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Demo of NCBI and UCSC

Basic sequence alignment and
database searching:
BLAST nucleotide searches

Sophisticated programming

* Dynamic programming
* Look up tables

— Database broken up into short segments which
are screened first for exact matches (word size).
If a ““hit” occurs, then try to extend.

* Needle-Wunsch alignments
— Optimal alignment

Basic Local Alignment Search
Tool (BLAST)

Compares a QUERY (your sequence) to a
database (i.e. GenBank).

Different programs depending on sequence
— BLASTN (DNA vs DNA)

— BLASTP (AA vs AA)

— BLASTX (Translated DNA vs AA)

— TBLAST: Translated database searches




Main questions for today

e [ have a DNA/protein sequence, is it similar
to anything else in the database?

* My sequence is similar to something in the
database, is it significant?

What does statistically significant
similarity mean?

¢ Common ancestry

— Homologous (all or none)
* Orthologous: separated by speciation event: same locus

¢ Paralogous: Separated by gene duplication: different locus

* May provide clues to similar function

Orthologous comparison

TS
N4

T Duplication

Three scores from BLAST

e Raw score

— No information unless know scoring matrix
* Bit Score

— Takes into account scoring matrix
e E-value

— Easy to interpret statistic, takes into account
database search size.

Raw score

e Sum up score for matches
* Subtract penalties for miss-match
* Subtract penalties for gaps (open and extend)

A G

= OQO—Q0

c ¢ a a
| | | | |
c ¢ a T 6 a
11 1 -2 1 1

Raw Score = 1+1+1-2+1+1+1 = 4

Bit score: take into account the
scoring system

¢ Normalize raw scores

* Two values describe scoring system
— K and lambda (A) (both values determined by

program)

S’= AS-InK
In2




Bit scores can be converted into E-
values, which are easy to understand

» Takes into account the search space
— m and n (database and query size)

E = mn2¥

* One equation from score to E-value

E = Kmn e*S

What does E-value mean?

The Expect value (E) is a parameter
that describes the number of hits one
can "expect" to see just by chance
when searching a database of a
particular size. Typical cut-offs
biologists use are ~< E = 105

* An E value of <0.05 is considered
statistically significant.

Example of score calculation
using BLAST two sequences

* Aligns two sequences.

* Calculates statistics based upon size of
Genbank.

BLAST 2 SEQUENCES

‘This 0l prod using BLAST engi
‘The stand-alone executable for blasting two sequences (blZseq) can be fetrieved from NCBL f1 site
Reference: Totimna A. Tstusova, Thomes L. Madden (1999), ° ool for comparing. d

Progran (Vs 4 ) Marix [ Not Appicatie O

Pazsmeters used in BLASTH program only

Reward for a match:1 Penalty for a mismatch:[2 Match
[ Use Mega BLAST Stant opuon (oistanis 2] Mismatch
Sma

Opengaps  endexwnsiongep [z penaltes

gpx_tropott [So expect 1000 wordsize [7 Fier [
o Brwrscossonoect | ortowmesatomte [ [ Eme

ar sequence in FASTA format o [0 wfo
& 5 & ¢

Open gap
Extend gap
(Word size)

NhwLn -~

& ¢ ¢ & T
Sequence 2 Enter ascession or GI or downioed fom file Browvse
or sequence in FASTA format from. [0 ofo
ACChRGAC
<
Clear Tnput

Raw score: sum values (27 matches, 2 miss-match: 27-4) = 23

Expect = 0,001
iahs
Query: 1 aggametagiogematctnaes 29
AT TN
Shict: 1 sgogggpatt pgretgager
AT tine 0.02 sys. secs 006 total secs
labia K
Vm o nen Lz
capped e
[ What would score be if we used

Match = +2, Mismatch = 0?
Score = (27)(2) = 54.
Therefore, raw score is
uninformative unless scoring
system is known.

