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Position-Specific Scoring Matrix for"
Prokaryotic Helix-Turn-Helix Motifs!

Sequence ! !Helix !  Turn !Helix!
RCRO_LAMBD !F G Q T K T A K D L G V Y Q S A I N K A I H!
RCRO_BP434 !M T Q T E L A T K A G V K Q Q S I Q L I E A!
RCRO_BPP22 !G T Q R A V A K A L G I S D A A V S Q W K E!

RPC1_LAMBD !L S Q E S V A D K M G M G Q S G V G A L F N!
RPC1_BP434 !L N Q A E L A Q K V G T T Q Q S I E Q L E N!
RPC1_BPP22 !I R Q A A L G K M V G V S N V A I S Q W E R!

RPC2_LAMBD !L G T E K T A E A V G V D K S Q I S R W K R!
LACR_ECOLI !V T L Y D V A E Y A G V S Y Q T V S R V V N!
CRP_ECOLI !I T Q Q E I G Q I V G C S R E T V G R I L K!
TRPR_ECOLI !M S Q R E L K N E L G A G I A T I T R G S N!

RPC1_CPP22 !R G Q R K V A D A L G I N E S Q I S R W K G!
GALR_ECOLI !A T I K D V A R L A G V S V A T V S R V I N!
Y77_BPT7 !L S H R S L G E L Y G V S Q S T I T R I L Q!

TER3_ECOLI !L T T R K L A Q K L G V E Q P T L Y W H V K!
VIVB_BPT7 !D Y Q A I F A Q Q L G G T Q S A A S Q I D E!
DEOR_ECOLI !L H L K D A A A L L G V S E M T I R R D L N!
RP32_BACSU !R T L E E V G K V F G V T R E R I R Q I E A!

Y28_BPT7 !E S N V S L A R T Y G V S Q Q T I C D I R K!
IMMRE_BPPH !S T L E A V A G A L G I Q V S A I V G E E T!



Position Specific Scoring Matrix for"
Prokaryotic Helix-Turn-Helix Motifs!

                              Position 
 
    1  2  3  4  5  6  7  8  9 10 11 12 13 14 15 16 17 18 19 20 21 22 
 
A   2  1  3 13 10 12 67  4 13  9  1  2  4  3  6 15  4  4  4 11  0 10 
R   7  5  8  9  4  0  1 16  7  0  1  0  1 16  6  6  0 11 28  3  0 16 
N   0  8  0  1  0  0  0  2  1  1 10  0  7  1  3  1  0  4  8  0  1 11 
D   0  1  0  1 13  0  0 12  1  0  4  0  1  2  0  0  0  0  1  1  0  3 
C   0  0  1  0  0  0  0  0  0  2  2  1  0  0  0  0  0  0  0  1  0  0 
Q   1  1 21  8 10  0  0  7  6  0  0  2  1 17  7  7  0  2 12  5  2  4 
E   2  0  0  9 21  0  0 15  7  3  3  0  1  6 11  0  0  2  0  1 13  6 
G   9  7  1  4  0  0  8  0  0  0 46  0  6  0  7  1  0  3  1  1  0  4 
H   4  3  1  1  2  0  0  2  2  0  5  0  3  3  0  2  0  2  4  5  0  2 
I  10  0 11  1  2 10  0  4  9  3  0 16  0  2  0  1 26  1  0  8 16  0 
L  16  1 17  0  1 31  0  3 11 24  0 14  0  2  0  1 21  1  1 12 20  0 
K   3  4  5 10 11  1  1 13 10  0  5  2  1  4  1  1  0  1  8  4  5 14 
M   7  1  1  0  0  0  0  0  5  7  1  8  0  0  2  0  2  0  0  2  0  1 
F   4  0  3  0  0  4  0  0  0 10  0  0  0  0  1  0  0  1  1  1 11  0 
P   0  6  0  1  0  0  0  0  0  0  0  0  1 12  7  0  0  0  0  0  0  3 
S   1 17  0  8  3  1  3  0  2  2  2  0 37  1 24  5  0 29  3  0  1  3 
T   5 22  3 11  1  5  0  2  2  2  0  5 16  4  2 38  0  4  1  0  4  3 
W   2  0  0  0  0  0  0  0  0  1  0  1  0  0  0  0  0  0  2 10  0  0 
Y   1  0  4  2  0  1  0  0  2  4  0  1  1  2  0  2  0 15  5  7  0  0 
V   6  3  1  1  2 15  0  0  2 12  0 28  0  5  3  0 27  0  1  8  7  0 

