CSE 182-L2:Blast & variants I

Dynamic Programming

www.cse.ucsd.edu/classes/fa09/csel82

www.cse.ucsd.edu/~vbafna

FAOS CSEI182

Notes

Assignment 1 is online, due next Tuesday.
Discussion section is optional. Use it as a resource.

On the web-site, you'll find some questions on lectures.
Ideally, you should be able to answer the questions after
attending these lectures (Not all of these are trivial, so
please study them carefully).

FAOS CSEI182



FAOS

Searching Sequence databases

BLAST

OMIM Taxonomy Structure
wv 10 February 2004 BLAST 2.2.8 has been released. Read more

Nucleotide Protain

Special Mata

Vald

http://www.ncbi.nlm.nith.eov/BLAST/

CSEI182

Query:

>gi|26339572|dbj|BAC33457.1| unnamed protein product [Mus musculus]

MSSTKLEDSLSRRNWSSASELNETQEPFLNPTDYDDEEFLRYLWREYLHPKEYEWVLIAGYIIVFVVA
LIGNVLVCVAVWKNHHMRTVTNYFIVNLSLADVLVTITCLPATLVVDITETWFFGQSLCKVIPYLQTV
SVSVSVLTLSCIALDRWYAICHPLMFKSTAKRARNSIVVIWIVSCIIMIPQAIVMECSSMLPGLANKT
TLFTVCDEHWGGEVYPKMYHICFFLVTYMAPLCLMILAYLOIFRKLWCRQIPGTSSVVQRKWKQQQPV
SQPRGSGQOSKARISAVAAEIKQIRARRKTARMLMVVLLVFAICYLPISILNVLKRVFGMFTHTEDRE
TVYAWFTFSHWLVYANSAANPIIYNFLSGKFREEFKAAFSCCLGVHHROGDRLARGRTSTESRKSLTT

QISNFDNVSKLSEHVVLTSISTLPAANGAGPLONWYLQQGVPSSLLSTWLEV

* What is the function of this sequence?
+ Is there a human homolog?

+ Which cellular organelle does it work in? (Secreted/membrane
bound)

* Idea: Search a database of known proteins to see if you can find

similar sequences which have a known function

FAO8
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uerying with Blast

;; = m
Home

»NCBV BLAST Home » NCBU BLAST/ blastn suite: BLASTN programs search nucleotide databases using a nucleotide query. more...
BLAST finds regions of similarity between biological sequences. more... Enter Query Sequence
Leam more about how to use the new BLAST design Enter accession number, gi, or FASTA sequence & Cloar Query subrange &)
From[
BLAST Assembled Genomes o

Choose a species genome to search, or list all genomic BLAST databases.

Or, upload file [ Bowse. |0

o Human o Oryza sativa o Gallus gallus Job Title
o Mouse o Bos taurus o Pan troglodytes Entor a doscripive e for your BLAST searc
o Rat o Danio rerio o Microbes
o Arabidopsis thaliana Ll o Apis mellifera Choose Search Set
Database & Human genomic + transcript  Mouse genomic + transcript ( Others (nr etc.):
Basic BLAST | Human genomic plus transcript (Human G+T) -le
Entrez Query [
Choose a BLAST program to run. Optional e ——
ucleotide blast | S€ach a nucleotide database using a nucleotide query Giooren\Ceecion
fuciectice blast Algorithms: blastn, megablast, discontiguous megablast Optimize for  Highly similar sequences (megablast)

< il
Search protein database using a protein query More dissimilar sequences (discontiguous megablast)

protein blast
roteln blast Algorithms: blastp, psi-blast, phi-blast et ]

Choose a BLAST algorithm ()
blastx ‘ Search protein database using a translated nucleotide query

tblastn ‘ Search translated nucleotide database using a protein query BLAST Search database Human G+T using Megablast (Optimize for highly similar sequences)

[ Show resuits in s new window

thlastx ‘ Search translated nucleotide database using a translated nucleotide query

Specialized BLAST

Choose a type of specialized search (or database name in parentheses.)

