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The Growth of GenBank

Sequence Records
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Release 140: 32.5 million records
37.9 billion nucleotides
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Average doubling time = 12 months
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« Align two sequences (bi2seq)
 Screen for vector contamination (VecScreen)
o Immunoglobin BLAST (gBlast)

« SNPBLAST

http://www.ncbi.nlm.nih.gov/BLAST/
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Sequences producing significant alignments: (bits) Value
ref|NB_701370.1] (NC_004316) rifin [Plasmodium falciparum 0.0
ref|NP_472935.1| (NC_000910) rifin [Plasmodium falciparum
ref|NP_704556.1] (NC_004330) rifin [Plasmodium falciparum
[¢
(

433 e-120
416 e-115
412 e-114
395 e-109
390  e-107
386 e-106
382 e-105
380 e-104
380 e-104
377  e-103

ref|Np_703220.1 NC_004325) RIFIN [Plasmodium falciparum
ref|NP_702665.1 (NC_004318) RIFIN [Plasmodium falciparum
pir| |A71625 rifin PFB0035c - malaria parasite (Plasmodium
ref|Np_704540.1] (NC_004329) RIFIN [Plasmodium falciparum
gb|AAN17004. 1|AF483823_1 (AF483823) variant surface antige
ref|Np_703973.1] (NC_004327) RIFIN [Plasmodium falciparum
ref|Np_702662.1] (NC_004318) RIFIN [Plasmodium falciparum
ref|Np_472936.2| (NC_000910) rifin [Plasmodium falciparum
ref|NP 473128.1 (NC_000910) rifin [Plasmodium falciparum

VULLELALLLWLL

371 e-101

ref|Np_702904.1] (NC_004318
ref|Np_703213.1] (NC_D04325
ref|NP_701363.1| (NC_D04315
ref|Np _473134.1] (NC_D00910
ref|NP_473139.1| (NC_000521) RIFIN [Plasmodium falciparum
ref|NP_704547.1] (NC_004330) rifin [Plasmodium falciparum
ref|NP_702783.1| (NC_004318) RIFIN [Plasmodium falciparum
gb|AAN17001.1|AF483820_1 (AF483820) variant surface antige:
ref|NP_704905.1| (NC_004330) rifin [Plasmodium falciparum
ref|NP_701887.1] (NC_004316) rifin [Plasmodium falciparum
ref|NP_700892.1 (NC_004315) rifin [Plasmodium falciparum

RIFIN [Plasmodium falciparum
RIFIN [Plasmodium falciparum
rifin [Plasmodium falciparum
rifin [Plasmodium falciparum

)
)
)
)
)
)
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Alignments

>ref|Np_701370.1| (NC_004316) rifin [Plasmodium falciparum 3D7]
ref|Np_705580.1| (NC_D04331) rifin [Plasmodium falciparum 3D7]
b |AAN36094. 1|AE014844_5 (AE014844) rifin [Plasmodium falciparum 3D7]
emb|CADS52818. 1| (AL844509) rifin [Plasmodium falciparum 3D7]

Length = 369

Score = 728 bits (1880), Expect 0.0
Identities = 369/369 (100%), Positives = 369/369 (100%)

Query: 1  MKVHYINILLFALPLNILEHNKNEPHTTENHTQTTRSLCECDIYTSIYDNDPQMKAVMEN
MEVHYINILLFALPLNILEHNKNEPHTTPNHTQTTRSLCECDIYTSIYDNDPQMEAVMEN
shjet: 1 MKVHYINILLEALPLNILEHNKNEPHTTPNHTQTTRSLCECDIYTSIYDNDPQMKAVMEN

Query: 61 YNRQTSDRFKEYDERMKTTRQKCKDKCDKEIQKIVLKDKMEKQMAQQLTTLETKITTEDI
YNRQT SDRFKEYDERMKTTRQKCKDKCDKEIQKIVLKDKMEKQMAQQLTTLETKITTEDT
Sbjct: 61 YNRQTSDRFKEYDERMKTTRQKCKDKCDKEIQKIVLKDKMEKQMAQQLTTLETKITTEDI

Query: 121 PTCICEKSLADKTEKFCLNCGVNVGGGVTLSSGVLGGIGAVAVNAWKDAATTIAAKEAATA
PTCICEKSLADKTEKE CLNCGVNVGGGVTLSSGVLGGIGAVAVNAWKDAATTAAKEAATA
Sbjct: 121 PTCICEKSLADKTEKFCLNCGVNVGGGVTLSSGVLGGIGAVAVNAWKDAAITIAAKEAATA

Query: 181 KGAAAGKIAGEAKGVDVVIYYLKGLGVEELIPRISESIGKTIPYTNAGKISDIIYGKYTT
KGAAAGKIAGEAKGVDVVIYYLKGLGVEELI PRISESIGKTIPYTNAGKISDITYGKYTT
sbjct: 181 KGAAAGKIAGEAKGVDVVIYYLKGLGVEELIPRISESIGKTIPYTNAGKISDIIYGKYTT

