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Alignments
ESTMap

Program for mapping a whole set of mRNAS/ESTs to a chromosome sequence. For example,
11,000 sequences of full mRNAs from NCBI reference set were mapped to 52-MB unmasked Y
chromosome fragment in about 18-25 min, depending on computer memory size. ESTMap takes
into account statistical features of splice sites for more accurate mapping.

ESTMap is part of FGENESH++C genome annotation pipeline, where it maps RefSeq sequences

to a query genome at very early stages of annotation.

L:4000001

Sequence chr7 [cut:73000000 77000000] wvs

Settings\My Documents\MolQuestWorkSpace\example data\EstMap\seq.fa

[DD]

Sequence:

1( 1), S: 36.26, L:

ng61d05.s1 NCI _CGAP Co9 Homo sapiens cDNA clone IMAGE:1148361 3', mRN

Summ of block lengths:

On first
On second

457,
start
start

Alignment bounds:
2214596, end 2215412,
1, end 457,

sequence:
sequence:

length 817
length 457

Block of alignment: 4

1 E:
99.57, W:
2 E:

100.00, w:

3 E:

100.00, w:

4 E:
97.75, W:
1

2214620
25
2214680
85
2214740
145
2214800
205
2214961
235
2215020
289
2215153
313

2215212

2214596 234
2305, S:26.2324
2214966 69
690, S:14.1834
2215144 65
650, S:13.7542
2215324 89
820, S:15.6754
gagccaagattgtgc (..)acgctcaggccacct? [CTGGGCCTCTCTTTATTGAGGGCA
FEETEEETEEr e

[ct CT] P: 2214596 1 L:

[AC CT] P: 2214966 235 L:

[AC CT] P: 2215144 304 L:

[AC aal] P: 2215324 369 L:

CTGGGCCCAGGTCTTCCTTCAGGGCCCACAGCGCCCATAAAACCCAAGGGAGAATAGAAG

Lrrrrerrrrrrrrrrrrrrerrr ettt ettt et e e e
CTGGGCCCAGGTCTTCCTTCAGGGCCCACAGCGCCCATAAAACCCAAGGGAGAATAGAAG

AGACCCCCTGATACACGCACACTCGAGGGGCGCCTCCCATCCCCTCCCACAACACACAGG

Prrrrrrrrrrrrrrrrrrrrrrrrrrerrrrrrrrrrrrrrrrrrrrrrrrrrrrrrd
AGACCCCCTGATACACGCACACTCGAGGGGCGCCTCCCATCCCCTCCCACAACACACAGG

ACAGAAGCCCCTCTGGGCCGGCAGGGGAAGGCCCAGCCTCAATCCTTCTTGCTCCCGTGC

PEEETEErrrr e e ror et
ACAGAAGCCCCTCTGGGCCGGCAAGGGAAGGCCCAGCCTCAATCCTTCTTGCTCCCGTGC

CGCTGACTGTGAAACTTGTGGTGCACAACC] ctcagggtggtgaag (. .)gggaccccgg

PEEEEEEErrr ettt
CGCTGACTGTGAAACTTGTGGTGCACAACC

ctcac [CTGCCACTCCTTGCACTGAGGGTCCTGGGCCAGGTTGAACAACGTCAGCGCGTT

PErrrrrrrrrrerrrrrerrrrrrerrrrrrrrrrrrrrrrrr e
CTGCCACTCCTTGCACTGAGGGTCCTGGGCCAGGTTGAACAACGTCAGCGCGTT

AAAAAGCTGCCAGAA]ctaagcagggaggag (. .)agaggcacgacttac [GTGTCCAAA

PEEEEEEEErrrrrd NEREREE
AARAAGCTGCCAGAA GTGTCCAAA

GAAAAGAAAAGGCAGCAGGAAGGTGAGGCCCCGCCACATCCAGGACTGGAAGCCCT ] ctg
Frrrrerrrrrrrerrrerrrrrrrerr e e et e e e
GAAAAGAAAAGGCAGCAGGAAGGTGAGGCCCCGCCACATCCAGGACTGGAAGCCCT —---

cggggaggaagg (. .)ccactcccgactcac [CCACAGTGAGGTCCATGGTGTGCCGCTC

6

C:\Documents

457 AARA628013

234,

69,
65,

89,



............ (vo) eveeeeeeeaeees LEEEEEEEEEEEEEETEEEEETTETTT
369 ———————————- (c0)——m——mm— - CCACAGTGAGGTCCATGGTGTGCCGCTC

2215352 GCCCAGCGCCCGCAGGCGGTAGAGGCAGCCGCTCTGGTAGTAGTACTGGAGAAACTGCAC

PEEETEEEEEr oot e et bt
397 GCCCAGCGCCCGCAGGGGATAGAGGCAGCCGCTCTGGTAGTAGTACTGGAGAAACTGCAC

2215412 G]?aagcctgggccgggce (. .) tacagcaaaactgga

457 G ——m——mmmmmm—— o S P

Where:
1-st line is the header:

[DD] Sequence: 1( 1), S: 36.26, L: 457 AA628013
ng61d05.s1 NCI CGAP Co9 Homo sapiens <cDNA clone IMAGE:1148361 3', mRNA
sequence.

[DD] Target sequence in direct chain (D), query sequence in
direct chain (D). Variants:
[DR] - target sequence in direct chain (D), query
sequence in reverse chain (R).
[RD] - target sequence in reverse chain (R), query
sequence in direct chain (D).
[RR] - target sequence in reverse chain (R), query
sequence in reverse chain (R).

Order number of sequence from a query set which is
submitted to alignment. In brackets is an order number
Sequence: 1( 1) for alignment of this sequence (if it resulted in more than
one alignment). Variants: 4(  5) - the fifth alignment of]
the fourth sequence from a set

‘S HScore of this alignment.
‘L HLength of this query sequence
AA628013 nq61do05.s1

NCI_CGAP_Co9 Homo sapiens
c¢cDNA clone IMAGE:1148361 3',
mRNA sequence.

ame of this query sequence

Additional information about alignment:

Summ of block lengths: 457, Alignment bounds:
On first sequence: start 2214596, end 2215412, length 817
On second sequence: start 1, end 457, length 457

Hlength HThe length covered by alignment, in target and query sequences appropriately. H

List of alignment blocks:

Block of alignment: 4

1 E: 2214596 234 [ct CT] P: 2214596 1 L: 234, G:
99.57, W: 2305, S5:26.2324

2 E: 2214966 69 [AC CT] P: 2214966 235 L: 69, G:
100.00, wW: 690, S:14.1834
Block of alignment: 4 - Number of blocks in this alignment.

Each line below defines an appropriate block. Detailed description of a line from this list is
shown further:



1 E: 2214596 234 [ct CT] P: 2214596 1 L: 234, G: 99.57,
W: 2305, S:26.2324

‘1 HBlock number.
Starting point and length of exon in the first sequence.
E: 2214596 234 [ct|ct CT] - edging nucleotides of exon.
CT] Small letters - the edge is defined imprecisely. Capital letters - the edge is
defined precisely.

P: 2214596 1

Positions of similarity block' start in target and query sequences

appropriately.
‘L: 234 HLength of this similarity block.
‘G: 99.57 HHomology of this similarity block.
Weight of this similarity block (the arithmetic sum of symbols' similarity
W: 2305 . N .
calculated from the given similarity matrix).
S:26.2324 Score of this similarity block.
Alignment:
1 gagccaagattgtgc(..)acgctcaggccacct? [CTGGGCCTCTCTTTATTGAGGGCA
............... (ed) oo LLEEEEEEETTEEEEEETTEETT
1 ——mmmmmmmmm - (c0)—mm—mmmmmm - CTGGGCCTCTCTTTATTGAGGGCA

1 line - The target sequence itself. Capital letters correspond to blocks of similarity, lower case -
not aligned regions. [] - edges of exon. ?[ - wunsure edge of exon.

2 line - Separator line.

3 line - The query sequence itself. Capital letters correspond to blocks of similarity, lower case -
not aligned regions.

Parameters:

Input

‘Target sequence HPlace your query file with nucleotide sequences.

‘Query sequence(s) HPlace file with one ore more nucleotide sequences.

Output

‘Result ‘h\lame of the output file.

Format Output format:

List of alignment blocks coordinates (default)

List of alignment blocks coordinates and blocks sequences
Output alignment

General alignment information

General alignment information, blocks list and alignment

Sort blocks Sort regions of homology for "List of alignment blocks coordinates" value

of "Output format" option :

Don't sort (default)

Incremental sort by coordinates on target
Incremental sort by coordinates on Query
Decremental sort by alignment block score
Decremental sort by alignment block weight
Decremental sort by alignment block length

Flank type HFlank type:




Length - Output for given amount of symbols in flank of alignment block.

All - unlimited flank

Position number

HPrint additional strings with position number for target and query strings. \

Numeration Offset

Numeration Offset:

Target - Given value will be added to taget sequence numeration on
output

Query - Given value will be added to query sequence numeration on
output

Homology Output symbol as separator lines between target and query, each line
separator position shows similarity between target and query positions

Gap HUse given simbol to print output gaps ‘

Tailing Gap HUse given simbol to print output flanking gaps in profile output, default: '-'

Line Tearing

HString used for displaying of big gaps in alignment.

Output string

HOutput for given amount of symbols in each line.

Unalignment info

|
|
HProduce output information for sequences where no similarity found. ‘
|
|
|

Perfect only HOutput perfect and near-perfect alignment.
Preprocessing

Remove H

PolyA Remove polyA tail from taget sequence. It is may be useful if target
sequence is mRNA or EST.

PolyT Remove polyT head from taget sequence. It is may be useful if target
sequence is complemented mRNA or EST.

Trailing N HRemove trailing N symbols from both ends of target sequence.

Cut Sequence

Start
End HSearch in target sequence to given position. "0" - get to end
Apply to chain HSearch in target sequence is applied to reverse chain.

|
|
HSearch in target sequence from given position ‘
|
|
|

Options

Alignment accurancy

Alignment accurancy:
Weak (fast)
Normal (slow)

Mapping accurancy

Mapping accurancy:
Weak (fast)
Normal (slow)

Score method

Scoring methods for whole alignment:

No scoring the alignment (default)

Score of alignment is the probability of the best block in alignment
Score of alignment is the probability of the summ of all blocks of
alignment

Blast-like scoring method (in SD units)

Blast-like scoring method (in probability units)

Threshold

HIf alignment has score less then given value then alignment is not printed. ‘

Target chain(s)

Search in chain(s) in target:
In direct chain only

In reverse chain only

In both chains




Fine adjustment

HFine adjustment of alignment blocks ends.

Different variants

Produce given different variants of alignments. "All" - all possible
variants

Alternate variants

Produce given best alternate variants of alignments. Value "All" - all
possible variants

Non-overlapped
variants

Produce given non-overlapped variants of alignments. Value "All" - all
possible variants

‘Local alignment

HProduce local alignment. Split alignment to several local alignments.

Split diagonal Split diagonal recursively (if possible).

recursively

‘Target H

\By length HAlignment region on target sequence does not exeed given length.

By multiplier Alignment region on target sequence does not exeed length of query
sequence multiplied to N (N - is floting poin number).

By range Alignment region on target sequence does not exeed length of query
sequence plus N.

Query |

‘By length HAlignment region on query sequence does not exeed given length.

By multiplier Alignment region on query sequence does not exeed length of query
sequence multiplied to N (N - is floting poin number).

By range Alignment region on query sequence does not exeed length of query

sequence plus N.

Maximal allowed

Maximal allowed intron length

intron length

GenomeMatch

Alignment of two genomes or chromosomes. Program for quick aligning of procariotic genomes,
chromosomes and chromosomal contigs, genomes of mitochondria, organelles, viruses etc.
Program finds relatively long similarity regions, which may contain gaps inside. Such regions
may overlap each other, i.e. some nucleotides either in query or in target sequences may belong
to different alignments.