FA0S8 CSEI182

Blast Output

* The output (Blastp query) is a series of protein
sequences, ranked according to similarity with the
query

+ Each database hit is aligned to a subsequence of
the query

FAO8 CSEI182
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Blast Output 1

»gi| 39530893 |ref|NP_245157.1| hypooretin (orexin) receptor 1; orexin receptor .
e 0 Schematic
] gi|3770400%|gb|AARGLI2E.1| orexin receptor type=1
: Length = 416

Score = 526 bits (1154), Expect = e=14%
Identities = 2647199 (66%), Positives = JUT/199 (76%), Gaps = 147399 (3%

EFFLNPTDYDDEEFLRYLWREYLHFKEYENVLIAGY IIVFVVAL IGNVLVCVAVWENHEN 85
EFF P DY4DE FLRYLWR+YL+FE+YENVLIA ¥+ VF+4AL4GN LVCHAVWHNHEN
EPFHLPPDYEDE=FLRYLWRDYLY FKQYENVLIAAY VAVFLIALVGNTLVCLAVWRENHEN 77

RTVTINYF IVNLSLADVLYTITCLPATLVVD ITETWF FGQSLORVIFYLOXXXXXRKARXX 145
RTVTNYFIVNLSLADVLNT CLPA+LAVDITE+4W FGQHLCKVIFYLD
Sbjct: T8 RTVINYFIVNLSLADVLVTAICLPASLLVDITESWLFGQALCRVIFYLOQAVSVEVAVLTL 137

Query: 146 XCIALDRWYAICHPLMPESTAKRARNSXXXXXXXXXXXXXPQAIVMECSSNLPGLANKTT 205
IALDRWYAICHPLAFESTA+RAR 5 PQA VMECSS4LF LAN+T
Sbjct: 138 SFIALDRWYAICHPLLFES' ILGIWAVSL, VLPELANRTR 127

Query: 206 LFTVCDEENGGEVYPXMYHICFPLVTYMAPLCLMILAYLOIFRELWCRQIPGTSSVVORE 265
LF+VCDEEN E+4YPX+YH CFF+VTY4APL LM +AY QIFRKLW RQIPOT4S 4+ R
Sbjct: 198 LPSVCDEENADELYPRIYHSCFFIVTYLAPLGLMGHAYFQIFRKLWGROQIPCTTSALVEN 257

Query: 266 WEQ==0QPVSQPRGSCOQSKARISAVAAEIXQIRARRKTARNLMVVLIVFAICYLPISIL 323
WK+ +Q 40 4G + + R A AESKQFRARRETA+NLMVVLLVFA+CYLPIS+L
Sbjct: 258 WKRPSEQLEAQHQGLCTEFQ TAENLMVVLLVFALCYLPISVL 317

Query: 324 NVLERVFGMFTHTEDRETVYAWFTFSHWLVYANSAANPIIYNFLSGKFREEFKAAFSCCL 183
NVLERVFGMF DRE VYA FTFSHWLVYANSAANFIIYNFLSCKFRE4FEAFSCCL
Sbjct: 31E NVLERVFGHFROASDREAVYACFTFSHWLVYANSAANFIIYNFLSGKFREQFEAFSCCL 177

Query: 1384 GVHHRQGDRLARGRTSTESRKSLTTOISNFDNVSKLSEH

G S+ KSL* © + +VSKSSEH Qend
Sbjcts 378 Peemmmamm= GLGPGSSARHKSLSLO--SRCSVSKVSEH

S end

FA08 CSEI182

Blast Output 2 (drosophila

SId ~—,
»gi| 45849233 |ref|NP_524525.1| ©GS5811-PA |Droscphila melanogaster]
gi|d54464678 |gb [AAFEES55.]1| CG5811=PA |Droscphila melanogaster|
Length = 444