Bit score: take into account scoring system
s o

7 Plus

0.02 sys. secs 0.06 total secs

S’= AS - InK

In2
S’ = 1.33(23) -1n 0.621
“5‘:5 : In2
Joasms S =449

1076535347
ch zpace voed: 41076535347

0 bits)
S1: 12 (23.9 bits)
52: 17 (33.4 bits)




Expect score: take into account search space

e 403 e () (EET TS

1 sgogoggatiagegaghes
e e e E=mn2

P Teem ' e E= (9)(4,564,059,483)2'44'9
TEx e E =0.001

gagtetauget 28
]
ot gage

What if database was the
Drosophila genome?

e =(9)(1,800,000 )2-449

B as e E =.00000049 (4.9¢7)

s1: 12 (23,
2 17 (334

Summary of statistics

¢ Raw score

— Fist pass - no information because scoring
system unknown

* Bit Score
— Take into account the scoring system
e E-value

— Takes into account the search space. Easy to
interpret. ONLY USE E-VALUES!

BLAST against database:
Important input parameters

e Database

» Filter

* (Expect)

e (Word size)

e Matrix (proteins)

* Gap open and extend

Affine Gap Penalty

* Usually do not need to change
¢ Penalty to open Gap

— Default 5 for nucleotide, 11 for protein
¢ Penalty to extend gap

— Default 2 for nucleotide, 1 for protein

Databases

¢ NR (non-redundant)
— GenBank+EMBL+DDBJ+PDB

e ESTs
— Expressed Sequence tags, organism subsets

e HTGS (High-Throughput Genomic Sequence)
— Low quality, but may find new matches

e PAT (Patent)

* Vector

¢ Organism specific genomic sequences

* Month

— Monthly updates to search for new hits

Filter

* Mask out low complexity regions
(ATATATATATATATATA)

¢ Only masks Query sequence
¢ Can mask out repeats like Lines & Sines
* Mask out “lookup table”

* Masked regions appear as Xs or Ns in
Query sequence




What types of searches to
perform on protein coding
regions?

Protein searches are more
sensitive

More characters to compare.
— 20 amino acids versus 4 bases

¢ Substitution matrices.

No “wobble” codon positions.
* Potentially smaller database size.

Protein Scoring Matrices

» Multiple matrices of each type optimized for
particular divergence. Hiher number for
greater divergence.

« PAM (PAM250)
— Align all sequences of varying divergence and
calculate probability of substitution between
different amino acids
+ BLOSSUM (BLOSSUM®62)
— Align blocks of sequences with varying divergence
and calculate probability of substitution between
different amino acids

PAM250 substitution matrix

BLAST example

2 Matrices can be optimized for different distances
@ .
g \?E[\\ Newer matrices are BLOSSUM
P
E(T-2/1 3
g P31 ox
B |A[=2] 1 11 2
T|6[3[10-1 15
N[-4 7 010 0 2
8 D|-5/0 0-1 0 1 2 4\\
<E/E[-5 0 01 0 0 1 3 a4
Ql-5/-1-1 0 0 -1 1 2 2 4>
¢ HBI-1-1 032 211 3%
EIRI4/0-1 023 0-1-11 26
K/-5/0 0-1-1-2 100 10 35
suMSS[2 7213232120 0 6
s8(I[”2-1 02132222222 25
FEIL|6/3-2-324-34-32-2-3-3 2 2 6>
VI2|-1 01 0-1-2-2-2-2-2-2-2 2 4 2 4\
2IF[4[-3 3545465524501 219
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Schematic of Query Lo 20-50
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Graphical representation ~
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—
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Scores and links to
Genbank: note bit score
and E-value




BLAST will report
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Alignments from BLAST: Ljnk to Genbank entries

Alignments

Haliotis rufescens vitelline envelope sperm lysin receptor (VERL

].ix\qth_ it

Score = 214l bits (1080), Expeot = Query = your sequence

e s S aas 2 (96W) Sbjct = database sequence
Query: 1 &n
O
Sbjet: 127 188
Query: &1 1z0
FECEEEEEEEE R e PP EE T TR TR
Shjet: 187 246
Query: 121 180
FRE e e e e e ey
Sbict: 247 F06
Query: 131 240
FECRRREREEE e e e EEEEEE L Er e et
spjet: 307 e
Query: 241 300
LLCREREER R L EEEEEEEE FEEEEEE Ry
Shjct. 367 azé

Example entry:

AP453553
RNA, part:
ACCESSION  AF453553
VERSION  AF453553.1 GI:1798
KEYWORDS
RC! Haliotis rufescens

ORGANISM Haliotis rufescens
Eukaryota; Hetazoa;
Vetigastropoda; Hal

Galindo,B.E., Hoy,G.
for abalone sperm ly:

JOURNAL  Gene 288 (1-2), 111-
MEDLINE 220304

TITLE  Direct Subnission

B

REFERENCE 1 (bases ! to 11166

AF493553. Reports Halmuxmxcwcn 12i:17981064]

11166 bp  ®RNA  linear INV 30-MAY-2002

Locus
DEFINITION Haliotis rufescens vitelline envelope sperm lysin receptor (VERL)

1064
(California red abalone)

Mollusca; Gastropoda; Orthogastropoda;
iotoidea; Haliotidae; Haliotis
)

W., Swanson,W.J. and Vacquier,V.D.

TITLE  Full-length sequence of VERL, the egg vitelline envelope receptor

117 (2002

12034500
REFERENCE 2 (bases 1 to 11166)
Galindo,B.E., Moy,G.

W., Swanson,W.J. and Vacquier,V.D.

JOURNAL ~ Submitted (29-NOV-2001) MBRD, UCSD-Scripps Institution of
Oceanography, 9500 Gilman Drive, La Jolla, CA 92093-0202, USA
FEATURES Location/Qualifiers

“Haliotis rufescens”

/product="vitelline envelope sperm lysin receptor"
/protein_id="AALS0827.1
/db_xref="G

.

7981065

7t

Search of ZP3 against NR database:

Notice no data from chimpanzee -

Sequences producing significant

|9il23510458 [ref[NM 007155.3] H;
931340491 |gb|M60504.1 |HUMZE3  Hy
941297790 | emb|X56777.1|HS2P3C
i[1147587 lemb|XB2639.1|MRZP3
i[30313887 [ab|AY222644.1[ Mac
31633833 |gb|S71825.1[s71825
93116552292 |dbi|AK0S6788.1] Hor
9il3474229b|L22169.1|PIGZP3B

a 092 |dbilDg PIGP

lgil458276[gblU05780.1CFU05780
ail633051 al 1 D45070.1[DOGCZR3G
921458272 gb|U05778. 1] FCU05778
a. 035[db31D45068. 1[CATFZP3G

|gil31343138 | ref[NM 173974.2 B
gi|458266|gb|U0S775.1 |BTUOSTFS
gi[458280(gb[U05782.1]0CU05782

lgil19221223 ?n AY078055.1] Psen
9il191389]gb[1M63629.1 [HAMHZP3A
gx 6756082 |raf [NM 011776.1] Mul
gx 21435914 ablAF515621.10 Lag

alignments:

omo sapiens zona pellucida gl...
omo sapiens ZP3 protein (ZB3)...
H.sapiens mRNA for ZP3 gene
M.radiata mRNA for zona pellu.
aca fascicularis ZPC protein .
Pi=sperm receptor protein [ma.
mo sapiens eDNA FLJ32226 fis,.
Pig zona pellucida glycoprote.
Pig mRNA for zona pellucida.
canis familiaris zona pelluc.
Dog mRNA for zona pellucida.
Felis catus zona pellucida C.
Cat mRNA for zona pellucida.
os taurus zona pellucida glyc.
Bos taurus zona pellucida C
Oryctolagus cuniculus zona p.
udomys australis zona pelluci.
Mesocricetus auratus glycopr.

s musculus zona pellucida gly.

Mouse zona pellucida sperm-bi.
urus lagurus zona pellucida g.

but genome at 4x coverage

Search of ZP3 against HTGS database:
Chimpanzee sequence present

Score
(bits) value

Sequences producing significant alignments:

C Rattus norvegicus clone CH230-20... 122  5e-26
B: 3| Danio rerio clone DKEY-15N1, **... 102  6e-20
c Homo sapiens chromosome UNK clon... 99  6e-19
C Homo sapiens chromosome UNK clom... 93  6e-19

a £99 gb|AC R Pan troglodytes clone RP43-84M6,... 215 6e-54
gil19807 ab |AC . Homo sapiens chromosome UNK clon... 1 6e-54
o 535 gblAC . Bos taurus clone RP42-84D23, WOR... 160  3e-53
o 9 gb[AC . Papio anubis clone npu 180D6, W... 202 4e-50
<@ gb |AC Canis £ clone RPBL-92D9... 141 9e-50
g ab[AC092411. Felis catus elone RPOG-288313, We.. 125 2e-35
P gb[AC092731. Felis catus clone RP86-21M22, WO... 125 4e=35
ai gblACo . Mus musculus chromosome 5 clone ... 12 3e-33
ai ab[ACO AC083753 Mus musculus chromoseme . 123 3e-33
ai ab[AC Rattus norvegicus clone CH230- 122 5e-26
e ql

a el

o

o

o

Homo sapiens chromosome 1 clone
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One thing we did not consider
was multiple substitutions

Sequence difference

'Correction’

.
-

Time

(a) Single substitution (b) Multiple substituti {c) Coinci bsti

1 change, 1 difference

2 changes, 1 difference 2 changes, 1 difference

O (S
AF~C
(&)

{f) Back substitution

(d) Parallel d () C g

2 changes, no difference 3 changes, no difference 2 changes, no difference

More sensitive searches

Profiles

— Position Specific Scoring Matrix (PSSM)
PSI-Blast

— -automated PSSM

Hidden Markov Models (HMMs)

PAM250 substitution matrix

- Matrices can be optimized for different distances
§ [ Newer matrices are BLOSSUM
,uicu\\
EIHEIERN
£ (T2 1 3™
S|P 31 0 6
B |A[=2] 1 11 2
T |G|-3[10-1 15

N[-4] 1 0-1 0 0 2
8 D|-5/0 0-1 0 1 2 4\\
2EE|S 001 001 3 4

5l-1-1.0 0-1 1 2 2 4
g [H[Bl-1 -1 072 2 111 3As
8 [RI4/0-1 0-2-3 0-1-1 1 25\
2 |K|-5/0 0-1-1-2 10010 3 5
59 M[-5 24—2—1—3—2—3«2—1—2006\
8|21 021832222222 2 5
FEILI6|32324-34-3-2-2-3-3 4 2 6

VI=2/-1 01 0-1-2-2-2-2-2-2-2 2 4 2 4
2IF[4[-3 3545465524501 219 .
g |Y|0[-3-3535-24440-4-4-2-1-1-2 710",
O,wJﬂ-z—s—s-a—7-4—7-7—5—3 2-3-4-5-2-6 0 017
2 Lo e A
:_T»(S'STPAGNDEQHRKMILVFYW




Profile (position specific scoring
matrix: PSSM)

* Made from alignment from one gene family.
Substitution matrix for each position in alignment.
Incorporates the types of changes that occur for
that protein family at each position.

Still uses general substitution matrix since the
alignment would not cover all possible changes
Changes gap penalty based upon alignment
(remember ClustalW).

Alignment of sp18.
redl8 MRSLVLLCVLLMAICAADK -KSTVSKENAAAMKVAMIKFLDSRTDRFK-KRIE 51
whitel8 MRSLVLLCVLLMAICAADK. -KTTVSKENAAAMKIAMIKFLDARAGKFK-KRVE 51
asimil8 MRSLVLLCVLLMAICAADK-- - - -KTSVSKENEAAMKVAMMKFLDMKAGVFK-EIIE 51
pinkl8 MRFLLLLCVLMGAVSQAVCRKRPNVWGKIVVKEKNKAAMKIGFMEYLDAKLVKFKRHWLY 60

greenl8 MRSLVLLCVLMAVGCVAFD--------. D RQEQSY LV-KRFR 51

redls KIGYPITPPQYTTLLYYNRERLI E' KIILLGGNKLNKI IIGWKN 111

whitel8 NMGYPITPPQWTTLLYYNRQRLMEWCHTYVEFSKKIILMGGNKLNKKNFTRMGRIIGWKN 111

asimil8 DMGYPITPPQWTTLLYYNRERLIEFCRSFLALSKKIILLGGNK ILGWKS 111

pinkl8 GANWKLQKFETDEMRYLAIKRLIKVCHGYTIWSQRLIMLKYRPLNEKYFKKVGRYLAWRN 120

greenls FLLKK KILOLKHLPVNKKTL GYRN 111
: . x N P e I

redls
whitel8 QWVLKRRQWEMVR- 149
asimil8 QWAVRQRQWGMVR- - -VSRRHTSTAIAKRIVAMKVADLPCN------ 149
pinkl8  YLIVFRMWIGVLKK--NLKRSEITKPMQKLLDTKDGELPCPVRKIHG 165
greenl8 YGVIRELYADVFRDVQGFRGPKMTAAMRK FPCKNEKRRG 158

