[TOAAQTTAN OTOIXION
multiple sequence alignment
(MSA)

['pnyoplog Auoutdiag
KaBnyntig BiotTAnpo@opIkn¢ pe Eugacn otn MikpoBioAoyia
Tunua Bioxnueiag kai BiotexvoAoyiag I1.0.



MSA: Ti gival

2.T0iXI0N YIa 3 ] TTEPICCOTEPEG AKOAOUBIEG.

ATTOKAAUTITOVTQI Ol CUVTNPNMUEVEG TTEPIOXEC METAEU TWV
OKOAOUBIWYV HIOG OIKOYEVEIQG.

Xpeiadetal yia:
— Anuioupyia profiles/motifs TTou xapaktnpiouv pia TTIKPATEI
(domain).

— Avixveuon ouvtnpnuévwyv DNA-binding sites o€ TTpouOTOPEC
YOVIOiwV

— QuhAoyéveon.

— [po6BAewn deutepoTayoUs Kal TPITOTAYOUC OOPNAG TTPWTEIVWIV.

— 2XEOIOOMNO eKPUAIoHEVWY eKKIVNTWY PCR

MSA
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« Sum of pairs
e 2KOTIOC: N MEYIOTOTTIOINON AUTOU TOU Sscore

sum of pairs:

G K N
AT R N
“*S H E

-2+1+6

5

MSA

Figure 5.1: Given a multiple alignment of three sequences,
the sum of scores is calculated as the sum of the similarity
scores of every pair of sequences at each position. The scor-
ing is based on the BLOSUM®&2 matrix {see Chapter 3). The
total score for the alignment is 5, which means that the align-
ment is 2° = 32 times more likely to occur among homologous

sequences than by random chance.

MSA



MSA

MSA

« [loAAQTTAN oTOiXION ME:
— Auvauiko rpoypappartiopd (dynamic programming).
— Me gupeTikéG nEBODOUG (heuristics).
» [1poodeuTikr) oToiXIon (progressive alignment)
« 2T0iXIoN ue dladoxIkéEC BeATiwozelc (iterative alignment)
« 2T0ixI0N Baciopévn o€ blocks



MSA

MSA - OuVAUIKOC
Tpoypauuatiopoc (DP)

['la oToixion 2 akoAouBiwv dnuioupyEiTal Evag TTivakag 2
OIA0TACEWV.

['la oToixion 3 akoAouBiwv dnuioupyeEital TTivakag 3 dI00TACEWV.

[a oToixion N akoAouBiwv dnuioupyeital Tivakag N
OI0OTACEWV.

To UTTOAOYIOTIKO KOOTOG aucaveTal EKOETIKA, yia KABe akoAouBia
TTOU TTPETTEI VA eVTAXOEi oTNV TTOAAATTAN OTOIXION.

[MpakTika, DP ptropei va yivel yia Aiyec povo akoAoubBieg, HiIkpou
MKOUC.



MSA

MSA-ceupeTIKEC HEBODOI

» [lpoodeuTiK OTOIXION (progressive)
— ClustalW
« ETravaAaupBavouevn otoixion (lterative)

 Block-based



MSA

ClustalW (i)

A
OAIkA oToixion (Needlman-Wunsch) kG0¢ g
moavou {euyoug D
[Mivakag arrooTdocwy (identities r} Tivakeg 3
BlOSSUIT]/PAM). all individual
i i i pairwise alignment
MEeTATPOTI TWV ATTOOTACEWY OE EGENIKTIKEG G consértiction
7 I distance matr
GT[OOTGOE:'g O1 distance matrix
’ ’ ’ ABCDE
Anuioupyia @UAOYEVETIKOU OEVOPOU - Al=
odnyou (guide tree) (neighbor joining). oo 30
— XaunAOTEPNG EUTTIOTOOUVNG ATTO £VA g o
KAVOVIKO PUAOYEVETIKO 0EVOPO, WOTOOO - y
. 2 z -alculating a guide
KATAOEIKVUEI IKAVOTTOINTIKA TIC BACIKES l tree: C & D the closest
3 pair; A & B the next
OXeOEIQ closest pair

moow>»




ClustalW (ii

O1 2 KovTIvVOTEPEG aKOAOUBieg aTolxiCovTal

Kal dnuioupyeEital hia akoAouBia cuvaiveong.

Me Bdon 10 0EVOPO-00NYO, N akoAouBia
ouvaiveong aTolyifetal (OUVAUIKOG
TTPOYPAUMATIONOG) ME TNV ETTOUEVN TTIO
KOVTIVH) akoAouBia i TNV €TTOUEVN TTIO
KOVTIV) akoAouBia ouvaiveonc.