Query: 241 TCMGLNNRGPPAACNSFNIKFGLENTRGKPIGSPPSSATIPTKVREAVDKATRSAKAAAEA
TCMGLNNRGPPAACNSFNIKFGLENTRGKPIGS PPSSAT PTKVREAVDKATRSAKAAAEA
Sbjct: 241 TCMGLNNRGPPAACNSFNIKFGLFNTRGKPIGSPPSSAIPTKVREAVDKATRSAKAAAEA

120

120

180

180

240

240

>ref|Np_701883.1| (NC_004316) rifin [Plasmodium falciparum 3D7]
ab| AAN3E607. 1| AE014852_51 (AE014852) rifin [Plasmodium falciparum 3D7]
Length = 379

Score = 305 bits (781), Expect = 6e-82
Identities = 181/388 (46%), Positives = 246/388 (62%), Gaps = 28/388 (7%)

Query: 1  MKVHYINILLFALPLNILEHNENEPHTTPNH------ TQTTRSLCECDIYTSIYDNDRPQM 54
M +4Y NILLF L LNIL + +E ++TR LCEC++YTST+DNDE+M
sbjct: 1  MMLNYTNILLFYLSLNILS-SSSEVYNQRNHFITYTPKRSTRLLCECELYTSIFDNDPEM 59

Query: 55 KAVMENYNRQTSDRFKEYDERMKTTRQKCKDKCDKEIQKIVLKDKMEKQMAQQLTTLETK 114
K++4+E++N+QT RF EYDERMKTTRQKC+++CDKEIQKI+LEDK+EK++A++ TL+T
Sbjct: 60 KSLIEHFNKQTQQRFHEYDERMKTTRQKCREQCDKEIQKIILKDKLEKELAEKEVTLQTD 119

Query: 115 ITTEDIPTCICEKSLADKTEKFCLNCGVNVGGGVTLSSGVLGGIGAVAVNAWKDAATIAA 174
I ++ IPTCICEKSLADK EK CL CG +GGGVT + G L GI X
sbjct: 120 IQSDAIPTCICEKSLADKVEKTCLECGGVLGGGVTPAWGFLSGI---VYTGWKAAALAAA 176

Query: 175 KEAATAKGAAAGKIAGEAKGVDV---VIYYLEKGLGVEELIPRISESIGKTIPYTN---AG
+ AIA4GAA G AG G+ VY  GL +E + + 4G + TN
sbict: 177 TKEAIAEGAAKGAAAGTKAGIKAVMDVLYSDFGLSIEGV-——-— QKMGLVLSATNYKDVE 231

Query: 229 KISDIIYGKY-TTTCM--GLNNRGPPAACNSFNIKEGLENTRGKPIGSPPSSAIPTKVRE 285
I+ +Y K+ +4C+ G PP + +HE o+
Sbjct: 232 MITKALYSKFQVSSCLRGGPVPGVPPVRPTDGTFCSAMLEKILAQENVVKQNSLEGSIKS 291

Query: 286 AVDKATRSAKAAAEAKSTTVTAEITE----KQTALIEAGFNSSITSINASITATLIIVLI 341
Vi AR+AA +4+ VTA T A+ A+ S5 T+I ASITAT++I+LI
Sbjct: 292 VVNQIVTEAKSAAVSETAKVTASETETLKATNIAAVNATYASSQTATTASITAIVVIILI 351

Outline

Why do we align sequences?

¢ To discover functional, structural and
evolutionary similarities

* Because “similarity” may be an indicator of

“homology” and thus provide some insight
into function or gene identification.

* Back up talk about genesis of an idea
¢ Global alignment Needleman-Wunsch
¢ Local alignment Smith-Waterman
¢ Scoring matrices
* Need heuristic
* FASTA
* How does Blast work?
* How you optimize Blast searches
* Blast Variants
Origins of “similar” sequences
o~ (Gene Al A2
A1l_[a2 Duplication
— Speciation Gene. .
Duplication
Species A Species B

Gene Conversion Horizontal Gene Transfer

Genome biases for A/T, G/C, Serine/Glycine rich sequences;
Low complexity sequences, e.g. LLLLLLLL, ATATATATA




Algorithms: definition

Webster’s definition:

“a procedure for solving a mathematical
problem in a finite number of steps that
frequently involves a repetition of an
operation; or broadly: a step-by-step
procedure for solving a problem or
accomplishing some end”

Alignments

¢ Alignment types:
— global/local
— gapped/ungapped
— pairwise/multiple

¢ In what follows we will focus on pairwise
alignments.