   Examples of motif!
!
HSGEQLAETLGMSRAAINKHIQ!
VTLYDVAEYAGVSYQTVSRVVN!
AMIKDVALKAKVSTATVSRALM!
ATIKDVAKRAGVSTTTVSHVIN!
ITIYDLAELSGVSASAVSAILN!
LHLKDAAALLGVSEMTIRRDLN!
TAYAELAKQFGVSPGTIHVRVE!
GSLTEAAHLLGTSQPTVSRELA!
MSQRELKNELGAGIATITRGSN!
ITRQEIGQIVGCSRETVGRILK!
FDIASVAQHVCLSPSRLSHLFR!
LRIDEVARHVCLSPSRLAHLFR!
MTRGDIGNYLGLTVETISRLLG!
VTLEALADQVGMSPFHLHRLFK!
          .!

Structural or functional motif!



Helix-Turn-Helix Weight Matrix!

 !

Position! !
    1  2  3  4  5  6  7  8  9 10 11 12 13 14 15 16 17 18 19 20 21 22! !
 !
A   2  1  3 13 10 12 67  4 13  9  1  2  4  3  6 15  4  4  4 11  0 10! !
R   7  5  8  9  4  0  1 16  7  0  1  0  1 16  6  6  0 11 28  3  0 16! !
N   0  8  0  1  0  0  0  2  1  1 10  !0  7  1  3  1  0  4  8  0  1 11! !
D   0  1  0  1 13  0  0 12  1  0  4  0  1  2  0  0  0  0  1  1  0  3! !
C   0  0  1  0  0  0  0  0  0  2  2  1  0  0  0  0  0  0  0  1  0  0! !
Q   1  1 21  8 10  0  0  7  6  0  0  2  1 17  7  7  0  2 12  5  2  4! !
E   2  0  0  9 21!  0  0 15  7  3  3  0  1  6 11  0  0  2  0  1 13  6! !
G   9  7  1  4  0  0  8  0  0  0 46  0  6  0  7  1  0  3  1  1  0  4! !
H   4  3  1  1  2  0  0  2  2  0  5  0  3  3  0  2  0  2  4  5  0  2! !
I  10  0 11  1  2 10  0  4  9  3  0 16  0  2  0  1 26  1  0  8 16 ! 0! !
L  16  1 17  0  1 31  0  3 11 24  0 14  0  2  0  1 21  1  1 12 20  0! !
K   3  4  5 10 11  1  1 13 10  0  5  2  1  4  1  1  0  1  8  4  5 14! !
M   7  1  1  0  0  0  0  0  5  7  1  8  0  0  2  0  2  0  0  2  0  1! !
F   4  0  3  0  0  4  0  0  0 10  0  0  0  0  !1  0  0  1  1  1 11  0! !
P   0  6  0  1  0  0  0  0  0  0  0  0  1 12  7  0  0  0  0  0  0  3! !
S   1 17  0  8  3  1  3  0  2  2  2  0 37  1 24  5  0 29  3  0  1  3! !
T   5 22  3 11  1  5  0  2  2  2  0  5 16  4  2 38  0  4  1  0  4  3! !
W   2  0  0  0  0  0  0  0!  0  1  0  1  0  0  0  0  0  0  2 10  0  0!
Y   1  0  4  2  0  1  0  0  2  4  0  1  1  2  0  2  0 15  5  7  0  0! !
V   6  3  1  1  2 15  0  0  2 12  0 28  0  5  3  0 27  0  1  8  7  0! !

Wij =

Nij

N
fi

  where 
Nij =  number of amino acid of type i at position j 
N =  number of sequences in training set, and        
fi =  frequency of amino acids of type i in database
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PSSM as a Scoring Matrix "
http://ca.expasy.org/prosite/PS50044!

