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1. INTRODUCTION



The application of computational techniques in the management and analysis of
biological information is known as Bioinformatics

Rybak in 1968 coined the term in his book
The sequence databases is doubling, approximately each year

The key challenge is to manage and analyse these immense overwhelming information
to draw a logical conclusion in respect to protein structure, function and evolution (also
true for nucleotide information!!!)

Two principle analytical approach in bioinformatics are,
i) pattern-recognition & ii) prediction

The barrier in prediction is the Protein Folding Problem



Homology is the central concept used in sequence analysis (homology is not synonymous
to similarity)

Sequences are said to be homologous if they are said to be diverged from a common
ancestor

Homology could be of two types, i) paralogous (different but related functions in same
species), ii) orthologous (same function in different species)

Analogy is another important concept developed from convergent evolution (non-
homologous proteins having similar functions/ similar protein folds with no detectable
seguence similarity)

Alignment searches can be with decreasing certainty towards the Twilight Zone (the
zone of sequence similarity [0-20% aprox]where alignment appears to be plausible in
naked eye) where alignments are no longer statistically significant where as comparison
fails completely in the Midnight Zone
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2. INFORMATION NETWORK



Browser: A Web client (computer program) that permits information retrival from the Internet or the WWW
Client: Any program that interacts with a server (e.g. firefox)
Server: A computer or software system that communicates information via Internet to a client

Transmission Control Protocol/Internet Protocol (TCP/IP): The rules that govern data transmission between
two computers over the Internet

Internet Protocol address (IP address): An unique identifying number assigned to each node on internet to
allow communication between them

HyperText Markup Language (HTML): The syntax governing the way documents are created so that they can
be interpreted and rendered by Web browsers

HyperText Transport Protocol (HTTP): The communication protocols used by Web servers
Hypertext: Text that contains embedded links hyperlinks to other documents

Hyperlink: An active HTTP cross-reference that link one Web document to another on the Internet



Internet is a global network of computer networks

Each computer in the network is called the node and each node has an unique id (IP
address) by which it can be identified and can communicate with other such node

Internet provide services like emails, news groups, file transfer, remote computing etc

The World Wide Web (WWW) is the most powerful information system on the internet
(but its not the same as internet!!!)

Browsers provide easy-to-use interface for accessing information on the Web
Home page is the first point of contact between a browser and a Web server

Documents that browsers displayed are accessed by means of unique address called
URLs (Uniform Resource Locators).



Example Internet domains and subdomains

Country-based domains  Other domains Subdomains

Australia .au Educational .edu Academic ac
Denmark .dk Commercial .com Company .CO
Finland fi Governmental .gov Other organisation .org
France fr Military .mil General .gen
Germany de

Greece .gr

Hungary i

Ireland Jie .

Israel Al

Ttaly At

Netherlands nl

New Zealand .nz

Poland pl

Portugal pt

South Africa 23

Spain .85

Sweden .5e

Switzerland .ch

United Kingdom  .uk
USA s




European Molecular Biology Network (EMBnet)

EMBnet is a network of European Biocomputing laboratories established in 1988

Structurally it is subdivided into cluster of nodes called National Nodes (online service,
user support and training), Specialist Nodes (database management and software
development) and Associate Node

Such three very notable Specialist Nodes are hosted by Hinxton Hall at Wellcome Trust
Genome Campus

These are the Sanger Centre, the UK MRC Human Genome Mapping ProjectResource
Centre (HGMP-RC) and the European Bioinformatics Institute (an outstation of EMBL
maintain, EMBL nucleotide database, TrEMBL and SWISS-PROT database; also collaborate
with GenBank and DDBJ as a member of a common collaborative work)

The Sequence Retrieval System (SRS) was developed within EMBnet to allow information
retrieval across a range of different database types by using a single interface



