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ABSTRACT

A COMPARATIVE STUDY OF SEQUENCE ANALYSIS
TOOLS IN COMPUTATIONAL BIOLOGY

by
Wei-Jen Chuang

A biomolecular object, such as a deoxyribonucleic acid (DNA), a ribonucleic acid (RNA)
or a protein molecule, is made up of a long chain of subunits. A protein is represented as
a sequence made from 20 different amino acids, each represented as a letter. There are a
vast number of ways in which similar structural domains can be generated in proteins by
different amino acid sequences. By contrast, the structure of DNA, made up of only four
different nucleotide building blocks that occur in two pairs, is relatively simple, regular,
and predictable.

Biomolecular sequence alignment/string search is the most important issue and
challenging task in many areas of science and information processing. It involves
identifying one-to-one correspondences between subunits of different sequences. An
efficient algorithm or tool is involved with many important factors, these include the
following: Scoring systems, Alignment statistics, Database redundancy and sequence
repetitiveness.

Sequence "motifs" are derived from multiple alignments and can be used to examine
individual sequences or an entire database for subtle patterns. With motifs, it is
sometimes possible to detect distant relationships that may not be demonstrable based on
comparisons of primary sequences alone.

A more comprehensive solution to the efficient string search is approached by
building a small, representative set of motifs and using this as a screening database with
automatic masking of matching query subsequences. This technology is still under
development but recent studies indicate that a representative set of only 1,000 — 3,000
sequences may suffice and such a database can be searched in seconds.
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CHAPTER 1
INTRODUCTION

Biomolecular sequence alignment is among the most important and challenging tasks in
computational biology; it involves identifying one-to-one correspondences between
subunits of different sequences [33]. This procedure is essential to many tasks of
biological data analysis [21,25,47], for example, retrieving a database to determine the
species of unknown sequences, and discovering highly conserved subregious or patterns
related to molecular structures and functions. Even by using genetic tools, forensic
scientists can now examine the DNA in this biological evidence and tell almost certainly
whether it came from a given individual [31].

A biomolecular object, such as a deoxyribonucleic acid (DNA), a ribonucleic acid
(RNA) or a protein molecule, is made up of a long chain of subunits. In molecular
sequence studies, sequence subunits are represented by characters from a domain which
is denoted by L. For example, the characters used to represent the nucleotides in DNA
sequences are A (Adenosine), G (Guanine), C (Cytidine) and T (Thymidine), and L is
the set {A,G,C,T} [52]. A protein is represented as a sequence made from 20 differenf
amino acids (see Table 1.1), each represented as a letter.

By contrast, the structure of DNA, made up of only four different nucleotides that
occur in two pairs, is relatively simple, regular, and predictable. In aligning biomolecular
sequences, a function of scores (or distances) is needed to measure the goodness of
alignments [20,43,48]. For a set of sequences, the optimal alignment is the one which
maximizes the score (or minimizes the distance) {13,42]. To achieve a high score value,
some subunits in different sequences are matched, and some sequences are considered to
have insertions, deletions, and substitutions [1,40]. The following illustrates an alignment

of three sequences.

Sequencel ATGCAGGC
Sequence2 ATGAXGXC
Sequence3 ATGAXGGC
Column 12345678



In the alignment columns 1,2,3,6, and 8 indicate character matches, column 4
indicates that a substitution has occurred in the first sequence (A-C, T-G), column 5
indicates that a subunit has been inserted into the first sequence, column 7 indicates that a
subunit has been deleted from the second sequence. To represent insertion and deletion,

the character X is introduced.

Table 1.1 List of 20 Amino Acids

[ Abbreviations | Amino Acids |

Alanine
Cystine
Aspartate
Glutamate
Phenylalanine
Glycine
Histidine
Isoleucine
Lysine
Leucine
Methionine
Asparagine
Proline
Glutamine
Arginine
Serine
Threinine
Valine
Tryptophan
Tyrosine
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String search is an important operation in many areas of science and information
processing. It occurs naturally as part of data processing, text editing, lexical analysis and
information retrieval [51]. In molecular biology this computational problem is associated
with the analysis, search and comparison of biosequences, which can be considered as
texts made up of only four characters in the case of nucleic acid, and twenty, in the case
of proteins [34]. While the particular algorithm used is of course important, the
effectiveness of database searches is dependent as well on a large number of correlative
factors, many of which tend to be overlooked or dealt with an inefficient or ad hoc
manner [5]. An efficient algorithm or tool involves many important factors, which
include the following :

Scoring systems: The molecular biologist is often confronted with the task of
searching a database of DNA or protein sequences for those most similar to a given one.
The most straightforward definition of similarity between two sequences attributes a
“score” to each of the possible ways of aligning them, including the possibility of
arbitrarily long insertions/deletions at any position. Most database search algorithms rank
alignments by a score, whose calculation is dependent upon a particular scoring system.
Usually there is a default system, but it may not be ideal for a user’s particular problem.
For example, haemoglobin subunits are used to be regarded as “typical” proteins and are
still often used as benchmark query sequences for evaluating new database search
techniques and scoring systems [23]. However, today it is more common to encounter
much larger and more complex sequences and therefore those methods developed and
optimized for small, uniformly-conserved, single-domain proteins are inadequate.
Optimal strategies for detecting similarities between DNA protein-coding regions differ
from those for non-coding regions [4,30]. A database search program should therefore
make a variety of scoring systems available and users should be aware of which ones are
best suited to their problems.

Alignment statistics: Given a query sequence, most database search programs will
produce an ordered list of imperfectly matching database similarities, but none of them
need have any biological significance. An important question is how strong a similarity is

necessary to be considered surprising.



Database: The use of an up-to-date sequence database is clearly a vital element of
any similarity search. Sequence relationships critical to important discoveries have on
occasion been missed because old or imcomplete databases were employed [8,50]. The
variety of available databases, and their overlapping coverage, has the potential to render
similarity searching cumbersome and inefficient. However, today one can download
sequences from the Internet (See Table 1.2. and Table 1.3.). Timely access to complete
and “nonredudant” sequence databases has become relatively simple and inexpensive.

Database redundancy and sequence repetitiveness: Surprisingly strong biases
exist in protein and nucleic acid sequence database. Many of these reflect fundamental
mosaic sequence properties that are of considerable biological interest in themselves,
such as segments of flow compositional complexity or short-period repeats. Databases
also contain some very large families of related domains, motifs or repeated sequences, in
some cases with hundred of members. In other cases there has been a historical bias in
the molecules that has been chosen for sequencing. In practice, unless special measures
are taken, these biases very commonly confound database search methods and interfere
with the discovery of interesting new sequence similarities. Problems include the
occurrence of misleading, spuriously-high scores, ambiguities in the phase of sequence
alignments and overwhelmingly large output lists in which interesting results may be
inconspicuously buried. Failure to deal properly with the factors described above can
result in chance similarities being claimed significant, or biological important
relationships being overlooked.

There are a number of important issues in searching DNA and protein sequence
databases, but the most important is access to a comprehensive and up-to-date data
repository [3]. We will use the SDISCOVER program [10,49] to find motifs in DNA
sequences and use those motifs to form a local database to try to find a better way that
can speed up the database search. We will also compare the motifs found by
SDISCOVER with the motifs/patterns stored in Prosite protein database.

So far, there are many tools that can do the query seqﬁences search or alignment.
One can easily find a tool that suits for his needs from the Internet (Table 1.2, Table 1.3)



Table 1.2 Selected World Wide Web Sites

Compendia of WWW Resources

BIOSCI Newsgroups

http://www.bio.net/

EBI

http://www.ebi.ac.uk/

Pedro's Biomolecular Research Tools

hitp://www.public.iastate.edu/~pedro/
research _tools.html

WWW Virtual Library

http://golgi.harvard.edu/htbin/biopages

Sequence Retrieval and Analysis

ExPASy Molecular Biology Server http://expasy.hcuge.ch/

NCBI http://www.nebl.nlm.nih.gov

NCBI BLAST http://www.nebinlm.nih.gov/BLAST/

NCBI Entrez http://www3 .ncbi.nlm.nih.gov/Entrez/

PDB http://www.pdb.bnl.gov
Organism-Specific Web Resources

Arabidopsis (AtDB) http://genome-www.stanford.edu/Arabidopsis/

C. elegans http://eatworms.swmed.edu/

Flybase http://morgan.harvard.edu/

Mouse Genome Database http://www.informatics.jax.org/mgd.html

Saccharomyces (SacchDB) http://genome-www stanford edu/Saccharomyces/

Electronic Journals

Cell http://www.ceil.com/

Genome Research http://www.cshl.org:80/journals/gt/

Journal of Biological Chemistry http://www-jbe.stanford.edu/jbe/

Journal of Molecular Biology http://www.hbuk.co uk/mb

Nature http://www.nature.com/

Science http://science-mag.aaas.org/science/home/

Pedro's List of Bio/Chemical Journals and
Newsletters

http://www.public.iastate.edu/~pedro/
.rt_journals.html




Table 1.3 Selected Molecular Biology FTP Servers

Database Servers

FTP Server |Major Databases Available {FTP Server Address

NCBI GenBank, SWISS-PROT, PIR  [n¢bi.nlm.nih.gov
EBI EMBL, SWISS-PROT fip.ebi.ac.uk
ExPASy Enzyme, EPD, Prosite, expasy.hcuge.ch

SeqanalRef, SWISS-PROT,
SWISS-2DPAGE, SWISS-
3DIMAGE

Software Servers

FTP Server Software Available FTP Server Address

INCBI BLAST, Sequin, GenInfo fncbi.nlm.nih.gov
Software Toolbox, MACAW

EBI Mac, VAX, DOS, UNIX fip.ebi.ac.uk
molecular biology software

TuBio Mac, VAX, DOS, Atari software; [ftp.bio.indiana.edu

Most of those programs are required to be run on a UNIX system or need to
retrieve the database from the Internet. Qur goals are to combine the SDISCOVER sets
into one efficient tool and run it on PC. Second, we want to evaluate a new approach that

can improve the performance of database search.



CHAPTER 2

MODIFYING THE SDISCOVER PROGRAM

Sequence "motifs" are derived from multiple alignments and can be used to examine
individual sequences or an entire database for subtle patterns. With motifs, it is
sometimes possible to detect distant relationships that may not be demonstrable based on
comparisons of primary sequences alone [15,29,41].

The SDISCOVER program is used to find motifs of the query sequences and run
on UNIX system. It includes two separate C programs. These two programs making up
the SDISCOVER tool are termed, the control module (including the user-interface
module or command line and a similarity-score-calculation module) , and the sorting
module which eliminates the substrings. The user-interface module, collects the input
from the user, and the criteria used in the computation of similarity scores and then writes
out the results. In the present version of SDISCOVER tool, the query sequence is read by
the user-interface module. The control module receives the input data/query sequence
from the user-interface module and relays the query sequence and information for the
calculation of similarity scores to each of the similarity-score-calculation modules. Once
all sequences have been processed, the control module sends the list of scoring sequences
to the user-interface module.

In the original SDISCOVER tool, the user first enters the query sequences from
the input interface to find the motifs. After motifs are found, the sorting program is used
to sort/elinimate the substrings (as shown in Figure 2.1 and Figure 2.2). We combine
these two steps into one to simplify the procedure but keep the original algorithm and
modify it to run on PC. We do this not only because the Windows operation system is the
most popular operating system but also because users may not have the access to the
UNIX system (Figure 2.3).

Our test environment: CPU Pentium 200 Pro, 128 Mb RAM, Operating system
Windows 95.



C:\PROJECT>discover
% Enter the file name of sequences
(an example file can be found in file SAMPLE;
maximum number of sequences in the file is 200;
maximum length of sequences is 200) [SAMPLE]:SAMPLE

==> 5 sequences found in file <SAMPLE>

% Enter the form of interesting motifs 1 or 2
(1 means *X*; 2 means *X*Y*) [1] ?

% Enter the minimum length of interesting motifs
(default is 10) [10] ?

% Enter the minimum occurrence number for interesting motifs
(the occurrence number of an interesting motif
refers to the number of sequences in which
the motif approximately occurs; default is 2) [2] ?

% Enter the number of mutations allowed in searching
for similar motifs (default is 1; maximum number is 10) [1]?

% Where the result should be stored (enter the file name) [data.out] ? data.out

Occurrence number  Motif

*MGIVSWGEGC*
*GIVSWGEGCA*
*GIVSWGEGCAR*
*GIVSWGEGCD*
*GIVSWGEGCDR*
*TGIVSWGEGCH
*IVSWGEGCAR*
*IVSWGEGCDR*

RN

16 motifs found
350 motifs checked

Figure 2.1 The Input Interface of SDISCOVER



C:\PROJECT\discover>ssort data.out > sorted.out
Minimum length = 10

Minimum occurrence number = 2

Number of mutations allowed = 1

Total number of sequences = 3

Input file name = SAMPLE

Occurrence number  Motif

After sort...
2 *GIVSWGEGCDR*
2 *GIVSWGEGCAR¥*
2 *TGIVSWGEGC*
2 *MGIVSWGEGC*

Figure 2.2 Illustration of Executing the Sorting Program

In this example the sorting module uses the default output file from the control
module as input file, in this example: data.out. After eliminating the substrings, the

program write the results to output file, sorted.out.

A substring is a shorter sequence which can be found in a longer sequence and
these two sequences’ occurrence numbers are the same. Then we say the shorter one is a

substring of the longer one.



C:\PROJECT\discover>discover
% Enter the file name of sequences
(an example file can be found in file SAMPLE;
maximum number of sequences in the file is 5000;
maximum length of sequences is 5000) [SAMPLE]: SAMPLE

===> 3 gequences found in file <SAMPLE>

% Enter the form of interesting motifs 1 or 2
(1 means *X*; 2 means *X*Y*) [1]?

% Enter the minimum length of interesting motifs
(default is 10) [10] ?

% Enter the minimum occurrence number for interesting motifs
(the occurrence number of an interesting motif
refers to the number of sequences in which
the motif approximately occurs; default is 2) [2] ?

% Enter the number of mutations allowed in searching
for similar motifs (default is 1; maximum number is 10) [1] ?

% Where the result should be stored (enter the file name) [data.out] ? data.out

Occurrence number Motif
*MGIVSWGEGC*
*GIVSWGEGCA*
*GIVSWGEGCAR*
*GIVSWGEGCD*
*GIVSWGEGCDR*
*TGIVSWGEGC*
*IVSWGEGCAR*
*IVSWGEGCDR*
After sorted...
*GIVSWGEGCDR*
*GIVSWGEGCAR*
*TGIVSWGEGCH*
*MGIVSWGEGC*

CECESESE INSESESES A SR R 2

8 motifs found
350 motifs checked

Figure 2.3 Illustration of Executing the Modified Program



CHAPTER 3

FINDING MOTIFS AND DATABASE EVALUATION

3.1. Searching for Motifs

Our test environments: CPU Pentium 200 Pro, 128 Mb RAM, Operating system Win95,
and Sun Sparc Ultra-2 Pentium IT 300 MHz with 512 Mb RAM.

GenBank, the EMBL nucleotide sequence database, and the DNA Database of
Japan (DDBJ) are three partners in a long-standing collaboration to collect and distribute
all publicly-available sequence data [6,38]. All of the sequences we use (both DNA and
protein sequences) in this experiment are download from GenBank at NCBI homepage
(see Appendix B for a complete list of Human DNA). There is a total number of 181423
sequences stored in NCBI until May 7. The DNA sequences we used as query sequences
to find motifs from the database are as following;:
nci_cgap_br7.fasta
nci_cgap_hnl.fasta
nci_cgap_hn3.fasta
nci_cgap li5.fasta
nci_cgap lu6.fasta
nci_cgap_mel3.fasta
nci_cgap ov8.fasta
nci_cgap_pnsl.fasta
nci_cgap_pr20.fasta

And the output of all sequences used to find motifs and query parameters after being

organized are shown in Table 3.1.

11



Table 3.1 Lists of All Results of Finding the Motifs

12

Minimum

Minimum [Number of |{Total number |motifs found |motifs After
length occurrence [mutations |of sequences checked |sorted

number allowed
nci_cgap_br7 |10 2 1 326 764481 850818 (335614
nci_cgap hnl 10 2 1 35 6225 14825 3072
nci_cgap_hn3 10 2 1 131 288606 333710 {11208
nci_cgap 1S 10 2 1 147 96528 124704  |37822
nci_cgap lu6 10 2 1 45 174023 188003  |77135
nci_cgap mel3 |10 2 1 237 482777 545209  |177401
nci_cgap_ov8 10 2 1 24 54233 61720 16194
nci_cgap pnsl |10 2 1 297 418562 559749 16596
nci_cgap pr20 |10 2 1 166 625445 664218 265785
Total 1408 2910880 3342956  |940827
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3.2. Converting the Output Into FASTA Format and Forming a Local Database
After finding the motifs of the query sequences, we convert the outputs into FASTA
format (Figure 3.2.1) because the FASTA format already becomes a DNA sequence
standard format (see Appendix C for a detailed description of FASTA) and the alignment
tool we use can recognize this format. Then we use the motifs we found to form a local
database by using NCBI Tools (Figure 3.2.2). Forming a local database has many
advantages; for example, the user may not have the access to the Internet or/and can

reduce~t‘hg‘e traffic of the Internet and can update the database more easily.

Figure 3.2.1 A Screen Shot of Converting Output to FASTA Format
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String: - Title for database file

File In:  Input file for formatting (this parameter must be set)
File Out: Logfile name;
W Typeoffilel  T-protein I  F-nucleotide
I" Parse optionsl ~ T-True: Parse Seqld and create indexes.]  F-False: Do not parse Seqld. Do not create indexe
I" Input file is database in ASN.1 format (otherwise FASTAls expected)l ~ T-True,|  F-Falsel
-I" ASN.1 database in binarymodel  T-binary,1 ~~ F-textmode.l
[ Inputis a Seq-entry

Figure 3.2.2 Using NCBI Tool Formatdb to Form a Database for BLAST 2

Testl

Eiseq\Blastiblastzinci
formatdb.log|

not parse Seqld. Do not create indexes.l

rue, 1 F - False.l

Figure 3.2.2 Using NCBI Tool Formatdb to Form a Database for BLAST 2 (continued)
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3.3. Evaluating the Database

After the local database for Blast 2 is formed we now can use Hs.12716 and Hs.112341
as query sequences to retrieve the database. Our test environment: CPU Pentium 200 Pro,
128 Mb RAM, Operating system Win 95. We use BLAST (Basic Local Alignment
Search Tool) as our alignment tool to test the database because BLAST is the most
popular sequence mining tool. BLAST takes a nucleotide sequence (the query sequence),
and its reverse complement, and searches them against a nucleotide sequence database, It
not only can process query sequences from Internet but also can be transferred from the
NCBI anonymous FTP server and installed on a local machine.

We download the source codes of NCBI tool kit and compile it using Microsoft
Viual C++ 5.0 to make three programs: Formatdb, BlastAll, and BlastGap.

Formatdb: Used to format the FASTA databases for both protein and DNA databases for
BLAST 2.0. This must be done before blastall or blastpgp can be run locally.

BlastAll: May be used to perform all five flavors of blast comparison. (See Appendix D
for Blast Family)

BlastGap: Blastpgp performs gapped blastp searches and can be used to perform

iterative searches in psi-blast mode.

We use Hs.12716 and Hs.112341 as our sample DNA query sequences to test
both our local database we constructed and the database stored in NCBI. Hs.12716
include two sequences found only in library 651: NCI_CGAP_Mel3; melanoma,
metastatic to bowel (sequences shown in Figure 3.3.1). Hs.112341 include 19 sequences
and can be found in many libraries, such as Larynx, Colon, Skin, and Adipose (sequences

shown in Figure 3.3.2).

> 996174 gni|UGIHs#3996174 0j03b10.s1 Homo sapiens ¢cDNA, 3' end /clone=IMAGE:1491067
[clone_end=3' /gb=AA937378 fug=Hs.127136 /len=260
TCATTCAAGCAGTATAGGATTTGATGCAGGTGTTTGTGAATGAGTATGTTCTGTAAGGTCCTG
GAATGGTGTTATTAGTATGTGACTTTTCAAGCATCTCTTTGAACTTAAGCTAGTTATTAGATTT
TATTACTACTATCATTTATTTTAGCAATGTTTTATAATAATGAAAGCCATTAATCTACACATTG
TCTAGGAACAGGCTGGAAGTGAAGAGTACTTGGCTATATCATAGAAATATTTCTTGGTAACCC
TCGTGC

Figure 3.3.1 Sequences Data of Hs.12716
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> 9964935 gnl|UG[Hs#S996495 0j03h10.51 Homo sapiens cDNA, 3' end /clone=IMAGE:1491139
Iclone_end=3'" /gb=AA937699 /gi=3095810 /ug=Hs.127136 /len=260
TCATTCAAGCAGTATAGGATTTGATGCAGGTGTTTGTGAATGAGTATGTTCTGTAAGGTCCTG
GAATGGTGTTATTAGTATGTGACTTTTCAAGCATCTCTTTGAACTTAAGCTAGTTATTAGATTT
TATTACTACTATCATTTATTTTAGCAATGTTTTATAATAATGAAAGCCATTAATCTACACATTG

TCTAGGAACAGGCTGGAAGTGAAGAGTACTTGGCTATATCATAGAAATATTTCTTGGTAACCC
TCGTGC

Figure 3.3.1 Sequences Data of Hs.12716 ( continued )

> 827584 gnl|{UG|Hs#S827584 nn69d08.s1 Homo sapiens cDNA /clone=IMAGE:1089135 /gb=AA586974
/gi=2397788 fug=Hs.112341 /len=399
GGAGCAGAAGGAACTCTTTATTGGAAAGTGGATGAGAGAGGCAGCTCCAGCCGTGGGCATCC
TGAATGGGAGGAAGAATGGACAGTGTGGGAAGGGGAAGGGCAGCAGGGACTTAGGACCAGA
TGGGGCCTGTAGCTCTGGGGACGGCACAGGTGCAGCAAGGACCGGCTCCCTCTCACTGGGGA
ACGAAACAGGCCATCCCGCAAGAGCCTTCACAGCACTTCTTGATTCCTGGGCAGTCAGTATCT
TTCAAGCAGCGGTTAGGGGGATTCAACATGGCGCACCGGATCAAGATAATGGGGCAGGAGCC
AGGCTTAGTGGAGACTGGACCTTTGACTGGCTCTTGCGCTTTGACTTTAT
CTTGACCTTTAACTGAAACTTGTCCTTTAACGGGATCTT

> 341852 gnl|UG|Hs#S341852 Human gene for elafin, complete cds /cds=(66,419) /gb=D13156
/gi=219614 fug=Hs.112341 /len=421
AGGCCAAGCTGGACTGCATAAAGATTGGTATGGCCTTAGCTCTTAGCCAAACACCTTCCTGAC
ACCATGAGGGCCAGCAGCTTCTTGATCGTGGTGGTGTTCCTCATCGCTGGGACGCTGGTTCTA
GAGGCAGCTGTCACGGGAGTTCCTGTTAAAGGTCAAGACACTGTCAAAGGCCGTGTTCCATTC
AATGGACAAGATCCCGTTAAAGGACAAGTTTCAGTTAAAGGTCAAGATAAAGTCAAAGCGCA
AGAGCCAGTCAAAGGTCCAGTCTCCACTAAGCCTGGCTCCTGCCCCATTATCTTGATCCGGTG
CGCCATGTTGAATCCCCCTAACCGCTGCTTGAAAGATACTGACTGCCCAGGAATCAAGAAGTG
CTGTGAAGGCTCTTGCGGGATGGCCTGTTTCGTTCCCCAGTGAG

> 828812 gnl{UG|Hs#5828812 nn61b01.s1 Homo sapiens cDNA /clone=IMAGE:1088329 /gb=AA 583567
/gi=2368176 /ug=Hs.112341 /len=555
ITTTTTTTTTTTTTTTTTITITTITITITTTTITTTTTGGAGCAGAAGGAACTCTTTATTGGAAAGT
GGATGAGAGAGGCAGCTCCAGCCGTGGGCATCCTGAATGGGAGGAAGAATGGACAGTGTGG
GAAGGGGAAGGGCAGCAGGGACTTAGGACCAGATGGGGCCTGTAGCTCTGGGGACGGCACA
GGTGCAGCAAGGACCGGCTCCCTCTCACTGGGGAACGAAACAGGCCATCCCGCAAGAGCCTT
CACAGCACTTCTTGATTCCTGGGCAGTCAGTATCTTTCAAGCAGCGGTTAGGGGGATTCAACA
TGGCGCACCGGATCAAGATAATGGGGCAGGAGCAAGGCTTATTGGAGACTGGACCTTTTGAC
TGGCTCTTGCGCTTTTGACTTTATCTTGACCTTTAACTGGAACTTGTCCTTAAACGGGATCTTGT
CCATTGAATGGGAACACGGCCTTTGACAGTGTCTTGACCTTAAACAGGACTCCGGGAAAGTTG
CTCTAGAACAGGGTCCAGCGATGAGGACACAACACGTTCAGACTGCTGGCCC

omitted

> 638961 gnl[UG|Hs#S638961 EST22235 Homo sapiens ¢cDNA, 5' end /clone=ATCC:120504
/clone_end=5' /gb=AA319941 /gi=1972269 /ug=Hs.112341. /len=299
TGGTGTTCCTCATCGCTGGGACGCTGGTTCTAGAGGCAGCTGTCACGGGAGTTCCTGTTAAAG
GTCAAGACACTGTCAAAGGCCGTGTTCCATTCAATGGACAAGATCCCGTTAAAGGACAAGTTT
CAGTTAAAGGTCAAGATAAAGTCAAAGCGCAAGAGCCAGTCAAAGGTCCAGTCTCCACTAAG
CCTGGNTCCTGCCCCATTATCTTGATCCGGTGCGCCATGTTGAATNCCCCTAACCGCTGCTTGA
AAGATACTTGACTNCCCAGGGGATCAAGAAGTGCTGTGAAGGCTCIT

Figure 3.3.2 Sequences Data of Hs.112341
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3.4. Results

This stand alone database we created can produce results/reports that look very similar to
those generated by the original BLAST engine; however, in our case the actual results are
quite different. Figure 3.4.1 shows the BLAST 2 query screen in our local machine. And
Figure 3.4.2 and Figure 3.4.3 show the results from our local database for Hs.12716 and
Hs.112341 respectively. Also we use Hs.12716 and Hs.112341 as query sequences to do
the alignment in NCBI homepage via the Internet. Figure 3.4.4 and Figure 3.4.5 show the
query screen in NCBI homepage and Appendix A.1 and Appendix A.2 show the query
results for Hs.12716 and Hs.112341 respectively.

; String: - Program Name
| String: Database

_ FileIn:  Query File

- Float: - Expectation value (E)

f Integer: alignment view options: 0 = pairwise, 1 = master-slave showing identities, 2 = master-slave no identities, 3 = flat master-¢
File Qut: BLAST report Output File

" String:  Filter query sequence (DUST with blastn, SEG with others)

Integer:  Cost to open a gap (zero invokes default behavior)

Integer: . Cost to extend a gap (zero invokes default behavior)

Integer: - X dropoff value for gapped alignment (in bits) (zero invokes default behavior)
: I” Show Gl's in deflines

Integer: Penalty for a nucleotide mismatch (blastn only)

Integer: Reward for a nucleotide match (blastn only)

Integer: Number of one-line descriptions (V)

Integer: - Number of alignments to show (B)

Figure 3.4.1 Screen Shot of BLAST 2 Query Screen
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Integer: Threshold for extending hits, default if zero
¥ Perfom gapped alignment (not available with thiastx)

Integer: Query Genetic code to use
Integer: - DB Genetic code (for tblast{nx] only)
Integer: Number of processors to use

[ | File Out: Seqalign file
" Believe the query defline

String:  Matrix
Integer:  Word size, default if zero

L0 Ly

Integer: Effective length of the database {use zero for the real size} [0

1

|1

|1

IBLOSUMGZ

|o

Figure 3.4.1 Screen Shot of BLAST 2 Query Screen ( continued )
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BLASTN 2.0.4 [Feb-24-1998]

Reference: Altschul, Stephen F., Thomas L. Madden, Alejandro A.

Sch&auml;ffer, Jinghui Zhang, Zheng Zhang, Webb Miller, and David J. Lipman
(1997), "Gapped BLAST and PSI-BLAST: a new generation of protein database search
programs”, Nucleic Acids Res. 25:3389-3402.

Query= 996174 gnl|UG|Hs#S5996174 0j03b10.s1 Homo sapiens ¢cDNA, 3' end
/clone=IMAGE:1491067 /clone_end=3'/gb=AA937378 /ug=Hs.127136 /len=260
(260 letters)

Database: Testl sequences
9 sequences; 89,378,749 total letters

Searchingdone

Score E
Sequences producing significant alignments: (bits) Value
nci_cgap mel3.out 40 14
nci_cgap_pnsl.out 31 26
>nci_cgap_mel3.out Length = 16852185

Score = 40.1 bits (237), Expect = 2.4
Identities = 183/187 (98%), Positives = 183/187 (98%)

Query: 2 aatttatcatagaatatttcticctaatttagatatcattaageggtatacccattaaga 61

AT O
Sbjct: 165 aatttatcatagaatatttcttcctaatttagatatcattaageggtatacccattaaga 224

Query: 62 cattcaattatcatcaaatatcticctaattggggaatcattatgctttatacccatcaa 121

IR ATACRAR IO ACSERAAO
Sbjct: 225 cattcaattatcatcaaatatcttcctaattggggaatcattaagctttatacccatcaa 284

Query: 122 taattaatcatatcatttatctacctaggtictgcaatcatttaggcettatacgeatcac 181

NIRRT ORI AR
Sbjct: 225 taattaatcatatcatttatcttcctaggttctgeagtcatitaggettatacgeateac 284

Query: 182 tatgtca 188

i i
Sbjct: 285 tatgeea 291

Figure 3.4.2 Query Results of Hs.12716 in Our Local Machine



>nci_cgap_pnsl.out Length = 1543428

Score = 31.1 bits (65), Expect =2.6
Identities = 33/33 (100%), Positives = 33/33 (100%)

Query: 34 tatcattaagcggtatacccattaagacattc 66

(NIRRT
Sbjct: 117 tatcattaagcggtatacccattaagacattc 149

CPU time: 51.82 usersecs. 11.02sys.secs 62.84 total secs.

Database: Testl

Posted date: Jun21, 1998 1:41 PM
Number of letters in database: 89,378,749
Number of sequences in database: 9

Lambda K H
1.37 0.711 131

Gapped
Lambda K H
137 0711 131

Matrix: blastn matrix:1 -3

Gap Penalties: Existence: 5, Extension: 2
Number of Hits to DB: 31411

Number of Sequences: 9

Number of extensions: 31411

Number of successful extensions: 2155
Number of sequences better than 10: 2
length of query: 260

length of database: 89378749

effective HSP length: 188

effective length of query: 241

effective length of database: 284
effective search space: 3371528

T:0

A0

X1: 6 (11.9 bits)

X2: 25 (49.6 bits)

S1: 0 (0.5 bits)

$2:17 (34.2 bits)

Figure 3.4.2 Query Results of Hs.12716 in Our Local Machine ( continued )
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BLASTN 2.0.4 [Feb-24-1998]

Reference: Altschul, Stephen F., Thomas L. Madden, Alejandro A.

Sch&auml;ffer, Jinghui Zhang, Zheng Zhang, Webb Miller, and David J. Lipman
(1997), "Gapped BLAST and PSI-BLAST: a new generation of protein database search
programs”, Nucleic Acids Res. 25:3389-3402.

