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EIZAFQMH

OL A€oV amoteAeopaTIKEC HEBoSOL TtPOPAePNC SoUAC KoL
NG Aettoupyiog tng doung Baoilovtal otnv eVpeon
ONMUOVTIKAG OLOAOYLOG/OHOLOTNTAC LETAEY TNG
OUYKEKPLUEVNC TTPWTEVNG evlLladEpovTog Kat pLag nén
XOPOKTNPLOUEVNC TIPWTEIVNG armo pia Baon dedopévwy. OL
ouvnBelc pEBodol ocuykpLong aAAnAouxLlwy, OPWCE, XAVouv
ypriyopa tnv evatcOnoia toug otnv Aeyopevn «lwvn tou
AUKOPwTOC», SNAadN oe MEPUTTWOELS TPWTEIVWV Ue 30% 1
LLKPOTEPN OpOLOTNTA o€ eMinedo aAAnAovyiac.

H evaloBnoia tng avayvwplong twv opoAOYwV UIMopEL va
BeAtlwOel pe tn xprion mMAnpodopLwV TIoU EUTTEPLEXOVTOLL
OTLG OLKOYEVELEC MPWTEIVIKWY aAAnAouxLwy mou cuvdéovtal
LE aVLXVELOLUN opoAoyia. & Eva ipwTo eminmedo autnC TG
TPOCEYYLONG, CUYKPLVETOL pLla aAAnAouyia mpwTeivng pe
LLLOL OLKOYEVELQ TIPWTEIVWYV TIOU AVILTPOOWTIEVETAL ATIO VAL
nipodiA [rt.x. oto PSI-BLAST 1} oto HMMER]. Eva emopevo
Bripa otn otpatnylkn avtn eivoal n cuykplon 6Vo podiA
aAAnAouxlwy, gite pe tn popdn PSSM, eite pe tn popdn
HoVTEAWV HMM, evw €xouv ipotaBel Kol EUPLOTIKEG
TIPOOEYYLOTIKEG AUCELC.
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e PSI-PLAST (Position-specific-iterated
BLAST)

e PHI-BLAST (pattern-hit initiated BLAST)
e CS-BLAST (context-specific BLAST)

e DELTA-BLAST (domain enhanced lookup
time accelerated BLAST)

e IMPALA (Integrating Matrix Profiles
and Local Alignments)

e HMMER
e SAM



PSI-BLAST (Position-specific-iterated
BLAST)

Eilvat pua emektoon tou yvwotou adyopiBuou BLAST kot xpnotpomnoLeitat
yLa TNV EVPECN HAKPLVWV opoAoywv. H peBodoc 6oulelel we €nc:

* 2NV apxn MPAyHATOTOLETAL pLo KaVOVLKN avadrtnon pe to BLAST kot cuAAéyovtal ot
aAAnAouyieg pe E-value pLkpOTEPO ATTO KATIOLO OPLO TIOU OPLIETAL IO TOV XPNOTN.

* Autég Bewpeltal OTL eivat oL «Glyoupeg» OUOAOYEG Kal XpnolpomnotovvroLylava,
KATAOKEVAOTEL Evag PSSM Omwg T[EprpOLLkOL € TIOPATAVW, XWPLG OHWG Keva kaBwg kabe
oTNAN TOU aVTLoTOoLKEL o€ pLla Beon tng aAAnAouxiag Tng apxLlkNG MPWTELVNC.

* Mg auTOV TOV TivaKa, TIPOYUATOTIOLETAL EK VEOU avagrtnon otn Baon 6edopevwy, n omnoia
ntAEov Ba SwoeL MEPLOCOTEPEC OUOAOYEC HE E-value pkpOTEPO ATTO TO APXLKO OPLO.

H Sladikacio autr) emavolapBavetal 0pKeTEG POPEG, ELTE HEXPL VA ,
otapotioouyv va npoaotibevtal veeg AAANAOUXLEG, ELTE LEXPL VOL EETIEPAOTEL
EVOLC OUYKEKPLULEVOC aplOpoc enavaAnPewv (ocuvnbwe 3 n 4).

H néBodoc eival e€atpetikd amodoTikn Ko evromilel peyalo aplOpo
OHOAOYWV MPWTEIVWVY (HaKpwwvV opoAOYywv), oL omtoleg 6ev Ba propovoav
val eVToTiloTtoUV UE pla cupBatikn avalntnon. H emovaAnmtwkn auti
dladikaoia, BupiieL tov alyopBuo EM, kal oL LOVEC TIEPUTTWOELG OTLG
OTIOLEC MIMOpPEL vaL artoTUXEL lval eite otav Hev BpeBolv kKaBOAou ouOAOYEC
oTNV PWTN avalntnon, £ite OTa TO OPLO £ivall ApKeETA PNAA UE CUVETELD
va OUHT[EPT)\HCIDGOL'JV KoL TPWTEVEC TTou Sev £XOUV TIPAYUOTLKI OpoAoyla,
OTtOTE KoL To TtPOdIA dev Ba elval TTAEOV ELOLKO apKETA Ycontamination).
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PHI-BLAST (pattern-hit initiated
BLAST)

To PHI-BLAST (pattern-hit initiated BLAST) eivot aAAn plo
rniopaAdoyn tou BLAST, n omoiat OPWC XPNOLUOTIOLEL TPOTUTIAL
KOVOVLKWV ekdppacewv (Zhang et al., 1998). H 6€a ebw eival
SladopeTIK KoL ouvioTATOLl OTn XPNOLUOTIoONoN YVWwoTwv
NMPOTUTIWV, Ta omoia uTtapyouv otnv aAAnAovyxia emepwtnong
Kat T kaBopilelt o xpnotng, ywa va kaBodnynoouv tnv
avalntnon. Me tov TPOMo aUTto, To €UPOC TNG avalnTtnong
nepopiletal kol o€ TOANEC TEPUTTWOELS evrtormilovtal
opoloyec Tmpwteivec oL omole¢ o6ev upmopouvocav va
EVTOTILOTOUV UE TO CUMPATLKO TPOTIO avaltnong
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CS-BLAST

OL tunortomusvsq nEBodol olykpLong aMn)\ouwav XPNOLUOTIOLOUV TIVAKEC
UTTOKOTAOTOONG yla va Bpouv TNV GTOLXLOI‘] HE TO KaAUtepo dbBpolopa
Baeuo)\oytwv opOoLOTNTOC HETOEY GTOLXLOIJ.SVU)V KataAolmwyv. Autd To. OKOp
opolotntac dev Aapfdavouv umoPn to TOTkO TAaioclo tng aAAnAouyiac. H
HEB0SOC auTA MPOTEIVEL ULOL TTPOCEYYLON TIoU €€AYEL OUOLOTNTEG OLVOEEWV
Qo KOVTLWA mapabupa eMIKEVIPWHEVA O KABe katdAouto tng aAAnAouyxiog
emepwinong. Ta omors)\écuatd KatadelkvUOUV OTL TO TAAioclo TNG
aAAnAouyiag, ta VELTOVLKO( kataAouta dnAadn, mepPLEXEL Tto)\u TIEPLOCOTEPEC
NMANPOPOPLEC OXETIKA PE TIC OVOLUEVOUEVEC ueraMaEqu ar 'o, Tt To lo 1o
OULVOELKO KATAAOLTTO. XpNOLULOTIOLWVTOC TIGC OMOLOTNTEC TTOU OXETL{OVTAL LE TO
nieptBaAiov (CS- BLAST) o€ 0uv6ua0uo e To KAaolkd NCBI BLAST, avéavetal n
gvaLlcOnoia nspwoorspo arno 2 cbopeq o€ €va SUoKoAo ot avadopag, xwptq
amwAela tn¢ toxvintog. H T[OLOTI’]TOL NG otoilyong Bs)\uwvstat smonq
onNUAVTIKA. EMUTAEOV, ONUOVTIKEG PEATIWOEL( ETUITUYXAVOVTOL KOTA TNV
epapuoyn autou Tou rtpou')rtou ota podiA aAAnAouxiag: Avo srmavaAnPelg
tou CSI-BLAST, tng €kboong PSI-BLAST mou AapBavet umodn to meptfaiioy,
elvall o evaloBntec amno 5 enavaAnelg touv PSI-BLAST.

Biegert A, Soding J.Sequence context-specific profiles for homology searching.
Proc Natl Acad Sci U S A. 2009 Mar 10;106(10):3770-5. doi:
10.1073/pnas.0810767106. Epub 2009 Feb 20.
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Fig. 1. Method of context-specific sequence comparison. (A) Sequence
B search/alignment algorithms find the path that maximizes the sum of simi-
IRTHTGEKPFACD ICGRKFARSDE larity scores (color-coded blue to red). Substitution matrix scores are equiva-
Query sequence " lent to profile scores if the sequence profile (colored histogram) is generated
:’N":g:jg‘v’v“tex‘ s eo%lMA\from the query sequence by adding artificial mutations with the substitution
matrix pseudocount scheme. Histogram bar heights represent the fraction of
amino acids in profile columns. (B) Computation of context-specific
Library of pseudocounts. The expected mutations (i.e., pseudocounts) for a residue
Krgg'";:x" = (highlighted in yellow) are calculated based on the sequence context around
g it (red box). Library profiles contribute to the context-specific sequence profile
with weights determined by their similarity to the sequence context (see
Mix central percentages). The resulting profile can be used to jump-start PSI-BLAST, which

file col : : = %
PR SO will then perform a sequence-to-sequence search with context-specificamino

acid similarities. (C) Positional window weights are chosen to decrease expo-
nentially with the distance from the center position to model the decreasing

Context-specific
information value of farther positions for the central profile column.
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Fig.2. Contextinformation improves search performance and alignment quality. (A) Homology detection benchmark on SCOP20 dataset: true positives (pairs
from the same SCOP superfamily) versus false positives (pairs from different folds). CS-BLAST detects 138% more true positives than BLAST at 10% error rate.
(B) CS-BLAST has better average alignment sensitivity and precision than BLAST over the entire range of sequence identities of the aligned pairs. (C) Actual versus
reported E-values on the SCOP20 dataset show that CS-BLAST E-values are too optimistic by a factor of 3 to 5. (D) Same benchmark as A (note different y-scales),
but comparing CSI-BLAST with PSI-BLAST for one to five iterations. Two CSI-BLAST iterations are more sensitive than five PSI-BLAST iterations.



DELTA-BLAST

To DELTA-BLAST (domain enhanced lookup time accelerated BLAST),
Epxetal va dwoel pa Alyo SLadbopEeTIK TIPOOEYYLON OE OXEON UE TO
kKAaowo PSI-BLAST. H péBodoc mpayupatomolel avalAtnon €vavtl
TIPOKOTAOKEVAOUEVWY PSSMs Tiplv payUOTOTIOLOEL TNV KAVOVLIKA
avalntnon otn Paon 6edopcvwv oaAAnAouvxlwv. MNa ta PSSMs, 1o
DELTA-BLAST ypnotporotel €va uvmooUvoAo tou NCBI's Conserved
Domain Database (CDD). e kamolwa teot pe dedopéva tng Paonc
ASTRAL, pe &va yupo avalntnong, to DELTA-BLAST metuxaivel
KAAUTEPA QTMOTEAEOHOTA QKOO Kol o€ oxeon Ue to CS-BLAST. Otav
MpOyHOTOTIoloUVTIOL TIEPLOOOTEPEC EMAVAANPELL TO TAEOVEKTNUA
Hewwvetal aAla oe kaBe mepimtwon to DELTA-BLAST e€akoAouBel va
Slvel kaAutepa ROC scores amo to CS-BLAST.