Score = 137 bits (3d4é), Expect = Se-1l
Identities = 897316 (28%), Positives = 1457316 (45%), Gaps = 347316 (10%)

Q beg /ery':n:vr-.".'m.mmq.vcwumuuHunrwuw:w:.sz.uvz.wmcms\nv—vnrm:r 114
YI 4F+ ALIGN v METVTNYFI +L4++ DHLA+  C4F44 + 4 1
Sh Sbjot: ¥ IPIFIFALIGNGTVCY VY STPRMRTVTNYFIASLAIGDI LMSFFCVFSSFISLFILNY 171
c
& Query: 120 WPFGOSLOEVIPYLOXXXXXXXXXRXXCIALDRWYAICHFLMPESTARRARNSXXXXRXE 179
W FG +LC + Y Q@ I+4DR+ Al FL + T + A
Sbjct: 172 WPFGLALCHEFVNYSQAVSVLWSAYTLVALS IDRY IAIMKFLEFRITERYATFI IAGYWFT 231

Query: 180 XXXXXXPOAIVMECSSMLFPGLANKTTLFTVCDEAWGGEVYPEMYHICFFLVTYNAPLOLN 239
PV + K + +TEW ¥ 4+ F 4+ +4 FL ++
Sbjct: 232 ALATALPIPIVSGLDIPMEPNHTKCEKY=ICREMWPSRTOEYYYTLSLFALOFVVPLGVL 290

Query: 240 ILAYLQIFRELNCRQIPGTSSVVQRENKQQUFVEQPRGSCOQSKARISAVAMEIRDIRAR 299
I Y +1 44N 4+ PG+ 4+ + R4+
Sbjct: 291 IFTYARITIRVNAKRFPGEAETNRI{===s=sexssmssassasss=s=======RMARSK 322

Query: 300 RETARMLMWVLLVFAICYLPISILNVLKRVFGMFTHTEDRETVYAWF TFSHWLVYANSAR 159
RE  +HM4+ VH+VF C+LFP +IL +L FH+ ¥ WF F HWL ++
Sbjoct: 121 REMVEMNLTVVIVFTCONLPFNILOLLLND=EEFAHWD==PLFYVWFAF-HWLAMSHOCY 178

Wr@
Qend NPIIY ++5 +FR F
S end
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The technological question

+ How do we measure similarity between sequences?
* Percent identity?

ATCAACG ATCAA-CG -
TCAATGGT - TCAATGGT

« Number of sequence edit operations?
Implies a notion of alignment that includes indels

« Technology question: Given two sequences, how do we
compute a ‘good' alignment? What is ‘good'?

FAOS CSEI182

The biology question

* How do we interpret these results?

- Similar sequence in the 3 species implies that the common
ancestor of the 3 had an ancestral form of that sequence.

- The sequence accumulates mutations over time. These
mutations may be indels, or substitutions.
A 'good’ alignment might be one in which many
residues are identical. However,

- Hum and mus diverged more recently and so the sequences
are more likely to be similar.

- Paralogs can create big problems

hum
hummus?
?

— |: mus

dros

FAOS CSEI182



Computing alignments

What is an alignment?
e 2Xm table.
* Each sequence is a row, with interspersed gaps
* Columns describe the edit operations

A |A |- |T G |G |A
A |C |T |[C |G |- |A

@)

*What is the score of an alignment?

*Score every column, and sum up the scores. Let C be the score
function for the column

*How do we compute the alignment with the best score?

FA0S CSEI182

Optimum scoring alignments, and score of optimum
alignment

» Instead of computing an optimum scoring
alignment, we attempt to compute the score of an
optimal alignment.

* Later, we will show that the two are equivalent

FA0S CSEI182



Computing Optimal Alignment score

1
I 2 k

Observations: The optimum alignment has nice recursive
properties:
- The alignment score is the sum of the scores of columns.

