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Protein Domain Take Home

• Protein divergence is not uniform over a protein - some parts are 
more conserved than others

• Position specific scoring matrices can capture the specific patterns of 
conservation at different sites in a protein

• PSI-BLAST combines searching, multiple alignment, and PSSMs
• Statistical estimates are difficult with PSSMs, use PSI- SEARCH and 

PSI-PRSS
• HMMER3 creates HMM models of a protein family from a multiple 

sequence alignment
• Iterative PSSM/HMM searches may be contaminated by 

Homologous Overextension
• Single models cannot capture diverse families (PFAM Clans)
• Protein domains can be identified using RPS-BLAST or CDD 

searching



Inferring Homology from 
Statistical Significance

Real UNRELATED sequences have similarity 
scores that are indistinguishable from RANDOM 
sequences
If a similarity is NOT RANDOM, then it must be 
NOT UNRELATED
Therefore, NOT RANDOM (statistically 
significant) similarity must reflect RELATED 
sequences
Protein Domains are structural units that can 
pair with different partners.



Homology in Domains

b-1,3-glucanase

xylanase

cellulase

bifunctional esterase/xylanase



Imagine you are searching with a protein with 
multiple domains



BLAST Reports Multiple Highest 
Scoring Pairs



Homology in Domains

Xylanase
The best scores are:                                           opt bits E(445410) %_id  %_sim  alen
sp|P45796.1|XYND_PAEPO Arabinoxylan arabinofuranohydrol ( 635) 1813 412.5 2.6e-113 0.537 0.817  486 align
sp|Q45071.2|XYND_BACSU Arabinoxylan arabinofuranohydrol ( 513) 1509 345.0 4.2e-93 0.554 0.812  495 align
sp|Q9WXE8.2|XYLO_PRERU Putative beta-xylosidase; 1,4-be ( 518)  563 135.0 7.2e-30 0.384 0.645  276
+-                                                              241 63.5 2.4e-08 0.327 0.633  150 align
sp|P77713.1|YAGH_ECOLI Putative beta-xylosidase; 1,4-be ( 536)  334 84.1 1.5e-14 0.305 0.561  321 align
sp|P94489.2|XYNB_BACSU Beta-xylosidase; 1,4-beta-D-xyla ( 533)  318 80.6 1.8e-13 0.285 0.555  362 align
sp|P07129.2|XYNB_BACPU Beta-xylosidase; 1,4-beta-D-xyla ( 535)  316 80.1 2.4e-13 0.295 0.553  356 align
sp|P45982.1|XYLB_BUTFI Xylosidase/arabinosidase; Includ ( 517)  312 79.3 4.3e-13 0.301 0.578  396 align
sp|P48791.1|XYNB_PRERU Beta-xylosidase; 1,4-beta-D-xyla ( 319)  228 60.7   1e-07 0.281 0.548  345 align
sp|P36917.1|XYNA_THESA Endo-1,4-beta-xylanase A;  Xylan (1157)  205 55.4 1.5e-05 0.317 0.662  139
+-                                                              198 53.8 4.4e-05 0.261 0.688  138 align
sp|P33558.2|XYNA2_CLOSR Endo-1,4-beta-xylanase A;  Xyla ( 512)  190 52.2 6.1e-05 0.249 0.558  249 align
sp|P38535.1|XYNX_CLOTM Exoglucanase xynX; 1,4-beta-cell (1087)  194 52.9 7.6e-05 0.223 0.607  229 align
sp|Q8GJ44.2|XYNA1_CLOSR Endo-1,4-beta-xylanase A; 1,4-b ( 651)  190 52.1 7.9e-05 0.322 0.653  118 align
sp|P10478.3|XYNZ_CLOTH Endo-1,4-beta-xylanase Z;  Xylan ( 837)  187 51.4 0.00017 0.362 0.691   94 align
sp|P94522.3|ABNA_BACSU Arabinan endo-1,5-alpha-L-arabin ( 323)  169 47.6 0.00092 0.261 0.540  287 align
sp|P48790.1|XYLA_CLOSR Xylosidase/arabinosidase; Includ ( 473)  164 46.4   0.003 0.268 0.523  497 align
sp|Q5AZC8.1|ABNB_EMENI Arabinan endo-1,5-alpha-L-arabin ( 400)  153 44.0   0.014 0.290 0.512  252 align

