEG
IPKDRRELED

4380

3857
4552
4867
5690
3667
5715

845
5187

Wi ght :
Wei ght :
Wei ght :
Wi ght :
Wei ght :
Wei ght :
Wi ght :
Wei ght :

LALLVFSGPG
VLVLFFSTPN
LALLALWGPD
LALLALWGPD
LALLALWAPA
LTLLVLWEPN
LALLALWPPP
LALLALWGPN

PLVSS...PL
ALVSG...PQ
LOVGOQVELGG
POVGQVELGG
LOVRDVELAG
PQVAQLELGG
POVGALELAG
POVEQTELGM

. 212
050
. 050
. 080
111
111
232
100

coooooo0o0

TSYAAANQHL
TE . ALVNQHL
PAAAFVNQHL
PVPAFVNQHL
PTRAFVNQHL
PAQAFVNQHL
PARAFVNQHL
TGOAFVSRHL

RGEAGVLPFQ
DNELDGMOQLOQ
GPGAGSLQPL
GPGAGSLQPL
APGEGGLQPL
GPGADDLQTL
GPGAGG. ...
GLGAGGLQPL

CGSHLVEALY
CGSHLVEALY
CGSHLVEALY
CGSHLVEALY
CGSHLVEALY
CGSHLVEALY
CGSHLVEALY
CGSNLVETLY

QEEYEKVKRG
POEYQKMKRG
ALEGSLOKRG
ALEGSLOKRG
ALEGALQKRG
ALEVAQOKRG
. LEGPPOKRG
ALEMALOQKRG

LVCGERGFFY
LVCGDRGFFY
LVCGERGFFY
LVCGERGFFY
LVCGERGFFY
LVCGERGFFY
LVCGERGFFY
SVCODDGFFY

IVEQCCHNTC
IVEQCCHSTC
IVEQCCTSIC
IVEQCCTSIC
IVEQCCTSIC
IVDQCCTSIC
IVEQCCASVC
IVDQCCTGTC



(Generating the Alignment
Algorithm

Selection

Software Platform



Platform - selection

Choice dependent on availability, complexity and personal preference

Wel;s o

_)J

Local Computer



Software - selection

Choice dependent on ease of use and availability

1 The best
1 What’s available
"1 The easiest to use

"I The best output



Algorithm - selection

"I The most accurate
7 The best for your problem

1 What’s available

" What you are familiar with



(Generating the Alignment

Algorithm

Selection

Software Platform

Natural selection of software - driven by ease of use and
availability (portability) - determines which programs are
used most frequently.



MSA Programs

(a sampling)
Allall Blast Blocks
DiAlign Dalign DCA
Dali Clustalw ClustalX
ComAlign GA HMMER
IterAlign MAVID MAFFT
MSA MultAlign MultAlin
Musca Museqal Oma
T-Coftee ToPLign TreeAlign
Pileup(GCG) POA Praline

PRRP SAM SAGA



MSA Programs

(focus)

* MSA

(close-to-) optimal Alignments using the Carrillo-Lipman bound

e Clustal W/ClustalX

the most widely used program for multiple alignment

o T-Coftee

allows the combination of a collection of multiple/pairwise, global or local alignments into a single model

* DiAlign

constructs pairwise and multiple alignments by comparing whole segments of the sequences. No gap penalty is used

* POA & MAFFT

POA: partial order alignment, based on a graph representation of an MSA
MAFFT: a novel method for rapid multiple sequence alignment based on fast Fourier transform



Name Algorithm URL

MSA EXACT http://www.ibc.wustl.edu/ibc/msa.html

DCA (requires MSA) Exact http://bibiserv.techfak.uni-biefield.de/dca

OMA Itelgag'ib\‘/e http://bibiserv.techfak.uni-biefield.de/oma

ClustalWw, ClustalX PROGRESSIVE | ftp://ftp-igbmc.u-strasbg.fr/pub/clustalW or clustalX

MultAlign Progressive http://www.toulouse.inra.fr/multalin.html
o CONSISTENCY _ . .
Dialaign BASED http://www.gsf.de/biodv/dialign.html
ComAlign Consistency-based | http://www.daimi.au.df/~ocaprani
CONSISTENCY .
T-Coffee ASED/PROGRESSTV http://igs-server.cnrs-mrs.fr/~cnotred
Iterative/

Praline Iterative/progressive

progressive

jhering@nimr.mrc.ac.uk

IterAlign Iterative

Iterative

http://giotto.Stanford.edu/~luciano/iteralign.html

Prrp Iterative/Stochastic | ftp://ftp.genome.ad.jp/pub/genome/saitama-cc/
Iterative/

SAM Stochastic/HMM rpch@cse.ucsc.edu
Iterative/ _

HMMER Stochastic/HMM http://hmmer.wustl.edu/
Iterative/ e ~ _

SAGA Stochastic/GA http://igs-server.cnrs-mrs.fr/~cnotred

GA lterative/ czhang@watnow.uwaterloo.ca

Stochastic/GA




Multiple Sequence
Alignment Methods

| Local Alignment Global Alignment

"] Exact (MSA, DCA)
good for few, short, closely related sequences

| Progressive alignment (Clustal W)
fast, sensitive

| Consistency based method (DiAlign)
better for sequences with large insertions

| Tterative method (HMMER, SAM, HMMs)

slow, sometimes inaccurate ...good for profiles

| Combination methods (T-coffee)
very good but can be slow



Aligning two sequences

(Needleman and Wunsch)
Flals|T 10 sequences (100.AA)
Floe 3 million years and 10 billion gigabytes
il B Match=1
Gap =-1 FA-T
F|A|S|T F|A|S|T F|A|S|T
1|-2|-3|-4 1|-2|-3]-4 0
N X
F|-1] 120 F|-1 F@ F 1\
A|-2 (g&rz A|-2 1=>0 A 2<=]




MSA

An EXACT Alignment.

