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BLAST

BLAST (Basic Local Alignment Search Tool)
allows rapid sequence comparison of a query
sequence against a database.

The BLAST algorithm is fast, accurate,
and web-accessible.
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Why use BLAST?

BLAST searching is fundamental to understanding
the relatedness of any favorite query sequence
to other known proteins or DNA sequences.

Applications include

« identifying orthologs and paralogs

« discovering new genes or proteins

« discovering variants of genes or proteins

« investigating expressed sequence tags (ESTs)
« exploring protein structure and function
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Four components to a BLAST search

(1) Choose the sequence (query)
(2) Select the BLAST program

(3) Choose the database to search
(4) Choose optional parameters

Then click “BLAST”
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Step 1. Choose your sequence

Sequence can be input in FASTA format or as
accession number
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Example of the FASTA format for a BLAST query

Protein sewen [Froen <] Lt Agrances

i [ 5o J(8
[T Sandi T epre—
hemoglobin subunit beta [Homo sapiens]

n.-"--I this sequence

ALANKTH

Fig. 2.9
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Step 2: Choose the BLAST program

Step 2: Choose the BLAST program

blastn (nucleotide BLAST)
blastp (protein BLAST)

blastx (translated BLAST)
tblastn (translated BLAST)
tblastx (translated BLAST)
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Choose the BLAST program
Program Input Database
1
blastn DNA =i DNA
1
blastp protein = protein
6
blastx DNAé—» protein
6
tblastn  protein  —
tblastx ~ DNA é _>$ DNA
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DNA potentially encodes six proteins

57 CAT CAA
57 ATC AAC
57 TCA ACT
T

57 CATCAACTACAACTCCAAAGACACCCTTACACATCAACAAACCTACCCAC 3~
3” GTAGTTGATGTTGAGGTTTCTGTGGGAATGTGTAGTTGTTTGGATGGGTG 57

J
57 GTG GGT «

J
57 TGG GTA
57 GGG TAG
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Step 3: choose the database

nr = non-redundant (most general database)
dbest = database of expressed sequence tags
dbsts = database of sequence tag sites

gss = genomic survey sequences
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Step 4a: Select optional search parameters
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Step 4a: optional blastp search parameters
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Step 4a: optional blastn search parameters

Mo target ™ =
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Step 4: optional parameters

You can...

« choose the organism to search
« turn filtering on/off

« change the substitution matrix
« change the expect (e) value

« change the word size

« change the output format
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(@) Query: human insulin NP_000198
Program: blastp

Database: C. elegans RefSeq

Default settings:

Unfiltered (“composition-based statistics”)

n1926.1| [T tusuisn celaced ¢amily mesber (ina-1) [Caemorhabdiria slegana]

Seore = 32,7 bits (73), Expect = u u.-\ Hethod: Composition-based tat..
oL » Posit = 417101 (40%), Gaps = ol (1

Query 10 ROFFFTHTREEARDLOVEQVELS 69

C e VR At
Sbien 16 AVCRNOLCTELTARRIADGSY. 23
Query 70 GGPGAGILOFLALEGILO ¥ CELYOLENYC 109
A4 4l ¥ i

Seyen €7

Our starting point: search human insulin against worm
RefSeq proteins by blastp using default parameters
[page 109
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(b) Query: human insulin NP_000198
Program: blastp

Database: C. elegans RefSeq

Option: No compositional adjustment

6.1 [IE INSulin celated family meaber (ins-1} [Caenorhabditis elegans]

3 = 34.7 bits (78], Expect = 0.
Tdencicies » 30/ 30%), )

00 (41%), Gaps = 147100 [14%)

ueey 11 FCCERGFFITPITRREAEDLOVEQVELGE 70

Thjer 17
paery 9L

Shycr €7

Note that the bit score, Expect value, and percent identity
all change with the “no compositional adjustment” option
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(c) Query: human insulin NP_000198

Program: blastp

Database: C. elegans RefSeq

Option: conditional compositional score matrix adjustment

I EE INSulin relsted family mesber [ins-l) [Caenorhsbditiz elegans)

Epaccie10°020 T Rastan- 1 coapasteimatiNars S laayaC
1o Pusitives 7100 [39%), Caps = 12/100 (12%)

OFFFTHITRREARDLOVEQY

LW iR A
TLLAVCRNGLCTELTAFRRSAD - m === = e 5 65
rec 109

Sbact &6 YAFTTROL

Note that the bit score, Expect value, and percent identity
all change with the compositional score matrix adjustment
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(d) Query: human insulin NP_000198
Program: blastp

Database: C. elegans RefSeq

Option: Filter low complexity regions

a26.1) M8 tumaian celased gamily mesber (ins-1) [Caencehabditis elegans]

e L o (R e e L e T o)
Tdentities = 11/24 [453) = = L4724 (5B4], Gaps = 1/24 (4%

Query 87  QRRG-T 9
a

Sbjct B0 ORRGGIATE £ CTFC 103
[p—

Note that the bit score, Expect value, and percent identity

all change with the filter option
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(e) Query: human insulin NP_000198
Program: blastp

Database: C. elegans RefSeq

Option: Mask for lookup table only

211 [TEE twsuiin ersced femtly mesber (ins-1) [Casnorhabditis slegans)

Lengrhel05

Score = J2.7 bits (7 U024, Bethod: Composition-based stats,

Identities = 30/101 txu., Puu. es = 417101 [40%), Gaps = 0L (13%

Query 10 . i CCERGFFFTFETREE WGOVELS &9
C »

sbyct L6 i - CRNOLCTGLTAFRRSAD QST 23

Quesy 70 INTE 103

sbact 67 !\. 109

Filtering
(the filtered sequence is the query

in lowercase and grayed out) ’—‘
page 109

Lengrhel05

(e) Query: human insulin NP_000198
Program: blastp

Database: C. elegans RefSeq

Option: Mask for lookup table only

o926, 1) [THE 1wsuisn relsred family mester (ine-1) [Casmorhanditis elegans]