EMBnet National Nodes
Vienna Biocenter

BEN
RBioBase

CSE
INFOBIOGEN
GENIUSnet
IMBB

HEN

INCBI

INN
IEN-ADR
CAOS/CAMM
Bio

IBE

IGL
GeneBee
CNB-CSIC
BMC

SIB

SEQNET

Austria
Belgium
Denmark
Finland
France
Germany
reece
Hungary
Ireland
Israel

Italy
Netherlands
Norway
Poland
Portugal
Russia
Spain
Sweden
Switzerland
UK

hitp://www.at.embnet.org/
http://www.be.embnet.org/

http://biobase.dk/
http://www.fi.embnet.org/

http:/ /www.infobiogen fr/
http://genome.dkfz-heidelberg.de /biounit/
http://www.imbb.forth.gr/
http://www.hu.embnet.org/
http://acer.qen.tcd.ie/
http://dapsas.weizmann.ac.il/bed finn.html
http://bio-www.ba.cnr.it:8000/BioWWW/Bio-WWW._htm
http://www.caos.kun.nl/
http://www.no.embnet.org/
http:/fwww.ibb.waw.pl/
http:/fwww.igc.gulbenkian.pt/
http://www.genebee.msu.su/
http://www.es.embnet.org/
http://www.embnet.se/
http://www.ch.embnet.org/

http:/ /www.seqnet.dLac.uk/



EMBnet Specialist Nodes

MIPS Germany http://www.mips.biochem.mpg.de/
ICGEB Ttaly http:/ /www.icgeb.trieste.it/
Pharmacia Upjohn Sweden http:/ /www.pnu.com/
F.Hoffmann-La Roche Switzerland hitp://www.roche.com/

EBI UK hitp:/ /www.ebi.ac.uk/

HGMP-RC UK http://www.hgmp.mrc.ac.uk/

Sanger UK http:/ /www.sanger.ac.uk/

UMBER UK http:/ fwww. biginf.man.ac.uk/dbbrowser
EMBnet Associote Nodes

IBBM Argentina  http://sol.biol.unlp.edu.ar/embnet

ANGIS Australia  http://www.angis.su.oz.au/

CBI China hittp:/ fwww.cbi.pku.edu.cn/

(1GB Cuba http://bio.cigb.edu.cu/

COFD India http://salarjung.embnet.org.in/

SANBI South Africa http://www.sanbi.ac.za



National Centre for Biotechnology Information (NCBI)

 Leading American bio-information provider and home of the GenBank and Entrez
information retrieval system

e Established in the year of 1988, hosted by National Library of Medicine (NLM) and
situated in the campus of National Institute of Health (NIH), Bethesda, Maryland

 The main function is to maintain the GenBank and NIH DNA sequence database and also
collaborating with EMBL and DDBJ

USA Information Providers
NCBI USA http: //www.ncbi.nlm.nih.gov/
NLM USA http:/ /www.nlm.nih.gov/

NIH USA http://www.nih.gov/



Biotechnology Information System Network (BTISNet)

The Indian bioinformatics network



3. PROTEIN INFORMATION RESOURCE



Databases are used to store a vast amount of data generating from different sequence projects

Among different types of databases primary, secondary and tertiary databases are of most importance for routine
sequence analysis

Primary databases contains sequence data

Composite databases amalgamate different primary databases and thus obviate the need of searching different
databases for single query

Different composite databases use different primary resources and have different redundancy criteria for its
amalgamation process

Secondary databases contains pattern data (diagnostic signatures of protein families). These signatures encode the
most highly conserved features of multiple alignment data and often crucial for structure and function analysis of

proteins

Different sequence analysis methods gives rise to different pattern databases: the main approaches exploit single
motifs (regular expressions), multiple motif (e.g. fingerprints) and full domain alignment (e.g. Hidden Markov Models)

PROSITE and PRINTS are the only and comprehensively manually annotated secondary databases

Unified database for protein family is known as InterPro, created to avoid annotation bottleneck of the secondary
databases
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pDBJ SWISS-PROT
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Some of the available composite protein sequence databases, with details of

their primary data sources.

NRDB OWwL MIPSX SP+TrEMBL
FOB SWISS-PROT PIR1-4 SWISS-PROT
SWISS-PROT PIR MIPSOwn TrEMBL
FIR GenBank MIPSTrn
GenPept NRL-3D MIPSH
SWISS-PROTupdate PIRMOD
GenPeptupdate NRL-3D

SWISS-PROT

EMTrans

. GBTrans
Kabat

PseqlP




Some of the major secondary ‘pattern’ databases: in each case, the pnimary
source is noted, together with the type of pattern stored. PRINTS is currently the only
secondary resource to be derived from a composite.