1. Determine the optimal pairwise alignments.

2. Perform a fast multiple sequence alignment (progressive)
and extract the pairwise alignments from this multiple sequence alignment.

3. For each pair of sequences, use the optimal and extracted pairwise alignments
to define the restricted alignment space defined by the difference in the
two alignment scores for this pair of sequences.

4. Project the restricted pairwise alignment spaces into the multidimensional
alignment space to define the restricted hyper-volume of the
multidimensional space to determine the best multiple sequence alignment.
The greater the overall sequence similarity, the smaller the restricted
alignment space is.

5. Use dynamic programming to compute the value for all of the cells within the
restricted alignment space.

6. Backtrack through the restricted alignment space to recover the best
alignment. The result is a minimum distance alignment.



MSA - 4GB memory

limited by length and diversity of sequence

"I 20 phospholipase (130 AA)
7 14 (highly diverse) cytochrome C (110)
6 (moderatly diverse) aspar t‘Yl proteases (35 o)

"1 8 (moderatly diverse) lipid-binding proteins(480)



Clustal W

A Progressive Alignment.

1. Pairwise Distances - Perform Needleman-Wunsch (global) alignment on all sequence pairs to find the
distance between all pairs of sequences.

2. Cluster the Pairwise Distances - Perform a simple clustering to determine which pairs of sequences are
closer than others. Using pairwise alignments iteratively one can create phylogenetic relationships, which then
allows for the creation of either a UPGMA-constructed guide tree or a Neighbor- Joining guide tree (both
rooted trees). These joining trees are based on alignment scores and non-biological rules for creating trees;
thus, they should be used cautiously as an evolutionary tree. This step represents a major difference among the
various implementations of the PPA and is the part of the algorithm where some of the greatest
improvements have occurred.

3. Align the Sequences Guided by Clustering - Align the closest sequences in the joining tree together,
followed by adding more sequences to the the initial alignment. For example, when using an UPGMA guide
tree or Neighbor-Joining guide tree, one would align a pair of sequences by starting at the bottom of a branch
and successively adding more sequences to the nascent alignment (the nascent alignment defines the range of
possibilities for the ancestral sequence).



Clustal W issues

7 Choice of input sequences
“I Order of sequences in (tree)

"~ Parameters
weighting, substitution matrix, gap penalties

I Progressive (once a gap always a gap)

1 Known to miss some conserved residues



T-Coftee

allows the combination of a collection of multiple/
patrwise, global or local alignments into a single model

- Pairwise global alignment
- Pairwise local alignment
' Combined above two into a library

' Builds MSA with highest consistency with the
library of alignments (progressive assembly)



DiAlign
constructs pairwise and multiple alignments by comparing
whole segments of the sequences.

- Alignment of whole segments and not individual
amino acids (bases)

- Pair wise comparison > segment pairs (diagonals),
represent local alignments

' Diagonals weighted for likelihood
- Alignment built from consistent diagonals
' No gap penalties

© Independent of sequence order



Meaningfulness

1 Is the alignment correct ?
7 Can I make it better ?
I Which programs are best ?

"I How do you know if its correct ?



Is the Alignment Correct ?

1 What do mean by correct ?
“ Mathematically rigorous
"I Biologically meaningtul

"I Operationally useful



Can you make it better ?

I Only if you know what you doing !
© Define better ?
"I What’s the goal ?

"I What’s the biology ?



Which programs are best ?

© No simple answer
5 Depends on the particular problem
"I Recent objective studies help answer this problem

"I Some tools to help compare alignments



How do you know it is correct ?

~ Methods to evaluate the alignment
"I Methods to evaluate the program/algorithm
= Structural information

"~ Biology



Systematic Comparison of

MSA programs

BAILIBASE: a benchmark alignment database for the evaluation of multiple

alignment programs
Thompson JD, Plewniak F, Poch O. Bioinformatics. 1999 Jan;15(1):87-8.

A comprehensive comparison of multiple sequence alignment programs
JD Thompson, F' Plewniak, and O Poch Nucleic Acids Res. 1999 27: 2682-2690.

Quality assessment of multiple alignment programs
FEBS Letters Volume 529, Issue 1, T. Lassmann and E Sonnhammer 2 October 2002, Pages 126-130



BAliBase -

I42 7 efer ence sequences

http://www-ighmec.u-strasbg.fr/Biolnfo/BAliBASE/prog_scores.btml

Residues <100 200<300 >500
<25%
identity 7 8 8
Reference 1 .20_496 10 9 10
identity
>35%
identity 10 10 8
+
Reference 2 homogen.ous 9 8 7
outlier
2 distantly
Reference 3 related sets 5 3 5
extensions inserts
(<400) (<100)
Reference 4/5 12 12




Program Rank

prrp
clustalx
saga
pileup8
SBpima
dialign
MLpima
multal
hmmt

Sum

234.0
316.5
371.5
398.0
416.0
448.5
465.5
477.0
544.0
785.0
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\%-

& TN

\‘?a

*Q
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0.7 1
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Nucleic Acids Res. 1999 27: 2682-2690. JD Thompson, F Plewniak, and O Poch A comprehensive comparison of multiple sequence alignment programs
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saga
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dialign
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multal
hmmt
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Fig. 1. Color coded matrix showing which method performed best for each
pair-combination of conditions: average sequence length (x-axis) and

average evolutionary distance (y-axis). The methods are Poa (green),
( ), T-Coffee (blue) and ClustalW (red).