Boratyn GM, Schaffer AA, Agarwala R, Altschul SF, Lipman DJ, Madden TL. Domain
enhanced lookup time accelerated BLAST. Biol Direct. 2012 Apr 17;7:12. doi:
10.1186/1745-6150-7-12.
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Figure 1 Overview of sequence search with DELTA-BLAST.
DELTA-BLAST searches CDD with the supplied query, uses aligned
domains to compute a PSSM and searches a sequence database
with this PSSM.
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Figure 2 Number of true positives vs. number of false positives for DELTA-BLAST, CS-BLAST and BLASTP. The searched database was
created using ASTRAL 40 sequences for SCOP version 1.75. To create the query set, we sorted the SCOP domains in lexicographic order and
selected even numbered sequences for the test query set. We excluded from the query set any sequence that was the sole member of its
superfamily in ASTRAL 40. We considered a query and database sequence to be homologs if they belonged to the same superfamily, and non-
homologs if they belonged to different folds. The search results generated by all queries were pooled and ordered by E-value. The database and
the query set consisted of 10,569 and 4852 sequences, respectively.
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Figure 3 Number of true positives vs. number of false positives for PSI-BLAST, iterated DELTA-BLAST, CSI-BLAST, DELTA-BLAST,

and CS-BLAST. See the legend of Figure 2.
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Figure 5 Alignment sensitivity of BLASTP, CS-BLAST, and
DELTA-BLAST. Sensitivity measures the fraction of a reference
alignment correctly recovered by a sequence alignment. Sequences o -
and their reference alignments from the SABmark superfamily set 0-5 5-10 10-15 15-20 20-25 25-30
were used to measure sensitivity. We used only reference Percent identity in reference alignment
alignments with sequence identity below 30% between sequences
that did not correspond to SCOP domains present in the training set Figure 6 Alignment precision of BLASTP, CS-BLAST, and DELTA-
used to tune DELTA-BLAST parameters. Additionally, we removed BLAST. Precision measures the fraction of a sequence alignment
reference alignments with fewer than five aligned pairs of residues. that correctly reproduces a reference alignment. See the legend of
The data set contained 10,006 alignments between 2,379 sequences. Figure 5 for the data set description.
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IMPALA

Ye avtiBeon pe to PSI-BLAST to omoio mpaypatornolel avalntnoELg
evoc¢ PSSM gvavtl plog Baoncg dedopevwv alAnlouxwwy, to IMPALA
glval €va AOYLOULKO OXEOLOOMEVO VOl EKTEAEL TN OCUUTTANPWHOTLKN
Stadwkaoia cuykplong, SnAadn tnv avalntnon piog povo aAAnAouvyiog
ETMEPWTNONC armevavtl o€ pa faon dedopevwv PSSM mou mapayetol
arno to PSI-BLAST. H svaiwcBbnoia tou IMPALA og avalitnon mpwieivwv
LE LOKPLVEC BLOAOYLKEC OLOLOTNTEC ELVOL OE YEVLKEC YPOLUEC TTOPOMOLAL
ne ot tou PSI-BLAST. Qotooco, to IMPALA xpnotuormolel kaAUtepo
TPOTIO UTIOAOYLOMOU TNG OTATLOTIKAC CNUOVTLIKOTNTOC Ko, O avtiBeon
le to PSI-BLAST, eyyudtal tnv eUpeon tng PEATIOTNG TOTIKAC OTOLXLONG
XPNOLUOTIOLWVTOC TOV avotnpo aAyoplOpo Smith-Waterman. Emiong,
elvoll ApPKeETA TOXUTEPO O€ L peyaAn Baon dedousvwv PSSM os oxEon
ne to BLAST n to PSI-BLAST otav kavel avalntnon otn paon
dedopevwv NR

Schaffer AA, Wolf YI, Ponting CP, Koonin EV, Aravind L, Altschul SF. IMPALA: matching
a protein sequence against a collection of PSI-BLAST-constructed position-specific
score matrices. Bioinformatics. 1999 Dec;15(12):1000-11.



Coverage vs. Error for IMPALA and PSI-BLAST Coverage vs. Error for IMPALA and HMMER
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Sequence profiles are a condensed
representation of multiple alignments
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HMMs include position-specific gap penalties

Match or Delete
«

Deletions MDMDMD | | M/D M/D M/DM/D M/D
m; _____ A . . H .

. A G E Y
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Profile HMMs can be represented as states
connected by transitions

M/D M/D M/D I I M/D M/D M/D M/D M/D
HBA_human \'4 G A . H A G E Y .
HBB human ... V - - . N Vv D E v .
2_phyca ... V E A . D \% A G H .
LGBZ2 luplu ... F N A . N I P K H .
GLB1 glydi I A G a d N G = G Vv .
HMM p HEN M M M > M > M > M > M > M [ I I |
D D D D D D D D
Matrix:
( A 0 0.25 | 0.75 0 0.2 0.4 0 0
C 0 0 0 0 0 0 0 0
p@ {1 . |
W 0 0 0 0 0 0 0 0
\ Y 0 0 0 0 0 0 0 0.2
[ | Mo 0 0 0.25 0 0 0 0 0
p(X=>Y) 51 ] 0 o [ o5 | 0 0 0 0 0
M—=D | 0.2 0 0 0 0 0 0 0
. | DD 0 1.0 o | 0 0 0 0 0




Profile HMMs can be represented as states
connected by transitions

M/D M/D M/D I I M/D M/D M/D M/D M/D
HBA_human Vv G A . . H A G E Y
HBB human ... V - - . . N v D E \"4
2_phyca ... V E A . . D \% A G H
LGBZ2 luplu ... F N A . . N I P K H
GLB1 glydi I A G a d N G = G A%
| I K | I | | @
HMM p == [m]=]m}-Im MMM MEM]
D D D D D D D D
Matrix:
’ A 0 [ 025]0.75 0 02 | 04 0 0
C 0 0 0 0 0 0 0 0
p(a) {i .. |
W 0 0 0 0 0 0 0 0
\ Y 0 0 0 0 0 0 0 0.2
[ | Mo | 0 0 0.25 0 0 0 0 0
P(X=>Y) ][5 ] o o [ o5 | 0 0 0 0 0
M—>D | 0.2 0 0 0 0 0 0 0
[ DD | © 1.0 o | 0 0 0 0 0




Profile HMMs can be represented as states
connected by transitions
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| I K | I | | @
HMM p HEN M M M > M > M ; M ; M > M [ I I |
D D D D D D D D
Matrix:
( A 0 0.25 | 0.75 0 0.2 0.4 0 0
C 0 0 0 0 0 0 0 0
pi(@ {:i .. |
W 0 0 0 0 0 0 0 0
\ Y 0 0 0 0 0 0 0 0.2
[ | Mo | 0 0 0.25 0 0 0 0 0
P(X=>Y) ][5 ] o o [ o5 | 0 0 0 0 0
M—>D | 02 0 0 0 0 0 0 0
. | DD 0 1.0 o | 0 0 0 0 0




Profile HMMs can be represented as states
connected by transitions

M/D M/D M/D I I M/D M/D M/D M/D M/D
HBA human \Y4 G A . . H A G E Y
HBB human ... V - - . . N Vv D E \'4
2_phyca ... V E A . . D \% A G H
LGBZ2 luplu ... F N A . . N I P K H
GLB1 glyd:L I A G a d N G - G \Y
HMM p HEN M M M > M > M ; M ; M > M [ I I |

D D D D D D D D

Matrix:
( A 0 0.25 | 0.75 0 0.2 0.4 0 0
C 0 0 0 0 0 0 0 0

pi(@ {:i .. |
W 0 0 0 0 0 0 0 0
\ Y 0 0 0 0 0 0 0 0.2
[ | Mo | 0 0 0.25 0 0 0 0 0
P(X=>Y) ][5 ] o o [ o5 | 0 0 0 0 0
M—>D | 0.2 0 0 0 0 0 0 0
. | DD 0 1.0 o | 0 0 0 0 0
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HMMER




pkinase

LL UL L W e LUl L LLURL L " w " " AL "we w T RIGD TR0 0

Hitting Probability

Figure 2

Partial logo (positions 172-209) of the Pfam pkinase model. Positions with narrow match state stacks are likely to be deleted in
typical family members. The total width of a red-shaded (dark+light) stack visualizes the expected number of inserted letters.
The left dark-shaded part of the stack's width represents the probability that at least one letter is inserted. The difference is
illustrated by comparing |73 with |7, Both states have approximately the same expected contribution, but the hitting probabil-
ity of 1, is higher. The insertion stack height is zero for all shown examples because the emission probabilities correspond to
the background frequencies.

http://biotech.szbk.u-szeged.hu/bioinf/AT-hookHMM-Logo.htm
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Poutivec tou
HMMER

4 N
hmmbuild: Mpoypappa pe xprion Tou onoiou, Eekvwvtag ano
HLa apxkn TToAAQTA oTolxLlon, KATOoKEVUALETAL EVAL LLOVTEAO
HMM to omoio va tnv neplypadeL.

.

hmmalign: Mpdoypappa pe To omoio pa oepd akoAouBLwv ot
ormnoleg mpogpyovtal anod eva HMM, otowyilovtal o€ pLa
TIOAAQTTAL otoixion. H moAAamAn otolylon, EMITUYXAVETAL HECW
SLadoxLKwV oToLXloEWV TWV 0LKOAOUBLWV LLE TO HOVTENO.

J
4 )

U\

hmmsearch: Mpoypappa 1o onolo, mpayuatonolel avalnTtrnoEeLg
€VOG povtéAou HMM évavtl pLag faocng akoAouBLwv mpwieivwy.

)
S

-
>
phmmer: Mpdypappa 1o onoio npaypatonolel avalitnon pa
TMPWTEIVIKAG aAAnAouxiag évavtt pog Baong dedopévwy
npwteivwy (avaioyo e to BLASTP)

-

jackhmmer: Mpoypappa To onoio mpayuatonolel

EMAVAANTITLKEG avalnTrOELg Lo TIPWTEIVIKAG aAAnAouxioag
EvavTtl pLag faong dedopévwy mpwteivwv (avaAloyo pe to PSI-

U\

BLAST)
-
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Poutivec tou
HMMER

(‘hmmscan: MpOypapUa LE TO OTIOLO TPAYATOTIOLOUVTAL AvAlNTACELG LOC N TIEPLOCOTEPWY

To (610 anmotéAeopa. Av Sladépouy, eite ol akolouBieg site Ta poviéda, Tote Sivouv GAAo

\

akohouBLwv évavtl pag Baong dedopévwy amd poviéAa HMM. Mpémet va toviotel edw, OtL av
£XOUE UL akoAouBia kat éva HMM, ta Suo mapandvw poypappoTa eMoTpédouY akpLBWE

\an0té)\eoua, AOyw tou SladopeTikol TPOTTOU UTIOAOYLOUOU TNG OTATLOTLKAC ONUAVTIKOTNTOG. )

D

evoG pHMM, évavtl pag Baoncg akoAouBiwv DNA. (avaAoyo pe to BLASTN)

nhmmer: Mpoypoppa mou paypatonolel avalntnon piag akodouBiag DNA, plag otoixong n

\

N\
/
nhmmscan: Mpoypappa mou mpaypatonolel avalntnon piog akoAouBiag DNA évavtl pag
Baong debopévwv and DNA profile HMM.

AN

N
7

hmmconvert: Mpoypapua mou petatpenel LovtéAa HMM amo kal mpog tn popdr tou
HMMERS3.

AN

.
7

hmmemit: Mpdoypappa, pe to omolo ‘eknéumnetal’ n kaAUtepn (avaAoya UE TOV OPLOUO)
akohouBia n omola Ba unopouvos va mapayxBel amno to povtélo.

AN

G
/

hmmpress: Metatpénet pia faon dedopévwv HMM oe Suadikd kwdika yia to hmmscan.

AN

G
/

hmmstat: eixvel CUVOTTIKA OTATIOTIKA yia pa Baon Sedopévwv HMM.

-

AN
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[MAeovektnuata tou HMMER

* [Slaitepa eUKOAO, TOOO OTNV KATAOKEUN LOVTEAOU 00O KOl OE ATTAEC
aval{ntnoelc os Baoelc Sedopevwy

e Aplotn poBnuoatikn BepeAiwon tng otoiyxong, 6ev UTIAPXEL Kapio
avBaipeoia (Try TTOLWVEC yLoL TA KEVAL KATT)

e Me tnv €kdoon 3.0 mapexel kat dSuvatotnta ylo anevBeiag
avalntnon pac aAAnAovyiog o po Baon dedopevwv aAAnAouxLwv
LLE OpoLOo TPOTIO E To BLAST, PSI-BLAST (KataokeuAlel «OTOV QLEPOLY

eva LovtéAo HMM armo tnv aAAnAouxia emepwtnong KoL To
OVOVEWVEL PE TA amoTeEAEoATA TNE avalnTnong)

e TaxUTNTO TTOU CUYKPLVETOL TTAEOV UE auTr Tou BLAST
e EUKOAOG UTTOAOYLOUOC TNG OTATLOTLKAC onpavtkotntac (E-value)



HMMER vs BLAST

HMMER BLAST
Program PHMMER BIASTP
Query Single sequence
Target Sequence database
Database
Program HMMSCAN RPSBIAST
Query Single sequence
Target Profile HMM database, PSSM database,
Database e.g. Pfam e.g. CDD
Program HMM SEARCH PSI-BIAST
Query Profile HMM PSSM
Target Sequence database
Database
Program RACKHMMER PSI-BIAST
Query Single sequence
Target Sequence database
Database

S)

d (Mc!

spees

fraction of true positives

on shuffled target sequences
Man asaal a

NCBI BLASTP :

TIr-rTrmy

HMMER2

WO D000

SAM

T —
10 100 1000
query jength M (resicues)
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monoshuffled negatives
two homologous regions per positive
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Modified from: S. R. Eddy
PLoS Comp. Biol., 7:e1002195, 2011.
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speed (Mc/s)

on shuffled target sequences on real target sequences

10°4 A -
NCBI BLASTP

10° 4 i o

-] AL WU BLASTP [ -

10°4 10
] 00> FASTA :

102 4 o € B oo L1
| oS oepgomeref | HMER? ;

10 100 1000 10 100 1000
guery length M (residues) query length M (residues)

