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Web-based BLAST Input
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Web-based BLASTN Output

BLASTN 2.2.4 [Aug-26-2002]

REeference:

A1t schul, 5tephen F., Thomasz L. Madden, ALlejandro 4. Schaffer,

Jinghui Zhang, Theng Thang, Webb Miller, and Dawid J. Lipman (1997),
“Gapped BLAST and PSI-BLAST: a new generation of protein database search
programs , MNucleic Acids Res. 25:3359-3402.

EID: 1031881000-015047-25887

Query= clusterB81580_1
(1447 letters)

Databa=se: 411 GenBank+EMEL4+DDEJ+FDE szequences (but no EST, 5T5,
55, or phaze 0, 1 or 2 HIGS zequencesz)
1, 36T, T36 zequences; 6,442, 224,816 total letters
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Web-based BLAST Output

Color Key for Alignmnent Scores
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Web-based BLAST Output

Score E
Sequencez producing =sighificant aligrnments=: (bit=) WValue
1| 215146566 zb|AF5150165. 1 | 51z =crofa myoszin regulatory liz. .. aat 0.0
21| 21261725 emb | AT48TET1. 1| S5C48TET1 Su=z scrofa mEHNLA for moe. .. 654 0.0
i [172265389 | gb [AF440218,. 1 |AF440218 Canis familiaris wentric... 521 e—145
gi|22061915|ref|EH 027060, 4 | Homo =zapien=s myo=sin, light pol... 420 e—114
gi| 21411328 gb |BCO51006. 1] Homo =apiens, myo=in, light pols. .. 420 e—114
i | 21410252 | zb |BCO51008. 1] Homo =apien=s, myvo=sin, light pols. .. 420 e—114
gi|15198354|gb|BC015821.1|BC015821 Homo =zapien=, myosin, l1li... 420 e—114
i | 5166580 zb | 569022, 1| 569022 Homo =sapiens myosin light chai... 420 e—114
gi|dEETTTd|ref|HH good32. 1| Homo =zapiens myo=sin, ligzht pols. .. 404 e—10%
gi|3d8ﬂ5|emb|355141.1|HSHYLC2 H. zapien= mENA for cardiac we... 404 e—1049
gi|245ﬂ246|gb|ﬂFD2DTEB.1|BFDEDTEE Homo =zapiens cardiac went. .. 400 e— 108
211220300 gb |M22815. 1 [HUMCMLC Human f{(clone PWHCLCZ2-8) card. .. pei==1 e— 103
21| 34686 |emb | X1435352, 1 [HEMLCZ  Human mRMNL for wentricular myo. .. a7l 2e—00
Fgi|BEE6EZ2 |emb | BOTS314. 1 |ENMLCZ2FR Eat heart myvosin light chain ... 264 Je—6aT
gi|208ﬂ1890|ref|EH 152524, 1| Mui=z mu=sculu=s myo=sin light chai... 262 le—6G
gi|GTEATTT | ref |NM 010861, 1| Maz mu=sculus myosin light chain. .. 262 le—6G
gi|12852205|dbj | AKO0256T. 1| Mu=z mu=scnlus adult male kidney ... 2a2 le—8A
ma l1agasAdlawIMa1En? 1 IMITSMVT TrET M marociilais meramae 14 ald ~las DA 1a—iER



Web-based BLAST Output

M >»gi|21314556 | ¢b |AFS13016. 1 |

Score =
Tdentitie=s = 359/37T0 (QTH)

Strand

uery:

Sbhjct:

ueri:

Sbijct:

e rs:

Sbijct:

uery:

Sbhjct:

ueri:

Sbijct:

e rs:

Sbijct:

o5

1

(MLC—2V) mEMA, complete cds
Length = 72

654 bit=s (330), Expect = 0.0
Flu=s / Plu=s

gocagatggagcocaaagnnnncgt gttt o

ftcoccaccatgtcacctaagasaagccaagaagagagcagatggagccaattcocaacgtgtto

155 tccatgtttzaacagaccocagattcaggaatttaaggagzsocttocaccatcatzsacocas

61

121

275

181

335 tttact

241

3895

301

A+ —t
M —m
A+ —

—0
A+ —t
M —m
M —m
+—

acgtgaaaaatgaggaaattgatgaaatgatcaaggaagoctcocaggtcocaattaac

gtzgaacgtgaaaaatgaggaaattgatgaaatgatcaaggaagctcocaggtcocaattaac

gococttgacgogttoccaagtgtttgcaccoctgaaggocasaggggtgoctcagggoctgattat

atccttaacgogttcaaagtgtttgaccoctgaaggocaaaggggtgoctcagggoctgzattat

Sus scrofa myoszin regulatory light chain wventricular isoform

154

214

120

274

150

334

240

384

30a

154

360



BLASTN Output

Databa=se: 411 GenbBank+EMEBL4+DDEI+FPDE =sequences L(but o EST.
or phase O, 1 or Z HTGS =sequences=)

Fo=zted date: Sep 4, 2002 12:27T 4AM
Mumber of letters in database: 2, 147, 257, 520
IMiymber of =eqgquences 1in databa=ze: 1, 367, T35
Lambda K H
1. 37T o.T11 1. 351
Fapped
Lambda K H
1. 37T o.T11 1. 351
Matri=: blastrn matrix:1 —3
zap Fenaltie=z: Existence: H., Exten=ion: =2

IMNimber of Hits to DE: S5, 320, 1835

FMHimber of Sequence=s: 136877368

INamber of exten=zion=: 33201835

Iamber of succeszszful extensions: 185695
FMimber of =eqguence=s better than 10.0: 207
lensth of guers-: 1447

length of databa=sze: 6,442, 224, 8516
effectiwre HSP length: 22

effectiwve length of guersz: 1425

effectaiwve length of databa=se: 6,412, 13534, 624
effectiwre s=earch =pace: Q1372918539200
effective zearch space uzed: S91353T291839200
T:= 0

a:- 30

l: 6 (11.9 bit=)

E2: 15 ({29.7T hit=2

51: 12 (24.3 bit=1)

52: 20 {d0.1 bit=2

STS,.

=55,



BLASTP output

N

L
Query= human XP-F repair gene (905 letters)

Database: Non-redundant SwissProt sequences 74,596 sequences; 26,848,718 total letters

B.

Color Key for Alignment Scores

QUERY
0 125 250 375 500 625 750 875

R i F F - # & F F FF F,

N —— S —
I I

N
|

Distribution of 11 BLAST Hits on the Query Sequence

Score E
Sequences producing significant alignments: (bits) value
sp|Q92889 |[XPF_HUMAN  DNA-REPAIR PROTEIN COMPLEMENTING XP-F CELL ... 1659 0.0
sp|P36617|RAl16_SCHPO DNA REPAIR PROTEIN RADLG 485 e-136
sp|PO6777|RAD]1_YEAST DNA REPAIR PROTEIN RAD] 231 4de-60
sp|P40562 |YIS2_YEAST PUTATIVE ATP-DEPENDENT RNA HELICASE YIR002C 37 0.17

Sp|Ql0202 | YAXB_SCHPO PUTATIVE ATP-DEPENDENT RNA HELICASE Cl3F4.11C 36 0.38
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#BLASTP

Database: Non-redundant SwissProt sequences
Number of letters in database: 26,848,718
Number of sequences in database: 74,596