Query= 827584 gnl{UG|Hs#S5827584 nn69d08.s1 Homo sapiens cDNA
/clone=IMAGE:1089135 /gb=AA586974 /gi=2397788 /ug=Hs.112341 /len=399
(399 letters)

Database: Test] sequences
9 sequences; 89,378,749 total letters

Searchingdone

Score E
Sequences producing significant alignments: (bits) Value
nei_cgap hn3.out 56 4e-06
nci_cgap hnl.out 42 0.061
nci_cgap_pnsl.out 38 0.95

>nci_cgap_hn3.out Length = 1064786

Score = 56 bits (144), Expect = 4e-06
Identities = 106/106 (100%), Positives = 106/106 (100%)

Query: 154 tgggcicltcctﬁgfw\'tggglaglgzllagaatggacagtgtgggaaggggaagggcagcagggact 113
AT
Sbjct: 1143 tgggcatcctgaatgggaggaagaatggacagtgtoggaaggogaaggacageagggact 1202

Query: 114 taggaccagatggggcctgtagetetggggacggeacaggtgeage 159

(A AT O
Shjct: 1203 taggaccagatggggcctgtagetetggggacggeacaggtgeage 1248

Figure 3.4.3 Query Results of Hs.112341 in Our Local Machine
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>nci_cgap_hnl.out Length = 276488

Score = 42 bits (125), Expect = 0.061
Identities = 89/89 (100%), Positives = 89/89 (100%)

Query: 62 ctgaatgggaggaagaatggacagtgtgggaaggegaagggcagcagggacttaggacca 121
U
Sbjct: 29414 ctgaatgggaggaagaatggacagtgtgggaaggggaagggcageagggacttaggacca 29473

Query: 122 gatgggpcctgtagetetg 140

(e
Shjct: 29474 gatggggcctgtagetetg 29492

>nci_cgap_pnsl.out Length = 1543428
Score = 38 bits (108), Expect = 0.95

Identities = 72/77 (94%), Positives = 72/77 (94%)

Query: 175 ctcactggggaacgaaacaggecatcccgeaagagecticacageacttettgattectg 234

L IAATANEE AR A
Sbjct: 1132 cacactggggaacgaaacaggccatttcgcaagagecttcacageacttctigattceta 1191

Query: 235 ggcagtcagtatctttc 251

IR
Sbjct: 1192 ggcagtcagtatetttc 1208

Figure 3.4.3 Query Results of Hs.112341 in Our Local Machine ( continued )
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CPUtime: 31.51 usersecs. 1.10 sys. secs 32.61 total secs.

Database: Testl sequences

Posted date: Jun 26, 1998 8:01 AM
Number of letters in database: 89,378,749
Number of sequences in database: 9

Lambda K H
1.37 0.711 131

Gapped
Lambda K H
1.37 0711 131

Matrix: blastn matrix:1 -3

Gap Penalties: Existence: 5, Extension: 2
Number of Hits to DB: 40416

Number of Sequences: 9

Number of extensions: 40416

Number of successful extensions: 3992
Number of sequences better than 10: 2
length of query: 399

length of database: 89378749

effective HSP length: 19

effective length of query: 167

effective length of database: 29492
effective search space: 4237546

T:0

A: 0

X1: 6 (11.9 bits)

X2: 25 (49.6 bits)

S1: 0 (0.5 bits)

§2: 18 (34.2 bits)

Figure 3.4.3 Query Results of Hs.112341 in Our Local Machine ( continued )

The query sequences for this searching have been filtered. Filtering eliminates
low complexity regions that commonly give spuriously high scores that reflect
compositional bias rather than significant position-by-position alignment. Filtering can
eliminate these potentially confounding matches (e.g., hits against proline-rich regions or
poly-A tails) from the blast reports, leaving regions whose blast statistics reflect the

specificity of their pairwise alignment.



Advanced BLAST

l Clear Input l Baschl.ASTl

i1 (=
submissions

#b-sub@nebi.nlm. nih. goo

Choose program to use and database to search:

Program [blzstn ¥ Databace [r =

™ Perform ungapped alignment

.

The query sequence is filtered for low complexity regions by default.

Enter here your input data as [Seauence in FASTA format ]

996174 gnlIUGIHs#S996174 0j03b10.s]1 Homo sapiens cDNA, 3'
end /clone=IMACE: 1491067 /clone_end=3' /gh=AA937378
tug=Hs. 127136 /len=260 ‘
ATTCAAGCAGTATAGCATTTCATGCAGCTCTTTOTGAATGACTATGTTCTGTAAGCTC

TGCTGTTATTAGTATGTGACTTTTCAAGCATCTCTTTCAACTTAAGCTAGTTA
AGA'I'I'TTA’I'I‘ACTACFATCATITATTITAGCMTGTI’IT)\TMTAATUAMGCCATTM@

Please read about FASTA format description

Advanced options for the BLAST server:

Expect [0 ® Filter[deBul ¥ — NCBLgi
Descriptionslmf@ Alig}mentslm'@ ¥ Graphical Overview
Query Genetic Codes (blastx only) |Standard (1) ‘

Other advanced options: |

to GeaBank: Click here for a description of the 2.0 version of BLAST

24

The BLAST server may be very busy during the weekday, resulting in delays for users. The email option allows a user to receive the

results quickly in a convenient form. If the HTML option is used, the results should be loaded into a web browser for viewing.

™ Sendreplytothe Emailaddress: | | In HTML format

Comments and suggestions to:< bast-help@rnchi.nlm.nih.gov >
Credif tnr Tom Madden. Seroei B. Shavivin and Jinohii Zhano

Figure 3.4.4 Hs.12716, the NCBI HomePage Query Screen
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Advanced BLAST

[_Clearinput | Basic BLasT |

XU e

Sequence submissions " v .
- 1o as-n'-;:'mm Click here for a description of the 2.0 version of BLAST

Choose program to use and database to search:

Prograrn [blstn ¥ Database [r =]

... Perform ungapped alignment

The query sequence is filtered for low complexity regions by default

Enter here your input data as | Seauence in FASTA format ¥

> 827584 gnllUGIHs#S827584 nn69d08.51 Howo sapiens cDNA i
/clone=IMAGE: 1089135 /gb=AAS86974 /gi=2397788 /ug=Hs.112341 Z
/len=399 |
GCAGAAGGAACTCTTTATTGCAAAGTGCATCAGAGAGCCAGCTCCACCCCTGGOCAT
ARTGGCAGCAAGAATGGACAGTOTGGGAAGGGGAAGGOCAGCAGGGACTTAGCACT
ACATGGCOCCTOTAGCTCTOOGACGCACAGOTICAGCARGGACCOCTCCCTCTCACT

Please read about FASTA format description

Advanced options for the BLAST server:

Expect[10 %] Filter[0efat B NCBLgi
Descriptions [100 %] Alignments [0 = Graphical Overview
Query Genetic Codes (blastx only) |Standard (1) ]

Other advanced options: ]

The BLAST server may be very busy during the weekday, resulting in delays for users. The email option allows a user to receive the
results quickly in a convenient form. If the HTML option is used, the results should be loaded into a web browser for viewing.

r Sendreplytothe Emailaddress: [ | In HTML format

Comments and suggestions to:< Blast-help@nchi.nlm.nik.gov >
(redife fo: Tom Madden. Seroei B. Shavivin and Finohiui Zhane

Figure 3.4.5 Hs.112341, the NCBI HomePage Query Screen



CHAPTER 4

COMPARING MOTIFS RETRIEVED FROM PROSITE
WITH MOTIFS FOUND BY SDISCOVER

In some cases the sequence of an unknown protein is too distantly related to any protein
of known structure to detect its resemblance by overall sequence alignment [14,45,52],
but it can be identified by the occurrence in its sequence of a particular cluster of residue
types which is variously known as a pattern, motif, signature, or fingerprint [37]. These
motifs arise because of particular requirements on the structure of specific region(s) of a
protein which may be important, for example, for their binding properties or for their
enzymatic activity. These requirements impose very tight constraints on the evolution of
those limited (in size) but important portion(s) of a protein sequence. The use of protein
sequence patterns (or motifs) to determine the function(s) of proteins is becoming very
rapidly one of the essential tools of sequence analysis.

Currently, the largest collection of sequence motifs in the world is PROSITE
which contains a lot of families of protein [9,28]. PROSITE can be accessed via either
the ExXPASy WWW server or anonymous FTP site. In comparing the difference between
motifs that are stored in Prosite database and motifs that we found by using SDISCOVER
tool, we use the protein family, which include 4 protein sequences, COAGULATION
FACTOR X PRECURSOR as our first sample sequences (Figure 4.1).

>gi|119760|sp|P25155[FA10_CHICK COAGULATION FACTOR X PRECURSOR (STUART FACTOR)
(VIRUS ACTIVATING PROTEASE) (VAP)
MAGRLLLLLLCAALPDELRAEGGVFIKKESADKFLERTKRANSFLEEMK QGNIERECNEERCSKEE
AREAFEDNEKTEEFWNIYVDGDQCSSNPCHYGGQCKDGLGSYTCSCLDGYQGKNCEFVIPKYCKI
NNGDCEQFCSIKKSVQKDVVCSCTSGYELAEDGKQCVSKVK YPCGKVLMKRIKRSVILPTNSNTN
ATSDQDVPSTNGSILEEVFTTTTESPTPPPRNGSSITDPNVDTRIVGGDECRPGECPWQAVLINEKGE
EFCGGTILNEDFILTAAHCINQSKEIKVVVGEVDREKEEHSETTHTAEKIFVHSK YIAETYDNDIALI
KLKEPIQFSEYVVPACLPQADFANEVLMNQKSGMVSGFGREFEAGRLSKRLKVLEVPYVDRSTCK
QSTNFAITENMFCAGYETEQKDACQGDSGGPHVTRYKDTYFVTGIVSWGEGCARKGKYGVYTKL
SRFLRWVRTVMRQK

Figure 4.1 Sequences of COAGULATION FACTOR X PRECURSOR
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>gi|119761|sp|P00742[FA10_HUMAN COAGULATION FACTOR X PRECURSOR

(STUART FACTOR)
MGRPLHLVLLSASLAGLLLLGESLFIRREQANNILARVTRANSFLEEMKKGHLERECMEETCSYEE
AREVFEDSDKTNEFWNKYKDGDQCETSPCQNQGKCKDGLGEYTCTCLEGFEGKNCELFTRKLCS
LDNGDCDQFCHEEQNSVVCSCARGYTLADNGKACIPTGPYPCGKQTLERRKRSVAQATSSSGEAP
DSITWKPYDAADLDPTENPFDLLDFNQTQPERGDNNLTRIVGGQECKDGECPWQALLINEENEGF
CGGTILSEFYILTAAHCLYQAKRFKVRVGDRNTEQEEGGEAVHEVEVVIKHNRFTKETYDEDIAVL
RLKTPITFRMNVAPACLPERDWAESTLMTQKTGIVSGFGRTHEKGRQSTRLKMLEVPYVDRNSCK
LSSSFITQNMFCAGYDTKQEDACQGDSGGPHVTRFKDTYFVTGIVSWGEGCARKGKYGIVTKVT
AFLKWIDRSMKTRGLPKAKSHAPEVITSSPLK

>gi|119759|spjP00743[FA10_BOVIN COAGULATION FACTOR X PRECURSOR (STUART FACTOR)
MAGLLHLVLLSTALGGLLRPAGSVFLPRDQAHRVLQRARRANSFLEEVKQGNLERECLEEACSLE
EAREVFEDAEQTDEFWSKYKDGDQCEGHPCLNQGHCKDGIGDYTCTCAEGFEGKNCEFSTREICS
LDNGGCDQFCREERSEVRCSCAHGYVLGDDSKSCVSTERFPCGKFTQGRSRRWATHTSEDALDAS
ELEHYDPADLSPTESSLDLLGLNRTEPSAGEDGSQVVRIVGGRDCAEGECPWQALLVNEENEGFC
GGTILNEFYVLTAAHCLHQAKRFTVRVGDRNTEQEEGNEMAHEVEMTVKHSRFVKETYDFDIAV
LREKTPIRFRRNVAPACLPEKDWAEATLMTQKTGIVSGFGRTHEKGRLSSTLKMLEVPYVDRSTC
KLSSSFTITPNMFCAGYDTQPEDACQGDSGGPHVTRFKDTYEFVTGIVSWGEGCARKGKFGVYTKV
SNFLKWIDKIMKARAGAAGSRGHSEAPATWTVPPPLPL

>gi' 180336 coagulation factor X precursor
LLGESLFIRREQANNILARVTRANSFLEEMKKGHLERECMEETCSYEEAREVFEDSDK TNEFWNK
YKDGDQCETSPCQNQGKCKDGLGEYTCTCLEGFEGKNCELFTRKLCSLDNGDCDQFCHEEQNSV
VCSCARGYTLADNGKACIPTGPYPCGKQTLERRKRSVAQATSSSGEAPDSITWKPYDAADLDPTE
NPEDLLDFNQTQPERGDNNLTRIVGGQECKDGECPWQALLINEENEGFCGGTILSEFYILTAAHCL
YQAKRFEGDRNTEQEEGGEAVHEVEVVIKHNRFTKETYDFDIAVLRLKTPITFRMNVAPACLPER
DWAESTLMTQKTGIVSGFGRTHEXGRQSTRLKMLEVPYVDRNSCKLSSSFITQNMFCAGYDTKQ

EDACQGDSGGPHVTRFKDTYFVTGIVSWGEGCARKGK YGIYTKVTAFLK WIDRSMKTRGLPKAK
SHAPEVITSSPLK

Figure 4.1 Sequences of COAGULATION FACTOR X PRECURSOR ( continued )

By using SDISCOVER, the query parameters and results are as follows:
Minimum length: 10

Minimum occurrence number: 2

Number of mutations allowed: 1

Total number of sequences: 4

Motifs found: 51147

motifs checked: 52759

After sorted: 166

The motifs, after sorted (eliminating substrings), are shown in Figure 4.2. A
symbol # followed by a number indicates the motif number and another number

preceding the motif indicates the occurrence numbers.
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#1 2

*HLERECMEETCSYEEAREVFEDSDKTNEFWNK YKDGDQCETSPCQNQGKCKDGLGEYT
CTCLEGFEGKNCELFTRKLCSLDNGDCDQFCHEEQNSVVCSCARGYTLADNGKACIPTGPYPCGK
QTLERRKRSVAQATSSSGEAPDSITWKPYDAADLDPTENPFDLLDFNQTQPERGDNNLTRIVGGQE
CKDGECPWQAL*
#2 2
*YKDGDQCETSPCQNQGKCKDGLGEYTCTCLEGFEGKNCELFTRKLCSLDNGDCDQFCH
EEQNSVVCSCARGYTLADNGKACIPTGPYPCGKQTLERRKRSVAQATSSSGEAPDSITWKPYDAA
DLDPTENPFDLLDFNQTQPER GDNNLTRIVGGQECKDGECPWQALLINEENEGFCGGTILSEFYILT
AAHCLYQAKR*
4 2
*YEEAREVFEDSDKTNEFWNK YKDGDQCETSPCQNQGKCKDGLGEY TCTCLEGFEGKNC
ELFTRKLCSLDNGDCDQFCHEEQNSVVCSCARGYTLADNGKACIPTGPYPCGKQTLERRKRSVAQ
ATSSSGEAPDSITWKPYDAADLDPTENPFDLLDFNQTQPERGDNNLTRIVGGQECKDGECPWQALL
INEENEGFCGG*
#4 2
*WNKYKDGDQCETSPCQNQGKCKDGLGEYTCTCLEGFEGKNCELFTRKLCSLDNGDCD
QFCHEEQNSVVCSCARGYTLADNGKACIPTGPYPCGKQTLERRKRSVAQATSSSGEAPDSITWKPY
DAADLDPTENPFDLLDFNQTQPERGDNNLTRIVGGQECKDGECPWQALLINEENEGFCGGTILSEFR
YILTAAHCLYQ*
45 2
*QANNILARVTRANSFLEEMKKGHLERECMEETCS YEEAREVFEDSDKTNEFWNKYKDG
DQCETSPCQNQGKCKDGLGEYTCTCLEGFEGKNCELFTRKLCSLDNGDCDQFCHEEQNSVVCSCA
RGYTLADNGKACIPTGPYPCGKQTLERRKRSVAQATSSSGEAPDSITWKPYDAADLDPTENPFDLL
DFNQTQPERGD*
46 2
*NKYKDGDQCETSPCQNQGKCKDGLGEYTCTCLEGFEGKNCELFTRKLCSLDNGDCDQF
CHEEQNSVVCSCARGYTLADNGKACIPTGPYPCGKQTLERRKRSVAQATSSSGEAPDSITWKPYDA
ADLDPTENPFDLLDFNQTQPERGDNNLTRIVGGQECKDGECPWQALLINEENEGFCGGTILSEFYIL
TAAHCLYQA*
47 2
*NNILARVTRANSFLEEMKKGHLERECMEETCSYEEAREVFEDSDK TNEFWNK YKDGDQ
CETSPCQNQGKCKDGLGEYTCTCLEGFEGKNCELFTRKLCSLDNGDCDQFCHEEQNSVVCSCARG
YTLADNGKACIPTGPYPCGKQTLERRKRSVAQATSSSGEAPDSITWKPYDAADLDPTENPFDLLDF
NQTQPERGDNN*
48 2
*NEFWNKYKDGDQCETSPCQNQGKCKDGLGEYTCTCLEGFEGKNCELFTRKLCSLDNGD
CDQFCHEEQNSVVCSCARGYTLADNGKACIPTGPYPCGKQTLERRKRSVAQATSSSGEAPDSITWK
PYDAADLDPTENPFDLLDFNQTQPERGDNNLTRIVGGQECKDGECPWQALLINEENEGFCGGTILS
EFYILTAAHC*
#9 2
*NILARVTRANSFLEEMK K GHLERECMEETCS YEEAREVFEDSDK TNEFWNK YKDGDQC
ETSPCQNQGKCKDGLGEYTCTCLEGFEGKNCELFTRKLCSLDNGDCDQFCHEEQNSVVCSCARGY
TLADNGKACIPTGPYPCGKQTLERRKRSVAQATSSSGEAPDSITWKPYDAADLDPTENPFDLLDFN
QTQPERGDNNL*
#0 2
*NSFLEEMKK GHLERECMEETCSYEEAREVFEDSDKTNEFWNK YKDGDQCETSPCQNQG
KCKDGLGEYTCTCLEGFEGKNCELFTRKLCSLDNGDCDQFCHEEQNSVVCSCARGYTLADNGKA
CIPTGPYPCGKQTLERRKRSVAQATSSSGEAPDSITWKPYDAADLDPTENPFDLLDFNQTQPERGD
NNLTRIVGGQEC*
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#11 2

*TRANSFLEEMKKGHLERECMEETCSYEEAREVFEDSDKTNEFWNKYKDGDQCETSPCQ
NQGKCKDGLGEYTCTCLEGFEGKNCELFTRKLCSLDNGDCDQFCHEEQNSVVCSCARGYTLADN
GKACIPTGPYPCGKQTLERRKRSVAQATSSSGEAPDSITWKPYDAADLDPTENPFDLLDFNQTQPE
RGDNNLTRIVGG*

#12 2

*TNEFWNK YKDGDQCETSPCQNQGKCKDGLGEYTCTCLEGFEGKNCELFTRKLCSLDNG
DCDQFCHEEQNSVVCSCARGYTLADNGKACIPTGPYPCGKQTLERRKRSVAQATSSSGEAPDSITW
KPYDAADLDPTENPFDLLDFNQTQPERGDNNLTRIVGGQECKDGECPWQALLINEENEGFCGGTIL
SEFYILTAAH*
#3 2

*TCSYEEAREVFEDSDK TNEFWNK YKDGDQCETSPCQNQGKCKDGLGEYTCTCLEGFEG
KNCELFTRKLCSLDNGDCDQFCHEEQNSVVCSCARGYTLADNGKACIPTGPYPCGKQTLERRKRS
VAQATSSSGEAPDSITWKPYDAADLDPTENPFDLLDFNQTQPERGDNNLTRIVGGQECKDGECPW
QALLINEENEGF*
#4 2

*SLFIRREQANNILARVTRANSFLEEMKK GHLERECMEETCS YEEAREVFEDSDK TNEFW
NKYKDGDQCETSPCQNQGKCKDGLGEYTCTCLEGFEGKNCELFTRKLCSLDNGDCDQFCHEEQN
SVVCSCARGYTLADNGKACIPTGPYPCGKQTLERRKRSVAQATSSSGEAPDSITWKPYDAADLDPT
ENPFDLLDFNQ*
45 2

*SDKTNEFWNK YKDGDQCETSPCQNQGKCKDGLGEYTCTCLEGFEGKNCELFTRKLCSL
DNGDCDQFCHEEQNSVVCSCARGYTLADNGKACIPTGPYPCGKQTLERRKRSVAQATSSSGEAPD
SITWKPYDAADLDPTENPFDLLDFNQTQPERGDNNLTRIVGGQECKDGECPWQALLINEENEGFCG
GTILSEFYILT*
416 2

*SYEEAREVFEDSDK TNEFWNK YKDGDQCETSPCONQGKCKDGLGEYTCTCLEGFEGKN
CELFTRKLCSLDNGDCDQFCHEEQNSVVCSCARGYTLADNGKACIPTGPYPCGKQTLERRKRSVA
QATSSSGEAPDSITWKPYDAADLDPTENPFDLLDFNQTQPERGDNNLTRIVGGQECKDGECPWQA
LLINEENEGFCG*
#7 2

*SFLEEMKKGHLERECMEETCS YEEAREVFEDSDKTNEFWNK YKDGDQCETSPCQNQGK
CKDGLGEYTCTCLEGFEGKNCELFTRKLCSLDNGDCDQFCHEEQNSVVCSCARGYTLADNGKACI
PTGPYPCGKQTLERRKRSVAQATSSSGEAPDSITWKPYDAADLDPTENPFDLLDFNQTQPERGDNN
LTRIVGGQECK*
418 2

*KGHLERECMEETCS YEEAREVFEDSDK TNEFWNK YKDGDQCETSPCQNQGKCKDGLG
EYTCTCLEGFEGKNCELFTRKLCSLDNGDCDQFCHEEQNSVVCSCARGYTLADNGKACIPTGPYP
CGKQTLERRKRSVAQATSSSGEAPDSITWKPYDAADLDPTENPFDLLDFNQTQPERGDNNLTRIVG
GQECKDGECPWQ*

#9 2
*KYKDGDQCETSPCQNQGKCKDGLGEYTCTCLEGFEGKNCELFTRKLCSLDNGDCDQFC
HEEQNSVVCSCARGYTLADNGKACIPTGPYPCGKQTLERRKRSVAQATSSSGEAPDSITWKPYDA
ADLDPTENPFDLLDFNQTQPER GDNNLTRIVGGQECKDGECPWQALLINEENEGFCGGTILSEFYIL
TAAHCLYQAK*
#00 2
*KDGDQCETSPCQONQGKCKDGLGEYTCTCLEGFEGKNCELFTRKLCSLDNGDCDQFCHE
EQNSVVCSCARGYTLADNGKACIPTGPYPCGKQTLERRKRSVAQATSSSGEAPDSITWKPYDAAD
LDPTENPFDLLDFNQTQPERGDNNLTRIVGGQECKDGECPWQALLINEENEGFCGGTILSEFYILTA
AHCLYQAKRF*
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#1 2

*KTNEFWNK YKDGDQCETSPCQNQGKCKDGLGEYTCTCLEGFEGKNCELFTRKLCSLDN
GDCDQFCHEEQNSVVCSCARGYTLADNGKACIPTGPYPCGKQTLERRKRSVAQATSSSGEAPDSIT
WKPYDAADLDPTENPFDLLDFNQTQPERGDNNLTRIVGGQECKDGECPWQALLINEENEGFCGGT
ILSEFYILTAA*
42 2

*KKGHLERECMEETCSYEEAREVFEDSDKTNEFWNK YKDGDQCETSPCQNQGKCKDGL
GEYTCTCLEGFEGKNCELFTRKLCSLDNGDCDQFCHEEQNSVVCSCARGYTLADNGKACIPTGPY
PCGKQTLERRKRSVAQATSSSGEAPDSITWKPYDAADLDPTENPFDLLDFNQTQPERGDNNLTRIV
GGQECKDGECPW*
#3 2

*[RREQANNILARV TRANSFLEEMKKGHLERECMEETCSYEEAREVFEDSDK TNEFWNK Y
KDGDQCETSPCQNQGKCKDGLGEYTCTCLEGFEGKNCELFTRKLCSLDNGDCDQFCHEEQNSVV
CSCARGYTLADNGKACIPTGPYPCGKQTLERRKRSVAQATSSSGEAPDSITWKPYDAADLDPTENP
FDLLDFNQTQP*
w04 2

*[LARVTRANSFLEEMKKGHLERECMEETCS YEEAREVFEDSDKTNEFWNK YKDGDQCE
TSPCQNQGKCKDGLGEYTCTCLEGFEGKNCELFTRKLCSLDNGDCDQFCHEEQNSVVCSCARGYT
LADNGKACIPTGPYPCGKQTLERRKRSVAQATSSSGEAPDSITWKPYDAADLDPTENPEDLLDENQ
TQPERGDNNLT*
05 2

*FWNKYKDGDQCETSPCQNQGKCKDGLGEYTCTCLEGFEGKNCELFTRKLCSLDNGDCD
QFCHEEQNSVVCSCARGYTLADNGKACIPTGPYPCGKQTLERRKRSVAQATSSSGEAPDSITWKPY
DAADLDPTENPFDLLDFNQTQPERGDNNLTRIVGGQECKDGECPWQALLINEENEGFCGGTILSEF
YILTAAHCLY*
06 2

*FEDSDKTNEFWNK YKDGDQCETSPCQNQGK CKDGLGEYTCTCLEGFEGKNCELFTRKL
CSLDNGDCDQFCHEEQNSVVCSCARGYTLADNGKACIPTGPYPCGKQTLERRKRSVAQATSSSGE
APDSITWKPYDAADLDPTENPFDLLDFNQTQPERGDNNLTRIVGGQECKDGECPWQALLINEENE
GFCGGTILSEFY*
®7 2

*FLEEMKKGHLERECMEETCS YEEAREVFEDSDK TNEFWNK YKDGDQCETSPCQNQGKC
KDGLGEYTCTCLEGFEGKNCELFTRKLCSLDNGDCDQFCHEEQNSVVCSCARGYTLADNGKACIP
TGPYPCGKQTLERRKRSVAQATSSSGEAPDSITWKPYDAADLDPTENPFDLLDFNQTQPERGDNNL
TRIVGGQECKD*
#0s 2

+*FIRREQANNILARVTRANSFLEEMKKGHLERECMEETCS YEEAREVFEDSDKTNEFWNK
YKDGDQCETSPCQNQGKCKDGLGEY TCTCLEGFEGKNCELFTRKLCSLDNGDCDQFCHEEQNSV
VCSCARGYTLADNGKACIPTGPYPCGKQTLERRKRSVAQATSSSGEAPDSITWKPYDAADLDPTEN
PFDLLDFNQTQ*
#9 2

*VTRANSFLEEMKKGHLERECMEETCSYEEAREVFEDSDK TNEFWNK YKDGDQCETSPC
QNQGKCKDGLGEYTCTCLEGFEGKNCELFTRKLCSLDNGDCDQFCHEEQNSVVCSCARGYTLAD
NGKACIPTGPYPCGKQTLERRKRSVAQATSSSGEAPDSITWKPYDAADLDPTENPFDLLDFNQTQP
ERGDNNLTRIVG*

#30 2

*VGDRNTEQEEGGEAVHEVEVVIKHNRFTKETYDFDIAVLRLKTPITFRMNVAPACLPERD
WAESTLMTQKTGIVSGFGRTHEKGRQSTRLKMLEVPYVDRNSCKLSSSFIITQNMFCAGYDTKQE
DACQGDSGGPHVTRFKDTYFVTGIVSWGEGCARKGKYGIYTKVTAFLKWIDRSMKTRGLPKAKS
HAPEVITSSPL*
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#31 2

*VFEDSDKTNEFWNKYKDGDQCETSPCQNQGKCKDGLGEYTCTCLEGFEGKNCELFTRK
LCSLDNGDCDQFCHEEQNSVVCSCARGYTLADNGKACIPTGPYPCGKQTLERRKRSVAQATSSSG

EAPDSITWKPYDAADLDPTENPFDLLDFNQTQPERGDNNLTRIVGGQECKDGECPWQALLINEENE
GFCGGTILSEF*

#32 2

*ETCSYEEAREVFEDSDKTNEFWNKYKDGDQCETSPCQNQGKCKDGLGEYTCTCLEGFE
GKNCELFTRKLCSLDNGDCDQFCHEEQNSVVCSCARGYTLADNGKACIPTGPYPCGKQTLERRKR
SVAQATSSSGEAPDSITWKPYDAADLDPTENPFDLLDFNQTQPERGDNNLTRIVGGQECKDGECPW
QALLINEENEG*

#33 2

*EVFEDSDKTNEFWNKYKDGDQCETSPCQNQGKCKDGLGEYTCTCLEGFEGKNCELFTR
KLCSLDNGDCDQFCHEEQNSVVCSCARGYTLADNGKACIPTGPYPCGKQTLERRKRSVAQATSSS

GEAPDSITWKPYDAADLDPTENPFDLLDFNQTQPERGDNNLTRIVGGQECKDGECPWQALLINEE
NEGFCGGTILSE*

#34 2
*EQANNILARVTRANSFLEEMKK GHLERECMEETCS YEEAREVFEDSDKTNEFWNK YKD

GDQCETSPCQNQGKCKDGLGEYTCTCLEGFEGKNCELFTRKLCSLDNGDCDQFCHEEQNSVVCSC

ARGYTLADNGKACIPTGPYPCGKQTLERRKRSVAQATSSSGEAPDSITWKPYDAADLDPTENPFDL

LDFNQTQPERG*

#35 2
*EFWNKYKDGDQCETSPCQNQGKCKDGLGEYTCTCLEGFEGKNCELFTRKLCSLDNGDC

DQFCHEEQNSVVCSCARGYTLADNGKACIPTGPYPCGKQTLERRKRSVAQATSSSGEAPDSITWKP

YDAADLDPTENPFDLLDFNQTQPERGDNNLTRIVGGQECKDGECPWQALLINEENEGFCGGTILSE
FYILTAAHCL*

#36 2

*EDSDKTNEFWNKYKDGDQCETSPCQNQGKCKDGLGEYTCTCLEGFEGKNCELFTRKLC
SLDNGDCDQFCHEEQNSVVCSCARGYTLADNGKACIPTGPYPCGKQTLERRKRSVAQATSSSGEA

PDSITWKPYDAADLDPTENPFDLLDFNQTQPERGDNNLTRIVGGQECKDGECPWQALLINEENEGF
CGGTILSEFYI*

#3717 2
*EAREVFEDSDK TNEFWNK YKDGDQCETSPCQNQGKCKDGLGEYTCTCLEGFEGKNCEL
FTRKLCSLDNGDCDQFCHEEQNSVVCSCARGYTLADNGKACIPTGPYPCGKQTLERRKRSVAQAT
SSSGEAPDSITWKPYDAADLDPTENPFDLLDFNQTQPERGDNNLTRIVGGQECKDGECPWQALLIN
EENEGFCGGTI*
#38 2
*ECMEETCSYEEAREVFEDSDK TNEFWNK YKDGDQCETSPCQNQGKCKDGLGEYTCTCL
EGFEGKNCELFTRKLCSLDNGDCDQFCHEEQNSVVCSCARGYTLADNGKACIPTGPYPCGKQTLE
RRKRSVAQATSSSGEAPDSITWKPYDAADLDPTENPFDLLDFNQTQPERGDNNLTRIVGGQECKDG
ECPWQALLINE*
#39 2
*EMKKGHLERECMEETCS YEEAREVFEDSDK TNEFWNK YKDGDQCETSPCQNQGKCKD
GLGEYTCTCLEGFEGKNCELFTRKLCSLDNGDCDQFCHEEQNSVVCSCARGYTLADNGKACIPTG
PYPCGKQTLERRKRSVAQATSSSGEAPDSITWKPYDAADLDPTENPFDLLDFNQTQPERGDNNLTRI
VGGQECKDGEC*
#0 2
*EETCSYEEAREVFEDSDK TNEFWNK YKDGDQCETSPCQNQGKCKDGLGEYTCTCLEGF
EGKNCELFTRKLCSLDNGDCDQFCHEEQNSVVCSCARGYTLADNGKACIPTGPYPCGKQTLERRK
RSVAQATSSSGEAPDSITWKPYDAADLDPTENPFDLLDFNQTQPERGDNNLTRIVGGQECKDGECP
WQALLINEENE*
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#41 2

*EEAREVFEDSDKTNEFWNKYKDGDQCETSPCQNQGKCKDGLGEYTCTCLEGFEGKNCE
LFTRKLCSLDNGDCDQFCHEEQNSVVCSCARGYTLADNGKACIPTGPYPCGKQTLERRKRSVAQA