Secondary database Primary source Stored information

PROSITE SWISS-PROT Regular expressions (patterns)
Profiles SWISS-PROT Weighted matrices (profiles)
PRINTS owL* Aligned motifs (fingerprints)
Pfam SWISS-PROT Hidden Markov Models (HMMs)
BLOCKS PROSITE/PRINTS Aligned motifs (blocks)

IDENTIFY BLOCKS,/PRINTS Fuzzy regular expressions (patterns)

“SWISS-PROT is OWL's highest priority source,



Single motif fuzzy reqular
at B axprassion
method (IDENTIFY)

axact regular
expression
(PROSITE)

Full domain
alignment methods

HEEE
(PROFILE LIBRARY)
@ @ Hidden Markov Modals
(PFAM)

cvedggls
cyeeggit
cyhgdggs
ocyrgdgnt

identity matrices
{(PRINTS)

{

weight matrices
Multiple motif (BLOCKS)
methods

Tllustration of the three principal methods for building pattern databases,
i.e., using single motifs, multiple motifs and full domain alignments,



4. GENOME INFORMATION RESOURCE



LOcTs HUMCYCLOX 3387 bp mAMA  FAI  31-DEC-1994
DEFINITION Homo sapiens cyeloosygenase-2 (Cox-2] mAMA, complete cda,
ACCEESION  M20100

HID 9181253
ENTWORDE cycloowygenase-3; prostaglandin eynthase.
AOUTREE lomo sapiens umbilical wein cONA to mANA.

CROANISN  Homo asapiens
Eukaryotas; mitochondrial eukaryotes: Metazoa; Chordata:
Vertebrata; Butheria; Primates; Catarrhini; Honinidae; Homo.
BEFERENCE 1 (basas 1 ta 3367}
AUTHORE la,T. and Hellson, K.
TITLE Human cyclocdygenane-2 cDMA
JOURNAL  Proc. Matl. Aced. Sei, t.8.A. 85 (L&), T3IA4-TIRD {1883
HEDLINE 92366465
FEATURES Locationd/Qualifiers
Bource 1..%3%87
Jorganisme"Homo mapiens®
s ¥ref="taxon: 35067
foell type=*endocheliale
Jtlesue_type="umbilical wein®
5'UTR 1..87
Jgefie="Co-2
gene 1..3387
fgenes"Cox-2"
Chs 98,.1912
fgefie="Caox-2"
JEC_number==1.14.39_ 1°*
Jeadon_start=1
fproduct =*cyclooxygenamas=21*"
fdb_xref="FID:glB1254"
frranslations"HLARALLLOAYLALSHTANPCOD SHPCQHRSYCMS VAR DOYIHODE
TRIGFYGENCETPEFLTRIELFLEPTPNTVHY [ LTHFRGFWIVVHN L FFLENALMS YV
YR AL AP Y ESFEEL I CEKEN S AEL EAL YOO T DAVELY EALLVERFA FOATFGETH
VEVGREFSLRG LM TCS PAYWE P ST GG EVEFOI INTAS TS ICHIN RGO EETER
SVPDFELTETVT INASSSRECLODINFTYVLLKERSTEL?

SL0_pPoptide BE..L48
Jogene="Cox=32"%
mat_peptide 149, .1909

Jgena="Cox=32"
JEC_number=z=1_14 .99 1"
dproducts "cyclooxygengse-2 "
3'oTR 1913, 3387
Jgene="Cox=-2*
polyi_signal 313189, .3374
. dgEnde T Cox-2"
BASE COUNT 1210 a 712 c 633 g 1032
OATGEIN
1 gtocaggaas tecteageag cgoobooito agctecacag ccagacgoor Loagacagoa
61 aagectacce cogogoogeg cecbgodege cgobtdogatg chogesegeg cechbgetgct
131 gtgegeggte ctggcgetea gecdbacage aaatochbige Lgrbcoccace catgtcoaaas
1301 tacctgasck TEEgomagLb Ticaggtasa cobcagoica goactgobal ttageorceto
1161 traapasgat tasammassaas asaaang
i

Example GenBank entry illustrating the use of keywords, sub-keywords and
the Feature Table to express information on the structure of the cDNA for Cax-2. Both the
protein translation in the Feature Table and the nucleotide sequence have been abbreviated
{...) for the figure.



