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Seguence Alignment

» Global:
. (1970).

» Local:
. (1981)

s Useful when commonality is small and global alignment is
meaningless. Often unaligned portions “mask” short stretches of

aligned portions. Example: comparing long stretches of anonymous
DNA; aligning proteins that share only some motifs or domains.

» Dynamic Programming (DP) based.



Why gapse

> . FInding the gene site for a given (eukaryotic) cDNA
requires “gaps’.
> cDNA = Copy DNA
DNA
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How 1o score mismatches?
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BLAST & FASTA

» FASTA
[Lipman, Pearson '85, ‘88]

» Basic Local Alignment Search Tool
[Altschul, Gish, Miller, Myers, Lipman '90]



BLAST Overview

» Program(s) to search all sequence databases
» Tremendous Speed/Less Sensitive
» Staftistical Significance reported

» WWWBLAST, QBLAST (send now, retrieve results later),
Standalone BLAST, BLASTcI3 (Client version, TCP/IP connection
to NCBI server), BLAST URLAPI (to access QBLAST, no local
client)
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QueryWord (W = 3]

[LEHAWELSHZTDERPI CETAZRLRDQER A DY PEY XYC PRRRAFNGKPESSSEALASTST

Determine neighborhood

RDQ 16 QDQ 12 EDQ 11 RDN 11 RDB 11 9 RDP 10
REQ 14 REQ 12 HDQ 11 RDD 11 ADQ 1C 10 RDT 1C
RDZ 14 RDR 12 2ZDQ 11 RDH 11 NDD 10 9 RIY 10
KDQ 13 RDK 12 RNQ 11 RDM 11 SDD 1C 3 RDX 10
RDE 13 NDQ 11 RzQ 11 RDS 11 7DD 1C "0 DD 8

Extension using neighborhood words
greater than neighborhood score
threshold (T =1!)

o fo
- -

Query: | ToSEAWALSNETORR2FLZTAER_RDQUINCY 2 EVEYQ2RARKNEEPESSSEADSHSE bE
Tx W2l N +ER2F+3 ZERLR+0HXKE4 P+ YEYQRPRAIRKS £ G & C ¢
Sbhjct: 140 PLESGWRLENPEZERZFVEICAER_REQAXZXCEDLTEYQPRARKSVENCQIEF=DOZEC - 57

FIGURE | 1.7 The initiation of a BLAST search. The search begins with query words of a given length
(here, three amino acids) being compared against a scoring matrix to determine additional three-letter
words “in the neighborhood” of the original query word, Any occurrences of these neighborhood words
in sequences within the target database then are investigated. See text for details,




BLAST Strategy & Improvements

»Lioman et al.: speeded up finding “runs” of “hot
Spofts”.

»Eugene Myers '94:; "Sublinear algorithm for
approximate keyword matching’.

»Karlin, Altschul, Dembo 20, '21: “Statistical
Significance of Matches”



Why Gapse

. Aligning HIV sequences.

Strain 1
Strain 2
Strain 3

Strain 4



BLAST Variants

» Nucleotide BLAST
= Standard
=  MEGABLAST (Compare large sets, Near-exact searches)

=  Short Sequences (higher E-value threshold, smaller word size, no low-complexity filtering)
» Protein BLAST

= Standard
= PSI-BLAST (Position Specific Iterated BLAST)
= PHI-BLAST (Pattern Hit Initiated BLAST; reg expr. Or Motif search)

Short Sequences (higher E-value threshold, smaller word size, no low-complexity filtering, PAM-30)
» Translating BLAST

= Blastx: Search nucleotide sequence in protein database (6 reading frames)
»  Tblastn: Search protein sequence in nucleotide dB

= Tblastx: Search nucleotide seq (6 frames) in nucleotide DB (6 frames)



BLAST Conliss

» RPS BLAS

= Compare protein sequence against Conserved Domain DB; Helps in
predicting rough structure and function

» Pairwise BLAST

= blastp (2 Proteins), blastn (2 nucleotides), tblastn (protein-nucleotide w/ 6
frames), blastx (hucleotide-protein), tblastx (nucleotide w/é frames-
nucleotide w/ 6 frames)

» Specialized BLAST
= Human & Other finished/unfinished genomes
= P. falciparum: Search ESTs, STSs, GSSs, HTGs