Pairwise Alignment

* There are two types of pairwise alignments
— Global (Needleman-Wunsch)
* Compare two sequences in their entirety
« Insert gaps as necessary to make the sequences the
same lengths
— Local (Smith-Waterman)
* Compare a portion of one sequence to a portion of
another
* Look for the “best” possible alignment of sub-
regions

Global vs Local Alignment

¢ Global

LGPSSKQTGKGS-SRIWDN

LN-ITKSAGKGAIMRLGTD -

Substitutions, Insertions, Deletions

*  Mutation: one of
— switch from one nucleotide to another
— insertion
— deletion
Substitution: a switch in nucleotides which spreads throughout most
of a species.
¢ Substitutions, insertions and deletions passed along two independent
lines of descent cause a divergence of the two sequences from the
original (and from each other):

/ cgggtatccaa

ccctaggteeea

cggtatgcca

Example

* For the previous example
cggtatgcca— cgggtatccaa , ccctaggteeea, the two
descendent sequences align as follows

cgggta--1t-ccaa
ccc - taggtccc-a
“-” (indel) represents an insertion or
deletion.




Alignments (cont.)

¢ Given two sequences, find an “optimal” alignment
between them and use it to answer the questions stated
above.
¢ What is an “optimal” alignment?
¢ Need a way to compare alignments.
— Attach a score to each alignment.

— This should reflect the likelihood that this alignment was produced
as a consequence of divergence from a common ancestor.

Scoring schemes

¢ Given a scoring scheme,
— an optimal alignment between two sequences is one with the best
score (there might be more than one optimal alignment).
— the score of the sequence pair is such a best score.
¢ Using the scores of sequence pairs one can:
— investigate the hypothesis that two sequences diverged from a
common ancestor
— use the alignment of a pair of sequences that are judged to be
related in order to discover common patterns.

— by comparing scores among different species, get information to
help reconstruct the phylogenetic tree that relates them all.

Types of scores

* Similarity Scores: the higher the score, the
more closely related are the two aligned
sequences.

* Distance scores (or distance measures): the
lower the score, the more closely related
the sequences.

In what follows we will use similarity score.

GAP PENALTIES

Linear = #gaps x penalty
Affine = Opening penalty + #gaps X extension penalty

PENALTY OF GAP

LENGTH OF GAP

Substitution Matrices

e A4x4 (NA) or a 20x20 (AA) symmetric matrix.
e Example:
1. s(X,Y)=1if X=Y, -1 otherwise.
¢ In what follows we will assume that a scoring
scheme, consisting of a substitution matrix and
a gap penalty function, is given.

Example

e Let s(X,Y)=1 if X=Y, -1 otherwise and use
a linear gap score with d=-2. Then the
score of the alignment

c tt a g - g - -
c at - g a g a a
is 1 -1 +1 241 -2 41 -2-2=-5




Naive approach

Exhaustive search:

* List all possible global gapped alignments
of x and y.

* For each such alignment, compute its score
using the given scoring scheme.

* Find the maximum of the scores and the
corresponding alignment(s).

Needleman-Wunsch algorithm (1970)
Gotoh’s version (1982)

* This is an example of dynamic
programming algorithm:
— break the problem into sub-problems of the
same kind

— build the final solution using the solutions for
the sub-problems.

Align: COELACANTH and PELICAN

Two possible (out of many) global alignments

COELACANTH COELACANTH-
P-ELICAN-- PELICAN--

The best local alignment
--ELACAN--
--ELICAN--

Scoring system: Match = +1
Mismatch = -1
Gaps =-1

c O E L A C A N T H

P NEE
—| E
E E
L
L\
I
A
. I\\\
c
A AN
a N
N A N
N |T |H
v |- |-

Sequences align when we are on the diagonal, when gaps are
Introduced, we move vertically (or horizontally).

Alignment types and their scores

*  Global
L K GKGA

Global - penalize all gaps

- I

Fit one inside another - only penalize
gaps in the shorter sequence

Local

Local - only penalize gaps within the
region aligned

Global Alignment (Needleman Wunsch) - Linear gap model

B(i,j)= max {B(i-1,j-1) +s(i,j), B(i-1,7)-d, B(i, j-1)-d}

X; X; -

i i

Yj - Yj

Fitting one sequence into another - Linear gap model

F(i,j)= max {F(i-1,j-1) +s(i,j), F(i-1,7)-d, F(i, j-1)-d}

Local Alignment (Smith Waterman) - Linear gap model

L(i,j)= max {L(i-1,j-1) +s(i,7), L(i-1,7)-d, L(i, j-1)-d}




Example

* x=gaatct, y=catt (m=6 and n=4)
o s(X,Y)=1if X=Y, -1 otherwise
e d=2

Example (cont.)

- c a t t

- 0 -2 -4 -6 -8
~N N & N

g -2 -1 = -3 = =5 = -7

NN

a -4 -3 0 - =2 +~ -4
NN TN N

a -6 -5 -2 -1~ -3
N1 TN N

+ -8 -7 -4 -1 0

N 1 T N

¢ 10 -7 -6 -3 -2
N N B

3 optimal alignments:
gaatct gaatct gaatct
c-at-t ca-t-t -cat-t

Database Searching

* Database Searching # Sequence alignment

¢ Similarity # Homology

¢ Similarity is a measure of “sameness”. It is expressed as a
percentage, and it does not imply any reasons for the
observed sameness, it is simply a measure of the observed
likeness.