* The principle DNA sequence
databases are GenBank,
EMBL and DDBJ, which each
collect a portion of the total
sequence data reported
world wide and exchange
them at a daily basis

GenBank is produced at NCBI
and splitted into smaller
discrete divisions. This allows
fast, specific searches by
restricting gueries to
particular database subsets

The three-letter codes for each of the 17 divisions of GenBank.

»

Division Sequence subset

PRI Primate

ROD Rodent

MAM Other mammalian

VRT Other vertebrate

INV Invertebrate

PLM Plant, fungal, algal

BCT Bactenal

RNA Structural RNA

VRL Viral

PHG Bacteriophage

SYN Synthetic

UNA Unannotated

EST EST (Expressed Sequence Tags)
PAT Patent

5T5 5TS (Sequence Tagged Sites)
GS5 G55 (Genome Survey Sequences)

HTG

HTG (High Throughput Genomic Sequences)




In addition to these comprehensive DNA sequence databases, there is a variety of
more specialised specific genomic resources often termed boutique databases

These bring focus to specific genomics and particular genomics techniques
SGD (Saccaromyces Genome Database)

UniGene: primarily attempts to provide a transcript map by utilizing set of non-
redundant gene oriented clusters derived fro GeneBank sequences

TDB (TIGR database): Microbes database

ACeBD (A C. elegance database)



5. PAIRWISE ALIGNMENT TECHNIQUES



To identify an evolutionary relationship between a newly determined sequence and a known gene family, the extent of
shared similarity must be assessed

An algorithm is a set of finite steps that define a computational process
A program is an implementation of algorithm

The simplest way to compare two sequences is to align them by inserting gap characters to bring them to vertical
register. Counting the matched character positions gives a naive alignment score

The basic method of comparing two sequences are dotplot. This is a graph where sequence lye in x and y-axes.

Dots are plotted in all positions where identical residues are observed. For identical sequences, this leads to an
unbroken diagonal line across the plot, where similar sequences given rise to broken diagonals

Alignments are models that reflects different biological perspectives. Therefore, there is no right or wrong model from
one another. Two general approaches consider similarity (1) global alignment ( across the full length of the sequences-
the Needleman and Wunsch algorithm) and (2) local alignment (across only parts of the sequences-Smith-Waterman
algorithm)

Both the algorithm exploit dynamic programming, whereby a solution to a problem is built by solving smaller, tractable
sub-problems. The optimal alignment is chosen from a set of high-scoring alternatives. Such methods are prohibitively
time consuming for a larger pair of sequence.



* The FastA and BLAST programs are local similarity search methods that concentrate on finding short identical matches,

which may contribute to a total match

* Speed issues are addressed using heuristics

Unaligned

Sequence 1 {gquery) AGGVLIIQVE
NERRE

Sequence 2 [(subject) AGGVLIQVG

Alignes
Sequence 1 {gquery) AGGVLIIOQVG
FETEE T

A EEsATIE RS e

sequence 2 (subject) AGEVL-IOVG [aj
Illustration of the use of a gap character -’ to bring two sequences into A e TrmmRmmeees —
alignment; vertical bars denote identical matches — six in the first alignment, nine in B
(b) ™

the second.

Illustration of the alignment of a sub-sequence A with a full-length sequence
B, showing: (a) the situation where A is identical to one part of B, and insertion of cne block
of gaps allows complete alignment of the two sequences; and (b) the situation where A is
identical to different parts of B, so that more than one block of gaps must be inserted to
bring the sequences into register.



Illustration of the manner of construction of the dotplot matrix, using a

simple residue identity matrix to score an ‘X’ where a

- Unitary scoring matrices: (a) DNA and (b) protein - the amino acids are

dentical residues is
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Graphical representation of dotplots, showing comparisons of (a) two identical
sequences; (b) two highly similar sequences; and (c) two different, but related sequences,



Identity matrix used to initiate the Needleman and Wunsch alignment

procedure for the sequences shown. Identical residue pairs are scored 1 in the

appropriate matrix cell.

F
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G A




Partially complete maximum-match matrix. The operation is about to be

tarried out on the highlighted cell L-L, by adding the highest value (5 at position C-C)

.jﬁ'nm the two sub-paths leading to it, to give a value of 6.