FEBS Letters Volume 529, Issue 1, 2 October 2002, Pages 126-130 Quality assessment of multiple alignment programs



B0%

3

:

percentage of "wins'

B Poa

O Dialign

B T-Coffes
B ClustalW

Category 1 Category 2 Category 3 Category 4 Category &

Fig. 2. Results of BAIIBASE testing, showing the
fraction that each program had the best accuracy (SPS)
in each of the five BAIIBASE categories.

FEBS Letters Volume 529, Issue 1, 2 October 2002, Pages 126-130 Quality assessment of multiple alignment programs



400

R F'I:HEI

a5 .- m - - Dialign
—a— T-Coffee L
—a— Clustaly I_i-

300

Cpu time (sec.)
g Z

-
o
—

[ E] 200 35 EOD 550 BO0 g5 1900 1250 1£00 e 7ol 1850 S0
Average Sequence Length

CPU time consumed by each program to align
sets of increasingly long sequences.

FEBS Letters Volume 529, Issue 1, 2 October 2002, Pages 126-130 Quality assessment of multiple alignment programs



The Problem
153 protein (220AA in length)

7 Clustal W - six minutes
1 T-Coftee - two days

I MSA - impractical



Recommendations

I MSA - for tew, short sequences

" Clustal W - more versatile, most widely used and
only program that can use multiprocessors

“ DiAlign may do better for some

7 T-Coffee sometimes better than Clustal W, but more
computationally expensive

7 POA, and MAFFT new programs which promise
speed.
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dha?_vyeast
dhac_mouse
dha5_yeast
dhal_ecoli

dhaz?_vyeast
dhac_mouse
dha5_yeast
dhal_ecoli

dhazZ_yeast
dhac_mouse
dha5_yeast
dhal_ecoli

dha?_yeast
dhac_mouse
dha5_yeast
dhal_ecoli

dha?_yeast
dhac_tmouse
dha5_yeast
dhal_ecoli

dha?_vyeast
dhac_tmouse
dhaS_yeast
dhal_ecoli

dhaz_yeast
dhac_mouse
dha5_yeast
dhal_ecoli

dhaz_yeast
dhac_mouse
dha5_yeast
dhal_ecoli

dha?2_yeast
dhac_mouse
dha5_yeast
dhal_ecoli

....... VSE
YDEAVEAARD
YDEAVEAARA
IDRAMSAARG

DNGKP FDEAY
NGGREMEFANAY
DAGKPYHSNA
DTGKPIRHSL

RYTRHEPVGWY
TYTRREPIGY
Y TLEVPFGY
aMIVREPVGNY

LTVATLIKEA
LHLASLIKEA
LY FATLIKEA
IRLAGLAKEA

WWMEABAKSN
LIKEAAGCKSN
FYLEASCOSN
QLLKDACDSN

CCTAQSRITW
CCVAASRTFWY
NCTANSRUYW
WCIAGTRLLL

KIEFDSIPRL
KEQHDEILDL
STOQYDRIKSY
CAHADSYHSF

RIAKEEIFGP
RIAKEEIFGP
KLLQDEIFGP
SLSREEIFGP

AL KAGTY
SELQAGVMY
RDIKAGTWWI
RRLEAGSVEY

kESQHDDDEAY
AFQICSPWRT
AFDN. . WHSK
VFERG. D5 L

LLDLASVLEE
LSDLCGCTRA
RGDLAQILQL
RODIPCAARA

CGEITPWNIP
COQIIPWNER
VAQTVPWNYP
IAATVPWNER

GFPPGYUNLY
CFPPOVAUYNIY
CFPPOVAYNIY
GLPDGVLNW

LEENTLELGG
LERVTLELGG
LEDWTLECGG
MERWALEAGT

HESIYDEIVE
EESWYDEFVE
Q55IYDKFVE
EESIADEFLA

INSAKAEG, .
TESGKKEG. .
TERGKREEKL
IREGESKG. .

VITISRFESY
VQOTMEFRSY
WWAMSIETNY
VLWWTRFTSE

NCWVHVASYQL
NCY IMLSAQC
NSSNDEDWTY
MY HDGDMTY

YDISERGRLL
MDASERCCLL
TS5EQRGIYL
S5PAKREAVL

LEYTAGWADK
LY CACWADE
TRYFAGSADE
TRWYAEATDK

LLMY IWKIGP
MLMFIWKIGP
L AMACHE L QG
LLLTCWRLGP

SOYGPTAGAA
POYGPTAGAA
POYOSLVCOA
TGFGHEAGQA

ESPMIMFIDA
kKSPCIMFADA
ESPALMVFEDA
kSANIMFADC

RDLEKAKKQ.
RSVERAKKY.
KFEETARKKEW
L LRQOAGHY.,

ARVLCGOGRD
Ak LECGCGR,
DMFOTSEFPI
LQLLLDGRN.