Eddy SR (2011) Accelerated Profile HMM Searches. PLoS Comput Biol 7(10):
e1002195. https://doi.org/10.1371/journal.pcbi.1002195
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MeBoboL
profile-profile
alighment
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2TIC peBodouc auteC
neplAappavovtal ot
neodoloylec mou
otowil{ouv peTaél TOUC
npodiA aAAnAouvxwwv n PSSM

e FFAS (Fold and Function Assignment
System)

e PROF _SIM
e COMPASS (comparison of multiple

protein alignments with assessment
of statistical significance)

e COMA (Comparison Of Multiple
Alignments)




Ta Keva E10ayovTal
gE OAOKANPN TN OTOXITN

ATCTCGAGA
ATC-CGAGA
ATGTCGAC-GA
ATGTCGACAGA ATGTCGACAGA

AUTO TO KEVO TTOPTUEVE

To Aeyouevo profile alignment, PeTpAEL TN OXETKA OUVELOHOPA OAWV TWV
aKoAoUBLWV TNG KABE oTolXloNG KAl TEALKA TPAYHATOTIOLEL TNV oToixlon AauBavovtag
urtoPn OAeg TG akoAouBiec. Ta padnuatikd tng nebodou eivat moAumAoka, aAld
HUrtopoUV va amAomolnBouv av BewprOoUPE, OTIWCE KoL TIOPATIAVW, TO KEVO oav £va
TEUNTo ocUPPoAO (-), omoTe Ba EXOULE KO YPOAUMLKA TIOWVH YLa T KEVA

ZSP(mi):ZZs(mij,mij')

i<’
Y S s Y S s )+ S s(mm)
I j<j'<n I n<j<j'<N I j<n,n<j'<N
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[eVIKQ

* € VEVIKEC YPOUMEC Ol LEBOOOL QUTEC
XpnotpomoLloUv mapaAlayec tou alyopiBuou
SUVOULKOU TIPOYPOLUMUOTLOMOU YLOL VOL OTOLXLOOUV UE
BEATLoTo TpOTO SUO MPOodIA

* OL SLadpopoTmoLlNoELg LeTaEU TouC evtoTi{ovTal
KUpLlwg

* 210 £€160¢ Tou TtpodiA (PSI-BLAST, PSSM, Weight Matrix)

* 2TOV TPOTIO Mov uUTtoAoyilouv to okop (Dot product,
Sum of Pairs etc)

* 2TOV TPOTIO UTTOAOYLOHOU TNC TTOLVAC YLa T KEVA
* 2TOV TPOTIO EVPEONC TNC OTATIOTIKAC CNUOVTLKOTNTOG
* 2TOV TPOTIO EVOWHATWONCS SouLKNC TTAnpodopiog



Scoring

e Sum of pairs

* Log-average

* Dot product

* Pearson Correlation

* Log-odds

* Information Theoretic
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2UYKPLOELC TwV OLadopwy score functions

* 'Exouv paypatonolnBel apKETEC CUYKPLTIKEC LEAETEC yLa TNV a&loAdynon
NG armodoTkOTNTAC TWV SLAPOPETLKWY CUVAPTACEWV.

* [evika n oluyKpLon elvat SUCKOAN yLaTL TPEMEeL va aéloAoynBel povo autn n
TIOPAUETPOC, OVEEAPTNTO ATIO TOL UTIOAOUTOL XOPAKTNPLOTIKA TwV HEBOSWV.

e Ta yevIKA cupmepaopato cuykAivouv oto OtL oL SladopEG elval ILKPECS, aAAd
oL ouvaptnioelc ou Baoilovtal ota log-odds kal tn Bewpia TNC
nAnpodopiag €xouv KAMwE kKaAutepn anodoon o€ oxeon He ta dot products,
average KA

Ohlson T, Wallner B, Elofsson A. Profile—profile methods provide improved
fold-recognition: A study of different profile—profile alignment methods. Proteins:
Structure, Function, and Bioinformatics. 2004 Oct 1;57(1):188-97.

Wang G, Dunbrack Jr RL. Scoring profile-to-profile sequence alignments. Protein
Science. 2004 Jun;13(6):1612-26.

Edgar RC, Sjolander K. A comparison of scoring functions for protein sequence
profile alignment. Bioinformatics. 2004 Feb 12;20(8):1301-8.



FFAS

KaBe neEBodoc otoixtong mpodih kabe mpodiA meplhapBavel t€coepa Brpata:
* (i) Tnv mpoetopaoia tng moAAAANC otoixlong akoAouBLwy,
* (ii) tnv kataokeun Tou TPOdIiA,
* (iii) Tnv otoixion tou mpodiA pe Ta mpodid aAAnAouxiwv amo tn Baon dedopévwy, 6mwe n PDB, kat
* (iv) Tn otatlotikn onuaoia tng Babuoloyiag eubBuypappLlong.

2tn HEBodo FFAS, n moAAarmAn otoixton aAANAOUXLWY KOTAOKEUALETOL XPNOLLOTIOLWVTAG TO
PSI-BLAST. MNpaypoatomnotovuvtal evte emavalnPelg pe avalntnon tou PSI-BLAST évavtL tng
Baonc 6ebopevwv NR85S twv mpwteivikwv aAAnAouxlwv. 2to deltepo BApa, OAEC oL
akoAouBieg mou evtoniotnkav amo 1o PSI-BLAST pe tiun E <0,005 xpnotpomnolouvtol yla thv
Kataokeun tou ipodiA. Ta Bapn amodibovtal oe aAAnAouvyiec BACEL TNC OUOLOTNTAC TOUC E
AaAAec aAAnAouyiec otnv MoAAATTAR oTolXlon

H T Tou okop tng oLYKPLonG HETaEL Twv B€cswv n kot m ota V0o podiA urtoAoyileTal wg
TO E0WTEPLKO YLVOUEVO TNG OTAANG N ATtO TO PWTO TPOdIA Kat TG oTtAn m amo to SeUTEPO
npodiA. META TNV EKXWPNON TLHWV 0 OAEC TIC O€0ELC, 0 mivakag Kavovikomoleitot. H
BEAtiotn otolyxlon umtoAoyiletal amnod évav aAyoplBpo dSuvapikol mpoypapaTIopNoU. ITo
teAeutaio Bripa, To KaBapod okop TN otoixtong petadpaletal oto TEALKO okop tou FFAS
OUYKPLVOVTAC TO UE TNV KATOVOUN TWV OKop Ttou Aapfavovtal yia (evyn pn oXeTWOUEVWY
NPWTelvwy. H tpéxouca €kboon Baciletal otnv (OLa TPOCEYYLON UE ULKPEC TPOTIOTIOLOELG
0TO cUoTNHA cUYKpLong tpodiA kat fabuoAoynonc.

Jaroszewski L, Rychlewski L, Li Z, Li W, Godzik A. FFASO3: a server for profile--
profile sequence alignments. Nucleic Acids Res. 2005 Jul 1;33(Web Server
issue):W284-8.



FFAS

Ye pLo. petayevéotepn dnuooigvon, n Stadktuakn epappoyr) EUMAOUTIOTNKE
oe Oladopa onueia. H Baon Oedouévwv ToOU XPNOLUOTIONONKE yLa Tov
UTTOAOYLOHO Twv TipodpiA eumAoutiotnke e TNV mpocObnkn Oonuoola
Gtaeémkwv HETayOVIOLWUATIKWY aAAnAouxiwv. To mpodiA tng mpwteivng mou
UTIOBAAAEL €vac XpNotng Mmopel MAEovV va ouykplBel pe Oldpopes PACELS
dedoUEVWY, OUUTEPINAUBAVOUEVWY OPKETWV TIAAPWG TPOCOLOPLOUEVWV
MPWTEOUATWY, AVOPWIIVWYV TIPWTEIVWYV TIOU EUTTAEKOVTOL OE YEVETLKEC
AOOEVELEG KOl SESOUEVWY UKPOBLAKWY TPy OVIWY LOAUGUATIKOTNTAG. H Ve
Stenadn xpr]oq)l\ortmsi €vo. oUOTNUA KAPTEAWVY, ETILTPETTOVTAC OTOV XPNOTh va
mAonyei og TOAAMAEG ogAideg Kal mepAAUBAVEL ETIONG VEEG AELTOUPYIE,
onwg eva dotplot graph viewer, epyoleio povtelomnoinong, BeATwWHEVO
TIPOYPOLLLOL OTITLKOTIOLNONG OTOLXLONC OOUWV Kal cUVOESHOUC O AAAEC BAOELC
dedopévwy. O dtakoutotic FFAS BeAtiotonoliBnke emiong ylo taxvutnta: ot
i(]pévm AELTOUPYLOC HEWONKOY KOTA pia Tadén peyéBouc. O Slakoutotnc FFAS,
ttp://ffas.godziklab.org, 6gv €xel amaitnon cuvdeonc XpnoTn, AV KoL UTIAPYEL
n ouvatotnta eyypadng Kal amobnkeuong TwV AMOTEAECHATWY OF
MEUOVWUEVOUG KATOAOYOUG TIOU TipooTaTEVOVTAL HE KwdLKO mpooBaong. O
nnyaio¢ kwdlkac kat T ekteAEoipa Linux yla to mpoypappo FFAS elval
StaBcotpa yio AP n ano to dtakoptotn FFAS.

Jaroszewski L, Li Z, Cai XH, Weber C, Godzik A. FFAS server: novel features and
applications. Nucleic Acids Res. 2011 Jul;39(Web Server issue):W38-44. doi:
10.1093/nar/gkr441.


http://ffas.godziklab.org/
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Figure 1. Examples of novel features of the FFAS server. (A) Dotplot graphs generated with the new FFAS tool. Left pancl: the dotplot graph of a
leucine-rich repeat region of the human NACHT protein compared to itself. Right panel: the dotplot graph visualizing similanty between C-terminal
parts of SusE and SusF proteins from Bacteroides thethaiotaomicron. Arrows indicate the estimated lengths of repeats in NACHT LRRs and the
lengths of repeated (homologous) domains in the alignment of SusE with Susk. (B) FFAS results are now linked to a database of structural
similaritics calculated with FATCAT. These links can be used to evaluate structural consistency of FFAS results. In this example, the fact that two
different folds are aligned with the same query (Prophage tail fibre N-terminal domain) is explained by a list of structural neighbors that shows that a
Prealbumin-like fold (b.3 code in SCOP) and an Immunoglobulin-like beta-sandwich (b.1 code in SCOP) are structurally similar despite being
classified as separate folds. (C) 3D alignment viewer allows quick inspection of the alignment as “projected’ on a template structure (labeling of
residues in a Jmol viewer is synchronized with alignment labeling).
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Figure 1. The overview of FFAS pages.



PROF_SIM

To PROF_SIM eivat pla amo tig mo naAlec pebodouc. H peBodoc ouykpivel
SUo mpodiA ewwddou (O6Mwe avtd mou mapayovtal and to PSI-BLAST) kat
arodibel €va. okop opolotNTAC Yyl va ofLOAOYNOEL TNV OTATLOTIKA TOUG
opototnta. H pEBodoc ouykplong mpodil-mpodiA, n omola €MITPEMEL TNV
glooywyn Kevwyv, UMopel va xpnowuomolnBel yla tnv aviyveuon HAKPWWV
OMOLOTATWV UETOEL TWV OLKOyeVELWV TiPpwTeivwy. Exel emiong BeAtiotomnolnBel
ylo. val TtopAyeL otolyioelg mou eival og oAU KaAnl cupdwvio PE TG OOULKEC
otolxloelc. Aoklpec €6etéav OTL oL otolxioelc mpodid-mpodih oxetilovral
NMPAYUOTL O HeEYAAO PaBud peE TIC OMOLOTNTEC HETAEU TWV OTOLXELWV
devutepotayouc dounc Kol Tne tpttotayouc dounc. Atlodoynoelg €6etéav OtL N
HEB0SOC €lval onUAVTKA TILO gvaoONTN oTNV OVIXVELON ATIOUOKPUCUEVWY
opoAoywwv amo Tt dnuodlAnl mpoypappata avalntnong PSI-BLAST «kau
IMPALA. H oxetikn} BeAtiwon eivat tng dtag ta&nc peyéBoug pe tn BeAtiwon
Tou erituyxavel to PSI-BLAST é€vavtt tou amAou BLAST. To PROF_SIM cuyva
EVTOTIL(EL OHOLOTNTEC TTOU eumimtouv ot {wvn Tou AUKOPwWTOC (<30%)

Yona G, Levitt M. Within the twilight zone: a sensitive profile-profile comparison tool
based on information theory. J Mol Biol. 2002 Feb 1;315(5):1257-75.