http://fasta.bioch.virginia.edu/fasta_www2/fasta_www.cgi#gi%7C1175045
http://fasta.bioch.virginia.edu/fasta_www2/fasta_www.cgi#gi%7C81346002
http://fasta.bioch.virginia.edu/fasta_www2/fasta_www.cgi#gi%7C292630931
http://fasta.bioch.virginia.edu/fasta_www2/fasta_www.cgi#gi%7C2494815
http://fasta.bioch.virginia.edu/fasta_www2/fasta_www.cgi#gi%7C239938737
http://fasta.bioch.virginia.edu/fasta_www2/fasta_www.cgi#gi%7C465491
http://fasta.bioch.virginia.edu/fasta_www2/fasta_www.cgi#gi%7C1175036
http://fasta.bioch.virginia.edu/fasta_www2/fasta_www.cgi#gi%7C1351451
http://fasta.bioch.virginia.edu/fasta_www2/fasta_www.cgi#gi%7C549463
http://fasta.bioch.virginia.edu/fasta_www2/fasta_www.cgi#gi%7C1351448
http://fasta.bioch.virginia.edu/fasta_www2/fasta_www.cgi#gi%7C586269
http://fasta.bioch.virginia.edu/fasta_www2/fasta_www.cgi#gi%7C108868280
http://fasta.bioch.virginia.edu/fasta_www2/fasta_www.cgi#gi%7C139886
http://fasta.bioch.virginia.edu/fasta_www2/fasta_www.cgi#gi%7C251757488
http://fasta.bioch.virginia.edu/fasta_www2/fasta_www.cgi#gi%7C1351444
http://fasta.bioch.virginia.edu/fasta_www2/fasta_www.cgi#gi%7C74594465


Not all hits are to the full protein

Catalytic Domain
CBM



Look at the Alignment Coverage

Coverage
MaxID

E-value
Score



Examine The Alignment Length



Finding Repeated Domains 
Local Alignments

Calmodulin



Finding Domains 
Local Alignments



        10        20        30        40        50        60        70        80       
gi|114 SFIAPTILGLPAAVLIILFPPLLIPTSKYLINNRLITTQQWLIKLTSKQMMTMHNTKGRTWSLMLVSLIIFIATTNLLGL
       :..  ..:::   ....::  .   ...  . ... :. . .: ... ..  :.. :..  . . .......   ::. :
sp|P0A SMFFSVVLGL---LFLVLFRSVAKKATSG-VPGKFQTAIELVIGFVNGSVKDMYHGKSKLIAPLALTIFVWVFLMNLMDL
           50           60        70         80        90       100       110       120

        90    
gi|114 LPHSFTP
       :: .. :
sp|P0A LPIDLLP

Local Alignments

       70        80        90       100       110       120       130            140   
gi|114 SLMLVSLIIFIATTNLLGLLPHSFTPTTQLSMNLAMAIPLWAGTVIMGFRSKIKNALAHFLPQGTPTPL-----IPMLVI
       .:. ..:. .::  ..:::     .:.......:.::. ..   ... : :   .... :  . :  :.     ::. .:
sp|P0A DLLPIDLLPYIAE-HVLGLPALRVVPSADVNVTLSMALGVF---ILILFYSIKMKGIGGFTKELTLQPFNHWAFIPVNLI
      120       130        140       150          160       170       180       190    

           150       160       170       180       190       200       210       220  
gi|114 IETISLLIQPMALAVRLTANITAGHLLMHLIGSATLAMSTINLPSTLIIFTILILLTILEIAVALIQAYVFTLLVSLYL
       .: .::: .:..:..:: .:. ::.:.. ::..     :   :     :: :::.          .::..: .:. .::
sp|P0A LEGVSLLSKPVSLGLRLFGNMYAGELIFILIAGLLPWWSQWILNVPWAIFHILIIT---------LQAFIFMVLTIVYL
          200       210       220       230       240       250                260    





Conserved Domains Database



CD Search

RPS-BLAST (Reverse PSI-BLAST) 
searches a query sequence against a 
database of profiles



Domain Search is Run with Web BLAST



CD Search



Homology through Transitivity 
• What is a point specific scoring matrix?
• How can we use PSSMs in order to identify 

distance family members?



