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Multiple Alignment

*Topics:

Sequence Alignment for Proteins
Similarity Matrix

 Multiple sequence alignment
Sum of Pairs (SP) score
Multiple alignment by DP

 Heuristic approaches for multiple alignment
Center star method, Progressive (Tree-based) method,
[terative improvement method
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20 residues as elements of protein

Gl . T AT s bd . DA e TAB ot
H.-'_' H—i,l H—=COOH H.-'_' H—|1 H—=Zo00H H.-'_' H—i[ H=>00H H.-'_' H—!l H=200H H.-'_' H—i[ H=200H P r Ot el n m O I e CU | e | S a I | n e a r
H CH3 - 3 Ha HAGH: . .
T L chain composed of amino
g IS ocid residues.

P kL= e A L A s e &1 (details shown in Lesson 11)
Hobb—oH—G00H  Hob—CH—-000H Hob—CH—CO0OH Hobh—CH—C0O0OH Hoh—CH-G00H-
IZ]Z:H_-. '3[-:H‘:'H |:]j: a :]Z: - |:[_: 5 _-
b v g CHe beo S Amino acid residues

(1 character code)
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s Standard 20 residues.
. (Exceptionally also
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Ml p-- 21st, 22nd residues )
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From :IPA Educational Material Archive, http://www2.edu.ipa.go.jp/gz/
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Codon Table

Second base Third base
First base l
u C A G

l LU Phenylalanine (Phel UCL Serine (Sar) UAL Tyrosine (Tyr) USU Cysteine (Cys) (U
UG Phe LUCC Ser UAC Tyr UGG Cys C
LA Leucine (Lau? UCA Ser Uas STOP UGA STAP A
UG Leu UCG Ser UAG STOP UGG Tryptophan (Trp) G
UL Leucine (Lew! U Proline (Pro)  (CALU Histidine (His) CiGU Arginine CArg) U

= CUC Leu 220 Pro iZAC His CGC Arg C
CUA Leu oA Pro A8 Glutamine (Glnd CGA Arg A
CUG Leu CCG Pro CAG Gln CGG Arg G
AU Isoleucine (e ACU Threonine (Thr! AAL Asparagine CAsn)  AGU Serine (Ser) U
AG Tle ACT Thr AMG Asn AGC Ser C
AUA Tle ACA Thr A0 Lysine (Lys) AGA Arginine (Arg) A
AUG Methionine (hMet) or START ACG Thr ALG Lys AGGE Arg G
SUL Valine Yal GCU Alanine (Ala)  GAU Aspartic acid (Asp) GGU Glycine (Gl U
GLUC (Wal GCC Ala GAC Asp GGG Gly C
GUA Val 304 Ala 344 Glutamic acid (Glu) GGA Gly A
GG Wal GCG Ala GAG Glu GGG Gly G

Three consecutive bases (=codon) on RNA is translated to one amino acid residue.
Third base is relatively tolerant for mutation (synonymous substitution = B Z &)
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From NCBI “Entrez Genome” WWW page (Viral Genomes)



Swine = hog, pig

Avian = bird’s

Flu = Influenza
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1. Visit NCBI's Influenza Virus Resource site at
http://www.ncbi.nlm.nih.gov/genomes/FLU/Database/select.cgi
2. Set Species=Influenza virus A, Host=any, Country=any,

Segment/Protein=NA (neuraminidase), Date Range year=2005-2010 for example.
3. Check Full-length .. only box, and Remove identical ... box.

Information, Search and Analysis

Influenza Virus Resource @?

SEARCH | SITE MaP |
Main Page==Database

Fluhome | Database | GenomesSet | Alignment | Tree | BLAST | Annotation |FTP | Help | Contact us

What are vou looking for? Select one name each from the lists provided. and'or fill in the boxes. Multiple queries can be built by clicking the "Add to

Query Builder" button everv time a new querv is made, and queries in anv combination from the Querv Builder can be selected to get sequences in the
database. An advanced search tool is available here.

show: (&) Protein sequence (O Coding region (O Nucleotide sequence

WVirus Species Host Countrv/Region Segment Protein Date Range Help

vear month  dav
From: |2EIEIE || ||

Influenzavirus A

Influenzavirus B
Influenzavirus

To: |2010 || |

Subtype  Min. length  Max. length
HINT ] | |

| Search by a string Help

u]l—length sequences only Helpemm-'e identical sequences Help [] Sequences from the FLU project only Help [] Include Lab strains Help
[ Add to Query Builder ] [ Clear selection ] | | [

Find sequence by Accession ]

Query Builder

|Gt conioncoe % 4. Then press “Get sequences” button




1. Check how many sequences are matched in total. (353 in this example)
2. Setorder as “host > year > country”, and then push “Reorder sequences” button.
3. Then crick the first checkbox (shown below), in order to cancel default checks below.
4. Choose some sequences from the list, by clicking check box on each line.