PROF_SIM

H ouUykplon mpodil-mpodil ekteAeital Xpnolpomowwvtag alyoplopo
SuvapLkol TIPOYPALUATIONOU Kol N otoixton Aappavel €va okop Tou
OVTLOTOLXEL 0 TOTIOELS, ELoaywyEC Kat amaloldEc, pe Tov idlo tpomo
nmou uttoAoyiletal otnv mepimtwon amAng otoixtong aAAnAouytwv. Ot
Sladopec evrtormidoviol OTOV TPOMO HE TOV OMoilo  yilvetal n
BaBpovounon Kol 0 UTTOAOYLOMOG TOU OKOop. € aviiBeon pe tnv amin
ouykplon aAAnAouvyxiac-aAAnAouyiacg, OmMou €voc TIVOKOC OMOLOTNTOC
onw¢ o BLOSUMG62 O&ivet tn to oKop vyl Oladopetikd {evyn
OTOLXIOUEVWV OUWOEEWY, N oULykplon Tipodid-mpodpilh elval TLo
nepumAokn. O mupnvog tn¢ dtadkaolag ivol 0 OpLOUOC TWV OKOP
OHLOLOTNTOC PodiA (profile
similarity scores) kal oL TIAPAETPOL TIOU XPNOLUOTIOLOUVTAL YLO. TOV
TTOOOTLKO TIPOCTOLOPLOUO AUTOU TOU UETPOU OLLOLOTNTOC.
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Table 2. Performance evaluation results

Number of relationships with E-value<0.1 detected by:

Relationship-type Gapped-BLAST IMPALA PSI-BLAST prof_sim

Same superfamily 116 115 146 166
(true relationship)

Same fold 0 0 3 1
(“possible” relationship)

Same class 18 14 17 14
(“possible” relationship)

Different class 31 20 31 21
(“suspicious” relationship)

Alpha < Beta 1 1 1 0
(“error” relationship)

Total (with E-value < 0.1) 166 150 198 202
Crm mmalh smathad fha scsselhas A bean ssmssdlhla csscesisicsss amd cssscs salabasclhiee thal awe dabackad srdbla T sralaas = M1 26 wseombac]

Table 3. Performance evaluation results

Number of relationships detected by:

Relationship-type Gapped-BLAST IMPALA PSI-BLAST prof_sim Structal

Same superfamily 116 120 146 173 355
(true relationship)

Same fold 0 0 2 1 45
(“possible” relationship)

Same class 18 21 17 18 5
(“possible” relationship)

Different class 31 28 30 30 0
(“suspicious”’ relationship)

Alpha < Beta 1 1 1 1 0
(“error” relationship)

Total 166 170 196 223 405

E-value 0.1 0.14 0.1 0.14 4.93e-(07

ROC area 5155 5322 (3.3%) 6335 (23 %) 7266 (41 %) 13667 (165 %)

For each method, we report the number of true, possible, suspicious and error relationships that are detected until 50 false connec-
tions occur (a false connection is everything but a true relationship). Also given are the E-value at which the 50th error occurs, and
the area under the ROC plot, with the relative improvement with respect to BLAST in parentheses. The last column lists the number
of relationships that are detected with Structal.
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Figure 6. ROC50 curves. A true positive is defined as
a connection between families within the same super-
family. Note that the relative improvement of prof_sim
with respect to PSI-BLAST is comparable to the relative
improvement of PSI-BLAST with respect to BLAST (see
also Table 3).



COMPASS

To COMPASS (comparison of muItipIe protein alignments with
assessment of statistical significance) eivau Hla OAAN ToALd aAAA
L(SLoutepa omocSorLKr] neBodoc. H nebodoc mapayet OLplep.r]TlKOL Ttpocbt)\
amo TI( OTOLXLOELG, KaraoKeuaZSL TLG Bs)\uoteq romKeq OTOLXLOELG
NPOdIA- npocbt)\ KOl EKTLUAL pe AVAAUTIKO TpOoTo TI¢ TIneEC E (E-values)
ylo TLG aVvaeuotueq opoLlOTNTEC. To ouornua Baeuovounonq KOL O
UTIOAOYLOMLOG TNG TIMAC E BaoLZovraL O€ HLa YEVIKEUON TNG npooevvtonq
PSI-BLAST vy 1n ouvaLcsr] Ttpocbt)\ akoAouBiag, n  omolia
NMPOCAPUOLETAL Yyl TNV nepmrwon otoixlong Ttpodn)\ npodiA. Otav
ouykpilOnke pe TIC uTtapxouoec peBOOouc ouykplong TPOdIA-
akoAouBiac (PSI- BLAST) Kot Ttpodil-ripodiA (prof sim), to COMPASS
gbele auﬁnueveq LKOLVOTNTEC yla evaiocOntn Ko em)\eKuKn OLVLXVSUOI’]
anouaKpuouevwv OUOAOYWV, Kaewq Kol BEATIWHEVN T[OLOTT]TOL TOTUKWV
otolyloswv. H ueeoéoq ET[LTpET[EL TNV NPoPAePn twv oxeoewv uera&u
TWV OLKOYEVELWV TIPWTEIVWV otn Paon dedopévwv PFAM meEpa armo to
gVUPOC TWV CUUPATIKWY HEBOSWV.

Sadreyev R, Grishin N. COMPASS: a tool for comparison of multiple protein
alignments with assessment of statistical significance. ] Mol Biol. 2003 Feb
7;326(1):317-36.



Given the effective counts (N) and target frequencies
(Q) for every amino acid i the columns from the two
compared profiles, two terms are calculated:

20 QE 20 Ql
Si=» Nlm=L; $ =) N!l=t
i=1 pi i—1 Pi

where p; are the background frequencies of the amino
acids in the database.

51 1s a log-odds ratio corresponding to the probability of
column 1 to occur given the target frequencies of column
2. 57 15 a log-odds ratio corresponding to the probability of
column 2 to occur given the target frequencies of column
1. The two terms S and S, are mixed with weights ¢; and
3 to yield a final substitution score for the given columns
1 and 2:

S1,2 = €151 + €257

We tested two weighting vanants for ¢y and c3:

€y = 1'211 Nfz —1
20 1 20 2
Zf=1Nz' +Zi=l Ny =12
1'211 Nfl —1
C2

N E?l:——.l Nfl + Zfil st -2
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gnments was assessed by six parameters for four different alignment methods (pairwise sequence alignment using
BLOSUMG62 matrix and Smith-Waterman algorithm, profile—sequence alignment using PSI-BLAST, profile—profile
alignments using prof_sim and COMPASS). As a reference, DALI structural alignments from the FSSF database were
used. Q.. corresponds to the portion of the length of the structural alignment that was covered by the sequence align-
ment, regardless of the actual accuracy. Qjoey and Qi correspond to the accuracy of the local prediction for only the
regions that are included in the evaluated alignment. Q,ueier Queveloper AN Quumbines are previously suggested measures
of integral accuracy of the alignment from the modeler’s, developer’s and combined points of view (see the text for



COMA

H unéBodoc €xel GELpd amnd  vea XOLpOLKTr]pLGTLKOL
ou unept)\auﬁavouevwv TWV TIOWVWV Yyl TaL KEVA TIOU s&aptwvrat ano
N B€on Kkat evoq OUOTHUOTOG OALKOU okop. Ot TIOLWVEC YLOL T KEVA TTIOU
e&aptwvrm amno TN Geor] TIAPEXOUV EVOV TILO BLo)\ovu«uq Ao deKTO
TPOTO  yla TN OTOLXLOI’] OLKOYEVELWV npwrswwv w¢ TPodiA
aAAnAouxlwv. To ouomua OALKOU OKOp emtpena uLa ava)\UtLKn AUon
TWV OTATLOTIKWV napauerpwv TIOU OTalltouVvTal ylol TNV €KTIHNON ™G
OTOTLOTIKAC cnuavukomtaq Twv opolotAtwyv mpodiA-npodpid. H veéa
nEBodoc, pall pe aAAec ouyxpovec pebodouc (HHsearch, COMPASS kot
PSI-BLAST), peAetOnke o€ pLor CUYKPLTIKA a&loAoynon evog SUoKoAou
ouvolou Oebopévwv tng SCOP pe moAU 10 20% TOwTOTNTA
aAAnAouyioc. Ta amoteAéopata tng afloAoynong £6eav OTL o€
entinedo TopEWV TPwTEIiVWY N HEB0SOC cuyKpilveTal EUVOIKA UE OAEC
TLIC AAAeC SoklpaopEveg pebodouc.

e http://www.bti.vu.lt/en/departments/department-of-
bioinformatics/software/coma

Margelevicius, M. and C. Venclovas (2010). "Detection of distant evolutionary
relationships between protein families using theory of sequence profile-
profile comparison." BMC Bioinformatics 11(1): 89.


http://www.bti.vu.lt/en/departments/department-of-bioinformatics/software/coma
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HMM-HMM
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/H katnyopla mepthapBavet
TLC TILO €EEALYUEVEC
neodouc mou
XPNOLOTIOLOUV £L6LIKOUC
aAyoplOpouc yua va

Kotmxioouv oAOKAnpa HMIVI/

e COACH (Comparison of Alignments
by Constructing Hidden Markov
Models)

e PRC/webPRC (Profile Comparer)

e HHsearch
e AlignHUSH



COACH

To COACH eivat pat amo T mpwteg mpoonabeleg yia otoixton profile-
profile péow twv HMM. Ta apxLlkd ripogpyovtal ano to Comparison of
Alignments by Constructing Hidden Markov Models. To COACH
ETUTUYXAVEL TN otoixton O6Uo TOoAAOMAWV OTolloEwv HE TO va
dnuwovpyel eva profile HMM amod tn pila ek twv Vo kal va otouyilel
OAec TI¢ aAAnAouxiec tng AAAnG otoixlong €vavtt avtov tou HMM. H
otoilxlon autn opwc, dev yivetal yia kaBe aAAnAovyia Eexwplota aAld
ylo OAn tn otoixton padl, avtn sivol n Baowkn dtadopd amo ta amAd
HMM.

To COACH otav ocuykpilvetal €vavil TwV HEBOSwWV NS tponyoUEVNC
yeviag, dSnAadn tou PROF_SIM kat tou COMPASS pe dedopéva tng FSSP
database, eilval wkavo Katd HECO OPO VO KOTOOKEUALEL KOAUTEPEC
OTOLXLOELC HE ULKPOTEPA TTOCOOTA OPAAUATOC.

www.drive5.com/lobster

Edgar RC, Sjolander K. COACH: profile-profile alignment of protein families
using hidden Markov models. Bioinformatics. 2004 May 22;20(8):1309-18


http://www.drive5.com/lobster
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* Ocwpel 2 HMM, to Template (T) kat to ~ L
Input (A), KoL Ta AVTILETWTTL(EL H
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webPRC

To Profile Comparer (PRC) eival €va epyaleio mou cuykpivet SUo HMMs mou
NEPLYPADPOUV TIPWTEIVIKEC OLKOYEVELEC. To Umopel va SlaBdoel povtéAa Tou
dnuwovpyndnkav amd to SAM kat to HMMER, kaBwc kat checkpoint files
evélapeoa apyeia) amnod to PSI-BLAST. To PRC xpnotuomnoleitat ano tig BAcELS
gbopevwv CATH kat Pfam. KaBwcg to PRC elval €va epyaleio ocuykplong
npodi\, avadepel povo T otolxioelg tov mpodpih HMM kot dev mapadyet
MOAAQTMAEC  oTolioelc akolouBwwv. Emiong, eivat Odwabgowo kal o€
Stadiktvakn edappoyn, wc webPRC server, o omoio¢ kaBlotd €UKOAn TNV
avalnTnon  OTOUAKPUOUEVWY  OUOAOYWV ) TIOPOHUOLWV_  OTOLXIOEWV Of
dladopeg Baoelg deoopevwy. EMUTAEOV, MAPEXEL TA ATIOTEAEOUATA TOOO WG
TIOAQTTAEC oTOoL(LlOELC akoAoUBLWY 000 Kal w¢ otolxlopeva HMM. EmumA€oy, o
XPNOTNG MIOPEL val S€L TOV OXOMAOHUO TwV TEPLOXWYV, VA OELOAOYNOEL Ta
arnoteAéopata tou PRC pe tov enetepyaotn moAAamAwy otolxloewyv Jalview
KaL vo dnuoupyrjoetl Aoyotuna oro ta otoltopéva HMM 1 TIG OTOLLOMEVEG
NMoAAaAeC oTolxloels. Etol, o SlakoplotAc autoc Bonba otnv avixveuon
QTIOLOKPUOUEVWY OHOAOYWV KoBwE Kal otnv afloAoynon Kol tn Xprion twv
anoteAsopatwyv. H Oiemadpry webPRC eivat dtaBcowun otn oOlevBuvon
http://www.ibi.vu.nl/programs/prcwww/.

Madera M. Profile Comparer: a program for scoring and aligning profile hidden Markov
models. Bioinformatics. 2008 Nov 15;24(22):2630-1. doi: 10.1093/bioinformatics/btn504.