TSSSGEAPDSITWKPYDAADLDPTENPFDLLDFNQTQPERGDNNLTRIVGGQECKDGECPWQALLI
NEENEGFCGGT*

#42 2

*EEMKKGHLERECMEETCSYEEAREVFEDSDKTNEFWNK YKDGDQCETSPCQNQGKCK
DGLGEYTCTCLEGFEGKNCELFTRKLCSLDNGDCDQFCHEEQNSVVCSCARGYTLADNGKACIPT

GPYPCGKQTLERRKRSVAQATSSSGEAPDSITWKPYDAADLDPTENPFDLLDFNQTQPERGDNNLT
RIVGGQECKDGE*

#43 2
*ERECMEETCSYEEAREVFEDSDKTNEFWNKYKDGDQCETSPCQNQGKCKDGLGEYTCT
CLEGFEGKNCELFTRKLCSLDNGDCDQFCHEEQNSVVCSCARGYTLADNGKACIPTGPYPCGKQT
LERRKRSVAQATSSSGEAPDSITWKPYDAADLDPTENPFDLLDFNQTQPERGDNNLTRIVGGQECK
DGECPWQALLI*
#44 2
*ESLFIRREQANNILARVTRANSFLEEMKK GHLERECMEETCSYEEAREVFEDSDKTNEFW
NKYKDGDQCETSPCQNQGKCKDGLGEYTCTCLEGFEGKNCELFTRKLCSLDNGDCDQFCHEEQN
SVVCSCARGYTLADNGKACIPTGPYPCGKQTLERRKRSVAQATSSSGEAPDSITWKPYDAADLDPT
ENPFDLLDFN*
#45 2

*EGDRNTEQEEGGEAVHEVEVVIKHNRFTKETYDFDIAVLRLKTPITFRMNVAPACLPERD
WAESTLMTQKTGIVSGFGRTHEKGRQSTRLKMLEVPYVDRNSCKLSSSFIITQNMFCAGYDTKQE

DACQGDSGGPHVTRFKDTYFVTGIVSWGEGCARKGKYGIYTKVTAFLK WIDRSMKTRGILPKAKS
HAPEVITSSPL*

#46 2

*DSDKTNEFWNKYKDGDQCETSPCQNQGK CKDGLGEYTCTCLEGFEGKNCELFTRKLCS
LDNGDCDQFCHEEQNSVVCSCARGYTLADNGKACIPTGPYPCGKQTLERRKRSVAQATSSSGEAP

DSITWKPYDAADLDPTENPFDLLDFNQTQPERGDNNLTRIVGGQECKDGECPWQALLINEENEGFC
GGTILSEFYIL*

#47 2
*DGDQCETSPCQNQGKCKDGLGEYTCTCLEGFEGKNCELFTRKLCSLDNGDCDQFCHEE
QNSVVCSCARGYTLADNGKACIPTGPYPCGKQTLERRKRSVAQATSSSGEAPDSITWKPYDAADL
DPTENPFDLLDFNQTQPERGDNNLTRIVGGQECKDGECPWQALLINEENEGFCGGTILSEFYILTAA
HCLYQAKRFE*
#48 2
*DGDQCETSPCQNQGKCKDGLGEYTCTCLEGFEGKNCELFTRKLCSLDNGDCDQFCHEE
QNSVVCSCARGYTLADNGKACIPTGPYPCGKQTLERRKRSVAQATSSSGEAPDSITWKPYDAADL
DPTENPFDLLDFNQTQPERGDNNLTRIVGGQECKDGECPWQALLINEENEGFCGGTILSEFYILTAA
HCLYQAKRFK*
#49 2
*DKTNEFWNKYKDGDQCETSPCQNQGKCKDGLGEYTCTCLEGFEGKNCELFTRKLCSLD
NGDCDQFCHEEQNSVVCSCARGYTLADNGKACIPTGPYPCGKQTLERRKRSVAQATSSSGEAPDSI

TWKPYDAADLDPTENPFDLLDFNQTQPERGDNNLTRIVGGQECKDGECPWQALLINEENEGFCGG
TILSEFYILTA*

#50 2
*CMEETCSYEEAREVFEDSDKTNEFWNKYKDGDQCETSPCONQGKCKDGLGEYTCTCLE
GFEGKNCELFTRKLCSLDNGDCDQFCHEEQNSVVCSCARGYTLADNGKACIPTGPYPCGKQTLER

RKRSVAQATSSSGEAPDSITWKPYDAADLDPTENPFDLLDFNQTQPERGDNNLTRIVGGQECKDGE
CPWQALLINEE*
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#51 2

*CSYEEAREVFEDSDKTNEFWNK YKDGDQCETSPCQNQGKCKDGLGEYTCTCLEGFEGK
NCELFTRKLCSLDNGDCDQFCHEEQNSVVCSCARGYTLADNGKACIPTGPYPCGKQTLERRKRSV
AQATSSSGEAPDSITWKPYDAADLDPTENPFDLLDFNQTQPERGDNNLTRIVGGQECKDGECPWQ
ALLINEENEGFC*

#52 2

*LFIRREQANNILARVTRANSFLEEMKKGHLERECMEETCS YEEAREVFEDSDK TNEFWN
KYKDGDQCETSPCQNQGKCKDGLGEY TCTCLEGFEGKNCELFTRKLCSLDNGDCDQFCHEEQNS

VVCSCARGYTLADNGKACIPTGPYPCGKQTLERRKRSVAQATSSSGEAPDSITWKPYDAADLDPTE
NPFDLLDFNQT*

#53 2
*LARVTRANSFLEEMKK GHLERECMEETCSYEEAREVFEDSDKTNEFWNK YKDGDQCET
SPCQNQGKCKDGLGEYTCTCLEGFEGKNCELFTRKLCSLDNGDCDQFCHEEQNSVVCSCARGYTL
ADNGKACIPTGPYPCGKQTLERRKRSVAQATSSSGEAPDSITWKPYDAADLDPTENPFDLLDENQT
QPERGDNNLTR*
#54 2
*LGESLFIRREQANNILARVTRANSFLEEMKKGHLERECMEETCSYEEAREVFEDSDKTNE
FWNKYKDGDQCETSPCQNQGKCKDGLGEYTCTCLEGFEGKNCELFTRKLCSLDNGDCDQFCHEE
QNSVVCSCARGYTLADNGKACIPTGPYPCGKQTLERRKRSVAQATSSSGEAPDSITWKPYDAADL
DPTENPFDLLD*
#55 2
*LEEMKKGHLERECMEETCSYEEAREVFEDSDK TNEFWNK YKDGDQCETSPCQNQGKC
KDGLGEYTCTCLEGFEGKNCELFTRKLCSLDNGDCDQFCHEEQNSVVCSCARGYTLADNGKACIP
TGPYPCGKQTLERRKRSVAQATSSSGEAPDSITWKPYDAADLDPTENPFDLLDFNQTQPERGDNNL
TRIVGGQECKDG*
#56 2
*LERECMEETCSYEEAREVFEDSDKTNEFWNKYKDGDQCETSPCQNQGKCKDGLGEYTC
TCLEGFEGKNCELFTRKLCSLDNGDCDQFCHEEQNSVVCSCARGYTLADNGKACIPTGPYPCGKQ
TLERRKRSVAQATSSSGEAPDSITWKPYDAADLDPTENPFDLLDFNQTQPERGDNNLTRIVGGQEC
KDGECPWQALL*
#57 2
*LLGESLFIRREQANNILARVTRANSFLEEMKKGHLERECMEETCSYEEAREVFEDSDKTN
EFWNKYKDGDQCETSPCQNQGKCKDGLGEYTCTCLEGFEGKNCELFTRKLCSLDNGDCDQFCHE
EQNSVVCSCARGYTLADNGKACIPTGPYPCGKQTLERRKRSVAQATSSSGEAPDSITWKPYDAAD
LDPTENPFDLL*
#58 2
*LLLGESLFIRREQANNILARVTRANSFLEEMKKGHLERECMEETCSYEEAREVFEDSDKT
NEFWNKYKDGDQCETSPCONQGKCKDGLGEYTCTCLEGFEGKNCELFTRKLCSLDNGDCDQFCH
EEQNSVVCSCARGYTLADNGKACIPTGPYPCGKQTLERRKRSVAQATSSSGEAPDSITWKPYDAA
DLDPTENPFDL*
#59 2
*RVTRANSFLEEMKKGHLERECMEETCSYEEAREVFEDSDKTNEFWNKYKDGDQCETSP
CQNQGKCKDGLGEYTCTCLEGFEGKNCELFTRKLCSLDNGDCDQFCHEEQNSVVCSCARGYTLA
DNGKACIPTGPYPCGKQTLERRKRSVAQATSSSGEAPDSITWKPYDAADLDPTENPFDLLDFNQTQ
PERGDNNLTRIV* ’
#60 2
*RREQANNILARVTRANSFLEEMKKGHLERECMEETCS YEEAREVFEDSDKTNEFWNKY
KDGDQCETSPCQNQGKCKDGLGEYTCTCLEGFEGKNCELFTRKLCSLDNGDCDQFCHEEQNSVV
CSCARGYTLADNGKACIPTGPYPCGKQTLERRKRSVAQATSSSGEAPDSITWKPYDAADLDPTENP
FDLLDFNQTQPE*
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#61 2

*REVFEDSDKTNEFWNKYKDGDQCETSPCQNQGKCKDGLGEYTCTCLEGFEGKNCELFT
RKLCSLDNGDCDQFCHEEQNSVVCSCARGYTLADNGKACIPTGPYPCGKQTLERRKRSVAQATSS

SGEAPDSITWKPYDAADLDPTENPFDLLDFNQTQPERGDNNLTRIVGGQECKDGECPWQALLINEE
NEGFCGGTILS*

#62 2

*REQANNILARVTRANSFLEEMKK GHLERECMEETCSYEEAREVFEDSDK TNEFWNK YK
DGDQCETSPCOQNQGKCKDGLGEYTCTCLEGFEGKNCELFTRKLCSLDNGDCDQFCHEEQNSVVC
SCARGYTLADNGKACIPTGPYPCGKQTLERRKRSVAQATSSSGEAPDSITWKPYDAADLDPTENPF
DLLDFNQTQPER*

#63 2

*RECMEETCSYEEAREVFEDSDKTNEFWNKYKDGDQCETSPCQNQGKCKDGLGEYTCTC
LEGFEGKNCELFTRKLCSLDNGDCDQFCHEEQNSVVCSCARGYTLADNGKACIPTGPYPCGKQTL

ERRKRSVAQATSSSGEAPDSITWKPYDAADLDPTENPFDLLDFNQTQPERGDNNLTRIVGGQECKD
GECPWQALLIN*
#64 2

*RANSFLEEMKKGHLERECMEETCS YEEAREVFEDSDKTNEFWNK YKDGDQCETSPCQN
QGKCKDGLGEYTCTCLEGFEGKNCELFTRKLCSLDNGDCDQFCHEEQNSVVCSCARGYTLADNG

KACIPTGPYPCGKQTLERRKRSVAQATSSSGEAPDSITWKPYDAADLDPTENPFDLLDFNQTQPER
GDNNLTRIVGGQ*

#65 2

*GHLERECMEETCSYEEAREVFEDSDKTNEFWNK YKDGDQCETSPCQNQGKCKDGLGE
YTCTCLEGFEGKNCELFTRKLCSLDNGDCDQFCHEEQNSVVCSCARGYTLADNGKACIPTGPYPC
GKQTLERRKRSVAQATSSSGEAPDSITWKPYDAADLDPTENPFDLLDFNQTQPERGDNNLIRIVGG
QECKDGECPWQA*
#66 2

*GESLFIRREQANNILARVTRANSFLEEMKK GHLERECMEETCSYEEAREVFEDSDKTNEF
WNKYKDGDQCETSPCQNQGKCKDGLGEYTCTCLEGFEGKNCELFTRKLCSLDNGDCDQFCHEEQ

NSVVCSCARGYTLADNGKACIPTGPYPCGKQTLERRKRSVAQATSSSGEAPDSITWKPYDAADLDP
TENPFDLLDF*

467 2
*GDRNTEQEEGGEAVHEVEVVIKHNRFTKETYDFDIAVLRLK TPITFRMNVAPACLPERDW
AESTLMTQKTGIVSGFGRTHEKGRQSTRLKMLEVPYVDRNSCKLSSSFIITQNMFCAGYDTKQEDA
CQGDSGGPHVTRFKDTYFVTGIVSWGEGCARKGK YGIY TKVTAFLK WIDRSMK TRGLPKAKSHA
PEVITSSPLK*
#68 2
*ARVTRANSFLEEMKK GHLERECMEETCS YEEAREVFEDSDKTNEFWNKYKDGDQCETS
PCQNQGKCKDGLGEYTCTCLEGFEGKNCELFTRKLCSLDNGDCDQFCHEEQNSVVCSCARGYTL
ADNGKACIPTGPYPCGKQTLERRKRSVAQATSSSGEAPDSITWKPYDAADLDPTENPFDLLDENQT
QPERGDNNLTRI*
469 2
*AREVFEDSDKTNEFWNK YKDGDQCETSPCQNQGKCKDGLGEYTCTCLEGFEGKNCELF
TRKLCSLDNGDCDQFCHEEQNSVVCSCARGYTLADNGKACIPTGPYPCGKQTLERRKRSVAQATS
SSGEAPDSITWKPYDAADLDPTENPFDLLDFNQTQPERGDNNLTRIVGGQECKDGECPWQALLINE
ENEGFCGGTIL*
470 2
*ANNILARVTRANSFLEEMKK GHLERECMEETCS YEEAREVFEDSDK TNEFWNKYKDGD
QCETSPCQNQGKCKDGLGEYTCTCLEGFEGKNCELFTRKLCSLDNGDCDQFCHEEQNSVVCSCAR
GYTLADNGKACIPTGPYPCGKQTLERRKRSVAQATSSSGEAPDSITWKPYDAADLDPTENPFDLLD
FNQTQPERGDN*
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#71 2

*ANSFLEEMKKGHLERECMEETCSYEEAREVFEDSDK TNEFWNK YKDGDQCETSPCQNQ
GKCKDGLGEYTCTCLEGFEGKNCELFTRKLCSLDNGDCDQFCHEEQNSVVCSCARGYTLADNGK
ACIPTGPYPCGKQTLERRKRSVAQATSSSGEAPDSITWKPYDAADLDPTENPFDLLDFNQTQPERG
DNNLTRIVGGQE*

#72 2

*MEETCSYEEAREVFEDSDKTNEFWNK YKDGDQCETSPCQNQGKCKDGLGEYTCTCLEG
FEGKNCELFTRKLCSLDNGDCDQFCHEEQNSVVCSCARGYTLADNGKACIPTGPYPCGKQTLERR
KRSVAQATSSSGEAPDSITWKPYDAADLDPTENPFDLLDFNQTQPERGDNNLTRIVGGQECKDGEC
PWQALLINEEN*

#73 2

*MKKGHLERECMEETCSYEEAREVFEDSDKTNEFWNK YKDGDQCETSPCQNQGKCKDG
LGEYTCTCLEGFEGKNCELFTRKLCSLDNGDCDQFCHEEQNSVVCSCARGYTLADNGKACIPTGP
YPCGKQTLERRKRSVAQATSSSGEAPDSITWKPYDAADLDPTENPFDLLDFNQTQPERGDNNLTRI
VGGQECKDGECP*

#74
#75
#76
#77
#78
#79
#80
#81
#82
#83
#84
#85
#86
#87
#88
#89
#30
#91
#92
#93
#94
#95
#96
#97
#98
#99
#100
#101
#102
#103
#104
#105
#106
#107

*QPEDACQGDSGGPHVTRFKDTYFVTGIVSWGEGCARKGK*
*EDACQGDSGGPHVTRFKDTYFVTGIVSWGEGCARKGKFG*
*EDACQGDSGGPHVTRFKDTYFVTGIVSWGEGCARKGKYG*
*QEDACQGDSGGPHVTRFKDTYFVTGIVSWGEGCARKGK *
*DACQGDSGGPHVTRFKDTYFVTGIVSWGEGCARKGKYG*
*DACQGDSGGPHVTRYKDTYFVTGIVSWGEGCARKGKYG*
*DACQGDSGGPHVTRYKDTYFVTGIVSWGEGCARKGK*
*KDTYFVTGIVSWGEGCARKGKFGVYTK*
*KDTYFVTGIVSWGEGCARKGKYGIYTK*
*KDTYFVTGIVSWGEGCARKGKYGVYTK*
*DWAEATLMTQKTGIVSGFGRTHEKGR*
*DWAESTLMTQKTGIVSGFGRTHEKGR*
*TLMTQKTGIVSGFGRTHEK GRLS*
*TLMTQKTGIVSGFGRTHEK GRQS*
*KDTYFVTGIVSWGEGCARKGKFG*
*GECPWQALLVNEENEGFCGGTIL*
*GECPWQALLINEENEGFCGGTIL*
*KETYDFDIAVLRLKTPIRFR*

*KETYDFDIAVLRLKTPITFR*

*RFVKETYDFDIAVLRLKTPI*

*RFTKETYDFDIAVLRLKTPI*

*QAKRFTVRVGDRNTEQEEG*
*QAKRFKVRVGDRNTEQEEG*

*NEENEGFCGGTILNEFY*

*NEENEGFCGGTILSEFY*

*QEDACQGDSGGPHVTR*

*QKDACQGDSGGPHVTR*

*YTCTCAEGFEGKNCE*

*YTCTCLEGFEGKNCE*

*KDACQGDSGGPHVTR*

*VRVGDRNTEQEEGNE*

*VRVGDRNTEQEEGGE*

*LKMLEVPYVDRSTCK*

*LKVLEVPYVDRSTCK*

RO N R WWWRWWRNNWWWWWWARWWLWWWRWNDWRWWLWWLW

Figure 4.2 Motifs of Protein Sequences Found by SDISCOVER ( continued )
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#109
#110
#111
#112
#113
#114
#115
#116
#117
#118
#119
#120
#121
#122
#123
#124
#125
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#130
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#135
#136
#137
#138
#139
#140
#141
#142
#143
#144
#145
#146
#147
#148
#149
#150
#151
#152
#153
#154
#155
#156
#157

uwp#.&&wmu&w&wwwwwwwwupw.:;.;;wAuwwwuuwwwwwuwwwwwwwwwuw

*NVAPACLPEKDWAE*
*NVAPACLPERDWAE*
*STRLKMLEVPYVDR*
*LEVPYVDRSTCKLS*
*LEVPYVDRSTCKQS*
*STLKMLEVPYVDR*
*VGDRNTEQEEGGE*
*EFWSK YKDGDQCE*
*EFWNKYKDGDQCE*
*LKMLEVPYVDRNS*
*LTAAHCLHQAKRF*
*LTAAHCLYQAKRF*
*RANSFLEEVKQGN*
*RANSFLEEMKQGN*
*TKRANSFLEEMK*
*ITPNMFCAGYDT*

* I TQNMFCAGYDT*
*FRRNVAPACLPE*
*FRMNVAPACLPE*
*CSLEEAREVFED*
*CSLDNGGCDQFC*
*CSLDNGDCDQFC*
*CSYEEAREVFED*
*LKMLEVPYVDRS*
*RANSFLEEMKKG*
*RANSFLEEMKQG*
*RLKMLEVPYVDR*
*RLKVLEVPYVDR*
*GECPWQALLINE*
*GECPWQAVLINE*
*GDRNTEQEEGNE*
*NMFCAGYDTKQ*
*TRANSFLEEMK*
*FCGGTILNEDF*
*EFYVLTAAHCL*
*EFYILTAAHCL*
*EEFCGGTILNE*
*EGDRNTEQEEG*
*EGFCGGTILNE*
*EGFEGKNCELF*
*LKVLEVPYVDR*
*NMFCAGYDTQ*
*KYKDGDQCEG*
*KYKDGDQCET*
*ITPNMFCAGY*
*ITQNMFCAGY*
*ITENMFCAGY*
*FCGGTILNEF*
*EEAREVFEDA*
*EEAREVFEDS*

Figure 4.2 Motifs of Protein Sequences Found by SDISCOVER ( continued )
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#158 3 *EGECPWQALL*
#159 3 *EGFEGKNCEF*
#160 3 *DGECPWQALL*
#161 3 *CKLSSSFTIT*

#162 3 *CKLSSSFIIT*

#163 3 *CKDGLGEYTC*
#164 3 *CKDGLGSYTC*
#165 4 *LEVPYVDRNS*
#166 4 *RANSFLEEVK*

Figure 4.2 Motifs of Protein Sequences Found by SDISCOVER ( continued )

We use the tools in PRATT homepage (http://www2.ebi.ac.uk) to retrieve the
motifs stored in Prosite database and the query results are shown in Appendix A.3. The
outputs of protein motifs are in Prosite format. Here is a brief description of Prosite
format.

- The symbol "x' is used for a position where any amino acid is accepted.

- Ambiguities are indicated by listing the acceptable amino acids for a given position,
between square parentheses *[ ]'. For example: [ALT] stands for Ala or Leu or Thr.

- Ambiguities are also indicated by listing between a pair of curly brackets “{ }' the
amino acids that are not accepted at a given position. For example: {AM} stands for
any amino acid except Ala and Met.

- Each element in a pattern is separated from its neighbor by a *-'.

- Repetition of an element of the pattern can be indicated by following that element
with a numerical value or a numerical range between parenthese. Examples: x(3)
corresponds to X-x-X, X(2,4) corresponds to X-X Or X-X-X OF X-X-X-X,

- When a pattern is restricted to either the N- or C-terminal of a sequence, that pattern
either starts with a '<' symbol or respectively ends with a *>' symbol.

- A period ends the pattern.
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From Appendix A.3 query results we can find out that we retrieve 50 motifs from

the query sequences. And these are marked by numbers from A 1 to x 50 as following:

finess  hits(seqs)  Pattern
A 1. 1994173 4( 4) N-M-F-C-A-G-Y-[DE]-T-x-[PQ]-[EK]-D-A-C-Q-G-D-S-G-~
G-P-H-V-T-R-[FY]-K-D-T-Y-F-V-T-G-I-V-S-W-G-E-G-C-A-R-K-G-K-[FY]-G
Occurrences: 4(4)
B 2: 198.8288  4( 4) T-[EPQ]-N-M-F-C-A-G-Y-[DE}-T-x-[PQ]-[EK]-D-A-C-Q-
G-D-S-G-G-P-H-V-T-R-[FY]-K-D-T-Y-F-V-T-G-[-V-$-W-G-E-G-C-A-R-K-G-K
Occurrences: 4(4)
C 3:198.8288  4( 4) I-T-{EPQ]-N-M-F-C-A-G-Y-[DE]-T-x-[PQ]-[EK]-D-A-C-Q-
G-D-S-G-G-P-H-V-T-R-[FY]-K-D-T-Y-F-V-T-G-I-V-S-W-G-E-G-C-A-R-K-G
Occurrences: 4(4)
D 4: 1984721 4( 4) A-G-Y-[DE]-T-x-[PQ]}-[EK]-D-A-C-Q-G-D-S-G-G-P-H-V-
T-R-[FY]}-K-D-T-Y-F-V-T-G-I-V-S-W-G-E-G-C-A-R-K-G-K-[FY]-G-[IV]-Y-T-K
Occurrences: 4(4)
E 5:198.4721 4( 4) C-A-G-Y-[DE]-T-x-[PQ]-[EK]-D-A-C-Q-G-D-S-G-G-P-H-
V-T-R-[FY]-K-D-T-Y-F-V-T-G-I-V-8-W-G-E-G-C-A-R-K-G-K-[FY]-G-[IV]-Y-T
Occurrences: 4(4)
F 6: 1984721 4( 4) F-C-A-G-Y-[DE]-T-x-[PQ]-[EK]-D-A-C-Q-G-D-S-G-G-P-H-~
V-T-R-[FY}-K-D-T-Y-F-V-T-G-I-V-S-W-G-E-G-C-A-R-K-G-K-[FY]-G-[IV]-Y
Occurrences: 4(4)
G 7: 1975681 4( 4) D-A-C-Q-G-D-S-G-G-P-H-V-T-R-[FY]-K-D-T-Y-F-V-T-G-
[-V-S-W-G-E-G-C-A-R-K-G-K-[FY]-G-[1V]-Y-T-K-[LV]-[ST]-x-F-L-[KR]-W-[IV]
Occurrences: 4(4)
H 8: 194.6588  4( 4) F-x-I-T-[EPQ]-N-M-F-C-A-G-Y-[DE]-T-x-[PQ]-[EK]-D-A-
C-Q-G-D-S-G-G-P-H-V-T-R-[FY]-K-D-T-Y-F-V-T-G-I-V-$-W-G-E-G-C-A-R
Occurrences: 4(4)
I 9:1933205 4( 4) T-x-[PQ]-[EK]-D-A-C-Q-G-D-S-G-G-P-H-V-T-R-[FY]-K-D-
T-Y-F-V-T-G-I-V-S-W-G-E-G-C-A-R-K-G-K-[FY]-G-[IV]-Y-T-K-[LV]-[ST]-x-F
Occurrences: 4(4)
J 10: 192.7154  4( 4) S-[ST]-[NS]-F-x-I-T-[EPQ]-N-M-F-C-A-G-Y-[DE]-T-x-
[PQ]-[EK]-D-A-C-Q-G-D-S-G-G-P-H-V-T-R-[FY]-K-D-T-Y-F-V-T-G-I-V-S-W-G-E-G
Occurrences: 4(4)
K 11: 188.5453 4( 4) K-x-S-[ST]-{NS]-F-x-I-T-[EPQ]-N-M-F-C-A-G-Y-[DE]-T-
x-[PQ]-[EK]-D-A-C-Q-G-D-S§-G-G-P-H-V-T-R-[FY]-K-D-T-Y-F-V-T-G-I-V-§-W-G
Occurrences: 4(4)
L 12: 188.5453 4( 4) C-K-x-S-[ST]-[NS}-F-x-I-T-[EPQ]-N-M-F-C-A-G-Y-[DE}-
T-x-[PQ]-[EK]-D-A-C-Q-G-D-8-G-G-P-H-V-T-R-[FY]-K-D-T-Y-F-V-T-G-[-V-S-W
Occurrences: 4(4)
M 13: 188.2314 4( 4) G-D-S-G-G-P-H-V-T-R-[FY]-K-D-T-Y-F-V-T-G-I-V-S-W-
G-E-G-C-A-R-K-G-K-[FY]}-G-[IV}-Y-T-K-[LV]-{ST}-x-F-L-[KR}-W-[IV]-[DR}-x(2)-M
Occurrences: 4(4)
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N 14: 186.8953  4( 4) L-K-[MV]-L-E-V-P-Y-V-D-R-[NS}-[ST}-C-K-x-S-[ST]-
[NS]-F-x-I-T-[EPQ}-N-M-F-C-A-G-Y-[DE]-T-x-[PQ]-[EK]-D-A-C-Q-G-D-S-G-G-P-H-
V-T-R

Occurrences: 4(4)

O 15: 186.6020  4( 4) R-[NS]-[ST]-C-K-x-S-[ST]-[NS]-F-x-I-T-[EPQ]-N-M-F-C-
A-G-Y-[DE}-T-x-[PQ]-[EK]-D-A-C-Q-G-D-S-G-G-P-H-V-T-R-[FY]-K-D-T-Y-F-V-T-
G-I

Occurrences: 4(4)

P 16: 186.6020 4( 4) D-R-[NS]-[ST]-C-K-x-S-[ST]-[NS}-F-x-I-T-[EPQ]-N-M-F-
C-A-G-Y-[DE]-T-x-[PQ]-[EK]-D-A-C-Q-G-D-S-G-G-P-H-V-T-R-[FY]-K-D-T-Y-F-V-
T-G

Occurrences: 4(4)

Q 17: 186.6020  4( 4) V-D-R-[NS]-[ST]-C-K-x-S-[ST]-[NS]-F-x-I-T-[EPQ]-N-M-
F-C-A-G-Y-[DE]-T-x-[PQ]-[EK]-D-A-C-Q-G-D-S-G-G-P-H-V-T-R-[FY]-K-D-T-Y-F-
V-T

Occurrences: 4(4)

R 18: 186.6020 4( 4) Y-V-D-R-[NS]-[ST]-C-K-x-S-[ST]-[NS]-F-x-I-T-[EPQ]-N-
M-F-C-A-G-Y-[DE]-T-x-[PQ]-[EK]-D-A-C-Q-G-D-S-G-G-P-H-V-T-R-[FY]-K-D-T-Y-
F-v

Occurrences: 4(4)

S 19: 186.6020 4( 4) P-Y-V-D-R-[NS]-[ST]-C-K-x-S-[ST]-[NS]-F-x-I-T-[EPQ]-
N-M-F-C-A-G-Y-[DE]-T-x-[PQ]-[EK]-D-A-C-Q-G-D-S-G-G-P-H-V-T-R-[FY]-K-D-T-
Y-F

Occurrences: 4(4)

T 20: 186.6020 4( 4) V-P-Y-V-D-R-[NS]-[ST]-C-K-x-S-[ST]-[NS]-F-x-I-T-
[EPQ]-N-M-F-C-A-G-Y-[DE]-T-x-[PQ]-[EK]-D-A-C-Q-G-D-S-G-G-P-H-V-T-R-[FY]-
K-D-T-Y

Occurrences: 4(4)

U 21: 186.6020 4( 4) E-V-P-Y-V-D-R-[NS}-[ST]-C-K-x-S-[ST]-[NS]-F-x-I-T-
[EPQ]-N-M-F-C-A-G-Y-[DE]-T-x-[PQ]-[EK]-D-A-C-Q-G-D-S-G-G-P-H-V-T-R-[FY]-
K-D-T

Occurrences: 4(4)

V 22: 186.6020 4( 4) L-E-V-P-Y-V-D-R-[NS]-[ST]-C-K-x-S-[ST]-[NS]-F-x-I-T-
[EPQ]-N-M-F-C-A-G-Y-[DE}-T-x-[PQ]-[EK]-D-A-C-Q-G-D-S-G-G-P-H-V-T-R-[FY]-
K-D

Occurrences: 4(4)

W 23: 181.3531 4( 4) R-I-V-G-G-[DQR}-[DE]-C-x-[DEP]-G-E-C-P-W-Q-A-
[LV]-L-[IV]-N-E-[EK]-[GN]-E-[EG]-F-C-G-G-T-I-L-[NS]-E-x-[FY]-[IV]-L-T-A-A-H-
C-[IL]-x-Q-[AS]-K-[ER]

Occurrences: 4(4)

X 24: 178.5552  4( 4) S-x(2)-L-K-[MV]-L-E-V-P-Y-V-D-R-[NS]-[ST]-C-K-x-S-
[ST]-[NS]-F-x-I-T-[EPQ]-N-M-F-C-A-G-Y-[DE]-T-x-[PQ]-[EK]-D-A-C-Q-G-D-S-G-G-
P-H

Occurrences: 4(4)
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Y 25: 1758864  4( 4) V-[AV]-P-A-C-L-P-[EQ]-x-D-[FW]-A-[EN]-[AES]-[TV]-L-
M-[NT]-Q-K-[ST}-G-[IM]-V-8-G-F-G-R-[ET]-[FH]-E-x-G-R-x-S-x(2)-L-K-[MV]-L-E-
V-P-Y-V-D-R

Occurrences: 4(4)

Z 26: 1749273  4( 4) C-L-P-[EQ]-x-D-[FW]-A-[EN]-[AES]-[TV]-L-M-[NT}-Q-
K-[ST]-G-[IM]}-V-S-G-F-G-R-[ET]-[FH]-E-x-G-R-x-S-x(2)-L-K-[MV]-L-E-V-P-Y-V-
D-R-[NS]-[ST]-C-K

Occurrences: 4(4)

a 27: 174.9273  4( 4) A-C-L-P-[EQ]-x-D-[FW]-A-[EN]-[AES]-[TV]-L-M-[NT]-Q-
K-[ST]-G-[IM]-V-S-G-F-G-R-[ET]-[FH]-E-x-G-R-x-S-x(2)-L-K-[MV]-L-E-V-P-Y-V-
D-R-[NS]-[ST]-C

Occurrences: 4(4)

b 28: 174.3852 4( 4) R-x-S-x(2)-L-K-{[MV]-L-E-V-P-Y-V-D-R-[NS}-[ST]-C-K-x-
S-[ST]-[NS]-F-x-I-T-[EPQ]-N-M-F-C-A-G-Y-[DE]-T-x-[PQ]-[EK]-D-A-C-Q-G-D-S-G-
G