= VecScreen: screen for contamination while sequencing

= |gBLAST: Immunoglobin sequence database



BLAST Credits

» Stephen Altschul » Jim Ostell

» Jonathan Epstein » Alex Schaffer
» David Lipman » Sergei Shavirin
» Tom Madden » Heidi Sofia

» Scott McGinnis » Jinghui Zhang



Databases used by BLAST

» Protein
m Nr (everything), swissproft, pdb, alu, individual genomes
» Nucleotide

m N1, dbest, dbsts, htgs (unfinished genomic sequences), gss,
pdb, vector, mito, alu, epd

» Misc



BLAST Parameters and Output

» Type of sequence, nucleotide/
protein

» Word size, w

» Gap penalties, p, and p,

» Neighborhood Threshold Score, T
» Database to search, D

» Scoring Matrix, M

» Score Threshold, S
» E-value Cutoff, E
» Number of hits to display, H

» Score s and E-value e

= E-value e is the expected number of
sequences that would have an
alignment score greater than the
current score s.



Scoring Matrix to Use

> PAM 40 Short alignments with high similarity (70-90%)
» PAM 160 Members of a protein family (50-60%)
» PAM 250 Longer alignments (divergent sequences) (~30%)

» BLOSUM90 Short alignments with high similarity (70-90%)

» BLOSUMS80 Members of a protein family (50-60%)

» BLOSUM62 Finding all potential hits (30-40%)

» BLOSUM30 Longer alignments (divergent sequences) (<30%)




Main Ideas in BLAST

» Break sequence into words and look for words in database

» Find hotspots where many words find hits and look more closely
» Instead of looking for approximate hits of words ...

» ... find exact hits of nearby words



BLAST algorithm: Phase 1

Phase 1: For each word in query, get words (w=3) within threshold T
Example: for a query sequence

...FSGTWYA...
Consider a word GTW in the query

Get list of words (w=3) close to GTW:
ATW, GSW, ..

Fig. 4.11
page 116



=
&
e
O
2
¢
O
@,
09
O
>
)
V)
O
—
o
O
D
=

Page 73

1

-3

2|11

-2
0

T W|Y |V

3
2
2

-1
-1
-4
-3
-2

-4
-2
-2

1

3
-1

-2
-1
-1
-1
-1

1

-1

0
-1
-3
-2

2

-2

-3
-2
-1
-2
-1

L K M F P |S

3

-3
-2
-1
-3
-1

3

-3
-3
-1
-2
-1
-2
-1
-2
-2

2
3

4
4
2
3
3
2

0
-2
-2
-3
-3

-2

3
3

1
-2
-3
-1

0
-1
-3
-2
-2

-2

-3
-2
1
0
-3
-1

-1
-2
-1
-2

-3
-3
-1
-1
-1

1
2
3

-1
-2
-2
-1

-3

|
1
3
4
|
3
3
|

-1
-4
-3
-3

-3

0
1
-3
-3

0
-2
-3
-2

0
-4
-2
-3

-2
-3

-2

0
-3
-2

2
-2
-3
-2

-1
-3
-2
-3

-2
0

-2
-1
-1
-1
-1
-2
-1

-3
-2
0

AR|N|D|C|Q|E G |H]|I

D
C

I

L

M

F
P

W
Y
\Y%




Phase 1: FInd list of similar words

> Fiqc]j)lis’r of words of length w (here w = 3) and distance at least T (here T

s GTW 22
s GSW 18
n ATW 16
= NTW 16
s GTY 13
= GNW 10

= GAW 9



BLAST: Phases 2 & 3

» Phase 2: Scan database tor hits and find HotSpots
» Phase 3:

Extend good hit in either direction.
Keep track of the score (use a scoring matrix)
Stop when the score drops below some cutoff.

KENFDKARFSGTWYAMAKKDPEG 50 RBP (query)
MKGLDIQKVAGTWYSLAMAASD. 44 lactoglobulin (hit)

— extend Hit! |extend —




BLAST: Threshold vs # Hits & Extensions

Number of hits and extensions

2,000,000,000
1.800,000,000
1.600,000,000
1.400,000,000
1.200,000,000
1.000,000.,000
&00,000,000
600,000,000
400,000,000

200,000,000

3 5 7 ) 1" 13 15 17 19 21

Threshold value (blastp search)

—e—hits
—o—extensions

Fig. 4.12
page 118



Word Size

» Blastn: w=7, 11, or 15.
m W=15 gives fewer matches and is faster than w=11 or w=7.
» Megablast: w = 28 to 64.