Brandt BW, Heringa J. webPRC: the Profile Comparer for alignment-based searching of
public domain databases. Nucleic Acids Res. 2009 Jul;37(Web Server issue):W48-52. doi:
10.1093/nar/gkp279.


http://www.ibi.vu.nl/programs/prcwww/

MeBoboc

P (o|HMM1)P (o |[HMM?2)
P (o |null) '

. YT[O}\OV'LZEL 3 0KOpP, Sco-em, Ssimple, Srev. Sco-em (1.2) --lﬂbz

* To Ssimple, elvall OpoLo aAAA uTtoAoyileTol LOVO OE TIEPLOXEG
Gr] uaVTlan OHOLOTHTQC, va TO Srev: s‘rﬂ “ 2} Tmnlr;-."e“ ]l ump."e [.I"'IE’"I- 1 _.}.

where the reverse HMM is defined as follows:

for every o, P(o|revHMM) = P (reva |[HMM).

* TeAkad, n otoixton HMM-HMM yivetal pe tov alyoptBuo Viterbi
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webPRC: The Profile Comparer with domain databases

Mail me if you are interested in this server with up-to-date CDD and Pfam models.

€ Paste in your alignment: | example

mEmmm @y
CmITX=pmr

aoarroTeg

EL YNy o

The Profile Comparer (PRC, Martin Madera) is a program for aligning and scoring profile hidden Markov models.
Here, you can input your guery alignment and run PRC against profile HMM libraries of domain databases. Your

input alignment can be in (aligned) FASTA, ClustalWW, Stockholm, SELEX or GCG MSF format. Using webPRC
you can identify and evaluate similar alignments in Pfam, CATH, NCBI's Conserved Domain Database (CDD)  or upload your alignment:
TIGRFAMs and SUPERFAMILY, both in HMM and alignment space. Additionally, you can produce logos, and view

. X ) ; Browse... | Mo file selected.
or download the multiple sequence alignments corresponding to the hits.

€) Database:
D tation: introduction to the PRC web includi le output. Yi | th
ocumeniatiion: introgauction o e we Semer, Inciuding example ouipu oU can also rerun e |Pfﬂ|"l"| 35.0 - Mar 2011 [122?3 proﬂles} v|
example.
) PSI-BLAST options: lterations:
References: .
Brandt BW. and Heringa J. (2009) webPRC: webPRC: the Profile Comparer for alignment-based searching of public E-value:  [0.0005

domain databases. Nucleic Acids Research 37:W48-W52. Filters:

Madera M. PRC, the Profile Comparer (we use version 1.5.5 August 2008).

) PRC options: E-value:
Madera M. (2008) Profile Comparer. a program for scoring and aligning profile hidden Markov models. Bioinformatics

24:2630-2631. o T
Visualization: Match-match scoring:
Databases: Mode: local-local

€ Other options: Make logos: ® Mo O Yes
Use —hand: ® no O Yes
Mumber of hits in graphic: 25 v

€3 E-mail address (optional):

Run FRC Reset



& Graph in HMM space ¢ Graph in alignment space

Color key for alignment scores
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query E:ntnini ggihlalt {401 Eggltinnsl

o

i) 100 200 300
WHS :2-134 GAT :197-259
ENTH:2-111
ANTH:2-91
PRC hit table

Download: PRC scores file and PRC alignments file.
PSIBLAST: results and generated alignment.

Results of search against Pfam 23.0 - July 2008 (10340 profiles):

hit (hem2) description

co-emis simple reverse E-value

VHS VHS domain: Domain present in VPS-27. Hrs and STAM. 115.8| 115.5 99.3(4.Te-44
GAT GAT domain: The GAT domain is responsible for bindi... == 74.9| 74.7 56.9(8.4e-24
EMTH ENTH domain: The ENTH (Epsin N-terminal homolegy) d... == 30.0, 28.9 16.2| 0.00022
ANMTH ANTH domain: AF1BO is an endocytotic accessory prot... == 5.3 23.4 13.0| 0.0072

Figure 1. An example of the webPR.C domain graphic and hit table section for GGA1l_HUMAN run against Pfam (after running PSI-BLAST). The
graph can be viewed in HMM or alignment space and the hits are hyperlinked to the alignments. The PRC hit table provides links to the original
PRC and PSI-BLAST output and shows a table with annotated hits, including the name and, after clicking on “==", the description from the domain
database. The hits are hyperlinked to the source database and F-values are hyperlinked to the alignments. Co-emission, simple and reverse scores are

calculated by PRC [cf. (12)]. The E-value is calculated from the reverse score.




>Hit (#1): VHS Show description View alignment View HMM-Logo View TS-Logo Download
Length=153

Score = 99.3, Expect = 4.7e-44
Match = 133/149 (89%), Insert = 2/149 (1%), Delete = 14/149 (9%)

Query 2 MMMMMMMMMMMMMMMMMM ~ ~MMMMMMMMMMMMMMM -~ ~ ~MMMMMMMMMMMMMMMMM -~ MMMM S5
Sbjct 5 MMMMMMMMMMMMMMMMMMDDMMMMMMMMMMMMMMMDO DMMMMMMMMMMMMMMMMMDMMMM 64

Query S6 MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMT MMMMMM -~ ~MMMMMMMMMMM 112
Sbjct 65 MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMDDMMMMMMMMMMM 124

Query 113 MMMMM-~~ ~~~~T MMMMMMMMMMMMMMMMM 134
Sbjct 125 MMMMMDDODODMMMMMMMMMMMMMMMMMM 153
Aligned alignments:
QUERY 8 ETLE. ARINR. . ATNPLN. KEL~~DWASINGFCEQLNED~~: ~F,EG. PPLATRLLAHKI SS
Consensus 12 TPLGFQRIEKk1ATDPSL1QSE~~DWALNMEI CDI INET~~: ~EQEGaPKDAVRALKKRI 65
+H++ e + +
Consensus 5 SPLE:RLIDK: : ATDPSL : PEEDEDWSLILDICDLINEKIYKQG: AG: PKEAVRAIKKRI 58
HGS_HUMAN 7 T-FE:RLLDK: : ATSQLL : LET- - DWESILQICDLIRQG- - . -D: TQ: AKYAVNSIKKKV 53
QUERY S6 ciisQvveSeo P QENER: o7 ovn L0 K coivvaiisavaaamefcimoneies 67
Consensus 66 hnvQqngSnagPgNENEAt LahsarrhMqLA: Ltvrrgeatrqrrscfqkrtirpppcdd 124
+ o+ + + +
Consensus  S9 pasNs s oSN sKK:NPHVAz s 21 ssstblisLASLezasasespseszasesasssasaass 72
HGS_HUMAN 54 pasNs 2 eD-t e KeNPHYA s e e tlsYALLssesesasatteaneaanesssntes 65

Figure 2. An example alignment showing hit number (1), links, PRC alignment and aligned alignments (truncated). The original PRC HMM
alignment is formatted in a BLAST-like style and now includes the counts and percentages of the Match, Insert and Delete states (M-M, M-I, D—~
pairs, respectively). The aligned alignments view shows the PRC result in multiple sequence alignment space and includes the first sequence of the
query and hit alignment as well as their consensus sequences. The alignments are separated by a mid-line that indicates the PRC match states (M)
with a * +°. Gaps present in the seed alignments are indicated by *°, gaps introduced by PRC by ‘~’ and positions corresponding to columns missing
from the HMM by ‘. The entire (aligned) alignments can be viewed with Jalview or downloaded by clicking on ‘View alignment’ or ‘Download’,
respectively.



HHsearch

To HHsearch Atav n no onpavtikn pEBodog tng mpwtng
bekaetiag tou 2000 AOYyw TOU OTL YEVIKEUOE e EVKOAO Kol
arnodoTLko Tporo tnv otoiyton HMM-HMM. H ugbobog
Oswpel 2 povteAa, To g KaL TO p KAl UTTOAOYIEL TNV
rubavotnta pa aAAnAouxia x va mapayetoL Tout Oxpova Kall
arno ta 2. Xpnowornolei 1o “log-sum-of-odds score” Kat
TIEPLEXEL TLG KATAAANAEG TPOTOTIOLOELG 0TOUG aAyopibpoug
SUVOHULKOU TIPOYPOLUUATLOMOU £TOL WOTE VAL ETILTUYXOVETOLL

a0 0TLKA O UTTOAOYLOUOC TWV TUTILKWV TTIOPOUETPWY OE Eval
HMM.

To HHsearch aéloAoynBnke amevavtl oto BLAST, to PSIBLAST,
to HMMER kau tig profile—profile pebodoug PROF SIM ko
COMPASS, o€ pio ouykplon 3691 MPWTEVIKWY TIEPLOXWV ATIO

g Baon SCOP 1.63 LLE OpOLOTNTA HLKPOTEPN TOU20% Kot
£6WOE eEVIUIWOLaKA arnoteAeopata. Mexpt ofpepa Bswpeital
lowc n kaAUTtepn pEBodoC autoL Tou idouc.

Soding, J. (2005) Protein homology detection by HMM—-HMM comparison
Bioinformatics 21, 951-960.



HHsearch

H mpwtotumn W6€a otnv onoia Baciotnke to HHsearch Atav otl
ETIXELPNOE VA XPNOLUOTIOLROEL ArtoSoTIKA TN otoixton HMM-
HMM. Apxlkd €6woav ToV HaBnUATIKO TUTIO YLa TOV UTTOAOYLOUO
Tou log-odd scores mou amattouvtoal oo tov alyoplOuo Viterbi.
To score amo tn otoixton 2 otnAwv 2 dtadopetikwv HMMs (g, t)

eiva: o 4i(@)t;(a)
S (g.t)=lo i\l
aa (qr _;) g2 ; f»(a)

Me auTO To score, n kKaAutepn otoixton 2 HMMs Sivetat amod tn
peylotornoinon tou log-sum-odds score:

i P(xy...... ¥z |co-emission on path) C\
Siso = log Z | s : Mi

P(xi,..... vz |Null)

X yeresXL

kX, Y, =MM

S50 = Z Sea (%m > f_,f(g—}) +log P, C\
IM

Me auto To cuotnua o aAyoplBuocg Viterbi pmopel va
xpnotpornotnBei. Na Adyoucg anAotntog to HHsearch 5
KOTOLOTAOELC TOUTLONG UE TLC avTioTol e TBavotnteg petafaong,
£TOL 0 SUVAULKOG TIPOYPOUMATIOMOG €lxe 5 StadopeTikoUg
TIVOKEC.

B

DG

GD
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Find path through two HMMs that
maximizes co-emission probability

HMM ¢ M b= M | M

z
z
=
=

D D D D D D D

State g M M M M M D M
State p M M I M M - M
%‘ I I I @

HMM p M = M M —{ M » M
D D D D D

J

Include Null model => maximize “log-sum-of-odds score’

Soéding, J. (2005) Protein homology detection by HMM-HMM comparison
Bioinformatics 21, 951-960.



ErtutAcov

AUO AAAoL NTav oL KUPLOL TIAPAYOVTEG Ttou eTtnpedlouv to okop tou HHsearch:

1) okop cuoxetong: Baoiletal otnv LOEa OTL dv dUO MPWTEivEG elval
OHOAOYEC TOTE OTaV oToLXLBoUV oL OTHAEC Ue peyaAo okop (ocuvtripnon) Ba
TPETIEL VAL CUYKEVTPpWVOVTOL pall. AUTO onuaivel 0Tl 600 uPnAoTEPO AUTO TO
OKOpP, TOOO TtLO OMOLEC £ival ol aAAnAouxiec. AUTO TO OKOp UTOPEL AAQ vat
NPOoOoTEDEL 0TO «TEAKO OKOpP KAAUTEPNC oTOLXLONC» ATtO TOV aAyopLlBuo Viterbi.

2) Katd tnv otoixton twv 6Vo otnAwv Twv dVo HMMs, ta otoleia
devutepotayouc Sounc (SS) PaBuoAoyouvTal XpNOLLOTIOLWVTOC OKOP Ta omoia
AapBavouv umoygn Tic TIHEC epmotoolvnG Twv MPoBAEPewv deutepotayolq
dounc. HHsearch rapéxetl SUo katnyoplec okop yLa cUyKpLon deutepotayouC
SOUNAC: a)- MPOYVWOELG EVAVTL TIPOYVWOEWV, Kal ) TpoyvwoeLg EvavTl
yvwoTtnc Sopnc. To SeUTeEPO XPNOLUMOTIOLELTAL KUPLWCE KaTA TNV IMPOPAedn TNG
Tplodldotatng Sounc. AUTEC oL TpooBrKec MpooTiBevToal 0To OKOp TOU
aAyoplBpuov Viterbi.



HMM-HMM comparison improves upon
profile-profile comparison
All-against-all benchmark on SCOP (20% seq. id.)
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The HHpred input page

Bioinformatics Toolkit
Max-Planck-Institut
fiir Entwicklungsbiologie

ATV . & =
¢ m Sequence analysis 2ary structure | 3ary structure Classification m

Mucleotide BELAST Protein BLAST PSI-BLAST HMMAccel | HHpred | HHsenser Pattern Search

HHpred - Homology detection & structure prediction by HMM-HMM comparison

Input

Paste sequence or multiple alignment
in FASTA, CLUSTAL, Stockholm, A3M

1. Paste ScbA sequence

WRLRVDTEHPTLFQRPND
/REGPAAGLTTVRVTGHODGSLVFLTTLEGPAFEG u

or upload a local file I Browse...