H diadikacia eravalauBaveTal £wg O0Tou
oTOIXI60UV OAEG OI aKOAOUBIEG.

o0

moow>

aligning C/D and

A/B separately
using dynamic
programming

w >

C/D and A/B alignments
reduced to consensus sequences
which are aligned to
cach other

C/D  AMAAAANNAA
AB AMAMAAAAAA

for C/D/A/B which

creating a new consensus
aligns with E

A/B/C/D oy

E

l completing alignment

moow>»
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ClustalW (iii)

Avaloya ue Tnv ammréotaon 2 akoAouBiwyv oTo dEVOPOo-0dNYo,
XPNOIUOTIOIEITAI KAl O KATAAANAOG TTiVOKAGC AVTIKATAOTAONG
(Blossum62, Blossum 45) yia Tnv oAk} oToixion kata {euyn .

Ol TTOIVEG TWV KEVWYV TTPpOocapuolovTal avaloya JE TNV

TTapaATNEOUNEVN OUVTAPNON MIOC TTEPIOXNC Kal avaAoya PE TNV
deutepoTayn doun.

2UVTEAEOTAC BaputnTag avaAoya Pe TNV €CEANIKTIKA ATTOOTACH 2
aKOAoUBIWV



[TpoBANpaTa TNC
TTPOOOEUTIKNG OTOIXIONC

Aev evdeikvuTal YiIa aKOAOUBIEC e TTOAU DIA@OPETIKA UNKN (AOYyw
OAIKAG OTOIXIONG).

H teAIKA TTOAAQTTAR OTOIXION €CAPTATAI ATTO TN CEIPA PE TNV
oTroia Ba yivouv ol €TTIHEPOUC OTOoIXioEIC KaTA Zeuyn,.

‘Eva apxikd AaBo¢ Ba etrnpedoel Ta UTTOAOITTA OTADIA TNG

TTOAAQTTANC OTOIXIONG.

MSA
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T-coffee

[1p0o0dEUTIKA OTOIXION.

Ortav oToixilel Eéva (eUyoG akoAOUBIWY, OEV KAVEI JOVO OAIKN
OTOiX10N, AAAG KOl TOTTIKEC OTOIXIOEIC (ONUIOUPYEITAI HIa
BIBAIOBAKN OTOIXIOEWV).

YT1roAoyileTal €éva okop ocup@wviag (consistency score) atrod TI¢
ETTINEPOUC OTOIXIOEIC (OAIKI) KAI TOTTIKEG).

2.€ oxéon pe 10 Clustal:
— [1oAU kaAUTEPNG TTOIOTNTAG TTOAANQTTAEG OTOIXIOEIG.
— T1oAU 1m0 apyd¢ UTTOAOYIONOG.



[1p00dEUTIKA OTOIXION.
«AUO UTTOAOYIOMOI OEVOPOU-
odnyou (UPGMA)

« Kmer

. Kimura distance

«KUKAIKA AOyIKN
o AEVOPO-> TTOAAQTTAN
OToiIXIoON-> BEATIWPEVO
OEVOPO -> BEATIWHEVN
aToixion

Edgar R C Nucl. Acids Res. 2004;32:1792-1797

Muscle

MSA

~ MSAf

2.1 compute
%ids from MSA1

Kimura distance

matrix D2

1.1 k-mer 1.2 1.3 progressive
counting UPGMA alignment
— S —>
unaligned L e
sequences k-mer distance TREE1
matrix D1
" — S P
_ N————— 4
""""""""""""" 2.3 progressive :
MSA2 alignment s 2.2 UPGMA
’ l::\/\ . ‘_‘ A e s I
MSA 34sp

e — 3.3 re-align”
< 3.2 compute  profiles
subtree profiles

3.1 delete S
edge from TREE2 —
giving 2 subtrees

No,
1 delete

© Yes,
i save

Nucleic Acids Research
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ETravaAaupavouevn
TTOAANQTTAN oToiXIoN (iterative)

ApXIKA dnuIoupyEiTal Uia

TTOAANQTTAR OTOIXION | Guidetree
XAUNANG ToIoTNTOC. ——

H 1TToAAQTTA OTOIXION Efr__ﬁ:
BeATIWVETAI O€ Outer AP e
ETTOVOAQUBAVOPEVD e

oTAa0Iq.