Homology through Transitivity 

Protein A is Homologous to Proteins B
Protein B is Homologous to Protein C

Therefore:
Protein C is Homologous to Protein A

11/2/11!

3!

5!

Protein Evolution and Sequence Similarity"

•  What is Homology and how do we recognize it?"
•  How do we measure sequence similarity – 

alignments and scoring matrices?"
•  DNA vs protein comparison"
•  Alignment Algorithms/Local sequence alignments"
•  When are we certain that an alignment is 

significant - similarity score statistics?"
•  When to trust similarity statistics"

Homologues share a common ancestor"

6!

chemical evolution"

prokaryotes/eukaryotes"

plants/animals"

vertebrates/"
arthopods"

self-replicating systems"
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Homology is Transitive 
(in Protein Domains)

11/2/11!

14!

Homology is 
Transitive  

(on domains)"

27"

Human mito"

E. coli"

Euglena chloro."
Synechocystis"
Cyanobacteria"
March. chloro."

Spinach chloro."
Tobacco chloro." 0.007 : 10-13"

0.001 : 10-13"

0.0007 : 10-12"

0.007 : 10-11"

0.006 : 10-13"

0.001 : 10-13"

0.02 : 10-12"

10-6 : 10-117"

Pea chloro."

10-90 : 10-6"
Bovine mito"
Mouse mito"

Frog mito"
Dros. mito"

10-23 : 10-8"

10-18 : 10-5"

0.0006 : 10-12"

10-1 : /10-6"

10-13 : 10-9"

10-15 : 10-8"

Rice chloro."

10-70 : 10-5"

10-73 : 10-6"

10-45 : 10-6"

10-26 : 0.0013"

Yeast mito."

Cochliobolus mito."
Aspergillus mito."

Corn  mito."
Wheat mito."

vs human : E. coli"

vs human : E. coli"

Homology and Domains –  
Histone deacetylase PCAF"

The best scores are:                                                   s-w bits E(362341) %_id %_sim  alen!
PCAF_HUMAN Histone acetyltransferase PCAF;                      ( 832) 4876 1092       0 1.000 1.000  832!
PCAF_MOUSE Histone acetyltransferase PCAF;                      ( 813) 4507 1010       0 0.929 0.974  817!
GCNL2_HUMAN General control of amino acid synthesis protein 5-l ( 837) 3535 793.       0 0.716 0.864  821!
GCN5_YEAST Histone acetyltransferase GCN5                       ( 439) 1049 240. 5.2e-62 0.469 0.743  354!
GCN5_ARATH Histone acetyltransferase GCN5;  AtGCN5              ( 568)  956 219. 1.2e-55 0.435 0.733  375!
BPTF_HUMAN Nucleosome-remodeling factor subunit BPTF            (3046)  369 88.3 2.4e-15 0.495 0.773   97!
NU301_DROME Nucleosome-remodeling factor subunit NURF301        (2669)  359 86.2 9.3e-15 0.511 0.787   94!
CECR2_HUMAN Cat eye syndrome critical region protein 2          (1484)  306 74.6 1.6e-11 0.371 0.771  105!
BRD4_HUMAN Bromodomain-containing protein 4; HUNK1 protein      (1362)  288 70.6 2.3e-10 0.379 0.681  116!
BRDT_MACFA Bromodomain testis-specific protein                  ( 947)  270 66.7 2.3e-09 0.353 0.690  116!
FSH_DROME Homeotic protein female sterile; Fragile-chorion memb (2038)  276 67.8 2.4e-09 0.341 0.651  129!
BRDT_HUMAN Bromodomain testis-specific protein; RING3-like prot ( 947)  266 65.9 4.3e-09 0.345 0.690  116!
Y0777_DICDI Bromodomain-containing protein DDB_G0280777         (1823)  260 64.3 2.5e-08 0.385 0.725  109!
BRDT_MOUSE Bromodomain testis-specific protein; RING3-like prot ( 956)  247 61.6 8.1e-08 0.328 0.647  116!
BAZ2B_HUMAN Bromodomain adjacent to zinc finger domain protein  (1972)  247 61.3   2e-07 0.343 0.695  105!
TAF1_DROME Transcription initiation factor TFIID subunit 1; Tra (2129)  230 57.5 3.1e-06 0.349 0.689  106!
82_SCHPO Bromodomain-containing protein C631.02                 ( 727)  217 55.0 5.9e-06 0.320 0.587  172!
BRD9_XENLA Bromodomain-containing protein 9                     ( 527)  214 54.5 6.2e-06 0.292 0.579  171!
GTE6_ARATH Transcription factor GTE6; Protein GENERAL TRANSCRIP ( 369)  201 51.7 2.9e-05 0.290 0.601  183!
BAZ1B_MOUSE Bromodomain adjacent to zinc finger domain protein  (1479)  212 53.7 3.1e-05 0.302 0.583  139!
K2_SCHPO Bromodomain-containing protein C1450.02                ( 578)  204 52.2 3.3e-05 0.310 0.628  113!
TAF1_HUMAN Transcription initiation factor TFIID subunit 1; Tra (1872)  212 53.6 4.2e-05 0.339 0.678  115!
BAZ1B_HUMAN Bromodomain adjacent to zinc finger domain protein  (1483)  209 53.0   5e-05 0.397 0.705   78!
TIF1A_HUMAN Transcription intermediary factor 1-alpha;  TIF1-al (1050)  206 52.5 5.1e-05 0.384 0.698   86!
BDF2_YEAST Bromodomain-containing factor 2                      ( 638)  200 51.3 6.9e-05 0.304 0.607  168!