/GENERAL_SPEC: ALPHABET='ABCDEFGHIKLMNPQRSTVWYZ'; LENGTH=21;!
/DISJOINT: DEFINITION=PROTECT; N1=6; N2=22;!
/NORMALIZATION: MODE=1; FUNCTION=LINEAR; R1=.2102; R2=.01235545; TEXT='-LogE';!
/CUT_OFF: LEVEL=0; SCORE=670; N_SCORE=8.5; MODE=1; TEXT='!';!
/CUT_OFF: LEVEL=-1; SCORE=509; N_SCORE=6.5; MODE=1; TEXT='?';!
/DEFAULT: D=-20; I=-20; B1=-50; E1=-50; MI=-105; MD=-105; IM=-105; DM=-105;!
!
                A   B   C   D   E   F   G   H   I   K   L   M   N   P   Q   R   S   T   V   W   Y   Z!
/I:         B1=0; BI=-105; BD=-105;!
/M: SY='W'; M=-17,-33,-46,-34,-27,  4, -9,-27,-22,-19,-22,-20,-31,-28,-19,-19,-33,-27,-30,122, 21,-19;!
/M: SY='L'; M= -5,-28,-19,-31,-21, 20,-27,-20, 13,-28, 36, 13,-26,-28,-23,-20,-24, -9,  7,-14,  3,-21;!
/M: SY='I'; M= -4,-16,-21,-20,-13, -9,-17,-22, 11,-18,  2,  2,-12,-18,-14,-19, -3,  3, 11,-26,-10,-15;!
/M: SY='R'; M=-14, -3,-30, -2, 11,-26,-20, -5,-30, 37,-25,-11,  0,-13, 11, 43, -9,-10,-21,-21,-11,  9;!
/M: SY='S'; M= 23, -1,-11, -7, -4,-19, -1,-13,-16, -9,-21,-16,  5,-11, -4,-13, 26, 14, -7,-32,-19, -4;!
/M: SY='L'; M= -9,-30,-19,-31,-22,  8,-31,-22, 23,-29, 42, 19,-29,-29,-21,-21,-26, -9, 17,-21, -1,-22;!
/M: SY='E'; M=-15, 18,-30, 28, 31,-34,-17,  7,-31,  8,-23,-17,  7, -8, 20,  6, -1,-10,-29,-30,-15, 25;!
/M: SY='Q'; M= -4, -2,-24, -2, 12,-30,-14,  1,-22,  9,-21, -8,  1,-12, 30, 16,  7, -3,-22,-25,-13, 20;!
/M: SY='R'; M=-20,-10,-30,-10,  0,-20,-20,  0,-30, 30,-20,-10,  0,-20, 10, 70,-10,-10,-20,-20,-10,  0;!
/M: SY='A'; M=  7, -1,-22, -7, -2,-19, -5, -2,-20,  3,-18, -9,  5,-15,  5,  3,  1, -7,-17,-22,-12,  1;!
/M: SY='D'; M= -8, 14,-27, 20, 17,-30,-15, -3,-29, 13,-23,-17,  5,-10, 10, 12, -1, -6,-23,-28,-15, 13;!
/M: SY='T'; M= -1,  0,-11, -9, -9,-11,-20,-19,-11, -6,-11,-10,  0,-10, -9, -8, 18, 46, -1,-29,-10, -9;!
/M: SY='I'; M=-10,-30,-25,-35,-25,  5,-35,-25, 36,-30, 34, 20,-25,-25,-20,-25,-25,-10, 21,-20,  0,-25;!
/M: SY='L'; M= -9,-25,-19,-28,-19,  6,-27,-17, 17,-25, 39, 24,-25,-26,-16,-17,-24, -4,  9,-21, -1,-17;!
/M: SY='R'; M=-15, -5,-30, -5,  5,-25,-20, -5,-30, 40,-25,-10,  0,-15, 10, 50,-10,-10,-20,-20,-10,  5;!
/M: SY='V'; M= -1,-24,-12,-27,-26, -2,-29,-28, 24,-19,  7,  7,-23,-25,-25,-19, -5,  9, 38,-29, -9,-26;!
/M: SY='A'; M= 35,-12,-12,-20,-12,-17, -6,-20, -3,-13, -9, -7, -9,-12,-11,-19, 10,  2,  5,-24,-17,-12;!
/M: SY='S'; M=  3, -2,-16, -7, -4,-18,-11, -9,-15, -1,-19,-11,  5,-15,  0,  6, 14, 10, -7,-30,-15, -3;!
/M: SY='C'; M= -2, -6, 18, -7, 12,-23,-22,-14,-21, -7,-16,-14,-10,-17, -2,-11, -3, -8,-12,-34,-21,  5;!
/M: SY='I'; M=-10,-30,-26,-36,-26,  4,-36,-26, 39,-30, 31, 20,-24,-24,-20,-26,-24,-10, 23,-20,  0,-26;!
/M: SY='V'; M= -2,-30,-14,-31,-29,  1,-31,-29, 32,-22, 14, 12,-29,-29,-28,-21,-13, -2, 44,-28, -8,-29;!
!