Lambda
0.320
Gapped
Lambda
0.270

0

K H
0.136 0.394

K H
0470 0.230

Matrix: BLOSUMSG2
Gap Penalties: Existence: 11, Extension: 1

Number
Numbear
Humber
RHumber
Number
Number
Humber
Number
Humber
langth
length

of
of
of
of
of
of
of
of
of
of
of

aeffective
affactivea
affective
effective
effective

T: 11
A: 40

Hits to DB: 42777291

Sequences: 74596

extensions: 1706128

successful extensions: 4638

sequences better than 10.0: 12

H5P's better than 10.0 without gapping: 4
HSFP's successfully gapped in prelim test: 8
HSP's that attempted gapping in prelim test: 4616
HSP's gapped (non-prelim): 16

query: 905

database: 26848718

HSP length: 55

langth of query: 850

length of database: 22745938

search space: 19334047300

search space used: 19334047300

Xl: 16 ( 7.4 bits)
X2: 38 (14.8 bits)
X3: 64 (24.9 bits)
S1: 41 (21.8 bits)
S2: 68 {30.9 bits)



J2. Dynamic programming

# In early 1950’s, mathematician Richard Bellman, who
was working at RAND Corporation on optimal decision
processes, wanted to concoct an impressive hame that
would shield his work from U.S. Secretary of Defense
Charles Wilson, a man known to be hostile to
mathematics research. He figured dynamic
programming was “something not even a Congressman
could object to”.

# The heart of many well-known programs is a dynamic
programming algorithm, or a fast approximation of one,
such as BLAST, CLUSTAL, HMMER, GENSCAN, MFOLD
and PHYLIP.

N
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Seguence 2

Sequencel A

Do we get the best score

1. by aligning C with A and
adding the scoretothe
diagonal score x ?

OR

2. by placing a gap either
opposite C or A and
subtracting the gap penalty
from the highest scorein
rowy or columnz?

Mount D, 2002
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Six possible alignments

CTATAATCCC CTATAATCCC  CTATAATCCC
CTGTA-TC —— CTGTA-T-C— CTGTA-T-—C

CTATAATCCC CTATAATCCC ~ CTATAATCCC
CTGT-ATC-— CTGT -AT-C- CTGT -AT--C




* (sequence y)

2 3 4 5 6 7 8=N
T G C T C G T A
6

424 -48

-

N

1T 314 -37
2T -20m -26
®
23C
-
S 4 A 6
D
PR Z5T]|-30]| 19| 15| 4| 7| 4 4 -2
+5 for a b
match, -2 _ & o, iy
‘ M=6 A | -36| -25| -21| -10]| 1 51| 2
or a
mismatch
and -6 | _
for each optimum alignment scores 11:
insertion -
in T TCATA
deletion TGCTCGTA

+5 -6 -6 +5+5 -2 +5 45
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But what do we really need to know?

L

# It is guaranteed to give you a mathematically
optimal (highest scoring) solution. Whether
that corresponds to the biologically correct
alignment is a problem for your scoring
system, not for the algorithm;

# The question of when a score is statistically
significant is a separate problem, requiring
clever statistical theory;

# Dynamic programming is surprisingly
computationally demanding. Alternatively,

fast approximation, like workhorse BLAST,
FASTA and BLAT were used;
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# Only certain scoring systems are amenable to
dynamic programming. The scoring system
has to allow the optimal solution to be broken

up into independent parts, or else it can’t be
dealt with recursively.
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3. Scoring system (matrix)

# Almost all alignment methods find the best
alignment between two strings under some
scoring scheme;

# Back in the good old days, so many things

were easier to understand. The first sequence
comparisons just assigned —1 per mismatch
and insertion/deletion;

# However, we want a system to give the
biologically most likely alignment the highest
score and to take into account the fact that
biological molecules have evolutionary
histories etc.




Where did the BLOSUM®62 alignment score
matrix come from?