Output example:

L:4403836 Sequence gb|AEQ00516|AE000516 Mycobacterium tuberculosis
CDC1551, complete genome Vs C:\Program
Files\Softberry\MolQuest\example\data\GenomeMatch\seqg2. fna

[DD] Sequence: 1( 14), S: 726.8, L: 4411529 emb|AL123456|

MTBH37RV Mycobacterium tuberculosis complete genome

Summ of block lengths: 176235, Alignment bounds:

On first sequence: start 1266719, end 1442971, length 176253
On second sequence: start 1267228, end 1443483, length 176256
Block of alignment: 9

1 P: 1266719 1267228 L: 10640, G: 99.98, w: 106350, S:178.608
2 P: 1277360 1277868 L: 6697, G: 99.90, W: 66760, S:141.524
3 P: 1284070 1284580 L: 26749, G: 99.98, W: 267317, S:283.187
4 P: 1310820 1311331 L: 2005, G: 100.00, w: 20050, S:77.5178
5 P: 1312827 1313337 L: 53, G: 100.00, wW: 530, S:12.3781
6 P: 1312880 1313391 L: 52449, G: 99.96, W: 523830, S:396.44

7 P: 1365330 1365840 L: 23182, G: 99.99, wW: 231720, S:263.654
8 P: 1388512 1389023 L: 20355, G: 99.99, W: 203470, S:247.058

10



9 P: 1408867 1409379 L: 34105, G: 99.98, W: 340857, S:319.777
1266704 1266704 1266705 1266715 1266725 1266735
——————————————— (..)tgggaccgccattgcCGGGCCGTTCCACGGCCCGTATCGTC
............... (o) eeeeeeeeaaaa L LEEEEEEEEI TR ETETETTT
ttgaccgatgacccc (. .)tgcgcggecttctecctCGGGCCGTTCCACGGCCCGTATCGTC
1 11 1267214 1267224 1267234 1267244

1266745 1266755 1266765 1266775 1266785 1266795
GCCGCGCTAGGTTGGACGCTGTGCGGATCGTGGTGAGCAGTGCCACCAGAAATGCGGGTT
Prrrrrrrrrrrrrrrrrrrrrrrrrrrerrrrrrrrrrrrrrrrrrrrrrrrrrrrrd
GCCGCGCTAGGTTGGACGCTGTGCGGATCGTGGTGAGCAGTGCCACCAGAAATGCGGGTT

1267254 1267264 1267274 1267284 1267294 1267304

1266805 1266815 1266825 1266835 1266845 1266855
CGTACACCTGTGTCAGCACCGGCAGCGCTGGATGCCGCGAGATTACACCGCCCCTCGCTG
Prrrrrrrrrrrerrrrrrrrrrrrerererrrrrrrrrrrrrrrrrrrrrrrrrrrrd
CGTACACCTGTGTCAGCACCGGCAGCGCTGGATGCCGCGAGATTACACCGCCCCTCGCTG

1267314 1267324 1267334 1267344 1267354 1267364

1266865 1266875 1266885 1266895 1266905 1266915
GGCCCACGCCTGGGCCGGTGAACCCCGGCCCGCCCGCTGGCACCCTGCGAACCAGCCTGC

Lrrrrerrrrrrrrrrrrrrerrr ettt ettt et e e
GGCCCACGCCTGGGCCGGTGAACCCCGGCCCGCCCGCTGGCACCCTGCGAACCAGCCTGC
1267374 1267384 1267394 1267404 1267414 1267424

Where:

1-st line is the header:

[DD] Sequence: 1( 14), S: 726.8, L: 4411529 emb|AL123456|
MTBH37RV Mycobacterium tuberculosis complete genome

[DD] Target sequence in direct chain (D), query sequence
n direct chain (D). Variants:
[DR] - target sequence in direct chain (D), query
sequence in reverse chain (R).
[RD] - target sequence in reverse chain (R), query
sequence in direct chain (D).
[RR] - target sequence in reverse chain (R), query
sequence in reverse chain (R).

Order number of sequence from a query set which is
submitted to alignment. In brackets is an order
Sequence: 1( 14) number for alignment of this sequence (if it resulted
in more than one alignment). Variants: 4 - the fifth
alignment of the fourth sequence from a set

‘S HScore of this alignment.

‘L HLength of this query sequence
emb|AL123456)MTBH37RV

Mycobacterium tuberculosis complete Name of this query sequence
genome

Additional information about alignment:

Summ of block lengths: 176235, Alignment bounds:
On first sequence: start 1266719, end 1442971, length 176253
On second sedquence: start 1267228, end 1443483, length 176256

Hlength HThe length covered by alignment, on target and query sequences appropriately. H

11



List of alignment

blocks:

Block of alignment: 9
1 P: 1266719 1267228 L: 10640, G: 99.98, W: 106350, S:178.608

2 P: 1277

Block of alignment: 8 - Number of blocks in this alignment. Each line below defines an

360 1277868 L: 6697, G: 99.90, W: 66760, S:141.524

appropriate block. Detailed description of a line from this list is shown further:
1 P: 1266719 1267228 L: 10640, G: 99.98, wW: 106350, S:178.608
‘1 HBlock number.
P: 1266719 Positions of similarity block' start on target and query sequences
1267228 accordingly.
‘L: 10640 HLength of this similarity block.
G:99.98 Homology of this similarity block.
Weight of this similarity block (the arithmetic sum of symbols' similarity
W: 106350 : o :
calculated from the given similarity matrix).
S:178.608 Score of this similarity block.
Alignment:
1266704 1266704 1266705 1266715 1266725 1266735

ttgac
1

—————————— (..)tgggaccgccattgcCGGGCCGTTCCACGGCCCGTATCGTC

.......... (o) e EEEIEEEETEETETEET T

cgatgacccc(..)tgcgecggecttctcctCGGGCCGTTCCACGGCCCGTATCGTC
11 1267214 1267224 1267234 1267244

1 line - Numbering of the target sequence.

2 line - The target

sequence itself. Capital letters correspond to blocks of similarity, lower case -

not aligned regions.

3 line - Separator line. Separator line symbols: "|" - perfect coincidence between symbols.
Figures means the degree of symbols' similarity. Vary from 0 up to 9. 0 - no similarity, 9 -
maximal similarity.

4 line - Numbering of the query sequence.

S line - The query

sequence itself. Capital letters correspond to blocks of similarity, lower case -

not aligned regions.

Parameters:

Input

\Target sequence

HPlace your query file with nucleotide sequences.

‘Query sequence(s)

HPlace file with one ore more nucleotide sequences.

Output

\Result

‘h\lame of the output file.

Format

Output format:

List of alignment blocks coordinates (default)

List of alignment blocks coordinates and blocks sequences
Output alignment

General alignment information

General alignment information, blocks list and alignment

Sort blocks

Sort regions of homology for "List of alignment blocks coordinates"
value of "Output format" option :
Don't sort (default)

12



Incremental sort by coordinates on target
Incremental sort by coordinates on Query
Decremental sort by alignment block score
Decremental sort by alignment block weight
Decremental sort by alignment block length

Flank type

Flank type:

Length - Output for given amount of symbols in flank of alignment
block.

All - unlimited flank

Position number

HPrint additional strings with position number for target and query strings.

Numeration Offset

Numeration Offset:

Target - Given value will be added to taget sequence numeration on
output

Query - Given value will be added to query sequence numeration on
output

Homology Output symbol as separator lines between target and query, each line
separator position shows similarity between target and query positions

‘Gap HUse given simbol to print output gaps

Tailing Gap Use given simbol to print output flanking gaps in profile output, default:

U

‘Line Tearing

HString used for displaying of big gaps in alignment.

‘Output string

HOutput for given amount of symbols in each line.

‘Unalignment info

HProduce output information for sequences where no similarity found.

‘Perfect only HOutput perfect and near-perfect alignment.

\ Preprocessing

‘Remove H

PolyA Remove polyA tail from taget sequence. It is may be useful if target
sequence is mRNA or EST.

PolyT Remove polyT head from taget sequence. It is may be useful if target
sequence is complemented mRNA or EST.

‘Trailing N HRemove trailing N symbols from both ends of target sequence.

‘Cut Sequence

‘Start HSearch in target sequence from given position

‘End HSearch in target sequence to given position. "0" - get to end
‘Apply to chain HSearch in target sequence is applied to reverse chain.

‘ Options

Base Base:

Large genomes/contigs
Typical genomes/contigs
Small genomes/contigs

Score method

Scoring methods for whole alignment:

No scoring the alignment (default)

Score of alignment is the probability of the best block in alignment
Score of alignment is the probability of the summ of all blocks of
alignment

Blast-like scoring method (in SD units)

Blast-like scoring method (in probability units)

Threshold

HIf alignment has score less then given value then alignment is not

13




Hprinted.

Target chain(s)

Search in chain(s) in target:
In direct chain only

In reverse chain only

In both chains

Fine adjustment

HFine adjustment of alignment blocks ends.

Alternate variants

Produce given best alternate variants of alignments. Value "All" - all
possible variants

Non-overlapped variants

Produce given non-overlapped variants of alignments. Value "All" - all
possible variants

Different variants

Produce given different variants of alignments. "All" - all possible
variants

Local alignment

HProduce local alignment. Split alignment to several local alignments. ‘

Split diagonal
recursively

Split diagonal recursively (if possible).

Minimal required
homology

Minimal required homology of the whole alignment.

Minimal required
alignment length

Minimal required sum of alignment blocks length

MaliN
Multiple alignment for nucleotide sequences. Program is provided with viewer.
Parameters:
Input
‘Sequences set HPlace your set file nucleotide sequences in FASTA format
‘ Output

‘Result

HName of the output file

Options

‘Scoring matrix

HSelect one of the standard pre-defined matrix.

‘Gap Initiation penalty

HGap Initiation penalty in average match units

‘Gap Continuation penalty

HGap Continuation penalty in average match units

‘Match score

HMatch score, if Single-score scoring chosen (Similarity scoring only)

‘Mismatch penalty HMismatch penalty, if Single-score scoring chosen

MaliP

Multiple alignment for protein sequences. Program is provided with viewer.

Parameters:

‘ Input ‘

\Sequences set HPlace your set file nucleotide sequences in FASTA format \
Output \

‘Result ‘h\lame of the output file ‘

‘ Options ‘

\Scoring matrix HSelect one of the standard pre-defined matrix. \

14



mk:@MSITStore:D:%5CUsers%5CJulia%5Cmq2%5Cmq2-0-3%5C__Flashka%5Cdata.chm::/data/programs/MaliP/parameters.html#matrix%23matrix

HGap Initiation penalty HGap Initiation penalty in average match units

HGap Continuation penalty HGap Continuation penalty in average match units

HMatch score HMatch score, if Single-score scoring chosen (Similarity scoring only)H
HMismatch penalty HMismatch penalty, if Single-score scoring chosen H
ProtMap

New Fast Tool for Aligning Proteins with Genome and Accurately Reconstructing Exon-
intron Gene Structure

ProtMap program maps a set of protein sequences to a genomic sequence, producing gene
structures and corresponding alignments of coding exons with the similar or identical protein
queries. ProtMap uses a genomic sequence and a set of protein sequences as its input data, and
reconstructs gene structure based on protein identity or homology, in contrast to a set of
unordered alignment fragments generated by Blast. The program is very fast, and it produces
gene structures similar to those of Genewise program, which is hundreds times slower (see Table
1 for speed comparison). Accuracy can be further significantly improved by use of Fgenesh+ on
ProtMap output: see Table 2 fro accuracy comparison).

ProtMap is used as a part of Softberry automatic genome annotation pipeline, Fgenesh++C. We
also use it for generating putative gene models for genefinding parameters training on new
genomes, for which few or no known genes are available. ProtMap is also very useful for finding
pseudogenes as corrupted gene structures that map to known protein sequences.

Figure 1. Example of mapping a protein sequence to human chromosome 19.

L:3000000 Sequence Chrl1l9 [cut:1 3000000]

[DD] Sequence: 1( 1), S: 105.56, L:1739
IPI:IPI00170643.1|SWISS-PROT:Q8TEK3-1 Tax Id=9606 Splice isoform 2 of Q8TEK3
Summ of block lengths: 1284, Alignment bounds:

On first sequence: start 2146727, end 2167197, length 20471

On second sequence: start 263, end 1682, length 1420
Blocks of alignment: 21

1 E: 2146727 70 [ca GT] P: 2146727 263 L: 23, G: 101.574 S:14.75
2 E: 2147573 107 [AG GT] P: 2147575 287 L: 35, G: 103.465, S:18.56
3 E: 2148934 42 [AG GT] P: 2148934 322 L: 14, G: 103.043, S:11.68
4 E: 2150399 111 [AG GT] P: 2150399 336 L: 37, G: 102.130, S:18.82
5 E: 2150620 235 [AG GT] P: 2150620 373 L: 78, G: 101.500, S:27.15
6 E: 2151098 114 [AG GT] P: 2151100 452 L: 37, G: 106.924, S:19.76
7 E: 2151750 92 [AG GT] P: 2151752 490 L: 30, G: 101.424, S:16.82
8 E: 2153538 102 [AG GT] P: 2153538 520 L: 34, G: 100.496, S:17.73
9 E: 2153848 138 [AG GT] P: 2153848 554 L: 46, G: 99.003, S:20.30
10 E: 2154470 126 [AG GT] P: 2154470 600 L: 42, G: 101.283, S:19.87

1 11 2146713 2146723 2146739 2146769
gatcacagaggctgg (..)agtgtctgtgtttca? [GGRIVSSKPFAPLNFRINSRNLSg
——————————————— (..)evdhglkerfanmke GGRIVSSKPFAPLNFRINSRNLS-

248 248 249 259 267 277

2146797 2146806 2147558 2147568 2147581 2147611
lgtaagaaactctcat (..)ctgtggctcctgcag[acIGTIMRVVELSPLKGSVSWTGK
——————————————— (..)-—-——-——-——-——- -dIGTIMRVVELSPLKGSVSWTGK

286 286 286 286 289 299

2147641 2147671 2147686 2148919 2148926 2148937
PVSYYLHTIDRTI]gtgagtatctcgctg(..)ctttcttctttttag[LENYFSSLKNP
PVSYYLHTIDRTI ----—-—-————=———--— (e0)——————=——=————- LENYEFSSLKNP

309 319 322 322 322 323
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2148967 2148982 2150384 2150391 2150402 2150432
KLR]gtaagtttgtgtgtt (..)ctgctctccttccag [EEQEAARRRQQORESKSNAATP
KIR - —————————————— (o)~ EEQEAARRRQQRESKSNAATP
333 336 336 336 337
2150462 2150492 2150513 2150523 2150609 2150619
TKGPEGKVAGPADAPM] gtaaggccccagcect (. .) ccttgtgtcctccag [DSGAEEEK
TKGPEGKVAGPADAPM —-—-————-———-———— R DSGAEEEK
357 367 373 373 373

Table 1. Speed of processing sequences by Prot_Map, Fgenesh+ and GeneWise.