28!



PSSM for detecting distance relationships



TACGAT
TATAAT
TATAAT
GATACT
TATGAT
TATGTT

1 2 3 4 5 6
A 0 6 0 3 4 0
C 0 0 1 0 1 0
G 1 0 0 3 0 0
T 5 0 5 0 1 6

Simple PSSM

TATACT 5 6 5 3 1 6 26



sp|O74706|EGLB_ASPNG      MKFQSTL--LLAAAAGSALAV-----------------PHGSGHKKRASVFEWFGSNESG
sp|Q96WQ8|EGLB_ASPKA      MKFQSTL--LLAAAAGSALAV-----------------PHGPGHKKRASVFEWFGSNESG
sp|P51529|MANA_STRLI      MR---NARSTLITTAGMAFAVLGLLFALAGPSAGRAEAAAGGIHVSNGRVVE--GNGSAF
sp|P22533|MANB_CALSA      MRLKTKIRKKWLSVLCTVVFLLNILFI-----ANVTILPKVGAATSNDGVVKI----DTS
                          *.   .      :.   .. :                 .      ..  *.:     .: 

sp|O74706|EGLB_ASPNG      AEFGTNIPGVWGTDYIFPDPST--ISTLIGKGMNFFRVQFMMERLLPDSMTGSYDEEYLA
sp|Q96WQ8|EGLB_ASPKA      AEFGTNIPGVWGTDYIFPDPSA--ISTLIDKGMNFFRVQFMMERLLPDSMTGSYDEEYLA
sp|P51529|MANA_STRLI      VMRGVNHAYTW-----YPDRTGS-IADIAAKGANTVRVVL--------SSGGRWTKTSAS
sp|P22533|MANB_CALSA      TLIGTNHAHCW-----YRDRLDTALRGIRSWGMNSVRVVL--------SNGYRWTKIPAS
                          .  *.* .  *     : *     :  :  .* * .** :        *    : :   :