149

Sp18 profile: compare to alicnment

Cons A B » = P 6 ¥ I X L X ¥ P @ B S T ¥ W X I I Gap Lem
M7 0 -3 30 20 16 35 -3 25 oM 20 43 22 28 410 -7 - -6 16 10 0 2 0 100 100
R o6 0 oo -3 4 32 a0 6 - 27 22 a7 3 -8 15 47 -2 2 -0 16 0 -1 w0 100
S 1 0 -2 -3 -5 0 - -1 -1 -@ -8 -5 -2 7 -5 -0 7 4 -6 a1 0 0 0 w0 100
L -2 0 35 -0 20 20 44 19 20 21 40 29 30 -2 -6 2 ;1 13 1@ 7 0 0 0 100 100
v o2 0 -4 2 m 6 -3 - 26 a9 15 20 -3 -2 29 20 0 -7 200 10
L2 0 -5 0 28 20 W 2 m o1 10 a7 0 o 10 100
L2 0 -5 o0 20 20 2 1 a3 10 7 0 0 0 100 100
¢ s o oas a2 a0 -0 2 22 1 -5 0 -0 0 -5 0 200 200
Vo1 oo oo s a1 15 20 0 0 M 26 0 a1 0 100 100
L2 0 -5 0 28 20 ¥ 2 m o3 19 7 0 0 0 100 100
R R R P 1 o9 % -8 16 -8 0 -1 0 00 100
o5 0 7 o130 7 1 a1 a3 -2 26 0 a1 0 200 100
A 7 0 3 a0 -5 oas 50 4 4 a0 a3 0 e 00 200
I 0o o oas w0 15 0 -1 -5 12 a8 0 7 200 100
c ¢ 0 oe om0 o -6 6 0 -2 a6 0 -2 0 100 100
A s 0 -4 1 0 1 -4 2 2 5 0 0 a7 0 100 00
A2 0 5 3 0 o2z 2 % 1 6 136 0 22 0 100 100
D o7 0o a5 2 R ] ™

O e 1 4 2 4o 12 0 ae fo a0 100
[ R U ] 1o 2 0 20 40 o » fo 2
Vo104 a1 -6 e 0 7w a1 0 a3 N 00 0
v o3 0 o a6 a0 s -2 1 8o a9 0 - oY
Vo1 o0 o oas 1 S5 <20 420 0 3 26 0 11 0 200 200
s ¢ 0 o1 s 4 e 5 6 1 1 o-u -1 0 a3 0 100 100
X 30 o2 8 16 - 15026 0 0 @ 1 0 ;1 0 100 100
B o1 0o a5 onom 1 1 1 0 a7 s 0 ;2 200 20
N o2 0o o3 16 -n ° 3 & 3 2 3@ 0 a7 0 100 a0
@ & 1o 7 oa 2 Wom 4 12 ¢ 0 a1 0 100 100
A o2 o 3 o o 2 0 -4 1 @ -2 5 0 ;3 o 100 00
A w0 2 a0 7 ¢ 9 2 a1 2 a3 0 7 0 100 100
Wo-6 0 -5 -2 a9 N7 a2 4 2 o4 0 -4 0 100 100
X 3 0o e o1 ® 22 1 0 % 12 0 a9 0 200 00
T 0 -0 w s 7 0 - -3 26 a9 0 a1 0 100 100
@ 2 0 -3 0 -4 ¢ 8 6 3 - a9 0 ;2 200 20
Mo 0 e 4 25 % W2 oy 0 1 3 0 13 0 a0 a0
M o-¢ 0 -6 m ;10 148 a2 -4 25 a6 0 -5 0 100 100
X -2 0o 16 1 -3 L1 3 11 37 0 a0 0 a0 a0
P2 0 -7 40 35 & 2 20 25 o 2 17 0 s 0 200 100
L2 0 -5 0 28 20 W 2 n a1 10 -7 0 o o 100 100