Fgenesh+ |Prot map |GeneWise
88 sequences of genes < 20 kb ~1 min ~1 min ~90 min
8 sequences of genes > 400000 kb ~1 min ~1 min ~1200 min

Table 2. Comparison of accuracy of gene identification programs: ab initio Fgenesh and
prediction with protein support: Fgenesh+ , GeneWise and Prot Map on a set of human
genes using mouse or drosophila homologous proteins. Sn ex, Sensitivity on exon level (exact
exon predictions); Sno ex, sensitivity with exon overlap; Sp ex, specificity, exon level; Sn nuc,
seisitivity, nucleotides; Sp nuc, specificity, nucleotides; CC, correlation coefficient; %CG,
percent of genes predicted completely correctly (no missing and no extra exons, and all exon
boundaries are predicted exactly correctly).

Mouse homologs: 60% < similarity level < 80% - 1425 sequences

Snex |Snoex |Spex |[Snnuc [Spnuc [CC %CG

Fgenesh 834 1909 86.8 [93.2 94.9 0.937 |30

Genewise | 88.1 96.5 90.5 |[97.8 99.2 0.984 |43

Fgenesh+ |93.9 |979 949 198.4 99.3 0.988 |65

Prot map [87.0 |96.5 86.6 197.0 98.5 0.976 |40

Drosophila homologs: similarity level > 80% - 66 sequences.
Snex |Snoex |Spex |Snnuc |[Spnuc |CC CG%

Fgenesh 90.5 1938 95.1 97.9 96.9 0.950 55
Genewise |79.3 83.9 86.8 97.3 99.5 0.985 23
Fgenesh+ | 95.1 97.8 97.0 98.9 99.5 0.9914 |70
Prot map (864 [95.3 88.1 97.6 99.0 0.982 41
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Parameters:

Input

‘Target sequence

HPlace your query file with nucleotide sequences in FASTA format

\Query sequence(s)

HPlace your second file with protein sequences in FASTA format

Output

‘Result

HName of the output file.

Format

Output format:

List of alignment blocks coordinates (default)

List of alignment blocks coordinates and blocks sequences
Output alignment

General alignment information

General alignment information, blocks list and alignment

Sort blocks

Sort regions of homology for "List of alignment blocks coordinates"
value of "Output format" option :

Don't sort (default)

Incremental sort by coordinates on target

Incremental sort by coordinates on Query

Decremental sort by alignment block score

Decremental sort by alignment block weight

Decremental sort by alignment block length

Flank type

Flank type:

Length - Output for given amount of symbols in flank of alignment
block.

All - unlimited flank

Position number

Print additional strings with position number for target and query
strings.

Numeration Offset

Numeration Offset:

Target - Given value will be added to taget sequence numeration on
output

Query - Given value will be added to query sequence numeration on
output

Homology Output symbol as separator lines between target and query, each line
separator position shows similarity between target and query positions

‘Gap HUse given simbol to print output gaps

Tailing Gap Use given simbol to print output flanking gaps in profile output,

default: '-'

‘Line Tearing

HString used for displaying of big gaps in alignment.

‘Output string

HOutput for given amount of symbols in each line.

‘Unalignment info

HProduce output information for sequences where no similarity found.

‘Perfect only HOutput perfect and near-perfect alignment.

\ Preprocessing

‘Remove H

PolyA Remove polyA tail from taget sequence. It is may be useful if target
sequence is mRNA or EST.

PolyT Remove polyT head from taget sequence. It is may be useful if target
sequence is complemented mRNA or EST.

‘Trailing N HRemove trailing N symbols from both ends of target sequence.

‘Cut Sequence
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‘Start HSearch in target sequence from given position ‘
\End HSearch in target sequence to given position. "0" - get to end \
‘Apply to chain HSearch in target sequence is applied to reverse chain. ‘

Options

Alignment accurancy

Alignment accurancy:
Weak (fast)
Normal (slow)

Mapping accurancy

Mapping accurancy:
Weak (fast)
Normal (slow)

Score method

Scoring methods for whole alignment:
No scoring the alignment (default)
Score of alignment is the probability of the best block in alignment

Score of alignment is the probability of the summ of all blocks of
alignment

Blast-like scoring method (in SD units)

Blast-like scoring method (in probability units)

Threshold

If alignment has score less then given value then alignment is not
printed.

Fine adjustment

HFine adjustment of alignment blocks ends. ‘

Produce different variants
of alignments

Produce given different variants of alignments. "All" - all possible
variants

Produce alternate variants
of alignments

Produce given best alternate variants of alignments. Value "All" - all
possible variants

Produce best non-
overlapped alignments

Produce given non-overlapped variants of alignments. Value "All" - all
possible variants

‘Local alignment

HProduce local alignment. Split alignment to several local alignments ‘

Split alignment block

This option allows to split alignment block to two blocks with better
quolity

‘Split diagonal recursively

HSplit diagonal recursively (if possible). ‘

Use consensus only for
target sequence

If target sequence is per-aligned profile then during alignment process
will be used target sequence consensus instead profile

Use consensus only for
query sequence

If query sequence is per-aligned profile then during alignment process
will be used query sequence consensus instead profile

Don't check mapping
result for validity

Don't check mapping result for validity

Maximal allowed intron
length

Maximal allowed intron length

SegMatch-N

Program for aligning two multimegabyte-size genome sequences using a sequential search for
most significant similarity regions

Program is provided with viewer.

Example of output:
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L:426 Sequence Duck alpha-D globin mRNA, complete cds. vs
C:\Documents and Settings\My
Documents\MolQuestWorkSpace\example datal\SegMatch-N\seql.fa

Total 1 sequences produce 1 significant alignment(s).

[DD] 1, S: 20.989, L: 429 Equus zebra alpha 1 globin gene,
complete cds.

IR b I b b b b b b I b I b I b b b b b b b b b b db b b b b b b b b b b b b db b d b I b b b b b b db b d b I b b b b b b b b b b db b d b db b 4 b b a2 b 4
[DD] Sequence: 1( 1), S: 20.989, L: 429 Equus zebra
alpha 1 globin gene, complete cds.

Summ of block lengths: 356, Alignment bounds:

On target sequence: start 1, end 408, length 408
On query sequence: start 1, end 411, length 411
Block of alignment: 8
1 P: 1 1 L: 1, G: 100.00, WwW: 10, S:1
2 P: 2 5 L: 21, G: 80.95, wW: 130, S$:5.65813
3 P: 40 43 L: 159, G: 71.07, W: 670, S:13.332
4 P: 205 208 L: 6, G: 100.00, W: 60, S:3.67423
5 P: 216 219 L: 12, G: 91.67, W: 100, S:4.93771
6 P: 235 238 L: 78, G: 80.77, W: 480, S:11.2317
7 P: 326 329 L: 71, G: 66.20, W: 230, S:7.90613
8 P: 401 404 L: 8, G: 100.00, wW: 80, S:4.38178
1 8 18 28 38 48
A---TGCTGACCGCCGAGGACAAGAagctcatcacgcagttgTGGGAGAAGGTGGCTGGC
I R R N N o Lo N I N T S | 11000 11110100]]|
AtggTGCTGTCTGCCGCCGACAAGAccaacgtcaaggccgccTGGAGTAAGGTTGGCGGC
1 11 21 31 41 51
58 68 78 88 98 108
CACCAGGAGGAATTCGGAAGTGAAGCTCTGCAGAGGATGT TCCTCGCCTACCCCCAGACC
011000100 [O[[O] 10000 IOLIOIIOOLIIITITITITITO101101111000]]|
AACGCTGGCGAGTTTGGCGCAGAGGCCCTAGAGAGGATGTTCCTGGGCTTCCCCACCACC
61 71 81 91 101 111
Where:
1-st line is the header:
[DD] Sequence: 1( 1), S: 20.989, L: 429 Equus zebra
alpha 1 globin gene, complete cds.
[DD] Target sequence in direct chain (D), query sequence in direct chain (D).
Variants:
[DR] - target sequence in direct chain (D), query sequence in reverse
chain (R).
[RD] - target sequence in reverse chain (R), query sequence in direct
chain (D).
[RR] - target sequence in reverse chain (R), query sequence in reverse
chain (R).
Order number of sequence from a query set which is submitted to
Sequence: 1( 1) alignment. In brackets is an order number for alignment of this sequence
q ) (if it resulted in more than one alignment). Variants: 4(  5) - the fifth
alignment of the fourth sequence from a set

‘S HScore of this alignment.

‘L HLength of this query sequence

Equus zebra alpha 1
globin gene, Name of this query sequence
complete cds

19



Additional information about alignment:

Summ of block lengths: 356, Alignment bounds:
On target sequence: start 1, end 408, length 408
On query sequence: start 1, end 411, length 411

Hlength HThe length covered by alignment, in target and query sequences appropriately.

List of alignment blocks:

Block of alignment: 8

1 P: 1 1 L: 1, G: 100.00, W: 10, S:1
2 P: 2 5 L: 21, G: 80.95, WwW: 130, S$:5.65813
Block of alignment: 8 - Number of blocks in this alignment.

Each line below defines an appropriate block. Detailed description of a line from this list is
shown further:

1 P: 1 1 L: 1, G: 100.00, WwW: 10, S:1
‘1 HBlock number.

Positions of similarity block' start in target and query sequences appropriately. In
this case - from the first position in both sequences.

‘L: 1 HLength of this similarity block.
‘G: 100.00HHOmology of this similarity block.
Weight of this similarity block (the arithmetic sum of symbols' similarity calculated

P:11

W: 10 . . .
from the given similarity matrix).

‘S:l HScore of this similarity block.

Alignment:
1 8 18 28 38 48
A---TGCTGACCGCCGAGGACAAGAagctcatcacgcagttgTGGGAGAAGGTGGCTGGC
S T I O O T 0O | 11000 1110100]]]|
AtggTGCTGTCTGCCGCCGACAAGAccaacgtcaaggccgccTGGAGTAAGGTTGGCGGC
1 11 21 31 41 51

1 line - Numbering of the target sequence.
2 line - The target sequence itself. Capital letters correspond to blocks of similarity, lower case -
not aligned regions.
3 line - Separator line. Separator line symbols: "|" - perfect coincidence between symbols.
Figures means the degree of symbols' similarity. Vary from 0 up to 9. 0 - no similarity, 9 -
maximal similarity.
4 line - Numbering of the query sequence.
5 line - The query sequence itself. Capital letters correspond to blocks of similarity, lower case -
not aligned regions.
Parameters:

‘ Input ‘

\Target sequence HPlace your query file with nucleotide sequences. \
‘Query sequence(s) HPlace file with one ore more nucleotide sequences.

Format Input file format:
Packed - Packed format
Fasta - Fasta format

‘ Output
‘Result ‘h\lame of the output file. ‘
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Format

Output format:

List of alignment blocks coordinates (default)

List of alignment blocks coordinates and blocks sequences
Output alignment

General alignment information

General alignment information, blocks list and alignment

Sort blocks

Sort regions of homology for "List of alignment blocks coordinates" value
of "Output format" option :

Don't sort (default)

Incremental sort by coordinates on target

Incremental sort by coordinates on Query

Decremental sort by alignment block score

Decremental sort by alignment block weight

Decremental sort by alignment block length

Flank type

Flank type:
Length - Output for given amount of symbols in flank of alignment block.
All - unlimited flank

Position number

HPrint additional strings with position number for target and query strings.