PSSMs

A  R  N  D  C  Q  E  G  H  I  L  K  M  F  P  S  T  W  Y  V   A   R   N   D   C   Q   E   G   H   I   L   K   M   F   P   S   T   W   Y   V
    1 M   -1 -2 -2 -3 -2 -1 -2 -3 -2  1  2 -2  6  0 -3 -2 -1 -2 -1  1    0   0   0   0   0   0   0   0   0   0   0   0 100   0   0   0   0   0   0   0  0.43 inf
    2 K   -1  5  0 -1 -3  1  0 -2 -1 -3 -2  4 -1 -3 -2 -1 -1 -3 -2 -3    0  58   0   0   0   0   0   0   0   0   0  42   0   0   0   0   0   0   0   0  0.60 inf
    3 F   -1 -2 -2 -2 -1 -2 -2 -2 -1  0  2 -2  1  4 -2 -1 -1  0  2  0    2   1   1   2   1   1   2   2   1   1  31   2   1  44   1   2   2   0   1   2  0.22 inf
    4 Q   -1  1  0  0 -2  4  1 -1  0 -2 -2  3 -1 -2 -1  0  0 -2 -1 -2    2   1   1   2   1  44   2   2   1   1   3  30   1   1   1   2   2   0   1   2  0.30 inf
    5 S    1 -1  0  0 -1  0  0 -1 -1 -1 -1  0 -1 -2  0  3  3 -2 -1 -1    2   1   1   2   1   1   2   2   1   1   3   2   1   1   1  45  30   0   1   2  0.24 inf
    6 T   -1  0  3  0 -2  0  0 -1 -1 -2 -2  2 -1 -3 -1  1  3 -3 -2 -1    0   0  29   0   0   0   0   0   0   0   0  29   0   0   0   0  42   0   0   0  0.32 inf
    7 L    1 -2 -3 -3 -1 -2 -2 -2 -3  2  3 -2  1  0 -2 -1 -1 -2 -1  1   29   0   0   0   0   0   0   0   0  29  42   0   0   0   0   0   0   0   0   0  0.21 inf
    8 L   -1  0 -1 -2 -2  0 -1 -2 -2  0  2  2  1 -1 -2  0  2 -2 -2  0    0   0   0   0   0   0   0   0   0   0  42  29   0   0   0   0  29   0   0   0  0.15 inf
    9 L   -2 -2 -4 -4 -2 -2 -3 -3 -3  1  3 -3  1  1 -3 -3 -2  7  0  0    0   0   0   0   0   0   0   0   0   0  71   0   0   0   0   0   0  29   0   0  0.68 inf
   10 A    2 -2 -3 -3 -1 -2 -2 -2 -2  2  2 -2  1 -1 -2  0 -1 -2 -2  1   42   0   0   0   0   0   0   0   0  29  29   0   0   0   0   0   0   0   0   0  0.18 inf
   11 A    3 -1  0 -1 -1 -1 -1  0 -2 -1 -2 -1 -1 -2 -1  2  3 -3 -2 -1   42   0   0   0   0   0   0   0   0   0   0   0   0   0   0  29  29   0   0   0  0.32 inf
   12 A    2 -2 -1 -2 -1 -1 -1 -1 -2  0 -1 -1  0 -2 -1  1  2 -3 -2  2   42   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0  29   0   0  29  0.21 inf
   13 A    3 -2 -2 -2 -1 -1 -1 -1 -2  0  1 -1  0 -1 -1  0  0 -2 -2  0   71   0   0   0   0   0   0   0   0   0  29   0   0   0   0   0   0   0   0   0  0.24 inf
   14 G    0 -3 -1 -2  5 -2 -3  5 -2 -3 -3 -2 -2 -3 -2 -1 -1 -3 -3 -2    0   0   0   0  29   0   0  71   0   0   0   0   0   0   0   0   0   0   0   0  0.79 inf
   15 S    0 -1  0 -1 -1  0 -1 -1 -1 -1  0 -1  3 -2 -1  3  3 -2 -2  0    0   0   0   0   0   0   0   0   0   0   0   0  29   0   0  42  29   0   0   0  0.23 inf
   16 A    3 -2 -2 -2 -1 -1 -1 -1 -2  0 -1 -1  0 -2 -1  1  0 -3 -2  2   71   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0   0  29  0.27 inf
   17 L   -1 -3 -3 -4 -1 -3 -3 -4 -2  2  3 -3  1  3 -3 -2 -1 -1  1  2    0   0   0   0   0   0   0   0   0   0  42   0   0  29   0   0   0   0   0  29  0.31 inf
   18 A    3 -2 -2 -2 -1 -1 -1 -1 -2 -1 -1 -1 -1  3 -2  0 -1 -1  0  0   71   0   0   0   0   0   0   0   0   0   0   0   0  29   0   0   0   0   0   0  0.27 inf
   19 V   -1 -3 -3 -3 -1 -2 -3 -3 -3  2  2 -2  1  0 -3 -2  0 -3 -1  3    0   0   0   0   0   0   0   0   0   0  29   0   0   0   0   0   0   0   0  71  0.33 inf
   20 P    2 -2 -2 -2 -2 -1 -1 -1 -2 -2 -3 -1 -2 -3  7  0 -1 -4 -3 -2   29   0   0   0   0   0   0   0   0   0   0   0   0   0  71   0   0   0   0   0  1.33 i