Score = J2.7 bits (7 U.024, Hethod: Composition-based stats,
Identities = 30/101 txu., Puu. es = 417101 [40%), Gaps = 147101 {13%)

Query 10
sbict 16
Quesy 70

sbact 67

Note that the bit score, Expect value, and percent identity
could change with the “mask for lookup table only” option
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BLAST search output: top portion BLAST search output:
taxonomy report summarizes species with matches

T itimer e
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BLAST search output: graphical output BLAST search output: tabular output

Distribution of 17 Blast Hits on the uEnce Py
ot teee of cesults

[NP_058652 hesmoglaben, beta adull minor cha [Mus musculus] S=244 E=1 7e65

Sequences

Galer key far AGPNENT scores satiwr esenss. ) , ; High scores
<40 4050 6080 | E0-200 >=200 L
Guery l ar to Memoglobin eprilon=¥Z ... low E values
[] ] ] [1 h n Y, beta-like esbryonic chain [Mus wo
0 20 A0 60 80 100 120 140 .

5'=nuclectidase, cycosolic II-like 1 protein [ 28, . 10'10?
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BLAST search output: alignment output X ,
Outline of today’s lecture
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BLAST: background on sequence alignment

There are two main approaches to sequence
alignment:

[1] Global alignment (Needleman & Wunsch 1970)
using dynamic programming to find optimal
alignments between two sequences.

(Although the alignments are optimal, the

search is not exhaustive.) Gaps are permitted

in the alignments, and the total lengths of both
sequences are aligned (hence “global”).

page 115
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BLAST: background on sequence alignment

[2] The second approach is local sequence
alignment (Smith & Waterman, 1980). The
alignment may contain just a portion of either
sequence, and is appropriate for finding matched
domains between sequences.

BLAST is a heuristic approximation to local alignment. It
examines only part of the search space.

page 115; 84

How a BLAST search works

“The central idea of the BLAST
algorithm is to confine attention
to segment pairs that contain a
word pair of length w with a score
of at least T.”

Altschul et al. (1990)

(page 115)

How the original BLAST algorithm works:
three phases

Phase 1: compile a list of word pairs (w=3)
above threshold T

Example: for a human RBP query
...FSGTWYA... (query word is in yellow)

Alist of words (w=3) is:

FSG SGT GTW TWY WYA
YSG TGT ATW SWY WFA
FTG SVT GSW TWF WYS

Fig. 4.11
page 116

Phase 1: compile a list of words (w=3)

GTW 6,5,11 22
neighborhood GSW 6,1,11 18
word hits ATW 0,5,11 16
> threshold NTW 0,5,11 16

GTY 6,5,2 13
neighborhood GAW 9
word hits
< below threshold )

Fig. 4.11
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Pairwise alignment scores
are determined using a

Al 4

R R scoring matrix such as

Dl-2l-2[1[6 Blosum62

Clo[33[3[9

Ql-1[ 1 o[ 0[-3]5

E[-1] 0] 0] 2] -4 2] &

G|l o|2]0[-1[3]-2]-2]6

H|-2] 0] 1/-1]-3] 0] 0]-2] 8

I |1 -3[-3[-3[-1]-3]-3[-4]-3] 4

L [1|-2[3|-4]-1]|-2|-3]-4]-3] 2] 4

K[| 2] o[a]a| 1] 1]-2[1[-3]2]5

M| 1|2 -2[ 8] 1] 0[-2]|3[-2] 1] 2]1[5

F|2|-3-3/-38 -2|-3/-3]-3]-1] 0] 0]-3] 0] 6

P 1|-2[-2[-1|3[-1[-1|-2|-2[-3-3|-1[-2]-4] 7

S| 11| 1] 0o[-1] o[ 0] O|-1]-2[2] 0|-1]-2]-1] &

T o[-a]olal[-ala[al2|2[a[1][a]a[-2[4]1]5

W[ 33| -44|2|-2[3[2|2|-3[2|3[-1] 1|-4]-3[-2[11

Y| 2|2 2[3[2|1]|-2[3] 2| -1|-1]-2]-1] 3[-8]-2]-2] 2] 7]

v |o[-3[-3[-3][a]-2]-2-3[-3] 3] 1|2 1]-a[-2]-2] o[ -3]-1] 4]

ARINID[CIQJElG|H]|I [L[K[MIF [P s T w]|Y V]
Page 73




How a BLAST search works: 3 phases

Phase 2:
Scan the database for entries that match the compiled list.

This is fast and relatively easy.

Fig. 4.11
page 116
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How a BLAST search works: 3 phases

Phase 3: when you manage to find a hit
(i.e. a match between a “word” and a database
entry), extend the hit in either direction.

Keep track of the score (use a scoring matrix)

Stop when the score drops below some cutoff.

KENFDKARFSETWYAMAKKDPEG 50 RBP (query)
MKGLD IQKVABTWYSLAMAASD. 44 lactoglobulin (hit)

extend . [ extend

< Hit! =

page 116

How a BLAST search works: 3 phases

Phase 3:

In the original (1990) implementation of BLAST,
hits were extended in either direction.

In a 1997 refinement of BLAST, two independent
hits are required. The hits must occur in close
proximity to each other. With this modification,
only one seventh as many extensions occur,
greatly speeding the time required for a search.

page 116

How a BLAST search works: threshold

You can modify the threshold parameter.
The default value for blastp is 11.