DEAIKRUDNT
DOVIKRANNT
DOALKLANDT
EQALOLANDS

PFGGNENSGM
PFGGFEMSGN
PFGGFEMSGI
PFGOYKQSGN

NILADLIERD
NELADLMERD
SNLLKLIEEE
NELADLMEAH

LHGTLRFALT

ALAACHTVL
ALSCONTWY
ALAARGHTYIT
ALAACHSVIL

CLSHEDNDEL
ISSHMDVDEWY
LASHMDIDKI
LSRHNDIDAIL

DLDWAVENA
DLDIAVEFA
DLDKAIDWI
POLQOARSAT

LWLG. . MPFE
LG LMPLT
DVAGKFDPFD
QPG CHPLD

DACMOYY TP
WGNEGF VP
COARCYFIPP
 BGLAAARTGP

EXGLARYVET
THYOLAAGLFT
CYGLASAVET
OYGLOAAVAT

GRELGEYGLE
CRELGEHGLY
GRELGOSGYD
GRDOESLHALE

RDILAAIEHL
RLLLATHEAL
QDTLAALETL
SEELALLETL

IPTFQDLRFL
IP..5DGDTIF
IP..LTENKF
N B

KPEELTPLTA
EPAECQTPLTA
EPAEMTSLSL
EPSERSPLSA

AFTGSTLVGK
AFTOSTOVGK
SFTGSTEVGG
AFTGSTRTGHK

HFGWEFNOQGEO
HHGWEYHQGQ
AEGIFYNSGQ
AEGTFYHQGY

SOTRYGPOIL
PGINOGPOID
EKCIVGPYTS
PATTMGTLID

TWFADNTDEM
TWESHVTDEM
TIFTDVPQTS
TIFVDVDPHA

K. .DKAIRIS
kD LDKAITVS
EDVERKAHMEA
RDLSRAHRMS

EYTELETVAM
TYLOTKAVHT
KFTELKTIWI

dha?_vyeast
dhac_mouse
dha5_yeast
dhal_ecoli

dhaz_yeast
dhac_mouse
dha5S_yeast
dhal_ecoli

dhaz?_yeast
dhac_mouse
dha5_yeast
dhal_ecoli

dha?_yeast
dhac_mouse
dha5_yeast
dhal_ecoli

dha?_yeast
dhac_mouse
dha5_yeast
dhal_ecoli

dha?_vyeast
dhac_tmouse
dhaS_yeast
dhal_ecoli

dha?_yeast
dhac_mouse
dha5_yeast
dhal_ecoli

dhaz_yeast
dhac_mouse
dha5_yeast
dhal_ecoli

dha?2_yeast
dhac_mouse
dha5_yeast
dhal_ecoli

....... VSE
YDEAVEAARD
VDEAVEAARA
IDRAMSAARG

DMNGKP FDEAY
MOGEMEFANAY
DAGKPYHSNA
DTGKPIRHSL

RYTRHEPVGY
. Y TRREPIGY
Y TLEVPFGY
. MIVREPYGW

LTVATLIKEA
LHLASLIKEA
LY FATLIKKA
IRLAGLAKEA

WMEASAKSN
LIKEAAGKSN
FVLEASGOSN
QLLKDAGDSN

CCTAQSRITW
CCVAASRIFWY
HCTANSRYYW
WCIAGTRLLL

KIEFDSIPRL
KEQHDEILDL
STOYDRIKSY
CAHADSYHSF

RIAKEELFGP
RIAKEEIFGP
ELLQDEIFGP
SLSREEIFGP

Al L EAGT W
SALQAGYUY
RDIKAGTWMWI
RRLEAGSYEY

kESQHDDDEAWY
AFQICSPWRT
AR DHWHSK
VFELRGDWSL

LLDLASVLEE
LSDLCGCTRA
RGDLAQILQL
RODIPCAARA

CGEITPWNIP
COQIIPWNER
VAQTVPWNYP
IAATVPWNER

GFPPGYVUNY
GFPPOVUYNIV
CFPPOVUYNIN
GLPDGVLNW

LEENTLELGG
LERVTLELGG
LEDVTLECGG
MERWALEAGT

HESIYDEIVE
EESWYDEFVE
Q55IYDKFVE
EESIADEFLA

INSAKAEG, .
TESGEKEG. .
TERGKREEKL
IREGESKG. .

VITISRFESY
VQOTMEFRSY
WWANSKFTHY
VLWWTRFTSE

NCWHVASY QL
NCYIMLSAQC
NSSNDEDWTY
MNYHDGDMTY

YDISERGRLL
MDASERGCLL
TS5EQRGIYL
S5PARKREAVL

LEYTAGWADE
LEY CACWADE,
TRY FAGSADK
IRWYAEATDE

LLMY IWkIGP
MLMF LWk IGP
L AMACHE L Qo
LLLTCWELGP

SOYGPTACAS
POYGPTACASY
POYOSLMOOA
TGFGHEAGCHA

KSPMIMFIDA
KSPCIMFADA
KSPALMFEDA
kSANIMFADC

RD LEKAKKDQ.
RSVERAKKY.
KFEETAKKEW
L LEQOACNHY.,

ARVLCGOGRD
Ak LECGOGRR
DMFOTSEFPI
.. QLLLDGRN

DEAIKREMONT

NILADLIERD
MELADLMERD
SNLLKLIEEE
NELAD LMEAH

LHGTLRFALIT

ALAACHTWL
ALSCONTWY
ALAAGNTYIT
ALAACHSVIL

CLSHEDNDEL
ISSHMDVDENY
LASHMDIDKI
LSRHNDIDAIL

DLDWAVENA
.DLDIAVEFA
DLDKAIDWI
PDLQOARSAT

WLG. U MPFE
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DVAGKFDPFD
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COARCYFIPP
Al LARATIGE