- If we break off at cell k, the left part and right part must be
optimal sub-alignments.

- The left part contains prefixes s[1..i], and 1[1..j] for some i and
some j (we don't know the values of iand j).

FA0S CSEI182

Optimum prefix alignments

« Consider an optimum alignment of the prefix
s[1..i], and t[1..,j]

- Look at the last cell, indexed by k. It can only have
3 possibilities.

FA0S CSEI182



3 possibilities for rightmost cell

Optixmum alignment of s[1..i-1], and t[1.,j-1]

[ f[[]‘]] 1. s[i]is aligned to t[j]
4l

O{)timum alignment of s[1..i-1], and t[1..j]

P eq . . o
o] 2. s[i]is aligned to
\_ J
f — 3. 1[j]is aligned to -
t[j]
\_ J
Optimum alignment of s[1..i], and t[1..j-1]
FAOS8 CSEI182

Optimal score of an alignment

Optimum alignment of s[1..i-1]. and t[1..j-1]
.. .. s[i]
S[ij] = C(s;.t)+S3-1,-1) [ tj]
Optimum alignment of s[1..i-1], and t[1..j]
S[ij] = C(s;,-)+S0-14) [ *t
WV,

Optimum alignment of s[1..i], and t[1..j-1]

S[i,j] = C(-t)+S,j-1) [

tlil

Let Sl[i,j] be the score of an optimal alignment of the prefix
s[1..i], and t[1..j]. It must be one of 3 possibilities.

FAOS8 CSEI182



Optimal alignment score

S[i,j]=max

Sli—1,j =11+ C(s,,1 )
S[i —1,j]1+ C(s,,-)
Sli,j—11+ C(~t,)

* Which prefix pairs (i,j) should we use? For now,

simply use all.

* If the strings are of length m, and n, respectively,
what is the score of the optimal alignment?

FA0S
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Sequence Alignment

» Recall: Instead of computing the optimum
alignment, we are computing the score of
the optimum alignment

- Let Sl[i,j] denote the score of the optimum
alignment of the prefix s[1..i]Jand t [1..j]

FAOS
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An O(nm) algorithm for score computation

Fori=1ton
Forj=1tom

Sli-1,j-1]1+C(s;,t )
Sli,jl=maxy S[i-1,j]1+ C(s;,—)
S[i,j -1+ C(=1))

+ The iteration ensures that all values on the right
are computed in earlier steps.

FA0S CSEI182

Base case (Initialization)

510,0]1=0
S[i,0]=C(s,,—)+ S[i-1,0] Vi
S:Oa.]] = C(_9Sj) + S[O’] - 1] V.]

FA0S CSEI182



A tableaux approach

t
1 ] n
1
S
S[i-1,-11 | S[i-1,j] Sli=1,j-11+ C(5,1,)
LR S[ijl=max] Sli-1j]+ C(s.-)
) «N STi,j -1+ C(=1)
i S[ij-1] | S[i ]
n

Cell (i,j) contains the score S[i,j]. Each cell only
looks at 3 neighboring cells

FA0S CSE182
An Example
TCAT - T CAT
TGCAA T GCAA
Al A2

* Align s=TCAT with 1=TGCAA
+ Match Score =1

« Mismatch score = -1, Indel Score = -1
+ Score Al?, Score A2?

FA0S CSEI182



Alignment Table

T G C A A
0 -1 -2 -3 -4 -5
T -1 1 0 -1 -2 3
C -2 0 0 1 0 -1
A -3 -1 -1 0 2 1
T -4 -2 -2 -1 1 1
FAOS8 CSEI182
Alignment Table
S[4,5]=1is the score
of an optimum
r 6 ¢ A A alignment
0 S R A R - Therefore, A2 is an
T a | 0 T 2 | 3 optimum alignment
We know how to
C 2 0 0 1 0 1

obtain the optimum
Al 3o |2 | Score. How do we get
the best alignment?