Z woe




Table 6.6 Completed matrix in which the value being calculated in Table 6.5 is boxed,
and the maximum-match pathway giving the highest scoring alignment is highlighted.

A°D L 6 AV F A L €D R Y F Q
Al 9 7 6 6 7 6 6 7 5 4 3 2 1 1 o0
D| 7 8 6 6 6 6 6 6 5 & & 2 1 1 0
L| 6 6 7 5 5 5 5 5 [6] 4 3 2 1 1 0
6| 5 5 5§ & 5 5 5 5 5 4 3 2 1 1 0
R|] 5 5 5 5 5 5 5 § 5 4 3 3 1 1 0
T|{ 5 5 5 5 5 § 5 § 5 4 3 2 1 1 0
@/ 5 5 5 5 5 § 5 § § 4 3 2 1 1 1
N| 5 5 5 5 5 5§ & 5 5 4 3 2 1 1 0
C| 4 4 4 & 4 & 4 4 4 5 3 2 1 1 0
D| 3 4 3 3 3 3 3 3 3 3 4 2 1 1 0
R| 2 2 2 2 2 2 2 2 2 2 2 3 1 1 0
Y| 2 2 2 2 2 2 2 2 2 2 2 2 2 1 0
Y[ 1.1 1 1 1 1 1 1 1 1 1 1 2 1 0
@/ 0 0 0 0 0O O O O O O O O 0 0 1

ADLGAVFALCDRYFQ
LET L
ADLGRTQN-CDRYYQ

Figure 6.7 Final gapped alignment resulting from an implementation of the Needleman
and Wunsch algorithm.




FASTA versicn 3.0082 NWevember 1, 1987

Fleaze

=gl 1631066 |pir|1J0233]1 adrenergic receptor alpha 1A -

cite: W.H. Pearson & D.J. Lipman PNAS (19E8) BS:2444-2448

wa EWISE-FROT Protein Seguence Database [relli) library
25083768 residues in 69113 seguencos
statistics extrapolated frem 50000 to 68413 sequences

Expectation_n fit: rho(laix)l= &,3487+/-0.000531;

mean_var=205,1732+/-43.131, E-trim: 515 B-trim: 2538 in 1/63

FASTA (3.08 July., 1%47) function (optimized, blosum matrix) keup: 2

join:

7. opt: 25, gap-pen: -12/ -2, width: 16 reg.-scaled

Scan bime: 12.420

The best scores are:

EWrAlAM_HUMAR P25100 homo sapiens (human { S72) 3836 3836 1836 2695.2

SW:AlAL_RAT P23944 rattus narvegicus {ra
SW:A1AB_RAT FLl5H23 rattus norvegicus (ra
SWiALAR_HUMAN P35368 homo sapisng (human
SWrAlAB_MESAU P1EE4]l megocTicetus auratu

SWiALAC_RAT P43140 rattus norvegicue (ra
SW:ALAC_BOVIN F1B130 boe tauwrus [boewvine!
SwW:AlLRA_DRYLE Q51175 oryzias latipes (me

S5e1] 26%1 2259 31156 2220.5
515} 161 1019 1617 1146.5
519} 1620 1011 1615 1145.0
515} 161f 1015 1608 1140.2

d466] 143% 533 1458 1035.9
466) 1417 92F 1443 1025.4
47001 1413 956 1434 101%.1

!
{
|
{
SW:RIAC_HUMAW PIS34B homo saplena (human ( 466] 1423 535 1464 1040.1
{
{
[
{

EW:AlRB_CANFR P11615 canis familiarie (4
L]

=>EW:ALAR_RAT P21544 rattus norvegicus [rat). alpha-la a (561 aal
initm: 2691 initl: 2259 ept: 3156 f-scorm: 2220,5 expect{)] 4.%5e=117
Smith-Waterman score: 3156; 85.315% identity in 572 aa overlap

gil631

SW:ALR

gile3l

SWialh

gil&31

SW:AlA

ail63t

Wi AlA

gilell

SWaAlh

gil63]