¢ Homology is an evolutionary term used to describe
relationship via descent from a common ancestor.
Homologous things are often similar, but not always, for
example the flipper of a whale and your arm, or the DNA
sequence for Actin in humans and chickens. Homology is
NEVER expressed as a percent, either you are related or
you aren’t.

Similarity and Homology

Sequence homology can be reliably inferred from
statistically significant similarity over a majority of the
sequence length.

Non-homology CANNOT be inferred from non-similarity
because non-similar things can still share a common
ancestor.

Homologous proteins share common structures, but not
necessarily common sequence or function.

Origins of similarity NOT based
on common ancestry

¢ Similarity is often observed in regions of low sequence
complexity, I.e. SSSSSS or ATATATATATAT, such
similarity is also almost always local and will not span the
length of the sequences being compared.

¢ Similarity can also be caused by underlying biases in
nucleotide or amino acid usage

¢ Similarity can be caused by shared motifs that have been
acquired.

Similarity Assessment

Our assumption is that unrelated sequences will behave
like random sequences

Biological sequences are not random, so the statistics of
extreme value distributions apply.

Scores for matches are influenced by the scoring matrix
used

Sensitivity and Selectivity are affected by choice of
matrix and choice of database (redundancy and size).
Choice of search molecule (query)




Sensitivity and Selectivity

Sensitivity is a measure of your ability to find all the true
matches

Selectivity is a measure of your ability to not erroneously
include false matches

Database searching is a balancing act between sensitivity
and selectivity. The factors that affect searches most are:

— Scoring matrix

— Gap model and Gap penalties

— Filtering of low complexity regions (or not)
— Size and redundancy of database

A quick talk about probability

What fraction of a nucleotide database will
contain a hit to the letter “A”?

To “AT”

To “ATCG”

In a protein database, what fraction will hit
“W” Tryptophan?

Are biological sequences random?

Scoring Matrices

Scoring Matrices are designed to detect signal
above background, to detect similarities beyond
what would be observed by chance alone

The simplest scoring mechanism is match = 1,
mismatch =-1, but these values don’t work well
for biological data.

Because amino acids affect structure and
reactivity, not all of the 400 aa pairs can be
treated via a unitary match/mis-match matrix

A C D E F G H-—»
4 0-2-1-2 0-2
@ 9 =3 =4 =2 =3 =3
-2 -3 6 2 -3 -1-1

=il =4 2 B =8 =2
=2 =2 =8 =3 © =3
© =3 =1 =2 =3
=2 =3

BLOSUM 62

«<—I Q@ ®m @B o Q P

Matrix differences

PAM matrices are based on an explicit evolutionary
model, BLOSUM on an implicit model

PAM matrices based on mutations observed throughout a
global alignment, BLOSUM is based on conserved
regions (blocks) which contain no gaps

In BLOSOM, not all mutations are counted equally
(similar sequences are clustered and together)

PAM matrices were the first matrices, BLOSUM matrices
came later. For most applications, BLOSUM 62 is the
default scoring matrix.

Matrix rules of thumb

* Need different levels of sensitivity

— Close relationships (Low PAM, high Blosum)
— Distant relationships (High PAM, low Blosum)

BLOSUM 80 BLOSUM 62 BLOSUM 45
PAM 1 PAM 120 PAM 250

Less divergent <——————————————> More divergent




Dot Plot Nuts & Bolts

Dot Plot: Word Size = 1

g ¢ t g g a a g g c a
g * L * % * % l
c * *
a * K *
g * * * *
a * K *
g * * * * *
c * *
a * K *
c * *
t *

Dot Plots Nuts & Bolts

Dot Plot: Word Size = 2

g ¢ t g g a a g g c a t

g * *
c *
a *

g *

a *

g * *

c *
a

c *

t

Dot Plot Nuts & Bolts

Dot Plot: Word Size = 3

g ¢ t g g a a g g c a

g *
c
a
g9
a
g *
c
a
c
t

Plasmodium falciparum circumsporozoite protein

MMRKLAILSVSSFLFVEALFQEYQCYGSSSNTRVLNELN YDNAGTNLYNELEMN YYGKQENW YSLKKNSRSLGENDDGNN
NNGDNGREGKDEDKRDGNNEDNEKLRKPKHKKLKQPGDGNPDPNANPNVDPNANPN VDPNANPNVDPN ANPNANPNANPN
ANPNANPNANPNANPNANPNANPNANPNANPNANPNANPNANPNANPN VDPNANPNANPNANPNANPNANPNANPNANPN
ANPNANPNANPNANPNANPNANPNANPNANPN ANPNANPNANPN ANPNKNNQGNGQGHNMPNDPNRNVDENANANNAVKN
NNNEEPSDKHIEQYLKKIKNSISTEWSPCSVICGNGIQVRIKPGSANKPK DELD YENDIEKKICKMEK CSSVENVVNSSI
GLIMVLSFLFLN