N

L

c [ 12]

s| o 2

T|-201 3

P|-31 0 6

Al-201 11 2

G|-31 0- 15\

N|-410-1 0 0|2

D|-5/0 0-1 0 1| 2 4

E|-50 0-1 0013 4

-:1-5-1_1130_11224\

H-3-1-1D-1-221136\

R|-4 0-1 0-2-30-1-1 1|2 6

K-5u0_1_1_21uu1u35\

MmJ[|-5-2-1-2-1-3-2-3-2-1]-2 0 of 6

| | -2[-1 0 -2 -1-3|-2-2-2-2|-2-2-2 2\

L |-6/-3-2-3-2-4/-3-3-4-2-2-3-34 2 86

v]-20-1 0-1 0-1|-2-2-2-2|-2-2-2[2 4 2 4\

F|-4/-3-3-5-4-5-4-6-5-5/-2-4-501 2-1[9

Y| 0/-3-3-5-3_5-2-4-4-4/0-4-4-2_-1-1-2(710

W|-8-2-5-6-6-7-4-7-7-5|-3 2-3-4-5-2-6/0 0[17
C/IS TP AGNDTEG QHRKIMI L VIFY W

&

1
s(a, b)= 7|09

&

&

alignment
scores are log-
odds scores

Pab
fafb

target/
background
frequencies

lambda is a
scaling factor,
which is usually
set to
something that
lets us round off
all the terms in
the sore matrix
to sensible
integers.
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a@-12—2o0-1-10-2-1-1-1-1-2-110-3-2 0-2-

R-1§ 0231 0-20-3-22-1-3-2-1-1-3-2-3-1 0

N-2 ol 13 000 1-3-30-2-3-2/10-4-2-33 0

D-2-2 13 0/2-1-1-3-4-1-3-3-1 0-1-4-3-3 41

€ o333 @-3-4-3-3-1-1-3-1-2-3-1-1-2-2-1-3-3

N>

R-11 003822 0-3-21 0-3-10-1-2-1-2 0 3

E-1002-4 282 0-3-31-2-3-10-1-3-2-2 1 4

€ o2 0132224 -4-2-3-3-2 0-2-2-3-3- =2

H-2 o/1-1-300-2@-3-3-1-2-1-2-1-2-2[2-3 0 0

1333133432301 0-3-2-1-3-108-3-3

B-1-2-3-4-1-2-3-4-3[ 2212 0-3-2-1-2-1014-3

E-102 o-1-3/ L/ L2-1 32131 0-1-3-2-2 01
B-1-1-2-3-1|09-2-32ftf2-1 1@ o-2-1-1-1-1/1-3-
E-2-3-3-3-2-3-3-3-1/00-3 0f-4-2-2/1[3-1-3-3
P-12-2-1-3-1-1-2-2-3-3-1-2-4-1-1-4-3-=2-2-1
S1-110-1000-1-2-20-1-2-181-3-2-2 0 0
To-1o-1-1-1-1-2-2-1-1-1-1-2-1 1@@-2-2 0-1-1
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B-2-1134-301-10-3-+40-3-3-=20-1-4-3-3H1
Z-1 0013342033 1-1-3-10-1-3=2-=21M




Block IPB000409

QOCTZE
SR
QOCEDT
Q61654
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GUEFMY
GYESE]
GSEFPNO
GJEESD
JEWVHE
JSEFPN1
GUESD
JECHE S
JECERA
QECE51
GECTHE
EESME
EERXE S
JEEG 04

[ Tan)
(3071)
{ 627)
(2414}
(3315)
(2458)
(2387T)
(2426)
(2387T)
( 239)
(2458]
(238T)
1)
([ 202)
{ 261)
{ 469)
{ 289)
{  458)
[ 225)