Occurrences: 4(4)

¢ 29: 1743852 4( 4) G-R-x-S-x(2)-L-K-[MV]-L-E-V-P-Y-V-D-R-[NS]-[ST]-C-
K-x-S-[ST]-[NS]-F-x-I-T-[EPQ]-N-M-F-C-A-G-Y-[DE]-T-x-[PQ]-[EK]-D-A-C-Q-G-D-
S-G

Occurrences: 4(4)

d 30: 173.9720 4( 4) D-[FW]-A-[EN]-[AES]-{TV]-L-M-[NT]-Q-K-[ST]}-G-[IM]-
V-S-G-F-G-R-[ET]}-[FH]-E-x-G-R-x-S-x(2)-L-K-[MV]-L-E-V-P-Y-V-D-R-[NS]-[ST]-
C-K-x-S-[ST]-[NS]-F

Occurrences: 4(4)

e 31: 173.4817 4( 4) Q-K-[ST]-G-[IM]-V-S-G-F-G-R-[ET]-[FH]-E-x-G-R-x-S-
x(2)-L-K-[MV]-L-E-V-P-Y-V-D-R~[NS]-{ST]-C-K-x-S-[ST]-[NS]-F-x-I-T-[EPQ]-N-M-
F-C-A

Occurrences: 4(4)

f 32: 173.4817 4( 4) K-[ST]-G-[IM]-V-S-G-F-G-R-[ET]-[FH]-E-x-G-R-x-S-x(2)-
L-K-[MV]-L-E-V-P-Y-V-D-R-[NS]-[ST]-C-K-x-S-[ST]-[NS]-F-x-I-T-[EPQ]-N-M-F-C-
A-G

Occurrences: 4(4)

g 33: 1734769 4( 4) G-[IM]-V-S-G-F-G-R-[ET]-[FH]-E-x-G-R-x-S-x(2)-L-K-
[MV]-L-E-V-P-Y-V-D-R-[NS]-[ST]-C-K-x-S-[ST]-[NS]-F-x-I-T-[EPQ]-N-M-F-C-A-G-
Y-[DE]

Occurrences: 4(4)

h 34: 172.5060 4( 4) M-[NT]-Q-K-[ST}-G-[IM]-V-S8-G-F-G-R-[ET]-[FH]-E-x-G-
R-x-S-x(2)-L-K~[MV]-L-E-V-P-Y-V-D-R-[NS]-[ST]-C-K-x-S-[ST]-[NS]-F-x-I-T-
[EPQ]-N-M-F

Occurrences: 4(4)

i 35: 1725060 4( 4) L-M-[NT]-Q-K-[ST]-G-[IM]-V-S-G-F-G-R-[ET]-[FH]-E-x-~
G-R-x-S-x(2)-L-K-[MV]-L-E-V-P-Y-V-D-R-[NS]-[ST]-C-K-x-S-[ST]-[NS]-F-x-I-T-
[EPQ]-N-M

Occurrences: 4(4)
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j 36: 1705410  4( 4) A-[EN]-[AES]-[TV]-L-M-[NT}-Q-K-[ST}-G-[IM]-V-§-G-F-
G-R-[ET]-[FH]-E-x-G-R-x-S-x(2)-L-K-[MV]-L-E-V-P-Y-V-D-R-[NS]-[ST]-C-K-x-S-
[ST]-[NS]-F-x-I

Occurrences: 4(4)

k 37: 170.2151  4( 4) E-x-G-R-x-S-x(2)-L-K-[MV]-L-E-V-P-Y-V-D-R-[NS]-[ST]-
C-K-x-S-[ST}-[NS]-F-x-I-T-[EPQ]-N-M-F-C-A-G-Y-[DE]-T-x-[PQ]-[EK]-D-A-C-Q-G-
D

Occurrences: 4(4)

1 38: 170.1698  4( 4) V-S-G-F-G-R-[ET]-[FH]-E-x-G-R-x-$-x(2)-L-K-[MV]-L-E-
V-P-Y-V-D-R-[NS}-[ST]-C-K-x-S-[ST}-[NS]-F-x-I-T-[EPQ]-N-M-F-C-A-G-Y-[DE]-T
Occurrences: 4(4)

m 39: 168.2252 4( 4) R-[ET]-[FH]-E-x-G-R-x-S-x(2)-L-K-[MV]-L-E-V-P-Y-V-
D-R-[NS]-[ST]-C-K-x-S-[ST]-[NS]-F-x-I-T-[EPQ]-N-M-F-C-A-G-Y-[DE]-T-x-[PQ]-
[EK]-D-A-C

Occurrences: 4(4)

n 40: 168.2252 4( 4) G-R-[ET]-[FH]-E-x-G-R-x-S-x(2)-L-K~-[MV]}-L-E-V-P-Y-V-
D-R-[NS}-{ST]-C-K-x-S-[ST}-{NS]-F-x-I-T-[EPQ}-N-M-F-C-A-G-Y-[DE]-T-x-[PQ]-
[EK]-D-A

Occurrences: 4(4)

o 41: 1682252 4( 4) F-G-R-[ET]-[FH]-E-x-G-R-x-S-x(2)-L-K-[MV]-L-E-V-P-Y-
V-D-R-[NS]-[ST]-C-K-x-S-[ST]-[NS}-F-x-I-T-[EPQ]-N-M-F-C-A-G-Y -[DE]}-T-x-[PQ]-
[EK]-D

Occurrences: 4(4)

p 42: 167.5345 4( 4) A-N-S-F-L-E-E-[MV]-K-x-G-x-[IL]-E-R-E-C-x-E-E-x-C-S-
x-E-E-A-R-E-[AV]-F-E-D-[ANS]-[DE]-x-T-[DEN]-E-F-W-[NS]-x-Y-x-D-G-D-Q-C
Occurrences: 4(4)

q 43: 167.5345 4( 4) R-A-N-S-F-L-E-E-[MV]-K-x-G-x-[IL]-E-R-E-C-x-E-E-x-C-
S-x-E-E-A-R-E-[AV]-F-E-D-[ANS]-[DE]-x-T-[DEN]-E-F-W-[NS]-x-Y-x-D-G-D-Q
Occurrences: 4(4)

r 44: 1644753 4( 4) L-[AEQ]-R-[ATV]-x-R-A-N-S-F-L-E-E-[MV]-K-x-G-x~[IL}-
E-R-E-C-x-E-E-x-C-§-x-E-E-A-R-E-[AV]-F-E-D-[ANS]-[DE]-x-T-[DEN]-E-F-W-[NS]-
x-Y

Occurrences: 4(4)

s 45: 161.8011 4( 4) R-[ATV]-x-R-A-N-S-F-L-E-E-[MV]-K-x-G-x-[IL]-E-R-E-C-
x-E-E-x-C-S-x-E-E-A-R-E-[AV]-F-E-D-[ANS]-[DE]-x-T-[DEN]-E-F-W-[NS]-x-Y-x-D
Occurrences: 4(4)

t 46: 160.8212 4( 4) E-E-[MV]-K-x-G-x-[IL]-E-R-E-C-x-E-E-x-C-S-x-E-E-A-R-
E-[AV]-F-E-D-[ANS]-[DE]-x-T-[DEN]-E-F-W-[NS]-x-Y-x-D-G-D-Q-C-[ES]-[GST]-x-
P-C

Occurrences: 4(4)

u 47: 160.8212 4( 4) L-E-E-[MV}-K-x-G-x-[IL]-E-R-E-C-x-E-E-x-C-S-x-E-E-A-
R-E-[AV]-F-E-D-[ANS]-[DE]-x-T-[DEN]-E-F-W-[NS]-x-Y-x-D-G-D-Q-C-[ES]-[GST]-
x-P

Occurrences: 4(4)
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v 48: 159.7174  4( 4) A-x(2)-[FIV]-L-[AEQ]-R-[ATV]-x-R-A-N-S-F-L-E-E-
[MV]-K-x-G-x-[IL]-E-R-E-C-x-E-E-x-C-S-x-E-E-A-R-E-[AV]-F-E-D-[ANS]-[DE]-x-T-
[DEN]-E-F

Occurrences: 4(4)

w 49: 157.3435  4( 4) R-E-C-x-E-E-x-C-S-x-E-E-A-R-E-[AV]-F-E-D-[ANS]-
[DE]-x-T-[DEN]-E-F-W-[NS]-x-Y-x-D-G-D-Q-C-[ES]-[GST]-x-P-C-x(2)-[GQ]-G-x-C-
K-D-G

Occurrences: 4(4)

x 50: 157.3435  4( 4) E-R-E-C-x-E-E~x-C-S-x-E-E-A-R-E-[AV]-F-E-D-[ANS]-
[DE]-x-T-[DEN]-E-F-W-[NS]-x-Y-x-D-G-D-Q-C-[ES]-[GST]-x-P-C-x(2)-[GQ]-G-x-C-
K-D

Occurrences: 4(4)

In this case, all the motifs/patterns retrieved from Prosite match the motifs found by
SDISCOVER. Table 4.1 lists their match numbers.

Table 4.1 Motifs Found by SDISCOVER that Match Prosite Signatures

Motifs from Prosite  [Motifs from SDISCOVER
Al 30, 45, 67
B2 30, 45, 67
C3 30, 45, 67
D4 30, 45, 67
E5 30, 45, 67
Fé6 30, 45, 67
G7 30, 45, 67
H8 30, 45, 67
19 30, 45, 67
J10 30, 45, 67
K11 30, 45, 67
L12 30, 45, 67
M13 30, 45, 67
N 14 30, 45, 67




Table 4.1 Motifs Found by SDISCOVER that Match Prosite Signatures ( continued )

015 30, 45, 67
P 16 30, 45, 67
Q17 30, 45, 67
R 18 30, 45, 67
S19 30, 45, 67
T 20 30, 45, 67
U 21 30,45, 67
vV 22 30, 45, 67
W 23 2,4,6,8, 12, 19, 20, 47, 48
X 24 30, 45, 67
Y 25 30, 45, 67
7 26 30, 45, 67
a27 30, 45, 67
b 28 30, 45, 67
c 29 30, 45, 67
d30 30, 45, 67
e 31 30, 45, 67
£32 30, 45, 67
g 33 30, 45, 67
h 34 30, 45, 67
i35 30, 45, 67
36 30, 45, 67
Kk 37 30, 45, 67
138 30, 45, 67
m 39 30, 45, 67
n 40 30, 45, 67
041 30, 45, 67




Table 4.1 Motifs Found by SDISCOVER that Match Prosite Signatures ( continued )

p 42 5,7,9, 11, 14, 23, 24, 28, 29, 34, 44, 52, 53, 54, 57, 58, 59, 60,
62, 64, 66, 68, 70, 71

lq 43 5,7,9,11, 14, 23, 24, 28, 29, 34, 44, 52, 53, 54, 57, 58, 59, 60,
62, 64, 66, 68, 70, 71

r 44 5,7,9, 14,23, 24, 28, 34, 44, 52, 53, 54, 57, 58, 60, 62, 66, 70,

s 45 5,7,9, 14,23, 24, 28, 34, 44,52, 53, 54, 57, 58, 59, 60, 62, 66,
68, 70,

t 46 1,5,7,9,10,11, 14, 17,23, 24, 27, 28, 29, 34, 42, 44, 52, 53, 54,
35,57, 58, 59, 60, 62, 64, 66, 68, 70, 71

u 47 1,5,7,9,10,11, 14, 17, 23, 24, 27, 28, 29, 34, 42, 44, 52, 53, 54,
35,57, 58, 39, 60, 62, 64, 66, 68, 70, 71

v 48 1,5,7,10,14, 17, 23, 27, 28, 34, 42, 44, 52, 54, 55, 57, 58, 60,
62, 66, 70

w 49 1,5,7,9,10,11, 14, 17, 18, 22, 23, 24, 27, 28, 29, 34, 38, 39, 42,
43, 44, 52, 53, 54, 55, 56, 57, 58, 59, 60, 62, 63, 64, 65, 66, 68,
70, 71,73

x 50 1,5,7,9,10,11, 14, 17, 18, 22, 23, 24, 27, 28, 29, 34, 38, 39, 42,

43, 44, 52, 53, 54, 55, 56, 57, 58, 59, 60, 62, 63, 64, 65, 66, 68,
70,71,73
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In this second test, we choose three proteins from three different families. The
first one is Coagulation Factor X Precursor, the second one is Gamma-Carboxy glutamic
Acid-Containing Protein, and last one Prothrombin Precursor. See Figure 4.3 for

sequences of those three proteins.

Coagulation Factor X Precursor

>FA10_BOVIN COAGULATION FACTOR X PRECURSOR (EC 3.4.21.6) (STUART FACTOR).
MAGLLHLVLL STALGGLLRP AGSVFLPRDQ AHRVLQRARR ANSFLEEVKQ GNLERECLEE
PHVTRFKDTY FVTGIVSWGE GCARKGKFGV YTKVSNFLKW IDKIMKARAG AAGSRGHSEA
PATWTVPPPL PL

Gamma-Carboxyglutamic Acid- Containing Protein

>OSTC_HUMAN OSTEOCALCIN PRECURSOR (GAMMA-CARBOXYGLUTAMIC ACID-CONTAINING P
RO).

MRALTLLALL ALAALCIAGQ AGAKPSGAES SKGAAFVSKQ EGSEVVKRPR RYLYQWLGAP
VPYPDPLEPR REVCELNPDC DELADHIGFQ EAYRRFYGPY

Prothrombin Precursor

>THRB_RAT PROTHROMBIN PRECURSOR (EC 3.4.21.5).

RIGKHSRTRY ERNVEKISML EKIYIHPRYN WRENLDRDIA LLKLKKPVPF SDYIHPVCLP
TDNMFCAGFK VNDTKRGDAC EGDSGGPFVM KSPYNHRWYQ MGIVSWGEGC DRNGKYGFYT
HVFRLKRWMQ KVIDQHR

Figure 4.3 Sequences of Three Proteins from Different Families

The motifs found by SDISCOVER are as follows: total 8 motifs (after sorted)

#1 2 *GIVSWGEGCDR*
#2 2 *GIVSWGEGCAR*
#3 2 *TGIVSWGEGC*
#4 2 *MGIVSWGEGC*

After we retrieve the motifs from Prosite database in Pratt website, they have the
same reports as in the previous example. We then reorganized the results as shown in

Figure 4.4.
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fitness hits(seqs) Pattern

A 1. 633191  3( 3) L-L-x-L-x(2)-[LP]-[ASV]-[APT]-x(4)-[GIL]-x(2)-[GPV]-
[AC]-%-[PS]-[STV]-x(4)-[CDS}-x-[AG}-x(2)-[FV]-x-[DQS]-x(2)-[ER]-x-[ ADS]-[AEN]-
[CSV]-x(2)-[DER]-[EPS]

Occurrences: 3(3)

B 2: 474711 3( 3) G-[AC]-HAD]-x(2)-[GS]-K-x-[EG}-x(2)-[ET]-x-V-x-[NR]-
x(2)-[KR]-[WY]-ILM]-x(3)-[ILM]-x-[AQ]

Occurrences: 3(3)

C 3: 472936 3( 3) L-x(2)-[LP}-V-[LP]-x-[PS]-[DT]-x-[IL}-x-{GP]-x(3)-[PV]-
[ACT]-[DEG]-x(4)-[ACP]-x(3)-[AV]-x-[DHR]-x(4)-[ADE]

Occurrences: 3(3)

D 4: 441242 3( 3) E-[GV]-C-{ADE]-x(2)-[GP]-[DK]}-x-[DG]-x(2)-[AT]-[DHK]-
X(3)-[FL}-x-[EKR]-x(2)-[DQR]-[KR]-[FIV]

Occurrences: 3(3)

E 5: 424325 3( 3) S-x-[FLV]-x-K-x(3)-[HKR]-x(3)-{[ANQ]-x(2)-[EG]-[AN]-
[ALP]}-[DGV]-x(2)-{GIP]-x(4)-[LP]-x(3)-[TV]-[CPV]-x(2)-[DNP]

Occurrences: 3(3)

F 6: 38.0618 3( 3) E-[GV]-[CV]-x-R-x(2)-[KR]-[FY]-{GL]-x(4)-[GV]-x(2)-
[FLV]-x(4)-[DPQ]-x(3)-[DKR]-x-[EHR]

Occurrences: 3(3)

G 7. 377508 3( 3) G-x(2)-[GV]-x-Y-[PT]-[DHK]-[PV]-x-[ENR]J-x(2)-[KR]-x~
[IMV]-x-[EK]-[ILV}-x(2)-[ADQ]

Occurrences: 3(3)

H 8: 354034 3( 3) L-x(4)-A-x(3)-L-x(2)-[AP]-x(3)-[GNS]-[ADS]-x-[ILP]-x(2)-
[AV]-x(2)-[GPS]-x(2)-[AEN]-x(2)-[CV]

Occurrences: 3(3)

I 90 348673 3( 3) A-L-[GL]-x-L-x(2)-[LP]}-[ACV]-[GIP]-x-[GSV]-x(2)-[GIP]-
X(3)-[ACS]-x(4)-[NQS]

Occurrences: 3(3)

J 10: 33.2927 3( 3) V-S-x-[GQ]-E-G-[CS]-[ADE]-x(3)-[KR]-x(3)-Y
Occurrences: 3(3)

K 11: 309869 3( 3) G-[AGS]-[APV]-F-[LV]-x-[KR]-[DQSI-{EPQ]-x(2)-[EHR]-
X(3)-[QR]

Occurrences: 3(3)

L 12: 283770 3( 3) K-x-[GS]-x-[AL]-E-x(3)-[GIL]-x(4)-[NSV]-x-[QR]-x(3)-
[DET]-x(4)-[GLP]

Occurrences: 3(3)

M 13: 25.7505 3( 3) P-R-x-[ENQ}-x(2)-[ER]}-x(2)-[DPQ]}-[DR}-[ACD]-x(2)-[AL]
Occurrences: 3(3)

N 14: 246136 3( 3) K-[DGP]-[ATV]-x-F-[SV]-[DST]-x(3)-[GPS]-x(3)-[GPV]
Occurrences: 3(3)

O 15: 24.0702 3( 3) D-x(4)-A-x(3)-[AGV]-x-[DGQ]I-[EST]-x(3)-[DRS]-x(3)-
[AGP]-[DTV]

Figure 4.4 Motifs Retrieved from Prosite in Pratt WebSite
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Occurrences: 3(3)

P 16: 199827 3( 3) A-x-[AE]-x-[ADP]-[AS]-G-[AGS]Occurrences: 3(3)
Q 17: 193754 3( 3) R-E-[CNV]x-[DE]-x-[DNP]-x-[ADV]
Occurrences: 3(3)

R 18: 17.4487 3( 3) R-[AD]-x-[AST]-[FL]-LOccurrences: 3(3)
S 19: 16.7097 3( 3) R-[ER]-x-L-x-[EQR]-x(2)-[AGV]Occurrences: 3(3)
T 20: 16.1292  3( 3) P-x-[PTV]-x(2)-[DSV]-P-x-[ENP]Occurrences: 3(3)
U 21: 151091  3( 3) G-x-A-x(5)-G-[AGV]Occurrences: 3(3)
V 22: 148147 3( 3) V-P-x-[PS]-x(2)-[IL]Occurrences: 3(3)
W 23. 147617  3( 3) V-x-R-x-[KR]-[DR]Occurrences: 3(3)
X 24: 147213 3( 3) P-[PV}-{CP]-x-POccurrences: 3(3)

Y 25 147117 3( 3) V-[CP]-x-P-x-[DP]Occurrences: 3(3)

Z 26: 14.7107 3( 3) P-x-[CP]-L-[EP]Occurrences: 3(3)

a 27: 147088  3( 3) P-[PV]-P-x-[PS]Occurrences: 3(3)

b 28: 14.1721 3( 3) V-x(3)-[DST]-x-L-[EG]Occurrences: 3(3)
¢ 29: 14.1675  3( 3) L-[DNP]-x-D-x-[AD]Occurrences: 3(3)

d 30: 11.6270 3( 3) R-x(2)-[GQ}-x-VOccurrences: 3(3)

e 31: 11.5763  3( 3) G-[AD}-AOccurrences: 3(3)

f 32: 11.5405 3( 3) Y-[GT]-x-VOccurrences: 3(3)

g 33: 11.5281  3( 3) G-[IP]-VOccurrences: 3(3)

h 34: 115110  3( 3) V-x(2)-{QR]-x-ROccurrences: 3(3)

i 35: 115104  3( 3) K-[GL]}-x(3)-VOccurrences: 3(3)

j 36: 11.5102  3( 3) D-x-I-x(4)-[AL]Occurrences: 3(3)

k 37: 115102 3( 3) H-x(3)-Q-x-[AG]Occurrences: 3(3)

1 38: 109771  3( 3) R-x(4)-E-x(3)-[DGT]Occurrences: 3(3)
m 39: 109705 3( 3) F-x-[EGT]-x-VOccurrences: 3(3)

n 40: 109651 3( 3) R-[APT]-ROccurrences: 3(3)

o 41: 109341 3( 3) G-x(5)-R-x-[EQR]Occurrences: 3(3)

p 42: 83401 3( 3) E-x(3)-EOccurrences: 3(3)

q 43: 83401 5( 3) L-EOccurrences: 5(3)

r 44: 83401 3( 3) P-x(3)-ROccurrences: 3(3)

s 45: 83401 4( 3) G-x(3)-VOccurrences: 4(3)

t 46: 83401 4( 3) E-GOccurrences: 4(3)

u 47: 83401 3( 3) F-VOccurrences: 3(3)

Figure 4.4 Motifs Retrieved from Prosite in Pratt WebSite ( continued )
In this example, the query protein sequences retrieve 47 motifs from the database.

Comparing these 47 motifs with the 4 motifs found by SDICOVER, we only find g 33,
p 42, and t 46 match all the motifs found by SDISCOVER, in our case from #1 to #4.



CHAPTER 5
CONCLUSION AND FUTURE WORKS

With data throughput that may soon approach hundreds of megabytes a year and
sequence data that comes from a variety of sources (including the US and European
Patent Offices), a major challenge will be to provide up-to-date and unique annotation for
this sequence data. Next in importance to the sequence database itself is the computer
program used to search it. A number of different search algorithms have been developed
over the years, and further information about them may be found in Altschul et al. [1,3],
Schuler et al. [44], and references therein.

Database searching can be performed efficiently in phase, with a query first
compared to a small database containing domains representative of large sequence
families. Subsequences of a query that match one or more of these domains can then be
masked prior to full-scale searching, thereby eliminating most of the redundant output [3].
A more comprehensive solution to the problem is approached by building a small,
representative set of motifs and using this as a screening database with automatic
masking of matching query subsequences. This technology is still under development but
recent studies indicates that a representative set of only 1,000 — 3,000 sequences may
suffice and such a database can be searched in seconds.

Computer databases, networks, and software tools are essential resources for all
aspects of genome analysis [7]. The consequent abiding interest in the exhaustive
alignment approach has prompted the use of powerful and expensive highly-parallel
computers to make its application to sequence similarity searches through large databases
feasible [39]. A cheaper alternative may be represented by the cooperative use of
ordinary workstations, possibly even PCs, connected by a network; this way, the
computational load mat be distributed over two or more computers, perhaps from
different vendors, allowing the user to take advantage of whatever is available [49]. But,
due to the bottleneck of Internet traffic, there is also a shortcoming for using Internet to
do sequence querying. In our experiment, we encounter some difficulties (Figure 5.1 and
Figure 5.2). An alternate approach is to construct one’s own local database and download

up-to-date sequence data or add one’s own sequence data to the local database.

48



49

As we mentioned in Chapter 1, databases contain some very large families of
related domains, motifs or repeated sequences. Unless special measures are taken, these
biases very commonly confound database search methods and interfere with the
discovery of interesting new sequence similarities [22]. And due to the error-prone nature
of these sequence fragments, identifying redundancy in these databases is a more difficult
task [24,35]. A good example is in Chapter 3. Hs.12716 include two sequences found
only in library 651: NCI_CGAP_Mel3; when we used it as a query sequence to test the
NCBI database, it generated many misleading results. Practically, there are two ways to
avoid this problem. First, create a smaller and non-redundant database [5,36]. Second,
process the query sequence for the presence of known domains and mask these prior to
searching [26]. In our case, it also needs increase the database records and future studies.

One of the most important advances in database similarity searching during the
past several years has been the introduction of methods for the automatic masking of low
complexity sequences [18]. Anyone who does a lot of database searching will have
encountered problematic query sequences that result in hundreds (or thousands) of
spurious matches to nebulous entities with names like "proline-rich protein" that may
obscure more subtle but biologically interesting matches. An increasingly important use
of motifs in the future will be to "preprocess" query sequences for the presence of
obvious known domains and then mask these regions prior to a full-scale search [19,53].
This should simultaneously increase the speed of the search while improving the ability
to detect subtle matches that would otherwise be swamped out by abundant, strong

matches to other sequence regions [7,22,28].



BLAST Search Results

waiting for 4 jobs to finish

Commencing search, please wait for results.

BLASTN 2.0.4 [Feb-24-1998]

Reference: Altschul, Stephen F., Thomas L. Madden, Alejandro A.

Schéffer, Jinghui Zhang, Zheng Zhang, Webb Miller, and David J. Lipman

(1997), "Gapped BLAST and PSI-BLAST: a new generation of protein database search
programs", Nucleic Acids Res. 25:3389-3402.

Query= 996174 gnl|UGIHs#S996174 0j03b10.s] Homwo sapiens cDNA,
3" end fclone=IMAGE: 1491067 /clone_end=3' /gh=AA937378 /ug=Hs.127136
/1en=260

(260 letters)

Database: Non-redundant GenBank+EMBL+DDBI+PDB seguences
355,285 sequences; 773,827,195 total letters

SBRTCRINE . o e e Wit enin b % Sd ek i At R e Tl L

Figure 5.1 Waiting Jobs to Finish
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BLAST Search Results

Error 14 in submitting BLAST query

Short error description:

Unable to accept more BLAST jobs right now,
Queue overloaded. Please try again later.

Figure 5.2 Error Message: Unable to Accept More Jobs




APPENDIX A.1
QUERY RESULTS OF HS.12716 IN NCBI HOMEPAGE

BLAST Search Results

Commencing search, please wait for results.

BLASTN 2.0.4 [Feb-24-1998]

Reference: Altschul, Stephen F., Thomas L. Madden, Alejandro A.

Schaffer, Jinghui Zhang, Zheng Zhang, Webb Miller, and David J. Lipman

(1997), "Gapped BLAST and PSI-BLAST: a new generation of protein database search
programs”, Nucleic Acids Res. 25:3389-3402.

Query= 996174 gnl|UGIHs#S996174 0j03b10.s1 Homo sapiens cDNA,
3" end Jclone=IMACE: 1491067 fclone_end=3' /gh=AA937378 fug=Hs.127136
1 1en=260
{260 letters)
Database: Non-redundant GenBank+EMBL+DDBJ+PDB sequences
355,285 sequences; 773,827,195 total letters

il F 0 €7] 1T I A U S SRV W St done

Distribution of 29 Blast Hits on the Query Sequence

[Mouse-overto show defline and scores. Clck to show aligmerts
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Sequences producing significant alignments:

enb!ALODESTS |PPSCO302% Plasmodium falciparum DNA *#*¥ SEQUENCING. ..
ghl ACO04 1SR IHUACD04158 Homwo sapiens Chromosome 16 BAC clome CIT...

emh |X69067 IMTAFDNA  A.franciscana complets witochondrial DNA

emb [ALD22477IHS172K10 Homo sapiens DNA sequence from PAC 172K10...

embiALOZ17861HS626H22 Human DNA sequence from PAC 696H22 on chr...

bl 4541061 PEADHL P.hybrida ADH] geme for alcohol dehydrogenase 1

ghlU70846|CELDI073 Caencrhabditis elegans cosmid D1073

dbj ID870161D87016 Human {lambda) DNA for immunoglobin light chain

enb!X138121DAADH D.affinidisjuncta Adh gene for alcohol dehydro...
dbj IDR70181D87018 Human {lambda) DNA for immumogloblin light chain
ghlU3S8T3|ATU9S973 Arabidopsis thaliana BAC T19D16 genomic sequ...
emb[Z838271HS47316 Human DNA sequence from PAC 473J6 on chromos...
gh!ACO047401AC004740 Homwo sapiens PAC clone DID631BI7 from 7p2l...
dbj IDRT0IOIDRTOI0 Human {lambda) DNA for iwmunogloblin light chain

gh{U235[61CELBO416 Caenorhabditis elegans cosmid BO416
emh|1133341CI¥13334 Campylobacter jejuni groES, groEL genss
ghiM63705 IXFLXNF7AL  X.laeiys xnf7 protein mRNA, cowplete cds.

ghIUSDOSE1AGUS0038  Asterina gibbosa mitochondrial transfer BNAs...

emb|Z33348 (MCAA] M.capricolum DNA Eor CONTIC MCAAJ

ghiU461581CAU46158 Candida albicans RAS-related protein (RSRL) ...
ghlAC00239014C002330 Human DNA from overlapping chrowosome 19-s...
ghAC003026 1HUAC005026 Human Chrowosome 16 BAC clone CITS87SK-1...
gb1AC004454 14C0D4454 Homo sapiens PAC clone DIO938L12 from Tgll...
dbj [ABODAT7S3 [ABD06TS3  Ipomoea nil DNA for dihydroflavonol 4-red...
ghiAF0673831HS1UBR4 Howo sapiens ubigquitin-protein ligase E3-al...
gbIS645151564515 anf7=zinc finger nuclear phosphoprotein [Xenop...

emb [ALO221501HS198G23 Homo sapiens DNA sequence from PAC 198G23...

gh | AFD39T02 | AF03570% Maackia amurensis 14-3-3 protein homolog m..
emb|Z928311CEF22612 Caenorhabditis elegans coswid F22G12, compl...

