Global and local alignments




Global vs. local alignments

* Global: align all nucleotides

* Local: aligh subsequences with best score

Align these sequences: GCAT, GCT
(match = 1, mismatch =-1, gap = -1)

global alignment: local alighment:
GCAT P
GC-T '



We can make local alignments using the

Smith-Waterman algorithm

Like Needleman-Wunsch, with 2 changes:
 Don't allow negative scores, set them to O
e Backtrack from cell with highest score, stop at 0
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We can make local alignments using the

Smith-Waterman algorithm

Like Needleman-Wunsch, with 2 changes:
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Smith-Waterman algorithm

Like Needleman-Wunsch, with 2 changes:
 Don't allow negative scores, set them to O
e Backtrack from cell with highest score, stop at 0
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C 2|0 2 1 0 Cl|Oo0o|O 2 1 0
T 3 1 1 1 2 T 0 0 1 1 2
GCAT GC GCAT

GC-T GC GC-T



Smith-Waterman algorithm,

mathematical form

M(O,j)=0

M(i,0)=0

M(i, j) = max

\

first row

first column

0
M(I_lr./)-l_p
M(I)./_l)-l_p

M(i—l,j—1)+s(aj,bl,) /

top
left

diagonal

s(aj, b;) = match/mismatch score for sites jand i
in sequences a and b



BLAST

(Basic Local Alignment Search Tool)



BLAST is the primary method to find

sequences in modern sequence data bases
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The

BLAST Search Algorithm

query word (W= 3)
W

Query: GSVEDTTGSQSLAALLNKCKTPQGQRLVNQUIKQPLMDENRIEERLNLVEAFVEDAELRQTLQEDL

neighborhood

PQG 18
PEG 1S5
PRG 14
PKG 14

words

Query: 325

Sbjer: 290

NG 13
PDG 13
PHG 13

me 13 neighborhood

P3G 13
POA 12 score threshold

PN 12 (T=13)

Q. ..

- — >
SLAALLNKCKTPQGQRLVNQUIKQPLMDENRIEERLNLVEA 36S
+LA++L+ TP G R++ +i+ P+ D + ER + A
TLASVLDCTVTPMGSRMLKRULHMPVRDTRVLLERQQTIGA 330

High-scoring Segment Pair (HSP)

Image from: http://www.ncbi.nlm.nih.gov/books/NBK62051/



Primary BLAST quality metric: E value

The Expectation value or E value represents the number
of different alignments with scores equivalent to or
better than the one observed that are expected to occur
in a database search by chance.

The lower the E value, the more significant the score and
the alignment.



Anatomy of a BLAST result

glycoprotein precursor [Junin virus]
Sequence ID: gb|ABI51595.1] Length: 485 Number of Matches: 1

Range 1: 1 to 241 GenPept Graphics

Score Expect Method Identities Positives Gaps
278 bits(710) 1e-86 Compositional matrix adjust. 137/252(54%) 168/252(66%) 11/252(4%)

Query 1 MGQLISFFQEIPVFLQEALNIALVAVSLIAVIKGIINLYKSGLFQFIFFLFLAGRSCSDG 60
MGQ ISF QEIP FLQEALNIALVAVSLIA+IKGI+NLYKSGLFQF FL LAGRSC++
Sbjct 1 MGQFISFMQEIPTFLQEALNIALVAVSLIAITKGIVNLYKSGLFQFFVFLALAGRSCTEE 60

Query 61 TFKIGLHTEFQSVTFTMOQRLLANHSNELPSLCMLNNSFYYMKGGANIFLIRVSDVSVLMK 120
FKIGLHTEFQ+V+F+M L +N+ ++LP LC LN S Y+KGG F+I D++VL+
Sbjct 61 AFKIGLHTEFQTVSFSMVGLFSNNPHDLPLLCTLNKSHLYIKGGNASFMISFDDIAVLLP 120

Query 121 EYDVSVYEPEDLGNCLNKSDSSWAIHWFSIALGHDWLMDPPMLCRNKTKKEGSNIQFNIS 180
+YDV + P D+ C D W WF A+GHDW +DPP LCRN+TK EG ONS
Sbjct 121 QYDVVIQHPADMSWCSKSDDQIWLSQWFMNAVGHDWHLDPPFLCRNRTKTEGFIFQVNTS 180