PWARGSPEME TARNREALESEYV - sHLHDWIDL IFGHEQRL
PWARGSVEEF IRRHREALESDYVSENLHHWIDL IFGHEQRG
PWARGSPENF TARNREALESEYV - sHLHDWIDL IFGHEQRL
FPWARNFVDFVHREQRRALE SEHV S AHLHEWIDL IFGYEQRG
FWARNDFELFILTHRQALE SDHVSQNICHWIDLVEGYEQEG
FPWARKFEDFVRINRMALE SEF Vo CQLHOWIDL IFGYREQRG
PPWAR T SEEFVRINRLALESEFVSCQLHOWIDL IFGTEQRG
PPWARRFEDFVRINEMALESEFVSCQLHOWIDL IFGYEQELG
PPWAR T SEEFVRINRLALESEFVSCQLHAWIDL IFGTEQRG
PPWAREFPEDFVRINEMALESEFVSCQLHAWIDL IFGTEQRLG
PPWAREFPEDFVRINEMALESEFVSCQLHAWIDL IFGTEQRLG
PPWAR T SEEFVRINRLALESEFVSCQLHAWIDL IFG RGO
PWARGDFEREF IRVHAREALECDY VS AHLHEWIDL IFGTEQG
PPWAET SEEFVRINRLALESEFVoCQLHAWIDL IFGYEQRG
FPWARKFEDFVRINRMALE SEF Vo CQLHOWIDL IFGYEQRLG
PAWA S SPQDFLARNEDALE GV oEHLHEWIDL IFGYEQE
FPWAR T SEEFVRINRLALESEFVoCQLHIWIDL IFGYREQR
PEWAR SAEDE ITRHREALESEYV-AHLHEWIDL IFGYEQEG
PWARNDFELF ILTHROALESDHVSQNICHWIDLVEGYEQEG
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#BLOSUM62
s; = 2109,(g;/ &)

(half-bit unit)

For example, L/L and W/W pair are 3.8 and 10.5, respectively

(p,=0.0371, p,,,~0.0065; 7-0.099, 7,~0.013; BLOSUM62's
original lamda=0.0347)
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Making up your own score matrices

# PSI-BLAST: position-specific scoring matrix
(PSSM)

# EXxercise:

Make a DNA scoring matrix optimized for
finding 88% identify alignments. Assume that
all mismatches are equiprobable and
background sequences is uniform at 25% for
each nucleotide. Scale up with half-bit unit
(BLOSUM®62) and round off.
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4. Entropy: H

# How to evaluate the Quality of a matrix (such as
BLOSUMG62/PAM/PSSM)

# How well BLOSUM or PAM matrix to discriminate real
local alignments from chance alignments?

or how much information content in the scoring matrix?
# Uncertainty and information




Meaning of Uncertainty
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L

Uncertainty is the no. of questions that must be asked to
Identify the correct choice i.e. the correct base or
amino acid in one location of a particular pattern.

Uncertainty is reduced by the information in the scoring

matrix
Example: consider 64 cups in a row with an object hidden under
one of them. The goal is to find the object with as few questions
as possible. (Answer: uncertainty is six and is zero when the
object is found)

1 2 3
G1.0 0.0 0. 25
A 0.0 0.5 0. 25
CO0.0 0.0 0. 25
F3-0:0 0.5 0. 25

How much uncertainty is there for:

column 1, column 2 and column 3?

For DNA sequences, what is the maximum
uncertainty there can be? What is the
minimum uncertainty?




Information and Probability
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H =logN = - logP, P=1/N (Hartly, 1928)

H(P) = - 2p. log(p,) (Shannon, 1948)

(in units of log,, called bits)

n
1an P!

H(P, Q) = H(X, Y) = 2. plloga

i=1
(Relative entropy is also called cross-entropy, or Kullback-
Liebler distance. It is reviewed as a measure of the distance
between two distributions P and Q. The more dissimilar P and
Q are, the larger the relative entropy.)




Relative entropy of matrix
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In information theory, this weighted score is
called the average mutual information
content per pair, and the sum over all pairs.

In general, all other factors being equal, the
higher the value of H for a scoring matrix, the
more likely it is to be able to distinguish real
from chance alignments.