FA0S CSEI182



Computing Optimum Alignment

At each cell, we have 3 choices

We maintain additional information to record the choice at
each step.

Fori=1ton
Forj=1tom
Sli=1,j =11+ C(s,.t,)
S[i,jl=maxy S[i-Lj]+ C(s,,—)
S[i,j—1]+C(—,tj)

If (S[i,jl= S[i-1.j-1] + C(s,t)) MEijJ= ™\

If (S[i,jl= S[i-1,jl + C(s;7)) MlijJ= 1 Nt
If (S[i.jl= S[i,j-11+ C(-,t) ) M[ijj= < “

FAO7 CSEI182

Computing Optimal Alignments
T G cC A A

FAO07 CSEI182



[}

W

[}

w

Retrieving Opt.Alignment

N
* M[45]-
2 ‘ > Implies that
T G A A S[4,5]=S[3,4]+C(A,T)
1 2 -4 -5 or
1 |<«o0 2 -3 E A
0 0 0 -1 i
1 1 "2 1 M[34l=
Implies that
2 2 1 1 S[3.,4]=S[2,3] +C(A,A)
or
A
AT
FAO07 CSEI82
Retrieving Opt.Alignment
\
- M[2,3]:
! 2 ¢ > Implies that
T G A A S[2,3]=5[1,2]+¢(C,C)
1 2 4 5 or
1 |+0 2 -3 E clala
0 0 0 -1 ol
1 i "2 | M[12]=  «—
Implies that
2 2 1 1 S[1,2]=S[1,11 +C(-,G)
or
= A
G Al T
FAOS8 CSEI82



Algorithm fo retrieve optimal alignment

RetrieveAl(i,j)
If (M[I,J == \‘) 5;
return (RetrieveAl (i-1,j-1). L1)

else if (M[i,jl1=="1")
return (RetrieveAl (i-1,j) . )
else if (M[i,j]1=="--)
return (RetrieveAl (i,j-1). )
Summary

* An optimal alignment of strings of length n
and m can be computed in O(nm) time

* There is a tight connection between
computation of optimal score, and
computation of opt. Alignment
- True for all DP based solutions

FAOS CSEI182



Global versus Local Alignment

Consider
s = ACCACCCCTT
t = ATCCCCACAT

Sometimes, this is preferable

popagearey

ATCCCCACAT

FA08 CSEI182

Blast Outputs Local Alignment

»gi| 39530893 |ref|NP_945157.1| hypooretin (orexin) receptor 1; orexin receptor 3

cree 1 s Schematic
musculus] gi|[3T70400% |gb|AARDLI32E.1| orexin receptor type=1 [Mus
Length = 416

Score = 526 bits (1154), Expect = e=14%
ntigies = 2647199 (6%, Positives = JOT/199 (76%), Caps = 147199 (3%)

=

ERFLNPTDYDDEEFLRYLWREYLHFEEYENVLIAGY IIVFVVALIGNVLVCVAVWENHEN &5
P DY4DE FLRYLWR+YL+FE+YENVLIA ¥+ +4+AL4CGN LVCHAVWHNHEN

EPFHLPPDYEDE=FLRYLWRDYLY FKQYENVLIAAY VAVFLIALVGNTLVCLAVWRENHEN 77

RTVTNYF IVNLSLADVLYTITCLPATLVVD ITETWF FGQSLORVIFYLOX XXX XRKERXX 145
RTVTNYFIVNLSLADVLVT PA+LAVDITEHN FGQHLCKVIFYLD
T8 RTVINYFIVNLSLADVLVTAICLPASLLVDITESWLFGQALCKVIFYLOAVEVSVAVLTL 137