To change it, enter “-f 16” or “-f 5” in the
advanced options of BLAST+.

(To find BLAST+ go to BLAST - help >
download.)

page 117

Number of hits and extensions

2,000,000,000

Phase 1: compile a list of words (w=3)

1.800,000,000
1.800,000,000
1.400,000.000
1.200,000.000
1.000,000.000
200,000,000
00,000,000
400,000,000

200,000,000

L —

40,000,000

30,000,000

20000000

10.000.000

Threshold value (blastp search)

—+—hits
—o—extensions

Fig. 4.12
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GTW 6,5,11 22
neighborhood GSW 6,1,11 18
word hits ATW 0,5,11 16
> threshold NTW 0,5,11 16
o T-11) gm’ 6.5,2 ig
neighborhood GAW 9
word hits
< below threshold ,
Fig. 4.11
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For blastn, the word size is typically 7, 11, or 15 (EXACT
match). Changing word size is like changing threshold of
proteins.

w=15 gives fewer matches and is faster than w=11 or w=7.

For megablast (see below), the word size is 28 and can be
adjusted to 64. What will this do? Megablast is VERY fast
for finding closely related DNA sequences!

How to interpret a BLAST search: expect value

It is important to assess the statistical significance
of search results.

For global alignments, the statistics are poorly understood.

For local alignments (including BLAST search results),
the statistics are well understood. The scores follow
an extreme value distribution (EVD) rather than a
normal distribution.

page 118

0.40
0.35
0.30

0.25
normal

distribution

probability

X Fig. 4.13
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The probability density function of the extreme
value distribution (characteristic value u=0 and
decay constant A=1)

0.40
0.35
0.30

0.25
normal

distribution

extreme
value
istribution]

probability

X Fig. 4.13
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How to interpret a BLAST search: expect value

The expect value E is the number of alignments
with scores greater than or equal to score S
that are expected to occur by chance in a
database search.

An E value is related to a probability value p.
The key equation describing an E value is:

E =Kmn e?s

page 120

E =Kmn e?s

This equation is derived from a description
of the extreme value distribution

S = the score

E = the expect value = the number of high-
scoring segment pairs (HSPs) expected

to occur with a score of at least S

m, n = the length of two sequences

A, K = Karlin Altschul statistics
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Some properties of the equation E = Kmn e*S

« The value of E decreases exponentially with increasing S
(higher S values correspond to better alignments). Very
high scores correspond to very low E values.

*The E value for aligning a pair of random sequences must
be negative! Otherwise, long random alignments would
acquire great scores

« Parameter K describes the search space (database).
« For E=1, one match with a similar score is expected to
occur by chance. For a very much larger or smaller

database, you would expect E to vary accordingly

page 120
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From raw scores to bit scores

* There are two kinds of scores:
raw scores (calculated from a substitution matrix) and
bit scores (normalized scores)

« Bit scores are comparable between different searches
because they are normalized to account for the use
of different scoring matrices and different database sizes

S’ = bit score = (AS - InK) / In2

The E value corresponding to a given bit score is:
E=mn2-

Bit scores allow you to compare results between different
database searches, even using different scoring matrices.
page 121

How to interpret BLAST: E values and p values

The expect value E is the number of alignments
with scores greater than or equal to score S
that are expected to occur by chance in a
database search. A p value is a different way of
representing the significance of an alignment.

p=1-ef

page 121

How to interpret BLAST: E values and p values

Very small E values are very similar to p values.
E values of about 1 to 10 are far easier to interpret
than corresponding p values.

How to interpret BLAST: overview

ey s2q

F—————— ————
e Kits
seperfoniiies

globin_like superfamily

Distibusion of 100 Bastits on the Query Sequence

Whouse avar 1o se tha dsline. chck 1o shaw abgnmants

cotor ke or allgnment scares
L o oo e

T T T T T 0
a0 &0 30 100 120 140

E p
10 0.99995460
5 0.99326205
2 0.86466472
1 0.63212056
0.1 0.09516258 (about 0.1)
0.05 0.04877058 (about 0.05)
0.001 0.00099950 (about 0.001)
0.0001 0.0001000 Table 4.3
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Search Parameters
hlastp
word sizew =3 3
10 is the E value ©
100
gap penalties 111
BLOSUM matrix stosunsz
thestold  threshold score = 11 =
Composition-based stats 2
Filter string F
Genetiz Cade 1
40
Database |
Posted dats 009 5:40 PM |
Number of letters == length of database
Number of sequences |
Entrez query none |
Fig. 4.14
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Karlin-Altschul statistics  EVD parameters

Params Ungapped Gapped
Lambda 0.320339 0.267
K 0.136843 0.041
H 0.422367 0.14

Results Statistics

Length adjustment 111

Effective length of query 147 — 111 = 36 |36 m
Effective length of database 1557619351 n
Effective search space 56074296636 IMN
Effective search space used 56074296636

Effective search space
=mn
=length of query x db length

Fig. 4.14
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Why set the E value to 20,000?

Suppose you perform a search with a short query
(e.g. 9 amino acids). There are not enough residues to
accumulate a big score (or a small E value).

Indeed, a match of 9 out of 9 residues could yield a
small score with an E value of 100 or 200. And yet, this
result could be “real” and of interest to you.

By setting the E value cutoff to 20,000 you do not
change the way the search was done, but you do
change which results are reported to you.
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BLAST search strategies

General concepts

How to evaluate the significance of your results
How to handle too many results

How to handle too few results

BLAST searching with HIV-1 pol, a multidomain protein

page 123

Sometimes a real match has an E value > 1

Sequences produsing sigaificant aligreents

gISB0I1IBITa NP DOETIS. }|  Fetinol-bindisg protein 4, inte...