Selectinput format @ Fasta € clustal € Stockhom ¢ A3M

2. Select database

Search options

Select HMM databases
{Use Ctr-key to select several)

Resetfomn | | submitjof® 3. Submit JO b

All input

parameters Max. PSI-BLAST iterations
are linked to E-value threshold for PSI-BLAST
- Min. coverage of PSI-BLAST hits
eXp I an atl O n S Min. sequence identity of PS"BLA’;;ST hits
O n h e | p Score secondary struclturi [7
pages et @l € g ScbA from Steptomyces is

Output options

T — involved in regulating the onset
e e of antibiotics production, but its

Min. probability in hitlist 20 %
Max. number of hits in hitlist 100 f 1 1 k
\ S & unction Is unknown
Job Options
Job-1D 90463

Send notification to {optional)

About HHpred

Download HHsearch Software

HHpred performance in CAFASP4

Send feedback or send email to get notified of HHpred/HHsearch updates

v v owvw



Search results: alignment view

Create 3D model

Submit new Submit with same parameters Resubmit query HMM Resubmit using HHsenser Realign

[Results || Create Model || Align Query to T || show Query Al || Export |
Color alignments  coloronlySs ¢ coloralignments @ colofaligniiients
T T T T T T T I T I T T T T T T T T T ] T T T T T T T T T T
100 200
Statistical
View t lat significance
lew emp ate Query: ScbA protein [Streptomyces coelico Length=314, Nseqs=10) Alignment: local
structure
No Wit _ _ _ _ _ . — . Brob F-yalue|P-value Score _S$ Cols Query HiM _Template Himi
i ] 1 1z6b_A Pffabz, fatty acid synt] 77.6 0.28 |2.7E-05 25,1 9.0 94 215-308 44-149 (154)
View template 2 1cBu_A Acyl-COA thioesterase I| 73.3  0.484.7E-05 23.9 8.6 75 232-308  32-106 (285)
. 1iq6_A (R)-hydratase, (R)-spec| 55.4 4,9 )0.00047 18.7 8.8 76 233-308 53-130 (134) |
allgnment 1ulz A (3R)-hydroxymyristoyl-[| 53.8 3.3/0.00032 19.6 7.6 92 215-307  56-159 (168) |
oc_A Hypothetical protein PAJ| 53.0 1.6)0.00016 21.2 5.8 73 236-308 67-141 (147)
a A Beta-hydroxydecanoyl thf d0.1 _ 1.4locols 21,6 2.7 32 215246 _ 57-9 U7 |
A Hypothetical protein HI| 30.TI 72| 0,003 139 8.0 71 236-308 h 50-132 1138
VieW alignments P15, hypothetical prote| 29.8 so| 0.0048 13.5 8.3 71 236-308 61-134 (149)
R Hypothetical acetyltran| 27.7 29| 0.0028 14.7 6.7 50 116-165 100-152 (155)
as hlstograms pothetical protein YD| 27.3 48| 0,0047 13.6 7.7 71 236-308 \61-134 (148)
protein, phenylace| 25.2 53| 0.0051 13.4 7.4 70 236-308 44-113 (136)
mine oxidase regul| 24.1 32| 0.0031 14.5 6.0 76 233-308 6-152 (161)
TGF-beta signalif 22.3 3.8 0. 00037 19.3 0.8 17 261-277 1’3-199 (227)
umor suppressorf 21.7 3.9)0.00037 19.3 0.7 17 261-277 192-208 (234)
pothet§cal protein PH| 21.6 1E+02 | 0.0098 11.9 7.9 80 228-308 4}-120 (131)
. s L3 1 protein PA| 20.2 1.2E+02 0.011 11.6 7.9 71 236-308 5%-127 (133)
Predicted 2nd ary & ; B-shket sandwich| 20.2 4.7|0.00046 18.8 0.7 17 261-277 226-‘242 (268)

structure (quer - o
(q y) n EDbE a6 Motk Pupled \
6b_A Pffabz, fatty acid synthesis protein; malaria, beta-hydroxyacyl-ACP dehydratase, fa\ty acid
1 esis, SAD phasing; {Plasmodium falciparum} (2.09 0.174 0.222)
Quer(ySS%qu;ence B E-value=0.28 Score=25.14 Aligned_columns=94 Identities=21% “
C . ' .
EEEEECCCCEEEEC- CCC- FCCHHHHHHHHRHHHC]- - - - - - - CCCCCCCEEE,CCCCCEEEEECCCCCE%EEEECCCC
89862678555417 - 776- }307888889865100- - - - - - - 13888662221 00000213231 689757597302247
Q C 215 qLRvdt-Hj LFdh-EuD- HVPGM LLEM!!g:AC e PtSIG f Eldsg(.\/I ‘: e gg: :gi::
H onsensus qLRvdt ~Hpv -p-D- vLLEaaRQAa~ <Pt ~mfory~Elds FA~~~~mp
Match quality RPN Doviy I YOS PYTEpT R -
T Consensus 44 -k-Vt-ne-ff-gHFp--PImPGvl-iEamaQ-a-yL - - 123 (154)
T 126b_A 44 EHQUsTNEPRRENGHEPOHC QIEALAQLAGHLCLESBBSOHINN GBTETHO 123 (154)
. ’T}M/' EEECCTTSGGGGTSCTTSCECCHHHHHHHHHHHHHHHHHHHC - E e
Template sequence: ss_pred EEEECCCCCEECCCCCCCCEEEHHHHHHHHHHHHHHHHHHCCCCCCCC CEEECCCCCCCCEEEEEEREEEEE
T ss_conf 998468883421 6688985811 75878999999848641 2776667227787740425623227886899999398751
(from database)
g CC- CCEEEEEEECCCCCEEEEE - EEC \
nd’ 88-85079998313891 79999 - 864 : : \
Actual 2 arly 285 AA-GETTHEVTGHOBG 308 (314) Interes“ng region
285 ~~-g--t-rVtghQ---- 308 (314) : Fnilar
structure (template) G-t VEghD of high similarity |
T Consensus 124 ~~~g--k~~g~a-vdg-~ -1~ 149 (154)
. & T 1z6b_A 124 ssEGTARESGYGRUNGEWENTSERT 149 (154) \
Predi nd’gr T ss_dssp TTTTEEEEEEEEEET TEEEEEEEEEE . . .
edicted 2""ary T 2epred CCccEeeeEEEEEEC Six best hits belong to a superfamily
structure (template) T ss_conf 46858999999998997899853158

of enzymes from the fatty acid
synthesis pathway!

48830


http://protevo.eb.tuebingen.mpg.de/toolkit/index.php?view=hhpred_results&id=48830&

Histogram view

Submit new job Submit with same parameters Resubmit query HMM Resubmit using HHsenser Realign
[ Results H Histograms H Create Model || Align Query to Templates H Show Query Ali H Export ]
L e Ly B S B S S S S B B S B B S B S SR N S R S E—
100 200 300
S T

FabA—
FabZ - s

Query: ScbA protein [Streptomyces coelicolor] (Length=314, Nseqs=10) Alignment: local

No Hit Prob E-value P-value Score SS Cols Query HMM Template HMM
1 1z6b_A Pffabz, fatty acid synt 77.6 0.28 2.7E-05 25.1 9.0 94 215-308 44-149 (154)
2 1cBu_A Acyl-COA thioesterase I 73.3 0.48 4.7E-05 23.9 8.6 75 232-308 32-106 (285)
3 1ig6_A (R)-hydratase, (R)-spec 55.4 4,9 0.00047 18.7 8.8 76 233-308 53-130 (134)
4 lulz_A (3R)-hydroxymyristoyl-[ 53.8 3.3 0.00032 19.6 7.6 92 215-307 56-159 (168)
5 lyoc_A Hypothetical protein PA 53.0 1.6 0.00016 21.2 5.8 73 236-308 67-141 (147)
6 lmka_A Beta-hydroxydecanoyl th 40.1 1.4 0,00013 21.6 2.7 32 215-246 57-90 (171)
7 100i_A Hypothetical protein HI 30.1 42 0.004 13.9 8.0 71 236-308 59-132 (138)
8 1vh9_A P15, hypothetical prote 29.8 50 0.0048 13.5 8.3 71 236-308 61-134 (149)
9 1t82_A Hypothetical acetyltran 27.7 29 0.0028 14.7 6.7 50 116-165 100-152 (155)

10 1vh5_A Hypothetical protein YD 27.3 48 0.0047 13.6 bt 71 236-308 61-134 (148)
11 1wlu_A PAAI protein, phenylace 25.2 53 0.0051 13.4 7.4 70 236-308 44-113 (136)

12 1q6w_A Monoamine oxidase regul 24.1 32 0.0031 14.5 6.0 76 233-308 66-152 (161)

13 1khx_A SMAD2; TGF-beta signali 22.3 3.8 0.00037 19.3 0.8 17 261-277 183-199 (227)

14 lygs SMAD4; tumor suppressor 21.7 3.9 0.00037 19.3 0.7 17 261-277 192-208 (234)

15 lixl_A Hypothetical protein PH 21.6 1E+02 0.0098 11.9 7.9 80 228-308 41-120 (131)

16 1zki_A Hypothetical protein PA 20.2 1.2E+02 0.011 11.6 7.9 71 236-308 55-127 (133)

17 1dd1_A SMAD4; B-sheet sandwich 20.2 4.7 0.00046 18.8 0.7 17 261-277 226-242 (268)

Ho1 W
Irllccgc

818 i PubWRea

=1z6b_A Pffabz, fatty acid synthesis protein; malaria, beta-hydroxyacyl-ACP dehydratase, fatty acid
biosynthesis, SAD phasing; {Plasmodium falciparum} (2.09 0.174 0.222)
Probab=77.60 E-value=0.28 Score=25.14 Aligned_columns=94 Identities=21%

Highly conserved residues E and Q
are catalytic residues in FabZ / FabA!



AlignHUSH

To AllgnHUSH elval eva mpoodato epyaleio OTOthor]q HMM-HMM 1o
omoiosival LKOLVOC va ovayvwpllet anouakpuousveq opolotntec. H u8905oq
xpnotwuornotel  Soplkéc  mAnpodopieg, umod TN popdn npovvwoswv
devtepotayouc doung kot tnv udpodoBLKOTNTA TWV AMWVOEEWY yLla oToLYLoN
Twv HMMs mtou npogpyovtal ano dUo dLadopeTikeC TTOANATIAEC oTOLXLOELS . H
ert'LSpacn NG Xpnong mMAnpodopLwv Twv napaKsiusvwv oTNANG TNG otolxlong
ExeL emionc OlepeuvnBOel kot supsen OTL aufavel tnv evalodBnoia Twv
eueuvpauutoswv HMM-HMM kot avixveuonc amopakpuoHEVNG opoAoylac. 2
OUYKPLOELC otn Baon 6ebopévwv SCOP to AllgnHUSH Bpebnke va amodidel
KaAUTtepa aro TLG KaAUtepeg peBOdouc otoixtong HMM-HMM kot
napatnpeital akopa peyaAltepn evaiwoBnoia o uvPnAdotepa ToocooTd
opaipatoc. H akpifela twv otolyiocewv mou €xouv AndBel xpnolpomolwvtag
to AlignHUSH €xeL aflohoynBel ypnolpomolwvtag T SOULKEC OTOLLOELS TTOU
elval dLaBgopuec oto BaliBASE. To pnKkog¢ otoilxlong Kol n moLotnta auTng
BpeBnkav KatdAAnAa yla tn povteAomoinon pe Baon tnv opoAoyio kol yla
oXoAlaopo tng Asttoupyiog mpwteivwyv. H akpifela otoixiong BpEdOnke oOTtL
elvol ouykpiolpn HE TG umapyxouvoeg peBodouc yia suBuypapuion mpodil-
npodiA.