Numeration Offset

Numeration Offset:
Target - Given value will be added to taget sequence numeration on output
Query - Given value will be added to query sequence numeration on output

Homology Output symbol as separator lines between target and query, each line
separator position shows similarity between target and query positions

‘Gap HUse given simbol to print output gaps

‘Tailing Gap HUse given simbol to print output flanking gaps in profile output, default: '-'

‘Line Tearing

HString used for displaying of big gaps in alignment.

‘Output string HOutput for given amount of symbols in each line.

‘Unalignment info HProduce output information for sequences where no similarity found.

‘Perfect only HOutput perfect and near-perfect alignment.

‘Graphic data ‘h\lame of the output binary t-file.

‘ Preprocessing

\Remove H

PolyA Remove polyA tail from taget sequence. It is may be useful if target
sequence is mRNA or EST.

PolyT Remove polyT head from taget sequence. It is may be useful if target
sequence is complemented mRNA or EST.

‘Trailing N HRemove trailing N symbols from both ends of target sequence.

‘Cut Sequence

‘Start HSearch in target sequence from given position

‘End HSearch in target sequence to given position. "0" - get to end
‘Apply to chain HSearch in target sequence is applied to reverse chain.

‘ Options

Precision Precision:

Rough alignment (fast)
Fast alignment (slow)

Score method

Scoring methods for whole alignment:
No scoring the alignment (default)

21




Score of alignment is the probability of the best block in alignment
Score of alignment is the probability of the summ of all blocks of
alignment

Blast-like scoring method (in SD units)

Blast-like scoring method (in probability units)

Threshold

HIf alignment has score less then given value then alignment is not printed.

Search in chain(s) in
target

Search in chain(s) in target:
In direct chain only

In reverse chain only

In both chains

‘Fine adjustment

HFine adjustment of alignment blocks ends.

‘Different variants

HProduce given different variants of alignments. "All" - all possible variants

Alternate variants

Produce given best alternate variants of alignments. Value "All" - all
possible variants

Non-overlapped
variants

Produce given non-overlapped variants of alignments. Value "All" - all
possible variants

Local alignment

HProduce local alignment. Split alignment to several local alignments.

Split alignment block This option allows to split alignment block to two blocks with better quolity

Split diagonal Split diagonal recursively (if possible).

recursively

‘Target H

‘By length HA]ignment region on target sequence does not exeed given length.

By multiplier Alignment region on target sequence does not exeed length of query
sequence multiplied to N (N - is floting poin number).

By range Alignment region on target sequence does not exeed length of query
sequence plus N.

Query |

‘By length HAlignment region on query sequence does not exeed given length.

By multiplier Alignment region on query sequence does not exeed length of query
sequence multiplied to N (N - is floting poin number).

By range Alignment region on query sequence does not exeed length of query
sequence plus N.

SeqMatchNW-N

The program implements Needleman-Wunsch algorithm to produce a global alignment of two
nucleotide sequences. The approach is described in "A general method applicable to the search
for similarities in the amino acid sequence of two proteins", J Mol Biol. 48(3):443-53. The

Needleman-Wunsch

algorithm uses dynamic programming, and is guaranteed to find the

alignment with the maximum score with respect to the scoring system being used (which
includes the substitution matrix and the gap-scoring scheme.

Program is provided with viewer.

Example of output:
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L:999 Sequence gi|1418273|gb|U60902.1|0CU60902 Otolemur crassicaudatus
epsilon-, gamma-, delta-, and beta-globin genes, complete cds, and eta-globin
pseudogene

Vs C:\Documents and Settings\My
Documents\MolQuestWorkSpace\example data\SegMatchNW-N\1l\seql.fa
Total 1 sequences produce 1 significant alignment(s).

[DD] 1, S: 14.962, L: 292 gi|455025|gb|U01317.1|HUMHBB Human
beta globin region on chromosome 11

R IR I b b b b dh Sb b 2 dh b b dh b b 2 Sh b b dh b b 2 dh b b Sh Sh b 2h Sh b b 4h Sb b d Sh b b Sh b b 2 Sh b b Sh b b db dh b b dh Ib b 2 Sh b 2 db Sb I 2 Sb b dh dh S b 2b 4
[DD] Sequence: 1 1), S: 14.962, L: 292 gi|455025|gb|
U01317.1|HUMHBB Human beta globin region on chromosome 11

Summ of block lengths: 251, Alignment bounds:

On first sequence: start 1, end 940, length 940
On second sequence: start 2, end 292, length 291
Block of alignment: 37
1 P: 1 2 L: 1, G: 100.00, wW: 5, S:1
2 P: 33 3 L: 4, G: 100.00, WwW: 20, S:2.82843
3 P: 41 7 L: 4, G: 100.00, w: 20, S:2.82843
4 P: 58 11 L: 3, G: 100.00, w: 15, S:2.32379
5 P: 101 14 L: 7, G: 71.43, W: 17, S$:2.50185
6 P: 117 26 L: 13, G: 76.92, W: 38, S:4.02492
7 P: 141 39 L: 3, G: 100.00, w: 15, S:2.32379
8 P: 149 42 L: 3, G: 100.00, wW: 15, S$:2.32379
9 P: 168 55 L: 9, G: 77.78, W: 27, S:3.30748
10 P: 201 64 L: 13, G: 61.54, W: 20, S:2.83235
11 P: 231 77 L: 4, G: 100.00, WwW: 20, S:2.82843
12 P: 245 81 L: 3, G: 100.00, WwW: 15, S:2.32379
13 P: 255 84 L: 4, G: 100.00, WwW: 20, S:2.82843
14 P: 273 88 L: 8, G: 75.00, W: 22, S$:2.92119
15 P: 290 98 L: 8, G: 62.50, W: 13, S:2.19089
16 P: 304 106 L: 11, G: 90.91, wW: 46, S:4.64372
17 P: 320 121 L: 10, G: 70.00, W: 23, S:3
18 P: 346 139 L: 9, G: 77.78, W: 27, S5:3.30748
19 P: 368 148 L: 6, G: 83.33, W: 21, S:2.85774
20 P: 378 154 L: 10, G: 80.00, wW: 32, S:3.66667
21 P: 392 164 L: 4, G: 100.00, wW: 20, S$:2.82843
22 P: 411 171 L: 8, G: 75.00, W: 22, S:2.92119
23 P: 426 179 L: 9, G: 66.67, W: 18, S:2.61116
24 P: 467 188 L: 10, G: 90.00, wW: 41, S:4.33333
25 P: 482 198 L: 5, G: 80.00, W: 16, S:2.4004
26 P: 502 203 L: 3, G: 100.00, WwW: 15, S:2.32379
27 P: 515 207 L: 12, G: 83.33, W: 42, S:4.32049
28 P: 547 226 L: 12, G: 75.00, W: 33, S:3.70328
29 P: 621 238 L: 7, G: 85.71, W: 26, S:3.27165
30 P: 041 245 L: 7, G: 71.43, W: 17, S$:2.50185
31 P: 653 252 L: 3, G: 100.00, W: 15, S$:2.32379
32 P: 706 255 L: 6, G: 83.33, W: 21, S:2.85774
33 P: 727 261 L: 17, G: 70.59, W: 40, S:4.10605
34 P: 888 278 L: 5, G: 80.00, W: 16, S$:2.4004
35 P: 907 283 L: 5, G: 100.00, WwW: 25, S:3.27327
36 P: 929 288 L: 2, G: 100.00, wW: 10, S:1.73205
37 P: 938 290 L: 3, G: 100.00, WwW: 15, S$:2.32379

1 -AttaatagttgacagggatttacactaatgttATTCatcaTAATatgggatgtatcgCT
. T e o \

60 Cattgttgtttatttg(..)gaagaaaagttaaatCATTTCAttctttgtgAAAGACATC
[ T O O I T 0110110
13 C-—————————————~ (o) CCTCTCAaccct----ACAGTCACC

126 CATTaacccaccctcTGGatcacTATgctttagcagtttcaaTGTAGGCTAgtaagectg

I ..., T I O O I R
35 CATT--—--—-—-—-- TGG——--- TATattaaagatg--—---- TGTTGTCTA-=====——-
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Where:
1-st line is the header:

[DD] Sequence: 1( 1), S: 14.962, L: 292 gi|455025|gb|
U01317.1|HUMHBB Human beta globin region on chromosome 11

[DD] Target sequence in direct chain (D), query
sequence in direct chain (D). Variants:
[DR] - target sequence in direct chain (D), query
sequence in  reverse chain  (R).
[RD] - target sequence in reverse chain (R), query
sequence in direct chain (D).
[RR] - target sequence in reverse chain (R), query
sequence in reverse chain (R).

Order number of sequence from a query set
which is submitted to alignment. In brackets is an
order number for alignment of this sequence (if it
resulted in more than one alignment). Variants:
4( 5) - the fifth alignment of the fourth
sequence from a set

Sequence: 1( 1)

‘S HScore of this alignment.

‘L HLength of this query sequence

gi|455025|gb|U01317.1 HUMHBB Human
beta globin region on chromosome 11

TName of this query sequence

Additional information about alignment:

Summ of block lengths: 251, Alignment bounds:
On first sequence: start 1, end 940, length 940
On second sequence: start 2, end 292, length 291

Hlength HThe length covered by alignment, in target and query sequences appropriately. H

List of alignment blocks:

Block of alignment: 37

1 P: 1 2 L: 1, G: 100.00, W: 5, S:1
2 P: 33 3 L: 4, G: 100.00, W: 20, S:2.82843
Block of alignment: 37 - Number of blocks in this alignment.

Each line below defines an appropriate block. Detailed description of a line from this list is
shown further:

2 P: 33 3 L: 4, G: 100.00, W: 20, S:2.82843
‘2 HBlock number.
‘P: 33 3 HPositions of similarity block' start in target and query sequences appropriately.
L: 4 Length of this similarity block.
G:100.00 Homology of this similarity block.

Weight of this similarity block (the arithmetic sum of symbols' similarity
calculated from the given similarity matrix).

S:2.82843 Score of this similarity block.

W: 20
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Alignment:

60 Cattgttgtttatttg(..)gaagaaaagttaaatCATTTCAttctttgtgAAAGACATC
[ ee e (P T O O I R [O110]10]
13 C-——-----——————- L CCTCTCAaccct—----ACAGTCACC

1 line - The target sequence itself. Capital letters correspond to blocks of similarity, lower case -
not aligned regions.

2 line - Separator line. Separator line symbols: "|" - perfect coincidence between symbols.
Figures means the degree of symbols' similarity. Vary from 0 up to 9. 0 - no similarity, 9 -
maximal similarity.

3 line - The query sequence itself. Capital letters correspond to blocks of similarity, lower case -
not aligned regions.

Parameters:

‘ Input ‘

‘Target sequence HPlace your query file with nucleotide sequences. ‘

‘Query sequence(s) HPlace file with one ore more nucleotide sequences. ‘

Format Input file format:
Packed - Packed format
Fasta - Fasta format

\ Output \
‘Result HName of the output file. ‘

Format Output format:
List of alignment blocks coordinates (default)
List of alignment blocks coordinates and blocks sequences
Output alignment
General alignment information
General alignment information, blocks list and alignment

Sort blocks Sort regions of homology for "List of alignment blocks coordinates" value
of "Output format" option :

Don't sort (default)

Incremental sort by coordinates on target

Incremental sort by coordinates on Query

Decremental sort by alignment block score

Decremental sort by alignment block weight

Decremental sort by alignment block length

Flank type Flank type:
Length - Output for given amount of symbols in flank of alignment block.
All - unlimited flank

Position number HPrint additional strings with position number for target and query strings. ‘

Numeration Offset Numeration Offset:
Target - Given value will be added to taget sequence numeration on output
Query - Given value will be added to query sequence numeration on output

Homology Output symbol as separator lines between target and query, each line
separator position shows similarity between target and query positions
\Gap HUse given simbol to print output gaps \
‘Tailing Gap HUse given simbol to print output flanking gaps in profile output, default: '-' ‘
‘Line Tearing HString used for displaying of big gaps in alignment. ‘
‘Output string HOutput for given amount of symbols in each line. ‘
|

‘Unalignment info HProduce output information for sequences where no similarity found.
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‘Perfect only HOutput perfect and near-perfect alignment.

‘Graphic data ‘h\lame of the output binary t-file.

‘ Preprocessing

\Remove H

PolyA Remove polyA tail from taget sequence. It is may be useful if target
sequence is mRNA or EST.