Plasmodium vivax circumsporozoite protein

MEKNFILLAVSSILLVDLFPTHCGHNVDLSK AINLNG VNENNVDASSLGAAHVGQS ASRGRGLGENPDDEEGDAKKKKDGK
KAEPKNPRENKLKQPGDRADGQPAGDRADGQPAGDRADGQPAGDRAAGQPAGDRADGQPAGDRADGQPAGDRADGQPAGD
RADGQPAGDRAAGQPAGDRAAGQPAGDRADGQPAGDRAAGQPAGDRADGQPAGDRAAGQPAGDRADGQPAGDRAAGQPAG
DRAAGOPAGDRAAGQPAGDRAAGQPAGNGAGGQAAGGNAGGGQGQNNEGANAPNEK S VKEYLDK VRATVGTEW TPCSVTC
GVGVRVRRRVNAANKKPEDLTLNDLETDVCTMDKCAGIFNVVSNSLGLVILLVLALEN

Plasmodium falciparum CS protein

100 200 300
L b

Plasmodium vivax CS protein

e e L B A e
100 200 300

Window=2

Plasmodium falciparum CS protein

100 200 300
ceveteene bereereve bere e b

~

Plasmodium vivax CS protein

. ™~

R e EAREEREE S
100 200 300

window =7




Database Searching

* Applied Considerations

— The choice of search algorithm influences the
sensitivity and selectivity of the search

— The choice of matrix determines both the
pattern and the extent of substitution in the
sequences the database search is most likely to
discover

Protein vs Nucleotide

¢ Which molecules should you search with?

¢ Which databases should you search,
nucleotide or protein?

T c A G

TTC"
TTALeu(L)  TCA" TAA Ter TGA Ter
TTG " TCG" TAG Ter TGG Trp (W)

TTTPhe )  TCTSer(S) TATTw(Y) | TGTCys(C)
TCC" TAC TGC

CTTLeu(L) | CCTPro(®) CATHis®  CGTArg(R)
cre* ccce cac* cGer

CTA" cca® CAAGI(Q | CGA"
crG" ccGe CAG" cGG "
ATTIe (D ACTTh(T) |AATAsn(0) | AGT Ser (5)
A ATCT AccC! AAC” AGC"
ATA" ACA" AAALys(®) | AGAArg ®)
ATGMet M) | ACG" AAG" AGG"

GITVal(V)  GCTAla(4) GATAsp(D) | GGTGly (G)
are” Geer GAC* GGe
GTA" GCA" GAA Gl (E) | GGA"
GTG" GeGe GAG" GGG "

The “Universal” genetic code. WARNING: There are others!

Remember your translation frames

141 31/11

G L § D A L E v H T L
W P ¥ R C ¥ 6 E C D P L R ¥ H T
H A C H R H R H * P T P C A H

ATG GCC TGT CAG ATG CGT TGG AGA ATG TGA CCC ACT CCG TGT GCA CAC TT
TAC CGG ACA GTC TAC GCA ACC TCT TAC ACT GGG TGA GGC ACA CGT GTG AR

H 6 T L H T P S H 8 6 S R T C ¥
P R D & A N S F T ¥ W E T H V¥ S
A 0 * | R 0 L | H 6 ¥ 6 H A C K

Each strand has three reading frames. Frames 1-3 indicate the
top or “+” strand and frames 4-6 indicate the bottom or “-”
strand. Sometime the notation is +1, +2, +3 and -1, -2, -3

Why can’t we just look at the
DNA sequence for the protein?

* It was one thought that we might be able to
calculate a minimum mutation matrix, i.e.
one in which the minimum number of steps
needed to change from one aa to another
we counted. The problem is, because of
the degeneracy of the genetic code, often
likely and unlikely mutations would
receive the same score

Database search algorithms need
to impose some sort of heuristic

* Because we cannot realistically search
large databases for optimal alignments

* So, we use heuristic approaches to simplify
the search

* These approaches are good, but they are
not guaranteed to find “the optimal
alignment”




The FASTA approach

William Pearson

* Apply a dot-plot like approach to rapidly find regions of
similarity.

¢ Instead of comparing each residue in two sequences,
FASTA looks for patterns of k-tuples (words).

* When “k” number of consecutive “hits” are found (4-6 for
DNA, 1-2 for protein k-tups) a scoring matrix is applied to
identify the highest scoring segments

¢ Apply Smith Waterman algorithm to find the optimal
alignment within the area searched

FASTA Nuts & Bolts

Create a list of words for the query sequences (W=2 for AA W=6 for nt):
gctggaaggecat
gctgga
ctggaa
tggaag
Compare the words from the two sequences for
identical words using dot plots. Only attempt SW
Alignment on “hits” that are on the same diagonal
within some distance of each other