Query: 146 XCIALDRWYAICHPLMFPESTAKRARNSXXXXXXXXXXXXXPQAIVMECSSMLPGLANKTT 205
IALDRWYAICHPLAFESTA+RAR 5 PQA VMECSS4LF LAN+T
Sbjct: 138 SFPIALDRWYAICHPLLFESTARRARGS ILGIWAVSLAVNVPQAAVMECSSVLPELANRTR 127

CDEENGGEVYPEMYHICFPLVTYMAPLOLMILAY LI FRELWCRDIPOTSSVVDRR 265
CDEEN E4YPR+YH CFFSVTY+APL LM +AY QIFRKLW RQIPGT4S 4+ R
LFSVCDEENADELYPRIYHSCFFIVTY LAPLGLNGHAY FOIFRELWGROIPCTTSALVEN 257

WEQ==0QFVSQPRGSGOQSKARISAVAREI KQI RARRK TARNLMVVLLVFAICYLPISIL 323
WE+ +Q 40 4G+ + R A AESRQFRARRKTAFNLMVVLLVFA+CYLPIS+L
WERP SEQLEAQHQGLCTEFOPRARAFLAEVEQHRARRE TAKNLMVVLIVFALOYLPISVL 317

Query: 324 NVLERVFGMFTHTEDRETVYAWFTFSHW
NVLERVFGMF DRE VYA FTFSHW
Sbjct: 318 NVLERVFGMFROASDREAVYACFTFSHW

YANSAANPIIYNFLEGKFREEFEAAFSCCL 183
YANSAANFIIYNFLSCKFRE4FEAAFSCCL
SCEFREQFEAAFSCCL 377

Query: 384 GVHHRQGDRLARGRTSTESRKSLT
G 5+ KSL+ Q
Sbjct: ITE Prm==m==== GLGPGSSAREKSLSLQ = =SRC!

FA08 CSEI182



Local Alignment

+ Compute maximum
scoring interval over
all sub-intervals (a,b),
and (a',b")

* How can we compute
this efficiently?

FAOS CSEI182

Local Alignment

* Recall that in global
alignment, we compute
the best score for all
prefix pairs s(1..i) and
1(1..j).

+ Instead, compute the
best score for all sub-
alignments that end in
s(i) and ().

* What changes in the
recurrence?

FAOS CSEI182




Local Alignment

* The original recurrence i-1)
still works, except when
the optimum score
S[i,j] is negative i-1 ;

- When S[i,j] <0, it means i
that the optimum local
alignment cannot

include the point (i,j).
- So, we must reset the

score 1o O.

FAOS CSEI182

Local Alignment Trick (Smith-Waterman
algorithm)

( 0

N Sli-1,j =11+ C(s,.t )
Sli,jl=maxy gr; 4 jl+ C(s;,-)

| S[l,]_1]+c(_,tj)

How can we compute the local alignment itself?

FAOS CSEI182



Generalizing Gap Cost

J|ref|NP_245197.1| hypocretin (orexin) receptor 1; orexin rece

musculus] gi|3ITT0400% |gb|AARDL32E.1| orexin receptor type=l1 |[Mus

» Itismore o
llkely for' gaps fdentivies = 264/
to be
contiguous

* The penalty
for a gap of
length | should
be

ENVLIAGY IIVFVVALIGNVLY
YLWR+YL+FE+YENVLIA ¥4 VF+4AL4ON LVCHAVWHNHEN
RDYLY FEQYENVLIAAYVAVFLIALVONTLVCLAVWRNHEN 77

Query: 24

XARKAXXX 145

GO+LCKVIFYLD

GQALCKVIFYLOAVEVSEVAVLTL 137

SNLPGLANKTT 20§
LF LANR+T
VLPELANRTR 127

AXFARNSXXXXXXXXXXXXXPQAIVMEC:
'A+RAR PQA WM
PARRARGS ILG IWAVELAVNVP QAAVMEC,

ALDRWYAICHPLMF!
ALDRW

go+ ge*l

FAO7 CSEI182

End of Lecture 2
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