1120204 ) 168F) Facinol Binding Protets gil4BIETIR...
FL[08364] pic) | ma rutinol-binding protain - human

UL ABSHLTE] pain) 10K
3| g AAFE5EL.
5P

apolipopeotein b, aped [human, pla.

apslipeprotein B,
rming giyecprotein BC |
WypOTIATIoRl provein ...

...try areciprocal BLAST to confirm )
Fig. 4.16
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Sometimes a similar E value occurs for a

Bomo sapiens]

Expect = 4

Score = 558 Bits | e-08
- an . Pomitives = TA/ISL (S38), Gapa = IB/ISL (2SN}

Tdarritien

long, only
31% identity,
similar E value

veEnTS
mjct: 33 VOENFRAMKTLG

woor €

Fig. 4.17
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Assessing whether proteins are homologous

>A|4505583 | caf| NP 003543 1) progestagen-associsted andomstrial protein |(placental protein 14,
[T e alpha-i-g in, alpha
uterine protein); Progestagen-associated endometcial
rotein (placencal protein i4) [Homo sapiens)

911390215 gh | AKASDIAT. 1] (JOA129] placencal protein 14 [Bomo sapiess)

Length = 162

Scorw = 32.0 bita (71}, Expect = 0.49

Idesticies = 267107 (244), Fosicives = 48/107 (44%), Gaps = 117107 (104)

Querys 16 RVEINFD gl LINVD- B4
+ Ear o+ SOTUREL L ek ¥ T 4 Lo Us
Smjct: 5 OTEQDLELPELAGTURIEANAT-ASIISLMATLEAPLEVHITILLPTREMNLEIVLIGDN €
Quasy: 83 T T 130
T 4P BFE+ T VA 4 +HDTIVD +
Snjct: 64 NSCVEKKVLOEKTOMPREFKINY=TVi--n=n=-MELTLLOTOYDNT 102

RBP4 and PAEP:

Low bit score, E value 0.49, 24% identity (“twilight zone”).
But they are indeed homologous. Try a BLAST search
with PAEP as a query, and find many other lipocalins.

~Fig. 4.18
page 126
BLAST search with PAEP as a query
finds many other lipocalins
Sequences pesducing signiticans aligments: e value
T sdorant-binding prosein Th [Nom...
Il AT 54| rel ?6?. 1] ?dovan( ~bind l:ﬂ Drt{‘ﬂn -iB o
61410 (Homo sapiens]
11 “odoranc-pindieg peotein 28
:!s::;:a;::ﬂ S1.1) homeo box B11; hemecbox proteis... . Fig. 4.19
page 127
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The universe of lipocalins (each dot is a protein)

ing apolipoprotein D | 0dorant-binding

pro.t.eln . : protein

Fig. 5.7
Page 151

Using human beta globin as a query, here are the blastp results
searching against human RefSeq proteins (PAM30 matrix).

Where is myoglobin? It's absent! We need to use PSI-BLAST.

os | _secion | _Desewarnn | |
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Two problems standard BLAST cannot solve

[1] Use human beta globin as a query against human
RefSeq proteins, and blastp does not “find” human
myoglobin. This is because the two proteins are too
distantly related. PSI-BLAST at NCBI as well as hidden

Markov models easily solve this problem.

[2] How can we search using 10,000 base pairs as a
query, or even millions of base pairs? Many BLAST-
like tools for genomic DNA are available such as
PatternHunter, Megablast, BLAT, and BLASTZ.

Page 141
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Position specific iterated BLAST:
PSI-BLAST

The purpose of PSI-BLAST is to look deeper into
the database for matches to your query protein
sequence by employing a scoring matrix that is
customized to your query.

Page 146
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PSI-BLAST is performed in five steps

[1] Select a query and search it against a protein database

Page 146

PSI-BLAST is performed in five steps

[1] Select a query and search it against a protein database

[2] PSI-BLAST constructs a multiple sequence alignment
then creates a “profile” or specialized position-specific
scoring matrix (PSSM)

Inspect the blastp output to identify empirical “rules
regarding amino acids tolerated at each position

FTVDENGONSATAKGRVRLFNNUDVCADNIGSFTDTEDPAKFKNEYUGV ASFLOKGNDDH
FSVDERGHNS ATAKGRVRLLSNUEVCADMVGTF TDTEDP AKFKNEYUGV ASFLORGND DY
FSVDEKGHMSATAKGRVRLLENVEVCADMVGTF TDTEDP AKFEMEYUGVASFLORGNDDH
MSATAKGRVRELLNNVDVCADMVGTF TDTEDP AKFEMEYUGVASFLOKGNDDH
FEIEDNGETTATAKGRVRILDKLELCANMVGTF IETNDPAKYRMEYHGALAILERGLDDH
FSVDESGEVTATAHGRV I ILNNVENCANNFGTFEDTPDPAKFENRYUGAASYLOTENDDH
FSVDGSGKVTATAQGRVT ILNNVENC ANNFGTFEDTPDPAKFKNRYUGAALYLOSGND DY
FTIHEDGANTATAKGRVIILNNVENCADMMATFETTPDPAKFRERYUGAASYLOTGNDDH
FEVEEDGTHTATAIGRVIILNNVENC ANNFGTFEDTEDP AKFEMEYUGAKAYLQTGYDDH
FEVQEDGTHTATATGRVI ILNNVENC ANNFGTFEDTEEPARFEMEYUGARAYLOTGYDDH
MVGTFTOTEDPAKFKRRYUGV ASFLOKGNDDH