PolyT Remove polyT head from taget sequence. It is may be useful if target
sequence is complemented mRNA or EST.

‘Trailing N HRemove trailing N symbols from both ends of target sequence.

‘Cut Sequence

‘Start HSearch in target sequence from given position
‘End HSearch in target sequence to given position. "0" - get to end
\Apply to chain HSearch in target sequence is applied to reverse chain.

Options

‘Scoring matrix

HSelect one of the standard pre-defined matrix.

Tail gap

Tail gap:
Alignment with tail gaps penalties
Alignment without tail gaps penalties

Gap Initiation
penalty

Gap Initiation penalty in average match units.

Gap Continuation
penalty

Gap Continuation penalty in average match units.

\Match score

HMatch score, if Single-score scoring chosen (Similarity scoring only).

‘Mismatch penalty

HMismatch penalty, if Single-score scoring chosen.

Score method

Scoring methods for whole alignment:

No scoring the alignment (default)

Score of alignment is the probability of the best block in alignment
Score of alignment is the probability of the summ of all blocks of
alignment

Blast-like scoring method (in SD units)

Blast-like scoring method (in probability units)

Threshold

HIf alignment has score less then given value then alignment is not printed.

Target chain(s)

Search in chain(s) in target:
In direct chain only

In reverse chain only

In both chains

Fine adjustment

HFine adjustment of alignment blocks ends.

Alternate variants

Produce given best alternate variants of alignments. Value "All" - all
possible variants

Non-overlapped
variants

Produce given non-overlapped variants of alignments. Value "All" - all
possible variants

‘Different variants

HProduce given different variants of alignments. "All" - all possible variants ‘

‘Local alignment

HProduce local alignment. Split alignment to several local alignments.

Split diagonal Split diagonal recursively (if possible).

recursively

‘Target H

\By length HAlignment region on target sequence does not exeed given length.

26




By multiplier Alignment region on target sequence does not exeed length of query
sequence multiplied to N (N - is floting poin number).

By range Alignment region on target sequence does not exeed length of query
sequence plus N.

Query |

‘By length HAlignment region on query sequence does not exeed given length.

By multiplier Alignment region on query sequence does not exeed length of query
sequence multiplied to N (N - is floting poin number).

By range Alignment region on query sequence does not exeed length of query
sequence plus N.

SeqMatchNW-P

The program implements Needleman-Wunsch algorithm to produce a global alignment of two
protein sequences. The approach is described in "A general method applicable to the search for
similarities in the amino acid sequence of two proteins", J Mol Biol. 48(3):443-53. The
Needleman-Wunsch algorithm uses dynamic programming, and is guaranteed to find the
alignment with the maximum score with respect to the scoring system being used (which
includes the substitution matrix and the gap-scoring scheme.

Program is provided with viewer.

Example of output:

L:153 Sequence MYOGLOBIN MAP TURTLE

vS. 19 Base sequences [C:\Documents and Settings\My
Documents\MolQuestWorkSpace\example data\SeqMatchNW-P\seqgl.set.fa].

Total 19 sequences produce 19 significant alignment(s).

[DD] 7, S: 28.714, L: 153 MYOGLOBIN CHICKEN
[DD] 17, S: 27.56, L: 153 MYOGLOBIN HUMAN
[DD] 9, S: 27.482, L: 153 MYOGLOBIN N.AMERICAN OPOSSUM
[DD] 5, S: 26.354, L: 153 MYOGLOBIN SADDLEBACK DOLPHIN
[DD] 8, S: 12.825, L: 146 HEMOGLOBIN BETA CHICKEN
[DD] 13, S: 12.696, L: 141 HEMOGLOBIN ALPHA NILE CROCODILE
[DD] 10, S: 12.388, L: 146 HEMOGLOBIN BETA N.AMERICAN OPOSSUM
[DD] 6, S: 12.271, L: 140 HEMOGLOBIN BETA EDIBLE FROG
[DD] 19, S: 12.226, L: 146 HEMOGLOBIN BETA HUMAN
[DD] 11, S: 11.998, L: 141 HEMOGLOBIN ALPHA BULLFROG
[DD] 14, S: 11.864, L: 141 HEMOGLOBIN ALPHA OSTRICH
[DD] 12, S: 11.533, L: 146 HEMOGLOBIN BETA NILE CROCODILE
[DD] 15, S 11.521, L: 141 HEMOGLOBIN ALPHA EASTERN GRAY
KANGAROO
[DD] 18, S: 11.401, L: 141 HEMOGLOBIN ALPHA HUMAN
[DD] 16, S: 11.095, L: 142 HEMOGLOBIN ALPHA ABYSSINIAN HYRAX
[DD] 2, S: 9.9819, L: 161 HEMOGLOBIN I.PARASPONIA ANDERSONII
[DD] 1, S: 9.4062, L: 146 HEMOGLOBIN VITREOSCILLA SP.
[DD] 3, S: 8.1196, L: 153 LEGHEMOGLOBIN I. YELLOW LUPIN
[DD] 4, S: 6.8096, L: 143 LEGHEMOGLOBIN I.BROAD BEAN
ER I b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b b 4
[DD] Sequence: 7 ( 1), S: 28.714, L: 153 MYOGLOBIN
CHICKEN
Summ of block lengths: 153, Alignment bounds:
On first sequence: start 1, end 153, length 153
On second sequence: start 1, end 153, length 153
Block of alignment: 1
1 P: 1 1 L: 153, G: 84.27, W: 874000, S:28.7142
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1 GLSDDEWHHVLGIWAKVEPDLSAHGQEVIIRLFQVHPETQERFAKFKNLKTIDELRSSEE
LITT21 14411001211 1115521 1411551114001 110511011 1111105]1662]15
1 GLSDQEWQQVLTIWGKVEADIAGHGHEVLMRLFHDHPETLDRFDKFKGLKTPNEMKGSED

61 VKKHGTTVLTALGRILKLKNNHEPELKPLAESHATKHKIPVKYLEFICEIIVKVIAEKHP
Arrrrzrrrtrrer oIzt Istrrrrest it e e iy 7 ez ey
61 LKKHGATVLTQLGKILKQKGQHESDLKPLAQTHATKHKIPVKYLEFISEVIIKVIAEKHA

121 SDFGADSQAAMRKALELFRNDMASKYKEFGFQG

STITEEETErter it el
121 ADFGADSQAAMKKALELFRNDMASKYKEFGEFQG
[DD] Sequence: 17 ( 1), S: 27.56, L: 153 MYOGLOBIN HUMAN
Summ of block lengths: 153, Alignment bounds:
On first sequence: start 1, end 153, length 153
On second sequence: start 1, end 153, length 153
Block of alignment: 1
1 P: 1 1 L: 153, G: 81.13, wW: 830000, S:27.5604
1 GLSDDEWHHVLGIWAKVEPDLSAHGQEVIIRLFQVHPETQERFAKFKNLKTIDELRSSEE
FEITOT 40T ILI7120 L1152 11115111501 111016011 14115011665]115

1 GLSDGEWQLVLNVWGKVEADIPGHGQEVLIRLFKGHPETLEKFDKFKHLKSEDEMKASED

61 VKKHGTTVLTALGRILKLKNNHEPELKPLAESHATKHKIPVKYLEFICEIIVKVIAEKHP

C RN A A O e o N I BRI B O B R O O O AR N R

61 LKKHGATVLTALGGILKKKGHHEAEIKPLAQSHATKHKIPVKYLEFISECIIQVLQSKHP
121 SDFGADSQAAMRKALELFRNDMASKYKEFGFQG

2P ESt2Et Ltttz r2rrrant |
121 GDFGADAQGAMNKALELFRKDMASNYKELGFQG

Where:

1-st line is the header:

[DD] Sequence: 7 ( 1), S: 28.714, L: 153 MYOGLOBIN

CHICKEN

[DD] No sence, used for output compatibility on nucleotide sequence
alignment.

Order number of sequence from a query set which is submitted to
alignment. In brackets is an order number for alignment of this sequence
(if it resulted in more than one alignment). Variants: 4(  5) - the fifth
alignment of the fourth sequence from a set.

Sequence: 7( 1)

‘S HScore of this alignment.
‘L HLength of this query sequence
MYOGLOBIN

CHICKEN TName of this query sequence

Additional information about alignment:

Summ of block lengths: 153, Alignment bounds:
On first sequence: start 1, end 153, length 153
On second sequence: start 1, end 153, length 153

Hlength HThe length covered by alignment, in target and query sequences appropriately. H

List of alignment blocks:

Block of alignment: 1
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1 P: 1 1 L: 153, G: 81.13, W: 830000, S:27.5604
Block of alignment: 1 - amount of blocks. Below each line corresponds to one block:

1 P: 1 1 L: 153, G: 81.13, W: 830000, S:27.5604
‘1 HBlock number.

Positions of similarity block' start in target and query sequences appropriately. In
this case - from the first position in both sequences.

‘L: 153 HLength of this similarity block.
G:81.13  Homology of this similarity block.

Weight of this similarity block (the arithmetic sum of symbols' similarity
calculated from the given similarity matrix).

‘S:27.5604 HScore of this similarity block.

P:1 1

W: 830000

Alignment:

1 GLSDDEWHHVLGIWAKVEPDLSAHGQEVIIRLFQVHPETQERFAKFKNLKTIDELRSSEE
FITTZ20144 1100 12011115521 14115511 140111105110 1111111051662]15
1 GLSDQEWQQVLTIWGKVEADIAGHGHEVLMRLFHDHPETLDRFDKFKGLKTPNEMKGSED

1 line - The target sequence itself. Capital letters correspond to blocks of similarity, lower case -
not aligned regions.
2 line - Separator line. Separator line symbols: "|" - perfect coincidence between symbols.
Figures means the degree of symbols' similarity. Vary from 0 up to 9. 0 - no similarity, 9 -
maximal similarity.
3 line - The query sequence itself. Capital letters correspond to blocks of similarity, lower case -
not aligned regions.

Parameters:
‘ Input ‘
‘Target sequence HPlace your query file with protein sequences in FASTA format. ‘
\Query sequence(s) HPlace input file with one ore more protein sequences in FASTA format. \
Output ‘
‘Result ‘h\lame of the output file. ‘

Format Output format:
List of alignment blocks coordinates (default)
List of alignment blocks coordinates and blocks sequences
Output alignment
General alignment information
General alignment information, blocks list and alignment

Sort blocks Sort regions of homology for "List of alignment blocks coordinates" value
of "Output format" option :

Don't sort (default)

Incremental sort by coordinates on target

Incremental sort by coordinates on Query

Decremental sort by alignment block score

Decremental sort by alignment block weight

Decremental sort by alignment block length

Flank type Flank type:

Length - Output for given amount of symbols in flank of alignment block.
All - unlimited flank

‘Position number HPrint additional strings with position number for target and query strings. ‘

‘Numeration Offset ‘h\lumeration Offset: ‘
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Target - Given value will be added to taget sequence numeration on output
Query - Given value will be added to query sequence numeration on output

Homology Output symbol as separator lines between target and query, each line
separator position shows similarity between target and query positions

‘Gap HUse given simbol to print output gaps

‘Tailing Gap HUse given simbol to print output flanking gaps in profile output, default: '-'

‘Line Tearing

HString used for displaying of big gaps in alignment.

‘Output string

HOutput for given amount of symbols in each line.

‘Unalignment info

HProduce output information for sequences where no similarity found.

‘Perfect only HOutput perfect and near-perfect alignment.

‘Graphic data ‘h\lame of the output binary t-file.

\ Preprocessing

\Remove H

PolyA Remove polyA tail from taget sequence. It is may be useful if target
sequence is mRNA or EST.

PolyT Remove polyT head from taget sequence. It is may be useful if target
sequence is complemented mRNA or EST.

\Trailing N HRemove trailing N symbols from both ends of target sequence.

‘Cut Sequence

‘Start HSearch in target sequence from given position
\End HSearch in target sequence to given position. "0" - get to end
‘Apply to chain HSearch in target sequence is applied to reverse chain.

Options

\Scoring matrix

HSelect one of the standard pre-defined matrix.

Tail gap

Tail gap:
Alignment with tail gaps penalties
Alignment without tail gaps penalties

Gap Initiation
penalty

Gap Initiation penalty in average match units.

Gap Continuation
penalty

Gap Continuation penalty in average match units.

‘Match score

HMatch score, if Single-score scoring chosen (Similarity scoring only).

‘Mismatch penalty

HMismatch penalty, if Single-score scoring chosen.

Score method

Scoring methods for whole alignment:

No scoring the alignment (default)

Score of alignment is the probability of the best block in alignment
Score of alignment is the probability of the summ of all blocks of
alignment

Blast-like scoring method (in SD units)

Blast-like scoring method (in probability units)

Threshold

HIf alignment has score less then given value then alignment is not printed.