EXGLARYVET

DOVIKRANNT TYGLAAGLFT
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PFGGNENSGM
PFGGFEMSGN
PFGGFEMSGI
PFGOYKQSGN

CYGLASAVEFT
QY GLOARVAT

GRELGEYGLE
GRELGEHGLY
GRELGOSGVD
GROESLHALE

RDILAATEHL
RLLLATHEAL
QDTLAALETL
AEELALLETL

IPTFODLRFL
IPSDGDT. FT
IPLTFHE. FA
WAETTSSHELA

KPEELTPLTA
KPAECQTPLTA
KPAENTSLSL
EPSERSPLSA

AFTGSTLVGK
AFTOSTOVGE
SFTOSTEMGG
AFTOSTRTGRK

HFGWFFHOGEO
HHGWEYHOQGO
AEGIFYNSGO
AEGTFYHOGO

SOTRYGPOIL
PGINQGPOID
EKCIVGPYTS
PATTMGTLID

TVFADMTDEM
TWESHATDEM
TIFTDVPQTS
TIFVDVDPHA

K. .DKAIRIS
KD LDKALTYS
EDVERAHME A
RDLSRAHRMS

EYTELKTVAM
TYLOTEAVHI
KFTELKTIWI



dhaZ yeast
dhac_mouse
dha5 yeast
dhal ecoli

dhaZ yeast
dhac_mouse
dha5_ yeast
dhal ecoli

dhad yeast_
dhac_mouse_
dha3_ yeast_
dhal ecoli_

dha2 yeast_
dhac_mouse_
dha3_ yeast_
dhal ecoli_

dha2 yeast_
dhac_mouse
dha3 yeast
dhal ecoli

dhaZ yeast
dhac_mouse
dha3 yeast_
dhal ecoli

dhaZ yeast
dhac_mouse
dha5 yeast
dhal ecoli

dhaZ yeast
dhac_mouse
dha5_ yeast
dhal ecoli

DODDEAVVDISERGRELLNILADLIERDRDILAATEHLDNGEPEDEAY
GESPFWRTMDASERGCLLNELADLMERDRLLLATMEALNGGCGEVEANAY
DHNVWSRTSSEQRGIY LSNLLELIEEEQDTLAALETLDAGKPYHSNA
REDWSLSSPAKREKAVINKLADIMEAHAEELATLLETLDTCGEPIRHSL

VDEAVEAARRDAFE
VDEAVEAARRAAFE
IDREAMSAARGVE

LLDLASVLEELRYTAGWADELHGTLREA Fpb Yy TEHEPVCVCGELIPWNLE
LoDLGGCIRALKY CAGWADKIHG————— —B- { TRREPIGVCGRDILIIPWNEP
KGDLAQILQLTRYFAGSADEFDEG———— —- T LEVPECGVVADLVEWNY P
EDDIPGCAARAIRWYAEAIDEVYG————— Epm-MIVEEPVCVIAALIVEWNEP

LIMYIWKIGPALAAGNTVVLEPEELTPLTALTVATLIKEAGEPPCEVVNVVSGYGPTAGAA
MLMEIWKIGPALSCGNTVVVEPAEDTPLTALHLASLIKEAGEPPCEVVNIVPGYGPTAGAA
LAMACWELOGALAAGNTVI IKPAENTS Lo LLYFATLIKEAGEPPCVVNIVPGYGSLVGDA
LLLTCWELGPALAAGNSVILEPSERSPLSAIRLAGLAREAGLPDGVILNVVTGEGHEAGDA

CLSHEDWNDRELAFTGSTLVGEVVMEAAARKSNLEEVT LELGGESPMIVEIDA-DLDWAVENA
ISSHMDVDEVAF TGS TOVGELIKEAAGESNLERVT LELGGESPCIVEADA-DLDIAVEEA
LASHMDIDKRISFTGSTRVGGEVLEASGQSNLEDVT LECGGESPALVEEDA-DLDEAIDWI
LSRHNDIDATAFTGSTRTGEQLLEDAGDSNMERVWLEAGGESANIVEADCPDLOQAASAT

HEGVERFNOGOUCC LAQSREITVHES LY DEIVERDLERARKO——VLE——NFFESDTRYGPQIL
HHGVEYHOGOCCVAASRIEVEESVY DEFVERSVERARKY ——VLGE——NFPFLTPCINQGFOQLID
ARGIFYNSGONCTANSREVYVOSSIYDEEFVERFRETAKEEWNDVAGCGKEDPFDERCIVGREVIS
ARGIFYNOGOVCIAGCGTRELLLEESTADEFLALLEOQADNW——0F——HFLDPFATTMGETLID

EIEFDSIPRLINSAKAEG--A
EEQHDEILDLIESGEEEG=-A
STRYDRIKSYIERGEREEEKLD
CAHADSVHSFIREGESKG=—=

D

GYYIQPTVFADVTDEMRIAKEEIFGPE
EGFEVOPTVESNVTDEMEIAKEEIFGE
EGYFIPPTIFTDVPQTSKLLODEIFGE
LAARAATGPTIFVDVDPNASLSEEEIFGE

VITISREFRESVDEATIKRRVDNTRYGLAAYVETR-——DEAIRISAALRAGTVWVNCVHVASYQL
VOO IMEFESVDDVIKRANNTTY GLAAGLEFTRDLDEATITVSSALQAGVVNVNCY IMLSAQC
VVVVESEREFTNYDDALKLANDTCY GLASAVETREDVEERAHMEFARDIKAGTVWINSSNDEDVTY
VIVVTREFTSEEQALOQLANDSDY GLGAAVWTRDLERAHRMSRRELEAGSVEVNNYNDGDMTY

PEGGNENSGMGRELGEYGLE—————————————————
PFGGFKMSGNGRELGEHGLYEYTELKTVAMKI SQKNS
PFGGFKMSGIGRELGOSGVDTYLOTKAVHINLSLDN-
PFGGYKQSGNGRDKSLHALEKFTELKTIWI-——————



dhaZz
dhac
dhab
dhal

dhaZz
dhac
dhab
dhal

dhaZz
dhac
dhab
dhal

dhaZz
dhac
dhab
dhal

dhaZz
dhac
dhab
dhal

dhaZz
dhac
dhab
dhal

dhaZz
dhac
dhab
dhal

dhaZz
dhac
dhab
dhal

veast
mouse

veast
e:a_i

veast
mouse
veast
ecolil

veast
mouse
veast
ecolil

veast
mouse
veast
ecolil

veast
mouse
veast
ecolil

veast
mouse
veast
ecolil

veast
mouse
veast
ecolil

veast
mouse
veast
ecolil
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veast
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dha2 yeast
dhac_mouse
dha5 yeast
dhal ecoli