EupeTikr nEB0DOC.
Agv etTnpeaderal atro
apxIKa Aaon.
[Mpoypdauuara:

— PRRN

Alignment using Inner
dynamic programming | .o oo

Alignment score converged

Figure 5.4: Schematic of iterative alignment procedure for PRRN, which involves two sets of iterations.



MSA

Block-based

EvdcikvuTal yia TTOAATTA 0T0iXIoON aKOAOUBIWYV TTOU £X0OUV
QTTOKAEIVEI QPKETA KAl £XEI ATTOUEIVEI CUVTNPNMEVN MIO MIKPN

TTEPIOXN TOUG.
Dialign



[ToAAaTTA oToixIon via DNA &

 Revtrans
— [Maipvel TTOAAQTTA OTOiXION TWV AKOAOUBIWYV o€ ETTITTEDOD

TTPWTEIVWV Kal Bacn autng, oToiXilel TIC akoAouBiec o€ eTTiTTEdO

DNA

AGT GCA GAA

ACA ===~

correct

[ V4]

TTPWTEIVEC

Protein alignment

Ser Ala Glu
Thr - Asp

A

DNA alignment

AGT GCA GAA
GAT A-- -CA GAT

incorrect

Figure 5.5: Comparison of alignment at the protein
level and DNA level. The DNA alignment on the left
is the correct one and consistent with amino acid
sequence alignment, whereas the DNA alignment on
the right, albeit more optimal in matching similar
residues, is incorrect because it disregards the codon
boundaries.

MSA
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XelpokKivnTtn TpoTroTroinon/BeATiwon
TTOAAQTTANC OTOIXIONCG

 Ta mTpoypduuata dev TTapAyouv TNV BEATIOTN OTOIXION.
BeATiwon TnG oToiXIoNg XElpokivnta
« alignment editors
— Seaview
— Bioedit

® 06 example

File “lEdt\‘lNig “le \-|sn \‘lSpI “|Ft "|Se h|| Got |

— T
v
A



MSA

Alignment formats

FASTA (.fa j .fasta rj .fst)
Clustal (.aln)

Phylip (.phy 1 .phylip)
MSF (.msf)

Mase (.mase)

Nexus (.nxs)

2.UvNOwg, Ta alignment editors uTopoUVv va JETATPEWPOUV TO £va
format o€ GAAo.

Readseq
— http://www.ebi.ac.uk/cgi-bin/readseq.cqi
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Fasta format

® 06 example
File © | Edit © | Align © | Props © | Sites © | Species © | Footers © I Search: “ Goto | Trees o Help
1 Pos 1|0 082069 PE1l
82069 PE1 ga
AR . GIGC
AB012309.PE1
AB013745.ATF-1 GGCC
¥
J[><-+_ ﬂ| T T

=D526069 .PE1 D52869.PE1 CDS Acodon_start=1 /product="ibal, ionized calcium binding adapter mo
---atgaagcctgaggaaatttcaagaggaaaagettttggactgectgaaagecccaacag
gaagagaggttggatgggatcaacaagecacttccag---aaa

=ABA19548 .AIF-1 ABA1954A.AIF-1 CDS /codon_start=1 /transl_table=1 /gene="AIF-1" /product="allogr
------ atggacagcacagctcaaggaggtaaagecatttggtettctecaagtctecaccag
gaagaaaaattgaactctatcaatgaggettttgagtccaaa

=ABABAS15.PEL1 ABBBAS1S.PEL CDS Acodon_start=1 /transl_table=1 /product="MRF-1" /db_xref="G0A:P
atgagccagagecaaggatttgecagggaggaaaagettttggactgetgaaagecccageag
gaagagaggttggatgggatcaacaagecactteccag---aaa

=AB012389.PE1 ABA123689.PE1 CDS /codon_start=1 /transl_table=1 /product="allograft inflammatory
atgccttccaaccagaatttacaaggecgggaaagecttegggttactcaaagecacageag
agggagaagctggatgaaatcaataaggagtttageggtaaa

=ABA13745.AIF-1 ABB13745.AIF-1 CDS /codon_start=1 /transl_table=1 /gene="AIF-1" /product="allogr
atgagccaaagcagggatttgeagggaggaaaagettttggactgetgaaggeccageag

gaagagaggctggaggggatcaacaagcaat tcaag---aga



MSA

Clustal format

® 06 example
File © | Edit © | Align © | Props © | Sites © | Species © | Footers © I Search: “ Goto Trees o Help
1 Pos 1|0 082069 PE1l
82069 PE1 ga
AR . GIGC
AB012309.PE1
AB013745.ATF-1 GGCC
¥
J[><-+_ ﬂ| T T