“*”=Expected
“=" = Observed

= represents 1 library sequence

one = represents 22 library sequences

Courtesy: William Pearson

o °
° °
° °
°
°
° °
° °
°
o/ o
The best scores are: s-w z-score E(12805) % len
PWEU6  H+-trans. ATP synth.-human mito. 1400 1767 10-92  100.0 226
PWBO6  H+-trans. ATP synth.-bovine mito. 1157 1460 10-75  77.9 226
PWMS6 H+-trans. ATP synth.-mouse mito. 1118 1411 10-72 5.7 226
PWXL6 H+-trans. ATP synth.-frog mito. 745 940 10-46  53.3 226
PWFF6Y H+-trans. ATP synth.-fruit fly mito. 473 597 10-27  37.8 222
PWFF6 H+-trans. ATP synth.-fruit fly mito. a7 594 10-26  37.5 224
PWBY3 H+-trans. ATP synth.-yeast mito. 438 551 10-25  36.2 232
PWAS6N H+-trans. ATP synth.-aspergillus mito. 365 459 10-19  30.4 230

PWKQ6 H+-trans. ATP synth.-Cochliobolus mito. 353  4dd 10-18 31

Lobbmbbooonbmmnsabnnbn

PWAT6 H+-trans. ATP synth.-wheat mito. 309 385 10-15  28.9 235
PWNT6M H+-trans. ATP synth.-tobacco mito. 309 385 10-15  28.

PWZM6M H-trans. ATP synth.-corn mito. 283 355 10-15 31 291
LWEC6 H+-trans. ATP synth.-E. coli 178 223 10-6 23 236
LWRZ6 H+-trans. ATP synth.-rice chloro. 144 180 0.00037 24 231
PWPMAG H+-trans. ATP synth.-pea chloro. 143 179 0.00044 25 232
PWYBAA H+-trans. ATP synth.-Synechocystis w2 177 0.00058 26 170
PHSPAG H+-trans. ATP synth.-spinach chloro. 138 173 0.00098 24 231
PWYCA6 H+-trans. ATP synth.-Cyanobacteria 127 158 0.0062 26 167
LWNT6 H+-trans. ATP synth.-tobacco chloro. 126 158 0.0069 22 231
LWLV6 H+-trans. ATP synth.-Marchiantia chloro.126 158 0.0069 24 167
PWEGAC H+-trans. ATP synth.-Euglena chloro. 123 154 0.011 25 214
517420 ubiquinol-cytochrome-c reductase 13 138.0  0.09 23.4 158
517418 ubiquinol-cytochrome-c reductase 108 1317 0.20 24.5 208
QXBO2M NADH dehydrogenase (ubiquinone) 107 1312 0.22 26.1 211
517415 ubiquinol-cytochrome-c reductase 105 127.9  0.33 27.7 137
DNHUN2 NADH dehydrogenase (ubiquinone) 103 126.1  0.41 20.1 149
QRECAA amino acid trans. protein-E. Coli 104 125.1  0.47 23.4 111
CBEU  ubiquinol-cytochrome-c reductase 102 124.1  0.53 26.8 205
517419 ubiquinol-cytochrome-c reductase 101 122.9  0.63 23.4 158
517407 ubiquinol-cytochrome-c reductase 99 120.3  0.87 23.6 140
QQBENS integral membrane protein- herp 98 119.4  0.99 20.8 202

Courtesy: William Pearson

BLAST

BLAST = Basic Local Alignment Search Tool

BLAST uses a word based heuristic similar to that of FASTA
to approximate a simplification of the SW algorithm known as
the “maximal segment pairs” algorithm

MSP alignments are valuable because their statistics (Karlin,
Altschul) are well understood

Basic BLAST does not allow gaps, thus, the evolutionary model
requires that there be a long region of sequence that has evolved
without insertions or deletions (indels) that would disrupt the
alignment

Alignment Overview

Sequence 1

Sequence alignment takes place in

a 2-dimensional space where \ Search space
diagonal lines represent regions of K

similarity. Gaps in an alignment § AN

appear as broken diagonals. The 3 \
search space is sometimes N
considered as 2 sequences and ha
sometimes as query x database. alignments gapped alignment

Global alignment vs. local alignment
— BLAST is local

Maximum scoring pair (MSP) vs. High-scoring pair (HSP)
— BLAST finds HSPs (usually the MSP too)

Gapped vs. ungapped
— BLAST can do both

10



Basic BLAST Algorithms

¢ BLASTN - compares a nucleotide query to a nucleotide database

¢ BLASTP - compares a protein query to a protein database

¢ BLASTX - compares a nucleotide query sequence translated in all
reading frames against a protein sequence database

¢ TBLASTN - compares a protein query sequence against a nucleotide
sequence database dynamically translated in all reading frames.

¢ TBLASTX - compares the six-frame translations of a nucleotide
query sequence against the six-frame translations of a nucleotide
sequence database. Please note that tblastx program cannot be used
with the nr database on the BLAST Web page.

The 5 Standard BLAST Programs

Program
BLASTN

BLASTP

BLASTX

TBLASTN

TBLASTX

Database

Nucleotide

Protein

Protein

Nucleotide

Nucleotide

Query

Nucleotide

Protein

Nucleotide

Protein

Nucleotide

Typical Uses

o otides. li

ESTs, and repeats to a genome.
Identifying related transcripts.
Identifying common regions between
proteins. Collecting related proteins
for phylogenetic analysis.