dhal yeast
dhac_mouse
dha5 yeast
dhal ecoli

dhal yeast
dhac_mouse
dha5 yeast
dhal ecoli

dhal yeast
dhac_mouse
dha5_ yeast
dhal ecoli

dha2 yeast
dhac_mouse_
dha5_ yeast
dhal ecoli

dha2 yeast
dhac_mouse_
dha5_ yeast
dhal ecoli

dha2 yeast
dhac_mouse
dha5 yeast
dhal ecoli

dhal yeast
dhac_mouse
dha5 yeast
dhal ecoli

—= HDDDEAVVDISERGRELLNILADLIERDEDILAATEHLDNGEFEDEAY

VD IGSFWETMDASERGCLINKLADLMERDRLLLATMEATLNGGEVEANAY
VD —DNVWSETSSEQRGIYLSNLLELIEEEQDTLAALETLDAGRPYHSNA
ID —RGDWSLSSPAKRKAVINKLADLMEAHAEELALLETLDTGKFIRHSL

LILDLASVLEELRYTAGWADEL
LEDLGGCIEALEYCAGWADEKL
ECGDLADILOLTRYFAGSADEE
EDDIPCGAARATREWYAEATIDEWY

RYTRHEPVGVCGEIIPWNIFE
—YTRREEPIGVCGRQIIPWNEPR
= YTLEVPFGVVADIVEWNYF
-MIVEEPVGVIAATIVEWNEFR

LIMYIWERIGPALAAGNTVV LEPEELTPLTALTVATLIEKEAGEPPEGVVNVVSCGYGPTAGAA
MLMEIWKIGPALSCGNTVVVEPAEQTPLTALHLASLIKEAGEPPCVVNIVPCYGPTAGAA
LAMACWELOGALAAGNTVI IKPAENTS LS LLYFATLIERAGEPPEGVVNIVPCYGSLVEDA
LLLTCWELGPALAAGHN SV I LEPSERSPLSAIRLAGLAKEAGLPDGVLNVVTGEGHEAGDA

CLSHEDNDRELAFTGSTLVGEVVMEAAARSNLEEVT LELGGESPMIVELDA-DLDWAVENA
ISsHMDVDEVAR TGS TOVGRE LI KEAAGESNLERVT LELGGESPCIVEADA-DLDIAVEEA
LASHMDIDRISEFTGSTEVGGEVLEASGQSNLEDVT LECGGESPALVEEDA-DLDEAIDWL
LSRHNDIDAIAFTGSTRTGEQLLEDAGDSNMERVWLEAGGESANIVEADCPDLOOAASAT

HEGVEEFNOGDCCLAQSRITVHESIYDEIVERDLEEAR - ——NPFESDTRYGPDILL
HHCGVEYHOGODCCVAASRIFVEESVYDEFVERSVERARK - ——NPLTPGINQGPQLD
ARGIFYNSGONCTANSRVYVOSSIYDEEVERFEETAR KEFDPEFDERKCIVGPVIS
ARCGIFYNQEOVCIAGTELLLEESIADEFLALLEQQAD - ——HPLDPATTMGTLLID

KIEFDSIPRLINSAKAEG——-A
EEQHDEILDLIESGRKEEG-——-A
STQYDRIKSYIERGKREERKLD
CAHADSVHSEFIREGESKG———
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VEYYIQPTVEADVTDEMRIAKEEIEFGE
EGEFEVOPTVESNVTDEMRIAKEEIFGE
KEGYFIPPTIFTDVPQTSKLLOQDEIFGPE
LAAATGPTIEVDVDPNASLSREEIFGE

VITISREFRESVDEATIKEVDNTRYGGLAAYVETHKE-DEATIRISAALRKAGCGTVWVNCVHVASYQL
VOO IMEFESVDDV I KEANNTTY GCLAAGLEFTR@LDEATI TV SSALQAGCGVVNVNCY IMLSAQC
MV SEETHNYDDALKLANDTCY GLASAVETRVERAHMEARDIKAGCGTVWINSSNDEDVTY
VIVVTRFTSEEQALOLANDSOY CLGAAVWTERLSEAHEMSERLEAGSVEVNNYNDGDMTY
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nth:ll:l:f_‘i
oth:lavm3
oth:1bbt2
oth:1layvml
oth:1bbt1l
nth:ll:l:t_‘i
oth:lavm3 YTPPGI
oth:1bbt2
oth:lavml
oth:1bbt1l

121 180
oth:1bbt3
oth:1layvm3
oth:1bbt2
oth:lavml
oth:1bbt1

181 209
oth:1bbt3
oth:lavm3
oth:1bbt2
oth:1layvml
oth:1bbt1l




ATTI_DROME
ATTA_DROME
SW_P36193

ATTI_DROME
ATTA_DROME
SW_P36193

ATTI_DROME
ATTA_DROME
SW_P36193

ATTI_DROME
ATTA_DROME
SW_P36193

ATTI_DROME
ATTA_DROME
SW_P361093

ATT1_DROME
ATTA_DROME
SW_P361093

ATT1_DROME
ATTA_DROME
SW_P361093

ATT1_DROME
ATTA_DROME
SW_P36193

Clustal\WW

NPNHNVVGOVFAAGNTQSGPVTTGGTLAYNNAGHGASLTKTHTPGVEKDVFQQEAHANLFEN
NPNHNVVGOVFAAGNTQSGPVTTGGTLAYNNAGHGASLTKTHTPGVEKDVFQQEAHANLFEN