’L'JL»J
T

B
Yalue

OO OO Tl

M L L e b R E R R R RARREROOARORRR D — — —

=

33

gubl ALODBYTS [PFSCO3029 Plaswodium falciparum DNA *** SEQUENCING IN PROCRESS *** from contig

3-29, complete sequence [Plasmodium falciparum]
Length = 18280

Score = 40.1 bits (20), Expect = 0.15
Identities = 20/20 (100%), Positives = 20/20 (100%)

Query: 227 atatcatagaaatatttctt 246
EARRNRRIRRRR NN
Sbict: 6225 atatcatagaaatatttctt 6206



gh|AC004158 [HUACO04 158 Homo sapiens Chromosome 16 BAC clome CIT9878K-A-L0F4, complete sequence
[Homo sapiens]
Length = 180551

Score = 40.1 bits (20), Expect = 0.15
Identities = 23/24 (95%), Positives = 23/24 (95%)

Query: 120  ttagattttattactactatcatt 143
FECELLCERTEELT T LT
Shict: 119810 ttagattttattactgctatcatt 119787

emb | X69067 IMTAFDNA A.franciscana complete witochondrial DNA
Length = 15822

Score = 40.1 bits (20), Expect = 0.15
Tdentities = 20720 (100%), Positives = 20/20 (100%)

Query: 124 attttatiactactatcatt 143
AERARARRRRNARARNAAE
Sbjct: 1825 attttattactactatcatt 1844

emblALO224771HS172K10 Homo sapiens DNA sequence from PAC 172K10 on chromosome 6924, Contains
STS, GSS and chromosome 6 fragment, complete sequence
[Homo sapiens]
Length = 82073

Score = 38.2 bits (19), Expect = 0.60
Identities = 22/23 (95%), Positives = 22/23 (95%)

Query; 141 atttattttagcaatgttttata 163
FUERRELDET LIEE LT
Sbict: 70123 atttattttatcaatgttttata 70145
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emb1ALO21 786 1HS696H22 Human DNA sequence from PAC 696H22 on chromosome Xg21.1-21.2, Contains

a mouse B25 like gene, a Kinesin like pseudogene and ESTs
Length = 70665

Score = 38.2 bits (19), Expect = 0.60
ldentities = 19719 (100%), Positives = 19/19 (100%)

Query: 142 tttattttageaatgtttt 160
PHECNTERE T ]
Shict: 61900 tttattttagcaatgtttt 61918

eob 54106 [PHADH] P.hybrida ADH] geme for alcohol dehydrogenase |
Length = 4672

Score = 38.2 bits (19), Bxpect = 0.60
Identities = 19/19 (100%), Positives = 19/19 (100%)

Query: 124 attttattactactatcat 142
FEECLLTE T T
Shict: 4103 attttattactactatcat 408S

gh!U708461CELDINTI Caenorhabditis elegans cosmid DI0T3
Length = 7776

Score = 38.2 bits (19), Bxpect = 0.60
Identitiss = 19/19 (100%), Positives = 19/19 (100%)

Query: 155 tgttttataataatgaaag 173
ARARRRRRRRRRRRRRN
Sbjct: 701 tgttttatrataatgaaag 719

dbi IDR70161D87016 Human (lawbda) DNA for immunoglobin light chain
Length = 37113

Score = 38.2 bits (19}, Bxpect = 0.60
Identities = 22/23 (95%), Positives = 22/23 (95%)
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emb17838271HS473J6 Huwan DNA sequence From PAC 473J6 on chromosome X contains STS
Length = 135686

Score = 36.2 bits (18), Eapect = 2.4
- ldentities = 18/18 (100%), Positives = 18/18 (100%)

Query: 137 tatcatttattttagcaa 154
(RERRRESRIRRARRRRE!
Sbict: 95381 tatcatttattttageaa 995398

gblACD04740!AC0O04 740 Homo sapiens PAC clone DJ0631B17 frow 7p2!1-p22, complete seguence [Homo
sapiens]
Length = 127270

Score = 36.2 bits {18), Expect = 2.4
Identities = 24/26 (92%), Positives = 24/26 (52%)

Quary: 141  atttattttagcaatgttttataata 166
FECEYELD PREE TEET b
Skict: 26841 atttatttgagcagtgttitataata 26866

dbj [DE7010IDET010 Human {lambda) DNA for immunogloblin light chain
Length = 40233

Score = 36.2 bits (18), Eapect = 2.4
Identities = 21/22 (95%), Positives = 21722 {95%)

gbilU859731ATUSS%73 Arabidopsis thaliana BAC TI9D16 genomic seguence
Length = 115641

Score = 38.2 bits (19), Bxpect = 0.60
Identities = 19/19 (100%), Positives = 19719 (100%)

Query: 355 aaggtcctggaatggtgtt 73
ARRRRERRRERRRRRARE
Shict: 113952 aaggtcctggaatgptett 113970
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Query: 141 atttattttageaatgttttat 162
RN RN AR AR
Shjct: 17272 atttcttttagcaatgttttat 17251

ghlU235161CELBO416 Caenorhabditis elegans cosmid BO416
Length = 44797

Score = 36.2 hits (18), Bapect = 2.4
Identities = 27/30 (90%), Positives = 27/30 (90%)

Q Query: 141 atttattttagcaatgttitataataatgas 170
UV R rereeeetr oy et
8 Shjct: 25043 atttttttfagcaatgttataaaataatga 25014

smb1%1381210AADH D.affinidisjuncta Adh gene for alcohol dehydrogenase
>gil1568131ghIM37262 IDROADHAB D.affinidisjuncta alcohol
dehydrogenase (adh) gene, exons l-4.
Length = 3886

Score = 38.2 bits {19), Expect = D.60D
Identities = 19/19 (100%), Positives = 19/19 (100%)

Query: 147 tttagcaatgttttataat 165
AERRERERERERERERRE
Sbjct; 471 tttagcaatgttttataat 453

dbi 1D870181D87018 Human (lawbda) DNA for immunogloblin light chain
Length = 38756

Score = 38.2 bits (19), Expect = 0.60
Identities = 22/23 (95%), Positives = 22/23 (95%)

Query: 141 atttattttagcaatgttttata 163
AR RN NN R RN
Shjct: 33295 atttcttttagcaatgttitata 33273



gmbi¥13334 1CIY13334 Cawpylobacter jejuni groES, groBL genes
Length = 2580

Score = 36.2 bits (18), Bxpect = 2.4
Identities = 18/18 (100%), Positives = 18/18 (100%)

Query: 16 aggatttgatgcaggigt 33
FEELERTEETEE R
Shict: 2021 aggatttgatgeaggtet 2038

ghIME3705 | XELXNETaA X, laeivs xnf7 protein mRNA, complete cds.
Length = 2253

Score = 36.2 bits (18), Expect = 2.4
Identities = 21722 (95%), Positives = 21/22 {95%)

Query: 198 macaggctggaagtgaagagta 219
PECELERLEEELD FELEEi T
Shjct: 176 aacaggctggaagagaagagta 197

ohlUSO0SE 1 AGUSDOSE Asterina gibbosa mitochondrial transfer RNAs (Ala, Leu UAG, Asn,
Gln, Pro) and cytochrome oxidase subunit I (COI) gene,
complete cds, »gill2894731gb1USO0451PRUSOD4S Patirislla
regularis mitochondrial framsfer RNAs (Ala, Leu UAG,
Asn, Gln, Pro) and cytochrome oxidase subunit I (COI}

gene, complete cds.
Length = 1942

Score = 36.2 bits (18), Bapect = 2.4
Identities = 18718 (100%), Positives = 18/18 (100%)

Query: 126 tttattactactatcatt 143
ERRRRRRRRRRERRRNY
Shjct: 878 tttattactactatcatt 895

emh 1233348 I MCAA] M.capricolum DNA for CONTIG MCAAJ
Length = 1708
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gh!AC00445414C004454 Howo sapiens PAC clone DJO98SL12 from 7g11.23-g21.1, complete seguence
[Homo sapiens]
Length = 80514

Score = 36.2 bits {18), Expect = 2.4
Identities = 21/22 (95%), Positives = 21422 (95%)

Query; 141 atttattttagcaatgttttat 162
PECLHELETE FETEETEE LT
Shict: 19076 atttattttatcaatgttttat 19097

dbj |AB006793 | ABD06793 Ipomoea nil DNA for dihydroflavonol 4-reductase, complete cds
Length = 16837

Score = 36.2 bits (I8), Bxpect = 2.4
I[dentities = 18/18 (100%), Positives = I8/18 (100%)

Query: 234 agaaatatttcttggtaa 251
AERRRRRERERNRERRE!
Shict: 566 agazatatttcttggtas 583

gb | AF067383 IHS1UBR4 Homo sapiens ubiguitin-protein ligase E3-alpha (UBR1) gene, exons 4
through 7
Length = 3980
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Score = 36.2 bits (18), Expect = 2.4
Identities = 18718 (100%)., Positives = 18718 (100%)

Query: 117 ttattagattttattact 134
Littreryrebrnneeny
Sbict: 1484 ttattagattttattact 13501

ghllU46158 1CALIMEL S8 Candida albicans RAS-related protein (RSR1) gene,

complete cds
Length = 1917

" Score = 36.2 bits (18), Bxpect = 2.4
Identities = 18718 ¢(100%). Positives = 18/18 (100%)

Query: 127 ttattactactatcattt 144
Trrrireerrn vt
Sbjet: 179 ttattactactatcattt 196

- gblAC0023901AC002390 Human DNA from overlapping chromosowe 19-specific cosmids R30072 and

R28588, genomic seguence, complete seguence [Howmo sapiens]
Length = 70311

Score = 36.2 bits (18), Bapect = 2.4
Identities = 21722 (95%), Positives = 21/22 (95%)

Query: 198 aacaggctggaagtgaagagta 219
ERRRRRARRNRNENARRRRRR
Shjct: 176 aacaggctiggaagagaagagta 197

emblAL0221501HS198623 Homo sapiens DNA sequence from PAC 198G23 on chromosowe Xg21.1-g21.33.
Contains 0SS, STS, complete sequence [Homo sapiens]
Length = 94886

Score = 36.2 bits (18), Bapect = 2.4
Identities = 27/30 (90%), Positives = 27/30 (90%)

Query: 136 ctatcatttattttagcaatgttttataat 165
PUET TLERTEEr BV T
Shict: 63029 ctataatttatttcagcagtgttttataat 63058

oh| AF0397091AFD39700 Maackia amurensis 14-3-3 protein homolog wRNA, complete cds
Length = 1176

Score = 36.2 bits (18), Expect = 2.4
Identities = 21/22 (95%), Positives = 21/22 (95%)

Query: 15 taggatttgatgcaggtgittg 36
PLORLECEET e et
Shijct: 842 taggatttgatgeatgtgttty 863



61

emb 292831 1CEF22012 Caenorhabditis elegans cosmid F22012, complete sequence [Caenorhabditis
elegans|
Length = 293583

‘Score = 36.2 bits (18), Expect = 2.4
Identities = 18/18 (100%), Positives = 18/18 (100%)

Query: 117 ttattagattttattact 134
RERRARANRIRRRRRRN
Shjct: 16700 ttattagattttattact 16683

dbj JABDOA793 LARDD6T%3 Ipomoea nil DNA for dibydroflavonol 4-reductase, complete cds
Length = 16837

Score = 36.2 bits {18), Bapect = 2.4
Identities = 18718 (100%), Positives = 18/18 (100%)

Query: 234 agaaatatttcttggtaa 2351
IRERRRRRRRRRRER RN
Shijct: 566 agamatatttcttggtaa 583



CPU time: 8.86 user secs. 0.84 sys. secs

Database: Non-redundant GenBank+EMBLADDBI+PDB sequences
Posted date: Jul 26, 1998 8:D1 AM

Number of letters in database: 773,827,195

Number of sequemnces in database; 355,285

Lambda K H

1.37 0.711 1.31
Gapped
Lambda K H

1.37 0.711 1.31

Matrix: blastn matrix:1 -3

Cap Penalties: Bxistence: 5, Extension: 2
Number of Hits to DB: 134096

Number of Sequences: 355285

Number of extensions: 134096

Number of successful extensions: 37010
Number of sequences better than 10: 38
length of query: 260

length of database: 773827195

geffective HSP length: 19

gffective length of query: 241
effective length of database: 767076780
effective search space: 184865503980

oo

X1: 6 (11.9 bits)
X2: 25 (49.6 bits)

S1: 0 { 0.5 bits)
Q- 17 34 7 hite)

62

9.70 total secs.



APPENDIX A.2
HS.112341, QUERY RESULT SCREEN IN NCBI HOMEPAGE

BLAST Search Results

waiting for 4 jobs to finish

Commencing search, please wait for results.
BLASTN 2.0.4 [Feb-24-1998]
Referénce: Altschul, Stephen F., Thomas L. Madden, Alejandro A.
Schaffer, Jinghui Zhang, Zheng Zhang, Webb Miller, and David J. Lipman
(1997), "Gapped BLAST and PSI-BLAST: a new generation of protein database search
programs", Nucleic Acids Res. 25:3389-3402.
Query= 827584 gnlIUGIHs#S827584 nn69d08.s] Homo sapiens cDNA
Jclone=IMACE: 1089135 /gb=AASRE0T4 /gi=2397788 /ug=Hs.112341 /len=399
{399 letters)

Database: Non-redundant GenBank+EMBL+DDBJ+PDB seguences
355,285 sequences; 773,827,195 total letters

L E 5 do) ) 1 it el htatt P St L S R . done

Distribution of 48 Blast Hits on the Query Sequence

[Mggsc—over to show defline and scores. Click to show alignments

Color Key
40-50 L

cxat
]
05t
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Sequences producing significant alignments:

emblZ18538 (HSANTLEUP H.sapiens encoding skin-derived antileukop. .

dbi 1013156 |HUMELAFIN Human gene for elafin, complete cds

ghiL10343 |HUMPREELAS Huwa elafin gene, complete cds. >gil299840...
emb|AJ223215 | MAM22321S Macaca mulatta wRNA for putative sTrappi...

embliAJ2232161B0T223216 Bos taurus mRNA for putative bTrappin-2 .
dbi IDS03191PIGWAPA Pig DNA for elafin, complete cds

dbj IDS0322 |PIGWAPD Pig wRNA for elafin family member protein, c..
dbj ID83668 D83668 Sus scrofa gene for elafin homolog, exon2, pa...

dbi [D30320(PICWAPE Pig DNA for SPAI-2, complete cds

dbj ID83667 DMY245 Wild boar; domestic pig wRNA for preproSPAl-2...

dbiID17753[PIGSPAIZA] Porcine mRNA for SPAI-2, complete cds
dbi[D17755IPICSPAI2S2 Porcine DNA for SPAL-2, exon 2
dbi1&B0O11010IABOLIDIO Bos taurus gene for Trappin-6, partial cds

db] IDSD323 [PIGWAPE Pig wRNA for elafin family member protein, c..
dbj IDSO321 IPIGWAPC Pig DNA for elafin family member protein, co..

dbj 1D177561PIGSPAIZ2S3 Porcine DNA for SPAI-2, exon 3

emb|X057101TBTRS16 Trypanosowa brucei DNA for trypanosome repea...
dbi 1D90304 |1D90204  Synechocystis sp. PCC6BD3 cowplete genome, 6/...
gbIACOD1228 IHSACOD1228  244Kb Contig from Human Chromsome 1ipls...

ghilL 19876 | DROCOFACTO Drosophila welanogaster molybdenum cofacto...
ghlL42568 IHUMATP1S0S Homo sapiens {(clone 1SWI1-1) non-gastric H...

ghl1J00306 |HUMSOM] Human somatostatin I gene and flanks.

ghlAFOITI131AFC171132 Bacillus subtilis 300-304 degree genomic s...
emb|Z2%9122 1BSUBODIY Bacillus subtilis cowplete genoms {section ...

ghlL10345{RICAMYBA Oryza sativa beta-awylase gene, complete cds.
ghiL 10346 IRICAKMYEE Oryza sativa beta-amylase gene, complete cds.

emb (749237 (HSLZ27HY Human DNA from cosmid L27h9, Huntington's Di...
gh|M21005 |IHUMMRPRA Human wigration inhibitory factor-related pr...
ghlAC0024221AC002422 Human Chromosowe X, complete sequence [Hom..

embiX84419 [HSTAXIEX] H.sapiens TAX-1 gene (exon 1)

ghlU048551 [AUC4855 Influenza A virus (HIN!) A/swine/Northern Ir...
ghlUD4856 1 1AUD4R56 Influenza A virus (HINI) A/swine/Cambridge/3...
ghIM30746 |[FLANPE Influenza A/Wilson-Smith/33 (HIN1) nucleoprote...
gh|M63769 |IFLANPAY  Influenza A/Swine/Cambridge/1/35 (HINI) nucle...

Score
{bits)

636
446
446
276
92

ekl kiR

[N RN RN By VRN SR RN SR WL
Ca 00 GO 0aGa 0o 0a



emblZ18538 {HSANTLEUP H.sapiens encoding skin-derived antileukoproteinase

Scorg =
Identitie

Query: 54

Shict: 478

Query: 114

fength = 478

686 bits (346), Expect = 0.0
s = 346/346 (100%), Positives = 346/346 (100%)

tgggcatcctgantyggeagyaagaaliggacagtgtgggaaggyggaapggcagcagggact
RN R R R R R AR RN R RN RN RN RN RN RN RN

tgggcatectgaatggpaggaagaat ggacagtgt gpgaageggaagggeagcagggact

taggaccagatggggcctgltagetctggggacggeacaggtgcagecaaggaceggetceo
R R RN R R AR RN R R RN R R R AR RN R R RN R AR AR R RN R AR

Shict: 418 taggaccagatggggcctgtagetolggpgacggeacaggtgeagcaaggaceggetecoe

Query: 174 tctcactggggaacgaaacaggecateccgeaagageeiteacageacttcttgatticet

AR AN RN R R R RN RN RN AR RO RN AR A RRROR AR

Shjct: 358 tctcactggggaacgaaacaggecatccogeaagagecttecacageactticttgattcoct

Query: 234 gpgcagtcagtatctitcaageageggitagggpgattcaacatgpegeaceggateaag

RN RN R R R R RN RN AR RN R A RN R R A AR RN RN N AR R RR RS

Shjct: 298 gggragtcagtatctttcaageagepgttagegggattcaacatggogeaccggateaag

Query: 294

Shjct: 238

Query: 354

Shjct: 178

db1 (D315

ataatggggcagegagecaggcttagtggagactggacctittgactggetettgegettte
RN R R RN R R RN RN RN AR AR RN R R AR RN R R AR RN
ataatggggcaggagccaggettagtipggagactggacctitgactggctettgegetttyg

actttatcttgaccittaactgaaacttgtcctttaacgggatctt 399
PEELEEE AR E e v e v e e b etk el
actttatcttgacctttaactgaaacttgtcctttaacgpgatctt 133

6 IHUMELAFIN Huwan gene for elafin, complete cds

Score =
Identitie

Length = 1878

446 bits (225), Expect = e-123
s = 225/225 (100%), Positives = 225/225 (100%)

113

419

173

359

233

299

293

239

353

179
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Query: 175 ctcactggggaacgaaacaggecatcocgeaagagecttcacageacttcttgaticetg 234
. RN RN R R AR RN RN RN AR R RN R A R R R R A NN R RN A RN
Shjct: 1460 ctcactggggaacpaaacaggecatcccgeaagageettcacageacticttgattectg 1401

Query: 235 ggeagtcagtatctttcaagcagcggttagggggattcaacatggegeaceggatcaaga 294
_ ARRRERRR RN RN R R RN AR R R AR RN A RN R R R AR R AR RRRR AR
Shjct: 1400 ggeagtcagtatctttcaagecageoggitaggeegaticaacatggegeaccggatcaaga 1341

'Qucryz 295 taatggggcagpagccaggcttagtggagactggacctitgactggctettgegetttga 354
- R RN RN R RN RN R RN R RN RN RN A RN RRRERRREANY
Shict: 1340 taatggggcaggagccaggcttagtggagactggacctttgactggetetigegetttga 1281

Query: 355 ctttatcttgacctttaactgaaacttgtcctttaacgggatctt 399
IR R RN RN R R RN RN RN RN RS RN RN
Shjct: 1280 ctittatcttgacctttaactgaaactigtectttaacgggatctt 1236

Score = 349 bits (176), Expect = 25-94
Identities = 176/176 ¢100%), Positives = 176/176 (100%)

Query: 1 ggagcagaazgaactctttattggaaagtggatgagagazgcagctccagccgtgggcat 60
AR R R R R R RN RN R R RN R RN R RN R AR RN R RN RRR RN
Shict: 1868 ggagcagaaggaactctttattggaamagtggatgagagaggcagetccageegtgggeat 1809

Query: 61 cctgaatggpaggaagaatggacagtgtgggaaggggaagggeageagggact taggace 120
AR R RN R RN R RN R AR RN RN AR RN ARRRRR AR
Shjct: 1808 ccigaatggpaggaagaatggacagtgtgggaagggeaagegcageagggacttaggace 174%

Query: 121 agatggggcctgtagetctgggracggeacaggtgeageaaggaceggetoectct 176
RN I RN RN R R RN AR AR R AR RN AN AR R RRRRRRRRA RN
Shict: 1748 agatggggcctgtagetctggggacggeacaggtgeageaaggaceggetcectcet 1693

gb|L 10347 |HUMPREELAS Huma elafin gene, complete cds. >gi12998401gh| 8587171858717
pre-elafinzelastase-specific inhibitor [human, placental,
Genomic, 2309 nt]
Length = 2309
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‘Score = 446 bits (225), Expect = e-123
Identities = 225/225 (100%), Positives = 225/225 (100%)

Qucry: 175 ctcactgggpaacgaaacaggccatcccgeaagagecticacageacticttgattectg 234
» RN R R R R RN RN R RN AR RN R AR RS RN AR RN RN AR ARRRRREND
Shict: 1728 ctecactggpgracgaaacaggecatccogeaagagect teacageacticttgattecty 1669

Query: 235 ggcagtcagtatctttcaageageggttagggggaticancatggegeaccggatcaaga 294
AR RN R RN RN RN R AR R RN NN RN RN RN RN NN
Shjct: 1668 ggcagicagtatcttitcaagcageggttagggpeattcaacatggcgeaccggatcaaga 1609

Query: 295 taatggggcaggagccaggcettagtggagactggacctttgactggetcttigegetttga 354
AR AR R AR R R R RN R AR E RN ER RN

Shict: 1608 taatggggcaggagccaggcttagtggagactggacctitgactgectettgegettitga 1549

Query: 355 ctitatcttgacctttaactgaaactigicctttaacgggatctt 399
RN RRE RN R RN RN R AR R AR AR AR RRRR R
Shjct: 1548 ctttatcttgacctttaactgaaacttgtcctttaacgggatett 1504

Score = 341 bits (172), Bxpsct = 5e-92
Identities = 175/176 (99%), Positives = 175/176 (9%%)

Query: 1 ggagcagaaggaactctttattggaaapgtggatgagagaggeagetccageegtigggeat 60
RRERRE RN RN AR NN R R R A AR R RN AR R R AN R AN RN AR
Shjct: 2135 ggagcagaaggaagictittattgganagtggateagagaggecagetccageegtggeeat 2076

Query: 61 cctgaatgggaggaagaatggacagigtgppaaggggaagggeageagggact taggace 120
REREERR IR RN RN R R AR AR AR NN RN RN ER RN RREREERE RN
Shjct: 2075 cctgaatggpaggaagaatggacagtgigggaaggggaaggecageagggact taggace 2016

Query: 121 agatggggcctgtagctctggegacggcacaggtgeageaaggaccggetcectet 176
RN RRRRE R RN RN RN R RN R AR AR RN RN RRNR RN
Shict: 2015 agatggggcctgtagetctggggacggeacaggtgoagraaggaccggeteectet 1960

enh AT 223215 [MAM22321S Macaca wulatta wRNA for putative sTrappin-2 protein, partial
Length = 270

Score = 276 bits (139), Bxpect = 28-72
Identities = 157/163 (96%), Positives = 137/163 (96%)
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Query: 237 cagicagtatctttcaagcageggttagggepattcagcatggogeaccggatcaagata 296
R R R N RN R RN AR RN NN R RN AR AN A AR RN AR RN
Skbjct: 270 cagtcagtatctttcaageageggttagggggatticaacatggegeacecggatcaagata 211

Query: 297 atggggcaggagecaggelitagtggagactggacctitgactggetettgegetttgact 356
PEPTEEY VO RV e b e e ety b bt
Sbjct: 210 ttggggeaggagecaggettagtggagacgegacectitgactggcectegeeottitgact 151

Query: 357 ttatcttgacctttaactgagacttgtectttaacpgggatett 399
‘ RN AR RN AR R R RN R R R R RN AR
Shict: 150 ctatcttgacctttaactgaaacttigtcctitaacgggatett 108

emblAl223216|B0T223216 Bos taurus mRNA for putative bTrappin-2 protein, partial
Length = 573

Score = 91.7 bits (46), Expect = 7e-17
Identities = 121/146 (82%), Positives = 121/146 {82%)

Query: 175 ctcactgggpaacgaaacaggecatcoogeaagageettecacageactictigattcoty 234
RER RN AR R AR R O AR R R RN R NN AR RN AN R R AR R E R A B
Sbjct: 406 ctcactggggatccatacaggtcttocecacaagagecttcacageacttcttgaccectg 347

Query: 235 ggcagtcagtatctitcaagocageggttageggeattcaacatggogeaccggatcaaga 294
R R A N RN R RN R A R R RN RN RN R R R R
Shjct: 346 ggcactgageatccctcagacatcggitagggeggttcatcatggeacaceggatcagaa 287

Query: 295 taatggggcaggagccaggcttagtyg 320
CPEERVETEE TELEELEI
Shjct: 286 ccctggggeaggacccaggettiagtyg 261

Score = S0.1 bits {25), Expect = 2e-04
Identities = 58/69 (84%), Positives = S&/69 (84%)

Query: 331 ctttgactggctcttgegetitgactttatcttgacetttaactgaaacttgtectttaa 390
PUEE PO S0 ni bbb eerb v rrerbrren |
Sbjct: 88 ctttcactggatcttgtectttgactggatcttgaccttitgactggatetigtectttga 29



Query: 391 cgggatctt 399
- P
Shjct: 28 ctggatctt 20

Score = 36.2 bits (18), Bapect = 3.8
Identities = ST/70 (81%), Positives = ST/7D (31%)

Ouery: 330 cctttgactggetctigepettitgactttatcttgacctttaactgaaacttgtonttta 389
AR R RN RN e R R N N R RN AR A R R AR R ER R R RN R
Shjct: 125 cctttgactggttcttgacctotgactggattttgatetttcactggatcttgtecttty 66

Query: 390 acgggatctt 309
RN RRE
Shict: 65 actggatctt 56

Score = 48,1 bits (24), Bapect = 0.00]
Identifies = 60/72 ¢(83%), Positives = 60472 (83%)

Query: 328 gacctttpactggcticttgeogetitgactttatettgacettitaactgaaactitgtectt 387
FEECEEE Threrese i beer e rrefeeerrert veee v el
Sbhict: 199 gaccittcactggectctigacctitcactggatetigacctttgactggatcttgacctt 140

Query: 388 taacgggatctt 399
SRR RN
Shict: 139 tgactggatctt 128

Score = 50.1 bits (25}, Bxapect = 2e-04
Identities = 52/6]1 (85%), Positives = 52/61 (85%)

Query:; 328 gacctttgactggetctigegetttgactitatecttgacetttaactgaaacttigtectt 387
PESTEED FOev e veeey et bveerei b s e
Sbhjct: 181 gacctttcactggatcttgacctttgactggatctigacctttgactggatctigtectt 122

Query: 388 t 388
|
Shict: Lll t 121
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Score = 36.2 bits (18), Bapect = 3.8
Identities = 39/46 (84%), Positives = 3%9/46 (84%)

Query: 330 cctttgactggetcttgegetttgactitatcttgacctttaactg 375
PERRLERLRTE VPRI FUREREr b hiry Lherr iy
Shijct: 71 cctttgactggatcttgacctttgactggatcttgicetitgactg 26

Score = 40.1 bits (20), Bapect = 0.24
[dentities = 41/48 (85%), Positives = 41748 (85%)

Query: 328 gaccittgactggctcttgegettitgactitatettgacctttaactg 375
PEIVIERLERTTE Y00t breer et beever reetrr 1y
Sbjct: 163 gacctttgactggatcttgacctitgactpgatcttgicctttgactg 116

Score = 40.1 bits (20}, Expect = 0.24
Identities = 35/40 (87%), Positives = 35/40 (87%)

Query: 328 gacctitgactggctocttgogetttgactttatcttgace 367
PEPVRERREEEEY PV FRErrerr bbielry
Shjct: 55 gacctitgactgpatcttgtectttgactpgatettgace 16

dbj IDSO3191PICWAPA Pig DNA for elafin, complete cds
Length = 3693

Score = 75.8 bits (38), Bxpect = 4e-12
Identities = 104/126 (82%), Positives = 104/126 (82%)

Query: 191 acaggccatcccgeaagagecttoacageacticttgaticotgggeagtecagtatettt 250
PUSLETD PPeeeiel e e et et e et |
Sbict: 1947 acaggccticccgeaaaagecttecacageacticttgagocctgggeactgageatecact 1888

Query: 251 caagcapgcggttagggggattcaacatggcgcaceggateaagataatggggeaggagee 310
VL e el 1ol RN A AR RN RN
Sbijct: 1887 camacacctgttagggpggattgaccatcaageaacggatcagaatectgeggcaggagee 1828

Query: 311 aggctt 316
[HIEE]
Shict: 1827 aggett 1822



Score = 42.1 bits (21), Expect = 0.061
Identities = 27429 {©3%), Positives = 27/29 (93%)

Query: 17 tttattggaaagtegatgagagaggcage 45
PEELEIRELEED TR E et
Shjct: 2585 tttattggamagccgatgagagaggcage 2557

'dbi 1D503221PICWAPD Pig wRNA for elafin family member protein, complete cds
Length = 464

Score = 67.9 bits (34), Bapect = le-09
Identities = 97/118 (82%), Positives = 97/118 (82%)

Query: 199 tcccgeaagagccticacageacttcottgattoctgggoagteagtatctitcaageage 258
AR R AR R R AR R RN NN e AR N A e O O I O B O O B
Sbict: 423 tcccgeaaaagocttcacageacticttgacecentgggeactgageatcactecaracace 364

Query: 259 ggttagggggattcaacatggegeaccggateaagataatggggeaggagecaggett 316
PEELTRLILELE 1 L PEECRTLTEE 1 PR e e b
Shjct: 363 tgttagggggattgaccatcaagcaacggatcagaatcetggggeaggagecaggett 306

dbj ID836681D83668 Sus scrofa gene for elafin howolog, exon2, partial cds
Length = 1034

Score = 67.9 bits (34), Bapect = le-09
Identities = OF/118 (82%), Positives = G7/118 (82%)

Query: 199 tcccgeaagagecttcacageactictigattcctgggeagtcagtatctttcaageage 258
PEREETEE FERE e bbb et beeerrel v 180 e 1l
Shjct: S35 tcccgcamaagocttcacageactictigaccectgeggoactgageatcactcaaacace 476

Query: 259 ggttagpgggattcaacatggegeaccggaicaagataatggggeaggageeaggett 316
RERERRRR AR EREN RN PEL LEIEREY b0 e erer by
Sbjct: 475 tgttagggggattpgaccatcaagecaacggatcagaatcotggggeaggagecaggett 418

dbi |DSD3201 PICWAPE Pig DNA for SPAI-2, couplete cds
Length = 3782
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Score = 56.0 bits {28), Bxpect = 4e-06
Identities = 40/44 (%0%), Positives = 40744 (90%)

Query: 199 tcccgecaagagecttcacagcacttettgattcetigggeagtca 242
PEUIREIE TR L ey ey et bkl
Shjct: 2010 tcccgeaaaagecttcacageacttettgacceetggacagtca 1967

Score = 42.1 bits {21), Eapect = 0.061
Identities = 27/29 (93%), Positives = 27/29 (93%)

Query: 17 tttattpgaaagtggatgagagaggcage 45
AR AR R R R RN R R R R R RN
Shjct: 2685 tttattgpaaagccgatgagagaggeage 2657

dbi ID83667 1DMY245 Wild boar; domestic pig mRNA for preproSPAI-2, complete cds
Length = 78%

Score = 36.0 bits (28), Expect = 4e-06
‘Identities = 40/44 {90%), Positives = 40/44 (90%)

Query: 199 tcccgeaagagecticacageacttcttgattoctgggeagtea 242
FEEIUTEE St e v i
Shict: 601 tcccgecaaamagecttcacageacttcttgaccoctggacagtea 558

Score = 42.1 bits (21), Bxpect = 0.061
Identities = 27/29 (93%), Posttives = 27/29 (93%)

‘Qucry: 17 tttattggaaagtggatgagagaggcage 45
RN R RN R RN R R R AR RN
Shict: 766 tttattggamagccgatgagagaggeage 738

dbi ID17753 I PICSPAI24] Porcine mRNA for SPAl-2, cowplete cds
Length = 722

Score = 56.0 bits (28), Expect = 4e-06
[dentities = 40/44 (90%}, Positives = 40744 (90%)



Query: 199 tcccgeaagagecttoacageacttcttgatiicotgggeagica 242
‘ FEERRETE PR e ettt it et
Shijct: 541 tcccgraaaagecttcacageacttettgaccecctggacagtca 498

Score = 42.1 bits (21), Bxpect = 0.061
Identities = 27/29 (93%), Positives = 27/29 (93%)

Query: 17 tttattggaaagtggatgagagaggeage 45
PEELLLEIEIEE LT Ebrr e
Shict: 706 tttattggaaagccgatgagagaggcage 678

dbjIDI77551 PICSPATR

S2 Porcine DNA for SPAI-2, exon 2
Length = 4

3

2
g

Score = 96.0 bits (28), Expect = 4e-06
Identities = 40/44 (90%), Positives = 40/44 (50%)

Query: 199 tcccgeaagagecticacageacttetitgattectgggeagtca 242
CEEARERD TEEEETER e rerrer tredt retttd
Shict: 459 tcccgraaaagecttcacageacttctigaccoctggacagtca 416

dbi |AROLID10IABDLIDID Bos taurus gene for Trappin-6, partial cds
Length = 485

Score = 52.0 bits (26), Bapect = 6&-03
Identitiss = 62/74 (83%), Positives = 62/74 (83%)

Query: 199 tcccgecaagagecticacageacttettgattectgggeagtcagtatctiteaageage 258
P 0D bR e enr i IRER R R I A N R R
Shjct: 306 tcccacaaaagecttcacageacttcttggeceotgggeagigageatctetecaacact 247

Query: 259 ggttagggggattc 272
RERRRRRRRERRER
Shjct: 246 ggttaggegggattic 233



db]1DS0323 IPICHAPE Pig wRNA for elafin family wewber protein, complete cds
Length = 578

Score = 52.0 bits (26), Bapect = 6e-035
Identities = 38/42 {90%), Positives = 38/42 (90%)

Query: 199 tcccgeaagagecttcacageacttottgat tectgegoagt 240
PERRRLED SHRR0R TR e e el e
Shict: 537 tcccgeaaaagecttcacageacttcatgacecctgggcagt 496

db] 1050321 | PICWAPC Pig DNA for elafin family wewber protein, complete cds
Length = 3670

Score = 42.1 bits (21), Expect = 0.061
Identities = 27/2% (93%), Positives = 27/2% (93%)

Query: 17 tttattggaaagtygpatgagagaggeage 45
PLEREUEEILNY TR eererrgnil
Sbjct: 2554 tttattggaasagccgatgagagaggeage 2526

Score = 36.2 bits (18), Expect = 3.8
Identities = 24/26 (92%), Positives = 24/26 (902%)

Query: 215 acagcacttcttgattcctgggeagt 240
PEETRIILLET R bt
Sbhjct: 1865 acagcacticttgacccctgggcagt 1840

dbiID17756 | PICSPATI2SE Porcine DNA for SPAI-2, exon 3
Length = 157

Score = 42.1 bits (21), Expect = 0.061
Identities = 27/29 (93%), Positives = 27/29 (93%)

Query: 17 tttattggaaagtggatgagagaggcage 45
' [BERRRRRR AN R RN RN AR R RR Y
Sbjet: 141 tttattgpasagccgatgagagaggeage 113
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enb{X0STIO{TETRSIE Trypanosoma brucei DNA for trypanosome repeated sequence TRS 1.6
homol. to reverse transcriptass
Length = 6826

Score = 38.2 hits {19), EBxpect = 0.93
Identities = 19/19 (100%), Positives = 19/19 (100%)

Query: 372 actgaaactigtcciitas 380
AERRRRRRNRRRRN AR
Shjct: 6355 actgazacttgtecctttaa 6373

dbi 1090004 1D90004 Synechocystis sp. PCCO68D3 complete genome, 6727, 630555-781448
Length = 150894

Score = 38.2 bits (19), Expect = 0.95
Identities = 22/23 (95%), Positives = 22/23 (95%)

Query: 79 tggacagtgtgggaaggggaagg 101
, FELELEEET e it
Sbhjct: 71135 tggacagtgtggpagegegaagg 71177

gh]ACDD] 228 HSACDD1228 244Kb Contig from Human Chromsowe 11pl5.5 spanming D1151 through
D11825, complete seguence [Homo sapiens]
Length = 244254

Score = 38.2 bits (19), Bxpect = 0.95
Identities = 19419 (100%), Positives = 19719 (100%)

Query: 298 tggggcaggagecaggett 315
ARARERRRARRRRERRRY
Sbjct: 34181 tggggcaggagccaggett 3419%

ob 119876 | DROCOEACTD Drosophila melanogaster molybdenum cofactor (cin) mRNA, complete cds
Length = 1806

Score = 38.2 bits (19}, Bapect = 0.93
Identities = 19/19 (100%), Positives = 19/19 (100%)
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Query: 344 tigegctttgactttatct 362
(RERSERRERRERRRRRER
Shict: 1774 ttgegetttgactttatet 1792

gh!L42568 IHUMATP1G0% Homo sapiens {clone 1SW11-1) non-gastric H,K-ATPase (ATPIAL1) gene,
exons 15-17.