Calculating Uncertainty and
Information Content for PSSM

Uncertainty (H):

H=1;log, (fg) +f,log, (fy) +....
In general, the average amount of uncertainty (H, ) in bits per
symbol for column c of the PSSM is given by

Hc — - Zpic Iogz(pic)

All i

for entire PSSM H= ZHC

All columns

H is also known as the entropy of the PSSM position in information
theory because the higher the value, the greater the uncertainty.

Information content (IC):
|IC for column =2 -H (for DNA sequence)
|IC for whole PSSM = sum of columns ICs
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1 TATCACCCCCAGT TAT
2 ATACCACT C TCSATAC
3 TCAACACCCCCAGCAGCATARN
4 TTATCTCT C TGTTGA
5 TTATCACCGCAGAT TTA
6 TAACCATCTGC TCATARM
7 CTATCACCGCAA ATARD
8 T TATCCCTTGOC TCATA
9 CTAACACCOTCCSTCETTCA
10 TCAACACGCAC TSTTA
11 TTACCTOCT C TCATARD
12 TTATCACCGOCAGA TAA

12 Lﬂmhda tI and cro binding sites
Fig. 1. Some aligned sequences and their sequence logo. At the top of the figure are listed the
12 DMA sequences from the B and P control regions in bacteriophage bimbda. Thess are bound by
bt the ol and ers proteines [16]. Each sven numband ssquencs i the somplement of the precsding
o numbened sequencs. The sequenos logo, desoibed in dedai in the bed, is at the botbom of the
figure. The cosime wave |5 positizred b indicate that a minor greove faces the canter of each
symametrical peotedn, Data which support this asskymmes ars ghen In refersncs [17],
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5. Score and E-value

# Bit score

s = a*MA+b*MM-c*OG-d*EG

a=1, b=-3, <=5, d=2 (BLASTn)
By normalizing a raw score s using the formula

AS—Ink
5= "n2

The bit score (standard unit) is independent to scoring
system
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# A example: 53 letters BLASTn against
GenBank database:

Query: 1 atgetctggecacggeacttgeggatoccaggatgatetytgcacctgegata 53

T EEPEEE T FEEEEREE FEEE TEETEREFTTE

Shict: 107 atgctctggccacggatettotogatecca—--tgatatgtgcacctgegata 156

5= (46)(1)+(-3)(4)-(5)(1)-(3)(2) =23

~ (1.37)(23)-In(0.771) _ 4
B In2 "

S 6
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# E-value

The expected number of HSPs (high-scoring segment
pairs) with score at least sis given by the formula

E = kmne”s

(The longest run of matches in a alignment is equivalent to the longest

run of heads in the coin-tossing sequence. and it should be possible to
use the Erdos and Renyi law to predict the longest run of matches. See
Mount s book, pp91-92)

The E-value corresponding to a given bit score is simply
E= mm=~

So that to calculate significance one needs to know in addition only the
size of the search space (i.e. mand m).




Again, the above example:

E=mn2° =34x5854611841x 2 *° = 0.003
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# P-value

The number of random HSPs with score >=s is
described by a Poisson distribution.

Specifically, the chance of finding zero HSPs
with score >=s is P,=eX or e£, so the
probability of finding at least one such HSP is

P=1-eF

—1_ eKmne‘”“S




The Gumbel extreme value distribution
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L

P(S§X) — TR
1-exp[-e\*x-H)]

A = r (G \/6) 0.25 o M

H= X—ylx=Xx-04500 [ on
=(InKmn)//

.*' ]
'h "

0.05

P(s2x)= 1 <™=
~Kmnes

P(S>x)=1-exp[-€ ] >€*



6. Aand K
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# Can be thought of simply as the scoring
system and natural scales for the search

space size;
# recall that
s(a.b)=71og 2 p=(InKmn)/A
Pab = fafoe™” Kis a constant that can be
Z ffoe™® =1 calculated from the value
ac of p;and s;;

It depends on the base
composition.
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