Finding protein-coding genes in
genomic DNA.

Identifying transcripts similar to a
known protein (finding proteins not yet
in GenBank). Mapping a protein to
genomic DNA.

Cross-species gene prediction.
Searching for genes missed by
traditional methods.

BLAST
e BLAST is less sensitive than Smith-
Waterman

¢ Basic BLAST uses a word size of 3 for
proteins and is more sensitive than FASTA
(even though FASTA uses a word of size 2)

* Basic BLAST uses a word size of 11 or 12
for nucleic acid sequences

* The Heuristic is applied to the words in
BLAST via a “threshold value, T” for
alignments of words.

Blast in a Nutshell

Query Sequence MVGASTPRQGAILVRWS

Below
Threshold

PRQ Word

PRE _
PKQ Neighborhood

PKE Words
HR

HTQ
AAA

Sequence 2

The BLAST Algorithm: BLOSUMS62
neighborhood
Seeding (W and T) of RGD
RGD 17
Speed gained by minimizing search space KGD 14
Alignments require word hits QGD 13
Neighborhood words RGE 13
W and T modulate speed and sensitivity EcD 12
HGD 12
Sequence 1 NGD 12
T=12 _ RGN 12
o %o © ° ° AGD 11
o, ° ° MGD 11
° o ° RAD 1
o “ o o o RGQ 11
o ° 0 ° o RGS 1
° %o W o % o RND 1
° ° ° ° % RSD 1
o o
\\1//' SGD 1
word hits TeD "

11



bmooim

e —Tomeno=n>

T
0
1
0
1
1
1
1
2

2
1
1
1
1
2
1
1
5
2
2
0

Ghhlolidihbbincbanbbo

P -

The BLOSUM MATRICES are int(log, *3)

‘munge’ factor

Blast Extension

Database Sequence

TGYAASSSTYMQVGPREGVLK
PREGAI—»>»

Word has a “hit” \
Extend the word

Database Sequence

Database Sequence

< "o =0

Result=2 HSP’s —— Score 768
T Score =243

When does extension stop?

¢ When you hit the end of the sequence

¢ Or more likely when the “score” drops off by
some number “X” from its optimal score

¢ The extension has no hope of achieving some
minimal cut off score (~55-70, for BLOSUM 62)

¢ Note: in older versions of blast (prior to 2.0),
there is no gapping If there are multiple hits to a
given gene that are not continuous, the are
reported as “HSP”’s. These HSP’s need to be
manually assembled into an alignment.

The Statistics

¢ The score is literally the score of your alignment
according to the chosen substitution matrix and
gap penalty (Sum based on each pair of residues).

Since different matrices will give different scores
for the same sequence, a normalized “bit” score
is provided that removes the effects of scoring
matrix upon the score. The bigger the bit score,
the better.

¢ The E value is the probability of observing the
null hypothesis. The null hypothesis is that the
observed database hit occurred by chance (for this
given query, matrix and database [size]).

12



Some common parameter values

* Normal word sizes for proteins are W=3
with T = 14 or W=4 with T=16.

* Normal word sizes for nucleic acids are
W=11or W=12

* The default scoring matrix for nucleic acid
sequences is (+1, -3) for NCBI BLAST and
(+5, -4) for WUBLAST

Database: All non-redundant GenBank CDS
translations+PDB+5vissProt+PIR+PRF

Posted date: Oct 19, 200 06 AN
Number of letters in databa: 8¢,243, 062
Number of sequences in datal 1,212,440

Lambda K H
0.316  0.133  0.373

Gapped
Lambda I3 "
0.267 0.0410  0.140

Matrix: BLOSUNEZ
Gap Penalties: Exi:
Nuwber of Hits to

e: 11, Extension: 1

s00, 502
ve

= 95622
effective search space used: 57795622950

Xl: 16 ( 7.3 bits)
X2: 38 (14.€ bits)
X3: €4 (24.7 bits)
S1: 41 (21.€ bits)
§2: 73 (32.7 bits)

Gapped BLAST & PSI BLAST

Gapped BLAST(Blast2.0)
3 Changes to the Algorithm

¢ Threshold for neighborhood word generation was
decreased.

e Criterion for extending word pairs modified, there
must be two hits on the same diagonal within
some distance X, (this gives an increase in speed)

* Smith-Waterman calculations are used to produce
the final alignment on successful extensions (thus,
it will contain gaps)

Word Extension

¢ In the older versions of BLAST, if a word
pair with a score above T was encountered
when screening the DB, it was extended.

¢ In the newer version, two non-overlapping
words located at some distance X (the
“hitdist”)from each other must hit the same
sequence in the DB before an extension is
performed.

¢ To maintain sensitivity, must lower the
value of T. This yields more hits, but few
are extended.