Compare the difference between
Blast raw score using PAM250 and
ProfileSearch raw score

Compute raw score using PAM250 matrix (Blast)

Seq 1: Lys Ser Thr Val Ser Lys
Seq 2: Asp Val Val Val Ser Arg

Compute raw score using PAM250 matrix (Blast)

Seq 1: Lys Ser Thr Val Ser Lys
Seq 2: Asp Val Val Val Ser Arg

PAM 250(Seq. 1 vs 2): 0




Compute raw score using PAM250 matrix

Seq 1: Lys Ser Thr Val Ser Lys
Seq 2: Asp Val Val Val Ser Arg

PAM 250(Seq. 1 vs 2): 0 -1

Compute raw score using PAM?250 matrix

Seq 1: Lys Ser Thr Val Ser Lys
Seq 2: Asp Val Val Val Ser Arg

PAM 250(Seq. 1 vs 2): 0 -1 O

Compute raw score using PAM250 matrix

Seq 1: Lys Ser Thr Val Ser Lys
Seq 2: Asp Val Val Val Ser Arg

PAM 250(Seq. 1 vs 2): 0 -1 0 4 2 3 =28

What is needed to compute bit score?
What is needed to compute E-value?

Alig of sp18.

redlg MRSLVLLCVLLMAICAADK- -KSTVSKENAAAMKVAMIKFLDSRTDRFK-KRIE 51
whitel8 MRSLVLLCVLLMAICAADK- -KTTVSKENAAAMKIAMIKFLDARAGKFK-KRVE 51
asimil8 MRSLVLLCVLLMAICAADK- -KTSVSKENEAAMKVAMMKFLDMKAGVFK-EIIE 51
pink18  MRFLLLLCVLMGAVSQAVCRKRPNVWGKIVVKEKNKAAMKIGFMEYLDAKLVKFKRHWLYV 60
greenl8 MRSLVLLCVLMAVGCVAFD- - -~ - -~ - DVVVSRQEQSYVQRGMVNFLDEEMHKLV-KRFR 51
T oL

B

redlg KIGYPITPPQYTTLLYYNRERLMDWCHNYVEVSKKIILLGGNKLNKKNFARMGRIIGWKN 111

whitel8 NMGYPITPPQWTTLLYYNRQRLMEWCHTYVEFSKKIILMGGNKLNKKNFTRMGRIIGWKN 111

asimil8 DMGYPITPPQWTTLLYYNRERLIEFCRSFLALSKKIILLGGNKLNKANFARMGRILGWKS 111

pinkl8  GANWKLOKFETDEMRYLAIKRLIKVCHGYTIWSQRLIMLKYRPLNEKYFKKVGRYLAWRN 120

greenl8 DMRWNLGPGFVFLLKKVNRERMMRYCMDYARYSKKILQLKHLPVNKKTLTKMGRFVGYRN 111
% .

A : i

: *

redlg QWILKRRQWHMVR - - -VMRRYKASATAKKIVAMKVADLPCN- - - - - -
whitel8 QWVLKRRQWEMVR---VMRRYKSTAIAKKIVAMKVADLPCN- -
asimil8 QWAVRQRQWGMVR- - -VSRRHTSTAIAKRIVAMKVADLPCN- -
pinkl8  YLIVFRMWIGVLKK- -NLKRSEITKPMQKLLDTKDGELPCPVRKIHG 165
greenl8 YGVIRELYADVFRDVQGFRGPKMTAAMRKYSSKDPGTFPCKNEKRRG 158