NGRHNLDAKVFASQNKLANG FEFQRNGAGLDYSHINGHGASLTHSNFPGIGQQLGLDGRA
NGRHNLDAKVFASQNKLANG FEFQRNGAGLDYSHINGHGASLTHSNFPGIGQQLGLDGRA

NLWSSPNRATTLDLTGS ASKWTSGPFANQKPNFGAGLGLSHHFG
NLWSSPNRATTLDLTGS ASKWTSGPFANQKPNFGAGLGLSHHEG

QEAHANLFNNGRHNLDAKVFASQNKLANG FEFQENGAGLDYSHINGHGASLTHSNFPGIG
QEAHANLFNNGRHNLDAKVFASQNKLANG FEFQENGAGLDYSHINGHGASLTHSNFPGIG

QQLGLDGRANLWSSPNRATTLDLTGSASKWTSGPFANQKPNFGAGLGLSHHFG
QOQLGLDGRANLWSSPNRATTLDLTGSASKWTSGPFANQKPNFGAGLGLSHHEG



T-Coffee

MQKTS ILILALEESEFA I AEANP . :
MQKTS I L IJJALIEENIE A 1 [EA|BP ) DE——
NViER i VELELA - VERIVEVIN T BGKPRPYS P

ATTI_DROME
ATTA_DROME
SW_P36193

: B> | RVRRQVLGGS LE\SNPAGGADA
B> | RVRRQVLGGS LIISNPAGGADA
SHPRISOAYIA- AN - - - -

ATTI_DROME LMKGIGNPNHNVVGQVFAAGNTQSGPVTTGGTLAYNNAGHGASLTKTHTPGVKDVEQ

ATTA_DROME TKGIGHFHHHVVGQVFAAGHTQSGPVTTGGTLAYHHAGHGASLTKTHTFGVKDVFQ
SW_P36193 - - - - - - -- - - | AILEDHLINOAAIRPPIILPA - |- - - - - -

ENNREN OIS () EAHANLENNGRHNLDAKVFASQNKLANG FEFQRNGAGLDYSHINGHGASLTHSNFPGIG
RN NS () EAHANLENNGRHNLDAKVFASQNKLANG FEFQRNGAGLDYSHINGHGASLTHSNFEPGIG
SW_P36193

VNN NGOG ISEN () O L GLDGRANLWS SPNRATTLDLTGSASKWTSGPFANQKPNFGAGLGLSHHFG
NN OIS () O L GLDGRANLWS SPNRATTLDLTGSASKWTSGPFANQKPNFGAGLGLSHHFG
SW_P36193

ATTI_DROME
ATTA_DROME
SW_P36193

MQKTSILILALJS ] f'ﬁ.E AV - - - - - I - - - - - - - - - PIRVERQVLGGSLESNPAGGADA
MQKTS I L I[JALKIAINE ARSESAINP SIE P T T [ PIRVRROVLGGSLISNPAGGADA
-\*IFT‘»’FL&LE’ Mﬂ‘b’ WP IRVRR|SE &

ATTI_DROME LMKGIGNPNHNVVGQVFAAGNTQSGPVTTGGTLAYNNAGHGASLTKTHTPGVEDVEQ
ATTA_DROME LIKGIGNPNHNVVGOQVFAAGNTQSGPVTTGGTLAYNNAGHGASLTKTHTPGVEDVEQ
SW_P36193

INUSIDI0) Y1l O E AHANLFNNGRHNLDAKVFASQNKLANG FEFQRNGAGLDYSH INGHGAS LTHSNFPG I G
NS0Vl O E AHANLFNNGRHNLDAKVFASQNKLANG FEFQRNGAGLDYSHINGHGAS LTHSNFPGIG
SW_P36193 AN IRPPPILPA|- - - - - - - - - - - oo o o o

EYNRNO SN () O LGLDGEANLWS SPNRATTLDLTGSASKWTSGPFANQKPNFGAGLGLSHHFEG
RN MNONISN () O LGLDGEANLWS SPNRATTLDLTGSASKWTSGPFANQKPNFGAGLGLSHHFEG
SW_P36193




MSA Evaluation

[ AItAVisT - AWWW tool for comparison of alternative

multiple alignments
http://bibiserv.techfak.uni-bielefeld.de/altavist/

' T-Coffee Server
http://igs-server.cnrs-mrs.fr/Tcoftee/

| | BaliScore comparison
http://genome.nci.nih.gov/tools/msacomp.html



MSA hurdles

"~ 'Too many sequences

"I Repeated sequences are renowned for
confusing existing methods

I MSA methods mostly not parallelized and so
still require “super computers”

' Combine 3D structural info

“ Precomputed families - curated by experts
(no need for complete alignment)



Tree - Dendogram
(clustering, not phylogeny)




Tree Viewing/Drawing

| Phylodendron Phylogenetic tree printer
http://iubio.bio.indiana.edu/treeapp/treeprint-form.html

. |'TreeTop - Phylogenetic Tree Prediction
http://www.genebee.msu.su/services/phtree_reduced.html

" I'TreeView (local view and print)
http://taxonomy.zoology.gla.ac.uk/rod/treeview.html

"INJPLOT (ClustalW)
ttp://ftp-igbmc.u-strasbg.fr/pub/Clustal X



Pretty Output

| Alscript
http://www.compbio.dundee.ac.uk/Software/Alscript/alscript.html

| Pretty EMBOSS
http://www.emboss.org/

| BOXSHADE
http://bioweb.pasteur.fr/seqanal/interfaces/boxshade.html

| ESPript
http://prodes.toulouse.inra.fr/ESPript/ESPript/

| AMAS
http://www.compbio.dundee.ac.uk/amas/



Alscript - Output
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Editors

JalView (J)
http://www.compbio.dundee.ac.uk/Software/JalView/jalview.html

CINEMA (J)
http://bioinf.man.ac.uk/dbbrowser/CINEMA2.1/

Seaview (UMP)
http://pbil.univ-lyon1.fr/software/seaview.html

MPSA (UM)
http://mpsa-pbil.ibcp.fr/

Se-Al1 (M)
http://evolve.zoo.ox.ac.uk/software.html?id=seal

ClustalX (UMP)
ftp://ftp-igbmc.u-strasbg.fr/pub/ClustalX



Multiple Genome Alignment

Michael Hohl, Stefan Kurtz ,Enno Oblebusch
Efficient Multiple Genome Alignment Bioinformatics , Vol. 18 (S1): §312-5320, 2002
http://bibiserv.techfak.uni-bielefeld.de/mga/ref.html