Database Sequence

< "o =0

13



Database Sequence

<m0 =0

Smith Waterman /
Gap zone
Result= ~ —— ——— Score 1140

1 gapped sequence

The BLAST Algorithm:
2-hit Seeding

Alignments tend to

have multiple word o & ° ° .
hits. s ° e
Isolated word hits - R %Q . . %%
are frequently false . o .

leads. ° o NS °
Most alignments °w \ ° T &
have large ungapped N 1

regions. isolated words word clusters

Requiring 2 word hits on the same diagonal (of 40 aa for
example), greatly increases speed at a slight cost in sensitivity.

Gapped Alignment
Original BLAST found many HSP’s and used all
to generate a SUM statistic

If you gap then you only need to find only one
rather than all ungapped alignments.

T is lowered to achieve more hits on initial scan

Only pairs of hits on the same diagonal within
some distance “H” are extended

Gapped alignments are achieved via dynamic
programming to extend the pairs of aligned
residues in both directions within some window
of gap tolerance.

PSI-BLAST

* Distant relationships are often best detected
by motif or profile searches rather than
pairwise comparisons

* BLAST uses a generalized matrix

¢ PSI-BLAST automatically generates a new
matrix based on the output from the
previous BLAST search.

* May not be as sensitive as motif search but
is very general and easy to use.

3 Changes to Algorithm

e Criterion for extending word pairs

modified, this gives an increase in speed

* Ability to create gapped alignments added
* BLAST searches may be iterated, with a

position-specific matrix generated from
significant alignments found in round {
used in round i + 1.

The query sequence

The query sequence

- ovuvE=eoawz— *

A PSSM (position specific scoring matrix) for PSI-BLAST

The 20 Amino acids

A R NDGCQEGHTIULI KMMT FUZPSTWYV
000 3-2-4 2 0 0-2 0 0 2-2-4-3 2 0-5-3-3
-2 0 3 0-4 0 0 0-2-4-4 1-3-4-3 2 2 4-3-3
10 2-2-3 0-2 1 2-2 0 1-2-3-3 1-2-4-3 0
-2 2 1 1-4 0 1 0 2-1-3 0-3 2-3 1-2 3-2-3
-3 0 0 4-4-1 3-3 1-2 0 0-2-4 0-2 0-5-3-1
-2 0 1 0-4 2 3 0-2-1-4-1-3-3-3 1 2-4 0-3

14
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Lineage Report

resutes of BLAST

BLASTP 2.2.4 [Aug-26-2002]

Reference:

Altschul, Stephen F., Thomas L. Madden, Alejandro A. Schaffer,

Jinghui Zhang, Zheng Zhang, Webb Miller, and David J. Lipman (1997),

"Gapped BLAST and PST-BLAST: a new generation of protein database search

programs”, Nucleic Acids Res. 25:3389-3402.

RID: 1035112254-016163-9

Query=
(369 letters)

Database: All non-redundant GenBank CDS

translations+PDB+SwissProt+PIR+PRF

1,212,440 sequences; 38,243,062 total letters

If you have any problems or questions with the results of this search
please refer to the BLAST FAQs

Taxonomy reports

Tasonomy Report

Availability of Sequenced Genomes

You can find it if its not there!

New Figures: 286 completed, 743 Prok and 532 Euk in progress

Essential BLAST Parameters

¢ W =word size

There are 2 Blast Variants
¢ T = neighborhood word score threshold

. NCBI BLAST (varies by word size and matrix used)

¢V = number of descriptions to report

(http//ncblnlmnlthV/BLAST/) or via ¢ B =number of alignments to report

local install ¢ M= value of a nucleotide match (-r ncbi blast)

¢ N = value of a nucleotide mismatch (-q ncbi blast)

e WUBLAST (http://blast.wustl.edu/) for « X = word hit extension drop off score
information. This program is most often e E =Expected frequency of chance occurances

. « S =Score at which a single HSP would satisfy E
used at database web sites and for local core af Whicha singre ST would sullsly
¢ -matrix = defines a matrix to use

installs. ¢ -filter = defines a specific filter program




Command line BLAST

Format: algorithm db query options

Example: blastp nr myprot.txt -
matrix=pam70 V=10 B=10

Example: blastn nt mynuc.txt M=5 N=-4
E=1.0e-5

Example: blastn nt mynuc.txt M=5 N=-4
E=1.0e-5 > blast.out

Making your own BLAST DB

* Any sequence file of fasta formatted sequences can
be turned into a BLAST DB.

* How you do this depends on which BLAST variant
you are using.

¢ NCBI BLAST-protein DB: formatdb -p T mysegfile

¢ NCBI BLAST-nucleotide DB: formatdb -p F myseqfile

¢ WUBLAST - proteinDB: xdformat -p myseqfile

¢ WUBLAST-nucleotideDB: xdformat -n myseqfile

Practical Exercises

e Install the WU-BLAST program in linux

¢ Make your own custom BLAST-searchable
database

¢ Run a command-line BLAST search in
Linux

e Run a PSI-BLAST search at NCBI
¢ Download BLAST results from NCBI
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