‘Fine adjustment

HFine adjustment of alignment blocks ends.

Alternate variants

Produce given best alternate variants of alignments. Value "All" - all
possible variants

Non-overlapped
variants

Produce given non-overlapped variants of alignments. Value "All" - all
ossible variants
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mk:@MSITStore:D:%5CUsers%5CJulia%5Cmq2%5Cmq2-0-3%5C__Flashka%5Cdata.chm::/data/programs/SeqMatchNW-P/parameters.html#matrix%23matrix

‘Different variants

HProduce given different variants of alignments. "All" - all possible variants ‘

‘Local alignment

HProduce local alignment. Split alignment to several local alignments.

sequence plus N.

Split diagonal Split diagonal recursively (if possible).

recursively

‘Target H

‘By length HAlignment region on target sequence does not exeed given length.

By multiplier Alignment region on target sequence does not exeed length of query
sequence multiplied to N (N - is floting poin number).

By range Alignment region on target sequence does not exeed length of query
sequence plus N.

Query |

\By length HAlignment region on query sequence does not exeed given length.

By multiplier Alignment region on query sequence does not exeed length of query
sequence multiplied to N (N - is floting poin number).

By range Alignment region on query sequence does not exeed length of query

‘Translation table

HSelect translation table (Bacterial is default).

SegMatch-P

Program for aligning two aminoacid sequences using a sequential search for most significant

similarity regions.

Program is provided with viewer.

Example of output:

L:146
Vs

Total 1 sequences produce 1 significant alignment (s

[DD] 1, s:

[DD] Sequence:
NILE CROCODILE

Sequence

21.664,

KRR A AR A A AR A A A A A A A A A A A A A A A A A A AR A AR A AR AR KA AR A A A A AR A AR AR A A AR A AR A AR A Ak A Ak A Ak Ak k kK%

146 HEMOGLOBIN BETA

1

Summ of block lengths: 12

On first

sequence:
On second sequence:
Block of alignment:

1 P: 7
2 P: 14
3 P: 24
4 P: 128
5 P: 137
6 P: 140

start
start
0

4,

9
14
24

128

137

140

[ o e e

=

S:

7y
7y

end
end

9

HEMOGLOBIN BETA HUMAN
C:\Documents

and
Documents\MolQuestWorkSpace\example data\SegMatch-P\seql.fa

) .

Settings\My

146 HEMOGLOBIN BETA NILE CROCODILE

4

4

4

4

N 30 3N

4

7,

G.

ONONONONG]

21.664,

Alignment bounds:

l4e,
146,

100.
83
78.
94.
92
82.

51,

.27,

57,
76,

.46,

12,

L:

length 140
length 140

=== 3==

10,
20,
225,
30,
8,
19,

0N n n n

S

:2.64676
:5.05147
:20.0317
:5.80101
:2.4219

:4.97651

1 vhltpeEKsavtalWGKVNVdevGGEALGRLLVVYPWTQRFFESFGDLSTPDAVMGNPKV

FIOTE7 .o LEEEIOI8ISTITIO7ISIIT7111810001810101 |

1 asfdphEKgligdLWHKVDVahcGGEALSRMLIVYPWKRRYFENFGDISNAQAIMHNEKV

61 KAHGKKVLGAFSDGLAHLDNLKGTFATLSELHCDKLHVDPENFRLLGNVLVCVLAHHFGK
TILITEEI071080701 1108800 1017111811 IITITII8IT1179830][10]90]
61 QAHGKKVLASFGEAVCHLDGIRAHFANLSKLHCEKLHVDPENFKLLGDIIIIVLAAHYPK

121 EFtppvgAAYQKVVagVAnALAHKYH

8l....

AT 11071
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121 DFglechAAYQKLVrqVAaALAAEYH
Where:

1-st line is the header:

[DD] Sequence: 1( 1), s: 21.664, L: 146 HEMOGLOBIN BETA

NILE CROCODILE

[DD] No sence, used for output compatibility on nucleotide sequence
alignment.

Order number of sequence from a query set which is submitted to
alignment. In brackets is an order number for alignment of this
sequence (if it resulted in more than one alignment). Variants:
4(  5) - the fifth alignment of the fourth sequence from a set

Sequence: 1( 1)

‘S HScore of this alignment.

‘L HLength of this query sequence

HEMOGLOBIN BET fthi
NILE CROCODILE ame of this query sequence

Additional information about alignment:

Summ of block lengths: 124, Alignment bounds:
On first sequence: start 7, end 146, length 140
On second sequence: start 7, end 146, length 140

Hlength HThe length covered by alignment, in target and query sequences appropriately. H

List of alignment blocks:

Block of alignment: 6

1 P: 7 7 L: 2, G: 100.51, W: 10, S:2.64676
2 P: 14 14 L: 7, G: 83.27, W: 20, S:5.05147
Block of alignment: 6 - Number of blocks in this alignment.

Each line below defines an appropriate block. Detailed description of a line from this list is
shown further:

1 P: 7 7 L: 2, G: 100.51, W: 10, S:2.64676

‘1 HBlock number.

Positions of similarity block' start in target and query sequences appropriately. In
his case - from the seventh position in both sequences.

‘L: 2 HLength of this similarity block.
G:100.51 Homology of this similarity block.

Weight of this similarity block (the arithmetic sum of symbols' similarity
calculated from the given similarity matrix).

S:2.64676 Score of this similarity block.

P.7 7

W:10

Alignment:

1 vhltpeEKsavtalLWGKVNVdevGGEALGRLLVVYPWTQRFFESFGDLSTPDAVMGNPKV
...... Plee e e e LIOLE7 Lo e o LETTIOI8IST I II0OTI91[711181000191010]
1 asfdphEKgligdLWHKVDVahcGGEALSRMLIVYPWKRRYFENFGDISNAQAIMHNEKV

1 line - The target sequence itself. Capital letters correspond to blocks of similarity, lower case -
not aligned regions.
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2 line - Separator line. Separator line symbols:

- perfect coincidence between symbols.

Figures means the degree of symbols' similarity. Vary from 0 up to 9. 0 - no similarity, 9 -

maximal similarity.

3 line - The query sequence itself. Capital letters correspond to blocks of similarity, lower case -

not aligned regions.
Parameters:

Input

\Target sequence

HPlace your query file with protein sequences in FASTA format.

‘Query sequence(s)

HPlace input file with one ore more protein sequences in FASTA format.

Output

\Result

‘h\lame of the output file.

Format

Output format:

List of alignment blocks coordinates (default)

List of alignment blocks coordinates and blocks sequences
Output alignment

General alignment information

General alignment information, blocks list and alignment

Sort blocks

Sort regions of homology for "List of alignment blocks coordinates" value of
"Output format" option :

Don't sort (default)

Incremental sort by coordinates on target

Incremental sort by coordinates on Query

Decremental sort by alignment block score

Decremental sort by alignment block weight

Decremental sort by alignment block length

Flank type

Flank type:
Length - Output for given amount of symbols in flank of alignment block.
All - unlimited flank

Position number

HPrint additional strings with position number for target and query strings. ‘

Numeration Offset

Numeration Offset:
Target - Given value will be added to taget sequence numeration on output
Query - Given value will be added to query sequence numeration on output

Homology Output symbol as separator lines between target and query, each line
separator position shows similarity between target and query positions

‘Gap HUse given simbol to print output gaps

‘Tailing Gap HUse given simbol to print output flanking gaps in profile output, default: '-'

‘Line Tearing

HString used for displaying of big gaps in alignment.

‘Output string

HOutput for given amount of symbols in each line.

‘Unalignment info

|
|
|
|
HProduce output information for sequences where no similarity found. ‘
|
|
|
|

‘Perfect only HOutput perfect and near-perfect alignment.

‘Graphic data ‘h\lame of the output binary t-file.

‘ Preprocessing

‘Remove H

PolyA Remove polyA tail from taget sequence. It is may be useful if target
sequence is mRNA or EST.

PolyT Remove polyT head from taget sequence. It is may be useful if target
sequence is complemented mRNA or EST.

Trailing N HRemove trailing N symbols from both ends of target sequence.
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\Cut Sequence

\Start HSearch in target sequence from given position

‘End HSearch in target sequence to given position. "0" - get to end
‘Apply to chain HSearch in target sequence is applied to reverse chain.

\ Options

Precision Precision:

Rough alignment (fast)
Fast alignment (slow)

Score method

Scoring methods for whole alignment:

No scoring the alignment (default)

Score of alignment is the probability of the best block in alignment
Score of alignment is the probability of the summ of all blocks of
alignment

Blast-like scoring method (in SD units)

Blast-like scoring method (in probability units)

‘Threshold

HIf alignment has score less then given value then alignment is not printed.

‘Fine adjustment

HFine adjustment of alignment blocks ends.

Alternate variants

Produce given best alternate variants of alignments. Value "All" - all
ossible variants

Non-overlapped
variants

Produce given non-overlapped variants of alignments. Value "All" - all
ossible variants

‘Different variants

HProduce given different variants of alignments. "All" - all possible variants

‘Local alignment

HProduce local alignment. Split alignment to several local alignments.

Split alignment This option allows to split alignment block to two blocks with better quolity

block

Split diagonal Split diagonal recursively (if possible).

recursively

‘Target H

\By length HAlignment region on target sequence does not exeed given length.

By multiplier Alignment region on target sequence does not exeed length of query
sequence multiplied to N (N - is floting poin number).

By range Alignment region on target sequence does not exeed length of query
sequence plus N.

Query |

‘By length HAlignment region on query sequence does not exeed given length.

By multiplier Alignment region on query sequence does not exeed length of query
sequence multiplied to N (N - is floting poin number).

By range Alignment region on query sequence does not exeed length of query

sequence plus N.

‘Translation table

HSelect translation table (Bacterial is default).

SegMatchSW-N

The program implements Smith-Waterman algorithm for performing local sequence alignment,
finding similar regions between two nucleotide sequences. The approach is described in
"Identification of Common Molecular Subsequences" , Journal of Molecular Biology, 147:195-
197, 1981.The algorithm is a variation of the Needleman-Wunsch dynamic programming
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algorithm. It is guaranteed to find the optimal local alignment with respect to the scoring system
being used (which includes the substitution matrix and the gap-scoring scheme).

Program is provided with viewer.

Example of output:

L:999 Sequence gi|1418273|gb|U60902.1]0CU60902 Otolemur crassicaudatus
epsilon-, gamma-, delta-, and beta-globin genes, complete cds, and eta-globin
pseudogene

vs C:\Documents and Settings\My
Documents\MolQuestWorkSpace\example data\SeqMatchSW-N\1l\seql.fa
Total 1 sequences produce 1 significant alignment(s).

[DD] 1, S: 8.4023, L: 292 gi|455025|gb|U01317.1|HUMHBB Human
beta globin region on chromosome 11

KA AR A A A AR A A A A A A A A A A A A A A A A A A A A A A AR A A A A A AR A AR A A AR A AR I A AR A A A A AR A A AR AR A A AR Ak kK
[DD] Sequence: 1 1), S: 8.4023, L: 292 gi|455025|gb|
U01317.1|HUMHBB Human beta globin region on chromosome 11

Summ of block lengths: 55, Alignment bounds:

On first sequence: start 834, end 889, length 56
On second sedquence: start 140, end 194, length 55
Block of alignment: 2
1 P: 834 140 L: 12, G: 83.33, W: 42, S:4.32049
2 P: 847 152 L: 43, G: 74.42, W: 116, S:7.31564
1 attaatagttgacag(..)ttacattttctgagtTATACTTCCAGCtACTCAGGAGGCCG
............... (v0) eeeeeeeeaae e e IOLIOLTITITT-1 11000111100
125 ——————————————- (..)gtggtggctcatgtcTGTAATTCCAGC-ACTGGAGAGGTAG
860 AAATGGGAGGATCCCTTGAGCTCAGGAGGTcaaggctgcagtgag(..)caaaaaactgc
O T T O 1 e O O Y P N
165 AAGTGGGAGGACTGCTTGAGCTCAAGAGTTtgatattatcctgga(..)gca-—————--
996 tccg
293 ----
Where:

1-st line is the header:

[DD] Sequence: 1( 1), S: 8.4023, L: 292 gi|455025|gb|
U01317.1|HUMHBB Human beta globin region on chromosome 11

[DD] Target sequence in direct chain (D), query
sequence in direct chain (D). Variants:
[DR] - target sequence in direct chain (D), query
sequence in  reverse chain (R).
[RD] - target sequence in reverse chain (R), query
sequence in direct chain (D).
[RR] - target sequence in reverse chain (R), query
sequence in reverse chain (R).