Length = 5389

Score = 38.2 bits (19), Bxpect = 0.95
Tdentities = 19/19 (100%), Positives = 19/1% (100%)

Query: 122 gatggggcctgtagetcty 140
RN REARERRRRARERR
Shict: 4978 gatggggcctigtagetctg 4906

ghlJ00306 THUMSOM! Human somatostatin [ gene and flanks.
Length = 2667

~ Score = 38.2 bits (19), Expect = 0.95
Identities = 22723 (95%), Positives = 22/23 (95%)

Query: 296 aatggggcaggagccaggettag 318
FEIVETEEEETI e Pttt
Sbict: 1434 aatggggcaggagcaaggcitag 1412

ghAFOI7UI3IAFDITLL3 Bacillus subtilis 300-304 degree genomic seguence
Length = 47739

Score = 38.2 bits (19), Expect = 0.95
Identities = 19719 (100%), Positives = 19719 (100%)

Query: 6 agaaggaactcittatigg 24
ERRRERRRRRRERRARER
Shjct: 28176 agaaggaactctttatigg 28194
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gublZ99122|BSUBODIS Bacillus subtilis complete genome (section 1% of 21): from 3597091 to

3809700
Length = 212610

Scors = 38.2 bits (19), Bapect = D.85
‘Identitics = 19/19 (100%), Positives = 19/19 (100%)

Query: 6 agaaggaactctttattgg 24
‘ ERERIRERRRERRRRNEN
Sbict: 2117 agaaggaactctttattgg 2099

gblL10345 IRICAMYPA Oryza sativa beta-amylase gene, complete cds.

Length = 3043

Score = 36.2 bits (18}, Bapect = 3.8
Identities = 18/18 (100%), Positives = 18/18 (100%)

Query: 54  tgggcatcctgaatggga 71
(A RRRERERRR RN RER!
Shict: 1541 tgggeatcctgaatggga 1558

ghiL10346 R ICAMYBR Oryza sativa beta-amylase gene, complete cds.

Length = 3148

Score = 36.2 bits (18), Expect = 3.8
Identities = 18/18 (100%), Positives = 18/18 (100%)

Query: 54 tgggcatcctgaatggga 71
_ EEETTT TEEY
Sbict: 1652 tgggcatccigaatggga 1669

emb 2492371 HSL27H2 Human DNA from cosmid L27h%, Huntington's Disease Region, chromosome

4pl16.3 contains CpG island
Length = 39324

Score = 36.2 bits (18), Bapect = 3.8
Identities = 18/18 (100%), Positives = 18/18 (100%)

Query: 299 ggggcaggagccaggett 316
_ R AR AR RN RN RN
Shjct: $972 ggggcaggagccaggett 5955
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ghIM21005 IHUMMRPRA Human wmigration inhibitory factor-related protein 8 (MRPE) gene,
complete cds. >gil20845861ghl 1385321138532 Sequence |
from patent US 5614397
Length = 4195

Score = 36.2 bits {18), Bapect = 3.8
~Identities = 18/18 (100%), Positives = 18/18 {100%)

Quﬁfy: 8S gtgtgggaaggggaaggg 102
ST, ’ ERRNRRER RN R RN
Sbjcti 1842 gtytgggaaggggaaggg 1825

ghlACD02422 1 4C002422 Human Chrowosowe X, complete sequence [Howo sapiens]
: Length = 1600%1

Score = 36.2 bits (18), Bapect = 3.8
Idcntitics = 18/18 (100%), Positives = 18/18 (100%)

Query: 101 ggcageagggacttagea 118
. RN RN
Shjct: 100622 ggcagragggactitagga 100639

emblX84419 [HSTAXIEX] H.sapiens TAX-1 gene (exon 1)
Length = 5436

‘Score = 36.2 bits (18), Eapect = 3.8
Identities = 21/22 (95%), Positives = 21/22 (95%)

Query: 80 ggacagtgigggaaggggaagg 101
PETTRLLER RN VLR
Sbict: 2199 ggacagtgtgggcagggpaagg 2220

' gbIUD4SSSJiﬁUD4855 Influenza & virus (HIN1) Afswine/Northern Ireland/38 nucleoprotein
{NP) gene, partial cds.
Length = 1494

j Score = 36.2 bits (18), BEapect = 3.8
Identities = 18418 (100%), Positives = 18/18 (100%)

Query:‘zz ‘tggaaagiggatgagaga 39
‘ INRRRRRRNARRRRRARE!
 Sbjct: 303 tggmaagtggatgagaga 320
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. ghlUD48561 [AUD4856 Influenza A virus (HIN1) A/swine/Cawbridge/3% nucleoprotein (NP)
: gene, partial cds.
Length = 14%4

Score = 36.2 bits (18), Eapect = 3.8
Identities = 18/18 (100%), Positives = 18/18 (100%)

Qusfy: 22 tggaaagtggatgagaga 39
ARRRRRRRNRRRRERRR
Sbict: 303 tgpaaagtggatgagaga 320

ghiW30746 1 FLANPB Influenza A/Wilson-Smith/33 (HINI) nucleoprotein (seg 5) mRNA,
complete cds.
Length = 1563

“Score = 36.2 bits (18), Eipsct = 3.8
Identities = 18/18 (100%), Positives = 18/18 {100%)

Quéry: 22 tggasagtggatgagaga 39
‘ AERRRERRERERARERE
Shijct: 348 tggaaagtggatgagaga 365

ZbiM63762 IFLANPAY Influenza A/Swine/Cambridge/1/35 (HIN1) nucleoprotein mRNA,
, complete cds.
Length = 1565

Score = 36.2 bits (18), Eapect = 3.8
ldentities = 18/18 (100%), Positives = 18/18 (100%)

Query: 22 tpganagtggatgagaga 39
SRRRNNEIRRRARRARE!
Sbict: 348 tggaaagtggatgagaga 3695



CRU time: 33.29 user secs. 1.18 sys. secs

Database: Non-redundant GenBank+BEMBL4DDBJ+FDB sequences
Posted date: Jul 26, 1998 8:01 AM

Number of letters in database: 773,827,195

Number of seguences in database: 355,289

Lamhda K H

1.37 p0.711 1.31
Gapped
Lawbda K H

1.37 0.711 1.31

Matrix: blastn matrix:l -3

Qap Penalties: Existence: 5, Batension: 2
Number of Hits to DB: 157455

Number of Seguences: 355285

Number of extensions: 157453

Number of successful extensions: 40253
Number of sequences better than 10: 37
length of query: 399

length of database: 773827195

effective HSP length: 19

effective length of query: 380
¢effective length of database: 767076780
effective search space: 291489176400

T:
A

X1: 6 (11.9 bits)
X2: 25 (49.6 bits)

81: 0 ( 0.5 bits)
QI- 1R (2R 7 hitc)

[as S

80

34,47 total secs.



APPENDIX A.3
MOTIFS RETRIEVED FROM PROSITE IN PRATT WEBSITE

PRATT results

Results of Search:
Program: PRATT 2.1

Pratt version 2.1, Febr. 1997
ritten by Inge Jonassen,
University of Bergen
Yorvay
email: inge@ii.uib.no
For more information, see
http://www.ii.uib.no/~inge/Pratt. htnl
Please quote:
I.Jonassen, J.F.Collins, D.G.Higgins.
Protein Science 1993;4(8):1587-1595,

............................................................

Pratt version 2.1

Analysing 4 sequences from file /data/web/howe/tnp/15585.prattseq

PATTRRN CONSERVATION:

CM: min Nxr of Seqs to Match 4
C%: wmin Percentage Seqs to Match 100.0
PATTERN RESTRICTIONS
PP: pos in seq [off,complete,start] off
PL: max Pattern Length 50
PN: wax Nr of Pattern Symbols 30
PX: wax Nr of congsecutive x's 5
FF: wax Nr of flexible spacers 0
BI: Input Pattern Symbol File of £

BY: ¥r of Pattern Symbols Initial Search 20

PATTERN SCORING:
S: Scoring [info,mdl, tree,dist,ppv] info

SEARCH PARAMETERS:

G: Pattern Graph from [seq,al,query] soq
E: Search Greediness 3
R: Pattern Refinewment on
RG: Generalise awbiguous symbols off
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on
50
50
on
10
of f

/data/veb/home/ tnp/ 15585 . prattres

ratio for printing

M. Print Patterns in sequences
NY: print vertically

OF: Output Filename

OF: PROSITE Pattern Format
OX: wax number patterns
0A: max number Alignments

KR:
Pratt run started at Yed Jul 29 10:08:57 199g

Best Patterns before refinewent:
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%
X
X
0
x
E

¥y
?
)

K
L
Q
X
B
23

Y
Y
E
)
¥

2
)
X
]
®

¢
14
)
(
B

2
H
A
B

y
(
-S-x(2)-L-K-x-L-B-¥-P-Y-¥-D-R-x(2)-C-

X
G
-G-R-x(2)-E-x-6-R-x-8-x(2)-

(2)-B-x-5-R-x-5-x(2)-L-K-x-L-E-
~R-%(2)~E-x-G-R~-x-S-%(2)-L-Kox-
F
§-F-G-R-x(2)-E-x-6G-R-x-8-x(2
-V-8-G-F-G-R-%{2)-E-x-G-R-x-S-x(

~R-x{2)-C-K-x-§-x(2)-F-
X
&
&
S
X

~x(2)-C-X-%-8-x(2)-F-x-

b4

F

H

v

G
~x-Gex-¥-$-G-F-G-R-x{2)-E-x-b-R-x-

~L-R-B-x-¥X-x-
<A-C-L-P-%x(2)-D-x-a-x{3)-L-0-x-Q-K-
-1-¥-§-6-x(2)-C-x(2)-G-B-C-P-¥-Q-A-x-L~
R-x(2)-R-A-H-8-F-L<B-B-x~K-x-G-x(2

R
D

-L-B-E-x-K-x-G-
P
X
G
G
¥
X
X
X

D
¥y
Y

F
S
®
F
s
x
G
X
¢
-P-x(2)-D-x-A-x(3)-L-

-x-B-E-x-C-8-x-E-E-

X
Q
X
P
L
C
-E-C-x-E-B-x-C-S-x-E-E-A-R-

Y
P
v
X
2
s
X
$
|
G
G
v
G

-

L

C

B

13

E
A-x(3)-L-M-2-Q-K-x-G-x-¥-5-G-F-G-R-x(2)-B-x-G-R-x-S-x(2)-L-

R-2(2)-E-x-3-R-x-5-x(2}-L-X-x-1-B-¥-

G-R-x(2)-E~x-G-R-x~S-x(2)-L-K-
~L-P-x(2)-D-x-h-x(3}-L-N-x-

F-G-R-x(2)-B-x-G-R-x-S-x(2)-L-

o
A
13
B
E

4)
4)
4)
4)
4)
4)
4)
4)
4)
4)
1)
4)
4)
4
4)

a(
4(
4(
4
4(
4
4
4
4(
4(
4(
4(
4
4(



Best Patterns (after refinement phase):

fitness

k1 199.4173
B 2: 198.8288
¢ 3 198.8288
D4 198.4721
E 5: 198.4721
F 61 198.4721
§ 7 197.5681
K 8: 194.6388
1 9: 193.3205
J 10: 192.7154
E 11+ 188,5453
L 12: 188,5453
W 13; 188.2314
¥ 14: 186.8953
0 15: 186.6020
P 16: 186.6020
0 17: 186.6020
R 18 186.6020
§ 19: 186.6020
T 20: 186.6020
¥ 21: 186.6020
¥ 22: 186.6020
¥ 23: 181.3531
X 24: 178.5552
T 25: 175.8864
7 260 1749273
a 27 1749273
b 28: 74,3852
¢ 29: 174.3852
d 30: 173.9720
o 31! 173.4817
£ 32: 173.4817
¢ 33+ 173.4769
h- 34: 172,5060
i 33: 172.5060
i 35: 172.5060
j 36: 170.5410
k- 37: 170.2151
138 170.1698
n 39: 168.2252
n 40: 168.2252
‘o 41: 168.2252
p 42: |67.5345
g 43: 1675345
r 44: [64.4753
s 45: 161.8011
t 46: 160.8212
v 47: 160.8212
v 48: 159.7174
¥ 49: 157.3435
® 30: 157.3433

Best patterns with alignments:
Lhits(seqs)

fitness
A1 199.4173

Occurrences: 4(4)
¢i11119760¢sptP25155FALI0_CHICK :
gil1197611sp IPO0742 1FALO_HUNAY :
gi111975916p |POOT431FALIC_BOVIN
380-

£i1180336 :
B 2: 198.8288

Qccurrences: 4(4)
gil11976016pIP251551FA10_CHICK :
gi11197611spPO07421FAI0_KUNAR :
gi11197591sp1P00743 IFA10_BOVIN
378-

i 1180336 :
C 3: 198.8288

Qccurrences: 4(4)
gil1197601sp 1P251551FALO_CHICK :

hits(seqs)
i 4)
LI}
4q 4
4 4
LYGIS)
a4
4 4)
4 4)
i 4)
40 4
4 4
4 4
4o 4
TG
i 4)
4 4
4 4
4 4
4 4
4 4y
o 4y
i N
a4
LIGEE S
9 4
4 4y
i 4
W 4
o 4
LGS
. &)
a4y
a4
o 4
4 4
W 4
W 4
W4
W 4
LIGE D!
i
LI
i 4)
LIGIE )|
a4
W4
LGS
LIGENE )]
a4
W 4
i 4

4«

4(

14

4)

4)

1)
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Pattern ’

H-H-F-C-A-G-Y-[DE]-T-x-[PQ]- [EK]-D-A-C-Q-G-D-So6-G-P~H-Y-T-R-[F?]-X-D-T-Y-F-¥-T-§-[-Y-5-¥-G-
I-[EPQ]-¥-M-F-C-4-G-Y-[DE]-T-x-[PQ]-[EX]-D-A-C-Q-G-D-5-6-6-P-H-¥-T-R-[F¥]-K-D-T-Y-F-¥-1-G-1.
[-T-[RPQ]-R-H-F-C-A-G-Y~[DR]-T-x~[PQ]- [BK]-D-A-C-Q-B-D-8-G-6-P-H-¥-T-R-[FY]-K-D-T-Y-F-V-T-G-
A-G-¥-[DE]-T-x-[PQ]-[EK)-D-A-C-0-G-D-8-6-G-P-H-Y-T-R-[FY]-K-D-T-Y-F-V¥uT-Gm1-V-S-W-G-E-G-C-A
C-A-G~Y-[DE]-T-x-[PQ}-[EK]-D-A-C-Q-G-D-5-G-G-P-H-¥-T-R-[FY]-K-D-T-Y-F-¥-1-5-]-¥-S-¥-G-E-G-C.
F-C-A-G-Y-[DE]-T-x-(PQ]-[BE]-D-A~C-Q-5-D-S-6-G-P-H-V-T-R-[FY]-K-D-T-Y-F-¥-T-G-1-V-$-¥-G-E-G-
D-4-C-Q-6-D-8.5-G-P-H-¥-T-R-[FY]-E-D-T-¥-F-V-T-G-[-¥-8-¥-G-B-G-C-4-R-X-G-K-[FY]-B-[I¥]-Y-T-]
P-x-1-T-[EPQ]-H-k-F-C-A-G-Y-[DE]-T-%-[PQ]-[EK}-D-4-C-Q-G-D-§-6-G-P-H-Y-T-R- [FY}-K-D-T-Y-F.¥.
T-x-{PQ}-{BK}-D-A-C-Q-6-D-5-6-G-P-H-V-T-R-[F¥]-K-D-T-¥-F-Y-T-G-1-V-5-¥-G-E-6-C-A-R-K-G-K-[F'
S-[81]-[¥S]-F-x-1-T-[BPQ]-N-H-F-C-A:--¥-[DE]-T-x-[PQ)-[BK]-D-4-C-Q-G-D-§-5-6-P-H-V.T-R-[FY]-
K-x-S-[8T]- [NS)-F-x-1-1-[EPQ]-N-M-F-C-A-G-¥-[BE]-1-x-[PQ]- (KX ]-D-A~C-Q-G-D-§-F-G-P-H-¥-T-R-
C-K-x-8-[ST]-[¥S)-F-x-1-T-[EPQ]-H-H-F-C-4-G-Y-[DE]-T-x~{PQ ]~ [EK]-D-4-C-Q-G-D-S-G-G-P-H-¥-T-]
§-D-8-6-G-P-H-V-T-R-[FY]-K-D-T-Y-F-¥-T-G~1-Y-5.¥.6-E-G-C-A-R-K-G-E- [FY]-6-[T¥]-Y-T-R-[L¥]-[!
L-K-[W¥]-L-E-V-P-Y-¥-D-R-[NS]-{ST]-C-K-x-5-[ST]-[NS]-F-x-1-T- (BFQ]-N-H-F-C-A-G-Y-[DE]-T-x-[}
R-[%5]-[8T]-C-K-x-8-{ST]-{§S]-F-x-{-T-{EPQ]-N-U-F-C-A-G-Y-[DE]-T-x-[PQ]- [EK]-D-A-C-Q-G-D-S(
D-R-[88]-[87]-C-K-x-8-[ST)-[¥S ]-F-x~1-T-[EPQ)-N-#-F-C-A-G-¥- [DR]-T-x~[PQ]- [BK]-D-A-C-Q-G-D-¢
V-D-R-[NS]-(8T]-C-K-x-8-[ST]-[HSI-F-x-I-T-[EPQ]-N-N-F-C-&-6-Y-[DE]-T-x- [PQ1-[EX]-D-A-C-Q-G-]
¥-¥-D-R-[NS}-[ST]-C-K-x-5-[ST]-[FS]-F-x-1-T~[EPQ}-A-N-F-C-A-G-Y- {DE]-T-x- [PQ]~ [RK]-D-A~C-Q-
P-Y-Y-D-R-[NS}- [$§T]-C-K-x-8-[ST]- [¥S]-F-x-1-T-[BPQ]-H-N-F-C-A-G-¥- [DE]-T-x- [PQ]-[BK]-D-A-C-{
Y-P-Y-¥-D-R-[NS]-[S1]-C-K-x-8~[ST]-[¥S]-F-x-1-T-[EPQ]-N-K~F-C-A-B-Y-[DE]~T-x~[PQ]-[EX]-D-A-

B.V.2.¥-¢-D-R-[US]-[$T]-C-K-x-S-[ST]- (NS ]-F-x-~1-T-[EPQ}-H-H~F-C-A-G-Y-[DE]-T-x-[PQ]-[EK]-D-

L-E-Y-P.Y.¥-D-R-[NS]-[ST]-C-K-x-S-[ST]-[NS]-F-x-1-T-[BPQ]-¥-H-F-C-A-§-¥-[DE]-T-x~[PQ]-[EK]-

R-1-V-G-G-[DOR}- [DE)-C-x-[DEP]-6-E-C-P-¥-Q-A-[LY]-L-[1¥]-N-B-[EK]-[G¥]-B-[EG]-F-C-G-G-T-1.L
$-x(2)-L-K-[MV]-L-E-V-P-Y.Y.D-R- [¥§]-[ST]-C-K-x-§-[ST]-[¥S]-F-x-I-T-[BPQ}-K-H-F-C-4-G-¥.[DE
¥-[AV]-P-A-C-L-P-{EG]-x-D-[F¥]-A-[EH1-[ABS]-[TY]-L-K-[¥T1]-Q-K-[ST)-G-~[IM]-V-§-G-P-B-R-[ET]}-
C-L-P-[EQ}-x-D-[F¥}-A-[EN]-[ARS]-[T¥]-L-M-[HT].Q-K-[ST]-G~[1H]-¥-S-G-F-G-R- [RT]-[PH]-E-x-G-

A-C-L-P-[BQ}-x-D- [F¥]-A-[B¥]- (AESI-[T¥]1-L-M- [¥T]-Q-X-[ST]-G-[IN]-V-§-G-F~-&-R-{RT]-[FH]-B-x-

R-x-8-%(2)-L-X-(#¥3-L-B-V-P-¥-V-D-R-[HS]-{ST]-C-K-x-8~[ST]-{N8]-F-x-1-T- [EPQ]-F-U-F-C-A-5-Y.
-R-%-8-x(2)-L-X- [W¥]-L-B-V-P-Y-¥-D-R-[¥S]-[ST]-C-E-x-S-[ST]-[¥S]-F-x-1-T-[EPQ}-N-N-F-C-A-G-
D-[P¥]-A-[EK]- [ABS)-([TV]-L-M-[¥T]-Q-K-[ST]-G-[IN]-V-S-B-F-G-R-{ET]-[FA]-B-%-G-R-x-8-x(2)-L-

Q-K-[ST1-B-{IN}-¥-S-G-F-G-R-[BT]-[FH]-E-x-B-B-x-8-x(2)-L-K-[KV]-L-B-V-P-Y-¥-D-R-[HS]-[S8T]-C-
X-{8T}-G-[IM])-¥-5-5-F-6-R-[BT])-[FH]-B~x-G-R-%-8-x(2)-L-K-[¥V¥]-L-E-¥-P-¥-¥-D-k- [¥S]-[ST]-C-k-
G-[IN]-V-S-G-P-6-R-[ET]-[FH]-E-x-G-R-%-S-x(2)-L-E~-[H¥]-L-B-¥-P-Y-¥-D-R-[¥S]-[ST]-C-E-x-5-[§
N-[NT]-Q-K-[ST}-6-[IN])-¥-S-G-F-G-R-[BT]-{FH]-B-x-6-R-x~§-x(2)~L-K- [K¥]-L-B-¥-P-Y-¥-D-R-(HS]
L-M-THT1-0-K-IST1-G-[TH1-V-S-G-F-5-R-TET1-[FH1-E-x-(-R-%-8-x(2)-L-K-THV¥ 1-L-B-V-P-¥-V-D-R-[N:
L-M-[NT]-Q-K-(ST}-G-[IN]-¥-8-G-F-G-R- [ET]-[FH]-B-x-B-R-%-5-x(2)-L-X- [M¥]-L-B-V-P-V.¥-D-R-[W
A-[BN]-[ARS])-[TV}-L-M-[¥T]-Q-K-[ST}-G-[IM]-¥-S-G-F-B-R-[BT]-[FH]-E-x-G-R-x-S-x(2)-L-X-[U¥]-
B-x-G-R-x-8-x(2)-L-K-[#V]-L-B-V-P-Y-V-D-R-[KS]-[ST]-C-K-x-§-[ST]-[¥S]-F-x-1-T-[BPQ]-K-H-F-C.
¥-8-G-F-G-R-[ET]-{F¥]-E-%-G-R-x-8-%(2)~L-E-[WV]}-L-B-V-P-Y-¥-D-R-[NS]-[ST]-C-K-x-S-[ST]1-[¥S]-
R-[BT]-[FH]-B-x-G-R-x-8-x(2)-L-X-[W¥]-L-E-¥-P-¥-V-D-R-[NS]-[ST]~C-K-x-$- {ST1-[US]-F-x-[-T-[]
G-B~[BT]-[PH]-B-x-G-R-x-S-%(2)-L-K-[M¥]-L-B-¥-P-Y-V-D-R-[NS]-[ST]-C-K-x-S-[8T]-[¥§]-F-x-I-T
F-G-R-[ET]-[PR]-B-x-G-R-x-S-x(2}-L-K-[N¥]-L-B-¥-P-Y-¥-D-R-[¥S]-[ST]-C-K-x-S-[ST]-[HS]-F-x-1.
A-¥-S-F-1-E-B-[MY]-K-x-G-%-[IL]-B-R-B-C-x-B-B-%x-C-8-x-B-B-A-R-E-{AV]-F-E-D- [A¥S]- (BE]-x-T-[I
R-4-§-S-F-L-B-B-[MY]-K-x-G-%-[IL]-E-R-E-C-x-B-B-x-C-S-x-B-B-A-R-B-[AV]-F-E-D-[ANS]-[DB]-x-T.
L-[4BQ]-R-[ATY¥]-x-R-A-N-S-F-L-B-E-{NV]-K-x-G-x~[IL]-E-R-E-C-x-B-B-x-C-S-x-B-R-A-R-B-[A¥]-F-1
R-[AIV]-x-R-A-F-8-F-L-E-B-[M¥]-K-x-G-x-{IL]-E-R-B-C-x~B-B-%-C-S-x-B-B-A-R-E-[AV]-P-E-D- [ANS
E-B-[M¥]-K-x-G-x-{1L])-E-R-E-L-x-B-B-x-C-S-x~B-B-4-R-B- {4V ]-F-B-D-[ANS]-[DR}-x-T-[DEN]-B-F-¥.
L-B-B-[M¥]}-K-x-G-x-[[L]-E-R-E-C-x~E-B-x-C-8-x-B-B-A-R-B~[AV ]-F-E-D-[4¥S]-[DE]-x-T-[DE¥]-E-F.
A-x(2)-[FI¥]1-L-[ABQ]-R-[ATV]-x-R-A-H-S-F-L-B-B-{NY]-K-%-G-x-[IL]-B-R-E-C-x-E-B-x-C-$-~x-B-E-,
R-B-C-x-E-B-x-C-8-x-B-RE-A-R-B-[AY]-F-E-D-[ARS]-[DR]-x-1-[DE¥ ]-B-F-¥-[§S]-x-Y-x-D-G-D-Q-C-[B:
E-R-B-C-%-B-B-x-C-S-%-B-E-A-R-B-[AV]-F-B-D-[ANS]-[DH]-x~T-[DEN]-E-F-¥-[¥S]-x-Y-x-D-G-D-Q-C-

Pattern
¥-M-F-C-A-G-Y-[DE]-T-x-{PQ}-(EK]-D-4-C-Q-G-D-8-G-G-P-K-V-T-R-[PY]-X-D-T-Y.P-¥-T-6-1-¥-S-¥-G-

432.  481: faite NWFCAGYETeQKDACQGDSEGPHYTRYKDIYFVIGIVS¥GEGCARKGKYE wytkl
410-  459: fiitq NHFCAGYDTKQEDACQGDSGGPHYIRFEDTYFVIGIVSKGEGCARKGKYG iytke
408-  457: ftitp NWFCAGYDTqPBDACQGDSGGEHY TRFKDIYFY IGIVSWGEGCARKGKRG vytkv

429: fiitq NNFCAGYDTLQEDACQGDSGGPHY TREKDTYFVIC IVSHGEGCARRGKYG iytkv

T-[EPQ]-¥-H-F-C-A-G-¥-[DE]-T-x-[PQ}-(BK]-D-A-C-Q-§-D-5-G-6-F-H-¥Y-T-R-[FY¥]-K-D-T-Y-F-V-T-5-1.