= Megablast is VERY fast for finding closely related DNA
sequences!



probability

0.40 |
0.35 |
0.30 |
0.25 |

0.20
0.15 |
0.10 [
0.05 |

normal

distribution

extreme
value
distribution

E = Kmn e-+S
m,n = seq length

S = Raw Score
K = Search space

S’=(AS -InK) / In2

S’ = Bit Score
p=1-eE
p = p-value



E-value versus P-value

E-value P-value
10 0.9999546
5 0.99326205
2 0.86466472
] 0.63212056
0.1 0.09516258
0.056 0.04877058
0.001 0.00099950

0.0001 0.0001

E-values are easier to interpret;
If query is short aa sequence, then use very large E-value;
Sometimes even meaningful hits have large E-values.



BLAST: Steps

» Choose your sequence
» Choose your tool

» Choose your database
» Select parameters, if needed
» Interpret your results



BLAST report header

_
<> NCBI

BLASTP 2.2.1 [Apr-13-2001|

results

Ir j"'U t &’-": d l}
please refer to

problems oOr
the BLAST FA

qu»stl ons

Taxonomy reports

Wwith the results

ot BLAST

Reference:
Altschul,Stephen F., Thomas L. Madden, Alejandro A. Schaffer,
Jinghui Zhang, Zheng Zhang, Webb Miller, and David J. Lipman {1%97},
"Gapped BLAST and PSI-BLAST: a new generation of proteiln uatdbd:ﬂ search
programa", Nucleic Acids Rea. 25:3389-3402.
RID: 1009580302-26840-4362
Query- RAB protein NCBI Handbook, Eds. McEntyre, Ostell
(656 letters)
Database: Non-redundant SwissProt sequences
102,387 sequencea; 37,391,913 total letters

of this




Graphical Overview of BLAST Results

Distribution of 41 Blast Hits on the Query Sequence

Mouse-over to show defline and scores. Click to show alignments

Color Key for Alignment Scores
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Sequences producing significant alignments: (bits) Value

(a) (b) (c) (d)
i|116365|sp|P26374 |RAEZ HUMAN Rab proteins geranylgeranylt... 1216 0.0
| 2 Id 1807 |sp |P24386 | RAE]1 HUMAN Rab proteins qﬂraﬂy]rﬂrany... 879 0.0
[585775|sp |P37727 |RAEL RAT Rab proteins gera rwlqexax.]r ’e g4¢6 0.0
]1 1626 *%f5|°{-pﬂ6 598 |GDIC MOUSE RAB GDP dissociation i d‘lb. ’e 127
| 7 YEAST SECRETORY PATHWAY GDP DISSOC... 127
IZEEf .>h|GDIF CANFA Rab GDP dissociation inhib... 12
gi |13 :H:,ﬂ|ﬂp[F4L. |GDIBR MOUSE RAB GDP dissociation inhib... 12
| 1
| 3
| 4
|
| 1
|

0.
1707888 |sp| P50 i |GDIA RAT RAB GDP dissociation inhibito...
121108 |sp |P21856 |GDIA BOVIN Rab GDP dissociation inhibit... 12
21903424 | sp |P50396|GDIA MOUSE Rab GDP dissociation inhib... ]
13626812 3p | Of 37555 |GDIA CANFA RAB GDP diszsociation inhib... 12
1707886 2p| P311501GDIA HUMAN Rab GDP dissociation inhibi... 123
""" 395 |GDIB HUMAN Rab GDP dissociation inhib... 122
JIGDIB RAT RAB G’I? DISSOCIATION INHIBITO... 121
23467 |2p| Q10305 YD4AC SCHPO Put ve gecretory pathway ... 120
,"JH.F:TT‘F:I:QJ]F..-Z'I-:'.;L-IR.T'.FIF YEAST RAB proteins geranvlgeranylt... Q7
31| RAEP CANAL RAB proteins geranylgerany... 7
i |GLF MYCGE UDP-galactopyrancse mutase 3
11135401 | sp |Q9XBQS | STHA Soluble pyridine nucleotid... 3
11135075 |3p |005139 | STHA Soluble pyridine nucleotid... 33
111351] '-"'r: |sp | P57112 | STHA Soluble pyridine nucleotid... 33
gi|22257022|3p [""*"T‘.-"ZJHIRT.F'.I'I Acidic }"ik“l‘Jql‘Jmal protein P... 33
gi|3@135:6 «p|P'14‘T YNAJ BACSU Hypothetical symporter ynad 32
31 1231788 |~'p |P305%99 |CHS2 USTMA CHITIN SYNTHASE 2 (CHITIN-UD... 32
gi 2498412 |2p|P75499|GLF MYCPN UDP-galactopyrancse mutase 32
gi|54,5“1|°p|F3*“75|Mﬂ?¢ BOVIN Microtubule-associated prote... 32 4.2
gi 586602 |sp |P37747 |GLF ECCLI UDP=-galactopyranose mutase 32 4.6