13925316
131649

FSVDGESGKNTATAQGRVI ILNNVENC ANNFGTFEDTPDP AKFEMRYUGARAYLOQSGNDDH
TTVEEDGTHTASSKGRVELFGFWVICADMARQYTDPTTPAKNYNTYQGLASYLSSGODNY

125
122
o3
53
1z4
103
103
122
119
140
32
97
126
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7 0 0

1-1-3-3-1

-3 0-2-3-1 3 0-3-2-2
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2 2 7 -1
-2-2-2-1-1-10-2-2-2-1-1-3-1 1 0-3-2 0
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38 G 0-3-1-2-3-2-2 6-2-4-4-2-3-4-2 0-2-3-3-4
39T 0-10-1-1-1-1-2-2-1-1-1-1-2-1 1 5-3-2 0
40 W -3-3-4-5-3-2-3-3-3-3-2-3-2 1-4-3-312 2 -3
41 Y -2-2-2-3-3-2-2-3 2-2-1-2-13-3-2-2 2 7-1
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A RNDTZ COQEGHILKMFPSTWYYV
im -1-2-2-3-2-1-2-3-212-26 0-3-2-1-2-11
2K -11 0 1-4 2 4-2 0-3-3 3-2-4-1 0-1-38-2-3
3W -3-3-4-5-3-2-3-3-3-3-2-3-2 1-4-3-3[12]2-3
4V 0-3-3-4-1-3-3-4-43 1-3 1-1-3-2 0-=3-1 4
5W -3.3-4-5-3-2-3-3-3-3-2-3-2 1-4-3 -32-3
6A [5}2-22-1-1-1 0-2-2-2-1-1-3-1 1 0-3-2 0
7L Z2-2-4-4-1-2-3-4-3 2 4-3 20
8 L -1 -3-3-4_21.23._3._4._3_2 2.2 3
oL -1-3 note that a given 0
10 L 2 -2 . . (o]
11 A 2 amino acid (suchas | -3
12 A 2 i i -3
e 2 2 alanlne) in your query | -3
14 A 2 protein can receive -3
15 A 1 different scores for -3
16 A 2 . . -3
matching alanine—
8rs depending on the 8-l 4
38 G L. . . -4 -2 0 -2
39T position in the protein | > -1 1
40 W 323 3 33232 1-4-3
41 Y -3-2-2-3 2-2-1-2-1 3-3-2
42 A -1-1-1 0-2-2-2-1-1-3-1 1 0-3-2 0

Fig. 5.5
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PSI-BLAST is performed in five steps

[1] Select a query and search it against a protein database
[2] PSI-BLAST constructs a multiple sequence alignment
then creates a “profile” or specialized position-specific
scoring matrix (PSSM)

[3] The PSSM is used as a query against the database

[4] PSI-BLAST estimates statistical significance (E values)

Page 146

AR NDTZ COQEGHI1 L KMFZPSTWYV
1M -1-2-2-3-2-1-2-3-2 1 2-2 6 0-3-2-1-2-11
2 K -1101-4 2 4-2 0-3-3 3-2-4-1 0-1-23-2-3
3W -3-3-4-5-3-2-3-3-3-3-2-3-2 1-4-3-3[12]2-3
4 v 0-3-3-4-1-3-3-4-4 3 1-3 1-1-3-2 0-3-1 4
5W -3-3-4-5-3-2-3-3-3-3-2-3-2 1-4 -3
6 A -2-2-1-1-1 0-2-2-2-1-1-3-1 0]
7L -4 -4 -1-2-3-4-3 2 4-3 2 0-3 1
8L -3 -4 -1 =3-3.4.3 2 2.3 1 3-3 3
9L -4 -4 -Inote that a given 0 -3 2
10 L -4 -4 - . . 0 -3 1
11 A _2 -2 -{4amino acid (such as |z -1 0
12 A -2 -2 - t i |3 1 0
o 2 ryptophan)_ln your o
14 A -1 -2 -qquery proteln can -1
15 A 0 -1 -qreceive different 3 -1 -2
16 A -1 -2 - . 3 -1 -1
scores for matching
37 S 0 -1 - t — |3 -1 -2
38 G -1 -2 - ryptophan L4 -2 -4
39 T o -1 -{depending on the L2 -1 0
40w -4 -5 -Iposition in the protein |1 -4 -3
41y -2 -3 - -3 -1
42 A 2-2-1-1-1 0-2-2-2-1-1-3-1 0

Fig. 5.5
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PSI-BLAST is performed in five steps

[1] Select a query and search it against a protein database
[2] PSI-BLAST constructs a multiple sequence alignment
then creates a “profile” or specialized position-specific
scoring matrix (PSSM)

[3] The PSSM is used as a query against the database

[4] PSI-BLAST estimates statistical significance (E values)

[5] Repeat steps [3] and [4] iteratively, typically 5 times.
At each new search, a new profile is used as the query.

Page 146

Results of a PSI-BLAST search
# hits
Iteration  # hits > threshold
1 104 49
2 173 96
3 236 178
4 301 240
5 344 283
6 342 298
7 378 310
8 382 320 Table 52
Page 146
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PSI-BLAST search: human RBP versus RefSeq, iteration 1

Sequences with E-value BETTER tham threshold

Score ]
producing significant sligrmenta: (Bita) Value
Cecinsl-binding protein 4, plases precucsor [Wo 398 le-1is Y
1630.11 apolipepeetein b precucsor (Homs sapiens) $7.4  Te-09
i u0s5. 1) glycodelin precusscr [Homo sspiens) >retl... 6.2 o.019 IS
0.0z (3

alpha-1-microgledulin/bikmin precuzaor [Homa 3 3

Srgquences with Eovalue WRSE than threshold

o, gaame [Homo

1] MSFL254L [Homo sapiens)
+21 hypothetical protein LOCST724 [Howo sapiens)