CLUSTAL W {1.7) multiple sequence alignment

D52669.PE1 ---atgaagcctgaggaaatttcaagaggaaaagettttggactgectgaaageccaacag
ABA19548 . AIF-1 —————- atggacagcacagctcaaggaggtaaageatttggtctictecaagtctecaccag
ABBBAS1S .PEL atgagccagageaaggatttgecagggaggaaaagettttggactgectgaaageccageag
ABA12389.PE1 atgccttecaaccagaatttacaaggecgggaaagecttcggattactcaaagecacageag
ABA13745.AIF-1 atgagccaaagcagggatttgoagggaggaaaagettttggactgectgaaggecccageag

D526869 .PE1 gaagagaggttggatgggatcaacaagecacttccag---aaa
ABA19548.AIF-1 gaagaaaaattgaactctatcaatgaggecttttgagtccaaa
ABBABE1S .PEL gaagagaggttggatgggatcaacaagcacttccag---aaa
ABBA123689.PEL agggagaagctggatgaaatcaataaggagtttageggtaaa
ABA13745.AIF-1 gaagagaggctggaggggatcaacaagcaattcaag---aga



®e06

Phylip format

XpnoligoTroleital aTo TTpoypapua phylip yia guAoyeveon

example

File © | Edit © | Align © | Props © | Sites © | Species © | Footers © | Search:“ ﬂ“ Trees © |ﬂ,

[><-+_

AB012309.PE1
AB013745.ATF~1

1

:1 Pos:1|(0 [DB2069
GGC
GGGH!

S

MSA

o«

5 182
: D82869 .PE1

: ABA19548 , AIF-1
. ABAPBS1S .PEL
; ABA12309 .PE1
. ABA13745.AIF-1

---atgaagc

atgagccaga
atgccttccea
atgagccaaa

gaagagaggt
gaagaaaaat
gaagagaggt
Agggagaagc
3aagagagqgc

ctgaggaaat
acagcacagce
gcaaggattt
accagaattt
gcagggattt

tggatgggat
tgaactctat

tggatgggat
tggatgaaat

tggaggggat

ttcaagagga
tcaaggaggt
gcagggagga
acaaggcggg
gcagggagga

caacaagcac
caatgaggct
caacaagcac
caataaggag
caacaagcaa

aaagcttttg
aaagcatttg
aaagcttttg
aaagccttcg
aaagcttttg

ttccag---a
tttgagtcca
ttccag---a
tttagcggta
ttcaag---a

gactgctgaa
gtcttctcaa
gactgctgaa
ggttactcaa
gactgctgaa

aaq
aaq
aaq
aaq

ga

agcccaacag
gtctcaccag
agcccageag
agcacageag
ggcccagoag



[TOAAQTTAN OTOIXION
akoAouBiwv & profiles

* AkoAouBieg X akoAoubieg
* AkoAoubBieg X profile
* Profile X profile



XPNOE€IC TTOAAATTANC OTOIXIONC

Anuioupyia:
— [Mivakwyv B€onc¢ (Position specific scoring matrices - PSSMs).
— Profiles.
— MapkoBiavwy povtéAwv (Hidden markov models - HMMs).

Eival oTamioTIKG PJOVTEAQ TTOU OEIXVOUV TN oUXVOTNTA EUPAVIONG
AMIVOEEWV/VOUKAEOTIOIWY YIa KABE BEon pIag TTOAAQTTANC
oTOiXI0NG.

ETriTAéov, TTPOBAETTOUV TN OUXVOTNTA XOPAKTAPWY TTOU OEV
TTaparneninkav otnv TTOAAQTTAR oTOoiXIOoN.

XpNOIJOTIoIoUVTal VIO TNV AViXVEUON MAKPIVWY OJOAOYWV
OKOAOUBIWV HIAG OIKOYEVEIAG.

MSA



PSSMs

[TOAAQTTA OTOIXION XWPIC KEVA

[Tivakag ouxvoThTwy yia TNV
KGOe Béon

Position
Sequence |
Sequence 2
Sequence 3
Sequence 4
Sequence 5

y

123456
ATGTCG
AAGACT
TACTCA
CGGAGG
AACCTG

MSA

Convert multiple alignment
to a raw frequency table

Pos..! 1 | 2|3 |4 |5|6 0&2‘;"
A 0.6 0.6 — | 0.4 - 0.2 0.30
4 021021 — 10410271 02 0.20
G — 0.2 0.6 —_— 0.2 0.6 0.27
C 0.2 e 04| 0.2 0.6 — 0.23




KavovikoTroinon Tou
TTiVOKO OUXVOTATWV.