1116 U0

10720243 | 3p |09

|
|
|
gi]fdﬁgq-l 2p| 49
|
l
|




List of Olignmen’rs

7 WIMAN Rah prote nx qu-xnyl.'_h-rnn‘/l ranafarass semp nnent A 7?2 (Rah sarart
pzuLun >y {RE>-2) [(Choroide-aem_a-l.ke protein)
Length =

Scoxe =  B46 bits (Z2186), E:.\:pec:t = 0.0
Identities = -IJ.'."'_.'..' et }, Posataves = §E3/bsd (/)e), Gaps = 14/0b32 (Z%)

Cuery: 1 MADNLPTEFDVVI ISTSLPES ILAAACSASSORVLHIDS RS YYGSNNASFSFSGLLSWLK €
NADNLP++FDV++IGTOIPES T+AARAL ‘-\":I H+D3IRSYYGGNWASFEFEGLLEWLK
Sbjce: 1 MADNLESUDFUVAVISIGLEES LLAARLS AN SURVLNVUS S YIGGNNAS S PSGLLSWLE bl

nary: A1 GNND T SRESTVUVIR N THRETFRAT TLRIRDRTT OHTRAFPYASOIMFNNUFRTSALG 120
HNND+  E++ +WO+ 1 E BEAI L KD+I'IQH E ¥ YQ. ) -*'4_8 J'Ll.'_1

Sbijct: 61 119

Query: 121 KNPSLGVS NTETEVLDS AL PEESQLS YFWS DEMDAKH LEVTOVIESYV 176
KN+ 5 LP + S B+PR+ £5ED 2+ _
Sbjct: 120 KNHAIVTS :v:‘:‘f‘.nl‘«‘AhF'I'-ZCZ.P'A.'Fn L3M35:EIPREQS arp PESSPEVNDAIATG 179

Guory: 177 ERERYCIDETIMATVMENENENENUNLTIE2FADEPIRY m-'.'.‘a:vw:rprmn DLVEE 226
_ +KE ¢ d42 ¢ P +NRITYSOI+KEGRRFNI DL'v')' i
Sbjct: 180 XKEINSDAKSS-------- I‘:-'I-‘.FSH('W:‘-).’.'Q?NTEI‘PVK\RI"(. IIXEGRRFNIDLV3Q 231

Query: 237 LLYSOCLLIDLLIKS DVSAYVESENVIRILAPAGIK/BOVOCS PADV PNSKEL TMVIK Y 206
) LLYS+GLLIDLLIEKS +VSRY EFFN+TRILAFRES VEOVPCSRADVENSE+LTAVIEIM
Sbjct: 232 LLYSRGLLIDLLIKSNVSRYASFKNITRILAFRESTVEQVPCSRADVENSKQLTAVIKIM 231

Query: 257 FNICEFE 'I KK "NLCHEV E-DI.”M'I‘.‘..EE-SCT:I?C 356
X +2G
Sbijct: z2%2 LMKFLTFCVEYEEHPDE YRAYE ’I"P.;El’L (T ‘bLTFNL\'z vl-:bIh4T‘1;TT*l-. V2G 351

Query. 357 LMNATENPLOCLGRESNT FELEFLYGQGEIFPGPCRMCIAVESGI YCLRHRVOCEVVDIEIG 410
Y. ATE PLACLGRESNTPETEPLVGAGRE P FCAMTASESGT VY IR VI WWNCE
Sbict: 352 LEATKEFLQCLGRYGNT FELEPLYSOGELPRCRCRMIAVEGGI YCLRHSVRCLVWIXESR 411