See Fig. 5.6
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PSI-BLAST search: human RBP versus RefSeq, iteration 2

Sequences with E-value IETTER than threshold

sz E
Segatnces producing simifican alimaenss: {Biza) Value

P perym reting 4, plasss p . se-10z
g spalipogrotein D precuesse [Homo sapiens] ze-36 02
e alyesssiin pracurace [Moma sagpdans] Seatl... -z E
precuzave [Bumo 2 2e-20 D

LU adelin precaras. 1oz @

B similes v Glyeedelin prevusse (. w1z B
o prostagisndin Iz D-iscaccase [Hoac aapiens] 1e-0a I
Ll an fis sens) oon: T3
o pocalin 0 (lows sapiens] sz HE
o Lipoeatin 0 (Hms kpiens] 0. 0HA
WM ofiNP_D00EIT.11 complemest cospiesnt B, geams polypeptide [Homo s [E

PRun PEI-Blast Heration 3

Sequescos with E-value WIGE than

cs0r [Howo sapiens]

£efIND_DDZ233.11 lipacalin L pe
Lin [Homn m

oooaooaon

£efINP 84513411 lipacalin & [Hews sapiens] See Fig. 5.6

Fun PEkEtast fieradon 3 . . Page 150

PSI-BLAST search: human RBP versus RefSeq, iteration 3

See Fig. 5.6
Page 150
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RBP4 match to ApoD, PSI-BLAST iteration 1
E value 3e-07

S pef |NP 001638.11 m apolipoprotein I precursor [Homo sapiens]
T E—

7.4 bita (137}, Expeet = 3e-07, Method: Cosp s-based stats.

3'e 4181 (314), Foairives = 75/151 (518}, Gaps = 39/161 (254)
VEENTDRARFSGT DML ELLUNVLYC 88
V4ENTD  ++ G WY + +K P IA+3+EG sl e
VOEN -EEIFT FIFVLNO-ELR 82
AbveIrTLaE : VDTDYDTYAVQYSC 139
anGT A S W+ 5 L+ TOVH YA+ T30

A TECEATI VLTS FANLEVH PSP 3 - -~ APFUTLATNRITALYESE 150

RLLNLOGTCADSYSFVFSROGNGLERE 165
+L D -+ HEAFH LFPE
TCILOLFUVD------ FAVILARMFN-LFFE 150

Fig. 5.6
Page 150

RBP4 match to ApoD, PSI-BLAST iteration 2
E value 1e-42
Note that PSI-BLAST E values can improve dramatically!

seeenr oo, 1) 8 sporipopecesin b precursor (Home sspiens)

Lengthe 168
fosee = 176 bitas (443, Eupeet = le Composivion-based st
Identities « 45/163 (273), Positives = 797163 [473), Gaps = IL/L6T (15%)
Duery 14 FENFL! FLODRT' LEUE]
GHA + 4 VAENFD 4+ G WY + 4K P T A 45+ E GH
Sbjer 18 FITFENCRCIQANYSLIENGKIKY 76
Query 74 5 ADRVETFILTE GYASFLUGNDDINIVDT 127
+ GV o+ HEAR +HE W+ D +I+ T
Skjee 77 LEQELRADSTVNOIE e EATHYNLTS PARLEVRPSUTD e oo APPUTLAT 123

Query Lam :w:rnum"'ck----l. u DI-']'\.MU\‘J!’\'!"MENIrLEPIl 164
D+ Tt THC e HHAEN LEFE
Shjer 174 nﬂwuwsmumm ------ FAVILARNPR-LPFET 150

Fig. 5.6
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RBP4 match to ApoD, PSI-BLAST iteration 3
E value 6e-34

s reeinr vore39.11 I8 aporspopestein b precursor (Homs sapiens)
Lengthe 8%

SeeEe = 146 bizs (368], Ewpect = £e-34, Method: Composivion-based
Identities = 417167 (253], Positiwes = 76/160 [463), Gaps = 20/163 (124]
Query 14 FENFL! FLODRT' M3 73
Geh ¢ 4 VAENFD -+ G WY + 4K F T K 45+ E Gbe

Shjer 18 FTTFRNGRCIQARYELIERGETEY 76
Query 74 VR LRV VCADIY T T-WGVASEL Y L

& + 4 T+ +EAR +HEE W+ 5 I+ T T
Shjer 77 PAK] APYUTLATEVENY 128
Query 133 = mmml LFLUQTLEJYJ rvnwrubur:mu\'k 1M

¥

Shjer 179 uwwmnmnn'n------rwnwwumwm 165

Fig. 5.6
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The universe of lipocalins (each dot is a protein)

-retinol-binding apolipoprotein D odorant-binding
o

protein o
o
o

Fig. 5.7
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Scoring matrices let you focus on the big (or small) picture

retinol-binding

protein

Fig. 5.7

your RBP query Page 151

Scoring matrices let you focus on the big (or small) picture

PAM250 .

retinol-binding
protein

Blosum80,

Blosum45

Fig. 5.7
Page 151

PSI-BLAST generates scoring matrices
more powerful than PAM or BLOSUM

retinol-binding
protein

Fig. 5.7
Page 151

PSI-BLAST: performance assessment

Evaluate PSI-BLAST results using a database in
which protein structures have been solved and all
proteins in a group share < 40% amino acid identity.

Page 150

PSI-BLAST: the problem of corruption

PSI-BLAST is useful to detect weak but biologically
meaningful relationships between proteins.

The main source of false positives is the spurious
amplification of sequences not related to the query.
For instance, a query with a coiled-coil motif may
detect thousands of other proteins with this motif
that are not homologous.