AlignHUSH

2tn nEBobo AlignHUSH, n taltion petaéy twv otnAwv amoteAeital
arno tpla duadopetikd okop, 10 LOPOPOBO CKOP, TO OKOP CUVTAPNONG
Kol To okop NG deutepotayolc dounc. To okop cuvtnpnong Baoiletol
otnv gpyacia tou Soding (HHSearch) kat sivatl eéva log-sum of odds
score. Ta MPOTUTIAL CUVTAPNONS CLUVNOWC AP ATNPOUVTAL GE CUVTIOUO
pnotifa kal oxL o€ amopovwon Kol w¢ €k toutou oto AlignHUSH, to
oKop ouvtnpnonc AapBavetal og eva opdbupo HepLKwVY otnAwv. ETol,
To okop cuvtnpnong otn B€on (i, j) elval to aBpolopa Twv OKOP
cuvtApnon¢ oe &va mapdbupo. H PeAtwotomoinon €xovioc TNV
gvaoBnoila wg kpunplo amnokdAuPe otL eva peyebBog mapabupou 5
Slvel Ta KAAUTEPO ATTOTEAECATO KOLL AUTO €£XEL XpNOLpomolnBeil og 0An
Tnv avaduvon. To okop UudpoPofLKOTNTAC KOL TO OKOP TNG
devtepotayolc SOUAC TTOPAYOVTOL LE TTAPOUOLO TPOTIO Kal TO HEYEDOC
napaBupou yla kabe okop mpoodlopiletal YwpLoTta.
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Figure 1 Comparison of performance of AlignHUSH method to HHSearch and PRC. A) The sensitivity and error rate values for both
AlignHUSH and HHSearch are plotted in this figure. The sensitivity of AlignHUSH is better than HHSearch or PRC at almost all error rates. The
'no_sec', 'no_hyd' and ‘'no_neigh’ are variants of AlignHUSH procedure without use of secondary structure, hydrophobic and neighboring
column information respectively. B) Alignment accuracy of the three methods that have been examined in detail in the main text. The
alignment accuracy given in this plot corresponds to the 'developer score’ defined in the main text. The three methods are comparable as far as
the accuracy using developer score is concerned. C) The alignment accuracy of the three methods using the ‘modeller score’ defined in the
main text. The performance of AlignHUSH is slightly better than that of HHSearch and PRC. HHSearch generated alignments tend to be very
short and hence HHSearch has a low value for ‘modeller score’ alignment accuracy. D) The length of the query HMM covered by the alignment
is plotted for the alignment between homologous families (two SCOP families belonging to the same SCOP superfamily). The coverage of query
HMM is greater in case of AlignHUSH than HHSearch which indicates that AlignHUSH generated alignments are more informative for function
annotation, since they cover almost the entire homologous region. The alignment length coverage is very similar between the PRC generated
alignments and AlignHUSH generated alignments.




Table 1 Sensitivity at three levels of error-rate for a few profile-profile search methods.

Method Sensitivity at 5% error Sensitivity at 10% error Sensitivity at 50% error  Source
rate rate rate
AlignHUSH 52.5% 57.2% (58.5%%) 66.8% Current work
HHSearch (with 51% 51.3% (48.8%°, 54.29%) 56% Current work and Soding, 2005
55) (18]
HHSearch (no 55) NA 46.7% NA Soding, 2005 [18]
PRC 53.2% 54.4% (53.2%%) 58.6% Current work
PROCAIN NA 529 * ~60% * Wang et al, 2009 [25]
PROF_SIM NA 24 9% NA Soding, 2005 [18]
COMPASS NA 34.0% NA Soding, 2005 [18]

The sensitivity values at three levels of error rates for some of the most commonly used profile-profile search methods. The source of each value is given in the
last column. Note that the datasets used and the definitions used for true positives can differ from one source to another and hence the values are not
comparable across different sources.

“#": The values given for PROCAIN are extracted from Fig 2b of Wang et al [25] where the definition of true positives and false positives is similar to that used in
the current work. "§": Value reported from Soding, 2005 [18]. “*": The values reported with asterisk are for the comparison using the latest SCOP release. For

- [ e



[TpOCEYYLOTIKEG
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MeBobol mou pooeyyilouv T
nPOPANUa, cuvnOwg
LETaTpEMOVTAC Eava to podiA o€
uwo « peutorakolouvBia n
OUVOLVETLK atkoAouBia

* PHOG-BLAST
* Quasi consensus alignment

e ConSequenceS (Consensus
sequences mimicking profile-
profile alignments)

 HHblits



Quasi-consensus-based comparison of HMM

H p€Bodoc auty emtuyxavel evaicbntn  avixvevon twv
QTTOMOKPUOUEVWV OXECEWV HETAEU OLKOYEVELWV TIPWTIEIVWV Kol TNV
otoixton tng dounc-aAAnAouxiac HEOW MLOG ATTARC TIPOCEYYLONG TIOU
KAVEL Xprnon tng ovuykpong twv HMM pe Baon TLC OLOVEL-OCUVOLVETLKEC
aAAnAouyxiec (quasi-consensus sequences). X€ ML OCUYKPLTLKN
afloAoynon, n TpPOoEyylon outn omodelKVUETOL OTL evrtoTilel ME
neyaAltepn evalocOnola PHOKPLVEC OMOLOTNTEC, EVW TIOPAYEL KO
otolxloelg KaAUTEPNCG TTOLOTNTOC OE OXEON UE TaAALOTEPEC eBOSOUG
otoixtonc nmpodid-mpodpiA mou  Paocifovtal otov  SUVAULKO
NMPOoypAUUOTIONO. MEpav avtwy, N HEBodOC elval €mMionNg oNUOVTIKA
TOXUTEPN KOl EMOMEVWC €ilval KatdAAnAn vwa €va  dlakouloth
Stadktvou. H peBodoc eivar  SwaBeowun otn  6evBuvon
http://liao.cis.udel.edu/website/servers/modmod

Kahsay RY, Wang G, Gao G, Liao L, Dunbrack R. Quasi-consensus-based comparison
of profile hidden Markov models for protein sequences. Bioinformatics. 2005 May
15;21(10):2287-93.


http://liao.cis.udel.edu/website/servers/modmod

Quasi-consensus-based comparison of HMM

Eva pOBANMA HE TN XPON OCUVOLVETIKWY akoAouBlwv (consensus
sequences) ywa tn ouykplon Twv tpodih HMMs eival otL to va BpeBel
N akpBnc ocuvalveTikry aAAnAouyia ywa éva HMM egival €va mpoBAnua
NP-hard. Q¢ umokataotato tnG akpLPouc oUVALVETIKAG akoAouBliag, pe
Ll OlOVEL ouvalvetik okoAouBia (quasi-consensus sequence).
UTtOAOYL{OMEVN QTIO MLOL EUPETLKN TIPOOCEYYLON TIOU XPNOLUOTIOLEL TO
npoypappo hmmemit amno to naketo HMMER pe tnv emtloyn -c. Auto
TMPOKUTITEL QMO TNV KOTOVOWN OUXVOTATWV TWV OHWVOEEWV OTLC
Kataotaosl match, insert tou HMM. Edv n katdotaon TAUTLONG
(match) og évav kopPo £xeL mBavotnta =0,5, TOTE AUt N KATACTAON
elval «ouvaiveon» Kol €EMAEYETAL TO KOTAAOUTO HE TN MEYLOTN
nBavotnta. Amo tnv aAAn AgLpaA, av n katdotaon insert (elocaywync)
xpnotuoroleital pe mbavotnta 20,5, tote n 6€on avtn xapaktnpiletal
«OUVOLVETIKA» KoL XpnolpormoLeitat to cUPPoAo («X»).



PHOG-BLAST

To PHOG-BLAST petatpemnel to npodil o Eva menepacpevo aldapnto ko
xpnotwuomolel to hash yia ypriyopn avalntnon. MNa va npoodloplotel to
BEAtioto aAdaPnto, Eytvav avaAUoELS OTIC OTAAEC AELOTILOTWY TIOAAATTAWY
otolyloewv kol epappootnke plo €k OSwadikaocio opadomoinonc.
Aeixvoupe oOtL n Sladikaoio opadomoinong Asttoupyeil kaAUTtepa €av ol
TMOPAUETPOL TNG €MAEyovTal £T0l WOTE va amoktouvtal 20 opddeg
(clusters) mpodiA mou pmopouv val EPUNVEUTOUV WCE TIPOYOVLIKA OLLVOEEQL.
‘Eywve ouykplon tou PHOG-BLAST €vavtt tou PSI-BLAST o€ TPELC YVWOTEC
Baoelc Sedopévwv moAarAwy otoxioswv: COG, PFAM kat BALIBASE. 2tn
Baon debopevwv COG kat ol SUo aAyoplBuol eixav tnv Wbla anodoon, oto
PFAM kot to BALIBASE to PHOG-BLAST Atav oAU avwtepo amno to PSI-
BLAST. To PHOG-BLAST arnattovoe erumAéov 10-20 dopec Alyotepn HVAULN
UTtoAoyLoT] Kal Xpovo urmoAoylopoU armo to PSI-BLAST. To PHOG-BLAST
elval Alyotepo akplBeg amod tnv auvotnpn HEBodo ouykplong mpodil-
npodih mou Paociletal otov SUVOULKO TIPOYPALUATIOMO, OV KoL TPEXEL
TIOAU TILO ypriyopa.

Merkeev IV, Mironov AA. PHOG-BLAST--a new generation tool for fast
similarity search of protein families. BMC Evol Biol. 2006 Jun 22;6:51.



Table |: This table shows the ability of PHOG-BLAST and PSI-BLAST to match members of different subalignments belonging to one
protein family against each other as BBHs when the initial multiple alignment of the protein family was split in two subalignments. See

the Results section for explanation

Test index Database Total number of BBHs Number of BBHs found
to be found
PHOG-BLAST PSI-BLAST
I COG 3164 3096 3109
2 PFAM 7315 6773 4278
3 BALIBASE 143 70 0
350 -
300 -
@ Ve —+— COMPASS
> 250 - /
E. 200 - | A
@ 150 - /.,,x*'
= 100 4 #,f'
L
° _W " PHOG-BLAST
D 1 T T T 1
0 20 40 60 80
True positives
Figure 4

Sensitivity curves of COMPASS and PHOG-BLAST for the

remote homology test between PFAM alignments.



mimicking profile-profile alignments

OL kaAUtepec pEBodoL mou mpoodlopilouv TNV opolotnTag aAAnAouvxioc pHEOw
ouyKkploswv TpodiA-TtpodiA elval TTOAU MO OPYEC KOl TILO TIOAUTIAOKEG OO TLG
ouykpiloelc aAAnAouyiac-aAAnAouxiog kot mpodiA-aAAnAouyiog onwc, avtiotolxa,
To BLAST kot to PSI-BLAST. OL OLKOYEVELEC TWV OXETIKWV Yovidlwv Kol Twv
yoviblokwy Tpoloviwy (mpwteiveg) pmopolv OpWC va EKMPOCWIIOUVTOL OTtO
OUVALVETIKEC aAAnAouxieg (consensus sequences) TTOU TIEPLEXOUV TO AULVOEU TIOU
elval cuxvétepo o€ KAOe B€on tNnC TtoMom)\r']q otolxong otnv OLKoyévsLa aurr'].
AuTh n Tpooeyylon BEATIWOE TG AVANTACELG KoL TIG OTOLKIOELG WG EVOL TUTIKO
npoo@ero oto PSI-BLAST xwpig aMaveq otov Kwdika. Ot Be)\ttwostq Atav L6Loutepa
ONHUAVTIKEG Yl TIO SUCKOAEG €PYAOLEG, OMWG N AVAYVWPLON TWV HAKPWWY
SOUKWY OXECEWV HETAEY TWV TPWTEIVWY KAl TWV OVILoTOLWwV otolyioswv. MNapa
TO YEYOVOG OTL oL PeAtiwoelg Atav LYPNAOTEPEC yla TILO ATTOKALVOUOEC OXEOELG,
NTOV CUVETNEIC akOun Kot pe vPnAn akpifeta / xapunAo mMocootd opaApudTwy yla
un ouyyeveic mpwteivec. OL BeAtiwoelg Atav MOAU €UKoOAO va emiteuxBouv. dev
TPOTIOTIOLNONKE KAl TIAPAUETPOC TToU XpnoLpomolionke amd to PSI-BLAST kal
dev AAage oUTe pia ypoppn Kwdika. ETTA£oy, To MPOCOETO AUTO ATTALTEL OXETLKA
Alyo emumAéov xpovo CPU. Ou kaAot xprniotec tou PSI-BLAST upmopouv dpeocoa va
enwdeAnBolv amd TN XPAON OUVOLVETLKWYV OKOAOUBLWV OTOUG TOTILKOUC TOUG
urtoAoyLlotec. https://rostlab.org/owiki/index.php/ConSequenceS

Przybylski D, Rost B. Consensus sequences improve PSI-BLAST through
mimicking profile-profile alignments. Nucleic Acids Res. 2007;35(7):2238-46.


https://rostlab.org/owiki/index.php/ConSequenceS

Figure 1. Sketch of consensus search. First, the PSSM for a query
protein sequence is built by an iterative PSI-BLAST search over a
large database of proteins sequences (such as UniProt). The resulting
PSSM is then used to search and align sequences contained in a
target database of consensus sequences. Finally, consensus sequence
alignments are translated to alignments of the native raw protein

s€guences.
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consensus sequences are translated back into raw

consensus sequences are not translated.
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BLASTE 2.2.9 [May-01-2004]

Reference: Altschul,
Jinghui Zhang, Zheng Zhang,
"Gapped BLAST and PSI-BLAST:
programs”™, HNucleic Acids Res.

Stephen F., Thomas L. Madden, Alejandro A. Schaffer,
Webb Miller, and David J. Lipman (19%97),

a new generation of protein database search
25:3389-3402.