Query 181 KADESRVYGKKIRNGMRHLFRGFYDPCEEGKVCYVTINQCGDPSSFEYCGTNYLSKCQFD 240
K + Y KK + GM HL+R + D C GK+C + P+S+ +C D
Sbjct 181 KTGVNENYAKKFKTGMHHLYREYPDSCLNGKLCLMK----AQPTSWPL-—-————— QCPLD 229

Query 241 HVNTLHFLVRSK 252
HVNTLHFL R K
Sbjct 230 HVNTLHFLTRGK 241



Anatomy of a BLAST result

glycoprotein precursor [Junin virus]

Sequence ID: gb|ABI51595.1| Length: 485 Number of Matches: 1‘ sequence we found

Range 1: 1 to 241 GenPept Graphics (SUbJeCt Sequence)
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Anatomy of a BLAST result

glycoprotein precursor [Junin virus]
Sequence ID: gb|ABI51595.1] Length: 485 Number of Matches: 1

Range 1: 1 to 241 GenPept Graphics

Score Expect Method
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Anatomy of a BLAST result

glycoprotein precursor [Junin virus]
Sequence ID: gb|ABI51595.1] Length: 485 Number of Matches: 1

Range 1: 1 to 241 GenPept Graphics

Score Expect Method
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Query 181 KADESRVYGKKIRNGMRHLFRGFYDPCEEGKVCYVTINQCGDPSSFEYCGTNYLSKCQFD 240
K + Y KK + GM_HL+R + D C GK+C + P+S+ +C D
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HVNTLHFL R K
Sbjct 230 HVNTLHFLTRGK 241



Anatomy of a BLAST result

glycoprotein precursor [Junin virus]
Sequence ID: gb|ABI51595.1] Length: 485 Number of Matches: 1

Range 1: 1 to 241 GenPept Graphics

Score

278 bits(710)

Expect Method
1e-86 Compositional matrix adjust.

Identities Positives Gaps ‘
137/252(54%) 168/252(66%) 11/252(4%)

Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct
Query
Sbjct

1

1

61

61

121

121

181

181

241

230

MGQLISFFQEIPVFLQEALNIALVAVSLIAV QUM be r an d % Of exact

MGQ ISF QEIP FLQEALNIALVAVSLIA+

MGQFISFMQEIPTFLQEALNIALVAVSLIAI matches, near matchesl

TFKIGLHTEFQSVTFTMORLLANHSNELPSI

FKIGLHTEFQ+V+F+M L +N+ ++LP I and no matches

AFKIGLHTE FQTVSFSMVGLFSNNPHDLPLL\; LAUNNOILIILUL LINOUNDODLNLOL VDA vVvaar 1 L \)
EYDVSVYEPEDLGNCLNKSDSSWAIHWFSIALGHDWLMDPPMLCRNKTKKEGSNIQFNIS 180
+YDV + P D+ C D W WF A+GHDW +DPP LCRN+TK EG QNS

QYDVVIQHPADMSWCSKSDDQIWLSQWFMNAVGHDWHLDPPFLCRNRTKTEGFIFQVNTS 180

KADESRVYGKKIRNGMRHLFRGFYDPCEEGKVCYVTINQCGDPSSFEYCGTNYLSKCQFD 240

K + Y KK + GM HL+tR + D C GK+C + P+S+ +C D
KTGVNENYAKKFKTGMHHL!R&?PDSCLNGKLCLMK————AQPTSWPL ——————— QCPLD 229

HVNTLHFLVRSK 252
HVNTLHFL R K
HVNTLHFLTRGK 241

near match (positive)



Anatomy of a BLAST result

glycoprotein precursor [Junin virus]
Sequence ID: gb|ABI51595.1] Length: 485 Number of Matches: 1

Range 1: 1 to 241 GenPept Graphics
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Query 181 KADESRVYGKKIRNGMRHLFRGFYDPCEEGKVCYVTINQCGDPSSFEYCGTNYLSKCQFD 240

K + Y KK + GM HL+R, + D C GK+C + P+S+ +C D
Sbjct 181 KTGVNENYAKKFKTGMHHLYRTPDSCLNGKLCLMK---—AQPTSWPL ------- QCPLD 229
Query 241 HVNTLHFLVRSK 252 no match

HVNTLHFL R K
Sbjct 230 HVNTLHFLTRGK 241
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