Check 4 from Avian, 10 from Human, and 4 from Swine (in total 18 sequences)

Influenza Virus Resource ?
Information, Search and Analysis %
SITE MAF | Flu home | Database | Genome Set | Alignment | Tree | BLAST | Annotation | FTP | Help | Contact us

Main Page==Database

Select/de-select sequences from the list below. Click on an action button to proceed.
Show Query Builder

Ordered by the following fields

| host w || country ¥ || year w || w | [ Feorder sequences [ Add your own sequences ]

[ Do multiple alignment [ Build a tree ” Select FASTA sequences to download - » || - Select accession list to download - |+

accession length proteinsubtype  country Year Virus name Age Gender
ACI14470 469 NA HINI Ttaly 2006  Influenza A virus (A/duck/Ttaly/ 2819047 2006(HINTY)
ACI14448 469 NA HINI Italv 2007  Influenza A virus (A'duck Ttalv/69238/2007(HINTY)
BAGE5128 469 NA HINI Japan 2007  Influenza A virus (A/'duck Hokkaido'w73/2007(HIN1))
- - - . Influenza A vwus (A ‘mscovy ducle™ew Yorlo'21211-
ACH N N Y 200503 I ’ £
04511 469 A HINI USA 0050301 $/2005(HIN1)) A dult
C c g -, =005
4B052107 469 Emvironnfnt NA HIN1  USA 20055035105’%&% R e
- - - e - Influenza A virns (A/giant anteater Tennessee TTCWVMOT-
ACB36G7 N N y; 2007 SLoTE
B30078 ateater| o HINL o USA 007 5332007@INTY) 9
ABJ165678 470 Human QOS(HINIY

5. Then press “Do multiple alignment” button




1. Multiple alignment for selected sequences are obtained in a few minutes.
2. Browse the whole sequences by using horizontal scroll bar.

| HOME | SERRTH | SITE MAF WSS ITNTelnilS Database Genome Set Alignment Tree | BLAST Annotation FTP | Help Contact us
Multiple alignment for 18 protein sequences. Alignment length is 470.
Go to

[ Build a tree ] [ Dawnload alien ment ][ Print-friendly version ] position 1 BLAST 2 zeq. ][Glear ]
1 24 48 Fa a5 118 142 165 129 212 236 259 283 306 310 353 377 400 424 447 470
= B I . R s L L 11 s i 1 [ I I [Nt 1. i I
Consensus MNP IITIGSISIAIGI IS LML TGN I IS IWASHS I TGS T GICHOR I ITYEN S TWVHH T YW INN T VYV AGE DET SV T LAGH S S LS I SGWA I Y TEDN S IRIGSEGDVEVIREFPFISCSHLECR
BCI14470. |0 s v e v v s v wnnas CHMV, . WA e ennas L [T R H.¥0PEL...5...... Heoooooooo 5...LLTEQAV . P.A....u.ou. Piviwuan -
ACI14448 .| . i v v wnnas CHMV, . WA e ennas L [T R H.X0PEP...5...... Heoooooooo 5...LLTEQAV . P.A....u.ou. Piviwuan -
BAGES128.|. v nnnnnas L P L. [, = H.X0PEP...5...... Heoooooooo 5. WFLLEBOAV. .o v v i ennas Piviwuan -
Y T T e R T Viewonwmasas HPET...5V.....N....0..I..5, .. LI.EOAVAP. .. vvvuwan Piviwuan -
BOMSI2A0 .| e s A0 s B N DN e N e e | T B B B
ACHS133L . [50 . E  EEEEE o v o o o B o ] R (2 o e [ [ o [ (B e o e [ [l o o [ o (R o (B o o [ o Bl s v s xR o [ . S . . [ .,
e T o M. . . H-E. e E T L . P A e e e e o [ T . FEERERp | EGE | , [ERREE | e —————
e - . . e e e -E. - - P B BB e e e nrenofl-EEEEE - - - . . e |
T L o
P L I I O (SO Y - PR PR P R P RS R O R N © R R e e
T i L
T L L e
I I
(N e 1 B PO .. B.H. B AN H...0.H.. BN W N N - B
N LT L VCWT ., . WAL, ... . . H.E L. [, = H..QPET...5V..... H.o..D.Foveuuas F..BEQAIV. . E...vouun PVeoooon L
wCDhe5206.)..T7..R. .. . S TVCLIV., V.. Lo oo VLT e e o JLERHPET.S. BV, . ... 0. o0 o0 W5, . LLELDGY, I, o v vn v w Piviwuan it n s an I iiiiinnnnas
ACDe5204,),.T7..B. ... . TVCLIV., . V.. Lo o VU LLING o w EE.HPET.5.lV.....N....Q.....5...2.D.OGV. .IT...c0uu. Piviwuan it n s an I iiiiinnnnas
ACHE9545. . .T. .B.....TWCLIV. V. .L LTI A 1 : PR ER.HPET.S.10W.....H....0.....5...0.0.06V. . ITT. .. .0 ... Povinnnn B Teiiinnnennns