Evaluation of Classifiers!

Negatives!

Positives!



Evaluation of Classifiers!

Negatives!

Positives!
TN!

TP!

FN! FP!

Sensitivity=!
TP/(TP+FN)!Specificity=!

TN/(TN+FP)!

Precision or PPV=!
TP/(TP+FP)!

Accuracy=!
(TP+TN)/(TP+TN+FP+FN)!



Criteria Used to Select Threshold!

•  Minimize the False Negatives!
•  Minimize False Positives!
•  Minimize Total Misclassified Cases!
•  Maximize Specific Utility Function!
•  Optimize Arbitrary Objective Function!



Receiver-Operator Characteristic Shows"
Sensitivity versus Specificity with Threshold!
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Homework Assignment 3"
http://biochem218.stanford.edu/03Homework.pdf!

1.  Select a protein of interest to you from UniProt/SwissProt database whose function is 
well known and well characterized. Obtain the FASTA format of the protein and the 
Gene Ontology terms associated with your protein. !

2.  Search your protein for similar sequences using the BLAST method on the UniProt site. 
Please report two or three hits which are both statistically and biologically significant. 
Also report two or three hits which you think are neither statistically nor biologically 
significant. If your protein family is very large, you may have to ask BLAST to return 
more hits to find statistically insignificant hits.!

3.  Search your protein for motifs with the MyHits Motif Scan Query. Be sure to Include 
Protsite Patterns, Prosite Frequent Patterns, Prosite Profiles, Prefiles, Pfam HMMSs 
(local Models) in your search. Please send the MyHits you think are biologically 
significant and at least 1 or 2 hits which you think are not statistically or biologically 
significant. Please note that only the Profiles have expectation values. The patterns do 
not have a measure of statistical significance.!

4.  Search your protein for motifs using the InterPro database. Please report a few of the 
InterPro domains hits you think are significant and any hits which you think are not 
statistically or biologically significant. Please note that the default graphic output of 
InterPro does not list expectation values. You must switch to the Tabular view to obtain 
the statistical significance.!

5.  Are the results from these functional searches compatible with the gene ontology terms 
associated with your protein? Did you discover any statistically significant functional 
similarities or motifs not represented by the known gene ontology terms? !



Biological vs. Statistical Significance!

•  Statistically significant results always have 
biological significance.!

•  Statistically insignificant similarities or motifs 
may still be biologically significant, especially 
those at the borderline of statistical significance.!

•  Biologically significant results that are not 
statistically significant can often be detected by 
multiple observations.!

•  Biological significance can have multiple 
hierarchical interpretation or meaning.!

•  Algorithms that miss biologically significant 
results should be improved to more accurately 
reflect the biology.!



DNA Dot Matrix!



DNA Dot Matrix (2)!



SeqWeb’s Compare DotPlot "
http://seqweb.stanford.edu:81/!



SeqWeb’s Comparison Programs"
http://seqweb.stanford.edu:81/gcg-bin/programs.cgi?name=comparison!



SeqWeb’s Compare Peptide Sequences"
http://seqweb.stanford.edu:81/gcg-bin/analysis.cgi?program=compdot-prot!



SeqWeb’s Job Manger"
http://seqweb.stanford.edu:81/gcg-bin/analysis.cgi?program=compdot-prot!