Order number of sequence from a query set
which is submitted to alignment. In brackets is an
order number for alignment of this sequence (if it
resulted in more than one alignment). Variants:
4( 5) - the fifth alignment of the fourth
sequence from a set

Sequence: 1( 1)
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HS HScore of this alignment.
HL HLength of this query sequence

gi|455025|gb|U01317.11HUMHBB Human
beta globin region on chromosome 11

%\Iame of this query sequence

Additional information about alignment:

Summ of block lengths: 55, Alignment bounds:
On first sequence: start 834, end 889, length 56
On second sequence: start 140, end 194, length 55

Hlength HThe length covered by alignment, in target and query sequences appropriately. H

List of alignment blocks:

Block of alignment: 2
1 P: 834 140 L: 12, G: 83.33, W: 42, S:4.32049
2 P: 847 152 L: 43, G: T74.42, W: 116, S:7.31564

Block of alignment: 2 - amount of blocks. Below each line corresponds to one block:

1 p: 834 140 L: 12, G: 83.33, W: 42, S5:4.32049
‘1 HBlock number.
P: 834 140 PosH10n§ of similarity block' start in target and query sequences
appropriately.
L: 12 Length of this similarity block.
G: 83.33 Homology of this similarity block.
W: 42 Weight of this similarity block (the arithmetic sum of symbols' similarity
) calculated from the given similarity matrix).
S:4.32049 Score of this similarity block.
Alignment:
1 attaatagttgacag(..)ttacattttctgagtTATACTTCCAGCtACTCAGGAGGCCG
............... (o) eeeeeeeeeee e lOLIOTTITTTT-TTI000TTT100]
125 ———-——m—mm—m - (..)gtggtggctcatgtcTGTAATTCCAGC-ACTGGAGAGGTAG

1 line - Target sequence. Capital letters means blocks of similarity, lower case - not aligned
regions.

2 line - Separator line. Separator line symbols: "|" - perfect coincidence between symbols.
Figures means the degree of symbols' similarity. Vary from 0 up to 9. 0 - no similarity, 9 -
maximal similarity.

3 line - Query sequence. Capital letters means blocks of similarity, lower case - not aligned

regions.

Parameters:
‘ Input ‘
\Target sequence HPlace your query file with nucleotide sequences. \

‘Query sequence(s) HPlace file with one ore more nucleotide sequences. ‘

Format Input file format:
Packed - Packed format
Fasta - Fasta format

‘ Output ‘
‘Result ‘h\lame of the output file. ‘
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Format

Output format:

List of alignment blocks coordinates (default)

List of alignment blocks coordinates and blocks sequences
Output alignment

General alignment information

General alignment information, blocks list and alignment

Sort blocks

Sort regions of homology for "List of alignment blocks coordinates" value
of "Output format" option :

Don't sort (default)

Incremental sort by coordinates on target

Incremental sort by coordinates on Query

Decremental sort by alignment block score

Decremental sort by alignment block weight

Decremental sort by alignment block length

Flank type

Flank type:
Length - Output for given amount of symbols in flank of alignment block.
All - unlimited flank

Position number

HPrint additional strings with position number for target and query strings.

Numeration Offset

Numeration Offset:
Target - Given value will be added to taget sequence numeration on output
Query - Given value will be added to query sequence numeration on output

Homology Output symbol as separator lines between target and query, each line
separator position shows similarity between target and query positions

‘Gap HUse given simbol to print output gaps

‘Tailing Gap HUse given simbol to print output flanking gaps in profile output, default: '-'

‘Line Tearing

HString used for displaying of big gaps in alignment.

‘Output string HOutput for given amount of symbols in each line.

‘Unalignment info HProduce output information for sequences where no similarity found.

‘Perfect only HOutput perfect and near-perfect alignment.

‘Graphic data ‘h\lame of the output binary t-file.

‘ Preprocessing

\Remove H

PolyA Remove polyA tail from taget sequence. It is may be useful if target
sequence is mRNA or EST.

PolyT Remove polyT head from taget sequence. It is may be useful if target
sequence is complemented mRNA or EST.

‘Trailing N HRemove trailing N symbols from both ends of target sequence.

‘Cut Sequence

‘Start HSearch in target sequence from given position
‘End HSearch in target sequence to given position. "0" - get to end
‘Apply to chain HSearch in target sequence is applied to reverse chain.

Options

‘Scoring matrix

HSelect one of the standard pre-defined matrix.

Gap Initiation
penalty

Gap Initiation penalty in average match units.

Gap Continuation
penalty

Gap Continuation penalty in average match units.
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\Match score

HMatch score, if Single-score scoring chosen (Similarity scoring only). ‘

‘Mismatch penalty

HMismatch penalty, if Single-score scoring chosen. \

Score method

Scoring methods for whole alignment:

No scoring the alignment (default)

Score of alignment is the probability of the best block in alignment
Score of alignment is the probability of the summ of all blocks of
alignment

Blast-like scoring method (in SD units)

Blast-like scoring method (in probability units)

Threshold

HIf alignment has score less then given value then alignment is not printed.

Target chain(s)

Search in chain(s) in target:
In direct chain only

In reverse chain only

In both chains

‘Fine adjustment

HFine adjustment of alignment blocks ends. ‘

‘Different variants

HProduce given different variants of alignments. "All" - all possible variants ‘

Alternate variants

Produce given best alternate variants of alignments. Value "All" - all
possible variants

Non-overlapped
variants

Produce given non-overlapped variants of alignments. Value "All" - all
possible variants

Local alignment

HProduce local alignment. Split alignment to several local alignments.

Split alignment block This option allows to split alignment block to two blocks with better quolity

Split diagonal Split diagonal recursively (if possible).

recursively

‘Target H ‘

‘By length HAlignment region on target sequence does not exeed given length. ‘

By multiplier Alignment region on target sequence does not exeed length of query
sequence multiplied to N (N - is floting poin number).

By range Alignment region on target sequence does not exeed length of query
sequence plus N.

Query H |

‘By length HAlignment region on query sequence does not exeed given length. ‘

By multiplier Alignment region on query sequence does not exeed length of query
sequence multiplied to N (N - is floting poin number).

By range Alignment region on query sequence does not exeed length of query
sequence plus N.

SeqMatchSW-P

The program implements Smith-Waterman algorithm for performing local sequence alignment,
finding similar regions between two protein sequences. The approach is described in
"Identification of Common Molecular Subsequences" , Journal of Molecular Biology, 147:195-
197, 1981.The algorithm is a variation of the Needleman-Wunsch dynamic programming
algorithm. It is guaranteed to find the optimal local alignment with respect to the scoring system
being used (which includes the substitution matrix and the gap-scoring scheme).

Program is provided with viewer.
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Example of output:

L:153 Sequence MYOGLOBIN MAP TURTLE vs. 19 Base sequences
[C:\Documents and Settings\My
Documents\MolQuestWorkSpace\example datal\SegMatchSW-P\seqgl.set.fa].

Total 19 sequences produce 19 significant alignment (s).

[DD] 7, S: 28.714, L: 153 MYOGLOBIN CHICKEN
[DD] 17, S: 27.56, L: 153 MYOGLOBIN HUMAN
[DD] 9, S: 27.482, L: 153 MYOGLOBIN N.AMERICAN OPOSSUM
[DD] 5, S: 26.354, L: 153 MYOGLOBIN SADDLEBACK DOLPHIN
[DD] 8, S: 12.825, L: 146 HEMOGLOBIN BETA CHICKEN
[DD] 13, S: 12.564, L: 141 HEMOGLOBIN ALPHA NILE CROCODILE
[DD] 6, S: 12.323, L: 140 HEMOGLOBIN BETA EDIBLE FROG
[DD] 10, S: 12.259, L: 146 HEMOGLOBIN BETA N.AMERICAN OPOSSUM
[DD] 19, S: 12.226, L: 146 HEMOGLOBIN BETA HUMAN
[DD] 11, S: 11.865, L: 141 HEMOGLOBIN ALPHA BULLFROG
[DD] 14, S: 11.713, L: 141 HEMOGLOBIN ALPHA OSTRICH
[DD] 15, S 11.353, L: 141 HEMOGLOBIN ALPHA EASTERN GRAY
KANGAROO
[DD] 18, S: 11.235, L: 141 HEMOGLOBIN ALPHA HUMAN
[DD] 16, S: 10.87, L: 142 HEMOGLOBIN ALPHA ABYSSINIAN HYRAX
[DD] 12, S: 10.849, L: 146 HEMOGLOBIN BETA NILE CROCODILE
[DD] 2, S: 8.2676, L: 161 HEMOGLOBIN I.PARASPONIA ANDERSONII
[DD] 1, S: 7.6599, L: 146 HEMOGLOBIN VITREOSCILLA SP.
[DD] 3, s: 6.1534, L: 153 LEGHEMOGLOBIN I. YELLOW LUPIN
[DD] 4, S: 5.4138, L: 143 LEGHEMOGLOBIN I.BROAD BEAN
KA A A AR A A A A A A A AR A A A A A A A A A AR A A A A A A A A A A A A A A A A A A A A A A A A AR A A A A A A A AR A A AR A A A AR A A A A Ak k %k
[DD] Sequence: 7 ( 1), S: 28.714, L: 153 MYOGLOBIN
CHICKEN
Summ of block lengths: 153, Alignment bounds:
On first sequence: start 1, end 153, length 153
On second sequence: start 1, end 153, length 153
Block of alignment: 1
1 P: 1 1 L: 153, G: 84.27, W: 874000, S:28.7142
1 GLSDDEWHHVLGIWAKVEPDLSAHGQEVIIRLFQVHPETQERFAKFKNLKTIDELRSSEE
FIT120 14411001211 1115521 141155111401 [105[10[[111105]662]15
1 GLSDQEWQQVLTIWGKVEADIAGHGHEVLMRLFHDHPETLDRFDKFKGLKTPNEMKGSED
61 VKKHGTTVLTALGRILKLKNNHEPELKPLAESHATKHKIPVKYLEFICEIIVKVIAEKHP
aprirzrrrrrrtelr o2 astrrrresStrrrrr et rr7e7er iy
61 LKKHGATVLTQLGKILKQKGQHESDLKPLAQTHATKHKIPVKYLEFISEVIIKVIAEKHA
121 SDFGADSQAAMRKALELFRNDMASKYKEFGFQG
SELEIErrrrrelr ittt
121 ADFGADSQAAMKKALELFRNDMASKYKEFGFQG
[DD] Sequence: 17 ( 1), S: 27.56, L: 153 MYOGLOBIN HUMAN
Summ of block lengths: 153, Alignment bounds:
On first sequence: start 1, end 153, length 153
On second sequence: start 1, end 153, length 153
Block of alignment: 1
1 P: 1 1 L: 153, G: 81.13, wW: 830000, S:27.5604
1 GLSDDEWHHVLGIWAKVEPDLSAHGQEVIIRLFQVHPETQERFAKFKNLKTIDELRSSEE
FITIOT A0 27120 112522011 ISII1I5011[10l6l0][[4]150]]665]15

1 GLSDGEWQLVLNVWGKVEADIPGHGQEVLIRLFKGHPETLEKFDKFKHLKSEDEMKASED

61 VKKHGTTVLTALGRILKLKNNHEPELKPLAESHATKHKIPVKYLEFICEIIVKVIAEKHP
AUTTI20000 0ot torIar st rter bttt rrri 0175151211 |
61 LKKHGATVLTALGGILKKKGHHEAEIKPLAQSHATKHKIPVKYLEFISECIIQVLQSKHP

121 SDFGADSQAAMRKALELFRNDMASKYKEFGFQG

2UE0EESt2EtL etz i r2rrrant|
121 GDFGADAQGAMNKALELFRKDMASNYKELGFQG
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Where:

1-st line is the header:

[DD] Sequence: 7( 1), S: 28.714, L: 153 MYOGLOBIN

CHICKEN

[DD] No sence, used for output compatibility on nucleotide sequence
alignment.

Sequence: 7(  7)

Order number of sequence from a query set which is submitted to
alignment. In brackets is an order number for alignment of this sequence
(if it resulted in more than one alignment). Variants: 4(  5) - the fifth
alignment of the fourth sequence from a set.

‘S HScore of this alignment.

‘L HLength of this query sequence
MYOGLOBIN .

CHICKEN ame of this query sequence

Additional information about alignment:

Summ of block lengths: 153, Alignment bounds:

On first sequence: start 1, end 153,
On second sequence: start 1, end 153,

length 153
length 153

Hlength HThe length covered by alignment, in target and query sequences appropriately.