Once even a single spurious protein is included
in a PSI-BLAST search above threshold, it will not
go away.

Page 152
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PSI-BLAST: the problem of corruption

Corruption is defined as the presence of at least one
false positive alignment with an E value < 104
after five iterations.

Three approaches to stopping corruption:
[1] Apply filtering of biased composition regions

[2] Adjust E value from 0.001 (default) to a lower
value such as E = 0.0001.

[3] Visually inspect the output from each iteration.
Remove suspicious hits by unchecking the box.

Page 152

Conserved domain database (CDD) uses RPS-BLAST
T T

Descriplions

Tiele Pasimid Multl Dom € vl
Jed01040, globin, Globins are eme proteing, which bind and transpor onygen, This fam. 29879 Neo Se-26
01040, glokin, GaBing ar ik protins, which bind ang ranspor aogin. This mily Summanes a e sel of
homolagous probein gomaing, Intiuding: (1) tetramerc vertebrate hemaoglobins, which are the major predein companent of
entheocyies and ¥ he . WRICh are knked 10 C-terminal
FAD-dupendind reductase domains, (3) homodimernie bactirial heroglobins, such as from Vitreoscilla, (@) plant
leghemogiobins (symblote hemaoglobins, invotved in nitragen metabolism in plant rizomes), (5) plant non-symbiose
hexscoordingte globing and hexacoord Jobing from bacteria and arimals, sush a3 neuroghobin, (6) invertebrate
hemoglabing, which may GECur in Tngem-repeat Mrang 5, and (7) : rinyog Tound in animal muscls Bssun

€O Length: 140, Pet. Aligned: 100, D8 Score: 110902004, Evahee: Se-26

qaecy
comaenma

qaery

COnSEnsus LFALLAKLGREN. & LFCEALLEYVL, TADAL 14

P v y—
Main idea: you can search a query protein against a Fig. 5.8
database of position-specific scoring matrices Page 153

Outline of today’s lecture

BLAST
Practical use
Algorithm
Strategies

Finding distantly related proteins:
PSI-BLAST
[ Hidden Markov models

BLAST-like tools for genomic DNA
PatternHunter
Megablast
BLAT, BLASTZ

Multiple sequence alignment to profile HMMs

«in the 1990's people began to see that
aligning sequences to profiles gave much more
information than pairwise alignment alone.

« Hidden Markov models (HMMs) are “states”
that describe the probability of having a
particular amino acid residue at arranged

in a column of a multiple sequence alignment

* HMMs are probabilistic models

« Like a hammer is more refined than a blast,
an HMM gives more sensitive alignments
than traditional techniques such as
progressive alignments

Page 155

Simple Markov Model
Rain = dog may not want to go
outside

Sun = dog will probably go
outside

0.85
o.15< > 0.8
Markov condition = no dependency
on anything but nearest previous state courtesy of
(“memoryless”) Sarah Wheelan

Simple Hidden Markov Model

0.85

sl "

0.2

P(dog goes out in rain) = 0.1
P(dog goes out in sun) = 0.85

Observation: YNNNYYNNNYN
(Y=goes out, N=doesn't go out)

What is underlying reality (the
hidden state chain)?

16
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position
Probability |1 |2 |3 |4 |5
g{:i 1 p(HARTV) = (1.0)(0.4)(0.2)(0.2)(0.8) = 0.0128
pll) 02 Log odds score =In(1.0) + In(0.4) + In(0.2) + In(0.2) + In(0.8) =
1D8U HAMSV p(G) 0.4
10J6A HIRKYV p(M) 0.2
2hhbB HGEEV Etg g'g
1FSL HAEKL ’ M:0.2
p(E) 0.2 A:0.4 R:0.2 5:0.2 .
2mm1 HGATV p(A) 02 H1.0 | 102 [— K02 (| k06 | 08
p(S) 02 G:0.4 £0.3 T:0.2 i
p(K) 06 *
p(T) 0.2
p(V) 0.8
p(L) 0.2
Fig. 5.11 Fig. 5.11
Page 157 Page 157

1

(o )—{ a2 )—(a)
é‘r/m@y
FAANA
o=

begin end
emisslons I'-.
A T T A T
H A M 5 v
obsarved H 1 R K v
e
H a A T v
Fig. 5.12 Fig. 5.12
Page 158 Page 158
> n HMMER: build a hidden Markov model
: e )}
o2 ok obk _sloco el o Determining effective sequence number ... done. [4]
Weighting sequences heuristically ... done.
Constructing model architecture ... done.
Converting counts to probabilities ... done.
Setting model name, etc. ... done. [x]

Constructed a profile HMM (length 230)
Average score:  411.45 bits
Minimum score:  353.73 bits

* Maximum score:  460.63 bits

L F Std. deviation:  52.58 bits

; f o ey B b . AE . E &

BENFRLLENRLYCYLARR FQREFTFBVGARTUKYVAGVARRLANRTE

= = UL - = | Fig. 5.15 Fig. 5.13
Page 160 Page 159
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HMMER: calibrate a hidden Markov model

HMM file: lipocalins.hmm
Length distribution mean: 325
Length distribution s.d.: 200

Number of samples: 5000
random seed: 1034351005
histogram(s) saved to: [not saved]
POSIX threads: 2

HMM :x

mu : -123.894508
lambda :  0.179608
max : -79.334000

Fig. 5.13
Page 159

HMMER: search an HMM against GenBank

Scores for complete sequences (score includes all domains):
Sequence Description Score  E-value N

gi ref|XP_129259.1| (XM_129259) ret 461.1 1.9e-133 1
gii | 132407 sp|PO4916 |RETB_RAT Plasma retinol- 458.0 1.7e-132 1
i |20548126 | ref| XP_005907.5] (XM_005907) sim 454.9 1.4e-131 1
gii |5803139] ref|NP_006735.1] (NM_006744) ret 454.6 1.7e-131 1
i 120141667 | sp| PO2753 |RETB_HUMAN Plasma retinol- 451.1 1.9e-130 1
gi |16767588] ref|NP_463203.1] (NC_003197) out 318.2  1.9e-90 1