MeTATPOTTA TWV TIMWV O€
log2

' Overall
Pos.| 1 2 | 3| 4 5| 6 freq.
A |06 |06 — |04 — |02 0.30
T |02 02| —[04]02]02 0.20
G — 02106 — | 02] 06 0.27
C 0.2 — [ 04102 06| — 0.23
Normalize the values by
dividing them by overall freq.
! Overall
Pos.,. 1| 2|3 | 4|56 freq.
A 200 20| — | 1.33] — | 0.67 0.30
T 101 10f — |20 1.0 1.0 0.20
G — 10741222 — |0.74] 2.22 0.27
C |087] — | 1.74|087]|261| — 0.23
Convert the values
to log to base of 2
Pos.| 1 | 2 34| 5 6
A 10110 — [041] — [-0.58
T 00| 00| — 1O} 00| 00
G | — |-043[ L.I5] — |-043] 1.15
C 02| — |1 08)|-02|1.38] —

MSA



MSA

PSSM

« TR log-odd 1 yia éva xapakTthpa A oTtnyv 8éon 1:
— 21=2: 21NV olkoyévela TTou JEAETAWE, N ouxXvOTNTA TOU XapaKTAPa A oTnV
Béon 1 gival 2 QopéC peyaAuTepn atrd TNV ouxvoTtnTa uttoBABpou.

« TR log-odd -1 yia éva xapaktipa C otnv 6€on 1:
— 27'=1/2: 2TV oikoy£vela TToU HEAETAME, N ouxvoTNTa Tou Xapaktiipa C otnv
Béon 1 gival 2 POpPEC IKPOTEPN ATTO TNV cuXvOTNTA UTTORABPOU.

« TR log-odd 0 yia éva xapakTthpa G otnv B€on 1:
— 29=1: 21NV olkoyévela TTou PJEAETANE, N ouxvoTNTa Tou XapakTtipa G oTnv
B€on 1 cival idia pe Tnv cuxvotnTa utToBGBpou.



MSA

PSSM

e XpnoIUYoTTOoIEITAl VIO

— AvalATnon pHakpIvwy opdAoywy o€ Bacn dedoUEVWV.

— Na utroAoyiooupe TTO00 KAAG Taiplalel pia akoAouBia otnv
OIKOYEVEIQ.

— 2TOoiXlon M€ akoAoubBieg



PSSM

[1600 KaAd Taipidlel N akoAouBia
AACTCG aTov TTivaka 8€ong;

26.33 = 8

[MiBavoTnTa va Taipialel auth n
akoAouBia oTov TTivaka 8€ong
(opodAoyn) givai 80 opéc
MEYaAUTEPN a1To OTI Ba
TTEPIMEVOAUE ATTO PIa TUXAIO
akoAouBia

MSA

Match AACTCG in the matrix

Find nucleotides
at respective pos.
of the matrix

Pos.| 1 2 3 4 5 6

1.0) — 041 — |-0.58

00 1] 00 | — 1.0 ) 00| 00

a|la|3|P»
|

043] 115 — -0.436@

Calculate the sum
of log odds scores

lO+10+08+1.0+138+1.15=6.33



PSSM

2TNV TTPAEN, 0tav UTTOAOYI(OUNE TIGC CUXVOTNTEC TWV
XOAPOKTPWYV XPNOIYOTTOIOUUE OUVTEAEDTH BapUTNTAC TTOU
ecapraral amd 1o TG00 OMOIEC €ival Ol aKOAOUBIEC.

— XAPNAOC OUuvTEAEOTNC YIa TTOAU OpoIEC aKOAOUBIEC.

— YWNAOG OUVTEAEOTAG VIO ATTOUOKPUOUEVEG OKOAOUBIEC.

MSA



MSA

Profile

Eivai PSSM 110U TTEpIAQUBAVEI KOl KEVA.



MSA

Profile Hidden Markov Models
(HMMs)

Markov models apxika xpnoigotroinénkav otnv avayvwplion
PWVNC.
[Mapopola pye Ta PSSM/profiles.

[Tlo KaTtdAANAO cuoTnua BAaBuoAdyIoNG yia Ta KEVA (E1000XEC/
ATTAAEIYEIQ).
— Ox1 ad hoc, aAAG Baciopévo oTIC TTIBavVOTNTEC.