Score % at Position



Where Pairwise Scores Come From

11/3/10%

11%

Where pairwise scores come from –"

score(AA)=log!P(A|A)"
f(A)"

“probability of A given an A”"
the observed probability of seeing an A"

aligned to an A in real alignments"

“frequency of A”"
the expected frequency of A in any sequence"

Sc(AA) = log! 0.64!
0.04!= +4!

Sc(AE) = log! 0.01!
0.04!= -2!

2!

2!

Where profile scores (should) come from"

score(A|x)=log!P(A|position x)"
f(A)"

“probability of A at position x”"
the observed probability of seeing an A"

in the consensus column x"

Sc(N|6) = log! 0.00!
0.06!= -inf!2! Sc(N|5) = log! 0.06!

0.06! = 0!2!

Sc(A|6) = log! 1.00!
0.04!= +4.6!2! Sc(A|5) = log! 0.04!

0.04! = 0!2!

1. what about position-specific gap penalties?!
2. how to estimate parameters from small numbers of observations?!

“probability of A given an A”" the observed probability of seeing an 
A" aligned to an A in real alignments"

frequency of A” the expected frequency of A in any sequence

11/3/10%

11%

Where pairwise scores come from –"

score(AA)=log!P(A|A)"
f(A)"

“probability of A given an A”"
the observed probability of seeing an A"

aligned to an A in real alignments"

“frequency of A”"
the expected frequency of A in any sequence"

Sc(AA) = log! 0.64!
0.04!= +4!

Sc(AE) = log! 0.01!
0.04!= -2!

2!

2!

Where profile scores (should) come from"

score(A|x)=log!P(A|position x)"
f(A)"

“probability of A at position x”"
the observed probability of seeing an A"

in the consensus column x"

Sc(N|6) = log! 0.00!
0.06!= -inf!2! Sc(N|5) = log! 0.06!

0.06! = 0!2!

Sc(A|6) = log! 1.00!
0.04!= +4.6!2! Sc(A|5) = log! 0.04!

0.04! = 0!2!

1. what about position-specific gap penalties?!
2. how to estimate parameters from small numbers of observations?!



Where Profile Scores Should Come From

11/3/10%

11%

Where pairwise scores come from –"

score(AA)=log!P(A|A)"
f(A)"

“probability of A given an A”"
the observed probability of seeing an A"

aligned to an A in real alignments"

“frequency of A”"
the expected frequency of A in any sequence"

Sc(AA) = log! 0.64!
0.04!= +4!

Sc(AE) = log! 0.01!
0.04!= -2!

2!

2!

Where profile scores (should) come from"

score(A|x)=log!P(A|position x)"
f(A)"

“probability of A at position x”"
the observed probability of seeing an A"

in the consensus column x"

Sc(N|6) = log! 0.00!
0.06!= -inf!2! Sc(N|5) = log! 0.06!

0.06! = 0!2!

Sc(A|6) = log! 1.00!
0.04!= +4.6!2! Sc(A|5) = log! 0.04!

0.04! = 0!2!

1. what about position-specific gap penalties?!
2. how to estimate parameters from small numbers of observations?!

“probability of A at position 
x”" the observed probability 
of seeing an A in the 
consensus column X

what about position-specific gap penalties?  
how to estimate parameters from small numbers of observations?