430-  479: tnfai TENMPCAGYETeQEDACQGDSGEPHVIRYKDTYFVIGIVS¥GEGCARKGK wevyt
408~  457: ssfii TQUMFCAGYDTKQEDACQGDSGEPHYTRFRDTYFYIGIVSYGBGCARKGE veiyt
406- 455 ssfti TPHMFCAGYDTqPBDACQGDSGGPHY TRFEDTYFYTG IVSWGEGCARKGK fevyt

427: ssfii TQEMFCAGYDTKQRDACQGDSGGPHY TRFKDTYRVIGIYSY¥GEGCARKGK weivt

[-T-[BPQ]-¥-H-B-C-A-G-¥-[DR]-T-%x-[PQ]-[EX]-D-A-C-Q-6-D-5-G-§-P-H-¥-T-R-[FY]-K-D-I-¥-F-¢-1-6
429- 478 sinfa ITEﬂlFCAGYETeQKDACQSDSGGPHVTRYKDTYFVTEIVSHGEGCABKG kyevy
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zil119761]spIP00742EFAIO_HUIAI ¢ 407-  456: sesfi ITQNNFCAGYDIRQEDACQGDSGGPHYIRFEDIYFVIGIVSWGEGCARKG kyeiy
gil1197591sp |POOT43IFAI0_BOVIN :  405-  454: sesft ITPYHFCAGYDIqPRDACQGDSGGPHVIRFXDTYFVIGIVSWGEGCAREG kfgvy
¢il180336 :  377- 426 sesfi ITQNNFCAGYDIKQEDACQGDSGGPHYTRFKDTYFVIGIVSYGEGCARKS kyeiy

D 4: 198.4721 4 4) A-G-Y-[DE]-T-x-[PG]-[BK]-D-A-C-Q-G-D-$-G-G-P-H-¥-T-R-[F¥]-X-D-T-¥-F-N-T1-G-1-V-S-¥-G-B-G-C-A
Occurrences: 4(4)
gil11976016p IP25155IFAI0_CHICK : 436~  485: ennfc AGYETeQXDACQGDSGGPHYTRYKDIYFYTGIVSUGEGCAREGKYGYYTX lsrfl
gi 1119761 1sp |POOT42IFAIQ_HUMAK :  414-  463: qnafc AGYDTKQEDACQGDSGGPHYTRFRDTYFYIG IVSHGRGCARKGKYGIYTK viafl
gi11197591sp1POO7434FAIO_BOVIN :  412-  461: pnufc AGYDTqPEDACQGDSGEPHYIRFEDTYPYIG IVSUGRGCARKGRRGYYTE vwsnfl

¢i11180336 : 384-  433: qouwfc AGYDIXQEDACQGDSGGPRYIRFXDIYRY IGIVSWGEGCARXGEYGIYTY vtafl

B 5: 198.4721 4 4) C-A-G-¥-[DE}-T-x-[PQ]-[EK]-D-4-C-Q-G-D-S-6-6-P-§-¥-T-R-[FY)-X-D-T-Y-F-V-T-B-1-V-S.¥-G-E-G-C
Occurrences: 4{4)
gi11197601sp [P251551FAI0_CHICK :  435-  484: tenmf CAGYBTeQXDACQGDSGGPHYIRYKDIYFVIGIVSWSRBCARKGRYGYYT klsrf
gil1197611spIPOOT42 |FAID_KUMAN :  413-  462: tqnef CAGYDTKQEDACQGDSGGPYVTRFKDTYFVIGIVSWGBGCARKGKYGIYT kvtaf
gil1197591sp IPOOTA3IFALO_BOVIN :  411-  460: tpnef CABYDTqPEDACQGDSGGPKYIRFEDTYRYIGIVSYGEGCARKGKRGYYT kvenf

gil180336 : 383- 432: tqnmf CAGYDTLQEDACQGDSGGPHYTRFEDIYFYIG IVSYGEGCARKGKYGIYT kvtaf

F o 6: 198.4721 4 4y F-C-4-6-Y-[DE]-I-x-[PQ]-[EK]-D-4-C-Q-G-D-8-G-G-P-H-¥-T-R-{FY]-K-D-T-Y-F-¥-T-G-1-¥-8-¥-5-E-G
Occurrences: 4(4)
gil1197601sp P25155IFAI0O_CHICK 434 483: itenw FCAGYETeQKDACQGDSGGPHVIRYKDIYFY IO IVSWGEGCARKGKYGYY tklsr
¢il1197611sp (POOTA2ZIFAIO_KUNAK : 412  461: itqna PCAGYDTKQEDACQUDSGGPHVIRFEDTYFVIGIVSYGEGCARKBEYGIY tkvia
¢i11197591sp 1POO743IFAI0_BOVIN :  410-  459: itpnm PCAGYDIQPEDACQGDSGGPHVIRFKDIYFYVIG IVSVGEGCARKGKPGYY tkvsn
gil180336 :  382-  431: itqne FCAGYDTkQEDACQGDSGGPHYTRFEDTYRYIG[VSWGEGCARKGEYGIY thvta

G 7. 197.5681 4 4y D-4-C-Q-6-D-8-G-G-P-H-Y-T-R-[PY]-K-D-1-Y-F-¥-T-G-1-V-S-¥-G-B-G-C-A-R-K-G-K-{FY]-G-[IV]-¥-T-
Occurrences: 4(4)
¢i11197601sp [P251551FAI0 _CHICK © 444~ 493 eteqk DACQGDSGGPHYTRYEDTYRYTG [VSYGEGCARKGKYGYYTELStPLRWY river
¢i11197611spiPO0742 IFAIO_HUKAR :  422-  471: dtkqe DACQGDSGGPEYIRFEDTYFYIG [VSYGEGCARKGEYGIVTEYTaFLE¥] drswk
gi11197591ep1PO0743IPAIO_BOVIN :  420-  469: dtqpe DACQGDSGGEPNYTRFEDIYPVIC [VSYGEGCARKGEFGYYTEVSnFLEW! dkink

¢il180336 :  392-  441: dtkqe DACQGDSGGPHYIRFEDIYFYIGIVSHGRGCARKGKYG IYTKYTaFLXY] drewk

X 8: '194.6588 4 4) F-x-1-1-[EPQ]-B-H-F-C-A-6-Y-[DE]-T-x-{PQ]-[BK]-D-A-C-Q-5-D-S-G-6-P-H-¥-T-R- [FY]-K-D-T-¥-F-V.
Occurrences: 4(4)

gi11197601sp IP25155\FAI0_CHICK :  427-  476: kqstn FalTBENFCAGYEBTeQKDACQGDSGGPHYTRYKDIYFYIG IVSYGEGCAR kekye

gi11197611ep IPOO742{FAIC_HVUMAY :  405-  454: klsss FilTQNKFCAGYDIKQEDACQGDSGGPHYIRFKDIYFY IS IVSHGRGCAR kekyg

¢i{11975915p IPOO743IPAI0O_BOVIN :  403-  452: klsss PtITPYMFCAGYDTqPRDACQEDSGGPHYTRFEDTYPYIG [VSVGEGCAR kgkfg

¢i 11197501 sp [POOT43IFAIO_BOVIN :  403-  452: klsss P+ITPANFCAGYDIqPEDACQDSGGPKY TRFEDTYRYIC [VSGEGCAR kekfq
¢il180336 :  375-  424: klsss FilTQEWFCAGYDIXQEDACQSDSGGPHY TRFEDTYFY TS IVSWORGCAR kekyg

1 9: 193.3205 4 4y Y-x-[PQ)-[BX)-D-A-C-Q-G-D-S-G-G-P-K-¥-T-R-[FY]-K-D-T-Y-F-¥-T-0-1-Y-S-¥-G-E-G-C-A-R-K-G-X-[F
Occurrences: 4(4)
gil11976018p [P251551FAIG_CHICEK :  440-  489: cagye TeQKDACQGDSGGPRVIRYXDTYFYIGIVSWGRGCARKGXYGYYTKLSIF lrwer
gil1197611spPO0742 1FAIO_NUMAR :  418-  467: cagyd TkQEDACQGDSGGPHVIRFEDTYFYIG IVSVGRGCARKGKYGIYTKVTaF lkwid
¢i11197591sp |POOT43 IFAIO_BOVIN :  416-  465: cagyd TqPBDACQGDSGGPHYTRFXDTYFY1G IYSYGEGCARKGKPGYITXYSNE lkwid

gi(180336 :  388-  437: cagyd TkQEDBACQGDSGGPHYTRFKDTYFYIG I¥SWGEGCARKSEYGIYIRVTaF lkwid

J 107 192.7154 4 4) S-[ST]-[NS]-F-x-1-T-[EPQ]-H-W-F-C-A-G-Y-[DE]-1-x-[PQ]-[EK]-D-4-C-Q-6-D-§-G-G-P-H-V-T-R-[FY]
Occurrences: 4(4)
¢111197601sp |P251551FA10_CHICK : 424~  473: stckq STNFalTEWMRCAGYETeQXDACQGDSGGPHYTRYRDTYRYIGIVSYGEG carke
gil1197611sp |POOTA2 IFALO_HUMAK : 402~  451: nsckl SSSFilTQNNFCAGYDTKQEDACQGDSGGPKYIRFKDTYFVIG IVSYGEG carkg
gi11197591sp|PO0T43 IFAIO_BOVIN ¢+ 400-  449: stckl SSSFITPHMPCAGYDTqPEDACQUDSGLEHYTRFEDIYFVIGIVS¥GRE carke

gil180336 :  372-  421: nsckl SSSFilTQNMFCAGYDTKQEDACQGDSGEPHY IRFXDIYFYIG IVSHGES carke

K 11: 188.5453 4 4) K-x-8-[S81]-[{¥S8]-F-x-1-T-[EPQ]-X-M-F-C-A-6-Y-[DE]-T-x-[PQ]-(EK]-D-A-C-Q-G-D-8-6-6-P-H-V-T-E-
Decurrences: 4(4)
gi11197601sp(P251551PALO_CHICK +  422-  471: drstc KqSTEFalTRNMPCAGYETeQKDACQGDSGGPHYIRYEDTYPVIGIVSHG egcar
¢i11197611spiPOO742 |FALO_HUWAN :  400-  449: drnsc KISSSFilTQWMPCAGYDTkQRDACQEDSGGPHY TRFEDYYFVIGIVSHG egcar
¢1111975916p |POD7431PAIO_BOVIN :  398-  447: drstc XK1SSSFtITPYNFCAGYDTqPEDACQRDSGGPHY IRFKDTYPYIGIVSVG egcar

¢il180336 @ 370-  419: drnsc K1$SSFilTQYMFCAGYDTLQEDACQGDSGEPRY TRFKDIYFYIGIYSYG egcar

L -12: 188,5453 4 4) C-K-x-$-[S11-[#S]-F-x-1-T-[BPQ]-N-K-F-C-A-G-Y~[DE]-T-x-[PQ]-[EK]-D-4-C-Q-5-D-$-5-G-P-H-V-T1-1
{ccurrences: 4(4) )
gi11197601sp1P251551FAIO_CHICK :  421-  470: vdrst CKqSINPalTEWNFCAGYETeQXDACQGDSGGPHYIRYKDTYFVTGIVSY gegca
gil1197611sp1POO742 IFAIO_HUMAR :  399-  448: vdrns CK1SSSPilITQUKFCAGYDTKQEDACQGDSGGPHYTRFRDIYRVIG IVSY gegca
¢i11197591ap POO743IFAIO_BOVIN :  397-  446: vdrst CKISSSP+ITPRHFCAGYDIQPEDACQGDSGGRHYIRFKDTYFYIGIVSH gegca

¢il180336 :  369-  418: vdrns CKISSSFiITQNMFCAGYDTKQRDACQEDSGHPHY IRFXDTYRYIGIVSY gegca

V13 1882314 4 4) G-D-$-G-G-P-K-¢-1-R-[FY1-K-D-T-Y-P-V-T-G-I-V-5-¥-5-E-G-C-4-R-K-G-K-[F¥]-G-[1V]-2-T-E~[LY]-[¢
Occurrences! 4(4)

2i111976018pIP25155IFALO_CHICK :  448-  497: kdacq GDSGGPHYTRYKDTYPYIGIVSVGHGCARKGKYGVYTKLSrPLRVVRtWH rqk
¢il1197611sp)POOTA2IFAIO_YUMAS :  426-  475: edacq GDSGGPHY TRPEDTYRYIGIVSVGRGCARKGKYG IYTEV TaPLEKWIDrsN krrgl

¢i(1197591sp|POOT43{FAIO_BOVIN @ 424-  473: edacq GDSGGPHYIRFEDTYPYIGIYSYGRGCARKGKFGYYIRVSnPLENIDkiK karag
#i11AN22K - R0A. 445+ ada~s RNCABPUYTRRENTYRUIR [USHRAGMARYETVRTVIFUTART TH Nrel kyvn)



gil180336 :  396-
¥ 14: 186.8953
‘Qccurrences: 4(4)
g111197601sp1P251551FAI0_CHICK :
gil1197611sp | PO0T42 (FAIG_KUKAX :
gil1197591sp | POO743IFALO_BOVIN :

g1]180336 @ 356-

LI

0 15: 186.6020
Oceurrences: 4(4)
gi11197601sp1P25155IFALO_CHICK :
gil1197611sp | POO7T421FALO_HUMAY
gi11197591sp POOT43 IFAIO_BOVIN :

gil180336 :  366-

LGS

P 16: 186.6020
Occurrences: 4(4)
¢il1197601sp1P25155 1 FAIO_CHICK :
gil 119761 1sp IPO0742 IFALG_HUMAY
¢i 1119759 )sp 1PO0T431FALO_BOVIN .
gil180336 :  363-

LI )|

9 17, 186.6020
Occurrences: 4(4)
¢i{1197601sp 1P25155IFA10_CHICK ;
gil119761 ep [POO742IFAIG_HYMAK :
gi11197591sp [POOT43{PAIC_BOVIN

gil180336 : 364- 413:1
B 18: 186.6020

4(

Occurrences: 4(4)
gil1197601sp1P251551FALO_CHICK :
gil 119761 1sp |POO742 | FAIC_HUMAY
gil1197591sp IPOOT431RAIO_BOVIN :
gi!180336 :  363-

LG

4)

S 19: 186.6020
Occurrences: 4(4)
gi1119760 1sp IP25155 |FALO_CHICK
¢il119761 1ap IPOO742 IFAIO_HUNAN :
gi111975915p [POO7431FAIO_BOVIN :

¢i1180336 :  362-

9 4

T 20: 186.6020 4

Occurrences: 4(4)

git11976018p [P251551RAL0_CHICK :

gil1197611sp1POOT42 IFALQ_KUNAN :

g1111975918p | PO0T431FAL0_BOVIN
gi1180336 :  361-  410: 1]

U 21: 186.6020

4(
Gcourrences: 4(4)
¢i1119760 1 ¢p!P251551RA10_CHICK :
gi11197611ep PO0O7421RAIO_HUNAY :
~gil1197591ep1P00743 IFAIO_BOVIN :
gil180336 : 360- 409: ¢
¥ 22 186.6020

4«
Occurrences: 4(4)
gi)119760) ep|P251551FAI10_CHICK :
gil1197611sp!PO0742|FA10_HUNAR :
gil11197591sp|PO07431FAIC_BOVIN :

gil180336 :  359-

¥ 23: 181.3531 4(
Occurrences: 4(4)
gi 11197601 ep [P251551FALO_CHICK :
gil1197611sp PO0742 1FALO_KUMAY

¢i 11197591 sp |PO0T431FALO_BOVIN :
gil180336 :  216-

4)

4)

4)

4)

i 24:

Nmanvenmnanar

178.5552

4z AN

i 9

85

445: edacq GDSGGPHYTRFXDTYPVIGIVSY¥GEBCARKGRYGIYIEY TAFLE¥ IDreH ktrgl

L-X-[W¢]-L-E-V-P-Y-¥-D-R-[¥S]-[ST)-C-X-x-8-[ST]-[BS]~F-x-1-T-[EPQ}-H-K-B-C-A-G-¥- [DE]-T-x-[]

408-  457: tlskr LKYLEVPYYDRSTCRqSTNFalTEEMPCAGYETeQRDACQGDSGOPHVIR yidty
gss- 4;5: rqstr LENLRYPYYDRNSCEISSSF i1 TQNHFCAS YDIKQEDACQEDSEHPHYIR fkdty
84- 433

risst LEMLEVPYYDRSTCK1SSSF+]TPNMFCAGYDTqPEDACQGDSGGPHVIR fkdty

405: rqstr LKHLBVPYYDRISCKISSSF(ITQNNFCAGYDTKQRDACQGDSG6PHYIR fkdty

R-[¥5]-[ST}-C-X-x-8-[ST]-[¥5])-F-x-1-T-[EPQ}-N-H-F-C-4-G-Y-[DE]-T-x-[PQ]-[EX]-D-A-C-Q-G-D-5~1

41s-
396-
304-

467: vpyvd RSTCKqSTHFa] TEENFCAGYETeQKDACQBDSGEPHYIRYKDIYFYISI vawge
445: vpyvd BRYSCKISSSF{I1TQENFCAGYDTKQEDACQEDSGOPHYIRFXDIYFYIG! vsuge
443: vpyvd RSTCKISSSFtITPEMFCAGYDTqPRDACQEDSGGPHY TRFEDTYRYIG] vavge

415: vpyvd RNSCKISSSFilTQUNFCAGYDTKQRDACQEDSGEPRY TRFKDTYPYIGL vswge

D-R- [¥S]-[ST1-C-K-x-S- [ST]-[#S]-F-x- [~ T- [BPQ]-H-K-F~C-A-G-Y- [DE]-T-x- [PQ)- [RK]-D-A-C-Q-G-D-f

417-  466: evpyv DRSTCKqSTHFalTRNMPCAGYRToQEDACQEDSGGPHY TRYKDTYRVIG ivseg
395-  444: evpyy DRESCE1SSSFilTQUMFCAGYDTLQRDACQGDSGGPHY IRFKDIYFVIG ivswg
393-  442: evpyv DRSTCKISSSPtITPUNPCAGYDTqPEDACQBDSGGPHY TRFEDTYFVIG ivseg

414: evpyv DR¥SCK1SSSFi [TQNUPCAGYDTKQADACQGDSEGPHY TRFEDIYFYIG ivewg

¥-D-2-(NS}-[ST]-C-K-x-S-[ST)-[¥S]-F-x-1-T-[BPQ]-N-M-F-C-A-G-Y-[DE]-T-x-[PQ]-{EK]-D-A-C-Q-G-]

416-  465: levpy VDRSTCKqSINFalTERAFCAGYETeQXDACQGDSGUPHYTRYEDTYFYT givsw
394-  443: levpy VDRESCKLSSSFiITQNMFCAGYDTkQEDACQGDSGGPHY TRFEDTYFYT givsw
392-  441: levpy VDRSTCKISSSFtITPYNFCAGYDTqPEDACQGDSGGPHYTRFEDTYFYT givsy

evpy YDRESCE1SSSFi1TQYHFCAGYDTkQEDACQEDSHGPRY IRFEDTYRYT given
¥-¥-D-R- (NS ]~ [ST]-C-K-x=8~ [ST] [KS]-Fox- [-T-[EPQ]-X-N-F~C-A-G-Y- [DE]-T-x~ [PQ]- [BK]-D-A-C-Q-(
415-

393-
391-

464: vievp YYDRSTCKqSTNFalTEIMFCAGYRTeQKDACQGDSGHPHYTRYKDIVEY tgivs
442: wnievp YYDRNSCK1SSSFilTQEMFCAGYDIKQEDACQGDSGGPNYTRFEDIYRY tgivs
440: nlevp YYDRSICKISSSF+ITPEMFCAGYDIqPEDACQGDSGEPKYTRFEDIVFY tgivs

412: wlevp YVDRESCK1SSSFilTQUNFCAGYDTkQEDACQGDSGGPHYIRFXDIYRY tgivs

P-Y-¥-D-R-[BS1-[ST]-C-X-x-8-[S$T]-[KS]-F-x-1-T-[EPQ]-E-H-F-C-4-3-¥~-IDB]-T-x-[PQ]- [ER]-D-A-C-t

414~  463: kvlev PYVDRSTCK¢STHFa!TRNMFCAGYETeQXDACQGDSGGPHYIRYKDIVE vigiv
392~ 441: knlev PYVDRESCKISSSFilTQ¥MFCAGYDTKQEDACQGDSGGPHYIRFKDIYF vigiv
390- 430 kwlev PYYDRSTCKISSSFt1TPHMFCAGYDIqPEDACQGDSGGPHYIRFKDTYF vigiv

411: knlev PYVDRNSCK1SSSFi ITQNMFCAGYDIKQEDACQBDSGGRHY TRFEDTYF vtgiv

Y-P-¥-Y.D-R-[¥S]-[ST]-C-K-x-8-[8T]- [NS}-F-x-1-1-[EPQ]-H-N-P-C-A-G-Y-[DE}-T-x-[PQ]-[EK]-D-A-

413 462: lkvle VPYVDRSTCK(STXFalTBNNFCAGYETeQKDACQGDSGHPHYTRYXDIY fetgi
391-  440: lkele VPYVDRNSCKISSSF:ITQUNFCAGYDTXQEDACQGDSGGPRYIRFIDTY fvigi
389~  438: lkmle VPYVDRSTCKISSSF+ITPNNFCAGYDTPEDACQGDSGGPHYIRPEDIY fvtgi

knle VPYVDRESCKISSSFilTQENPCALYDTKQEDACQGDSGEPYY TRFEDTY fvtgi
E-¥-P-Y-Y-D-R-[¥S$]-[8T]-C-K-x-S-IST]-{¥S)-F-x-1-T-[EPQ]-H-N-P-C-A-G-Y~[DB)-T-x-[PQ}-[EK]-D-,

412-  461: rlkvl EVPYVDRSTCRqSTNPaITBNNFCAGYETeQKDACQEDSGOPHYTRYERT yfvte
390-  439: rlkml EYPYYDRESCE1SSSP{ITQEMPCAGYDILQEDACQGDSGGPHY IRFEDT yfvty
388-  437: tlkml EVPYVDRSTCXISSSF4ITPNMFCAGYDTqPEDACQGDSHGPHVIRPEDT yfvig

lkml BYPYYDRNSCEK1SSSFilTQRNFCAGYDTKQEDACQGDSGGPHVIRFKDT yfvig
L-E-V-P-Y-Y-D-R-[NS]-[ST]-C-X-x-S-[ST]-[¥S]-F-x-1-1-[EPQ]-K-H-F-C-A-G-¥- [DE3-T-x- [PQ]-[EK]-]

411-  460: krlkv LEVPYYDRSTCKqSTNFalTRN¥FCAGYETeQEDACQGDSOCPHY TRYRD tyfvt
389-  438: trlkm LEVPYVDRESCX1SSSFilTQNMFCAGYDTKQEDACGGDSGEPHYIRFED tyfvt
387-  436: stlkm LEVPYVDRSTCK1SSSFt1TPUNFCAGYDTqPEDACQGDSGEPHVIRFYD tyfvt

408: trlks LEYPYVDRUSCKISSSFiITQUMFCAGYDTkQEDACQGDSGEPHYTRFRD tyfvt

R-1-Y-G-G-[DQR]- [DE)-C-x-{DEP]-G-B-C-P-¥-Q-4~[L¥]-L-[1¥]-K-E-[BK]-[6H]-E-[BG]-F-C-8-G-T-I-L.

265-  314: pnvdt RIYGGDECrPERCPYQAVLINEKGRRFCGGTILNEAP [LTAAHCInQSKE ikvvv
243-  292: dnnlt RIVGGQECKDGECPEQALLINBENEGFCOGTILSESY [LTAAHCLYQAKR fkvrv
241-  290: gsqvv RIVGHRDCaRGECPFQALLVNEENEGFCEGTILNEfY¥LTAAHCLRQAKR ftvrv

265: dnnlt RIVGGQECKDGECPY¥QALL INERFRGFCOGTILSEfYILTAANCLYQARR fegdr

$-%(2)-L-K-[N¥]-L-E-¥-P-¥-¥-D-R-[¥S]-{ST]-C-K-x-8-[ST1]- [¥S]-F-x-I-T-[EPQ]-N-H-F-C-A-G-Y-[DE



A &Ml 110.JJJL “, 4
Occutrences: 4(4)

gi'11197601sp IP251551FA10_CHICK
gil1197611ep|PO0742tFAIO_HUMAN

gil11975919p POOT43IFAIQ_BOVIN :

g11180336 :  333-  402:

¥ 25: 175.8864 A 4
Decurrences: 4(4)

~—

gil1197601sp P231551FALO_CKICE :

gi 1119761 1sp 1PO0742 IFAIO_KUMAK

gi11197591sp |POO743{FAIG_BOVIN

gi1180336 :  317-  366:

27 26: 174.9273 i 4
Occurrences: 4(4)
gi}1197601sp IP25155 FAI0_CHICX

pam

gi111976119ptPOO7421FAI0_HUMAR :
gil1197591sp1P007431FAIQ_BOVIX :

¢il180336 :  321-  370:

a 27: 174.9273 i 4
‘Occurrences: 4(4)

~—

gil119760(sp [P25155 [FALIQ_CHICK :
¢il1197611p [POO742 | PAIO_HUMAX :
¢i11197591sp POO7T43 IFAIC_BOVIN :

¢i1180336 :  320- 369:

b 28: 174.3852 4q 4
Qceurrences: 4(4)
gil1197601sp IP251551FA10_CHICK

—

gil1197611spIPOOT42IFAIO_HUNAN :

gi1119759|sp |PO0743 I FAIG_BOV ¥
gil180336 ;. 351- 400:

¢ 29: 174.3852 T

Ocourrences: 4(4)_

Occurrences: 4(4)

yi|1197601sp IP251551FAIQ_CHICK :
gil1197611sp |POOT421FAIO_NUMAN
gil1197591sp IPOOT431FAIO_BOVIN :

gif180336 :  350-  399:

d 30: 173.9720 a4 4
Occurrences: 4(4)

puy

g1l 119760 15p 1P251551FALO_CHICK :
¢il 119761 1sp IPOOT42 IFALO_HUMAN :
gi1119759]sp|PO0743 IFAIO_BOVIN :

¢il180336 : 326- 375:

e 31: 173.4817 W 4
Occurrences: 4(4)

—

gil1197601sp P25155FAIO_CRICK :
¢i11197611sp [POO7421FALO_HUMAN :

¢i11197591sp{PG0O743 | FA1C_BOVIN
911180336 :+  335.  384:

f 32: 173.4817 4§ 4
Occurrences: 4(4)

¢il11976018p P251551PA10_CHICK
¢i 1119761 sp IPOBT42IPALO_HUKAK

gi1119739{spIPOBT431FA10_BOVIN :

¢il180336 .  336. 385:

€ 33 173.4769 4 4
Occurrences: 4(4)

gi11197601sp [P251551FAI0_CHICK
gi{11976118p1PQ07421FALI0_KYMAR

gi 11197591 sp [POOT43IFALIQ_BOVIR :

©- gii180336 1 338-  38T:

k 34: 172.5060 4 4
Qecurrences: 4(4)

~—

gil11976C15p P25 155 1FA10_CHICK ¢

86

L R A R e R R S E LY R O O O T P UEAE LN LY T CU Y T N7 VN T T P U ot By Yy pTT)

¢ 405~ 454: eagrl SkxLXYLEYPYVDRSTCKqSTHPa]TERMFCAGYRTeQKDACOGDSGEPH viryk
¢ 383- 432: ekgrq StrLXMLEYPYVDRFSCKISSSFiITQNMFCAGYDTKQRDACQEDSGEPK wtrfk
38l-  430: ekgrl SstLXMLEVPYVDRSTCK1SSSF+1TPHMPCAGYDTqPRDACQEDSGEPH verfk
ekgrq StrLEMLEVPYVDRESCKISSSFi1TQRMFCAGYDTKQEDACQEDSEGPH. virfk '

Y-{AV]-P-A-C-L-P-[BQl-x-D- [F¥1-A~[RX]-[ABS]- [T¥1-L-H-[N11-Q-K-[S1)-G-{ 4 ]-V-S-G-F-B-R-[ETI-
369-  418: qfsey VVPACLPQaDFANEYLENQKSGRYSGFOREFEAGR 1SkrLXVLEVPYVDR stckq

+ 347- 396: tfrsn VAPACLPErDVAESTLMTQKIG IVSBF3RTHEKGRGS trLXMLEVPYVDR nsckl

343~ 394: rfrrn VAPACLPEKDYABATLY TQKT6 IVSGFGRTHEKGR 1Se+LENLEYPYVDR stckl

tfrwn YAPACLPErDVABSTLN TQKTGIVSGPGRTHEKGRGS ¢ rLKHLEVPYYDR nsckl

C-1-P-[EQ]-x-D-[F¥]-A- [E¥]-[ABS]-[19]-L-H-T¥T1-Q-X-[ST]-6-[ I }-¥-S-G-F-G-R-[BT]-[FH]-B-x-B-]

373-  422: yvvpa CLPQaDFANRVLMNQKSGNYSGPGREPEaGR 1SkrLXVLEVPYVDRSTCE qstnf
351-  400: nvapa CLPErD¥ABSTLNTQKTGIVSGFGRINEKGRqStrLXMLEVPYYDRYSCK lsssf
349-  398: nvapa CLPEKDWABATLMTQKTGIVSGFGRIHEKGR1SstLENLRYPYYDRSTCK lsssf
nvapa CLPEyDY¥ ARSTLMTQKTG IVSGFGRTHEKGRGS trLXNLEVPYVDRNSCK 1sasf

A-C-1-P-[BQ]-x-D-[F¥]-A-[EN]- {ABS]-(TV]-L-H-[HT]-Q-K-[ST)-G-[[N]-V-$-6-F-G-R-[BT]-[FH]-B-x-L

372- 421: eyvvp ACLPQaDPANEYLMEQKSGHYSGFGREFEaGR1SkrLEVLEVPYYDESIC kqstn
350~  399: wnvap ACLPErDYAESTLMTQKIG[VSGPGRINEKGRGStrLKNLEVPYYDRESC klsss
348.  397: ynvap ACLPEKD¥ABATLATQKTGIVSGFGRTHEKGR|SstLENLEYPYVDRSIC klsss
wnvap ACLPErDWAESTLUTQXIG IVSGRGRINEKGRS tr LKNLEYPYVDRESC klass

B-%-5-x(2)-L-K-[H¥]-L-E-Y-P-Y-V-D-R~[N$]-[ST]-C-K-x-8-[S1]- [§S]-F-x-1-T- [RPQ]-K-H-F-C-A-G-Y

i 403~ 452: efeag RISkrLEVLEYPYYDRSTCKqSTHFalTENHFCAGYEToQEDACQGDSEE phetr
381 430: theky RqStrLEMLEYPYVDRESCK1SSSFilTQENFCAGYDTLORDACQGDSEE phvtr
i 379- 428 theky RISstLEMLBYPYVDRSICKISSSF+ITPENFCAGYDTqPEDACQGDSEE phytr
thekg RqStrLKMLEYPYVDRYSCEISSSFiITQERFCAGYDTKQEDACQEDSES phytr

G-R-x-5-x(2)-L-K- (NY]-L-E-¥-P-¥-¥-D-R- [KS]- [STI-C-K-x-S- [$T]- [¥S]-F-x-1-T-[EPQ]-K-N-F-C-A-G

402-  451: refea GRISkrLEKVLEVPYVDRSTCKqSTHFalTRNMFCAGYRTeQKDACQGDSG gphvt
380-  429: rthek GRqStrLXNLEVPYVDRNSCRISSSFilTQNMFCAGYDTKQEDACQGDSE gphvt
378 427: rthek GR1SstLXNLEYPYVDRSTCK1SSSFt1TPENFCAGYDTQPEDACQGDSG gphvt
rthek GRqStrLEMLEYPYYDRNSCKISSSFi ITQRUFCAGYDTkQEDACQEDSE gphvt

D-(P¥]-A-[EN]-[ABS]-[IY]-L-N-[¥11-Q-K-[S1]-G-[I4].V.S-G-F-5-R-{ET]}- [FH]-E-x-6-R-x-S-x{2)-L-]

378~ 427: clpqa DFANRVLENQKSGNYSGFGREFEaGR1SkrLXVLRVPYYDRSICKGSTHE aiten
356~  405: clper DVAESTLMTQKIGIVSGRGRTHEKGR4S trLKMLEVPYYDRNSCKISSSE iitqn
354-  403: clpek DVABATLMTQETGIVSGFGRTHEKGR1SstLKHLEVPYYDRSTCKISSSF titpn
clper DYAESTLMTQRTG IVSGFGRINEKGRGS trLEMLEVPY¥DRESCRISSSF iitqn

Q-K-[ST]-6-[IM)-V-S-G-F-0-R-[ET]~[FH]-E-x-6-R-x-8-x(2)-L-K-[NY]-L-B-¥-P-¥-V-D-R- [NS1-[ST]-C

387-  436: evlmwn QKSGMYSGFGREFEaGRISkrLXYLEYPYVDRSTCKqSTNFaITRNNFCA gyete
363-  414: stlet QKTGIVSGFGRTHEXGRqStr LKMLEVPYVDRISCELSSSFiITQRNFCA gydtk
i 363-  412: atlwt QKTGIVSGFGRIKEKGRISstLRMLEVPYVDRSTCKISSSFtITPINFCA gydtq
stlmt QKTGIVSGFGRTHEKGRGS txLEMLEYPYYDRNSCKISSSE i ITORMFCA gydtk

X-[ST)-G-[i¥)-¥-5-G-F-G-R-[BT)-[FH)~B-%-G-R-x-S-%(2)-L-K~-[KV]-L-B-¥.P-Y-¥-D-R-[¥S]-[ST]-C-X-
v 388~ 437: vImng ESGHYSGFGREFEaGRISkrLEYLEYPYVDRSICKqSTHFaITERKFCAG veteq

1 366~ 413: tlwtq KIGIVSGRGRINEkGR4S trLKMLEYPYYDRNSCKISSSFiITQENFCAG ydtkq

364- 413 tlwmtq KTGIVSGPGRIKEXGRISstLXMLEVPYYDRSICKISSSF+ITPUMFCAT vdiqp

tintg KIGIVSGRGRTHEKGRqStrLEMLEVPYYDRYSCKLSSSF i 1 TQUMFCAG ydtkq

B-(IN}-V-S-G-F-§-R-[ET]-[PH]-E-x-G-R-x-5-%(2)-L-K-[H¥]-L-B-V-P-¥-¥-D-R-[KS]- [ST]-C-K-x-S-[§

390~  439: wnqks GHYSGPGREFEAGR ISkrLKYLEYPYVDRSTCKqSTHFaITENNFCAGYE teqkd
¢ 368~ 417: mtqkt GIVSGFSRTHEkGRqStrLKMLEYPYYDRNSCKISSSFiITQENFCAGYD tkged
366~ 415: wiqkt GIVSGFERTHEKGR!SstLEMLEYPYYDRSTCKISSSF+ITPNRFCAGYD tqped
ntakt GIYSGFGRTHEKGRqS+rLKHLEYPYYDRNSCKISSSFi1TQNMFCAGYD tkqed

W-{HT]-Q-B-[ST]-G-[I¥]-¥-S-G-F-5-B- [ET]1-[FK]-Box-b-Rwx-S-x(2)-L-K-[WV]-L-E-¥-P-Y-V-D-R-[NS].
385-  434: anevl WRQXSGNYSGFGREPEaGRISkrLXVLEVPYYDRSTCKqSTHFaITENHF cagye



€i11197611spIPO0742 IFALO_HUMAN :

gi11197591sp 1PO0743IFAL0_BOVIN

gi1180336 :  333- 382
i 35 172,5060 49 4
Occurrences: 4(4)

gil1197601sp 1P251551FAL0_CHICK
gil1197611spIPOO742 IFALO _HUKAN :
¢i11197591sp1P00743 FAL0_BOYIN :

¢il180336 : 332- 38l:
i 361 176.5410

Occurrences: 4(4)

i 4

~

i 11197601 sp [P251551FAIG_CKICK :
gii1197611sp|POOT42IFAI0_HUNAY :
gilE197591sp1PO0T431FALO_BOVIN :

¢il1g0336 :  328-  377:
K 37 170.2151
Occurrences: 4(4)
¢i (119760 sp |P25155 (FA10_CHICK

gil1197611sp1P007421FA10_KUMAN

PTG

git1197591sp IPOO743IFALO_BOVIN :

¢il180336 @ 348~ 397:
1 38: 170.1698

Occurrences: 4(4)

44

gil11197601sp1P25155IFALQ_CHICK -
gil1197611ap IPOOT42 IFALO_KUNAN :

gi1119759 | sp IPOO743 IFALO_BOVIN
Cgill80336 @ 340~ 388

n 39: 168.2252
Qccurrences: 4{4)

a4

gi!1197601sp P251551FAL0_CHICK

2il1197611sp|PO0742 IFAI0_HUNAN :
«i (1107501 on IPANTARIRATN ROVIN .