['la yoKPIVEC OdoAOYiEG, gival TTIo euaiodnTa aTrd Ta profiles.
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HMMs

e XpnolyoTroiouvTal yia:
— Avadlntnon opoAoywv akoAouBiwv og B.A.
— [ToAANaTTAR oTOIXION aOKOAOUBIWV.
— Katnyopiotroinon o€ OIKOYEVEIEC YOVIOIWV/TTPWTEIVWV.
— [1pb6BAewn yovidiwv (Opla €oviwv/Ivipoviwv)
— [1po6BAewn dIQUEUBPAVIKWY TTEPIOXWY TTPWTEIVWIV.
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Profile HMMs

A. Sequence alignment

ozzz
e X e @
=<7
N ol ol
—“-H0nw

RED POSITION REPRESENTS ALIGNMENT IN COLUMN
GREEN POSITION REPRESENTS INSERT IN COLUMN
PURPLE POSITION REPRESENTS DELETE IN COLUMN

B. Hidden Markov model for sequence alignment

D2 D3

(0

. match state ’insert state ‘ delete state —» transition probability

e 2T0iXIONn TOU JOVTEAOU PE TNV akKoAouBia pEow Tou aAyopiBuou Viterbi (cav 1o
QUVAMIKO TTPOYPANMATIONO)
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HMMs

ACA---ATSG
TCAACTATC
ACAC--AGC
AGA---ATC
ACCG--ATC

Regular expression  [ATICGIHACTIACGTI® A TG [GC]

The problem with the above regular expression is that it does not in any way
distinguish between the highly implausible sequence

TGCT--AGG
which has the exceptional character in each position, and the consensus sequence

ACAC--ATC



MSA

HMMs

ACA---ATG
TCAACTATTC
ACAC--AGC
AGA---ATZC
ACCG--ATC
(Y
ANR2
cm4
GE2
Tm2
6
fe
A I8 1OA 0 A—.84 A 1010A 10A
C b Cemms| ' |CHm2 : C x BE-y [¢ | C I 8
G Gm2 > G > G Gu2 GE2
TH2 T T T T -8 T

Figure 4.1: A hidden Markov model derived from the alignment discussed in the
text. The transitions are shown with arrows whose thickness indicate their proba-
bility. In each state the histogram shows the probabilities of the four nucleotides.
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HMMs

ACA---ATG
TCAACTATOC
ACAC--AGC

m AGA---ATC

NE ACCG--ATC

o] [

Guz2

TH2

A--l.810 A 0 A-l8‘4 A-1%10 A - A
C b o K ~ CH2 : C x BE-y [¢ | C I 8
G GE2 G » G e] ¥ Gum2

T

TH2 T T

P(ACACATC l 0.8x1x0.8x1x0.8x0.6x
0.4x0.6x1x1x0.8x1x0.8
~ 4.7x 1072
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HMMs

Null model: Oewpei 611 pia akoAouBia gival Tuxaia.

Av Bewpriooupe OTI Kal Ta 4 vOoukAgoTidIa epgaviovtal Je Tnv idia
ouxvoTtnta (0.25), T0T1e N MBOaAvOTNTA MIAG TUXAiag akoAouBiag urnkoug L
eivar 0.25%.

YT1roAoyiloupe 1o log-odds Tn¢ akoAouBiac:

P(S)

log-odds for sequence S = log 05 = log P(S) — Llog0.25




MSA

H

<

Ms

-0.92

SO0O>
NN NN

Plooo0

o NN

-0.51

-0.92 0 .
* } :.

Figure 4.2: The probabilities of the model in Fig. 4.1 have been turned into
log-odds by taking the logarithm of each nucleotide probability and subtracting
log(0.25). The transition probabilities have been converted to simple logs.
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log-odds(ACACATC) = 1.1640+1.164041.16—-0.51+
0.47-0.5141.39+01.164+0+1.16
= 6.64.



HMMs

Overfitting: otav o1 cuxvoTNTEC XAPAKTAPWYV
uttoAoyidovTal aTro £va JIKPO aplBuo
OKOAOUBIWV, Ol TTAPATNPOUHEVEG CUXVOTNTEC
gival oTPEPAWMEVEC.

Pseudocounts: E¢opaAuvouv Tnv
TTAPATAPOUMEVN OUXVOTNTA XAPAKTAPWY, UE
BAon KATTola OTATIOTIKA JOVTEAQ.