SeqWeb’s Compare Results"
http://seqweb.stanford.edu:81/gcg-bin/analysis.cgi?program=compdot-prot!



SeqWeb’s Compare Results"
http://seqweb.stanford.edu:81/gcg-bin/analysis.cgi?program=compdot-prot!



Sequence Alignment Problem!

C  A  T  T  G!

T  C  A  T  G!



Sequence Alignment Problem!

C  A  T  T  G!

T  C  A  T  G!



Sequence Alignment Problem!

C  A  T  T  G!

T  C  A  T  G!

C  A  T  T  G!

T  C  A  T  G!



Sequence Alignment "
Exact Matches Only!

F--SGGNTHIYMNHVEQCKEILRREPKELCELVISGLPYKFRYLSTKE-QLK-Y!

GDFIHTLGDAHIYLNHIEPLKIQLQREPRPFPKLRILRKVEKIDDFKAEDFQIEGYN!

X        220       230       240       250           X!

|    |  ||| || |  |  | |||     | |     |         |   |!

X         260       270       280       290          X!



Sequence Alignment "
Amino Acid Similarity!

F--SGGNTHIYMNHVEQCKEILRREPKELCELVISGLPYKFRYLSTKE-QLK-Y!

GDFIHTLGDAHIYLNHIEPLKIQLQREPRPFPKLRILRKVEKIDDFKAEDFQIEGYN!

X        220       230       240       250           X!

|  : |::|||:||:|  |  | |||: : :| |     |   ::::: |:: |!

X         260       270       280       290          X!



Sequence Alignment and"
Typical Objective Function!

F--SGGNTHIYMNHVEQCKEILRREPKELCELVISGLPYKFRYLSTKE-QLK-Y!

GDFIHTLGDAHIYLNHIEPLKIQLQREPRPFPKLRILRKVEKIDDFKAEDFQIEGYN!

X        220       230       240       250           X!

|  : |::|||:||:|  |  | |||: : :| |     |   ::::: |:: |!

X         260       270       280       290          X!

where:!

Score = Similarity_Weights − Gap_Penalties
Re gion _ start

Re gion _ End

∑
Re gion _ Start

Re gion _ End

∑

Gap_Penalty = Gap_Start _Penalty + (Gap_Size −1)∗Gap_Size_Penalty



Needleman-Wunsch Alignment Algorithm"
Matches and Mismatches!



Needleman-Wunsch Alignment Algorithm"
Recursion!



Needleman-Wunsch Alignment Algorithm"
Maximal Scores!



Needleman-Wunsch Alignment Algorithm"
Trace Back!



Sequence Alignment and"
Typical Objective Function!

F--SGGNTHIYMNHVEQCKEILRREPKELCELVISGLPYKFRYLSTKE-QLK-Y!

GDFIHTLGDAHIYLNHIEPLKIQLQREPRPFPKLRILRKVEKIDDFKAEDFQIEGYN!

X        220       230       240       250           X!

|  : |::|||:||:|  |  | |||: : :| |     |   ::::: |:: |!

X         260       270       280       290          X!

where:!

Score = Similarity_Weights − Gap_Penalties
Re gion _ start

Re gion _ End

∑
Re gion _ Start

Re gion _ End

∑

Gap_Penalty = Gap_Start _Penalty +Gap_Size∗Gap_Size_Penalty



Sequence Similarity vs"
Evolutionary Distance!
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Dayhoff’s Acceptable Point Mutations"
(PAMs)!

Al a A
Arg R 30
Asn N 109 17
Asp D 154 0 532
Cys C 33 10 0 0
Gl n Q 93 120 50 76 0
Gl u E 266 0 94 831 0 422
Gl y G 579 10 156 162 10 30 112
Hi s H 21 103 226 43 10 243 23 10
I l e I 66 30 36 13 17 8 35 0 3
Leu L 95 17 37 0 0 75 15 17 40 253
Lys K 57 477 322 85 0 147 104 60 23 43 39
Met M 29 17 0 0 0 20 7 7 0 57 207 90
Phe F 20 7 7 0 0 0 0 17 20 90 167 0 17
Pro P 345 67 27 10 10 93 40 49 50 7 43 43 4 7
Ser S 772 137 432 98 117 47 86 450 26 20 32 168 20 40 269
Thr T 590 20 169 57 10 37 31 50 14 129 52 200 28 10 73 696
Trp W 0 27 3 0 0 0 0 0 3 0 13 0 0 10 0 17 0
Tyr Y 20 3 36 0 30 0 10 0 40 13 23 10 0 260 0 22 23 6
Val V 365 20 13 17 33 27 37 97 30 661 303 17 77 10 50 43 186 0 17