EwW:alh

10 20 a0 40 30 &0
mLSVEFm“anSMGBEHmMPSmPJWW

HI'PRDILE"JTFEEPRSSSSIGESGAEGGM}'H?G——— B- EGG&HI'GG".FPG ATGEEAVVGTE
1o 20 el 40 50

T0 an El| 100 110 120
SGEDNRE SAGEPGRAGAGGIVNGT AAVGILVVSAQEVEVEVELARF I LMAVAGHLLVILS
ERIEL.2R. 000 0ad badeddEadEEtIETIDDTIODTORSIERSIEY PRLIGELEGEGGE
SGEDMOSSTRERGRA-ASGEVRG SAAVGELVVEADGVGVCYFLAAFT LTAVAGHLLYILE

&l 710 an an a0 110

130 140 150 160 170 1B
VACHEHLOTVIANYF IVHLAVADLLLSATVL PF S ATMEVLCFUAFGRAPCDVWARVIVLOD

WW?FIWMMLLSMMPFﬁmEmmmmﬁE
120 110 140 150 160 170

130 200 210 210 230 240
TASILSLCTISVDRYUGVRHSLEYPATHTEREARA T LALLWV ALV EUG PLLEWKERTP
R R R R R R R
TASTLSLCTISVDRYVGVRHELKVERTMTEREAMAT LALLWAVALVVSVE PLLGWEEEVE

180 130 200 210 220 230

450 Elili] 510 5240 530 540
QAFUHSRMFPSMWLWPEMNW?SSEHKIPMW&SM

MEEEERPLSHRMLMPMRHTUM?SSLSEEIRSS AH ACALREEVE
480 430 5a0 510 520

S50 SED M 570
M?SLGVPHE\’M'J'CQAYRELD‘{WETM

h?mWHUTCDAWPGDYSNIMTDI

510 540 580 E1-11]

human, 577 bases

mu= G.BL3B+/- 0,030

initn inirl opt z-sc E(G8413)

1.8e-143
4.,92-117
3.2e-57
3.9e-57
T.3e-37
2.Te-51
4.7e-51
1.Be-50
4e=51

417) 1372 772 1366 972.2 1.Te-47

Excerpt from a typical FastA output (-—-- denotes excised material).

BLASTE 1.4.11 [24=-Hov-97] lﬁuild 24 =Mov-9T]

Raference: Altschul, Stephen F., Wareen Glah, Webb Miller, Eugene W. Myare, and David
J. Lipman (1990) . Bmsic local alignment search tool. J, Mel. Bisl. 215:403-10.
Guery= gll631066|pLr) 1JCI331 adrenergic raceprar alphs 1A - human {573 lettara]
Database: Non-redundant SwissProt (74,037 eequences; 26,661,674 total letvers)

Bearching..... ctraEmaiEaaaeeasan B T L T T TR 111
Emallast
Sum

High Frobability
Saquences producing High-scoring Segment Pairs: Hzore FM) B
SplPAS1O0PALAD_HUMAN ALPHA-10 ADRENERGIC RECEPTOR [ALPHA ... 1513 5. S5e-264 4
sp|002E6EG | ALAD_RARTT ALPHA-1D ADRENEAGIC RECEPTOR (ALPHA ... 1465 1.92-242 4
splPI3S44IALAD AT ALPIA-10 ADRENEAGIC RECEPTOR [ALFHA ... 1416 3,0a2-230 &
splPSTT14IALAD_MMISE ALPHA-1D ADRENERGIC RECEPTON (ALFHA ... 1431 5.1g-330 3
sp | F15821 | A1AB_RAT ALPHA-1B ADRENERGIC RECEPTOR (ALPHA ... 650 O.%e-138 2
&R |P18841 |A1AR_MESAU ALPHA-18 ADRENERGIC RECEFTOR {RLPHA ... 650 4, 2e-130 2
sp |PISIGE[ALAE_HUMAN ALPHA-1E ADRENERGIC RECEPTOR (ALSHA .., 643 &, 8e-129 2
splFITT17 |ALAB_NOUSE ALEHA-15 ADRENERGIC RECEPTOR (ALPHA ... 6§29 @&.28-137 2
SRIEIEI48 | ALRA_HUMAN ALPMA-1M AOREWERGIC RECESTOR (ALPHA ... 569 4.2a-118 32
spl002824 | ALRA_RRBIT ALFHA-1M ADRENERGIC RECEPTOR (ALPHA ... 59%1 1.1e-117 2