Query: <917 RCKAIIDHIGRRINAXYTIVEDS YLISEETCISNY 'Ql' WRISPAVLITDQSILETDLOQUTSI 476
. SKEALLD POQRI LA VIARDEVLER TCS QUSQLSPAVLITD S4LKT0 DQo =
Sbict: $12 XKCKAVIDOFGIRIISXHFIIBDS YL "F‘rL'."Fs""" 2ISRAVLITDSSVIKTDADQIVIT 471

wery: 37T LAVEVALYAA-AVEV IS LSS IMIUMA VT LY ALICISI RIAKBULESY VERLEL P TS 336
L Ve ErC VIW ELIECTYTCME TYLVALIC ESETANEDLE VW+ELFTDYT2
Shict: 472 LAVPAREPSSFGVRV IRISSS TYTOMKGTYLVALICNSIKTAREDLERVVIOXLFTPYTIT 531

Wuery: 537 LINELELTKERLUMALY FIMRLG SGISKISYNILESNVYVISSFDCILONEHAVIGAETIL 336
E E++ KEDPRLLWALYFNMMRDEE IER YN LPENVYVCED CLON++A\VEQAETL
Sbict: 532 EAEZNZOVEKERLLWALY FNNRDSSDISRICYNDLPSENVYVCS DSSLSNDNAVKOAETL 531

Query: DY/ POCKCXCKRKARKE XXXV CULEQY EAY bl
™ DG QD P
Shirt: 5% POIATTPURNFRPARPNPFNTUTNMASSQORIP A23




Pairwise alignment result of human beta
globin and myoglobin

Myoglobin RefSeq Information abput th_is alignm_ent: score,
expect value, identities, positives, gaps...
>r-ref|MP NNS5359.1| Izi:myoglobin [Homo sapiens])

ref |[NP 976311.1]| nyoglobin [Homo sapiens

Zet fnfulm il-l.:e[ar_.ilg°§.l°bm [Homo sapiens Middle row displays identities;
Length=154 + sign for similar matches

GENE ID: 4151 ME | myoglobin [Homo s7 «ens] (Over 10 PubMed

score = 47.4 bits (144), Expect = 8Se-1ll, Method: Compos” «1 matrix adjust.

Identities = 37/145 (25%), Positives = 577145 (39%), G=2 27145 (1%)

Query 4 LTPEEKSAVTALWGKVNVDEVG--GEALGRLLYVVYPUTQRF «5FGDLSTPDAVMGNPKY 61
L+ E ¥V 4WGKY D G E L RL +P T F+ F L+D+ + +
sbjct 3 LSDGEWQLVLNVWGKVEADIPGHGQEVLIRLFKGHPETLEKFDKFEHLKSEDEMKASEDL 62

Query 62  KAHGKKVLGAFSDGLAHLDNLKGTFATLSELHCDKLHVDPENFRLLGNVLVCVLAHHFGK 1Z1
KHG VL A L 4 < L+ H K + + + ++ VL
sbjct 63  KKHGATVLTALGGILKKKGHHEAEIKPLAQSHATEKHKIPVKYLEFISECIIQVLQSEHPG 122

Query 122 EFTPPVQAAYQEKVVAGVANALAHKY 146

+F QA K+ +A Y Slide: Courtesy J. Pevsner
sbjct 123 DFGADAQGAMNKALELFREKDMASNY 147

Query = HBB; Subject = MB




Pairwise alignment result of human beta globin and
myoglobin: the score is a sum of match, mismatch,
gap creation, and gap extension scores

O

Scorc — 18.1 bits 135), Expect — 0.015, Mcthod: Compositicn-bascd stats. . .
Identztics — 11/24 (45%), Positives — 12/24 (LHU%), Caps — 2/21 [(E%) Slide: COUFTGSYJ. Pevsner

Qucry 12 VTALWCEVNVD--EVCCEALCRLL 33
VvV +WCEV D CELRL
Soqct 11 VLNVWCEVEADIDPCHCQEVLIRLE 341

match 14 11 E 6 5 515 sum of matchecs: +60
o 41 4
mismatch -1 1 U -2 1-2 -1 J sum of micsmatches: -13 (::)
2 0 3 0
gap ooen 11 sum of zap penalties: 12
gap extsnd 1
tctal rew score: €0 13 12 = Z5