115803139 ref|NP_006735.1] : domain 1 of 1, from 1 to 195: score 454.6, E = 1.7e-131
*->mkwVMKLLLLaALagvfgaAErdATsvgkCrvpsPPRGFrVkeNFDV

mkwV++LLLLaA + +aAErd Crvés  frvkeNFD+
gi 5803139 1 MKWVWALLLL D-————~ CH DK 33
ry PrEErGLIIGdkIL irve

p E GL+lq
gi 5803139 34 ARFSGTWYAMAKKDP--E-GLFLQDNIVAEFSVDETGQMSATAKGRVRLL 80

eNkelcADKVGTvEqiEGeasevfLtadPaklkIKyaGvasFlqpGFddy
+N++HCADHVGTHEHE dPak+k+Ky+Gvasflq+G+dd+
gi 5803139 81 NNWDVCADMVGTFTDTE------=~~-| DPAKFKMKYWGVASFLQKGNDDH 120

Fig. 5.13
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PFAM is a database of HMMs and an essential
resource for protein families
http://pfam.sanger.ac.uk/

Blsanger ooz oo PhOM

e )

Pfam 24.0 (October 2009, 11912 famiics)

Thes lam alabirsss s 4 Langs ciliction af profe s, mench veprsrsseitieed bry armiltiphe susquarnz
alignmznts 303 hidden Markow models (HMMs). More,,

QUTCKLINKS  QUIFEY PEAM N EFYWOR

SEQUENGE SEARLH
WICW A BTAM FAMEL Y

T A AN
VILW A BLQULNGL
VILW A GIEGIUIL
KEVWORD REARDH

o

Outline of today’s lecture

BLAST
Practical use
Algorithm
Strategies

Finding distantly related proteins:
PSI-BLAST
Hidden Markov models

[ BLAST-like tools for genomic DNA
PatternHunter
Megablast
BLAT, BLASTZ

BLAST-related tools for genomic DNA

The analysis of genomic DNA presents special challenges:
* There are exons (protein-coding sequence) and
introns (intervening sequences).
* There may be sequencing errors or polymorphisms
* The comparison may between be related species
(e.g. human and mouse)

Page 161

BLAST-related tools for genomic DNA

Recently developed tools include:

* MegaBLAST at NCBI.

* BLAT (BLAST-like alignment tool). BLAT parses an entire
genomic DNA database into words (11mers), then
searches them against a query. Thus it is a mirror image
of the BLAST strategy. See http://genome.ucsc.edu

* SSAHA at Ensembl uses a similar strategy as BLAT.
See http://www.ensembl.org

Page 162
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sead) {extended) PatternHunter
mismateh) (mot sxtended)
laxample of a seed) (extended)
{example of an acceptable match) (extended)
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0o - nocenooeen I —— [
LARRRLLRLRE
0B - i - B
or = —
06 |- -
S os L
z
ot -
03 = =
02 -
LA o r~
%oz nla c:n n:::- 1 Fig. 5.16
’ Jr— Page 163
MegaBLAST output

Fig. 5.19
Page 167

BLAT Search Genome

P o e o
Fom 3 [amd  [Enemd  feend

Pasle ey s b fnd b e s, Ml s iy e echd e s V4 e e
i, = [ e L 1]

Tatain 4, plam ﬂ

Paste DNA or protein sequence
here in the FASTA format

cssred Up 1s 25 sequesces can be

[T T —
erqurmces of % md grester

11/23/2010

MegaBLAST at NCBI

--very fast
--uses very large word sizes (e.g. W=28)
--use it to align long, closely related sequences

Celor key for alignment scoras
BO-Z200

Query

|
| | | ] [l 1
t] 10000 20000 30000 40000 50000

Fig. 5.19
Page 167

To access BLAT, visit http://genome.ucsc.edu

UCSC Genome Blulnfolmat!cs

i pevmton 1 o e N

peted mmtng i opmst eomate st R The
i ol oot s B 3006 of e grnee

“BLAT on DNA is de5|gned to quickly flnd sequences of 95%
and greater similarity of length 40 bases or more. It may miss
more divergent or shorter sequence alignments. It will find
perfect sequence matches of 33 bases, and sometimes find
them down to 20 bases. BLAT on proteins finds sequences of
80% and greater similarity of length 20 amino acids or more.
In practice DNA BLAT works well on primates, and protein
blat on land vertebrates.” --BLAT website
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BLAT output includes browser and other formats

Human BLAT Results
BLAT Search Results
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Blastz

UCSC Genome Browser on Human May 2004 Assembly
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Blastz (laj software): human versus rhesus gap
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Blastz (laj software): human versus rhesus duplication
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Outline of today’s lecture
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BLAST
Practical use
Algorithm
Strategies

Finding distantly related proteins:
PSI-BLAST
Hidden Markov models

BLAST-like tools for genomic DNA
PatternHunter
Megablast
BLAT, BLASTZ

Where we are in the course

--We started with “access to information” (Chapter 2)

--We next covered pairwise alignment (Chapter 3),
then BLAST in which one sequence is compared to a
database (Chapters 4, 5)

--Next we’ll describe multiple sequence alignment
(Chapter 6)

--We'll then visualize multiple sequence alignments as
phylogenetic trees (Chapter 7). That topic spans
molecular evolution.
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