BpIP25SL00 |ALAD MTMAN ALPHA-1D ACDRENERGIC RECEPTOR (ALPHA 1D-ADBENOCEFTOR] Length = 5732

Score = RS (41.7 bits), Expect = 5,52-266, Sum F(d} = 5.58-266
Identicies = 17/17 (100%k), Positiwves = 17417 [100%)

Quary: | MTFRDLLEVSFEGERED 17
MTFROLLSVEFEGFRFD
Ehijcte 1 MTFRDLLSVSFEGFRFD 17

Scorm = 1513 [J08.4 blca), Expect = 5. %@=266, Sum B(4) = 5_Sa-288
Identities = 29%/348 (B5%), Pomitivea = 299/348 (85%)

LanTy s £3 Emmmmmmmmmnwmmuumeuwmsn 122
DVNG T AR GG LV SADGCTGVEVFLAAF T LMAVACHLLVILSVA
Shjct: 63 MMWMTMWGLWWIMW&N“WM 122

Quarys: 123 CHRHLQTVTHY FIVELAVADLLLSATVLEFSATHEVLGFWAFGRAFCTVWARVIVLOCTA 182
CHRHLOTVTNYF IVRLAVADLLLSATVLEFEATMEVLGFRA PG RAFCOVRAAVDVICOTA
Sbjet: 123 CHRHLOTVINYF IVNLAVADLLLEATVLPFEATMEVLIFWAFCRAFCONWAAVDVLOCTA 182

Query: 183 STLELCTISVDAYVGVRHELEY PATHTEREX XX OO NI ENGWREFVFED 242
SILALCTISVORYVGVRHELEY FATMTERE GREEFVERD
Skict: 183 SILSLOTISVDRYWIVRHSLEYFPATMTERFAAAILALLWVVALVVEVCPLLOWKEFVPPD 2432

Query 243 ERFCOITEEACYAVF SSVCEFYLPMEN I N e X S TTASLERGVHRERGRASEY 102
EAPCCITERAGYAVFISVOSFYLEM STTRELEAGVERERGEASEY
Shjct: 243 ERFCGITEERGYAVFESVOSFYLEMAYTVUMYCRVYVUARS TTRILEAGCVERERGKASEY 302

uary: 203 VLRTHCRGAATGADSAHGHRSARSHTFREELEVRLLEFSRERKAARTLA TVWGVEVLOWF 362
VLRTHCRGAATEADAAHGHRSARGHT FRASLEVRLLEF SRENEAART LA T VWOVEVLOWE
Shjet: 303 VLATHCRGAATGADGAHGMRSARGHTFRESLAVRLLKFSREXKAAKTLAIVVGVFVLOWE 362

Quary: 363 FFFFVLPLGSLFFQLEPSEGUPRYIFWLGYFRSCVNPLIYPCESREFR 410
PEFFVLPLGE LEPOLK S EOVFEV I FULEYFHSCVHPLIY PCSSRRFE
Ebjet: 363 PEFFVLPLGSLEPPQLEESEGUERVIFULGYPNSCVRFLTYPCSSRERE 410

Score = 101 {47.3 bits], Expefrc - 5.5@-266, Sum P4} = 5, 5=-266
Tdentities = 17,17 (100%), Pomitiwes = 177197 [100%)

Query: 433 VYLGHHWRASTSGLAQDC 449
VEGHHNRASTSGLAQNC
Ehjet: A33 VYCMIWRASTECLRQDC 449
Score = 387 (181.2 bite), Expect = 5. 5e-266, Sum P(4) = 5.5e-166
Identitles = 78/93 (E3%), Positives = TESSD [(R1]

Query:  4BD MOAPVASRREPPSAFREWALLGEFRAPTTOLRAKVESLESHED FOOCOINGIIXNEEREEY S35
MOAPVASRRE PPSAFRENALLGFFREPTTOLRAKVESLAHET REV

ghject: 4B0D MOAFVASRREFPSAFREWRLLGFFRAPTTOLRARVSS LMK I RAICADRAEAACADRSEY 535

Query: 540 EAVSLOVENEVABGATOQAYELADYSNLRETDI 572
EAVELGYFHEVAEGRTCOAYELADY SNLRETDT

1 s 540 EAVSLGVPHEVAEGATOQAYELADYSNLEETOT 573

Excerpt from a typical BLAST output (---- denotes excised material).
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