— TIl.x. Dirichlet mixture (a6 TIC KOTAVOMEC
auMIvogEwv oe domains)

A CA
T CA
A CA
A G A
ACC

*> RN N T —

ATG
ATC
AGC
ATC
ATC

MSA
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PFAM

 B.A. HMMs yia domains (11912).
— PFAM-A: TTOAQTTAEG OTOIXIOEIC YVWOTWY domains TTou
eAEyXONKav atro €101IKoUg
— PFAM-B: BaoileTal o€ OuvTNPNUEVES TTEPIOXEC TTPWTEIVWV
TTOU EVTOTTIOTAKAV PE QUTOMATEC HEBODOUC Kal deV
yvwpiloupe TN AsIToupyia Toug

« Clans: opyadotroinon HMMs (PFAM-A) yia opoAoya domains.
— MTropoupe va dnuioupyrjooupue éva HMM trou Ba xapakTtnpilel 0An
TNV OIKOYEVEIQ, ] va dnuioupyriooupe pia oeipd ammé HMMs, éva yia
KABe utro-oikoyévela. OAa padi atroteAouv éva Clan.



MSA

PFAM

CESXG) Pfam: Sequence search results

| < | > | + |res htp://pfam.sanger.ac.uk/search/sequence E ¢ | (Q~ PFAM Q)

C wellcome trust
\\ san er HOME | SEARCH | BROWSE | FTP | HELP | ABOUT nm
/

institute keyword search @

Sequence search results
Show the detailed description of this results page.

We found 3 Pfam-A matches to your search sequence (all significant) but we did not find any Pfam-B matches.
—Oesirecep ) —
Show the search options and sequence that you submitted.

Return to the search form to look for Pfam domains on a new sequence.

Significant Pfam-A Matches

Show or hide all alignments.

Descriptio Envelope |Alignment| HMM | it |_ | Predicted |Show/hide
SSCrpEon mmmmm scone ~valu@ | active sites allgnment

Oest recep Oestrogen receptor Family 181 139 172.8 3.1e-51
2f-C4 Zinc finger, C4 type (two domains) Domain 183 252 184 252 2 70 107.8 1.8e-31 @
Hormone recep Ligand-binding domain of nuclear hormone receptor Family 374 543 374 543 1 164 117.7 2.3e-34 @

Comments or guestions on the site? Send a mall to pfam-help@sanger.ac.uk
The Wellcome Trust
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PFAM

« Domain architectures
* {rees
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Motif - Domain

Motifs:
— MIKPEG KAl CUVTNPNMEVEG TTEPIOXEG TTOU ETTITEAOUV UIA
OUYKEKPIMUEVN AgITOUpYia.
Domains:
— 2UVTNPNUEVEG TTEPIOXEC, MEYOAUTEPEC atTd motifs, cuvABWC W
QUTOVOUEG AEITOUPYIKES KOl DOUIKES MOVADEG.
— 40aa> domain >700aa

— ME€oo unkog ~100aa

2UVABWC, oI TIPWTEIVES ETTITEAOUV TTEPICCOTEPEC ATTO HIA AEITOUPYIEG.
[a kK&Be pia gival utreuBuvo €va motif rj domain. Apa, TTPETTEl va
eCETACOUE TIC ETTIMEPOUGC PACIKEG AEITOUPYIKES ovAdeG (motifs/
domains), yia va Katavorjooupe OAEC TIC AEITOUPYIEC HIAC TTPWTEIVNC.
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Regular expressions

. ACA---ATG

Regular expression T CAACTLATEC
e 2XETIKA AKAUTITN MEBODOC. ACAC--AGC
«  AlyoTEPO €UaioONTN aTTd £va OTATIOTIKO JOVTEAO. ARGEARS AT
ACCG--ATC

« Exact matching:
— TToAAG weudwc apvnTIKA aTTOTEAECUATA.
* Fuzzy matching:

— Emrpémer apivoééa pe rapopoleg guoikoxnuikég AT [CGIACT [ACGT]* A [TG] [GC]
1I010TNTEC, AKOMA Kal av dgv TTapaTnpriénkav otnv
TTOAANQTTA oTOIXION.

— Autavetal 0 B6puBog (Peudwg BETIKA).

The problem with the above regular expression 1s that it does not in any way
distinguish between the highly implausible sequence

TGCT--AGG
which has the exceptional character in each position, and the consensus sequence

ACAC--ATC
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Regular expression DBs.

« PROSITE:
— H mmpwTtn B.A. TOU €idoug TnG.

— Ta regular expressions dnuioupyouvTal atrd TTOAAQTTAEG OTOIXIOEIG
OUVTNPNMEVWY TTEPIOXWV.

— Exact matches.
— ETmriong dnuioupyei kai profiles.

* Emotif:
— ToAAhatrAég oToixioeic atro 1ic BA BLOCKS & PRINTS.
— MeyaAutepn ouAloyr) TTOAAaTTAWYV oToixioewv atrdé Tnv PROSITE.
— Fuzzy matching.
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2. TATIOTIKA JOVTEAQ

PSSM (position specific scoring matrices).
Profiles.
HMMs (hidden markov models).