Query= lcyx mol:protein length:205
(205 letters)

Cyoa

Datakase: pdbcons_ 100

22,314 sequences; 5,192,384 total letters

SEREEi e Ijc ccooccoooocoooooooooCoODoCoOCOODooOOCODoooDCODo done

Score

Seguences producing significant alignments:

liby & 100
>liby &
Length = 112
Score = 100 bits (249), Expect = 2e-22
Identities = 24/87 (27%), Positives = 36&/87 (41%), Gaps = 3/87 (3%)

Query: 31 IYPEQGIATVNEIAFPANTPVYFEVI-SNSVMHSFFIPRLGSQIYAMAGMQTRLHLIANE &9
+ + + H+ P BV + +T 5+ VH ++IF G ++ & GM N
Sbjct: 28 IRAFNVLNEPETLVVEEGDAVEVVVENESPISEGFSIDAFGVQEVIKAGETKETISFTADE &7
Query: 90 PGIYDGICAEICGPGHSGMEFEAIATE 116
P YGC+ECG H M
Sbjct: 88 AGAFTIWCQLHPENIH--LPGTLNVVE 112
Datakase: pdbcons_ 100
Posted date: Sep 25, 2006 3:27 BM
Humber of letters in database: 5,192,384
Humber of sequences in database: 22,314
Lambda K H
0.322 0.150 0.450
Lambda K H
0.267 0.0480 0.140

E

This file contains alignments of the guery segquence with consensus sequences.
(real) segquences.

(bits) Value

Ze-22

BLASTPE 2.2.9

Reference:
Jinghui Zhang,
"Gapped BLAST and PSI-BLAST:
programs",

Query= lcyx
(205 letters)

Consensus sequences

{in the "Sbjct:" fields)

[May-01-2004]

Altschul,
Zheng Zhang,

Stephen F., Thomas L. Madden, Alejandro A. Schaffer,
Webb Miller, and David J. Lipman (19%97),

a new generation of protein database search
Nucleic Acids Res. 25:3389-3402.

mol:protein length:205 Cyoa

Datakase: pdbcons_ 100

Searching

Seguences producing significant alignments:

22,314 sequences; 5,192,384 total letters

Score

liby & 100
>liby &
Length = 112
Score = 100 bits (249), Expect = 2e-22
Identities = 24/87 (27%), Positives = 36&/87 (41%), Gaps = 3/87 (3%)
Query: 31 IYPEQGIATVNEIAFPANTPVYFEVI-SNSVMHSFFIPRLGSQIYAMAGMQTRLHLIANE &9
+ + + H+ P BV + +T 5+ VH ++IF G ++ & GM N
Sbjct: 28 MNQFRLLEVDNRLVVEMGDPVRWVLINSDDVWHGWWIPSHGIFMDACHGMIWIYWFTFNER &7
Query: 90 PGIYDGICAEICGPGHSGMEFEAIATE 116
P YGC+ECG H M
Sbjct: 88 PWHMYYGQCSEYCGANH--MPGVVEVVE 112
Datakase: pdbcons_ 100
Posted date: Sep 25, 2006 3:27 BM
Humber of letters in database: 5,192,384
Humber of sequences in database: 22,314
Lambda K H
0.322 0.150 0.450
Lambda K H
0.267 0.0480 0.140

(bits) Value

ey
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Fig. 2. Comparison of search performance. All-against-all alignments of
the test set sequences were ordered by their PSI-BLAST E-values. The
cumulative numbers of non-trivial true relations (same SCOP superfamily
but different SCOP family) were plotted against the cumulative numbers
of false positives (different SCOP-folds). The profile-sequence searches
against the full consensus sequences performed best (top three curves:
MET-full, MF-full, MR-full). Profile-sequence searches against partial
consensus sequences were slightly less efficient (MET-partial). but they were
still significantly better than standard profile-sequence (native). Sequence—
sequence searches (one cycle of PSI-BLAST with BLOSUMG62 matrix) were
clearly inferior (MET-full-1, MET-partial-1, native-1I).



HHDblits

H pneBodoc otoixyoonc HHM-HMM HHsearch5 xpnowuomoteital amo
MoAAOUC amd Ttoug KaAutepoug efumnpetntec mpoPAsdPnc OSouNng
npwteivwy, peTaly Twv omolwv kat o HHpred6, omolo¢ Bewpeital o
kopudaio¢ OStakoulotnc mpoBAePnc Sopng MPWTEIVWV HECW TNG
npotunonoinong e Baon tnv opoloyia. Qotdoo, auvtéc ol pEBodol
glvall yevikd oAU apyEC yla emovelAnpUEVn avalitnon o€ HEYAAEC
Baoelc dedopevwv aAAnAovxtwyv ontwce n UniProt ) ot faoelc tou NCBI.
H uéBodoc Hhblits (HMM-HMM-based lightningfast iterative sequence
search), emekteivel to HHsearch pe okomo va kavel ePpLlKTEC YPRYOPEC,
EMOVOANTITIKEGC avalntnoel o€ peyadec PBaoelc. To mpodiAtpo
otoixtonc mpodil mpodih HHblits pelwvel tov aplBpd twv MARpwvV
ototlopevwv HMM-HMM amo moAAd €KATOMUUPLO OE HEPLKEC
XIALadec, kaBlotwvtog To TaxUuTEPOo oo to PSI-BLAST aAAd OpAUEVEL
TO00 gvaicOnto 0co 1o Hhsearch.

Remmert M, Biegert A, Hauser A, Soding J. HHblits: lightning-fast iterative
protein sequence searching by HMM-HMM alignment. Nat Methods. 2011
Dec 25;9(2):173-5. doi: 10.1038/nmeth.1818.



HHDblits

To HHblits petatpémnel mpwta tnv aAAnAouvyia emepwtnong (A tnv moAAamAn
otoixlon) oe HMM. Auto cupfatika ouuBaLva WE TNV MpocOnkn LIJeucSouuwv
QULVOEEWV TTOU €lvall CI)UOLKO)(r]p.LKOL opola HE TO auwo&u otnv enepwtnon. To
HHblits utoAoyileL TIHEC IOV e€apTwWVTOL OO TO TOTILKO TTAaiolo aAAnAouyiag
(6nAadn Tic 13 Bfoelg yupw amd kabe katdAouto). Autr) n pEBodocg eixe
BeATIWOEL CNUAVTLKA TNV EvaLloOnoila Kal TNV oloTnTa otoixlong tou npodiA.
Ytn ouvexela, to HHblits avalnta otn Baon dedopevwv HMM kot tpooBeTel
TIC akoAouBiec amd ta HMM pe okop KATw amo &vo KABopLoHEVO OpLo
avauevéusvnq ttur']c (uur'] E). Na taxvutnta Kat evalcbnoia, To Ttpocb'LMpo Tou
Xpnotpomolel gival KpLOLp.O H Baown 6€a ntav va epapUooTeL N cUYKpPLoN
npodiA-npodpiA wc ouvykplon aAAnAouvyioc-mpodid pe Slakpltomoinon Twv
6Lavu0uatwv LE TLC meavomteq Twv 20 auwo&ewv oe kaBs otnAn HMM,
ueratpsnovraq To oe €va aAdaPfnto pe 219 ypauuata KaBe ypappa
QVTLTPOOWTEVEL ULOL TUTILKA OTAAN ToU Ttpocbt)\ Me auTOV ToV TPOTO N Baon
685ouevwv twv HMM avtikoBiotatal armo aMr])\ouxtsq OE QUTO TO
EKTETAEVO a)\cbaBnto QYVOWVTOC TLC TIOAVOTNTEC ELoAywYNC Kal armaAoidng
Twv HMMs. MNptv amno tnv Ttpo—cbt)\rpaptoua 0 a)\vopteuoq UTtOAOYL{EL TO OKOp
kaBe otAng tou HMM tn¢ snspwtnonq e KaBe €va amod ta 219 ypapparta,
npavua TIOU €XEL WC OMOTEAECUA sva EKTETAUEVO TIPpOdIA aAAnAouyiag 219

OELPWV.
Six =log, Zq, (@)p(a)! f(a)

a=l1



HHDblits

Mia avalntnon piac emavaAndne pe to HHblits otnv €kdoon 2.2.17
neow UniProt20 (2.6 exkatoppupla opddec kot 15 ekatoppupla
akoAouBiec) ywa 100 tuxaia emiAeypevec aAAnAouxlec emepwtnong
e\afe Owapeco 31 Oeutepolenta Kol pEcOo Opo 1 Aemto 13
devtepolenta o€ €vav povomupnvo Xeon 2.9 GHz. MNa pia emavaAnyn
avalntnong peow tng UniProt (15 ekatoppupla akoAouBieg), to PSI-
BLAST xpetdotnke 1 Aemto 7 devtepoAenta (LEcoc 0poc) kal 1 Aemto
26 devutepolenta (HEco Opo) kal to HMMER3 xpelaotnke 2 Asmta 57
devutepoAenta (pH€ooc Opocg) kat 5 Aemtda 8 OeutepoAemnta . Ot
CUUMANPWHATIKEC emavaAnPelc eAlaPfav mepimouv to (6o Xpoviko
Slaotnua pE TNV MPWTN ernavainyn Kol w¢ €K TOUTOU OUVOALKA Ta
HHblits Atav mepimouv dvo Ppopec (15%) toco ypnyopa o6co to PSI-
BLAST kot Atav 6 dopecg(diapeoocg) kat 4 popeg taxvtepa amod To
HMMER3



Figure 1 | Workflow and benchmark comparison.

(a) HHblits can iteratively search for
homologous sequences in large databases

such as UniProt. The HHblits database is a
clustered version in which each set of full-
length alignable sequences is represented by
an HMM. Sequences from matched HMMs with a
statistically significant £ value are added to the
query MSA, from which a new HMM is calculated
for the next search iteration. A prefilter reduces
the number of full HMM-HMM alignments by
~2,500-fold. (b) Median run times for searches
with 100 test sequences through the UniProt

or UniProt20 database (the inset shows the
test sequence length distribution). (c) True
positive pairs (same SCOP fold) compared to
false positive pairs (different SCOP fold) for one
and three search iterations in an all-against-all
comparison. FDR, false discovery rate. (d) Mean
fraction of correctly aligned residue pairs out
of all structurally alignable pairs (sensitivity)
compared to the fraction of correctly aligned
pairs out of all the aligned pairs (precision).
The parameter mact controls the alignment
greediness (Supplementary Fig. 10).
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Figure 2 | Structure predictions for Pfam families and the modeling of human Pip49 (also known as FAM69B). (a) Families to which only HHblits and
both HHblits and HMMER3 assigned a structural template below a given E value. (b) Homology model of human Pip49 kinase domain (blue) with the
inserted EF hand (green). (c) Catalytic center showing the conserved residues (red) for protein kinase activity. (d) EF hand insertion with the conserved
residues (magenta) for the predicted Ca?*-dependent activation.



Ornttikortoinon HMM-HMM

H dtaBeoipotnta mpoxwpnUEVWY epyaAeiwv olyKkpLong tpodiA-
npodiA, ontwc to PRC ) to HHsearch, amottel kal eEeAypeva epyaleia
OTTTLKOTTOlNONG. o TO OKOTIO AUTO XPNOLUOTIOLOUVTOL TIPOCEYYLOELC
BaolopEveg otnv €vvola twv Aoyotuntwv HMM (HMMlogo)
enekteivovtag tnv o€ (evyapla. H peBodoc amelkovilel TIGC OLOLOTNTEG
TwV (EVYWV TWV TIPOPIA TWV OLKOYEVELWV TIPWTEIVWV LE SLaLlocONnTIKO
TpOro. Avo Aoyoturta HMM, €va yla kaBe npodid, oxedlalovtal 1o
EVOL TIAVW OTO AAAO KOl OTN CUVEXELQ, OL OTOLYLOMEVEC KATOLOTAOELG
gmionpaivovtal kat cuvbEovTal.

H nebBodoc eival dtabeoiun otn dtevBuvon:
http://www.sanger.ac.uk/Software/analysis/logomat-p Ymapyel Opwg
SdlaBcoun ko tomikn €kdoon

Benjamin Schuster-Bockler, Alex Bateman; Visualizing profile—profile alignment:
pairwise HMM logos, Bioinformatics, Volume 21, Issue 12, 15 June 2005, Pages
2912-2913, https://doi.org/10.1093/bioinformatics/bti434



http://www.sanger.ac.uk/Software/analysis/logomat-p

1" D2 B M B ®
Relative Contribution

Fig. 1. Alignment of the Toxin 7 against the Toxin_9 Pfam family. For each family. an HMM logo 1s drawn. The numbers above and below each logo show
state positions in the HMM. The overall height of the letter stacks represents the information content, the relative letter height corresponds to its emission
probability. The column width denotes the relative contribution, the product of the probability that the state i1s traversed with the expected number of self
transitions for the respective state. This is to account for the varying length of insertions. Insert states are drawn in red. Frequently, their relative contribution is
very small, making them hard to see. In this picture, you find narrow insert states e.g. at positions 27 and 28 of the Toxin_7 family. The aligned states in each
HMM are framed and connected by a block. Omitted states are shaded in grey.
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