Page 53



Pairwise alignment result of human beta globin and
myoglobin: the score is a sum of match, mismatch,
gap creation, and gap extension scores

Scorz — 18.1 bits 135), Expecct — 0.015, Mcthod: Compositicn-kbaszd stats.
Identtics — 11/24 (45%), Positives — 12/24 (L0%), Caps — 2/241 [E%)

Qucry 12 VTALWCEVNVD--EVCCEALCRLL 33
Vv +WCEV D CELRL
Soqct 11 VLNVWCEVEADIPCHCQEVLIRLE 341

match 14 11 £ & 5 515 sum of matchecs: +69D
o 1 4
mismatch -1 1 U -2 -2 -1 J sum ot mismaz-chcs: -13
2 0 3 0
gap oven 11 sum of zap penalties: 12
gap extsnd 1
tctal rew score: 60 13 12 = Z5

V matching V earns +4
T matching L earns -1

Slide: Courtesy J. Pevsner
Page 53



Bit Score

» If S is the (raw) score for a local alignment, the normalized score S' (in bits) is
given by

S A S-In(K)
In(2)

The parameters K and A depend on the scoring system.



Expect value or E-value

E-value is not a probability, but describes strength of random background noise.

E-value describes number of hits one can “expect” to see by chance when searching
a database of a particular size.

It decreases exponentially with the score (S).

E-value = 1 means “in a database of current size, one might expect to see one match
with a similar score simply by chance. Lower E-value mean more “significant” match.

WARNING: Short sequences can be virtually identfical and have relatively high E-values.

= Calculation of E-value takes into account length of query sequence. Since shorter sequences
have a high probability of occurring in the database purely by chance, E-values can be high.



BLAST Tutorial

» http://www.ncbi.nim.nih.gov/books/NBK21097/#A614



Assessing whether proteins are homologous

>gi| AS08S8E3 |ref|NP D0256Z2.1| progestagen-associaced endomectrial procein (placental protein 14,
pregnancy-asaociaced endomecrial alpha-2-globulin, alpha
ucerine protein); Progescagen-associated endomecrial
protein [(placental protein 14) [Homo sapiens]
gi| 120215 | gb| ARas0147.1| (JO41Z9) placental protein 14 [Homwo sapiens]
Length = 162

Score = 32,0 bhits |(71), Expect = 0,49
Identities = 26/107 [(24%), Positives = 45/107 (44%), Gaps = 11/107 (10%)

Query: 26 RVEENFDEARFSGTWYAMAKKDPEGLFLODNIVAEFSVDETGOMSATAKGRVRLLNNWD- 54
+ E++ + + +GTU++MA + L + A v T + +L+ W+
Shjet: S QTKQDLELPKLAGTUHSHAMAT-NNISLMATLEAPLRVHITSLLPTPEDNLEIVLHRWEN 63

Query: 85 =VCADMVGTFTDTEDPAKFENKYWGVASFLQKGNDDHUIVDTDYDTY 130
C + T 4P KFEK+ Y VA ++ ++DTDYD +
Shjct: 64 NICVERRVLGEKTGNPRKKFKINY-TVA--===== NEATLLDTDYDNF 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.




Difficulties with BLAST

» 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.

» 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.




» Most sequences wi Nt Similat elr entire lengths are
homologous.

» Matches that are > 50% identical in a 20-40 aa region occur frequently
by chance.

» Distantly related homologs may lack significant similarity. Homologous
sequences may have few absolutely conserved residues.

» A homologous to B & B to C = A homologous to C.

» Low complexity regions, transmembrane regions and coiled-coil regions
frequently display significant similarity without homology.

» Greater evolutionary distance implies that length of a local alignment
required to achieve a statistically significant score also increases.



Rules of Thumb

» Results of searches using erent scoring systems may be
compared directly using normalized scores.

» If S is the (raw) score for a local alignment, the normalized

score S’ (in bits) is given b
( )is g ys= < In(K)

In(2)
The parameters depend on the scoring system.

» Statistically significant normalized score,

N
S>log| —
>og(E)

where E-value = E, and N = size of search space.