_ PipMaker and MultiPipMaker

Schwartz S, Elnitski L, Li M, et al.
MultiPip Maker and supporting tools: alignments and analysis of multiple genomic DNA sequences

NUCLEIC ACIDS RES 31 (13): 3518-3524 FUL 1 2003
http://bio.cse.psu.edu/pipmaker/

| MAVID
Bray N and Pachter L, MAVID multiple alignment server , Nucleic Acids Research 2003 31: 35253526

http://baboon.math.berkeley.edu/mavid/
http://www-gsd.lbl.gov/vista/



MGA - output

Gy M G, M G; MAMA)XGMAM Gy M Gs M Gg M G; MAMAM Gg MAMAXGIMAM Gy MA(MA)X(RT)MAM
Gig MAMAX(DMAM G,y M G5 MAMAX(IOMAM G;3 MAMAX(IOMAM G;; MAMAX(I2MAM G;5 MAMAM
Gig MAM Gy MAMAX(DMAM G;g MAMAXQZOMAM Gig M Gyg MAMAXGIMAM Gy, MAMAXGEMAM Go,
M Gy M Gyy M Gas M Gy MAMAXMGIMAM Gy; MAMAX(DMAM Gag M Gag MA(MA)XQTMAM Gy
MAMAX(DMAM G3; MAMA)X(I2MAM Gz, MAMA)XGIMAM Gy; MAMAX(I8)MAM Gi; MAM Gis
MAMAXGMAM Gz MAMAXME4MAM G37 MAMAX(I0OMAM Giz MAMAX(DMAM Gig MAMAXG)MAM Gy
MAMAXOMAM Gy, MAMAX(I9MAM Gy, MAMAX(DMAM Gy3 MAM Ggy MAMA)XG)MAM Gys
MAMAXE2MAM Gy MAMAXGDMAM Gy MAMAXX(IOMAM Gy MAMA)X(DMAM Ggo M Gsy MAMAM Gs; M
Gs; MAMAM Gs3; M Gsg M Gss M Gsg M Gg; M Gy

MAMA)X(6MAM G3s MAMA)X(E4MAM Gy; MAMA)X(IOMAM Giz MAMA)X(IMAM Gig MAMA)X(3)MAM Gy
MAMAIX(OMAM Gy, MAMA)X(I9MAM Gy, MAMA)X(DMAM Gy MAM Gy, MA(MA)X(3MAM Gs
MAMA)X(E2)MAM Gy MAMAXGDMAM Gy MAMAX(IOMAM Gy MAMAX(DMAM Ggo M Gsy MAMAM Gs; M
Gs, MAMAM Gsy M Gsy M Gss M Gsg M Gg; M Gy

Startpositions: 198825 202971

Seq l: ttctgagttecttgtgteccacttettatagectgt-ctgtececttt-cottgeotactetgggatcaacagteacectettgaacttttggggtgettggeaa 100
Se 2I ..cisesnensennes t...gg....-C.tt.t.C....-.L...C.cuuunns L-Y PR . P - IR T [+ PP d....Caacag..ca.c...
Seq l: ---tagttcctct-coctactocctaatttacggeoa-ggeooc-ttagaaaccataaccttattttaaaggtgtaaaaaaaaaaagatttaagacaaaageaa 200
Seq 2 geC..c@iene=CuuufutetiieiCucee==—s.goiiaatee s (= [P —— s =a sl s = ACC . s Fu o « JC==u . o ==C.t.g. .gg...C.
Seq l: ggggctt-gg-gtgotttecttatgga--ct-t--aggeoctggtaacatet-gttotggocacttagaggeocttgtgtgetatttettgtttteaggtge 300
Seq 2: ...t .00.:Ciiiimmias A= OF: B0 s - N o = IR A« . ti=i=mmm = =@ === ==C. . .C=. . ==. . JAA
Seq l: gttttgcaggaggggacgttg-ttgagttecaaacaggtgaggtattgeac--actageaaacacatgagaagaaggeggaggaattgggagaaaaataa 400
Seq 2 c=..f.Feeese t.C.f....CB. .m0 Cb.uas. CimecoceFJeag...d.gf.gt=—. . .Cem...o=o ot tiCa. ... .. . C.
Seq l: aaagaatgcagcaggccaggttag-caggaacgttaagacggtga-cggagaacagcaaagoctggaagocaagocgeocgtggagaaggaa-—g———aact 500
Seq 2: ...... CAg. sBeBle s TTu v v us CC.omuss.BCCH....CACA.A..Lo=.gTuvuwnenn t..ctec.g...tt...a8..=cuu... ggg.8Ca. « »
Seq l: gtgectgaggtgagttgotgtgacaacccaggeotgattttgagtatgtaaacaccaaacettgttottggetgeogetecagetecagegggetttggageet 600

Seq 2: ... TR R R I Y CoaelC0: el aFucscnsnssnsa L=+ F S - I A o - N JiCuouaa



MultiPipMaker - output
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Genomic Targets
for
Comparative Sequencing

http://genome.ucsc.edu/
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