RULLIY QY ISP LUV IPRIU_DYY LA

gil180336 : 345-  394:

n 40: 168,2252
Occurrences: 4(4)

4 4

fam

gi!1197601sp IP251551FA10_CHICK :
gi11197611sp|POOT42IPAI0_HUMNAN :
¢i1119759 1sp IPOQ7431PAL0_BOVIN :

gil180336 : 344-  393:
o 41: 168.2252 4 4
(ccurrences: 4(4)

gib1197601sp1P251551FAI0_CHICK :

gi i 119761 1 sp [POO7421FAIO_KUMAN
¢i11197591spIPOOT431FALO_BOVIN

¢il180336 :« 343-  392:
p 42: 167.5345 o 4
Ocourrences: 4(4)

gil1197601sp P251551FALQ_CHICK
gil119761spIPOOT42\FAIO_HUNAN :
gil1167501sp|POOT43IFALO_BOVIN :

gil 180336 : 23- 72
q 43; 167.5345 a4
Qccurrences: 4(4)

gil1197601sp |P25155!FA10_CKICK :
gi 119761 1sp | POO742[FALI0_HUNAN :
- gil1197591sp 1 POOT43IFAI0_BOYIN :
T1: larvt RANSFLERMKkGhLERECwBEtCSyERARBYFEDSDKkTREFWRKYKDGDQ cetsp

gil180336 : 22

T 44: 164.4753
Occurrences: 4(4)

W 4

¢il1197601sp1P251551FAL0_CHICK :

gii119761 {sp1PO0742(FAI0_HUNAN :
gi 119759 [spiPOOT43(FAIG_BOVIN
gil180336 : 17- 66:

87

363-  412: aestl WIQKIGIVSGFGRTHEXGR(SrLXHLEYPYYDRNSCKISSSFi I TQNNE cagyd
: 361 410: aeat! MIQKIGIYSGFORTHEKGRISs tLKHLEVPYYDRSTCKISSSF+1TPEMF cagyd
aest] WIQKTE IVSGFGRTHRKGRGS tLKMLEVPYVDRNSCK1SSSP: ITQUNF cagyd

L-H-{¥T)-Q-K-18T)-5-[1#)-¥-S-5-F-G-R- [BT]-[FH]-E-x-G-R-x-5-x(2)-L-K-[H¥])-L-B-V-P-Y-¥-D-R- [N

384-  433: fanev LHNQKSGHYSGFOREFEaGR1SkrLKVLEVPYVDRSTCKGSTRFalTENR fcagy
362-  411: vaest LHTQKTG1YSGRGRTHEKGRqS tsLKWLEVPYVDRNSCKISSSFiITQNN fcagy
360-  409: vaeat LRIQKTGIVSGFERTHELGR |SetLXMLEVPYVDRSICKISSSFITPIN foagy

waact LMTQKTGTYSCFGRINELGRGS +r LKMLEYPYYDRESCK1SSSFiITONN foagy
A~[E¥]-[AES]-[TV]-L-M-[HT]-Q-K-[ST]-B-[IN]-V-S-G-F-G-R- (ET]~ [FH]-B-x-G-R-x-S-x(2)-L-X- [K¥]-]

380-  429: pgadf ANEVIMNQXSOMYSGRGREFEaGR1SkrLEVLEYPYYDRSTCX(STHFal tenwf
338~ 407: perdw ARSTLNTQKTGIVSGFGRINRkGRGStrLXMLEVPYVORNSCX1SSSFil tqmf
356- 405 pekdw ARATLMTQKTGIVSGFGRIKEKGRISstLEMLEYPYYDRSTCKISSSFtI tpnuf

verdw ABSTLHTQKIG IVSGFGRTNELGRqS tsLXNLEVPYYDRNSCEISSSFil tqnuf
E-X-G-B-x-5-%(2)-L-K- [V ]-L-E-V~P-Y¥-V-D-R- [4S]- [ST1-C-X-x-§-[ST]-[¥§]-F-x- [-T-[BPQ]-N-K-F-C.

¢ 400-  449: fgref EaGRISkrLXVLEVPYYDRSTCK(STNFalTENMFCAGYRToQKDACQED sggph
t 378~ 427: fgrth BkGRqStrLEMLEYPYYDRRSCKISSSFilTQNMPCAGYDTKQEDACQED sggph
376~ 425: fgrth EKGRISstLKMLEVPYYDRSTCK1SSSP]TPYNFCAGYDTQPEDACQGD seeph

fgrth BkGRqStrLENLEYPYVDRYSCE1SSSFi ITQUNFCAGYDTRQEDACQED segph

¥-5-6-F-G-R-TET]-[FH]-B-x-G-R-x-8-x(2)-L-K-[WV¥]-L-B-¥-P-¥-V-D-R-[§S]-[ST]-C-K-x-S-[ST]-[HS]-

302-  440: qksgw VSGFGREFEaGR1SkrLKYLEYPYVDRSICKqSTHPa ITBNMFCAGYET eqkda
370~ 418 qktgi VSOFGRTHEkGRGStrLXMLEVPYYDRNSCK 1SSSFi ITQNMFCAGYDT kqeda
v 368-  416: qktgi VSGPGRTHEXGRISstLEKMLEVPYVDRSICKISSSFITPINPCAGYDT qpeda

gktgi YSGPGRTHEKGRGS trLKNLEVPYYDRESCK1SSSF i I TQNNRCAGYDT kqeda
R-[ET]-[FK]-E-x-G-R-x-S-x(2)-L-K- [V ]-L-E-¥-P-Y-¥-D-R- [X§]-[ST]-C-K-x-8-[ST]- [RS8 ]-F-x-1-T-[]

397-  446: vsqfy REFEAGIlSerKVLEVPYVDESICKqSTIFalIBIIFC&GYETeQKDAC qgdsg
373~ 424: vsgfy RTHEKGRqStrLXNLEYPYYDRNSCK1SSSFi1TQUNFCABYDIKQEDAC qedsg
TR0 297+ veaFn RTHRLNR 1o+l KHT RUPVUNRITOY 1QSRR+TTPYHRCARYNTAPENAL Andon

YRS A 44 THELE RINGRUELIOYLLANLGEL LYURDS LA LOOOD LU AL ANPLAR 1L LYT DUAL RUSE

vszfn ETHREGRGS tx LXNLEVPYVDRNSCX1SSSF i I TQYNFCAGYDTXQRDAC qgdsg

G-R-[BT]-(FH]-E-x-G-BR-x-8-x(2)-L-K-[H¥]-L-B-¥-P-¥-V-D-R-[NS]-[ST]-C-K-x-5-[ST]-[¥S]-F-x-1-T

396-  445: wvsgf GREFEaGR1SkrLXVLEVPYYDRSTCEqSTAFalTRNMFCAGYETeQKDA cqeds
374-  423: ivsgf GRIHBKGRS txLXMLEVPYVDRYSCE1SSSFiITQUNFCAGYDTKQRDA cquds
372~ 421: ivsgf GRTHBkGR1SstLXKLRYPYYDRSTCKISSSF4ITPYRFCAGYDIGPEDA cqeds

ivsgf GRTNEkGRqS trLRMLEVPYVDRNSCY ISSSPi ITQUKFCAGYDTKQEDA cqeds
F-G-R-[BT]-[FK}-B-%-6-R-x-8-x(2)-L-K-[W]-L-B-V¥~-P-¥-¥-D-R~[¥S]-[ST]-C-K-x-S-{5T]- [AS]-F-x-1

395-  444: guvsg PGRBFE&GElSkrLKVLEVPYVDRSTCKQST]FalIﬁIIPC&BYHTeﬂKﬁ acqgd
i 373-  422: givsg FOGRTHEkGRqStrLENLEVPYVDRESCKISSSFi[TQUMFCAGYDTKGED acqed
¢ 371~ 420: givsg FORTEEKGRISstLEMLEVPYVDRSTCKISSSFtITPUMFCAGYDIQPED acqed

givsg FGRTHEKGRqStrLXMLEYPYYDRASCK1SSSF i [ TQNMFCAGYDTKQED acqgd

A-Y-8-F-1-B-B-[W¥]-X-x-6-x-[1L]-B-R-B-C-x-B-E-%-C-5-x-B-E-A-R-B-[AY]-F-E-D-[4¥S]-[DE}-x-T-[]

66-  115: ertkr ANSFLEREMXqGnlBRECnEErCSkEEAREAPRDNELTEBF¥NiYvDGDQC senpc
30- 99: arvtr ANSPLEEMKkGhLERECERtCSyREARBYFEDSDRTHEFWNkYKDGDQC otepc
49- 98: qrarr AWSFLEEYXqGnLEREC!EEaCS|EBARBYFEDARq TDEPWSkYKDGDQC eghpe

arvtr ANSPLEE¥KkGRLRRECWKEtCSyEEAREVFEDSDKTYEF¥ELYKDGDQC etspc
R-A-H-S-F-L-B-E-(HV]-K-x-G-x-[iL]-E-R-E~C-x-E-E-%-C-$-x-E-E-A-R-E-[4¥]-F-E-D- [AKS]- [DR]-x-T-

65.  114: lertk RANSFLERMXqGnIBRECnEErCSKEEAREAFEDEELTEEFNNiYvDEDQ cssnp
49- 98: larvt RAYSPLEEMXkGLLERBCwEE+CSyEEAREYFEDSDkTNERWNkYKDGDQ cetsp
48- 97: lqrar RANSFLERVEqGnLERECIEEaCS1EEARRYFEDAEqTDEF¥SkYKDEDQ ceghp

L-[ARQ]-R-[ATY]-x-R-A-F-S-F-L-B-B- [#¥]-K-%-6~x-[IL]-B-R-E-C-X-E-E-x-C-5-x-B-E-4-R-B- [AV]-F-)

60-  109: sadkf LERTkRANSFLEEMEqGnlERECnEBrCSkERARBAFEDNEKTEEF¥NiY vdedg
44- 93: qanni LARViRANSFLEEWEKGhLBRECmER+CSyBEAREVFEDSDk TNEFWNKY kdgdq
t 43 92: qahrv LQRArRANSFLEEVX(GnLEREC1EEaCS1REAREVFEDAEq IDEF¥SKY kdedg

qanni LARYtRANSFLEENXXGhLERBCaREtCSyREAREVPEDSDKTYEF¥NkY kdedg



s 45: 161,8011
Qccurrences: 4(4)
gil1197601sp|P251551FAI0_CHICK :
¢i 1119761 1sp IPOOT42 IFALG_HUMAR :
g1 11197591 sp |POO743{FAI0_BOVIN
gil180336 19- 68: n

LG ]

t 46: 160.8212
Occurrences: 4(4)
gi11197601spP251551PAT0_CHICK
gi11197611sp|P00742 {FAI0_HUMAN !
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¢11180336 : 28- 7
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—
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Occurrences: 4(4)

gil1197601sp IP251551FALI0_CKICK

g1!1197611spIPOOT42(FALO_HUMAY

gi111975915p |PO07431FAIO_BOVIN :
gil180336 : 27- 76: ¢

a 4

v 48; 1597174 4¢
QOccurrences: 4(4)
gil1197601epP251551FA10_CHICE
gil1197611sp I POOT42 IFAIO_HUNAY :
gil1197591sp |POO743 |FAI0_BOVIN
¢il180336 : 13- 62: i

4

v 49: 157.3435
Occurrences: 4(4)
gil1197601sp IP251551FA10_CHICK :
gil1197611sp IPOOT42IFAIO_HUBAR :
-gil11197591sp |POOT43IFALO_BOVIN
© gil180336 37-

W b

x 50: 157.3435

Ocentrancas: 474)

4 b

gil1197601sp |P251551FAL0_CHICK :
gi11197611sp POOT42IFALO_HUNAN :
¢i11197591sp |POO7431PALO_BOVIN . )
85: kkghl ERECwBEtCSyEEAREVFEDSDkTNEPWNkYKDGDQCETsPCqnQGkCKD glgey

gil180336 : 36-

PATTERY MATCHES:
each

88

B-[41¥]-x-R-A-¥-S-F-L-B-E- [V ]-X-x-B-x- [1L]-B-R-B-C-x-B-B-%-C:8-x-E-B-A-R-B-[AV]-F-E-D- [ ANS

62- 111+ dkfle RTKRANSPLEEMEqGnIERBCnEErCSKEEARKAFEDAEX TREPHNiYvD gdqcs
46- 95t nnila RYtRANSPLEEMKkGhLERRCWER+CSyERAREYFEDSDX TNEFWRKYKD gdgce
45- 94: hrvlq RArRANSPLEE¥X(GnLRREC1EEaCS 1 EBAREYFEDARG TDEFYSKYKD gdqce

nila RYtRANSFLEEMKkGhLERECWERtCSyRRAREYFEDSDXTREPYNKYKD gdqce
B-E-[M¥]-K-x-G-x- (1L ]-B-R-B-C-x-B-B-x-C-$-x~B-E-A-R-E-[AV]-F-E-D- [ANS]-[DB}-x-T-[DEN]-E-F-¥.
71-

53-
-

120: ansfl EENKqGnlERECnEErCSkERAREAPEDYEKTREFWN i YvDEDQCSSnPC hyggq
104: ansfl EEHEXGhLERECWEEtCSyBRAREVFBDSDXTNEFWKkYKDGDQCETSPC qnagk
103: ansfl EEVEKqGnLERECI1REaCSI1BEARRYREDAEGTIDERW¥SkYKDGDQCEGAPC Inggh

ansf| EBMRkGRLERECwEE1CSyEEAREYFRISDR TWEFUNKYKDEDQCETSPC qnqgk

L-B-B-{M¥]-K-x-G-x~[1L}-E-R-B~C-%-B-B-%-C-S-x-B-E-A-R-B-[AY ]-F-B-D-[ANS]-[DB]-x-T- [DEH]-E-F-

70-  119: ransf LEEWKqGnIERRCnEErCSkERARBAPEDNEKTREPYYi¥vDEDOCSSnP chygg
54-  103: ransf LEEWKkGhLERECaEBtCSyERARRVFEDSDKTNEFVEKYXDGDQCETsP eqnqg
33-  102: ransf LEBVEqGnLEREC1EBaCSIERAREYFEDARGTDEF¥SKYKDEDOCEGLP clngg

ansf LEEMEkGhLERECmERtCSyERARRVFEDSDk INEFWNKYKDGDICETSP cqnag
4-x(2)-[FI¥]-L-[ARQ]-R-[ATV]-x-R-A-H-S-F-L-B-E-[¥V]-K-x-G-x-[IL]-B-R-E-C-x-B-E-x-C-§-x-E-E-.

56 105: ikkes AJkFLERTkRANSPLEEMKqGnIERECnRE:CSkERAREAFEDNRKTREF wniyv
40- 89: irreq AnnlLARVtRANSFLEENKXGHLERBCWEEtCSyBRAREVFEDSDKTNEF wnkyk
39- 88: lprdq AhrV1QRArRANSPLEEYXqGnLEREC IERaCS1ERAREVFEDAEQTDEF wskyk

reeq AnnlLARVtRANSFLEENKKG:L ERECREE+CSyEEAREVREDSDETNRY wnkyk
R-E-C-x-B-E-x-C-8-x-B-E-A-R-B-[AY]-F-E-D-[AKS]-[DE]-x-T-[DB¥ I-B-F-¥- [BS1-x-Y-x-D-G-D-Q-C-[E

80- 1291 qgnie RECnBErCSkEEARBAFEDNELTERF¥YiYvDGDQCSSnPChyGGqCKDE lgeyt
64-  113: kghle RECaERtCSyBEARBYFEDSDk TMRR¥NkYkDGDQCEYsPLanQGkCRIG Igeyt
63-  112: qgnle RECIERaCS1EEAREVFEDARGTDRF¥SkikDGDQCRGRPCInQEhCEDG igdyt

86: kghle RECwERtCSyEEAREVFEDSDkINEF¥XkYKDGDQCETsPCqnQGLCEDE 1geyt

B-2-B-C-x-B-E-x-C-§-x-B-E-A-R-B-[AY]-F-E-D- [A¥S]-[DE]-x-1-[DEN]-R-F-¥-[¥S]-x-Y-x-D-G-D-Q-C-

79~ 128: kqgni BRECnEErCSkEEAREAREDNEKTEETWN{YvDGDQCSSnPChyG6QCKD glgsy
63-  112: kkghl BRECaEEtCSyBEARRYFEDSDk TNEPWNEYKDGDQCETSPCqnQGkCED glgey
62- 1111 kqgnl ERECIEEaCS1EEAREVFEDARGTDRFWSkYKDGDQCRGRPCInQGhCEKD gigdy

. represents 10 sequence symbols

4 symbol A-Z,a-z (for exawple A) in the place of a dot indicates the

starting point of a watch to

¢i11197601sp |P25155 IFALO_CHICK:
gil1197611sp IPOGT42 IFALO_HUMAN: ...
gil11197591sp IPOO7431FAIO_BOVIN: .. .vptw.......

gil180336: .rpw.......

Humber of patterns evaluated
Total running time:

this pattern (in the example; pattern A).

..... TPt eeeiivnenines o oees. o YZ2ekNOBAG. .. ...
Vot e YZecHKADG L. L L
RPN I YdebHJADN........
e N YZecKKADG. .. ...,

by Pratt:25%12

3 seconds



APPENDIX B
A COMPLETE LIST OF HUMAN DNA

Adipose
NCI_CGAP_Lip2 Bulk, liposarcoma (1730 sequences)

Adrenal gland
NCI_CGAP_AA1 Bulk, 2 pooled adenomas (3363 sequences)
NCI_CGAP_Phel Bulk, Pheochromocytoma (1356 sequences)

Blood
NCI_CGAP_HSC1 Flow-sorted, CD34+/CD38- hematopoietic stem cells(824 sequences)

Bone
NCI_CGAP_Ewl Bulk, Ewing's sarcoma (4762 sequences)
NCI_CGAP_SS1 Bulk, synovial sarcoma (460 sequences)

Bowel (skin primary)
NCI_CGAP Mel3 (no title) (237 sequences)

Brain
NCI_CGAP_CNS1 Bulk, central nervous system, substantia nigra (386 sequences)

Breast

NCI_CGAP_Brl.1 Bulk, 3 pooled invasive ductal breast tumors including well,
moderately, and poorly differentiated; not normalized (normalized version is Br2)
(2126 sequences)

NCI_CGAP_Br2 Bulk, 3 pooled invasive ductal tumors including well, moderately, and
poorly differentiated; normalized (non-normalized version is Brl.1) (4586 sequences)
NCI_CGAP_Br3 Bulk, poorly differentiated invasive ductal breast tamor (1014
sequences)

NCI_CGAP_Br4 Microdissected, Normal breast ductal tissue (532 sequences)
NCI_CGAP_Br5 Microdissected, infiltrating breast ductal carcinoma (325 sequences)
NCI_CGAP_Br7 Bulk, normal breast (326 sequences)

Colon

NCI_CGAP_Col Bulk, moderately differentiated colon adenocarcinoma (300 sequences)
NCI_CGAP_Co10 Bulk, moderately differentiated colon adenocarcinoma; normalized
(non-normalized version is Co9) (3587 sequences)

NCI_CGAP Coll Bulk, 8 pooled colon adenocarcinomas, including well, moderately,
and poorly differentiated (1287 sequences)

NCI_CGAP_Col2 Bulk, 10 pooled colon adenocarcinomas, including well, moderately,
and poorly differentiated (1725 sequences)

89
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NCI_CGAP_Co2 Bulk, villous adenoma (929 sequences)

NCI_CGAP_Co3 Bulk, 12 pooled colon adenocarcinomas, including well, moderately,
and poorly differentiated; normalized (non-normalized version is Co4) (8561 sequences)
NCI_CGAP_Co4 Bulk, 12 pooled colon adenocarcinomas, including well, moderately,
and poorly differentiated; non-normalized (normalized version is Co3) (693 sequences)
NCI_CGAP_Co8 Bulk, 2 pooled adenocarcinomas (1988 sequences)

NCI_CGAP_Co9 Bulk, moderately differentiated colon adenocarcinoma; non-
normalized (normalized version is Co10) (3726 sequences)

Germ Cell

NCI_CGAP_GC1 Bulk, germ cell, seminoma (521 sequences)

NCI_CGAP_GC2 Bulk, germ cell, yolk sac tumor (1036 sequences)
NCI_CGAP_GC3 Bulk, 3 pooled samples, including broad spectrum germ cell tumor
types (1019 sequences)

NCI_CGAP_GC4 Bulk, 3 pooled samples including broad spectrum germ cell tumor
types; normalized (3069 sequences)

NCI_CGAP_GCS5 Bulk, 3 pooled germ cell tumors, including mixed
seminoma/embryonal, teratoma with adenocarcinoma arising, and seminoma (1191
sequences)

Head and neck

NCI_CGAP_HN3 Bulk, Head and neck, squamous cell carcinoma cell line; primary site:
base of tongue; (131 sequences)

NCI_CGAP_HN4 Bulk, Head and neck, squamous cell carcinoma cell line; primary site:
Pharynx; non-normalized (656 sequences)

Kidney

NCI_CGAP _Kid! Bulk, papillary renal cell carcinoma (981 sequences)
NCI_CGAP_Kid3 Bulk, 2 pooled normal samples (3827 sequences)
NCI_CGAP_Kid5 Bulk, 2 pooled tumors, clear cell type, normalized (4646 sequences)
NCI_CGAP Kid6 Bulk, 5 pooled renal cell carcinomas, clear cell (1983 sequences)
NCI_CGAP _Kid7 Bulk, 5 pooled samples, including broad spectrum of kidney tumor
types (0 sequences)

Larynx
NCI_CGAP _Larl Bulk, invasive larynx squamous cell carcinoma (1096 sequences)

Liver

NCI_CGAP_Lil Microdissected, normal liver hepatocytes (matched to Li2) (502
sequences)

NCI_CGAP_Li2 Microdisected, hepatocellular carcinoma (matched to Lil) (307
sequences)

NCI_CGAP_Li5 Bulk, hepatic adenoma (147 sequences)

NCI_CGAP_Pr20 Microdissected, metastatic prostate cancer to liver (166 sequences)
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Lung
NCI_CGAP_Lul Bulk, poorly differentiated lung neoplasm (2233 sequences)

NCI_CGAP_Lu5 Bulk, Lung, 2 pooled neuroendocrine lung carcinoids, normalized
(3402 sequences)

NCI_CGAP_Lu6 Bulk, Lung, small cell carcinoma (45 sequences)

Lymph node

NCI_CGAP_Lym3 Bulk, 10 pooled samples, including broad spectrum of lymphoma
tumor types (653 sequences)

Lymph node
NCI_CGAP_HN1 Bulk, squamous cell carcinoma cell line; primary site: head and neck:
metastasis to the lymph node. (35 sequences)

Muscle
NCI_CGAP_ARI Bulk, alveolar rhabdomyosarcoma (355 sequences)
NCI_CGAP_Alv1 Bulk, alveolar rhabdomyosarcoma (4832 sequences)

Neural
NCI_CGAP_Schl Bulk, 2 pooled schwannomas (1218 sequences)

Ovary

NCI_CGAP_Ov1 Bulk, serous ovary papillary adenocarcinoma (195 sequences)
NCI_CGAP_Ov2 Bulk, serous ovary papillary adenocarcinoma (3267 sequences)
NCI_CGAP_Ov5 Microdissected, normal ovarian epithelium (167 sequences)
NCI_CGAP_Ov6 Microdissected, normal ovarian stroma (156 sequences)
NCI_CGAP_Ov8 (no title) (24 sequences)

Peripheral nervous system
NCI_CGAP_PNS1 Bulk, dorsal root ganglion (297 sequences)

Pool
Soares NFL T GBC S1 subtracted mix of three normalized libraries (6672 sequences)

Prostate

NCI_CGAP_Pr1 Microdissected, normal prostate epithelium (5689 sequences)
NCI_CGAP_Pr10 Microdissected, invasive prostate tumor (1139 sequences)
NCI_CGAP_Pr11 Microdissected, normal epithelium from normal prostate (1376
sequences)

NCI_CGAP_Pr12 Microdissected, metastatic prostate cancer to bone (3147 sequences)
NCI_CGAP_Pr16 Microdissected, invasive prostate tumor (550 sequences)
NCI_CGAP_Pr18 Microdissected, BPH stroma (671 sequences)
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NCI_CGAP_Pr2 Microdissected, low grade prostatic intraepithelial neoplasia (5688
sequences)

NCI_CGAP_Pr21 Bulk, normal prostate; non-normalized (1266 sequences)
NCI_CGAP_Pr22 Bulk, normal prostate; normalized (5867 sequences)
NCI_CGAP_Pr23 Bulk, 7 pooled prostate cancers, including well, moderately, and
poorly differentiated (1011 sequences)

NCI_CGAP_P1r24 Cell line, invasive prostate tumor cell line (HPV immortalized) (991
sequences)

NCI_CGAP_Pr25 Cell line, normal prostate epithelial cell line (HPV immortalized)
(1441 sequences)

NCI_CGAP_Pr3 Microdissected, invasive prostate tamor (5209 sequences)
NCIL_CGAP_Pr4 Microdissected, high grade prostatic intraepithelial neoplasia (659
sequences)

NCI_CGAP_Pr4.1 Microdissected, prostatic intraepithelial neoplasia - high grade (1269
sequences)

NCI_CGAP_Pr5 Microdissected, normal prostate epithelium (805 sequences)
NCI_CGAP_Pr6 Microdissected, low grade prostatic intraepithelial neoplasia (focus #1)
(1462 sequences)

NCI_CGAP_Pr7 Microdissected, low grade prostatic intraepithelial neoplasia (focus #2)
(468 sequences)

NCI_CGAP_Pr8 Microdissected, invasive prostate tumor (1100 sequences)
NCI_CGAP_Pr9 Microdissected, normal prostate epithelium (1104 sequences)

Stomach
NCI_CGAP_Gasl Bulk, 4 pooled gastric tumors (849 sequences)

Thymus
NCI_CGAP_Thym! Bulk, thymoma (0 sequences)

Thyroid
NCI_CGAP_Thyl Bulk, papillary thyroid carcinoma (2459 sequences)

Tonsil

NCI_CGAP_GCBO0 Flow-sorted, pooled tonsil germinal B-cells; non-normalized (825
sequences)

NCI_CGAP_GCB1 Flow-sorted, pooled tonsil germinal B-cells; normalized (47620
sequences)



APPENDIX C
FASTA FORMAT DESCRIPTION

A sequence in FASTA format begins with a single-line description, followed by lines of
sequence data. The description line is distinguished from the sequence data by a greater-
than (">") symbol in the first column. It is recommended that all lines of text be shorter

than 80 characters in length. An example sequence in FASTA format is:

>£i532319|pir|TVFV2E|TVFV2E envelope protein
ELRLRYCAPAGFALLKCNDADYDGFKTNCSNVSVVHCTNLMNTTVTTGLLLNGSYSENRT
QIWQKHRTSNDSALILELNKHYNLTVTCKRPGNKTVLPVTIMAGLVFHSQKYNLRLRQAWC
HFPSNWKGAWKEVKEEIVNLPKERYRGTNDPKRIFFQRQWGDPETANLWFNCHGEFFYCK
MDWFLNYLNNLTVDADHNECKNTSGTKSGNKRAPGPCVQRTYVACHIRSVIIWLETISKK
TYAPPREGHLECTSTVTIGMTVELNYIPKNRTNVTLSPQIESIWAAELDRYKLVEITPIGF
APTEVRRYTGGHERQKRVPFVXXX XX XXX XXX XXX XXXXXXXXVQSQHLLAGILQQQKNL
LAAVEAQQQMLKLTIWGVK

Sequences are expected to be represented in the standard TUB/IUPAC amino acid and
nucleic acid codes, with these exceptions: lower-case letters are accepted and are mapped
into upper-case; a single hyphen or dash can be used to represent a gap of indeterminate
length; and in amino acid sequences, U and * are acceptable letters (see below). Before
submitting a request, any numerical digits in the query sequence should either be
removed or replaced by appropriate letter codes (e.g., N for unknown nucleic acid residue
or X for unknown amino acid residue).

The nucleic acid codes supported are:

A --> adenosine M --> A C (amino)
C --> cytidine S --> G C (strong)
G --> guanine W --> A T (weak)

T --> thymidine B->GTC

U --> uridine D->GAT

R --> G A (purine) H->ACT

Y --> T C (pyrimidine) V->GCA

K-> G T (keto) N->AGCT (any)

- gap of indeterminate length
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For those programs that use amino acid query sequences (BLASTP and
TBLASTN), the accepted amino acid codes are:

A alanine P proline

B aspartate or asparagine Q glutamine

C cystine R arginine

D aspartate S serine

E glutamate T threonine

F phenylalanine U selenocysteine
G glycine V valine

H histidine W tryptophan

I isoleucine Y tyrosine

K lysine Z glutamate or glutamine
L leucine X any

M methionine * translation stop

N asparagine - gap of indeterminate length



APPENDIX D
THE BLAST FAMILY

The BLAST family of programs allows all combinations of DNA or protein query
sequences with searches against DNA or protein databases:

Blastp: compares an amino acid query sequence against a protein sequence database.
Blastn: compares a nucleotide query sequence against a nucleotide sequence database.
Blastx: compares the six-frame conceptual translation products of a nucleotide query
sequence (both strands) against a protein sequence database.

Tblastn: compares a protein query sequence against a nucleotide sequence database
dynamically translated in all six reading frames (both strands).

Tblastx: compares the six-frame translations of a nucleotide query sequence against the

six-frame translations of a nucleotide sequence database.

Some of the most commonly used blastall options are:
blastall arguments:
-p Program Name [String]
Input should be one of "blastp”, "blastn", "blastx", "tblastn", or "tblastx".
-d Database [String]
default =nr

-i Query File [File In]
default = stdin

The query should be in FASTA format. If multiple FASTA entries are in the input
file, all queries will be searched.

-e Expectation value (E) [Real]
default = 10.0

-0 BLAST report Output File [File Out] Optional
default = stdout

-F Filter query sequence (DUST with blastn, SEG with others) [T/F]
default=T
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