A R N D C Q E G H I L K M F P S T W Y V
Al a Arg Asn Asp Cys Gl n Gl u Gl y Hi s I l e Leu Lys Met Phe Pro Ser Thr Trp Tyr Val



Dayhoff’s PAM 250 Matrix (Log-Odds Form)!

A Ala .18
R Arg -.15 .61
N Asn .02 0 .20
D Asp .03 -.13 .21 .39
C Cys -.20 -.36 -.36 -.51 1.19
Q Gln -.04 .13 .08 .16 -.54 .40
E Glu .03 -.11 .14 .34 -.53 .25 .38
G Gly .13 -.26 .03 .06 -.34 -.53 .25 .38
H His -.14 .16 .16 .07 -.34 .29 .07 -.21 .65
I Ile -.05 -.20 -.18 -.24 -.23 -.20 -.20 -.26 -.24 .45
L Leu -.19 -.30 -.29 -.40 -.60 -.18 -.34 -.41 -.21 .24 .59
K Lys -.12 .34 .10 .01 -.54 .07 -.01 -.17 0 -.19 -.29 .47
M Met -.11 -.04 -.17 -.26 -.52 -.10 -.21 -.28 -.21 .22 .37 .04 .64
F Phe -.35 -.45 -.35 -.56 -.43 -.47 -.54 -.48 -.18 .10 .18 -.53 .02 .91
P Pro .11 -.02 -.05 -.10 -.28 .02 -.06 -.05 -.02 -.20 -.25 -.11 -.21 -.46 .59
S Ser .11 -.03 .07 .03 0 -.05 0 .11 -.08 -.14 -.28 -.02 -.16 -.32 .09 .16
T Thr .12 -.09 .04 -.01 -.22 -.08 -.04 0 -.13 .01 -.17 0 -.06 -.31 .03 .13 .26
W Trp -.58 .22 -.42 -.68 -.78 -.48 -.70 -.70 -.28 -.51 -.18 -.35 -.42 .04 -.56 -.25 -.52 1.73
Y Tyr -.35 -.42 -.21 -.43 .03 -.40 -.43 -.52 -.01 -.09 -.09 -.44 -.24 .70 -.49 -.28 -.27 -.02 1.01
V Val .02 -.25 -.17 -.21 -.19 -.19 -.18 -.14 -.22 .37 .19 -.24 .18 -.12 -.12 -.10 .03 -.62 -.25 .43

A R N D C Q E G H I L K M F P S T W Y V
Ala Arg Asn Asp Cys Gln Glu Gly His Ile Leu Lys Met Phe Pro Ser Thr Trp Tyr Val



Dayhoff’s PAM 250 Matrix (1978)!

Cys C 12
Ser S 0 2
Thr T -2 1 3
Pro P -3 1 0 6
Ala A -2 1 1 1 2
Gly G -3 1 0 -1 1 5
Asn N -4 1 0 -1 0 0 2
Asp D -5 0 0 -1 0 1 2 4
Glu E -5 0 0 -1 0 0 1 3 4
Gln Q -5 -1 -1 0 0 -1 1 2 2 4
His H -3 -1 -1 0 -1 -2 2 1 1 3 6
Arg R -4 0 -1 0 -2 -3 0 -1 -1 1 2 6
Lys K -5 0 0 -1 -1 -2 1 0 0 1 0 3 5
Met M -5 -2 -1 -2 -1 -3 -2 -3 -2 -1 -2 0 0 6
Ile I -2 -1 0 -2 -1 -3 -2 -2 -2 -2 -2 -2 -2 2 5
Leu L -6 -3 -2 -3 -2 -4 -3 -4 -3 -2 -2 -3 -3 4 2 6
Val V -2 -1 0 -1 0 -1 -2 -2 -2 -2 -2 -2 -2 2 4 2 4
Phe F -4 -3 -3 -5 -4 -5 -4 -6 -5 -5 -2 -4 -5 0 1 2 -1 9
Tyr Y 0 -3 -3 -5 -3 -5 -2 -4 -4 -4 0 -4 -4 -2 -1 -1 -2 7 10
Trp W -8 -2 -5 -6 -6 -7 -4 -7 -7 -5 -3 2 -3 -4 -5 -2 -6 0 0 17

C S T P A G N D E Q H R K M I L V F Y W



Comparison of Scoring Matrices!