L ¥

First 4 sequences are from Avian, middle 10 are from Human, and last 4 from Swine.
Avian neuraminidase and Swine neuraminidase are much different from Human'’s.
Important catalytic site residues are still conserved (116,149,276,292,374,409,428).



1. Press “Build a tree” button, and then click “Next step >>".
2. Select Clustering Algorithm=Neighbor Joint, and Distance=F84 matrix.

3. Click “Next step >>" and then you will get a calculated Phylogenetic Tree.
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swine

avian

avian-like swine

swind88
dkAlb76

tyGer9]

W

swGer93
swGer9l
swGer92
swEng92

swGer81

“avian-like swine”
influenza viruses
have been reported.

12



—ToKyD TECH—

Alignment score

alignment
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2424+ (=4 (=D +24+ (=D+(=D+(=1) +2 +2 +2=+7

Example
score
for DNA

match:

gap.

Scoring values are subject to change,
depending to the purpose of study,

and/or nature of subjects.
13
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M o maxs MGG Cw o )

« M[i-1,j-1] + S[i,]\

where S[1, j] 1s the match/unmatch score,
w 1s gap penalty constant (<=0), and
M[1, j] is accumulated score until [i,j].

Boundary setting.
MI[i,0] «< 0, MJO,j] «< O
(note: here “outgap” has no penalty)
w =0 for last column and last row. 14
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Seq1 L N ]

Seq2 ]

<> <>
Out Gap Out Gap
Out Gap il
Seq1 I < >
Seq2 I J
Out Gap

Outer trim area is called as an “Out Gap”.

Out Gap penalty is sometimes set to zero.

It means that any movement
on four edges (black arrow in the fig.) can be done

without penalty.