EmiTpETTOUV YEPIKO TaipIAOUA.
Pseudocounts.



BA TTOANQTTAWYV OTOIXIOEWYV

motifs/domains

 PRINTS:

Fingerprints: TTepiox£C TNG TTOAAATTANG OTOIXIONG, BABEIA
OUVTNPNMEVEC Kal XWPIG KEVA.

PSSMs (dixwg ouvteAeoTh) BapuTtnTag) yia Ta fingerprints.
‘Eva motif arroteAcital atrd >1 fingerprints (dev uttdpXEl

aAANAETTIKAAUWN).

To motif BewpeiTal uTTGpXWV O€ PIa TTPWTEIVN 6TaV N
TTAciopneia Twv fingerprints TTou 10 ATTAPTICOUV £XEI
QVIXVEUOBEI.

Opioudcg Twv fingerprints & motifs yivetar amo
BIOETTIOT|UOVEC/BIOTTANPOPOPIKOUC.
2XETIKA MIKPOG aplOuog motifs otn BA.

MSA
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BA TTOANQTTAWYV OTOIXIOEWYV
motifs/domains

« BLOCKS:

— AutopaTtoTTroIinUEVN TTOAAQTTAN OTOIXION TTPWTEIVIKWY OIKOYEVEIWY,
OTTOU XPNOIYOTTOIOUVTAI O TTIO CUVTNPNMEVEG TTEPIOXEG, DiXWC KEVA
(blocks).

— Ta kaB¢e block dnuioupyeital PSSM (ue ouvteAeoTr) BapuTtnTacg) Kal
epappolovral pseudocounts.

— O mrivakeg avTikataotaong BLOSSUM uTtroAoyiCovTal amo n BA
BLOCKS.
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BA TTOANQTTAWYV OTOIXIOEWYV
motifs/domains

e ProDom:

— Anuioupyei domains e@apuolovrag PSI-Blast g akoAouBieg
atré Tnv SWISSPROT & TrEMBL.

— H Aeiroupyia Twv domains PTTopEi va gival QyvwaoTn.



BA TTOANQTTAWYV OTOIXIOEWYV

motifs/domains

« SMART:

Profile HMMs 1Tou dnuioupynénkav atmrd TTOAAQTTAEC
OTOIXIOEIG, EAEYMEVEC ATTO €10IKOUC.

O1 oToixioeig gite Pacifovral o€ TPICOIACTATEC DOMEG EITE OF
profiles Tou dnuioupyei To PSI-Blast.

Kai o1 oToixio€I¢ kKal 0 oxoAlaouocg Twv profile HMMs yivetai
aT1ro €101KOUG.

2UUTTANpwuartikotnta pe Tnv PFAM.

MSA
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BA TTOANQTTAWYV OTOIXIOEWYV
motifs/domains

INTERPRO:

— NAOyw avopoloyEvelag oTiG heBodoAoyieg Kal oTIC akoAouBieC TTou
XPNOIMOTTOIOUVTAI, UTTAPXEI MEPIKN AAANAOETTIKGAUWN aAAQG Kal
OUNTTANPWHPATIKOTNTA METACU TWV ETTINEPOUC BA motifs/domains.

— H INTERPRO evowpatwvel aAAnAoetTiKaAutrtopeva motifs/
domains 1Tou BpiokKovTal TAUTOXPEOVA Kal OTIC 5 TTapaKATwW BA:

« PROSITE
- PFAM
 PRINTS
 ProDOM
« SMART
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BA TTOANQTTAWYV OTOIXIOEWYV
motifs/domains

 Reverse-Blast (RPS-Blast):
— 2UAAoyn profiles tTou dnuioupyrénkav ato PSI-Blast.

« CDART:
— Tunua Tou BLAST.

—  EVOWMATWVEI TIC
 RPS-Blast
- PFAM
« SMART



[ pa@ikn atreikovion motifs/
profiles: LOGOs

* Weblogo

GDLGAGKTT
GDLGAGKTT
GPLGAGKTS
GDLGAGKTS
GDLGAGKTT
GDLGAGKTT
GEVGSGKTT
GELGAGKTT
GDLGAGKTT
GNLGAGKTT
GELGAGKTT
GTLGAGKTT
GDLGAGKTT
GDLGAGKTT
GDLGAGKTT
GDLGAGKTT
GDLGAGKTT

2LGACK T
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