Significance of Alignments vs PAMs!



Detecting Evolutionary Relationships!

300"
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200"
million"
years"

100"

million"
years"

Today"

PAM 150"PAM 200"

PAM100" PAM 100"PAM100" PAM 100"



Block Signatures for a Protein Family "
http://blocks.fhcrc.org/!

NLQGYMLGNP  
NFMGYMVGNG  
NLKGFLVGNA  
NLKGILIGNA  
NLKGFAIGNG  
NFKGYLVGNG  
NLKGFIVGNP  
NIKGYIQGNA  
NLKGFMIGNA  
NLQGYILGNP  
NFKGFMVGNA  
NLQGYVLGNP  

10-45!

PLLLWLNGGPGCSSIGYGASEEIG 
PLVLWFNGGPGCSSVGFGAFEELG 
PLMIWLTGGPGCSGLSSFVYEIGP 
PLMIWLTGGPGCSGLSTFLYEFGP 
PLLLWLSGGPGCSSLTGLLFENGP 
PLVLWLNGGPGCSSVAYGAAEEIG 
PVVIWLTGGPGCSSELALFYENGP 
PLVIWFNGGPGCSSLGGAFKELGP 
PLVIWFNGGPACSSLGGAFLELGP 
PLVLWLNGGPGCSSLYGAFQELGP 
PLVLWLNGGPGCSSIAYGASEEVG 
PLTLWLNGGPGCSSVGGGAFTELG 

25-55!

TVKQWSGYMDYKDS 
GVNQYSGYLSVGSN 
SFAHYAGYVTVSED 
DFAQYAGYVTVDAA 
DLGHHAGYYKLPKS 
SVESYSGFMTVDAK 
GVKSYTGYLLANAT 
NFKQYSGYYNVGTK 
NFKSYSGYVDANAN 
NFKHYSGFFQVSDN 
DFFHYSGYLRAWTD 
TVKQYTGYLDVEDD 

40!



BLOSUM Matrices for Sequence Similarity!



Sequences Missed Using "
Various Scoring Matrices!



Smith-Waterman Algorithm!

.!

T C A T G!

C!
A!
T!
T!
G!

0!0!0!0!0!0!
0!
0!
0!
0!
0!

0!
0!
1!
1!
0!

1!
0!
0!
1!
1!

0!
2!
1!
0!
1!

0!
1!
3!
2!
1!

0!
0!
2!
3!
3! -gp for a gap!

-gp for a gap!

s(i-1,j-1)!

s(i,j-1)!

s(i-1,j)!

s(i,j)!

The score at s(i,j) is the maximum of:!
 ! s(i-1,j-1) + s(a,b)!
 ! s(i,j-1) - gap penalty!
 ! s(i-1,j) - gap penalty!
 !  ! Zero!



Smith Waterman Score Matrix "
(matches=1; mismatches=0; gap=-0.3)!



GAP Align Two Sequences"
http://seqweb.stanford.edu:81/gcg-bin/analysis.cgi?program=gap-prot!



GAP Align Two Sequences!



GAP Results (Gap Weight 4)!



GAP Results (Gap Weight 1)!



BestFit Parameters"
http://seqweb.stanford.edu:81/gcg-bin/analysis.cgi?program=bestfit-prot!



BestFit Results!



BestFit Results (Gap Weight 8)!



BestFit Results (Gap Weight 4)!



EMBL-EBI Sequence Analysis Tools"
http://www.ebi.ac.uk/Tools/sequence.html!



SIM Alignment Tool!



SIM Input Parameters!



SIM Results (1)!



SIM Results (2)!