15
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IkRYH i & 10 20 30 40 50 60
tyrocidine-1_[ty 1 47 LCIGGYGLARGYWNRPDLTAEKF-——VDNPFVPGE———— KMYRTGDLAKWLT—DG
gramicidin=S-1_[ 1 4] LCIGGEGLARGYWKRPELTSQKF-—VDNPFVPGE-————— KLYKTGDQARWLP—DG
gramicidin=S-11_ 1 47 LY SGANVGRGYLNNQELTAEKF——FADPFRPNE———— RMYRTGDLARWLP—DG
ACV-domain-1_Pen 1 bh LHIGGLG | SKGYLNRPELTPHRF—— | PNPFOTDCEKOLG I NSLMYKTGDLARWLP——NG
ACV-domain-1_Asp 1 55  LHIGGLG|SKGYLNRPDLTPQRF-—|PNPFQTDHEKEL GLNGLMYKTGDLARWLP——NG
ACV-domain-2_Pen 1 957  LYLGGEGVVRGYHNRADVTAERF-— | PNPFQSEEDKREGRNSRELYKTGDLVRWIPGSSG
ACV-domain-2_Asp 1 57  LYLGGEGYARGYHNRPEVTAERF-—LRNPFQTDSERGNGRNSELYRTGDLVRW IPGSNG
ACV-domain-3_Pen 1 55  LYLAGDSVTRGYLNQPLLTDQRF-—|PNPFCKEED | AMGRFARLYKTGDLVRSKF——NR
ACV-domain-3_Asp 1 55  LYLAGDCYARGYLNGPVLTGDRF-—|QNPFQTEQD | ACGSYPRLYRTGDLFRCRL——DR
enterobactin_[en 1 41  LMTRGPYTFRGYYKSPQHNASAF——DANGF YGSGDL 1S 10P—EG
angR-protein_[an 1 44  LWIGGDGIALGYFDDELKTQAQFLHIDGHAW YRTGDMGCYWP—DG
luciferase Photi 1 41  LGVRGPMIMSGYVNNPEATNAL | —DKDGW LHSGD | AYWDE—DE
luciferase Lucio 1 41 VCVKGPMLMKGYVNNPEATKEL | ——DEEGW LHTGD | GYYDE—EK
luciferase-green 1 41  LCIKGPMYSKGYVNNVEATKEA|-—DDDGW LHSGDFGYYDE—DE
luciferase-y-gre 1 41  LCVKGPMYSKGYVNNVEATKEA|-——DDDGW LHSGDFGYYDE—DE
luciferase-yello 1 41  LCIKGPMYSKGYVNNVEATKEA|-—DDDGW LHSGDFGYYDE—DE
luciferase—orang 1 41  LCIKGPMYSKGYVNNVKATKEA|-—DDDGW LHSGDFGYYDE—DE
antigen_[octapep 1 41  LLIKSDSMFSGYFLEKESTEHAF—TNDGY FKTGD | VQ IND—NG
acyl ~CoA_rat_ {lﬂ 1 41  VCVKGANVFKGYLKDPARTAEAL-—DKDGW LHTGD | GKWLP—NG
acyl-CoA_human_{ i 41  YOVRGPNVFGGYLRDPARTACAL-——DRDGW LHTGD | GRWLP—NG
CoA-ligase rice_ 1 41 |GIRGAQ IMKGYLNNPEATKNT | ——DAEGW LHTGD | GYVOD—DD
4CL1-CoA-ligase_ 1 41 |GIRGDQ IMKGYLNDPESTRTT|—DEEGW LHTGD | GF 1DD—DD
4CL2-CoA-11gase_ 1 41 |GIRGDQ IMKGYLNDPESTRTT|-—DEEGW LHTGD | GF 1DD—DD
St4CL-2a-CoA-lig 1 41 |GIRGDQ IMKGYLNDPEATART | ——EKEGW LHTGD | GF 10D—DD
St4CL-1-CoA-liga 1 41 |C1RGDO IMKGYLNDPEATART | ——EKEGW LHTGD | GF | DD—-DD
St4CGL-2b-CoA-lig 1 41 |GIRGDQ IMKGYLNDPEATART | ——EKEGW LHTGD | GF 1DD—DD
acetyl-CoA_Neuro 1 26 — RYMETYLH VYKGY YF TGDGAARCH—EG
acetyl|-CoA_Asper 1 26 —— RYMDTYLQ VYKGY YF TGDGAGROH—EG

Multiple alignment example: 28 Luciferase proteins from fireflies (part)
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Multiple Alignment Score

Sum of Pairs (SP) score

position
i
Seq, L H|S |G D
Seq, .L H|T|]G D
Seq, Y K| T |G D
N k-1
Score( Seq;(1), Seq,(1), ...Seqy(1) ) = X X S (Seq,(1), Seq,(1))
k=1 1=1

i

— S(CTD,’SD) +S(‘T,,,S,)+S(‘T,,,T,)

S(X, Y) 1s similarty score,
S(X, -’) =w (w<=0, gap penalty)

cf. Minimum entropy score

(Theoretically more favorable)

and S(*-°, *-’)=0.
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Multiple Alignment Score

for DNA sequences

position
i
Seq, . A T|]G|C C
Seq, . A T|A|C C
Seq, A T |-]1C C
Seq, .A T |-]C C
N k-1
Score( Seq,(1), Seq,(1), ...Seqy(1) )= X X S (Seq,(1), Seq,(1))
k=1 1= 1
G A (AG)+
S( G)+S(-, A)
S(-, G +S(-AMS(-,-)
= (-1 unmatch) +4 x(-1gap)+0

-5
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Multiple Alignment by DP

/k a..m 3-dimentional Multiple Alignment
1 @ .. 0D Time complexity:

\ o(l mmn)

] Space complexity:

j ol mn)

@j.. m)

" M[i-1, j-1, k-1] + Score (Seql(i), Seq2(j), Seq3(k))

M[i, j-1,k-1] + Score ( *-’, Seq2(j), Seq3(k))
- M[i-1,j, k-1] + Score (Seql(i), -, Seq3(k))
MIi,j, k] < mMaxX < Mi-1,5-1,k ] + Score (Seql(i). Seq2(j), )

M[i, j, k-1] + Score( *-’, *-’, Seq3(k))
M[i-1, j, k ] + Score (Seql(1), *-°, *-’)
M, j-1,k ] + Score (-, Seq2(j), -’