Sp18 profile: compare to alicnment

Cons A B b B P G & L x w » g B S T T Gap Lem
(] 35 2 4 22 20 -0 -7 w6 0 10 100
R0 om 10 2 a7 3 -9 15 41 2 2 0 100 100
s 1 0 - R e e A o 200 100
L2 o - 0 2 30 2 % 2 om o 10 100
Vo2 o 20 19 24 19 a5 <20 -1 -3 200 10
L2 o - 0 20 0 2 s m oom o 10 100
L2 o - 0 20 30 2 % 2 a3 0 0 100
c s oo 35 e s om0 :2 1 -5 o 200 100
Vo1 1 16 22 10 a5 20 w0 0 o 10 100
L2 o - 40 20 30 2 a6 2 a2 0 100 100
W0 - 22 36 5 23 -2 -8 - - o 10 100
o5 o0 « e a3 7 om o a 0 0 100
Ao o 3 0 e - 000« 4 w0 100
1o o 3 4 -6 20 15 o -3 -5 200 100
T a6 a0 0 n a6 a6 6 0 0 100 100
A5 o (1 s 4 2 4 2 a2 0 0 100
TR 273 s ¢ ono 0 00 100
Do oo 5 -3 6 19 8 - 9 6 T
x 1o 2 a7 4 a1 2 4 1 oa - o 200 100
[ 26 e 1mo-6 1w 2 0 20 2
v € e a1 9o 0 7

vo3 o 3 05 0 -9 o2 1 e

Vo1 1 16 22 -0 a5 20 -0 0

s ¢ o 2 a0 8 1 5 6 1. m -

X 30 - 23 a6 € -6 15 2 0 0
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Compute each sequence comparison to Profile

Pos. : 1 2 3 4 5 6
Seq 1l:Lys Ser Thr Val Ser Lys
Seq 2:Asp Val Val Val Ser Arg

Profile vs. Sequence 1: 24
Profile vs. Sequence 2: 17




Compute each sequence comparison to Profile

Pos. : 1 2 3 4 5 6
Seq 1l:Lys Ser Thr Val Ser Lys
Seq 2:Asp Val Val Val Ser Arg

Profile vs. Sequence 1:24 0
Profile vs. Sequence 2:17 17

Pos. : 1 2 3 4 5 6
Seq l:Lys Ser Thr Val Ser Lys
Seq 2:Asp Val Val Val Ser Arg

PAM 250(Seq. 1 vs 2) : 0 -10 4 2 3
Profile vs. Sequence 1:24 0 8 34 16 24 106
Profile vs. Sequence 2:17 17 18 34 16 26 = 128

[
©

Look at alignment and see why scores are different for the 3 valines

Psi-Blast

* Use BlastP to search protein database.

+ Blast makes alignments with all hits with an E-value
lower than given value (default e-).

 Calculates position specific scoring matrix and compares
to the database.

* Single gap penalty (different from profiles)

* New “hits” are used to recalculate PSSM and redo the
search.

« Searches continue to be done iteratively until no new hits
are found.

Problems with iterative searching
with Psi-Blast

* You do not make the multiple alignment. There
could be errors in the alignment.
* Can pick up significant hits due to shared

domains.
No homology between 1 and 3.

m Only came up from iterative
1 search including 2.
2 VAN
» AN

Summary

* Blastp may miss some significant matches.

+ Using evolutionary information in the form of a
multiple alignment increases sensitivity of
database searching.

1. What kind of search does BlastX perform? Why would you use BlastX?

1. Describe a scoring matrix (i.e. PAM250).

2. A blast score has an E-value of ¢, is this statistically significant? Is it
biologically significant?

3. I want to search for EST sequences, should I search the DNA nr database?

4. BlastP replaced part of my sequence with X’s, why did it do that?

5. Name of few databases you would search using BlastN.

6. Describe the type of search that is performed by BlastN, BlastP, and BlastX?

7. What does an E-value from blast mean?

8. Define homologous, orthologous, and paralogous.

9. You have a protein coding sequence and want to compare it to the database.
Should you search the protein or DNA sequence? Why?

10. You are told a sequence alignment has a raw score of 1000. Is this a significant
match?

I'1. What does the filter do in a Blast search?

12. The bit score includes the parameters k and lamda (1). Why are these parameters
in the equation to cz

13. The E-value score includes parameters m and n. Why are these parameters in the
equation to calculate E-values?

culate bit scores?

14. What is a position specific scoring matrix?
15. How does Psi-Blast differ from BLASTP?
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