PSI-BLAST uses PSSMs to Find 
Distant Homologs





A SmithWaterman Search 



A PSI-BLAST First Iteration



PSI-BLAST Second Iteration



Improving Accuracy



Error in Profile Searches

b-1,3-glucanase

xylanase

cellulase

bifunctional esterase/xylanase

Homologous Over-Extension



Drawbacks to PSI-Search

• Hard to compare 2 profiles

• With few input sequences it’s hard to create an 
accurate profile

• Including a non-homolog will capture “it’s 
friends”



Error in Profile Searches

More Errors than 
Expected in PSI-

BLAST vs 
SSEARCH



•phmmer
Compares a protein sequence against a 
protein sequence database

•hmmscan
Compares a protein sequence to a profile 
HMM

•hmmsearch
Compares a profile HMM again a protein 
sequence database

•jackhammer
interactive hmmsearch 

HMMER



HMMER
It detects homology by comparing a profile-HMM to either a single sequence or a database of sequences. 

https://en.wikipedia.org/wiki/Hidden_Markov_model


Model HMM

HMM, modeling sequences of as and bs as 2 regions of 
potentially different residue composition



Profile HMM

• HMM describes the probabilities of 
each state transitions


• Mi to Ii, Ii to itself, Ii to Mi+1 

• Mi to Mi+1


• Mi to Di+1, Di to Di+1, Di to Mi+1  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Derive HMMs from Multiple 
Sequence Alignment

Profile HMMs represents the consensus for the 
alignment of sequence from the same family and 
are built using a multiple sequence alignment

sp|O74706|EGLB_ASPNG      MKFQSTL--LLAAAAGSALAV-----------------PHGSGHKKRASVFEWFGSNESG
sp|Q96WQ8|EGLB_ASPKA      MKFQSTL--LLAAAAGSALAV-----------------PHGPGHKKRASVFEWFGSNESG
sp|P51529|MANA_STRLI      MR---NARSTLITTAGMAFAVLGLLFALAGPSAGRAEAAAGGIHVSNGRVVE--GNGSAF
sp|P22533|MANB_CALSA      MRLKTKIRKKWLSVLCTVVFLLNILFI-----ANVTILPKVGAATSNDGVVKI----DTS
                          *.   .      :.   .. :                 .      ..  *.:     .: 

sp|O74706|EGLB_ASPNG      AEFGTNIPGVWGTDYIFPDPST--ISTLIGKGMNFFRVQFMMERLLPDSMTGSYDEEYLA
sp|Q96WQ8|EGLB_ASPKA      AEFGTNIPGVWGTDYIFPDPSA--ISTLIDKGMNFFRVQFMMERLLPDSMTGSYDEEYLA
sp|P51529|MANA_STRLI      VMRGVNHAYTW-----YPDRTGS-IADIAAKGANTVRVVL--------SSGGRWTKTSAS
sp|P22533|MANB_CALSA      TLIGTNHAHCW-----YRDRLDTALRGIRSWGMNSVRVVL--------SNGYRWTKIPAS
                          .  *.* .  *     : *     :  :  .* * .** :        *    : :   :



profile HMM

represents a short multiple alignment of 5 sequences 
with 3 consensus colums



profile HMMs

• Takes the “standard” profiles and uses HMM based “standard” 
mathematics to solve two problems

• Profile-HMM scores are comparable (sort of)
• Sets gap costs 



1. Collect the protein sequences from the 
same protein family

2. Generate a multiple in one of the 
following formats:
1. Stockholm, aligned FASTA, Clustal, 

PSI-BLAST, SELEX and PHYLIP.
3. Use hmmbuild to create a profile HMM
4. This profile can be used to identify 

distant family members

How to build a profile HMMs



• Clustal Omega

• T-Coffee

• Muscle

Multiple Sequence Alignment Tools

https://www.ebi.ac.uk/Tools/msa/



Protein Domain Summary

• Protein Domains are independent structural entities that are found with 
various partners.

• Protein divergence is not uniform over a protein - some parts are more 
conserved than others

• Position specific scoring matrices can capture the specific patterns of 
conservation at different sites in a protein

• PSI-BLAST combines searching, multiple alignment, and PSSMs
• Statistical estimates are difficult with PSSMs, use PSI- SEARCH and 

PSI-PRSS
• HMMER3 creates HMM models of a protein family from a multiple 

sequence alignment
• Iterative PSSM/HMM searches may be contaminated by Homologous 

Overextension
• Single models cannot capture diverse families (PFAM Clans)
• Protein domains can be identified using RPS-BLAST or CDD searching



Workshop
Time

https://bcantarel.github.io/cshl_homology_workshop2

https://bcantarel.github.io/cshl_homology_workshop2