Note: N-dimentional direct DP with length L will consume O (LN) time and sp#te.
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- Heuristic approaches for multiple alignment
(1) Star method

similarity scores

Seql A G G A Seq1 | Seq2 | Seq3 | Sum
Seq, A T G C G T Seq 1 s| 6| o
Seq; A T G C G A Seq 2 3 o 12
Seq 3 6 9 15
Se¢ A - G - G Se¢ A - G - G A Seq, A T G C G T
Se¢, A T G C G A Seqs A T G C G A

A
T Seg;; A T G C G
3

Score = (+2)x4 + (-1)x2 =6 core = (+2)x5+ (-1)x1=9

not used o

@O o
@ oo
> — >

/—<.......m
> > >
— —
OO

(1) Choose one sequence Seq that maximizes
2 sim (Seq;, Seqc)
i<>C
(2) Prepare pairwise alignments (Seq;, Seq) for i<>c.
(3) Combine those alignments based on SeqC.
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-~ Heuristic approaches for multiple alignment
(2) Progressive (Tree-based) method

similarity scores

Seql A G G A Seq1 | Seq2 | Seq3
S€q2 A T G C G T Seq 1 3 6
Seq3 A T G C G A Seq 2 3 9
.. Seq 3 6 9
“Guide Tree” ..'4
Seq, Seqy A T G C G T
Seq, —— Seqs AT G C G A Seqy A G G A
Seq3 Seq(2+3) AT iG C G (T+A)/2 §
profile *ee, v
A A - G - G A
(1) Make a “Guide Tree” based on mutual similarity scores. AT ;C G (A2
(2) Start from pairwise alignment with most inner pair. .
(3) Following the “Guide Tree”, add sequences step by step. V
Perform sequence-profile (or profile-profile) alignment. | A - G - G A
(4) go to (3) unless all sequence has been aligned. AT G C G T
A T G C G A
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-~ Heuristic approaches for multiple alignment

(3) Iterative improving method
(N-1)
' ¢ profile

Seq,
S .

4
! Seqy
: Seqc
: ¥
N-sequence multiple alignment | €<++<+++ | sequence vs. profile (N-1) alignment
By random selection,

it is expected to escape

(1) Make an initial multiple alignment.
from local minimum.

(2) Choose one sequence SeqC (randomly)
(3) Perform sequence-profile alignment between

SeqC and the profile made from rest of sequences.
(4) go to (2) unless no progress obtained or iteration

count reached to the limitation.
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~==_finding conserved motifs by multiple sequence alignment

>copia  ILDFHEKLLHPGIQKTTKLFGETYYFPNSQLLIQNIINECSICNLAK
>MMULV LLDFLLHQLTHLSFSKMKALLERSHSPYYMLNRDRTLKNITETCKACAQVN
>HTLV ~ LQLSPAELHSFTHCGQTALTLQGATTTEASNILRSCHACRGGN

>RSV YPLREAKDLHTALHIGPRALSKACNISMQQAREVVQTCPHCNSA

>MMTV  IHEATQAHTLHHLNAHTLRLLYKITREQARDIVKACKQCVVAT

>SMRV  LESAQESHALHHQNAAALRFQFHITREQAREIVKLCPNCPDWGS

http://www.icot.or.jp/ARCHIVE/Museum/SOFTWARE/GIP/gene_alignment.html

Multiple Alignment (Iterative Improvement method)
on PAPIA service (http://mbs.cbrc.jp/papia/)

ToR)A { AT 1 10 20 30 40 90 60
copia 1 47 - | LDFHEKLLHPG IQKTTKLFGET-—YYFPNSQLL 1 QNI INECS | CNLAK-
MMULV 1 o1  —LLDFLLHQ-LTHLSF SKMKALLERSHSPYYMLNRDRTLKN| TETCKAGAQVN-
HTLV 1 43  -LQLSPAELHS-FTHCGQTALTLQGATT-———————- TEASN| LRSCHACRGGN-
RSV 1 44 YPLREAKDLHT-ALHIGPRALSKACN|S——————- MQQAREVVQTCPHCNSA—
MMTV 1 43  —|HEATQAHT-LHHLNAHTLRLLYKIT-——=———- REQARD I VKACKQCVVAT-
SMRV 1 44  ——|ESAQESHA-LHHQNAAALRFQFH| T-——————- REQAREI UKLTNCPDWGS
H H Yo CC

zinc finger motif