List of alignment blocks:

Block of alignment: 1

1 Pp: 1 1 L: 153, G: 84.27,

W: 874000, sS:28.7142

Block of alignment: 1 - amount of blocks. Below each line corresponds to one block:

1 P: 1 1 L: 153, G: 84.27,

W: 874000, S:28.7142

‘1 HBlock number.

P:1 1

Positions of similarity block' start in target and query sequences appropriately. In
this case - from the first position in both sequences.

‘L: 153 HLength of this similarity block.

‘G: 84.27 HHomology of this similarity block.

W: 874000 calculated from the given similarity matrix).

Weight of this similarity block (the arithmetic sum of symbols' similarity

S:28.7142 Score of this similarity block.

Alignment:

1 GLSDDEWHHVLGIWAKVEPDLSAHGQEVIIRLFQVHPETQERFAKFKNLKTIDELRSSEE
PITTZ20144 1100 12011115521 14115511 1401111051 101111111051662]15
1 GLSDQEWQQVLTIWGKVEADIAGHGHEVLMRLFHDHPETLDRFDKFKGLKTPNEMKGSED

1 line - The target sequence itself. Capital letters correspond to blocks of similarity, lower case -

not aligned regions.

2 line - Separator line. Separator line symbols: "|" - perfect coincidence between symbols.
Figures means the degree of symbols' similarity. Vary from 0 up to 9. 0 - no similarity, 9 -

maximal similarity.
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3 line - The query sequence itself. Capital letters correspond to blocks of similarity, lower case -

not aligned regions.

Parameters:

Input

‘Target sequence

HPlace your query file with protein sequences in FASTA format.

\Query sequence(s)

HPlace input file with one ore more protein sequences in FASTA format.

Output

‘Result

‘h\lame of the output file.

Format

Output format:

List of alignment blocks coordinates (default)

List of alignment blocks coordinates and blocks sequences
Output alignment

General alignment information

General alignment information, blocks list and alignment

Sort blocks

Sort regions of homology for "List of alignment blocks coordinates" value
of "Output format" option :

Don't sort (default)

Incremental sort by coordinates on target

Incremental sort by coordinates on Query

Decremental sort by alignment block score

Decremental sort by alignment block weight

Decremental sort by alignment block length

Flank type

Flank type:
Length - Output for given amount of symbols in flank of alignment block.
All - unlimited flank

Position number

HPrint additional strings with position number for target and query strings.

Numeration Offset

Numeration Offset:
Target - Given value will be added to taget sequence numeration on output
Query - Given value will be added to query sequence numeration on output

Homology Output symbol as separator lines between target and query, each line
separator position shows similarity between target and query positions

‘Gap HUse given simbol to print output gaps

‘Tailing Gap HUse given simbol to print output flanking gaps in profile output, default: '-'

‘Line Tearing

HString used for displaying of big gaps in alignment.

‘Output string

HOutput for given amount of symbols in each line.

‘Unalignment info

HProduce output information for sequences where no similarity found.

‘Perfect only HOutput perfect and near-perfect alignment.

‘Graphic data ‘h\]ame of the output binary t-file.

\ Preprocessing

\Remove H

PolyA Remove polyA tail from taget sequence. It is may be useful if target
sequence is mRNA or EST.

PolyT Remove polyT head from taget sequence. It is may be useful if target
sequence is complemented mRNA or EST.

\Trailing N HRemove trailing N symbols from both ends of target sequence.

‘Cut Sequence

‘Start

HSearch in target sequence from given position
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‘End

HSearch in target sequence to given position. "0" - get to end

‘Apply to chain

HSearch in target sequence is applied to reverse chain.

Options

‘Scoring matrix

HSelect one of the standard pre-defined matrix.

Gap Initiation
penalty

Gap Initiation penalty in average match units.

Gap Continuation
penalty

Gap Continuation penalty in average match units.

\Match score

HMatch score, if Single-score scoring chosen (Similarity scoring only).

‘Mismatch penalty

HMismatch penalty, if Single-score scoring chosen.

Score method

Scoring methods for whole alignment:

No scoring the alignment (default)

Score of alignment is the probability of the best block in alignment
Score of alignment is the probability of the summ of all blocks of
alignment

Blast-like scoring method (in SD units)

Blast-like scoring method (in probability units)

‘Threshold

HIf alignment has score less then given value then alignment is not printed. ‘

\Fine adjustment

HFine adjustment of alignment blocks ends. ‘

Alternate variants

Produce given best alternate variants of alignments. Value "All" - all
possible variants

Non-overlapped
variants

Produce given non-overlapped variants of alignments. Value "All" - all
possible variants

‘Different variants

HProduce given different variants of alignments. "All" - all possible variants \

‘Local alignment

HProduce local alignment. Split alignment to several local alignments. ‘

Split diagonal Split diagonal recursively (if possible).

recursively

‘Target H ‘

‘By length HAlignment region on target sequence does not exeed given length. ‘

By multiplier Alignment region on target sequence does not exeed length of query
sequence multiplied to N (N - is floting poin number).

By range Alignment region on target sequence does not exeed length of query
sequence plus N.

Query | |

‘By length HAlignment region on query sequence does not exeed given length. ‘

By multiplier Alignment region on query sequence does not exeed length of query
sequence multiplied to N (N - is floting poin number).

By range Alignment region on query sequence does not exeed length of query

sequence plus N.

‘Translation table

HSelect translation table (Bacterial is default).

Description of pre-defined matrix

ALTS910101

The PAM-120 matrix (Altschul, 1991)
LIT:1713145 PMID:2051488

Altschul, S.F.

Amino acid substitution matrices from an
perspective

information theoretic
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BENS940101

BENS940102

BENS940103

BENS940104

CSEM940101

DAYM780301

FEND850101

FITW660101

J. Mol. Biol. 219, 555-565 (1991)

Log-odds scoring matrix collected in 6.4-8.7 PAM (Benner et al., 1994)
LIT:2023094 PMID:7700864

Benner, S.A., Cohen, M.A. and Gonnet, G.H.

Amino acid substitution during functionally constrained divergent
evolution of protein sequences

Protein Engineering 7, 1323-1332 (1994) * extrapolated to 250 PAM

Log-odds scoring matrix collected in 22-29 PAM (Benner et al., 1994)
LIT:2023094 PMID:7700864

Benner, S.A., Cohen, M.A. and Gonnet, G.H.

Amino acid substitution during functionally constrained divergent
evolution of protein sequences

Protein Engineering 7, 1323-1332 (1994) * extrapolated to 250 PAM

Log-odds scoring matrix collected in 74-100 PAM (Benner et al., 1994)
LIT:2023094 PMID:7700864

Benner, S.A., Cohen, M.A. and Gonnet, G.H.

Amino acid substitution during functionally constrained divergent
evolution of protein sequences

Protein Engineering 7, 1323-1332 (1994) * extrapolated to 250 PAM

Genetic code matrix (Benner et al., 1994)

LIT:2023094 PMID:7700864

Benner, S.A., Cohen, M.A. and Gonnet, G.H.

Amino acid substitution during functionally constrained divergent
evolution of protein sequences

Protein Engineering 7, 1323-1332 (1994) * extrapolated to 250 PAM

Residue replace ability matrix (Cserzo et al., 1994)

LIT:2022066 PMID:7966267

Cserzo, M., Bernassau, J.-M., Simon, 1. and Maigret, B.

New alignment strategy for transmembrane proteins

J. Mol. Biol. 243, 388-396 (1994) * Diagonal elements are missing. *
We use 1 as diagonal elements.

Log odds matrix for 250 PAMs (Dayhoff et al., 1978) R

Dayhoff, M.O., Schwartz, R.M. and Orcutt, B.C.

A model of evolutionary change in proteins

In "Atlas of Protein Sequence and Structure", Vol.5, Suppl.3 (Dayhoff,
M.O., ed.), National Biomedical Research Foundation, Washington,
D.C., p.352 (1978)

Structure-Genetic matrix (Feng et al., 1985)

LIT:1107900 PMID:6100188

Feng, D.F., Johnson, M.S. and Doolittle, R.F.

Aligning amino acid sequences: comparison of commonly used methods
J. Mol. Evol. 21, 112-125 (1985)

Mutation values for the interconversion of amino acid pairs (Fitch, 1966)
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GEOD900101

GONG920101

GRAR740104

HENS920101

HENS920102

HENS920103

JOHM930101

PMID:5917736

Fitch, W.M.

An improved method of testing for evolutionary homology
J. Mol. Biol. 16, 9-16 (1966)

Hydrophobicity scoring matrix (George et al., 1990)
PMID:2314281

George, D.G., Barker, W.C. and Hunt, L.T.
Mutation data matrix and its uses

Methods Enzymol. 183, 333-351 (1990)

The mutation matrix for initially aligning (Gonnet et al., 1992)
LIT:1813110 PMID:1604319

Gonnet, G.H., Cohen, M.A. and Benner, S.A.

Exhaustive matching of the entire protein sequence database
Science 256, 1443-1445 (1992)

Chemical distance (Grantham, 1974)

LIT:2004143 PMID:4843792

Grantham, R.

Amino acid difference formula to help explain protein evolution
Science 185, 862-864 (1974)

BLOSUMA45 substitution matrix (Henikoff-Henikoft, 1992)
LIT:1902106 PMID:1438297

Henikoff, S. and Henikoff, J.G.

Amino acid substitution matrices from protein blocks

Proc. Natl. Acad. Sci. USA 89, 10915-10919 (1992) * matrix in 1/3 Bit
Units

BLOSUMG62 substitution matrix (Henikoff-Henikoff, 1992)
LIT:1902106 PMID:1438297

Henikoff, S. and Henikoff, J.G.

Amino acid substitution matrices from protein blocks

Proc. Natl. Acad. Sci. USA 89, 10915-10919 (1992) * matrix in 1/3 Bit
Units

BLOSUMSO0 substitution matrix (Henikoff-Henikoff, 1992)
LIT:1902106 PMID:1438297

Henikoff, S. and Henikoff, J.G.

Amino acid substitution matrices from protein blocks

Proc. Natl. Acad. Sci. USA 89, 10915-10919 (1992) * matrix in 1/3 Bit
Units

Structure-based amino acid scoring table (Johnson-Overington, 1993)
LIT:1923112 PMID:8411177

Johnson, M.S. and Overington, J.P.

A structural basis for sequence comparisons An evaluation of scoring
methodologies

J. Mol. Biol. 233, 716-738 (1993)

44



JOND920103

JONDY40101

KOLA920101

LEVJ860101

LUTR910101

LUTR910102

LUTR910103

The 250 PAM PET91 matrix (Jones et al., 1992)

LIT:1814076 PMID:1633570

Jones, D.T., Taylor, W.R. and Thornton, J.M.

The rapid generation of mutation data matrices from protein sequences
CABIOS 8, 275-282 (1992)

The 250 PAM transmembrane protein exchange matrix (Jones et al.,
1994)

LIT:2006072 PMID:8112466

Jones, D.T., Taylor, W.R. and Thornton, J.M.

A mutation data matrix for transmembrane proteins

FEBS Lett. 339, 269-275 (1994)

Conformational similarity weight matrix (Kolaskar-Kulkarni-Kale,
1992)

LIT:1806109 PMID:1538389

Kolaskar, A.S. and Kulkarni-Kale, U.

Sequence alignment approach to pick up conformationally similar
protein fragments

J. Mol. Biol. 223, 1053-1061 (1992)

The secondary structure similarity matrix (Levin et al., 1986)
LIT:1210126 PMID:3743779

Levin, J.M., Robson, B. and Garnier, J.

An algorithm for secondary structure determination in proteins based on
sequence similarity

FEBS Lett. 205, 303-308 (1986)

Structure-based comparison table for outside other class (Luthy et al.,
1991)

LIT:1712085 PMID:1881879

Luthy, R., McLachlan, A.D. and Eisenberg, D.

Secondary structure-based profiles: Use of structure-conserving scoring
tables in searching protein sequence databases for structural similarities
Proteins 10, 229-239 (1991)

Structure-based comparison table for inside other class (Luthy et al.,
1991)

LIT:1712085 PMID:1881879

Luthy, R., McLachlan, A.D. and Eisenberg, D.

Secondary structure-based profiles: Use of structure-conserving scoring
tables in searching protein sequence databases for structural similarities
Proteins 10, 229-239 (1991)

Structure-based comparison table for outside alpha class (Luthy et al.,
1991)

LIT:1712085 PMID:1881879

Luthy, R., McLachlan, A.D. and Eisenberg, D.

Secondary structure-based profiles: Use of structure-conserving scoring
tables in searching protein sequence databases for structural similarities
Proteins 10, 229-239 (1991)
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LUTR910104

LUTR910105

LUTR910106

LUTR910107

LUTR910108

LUTR910109

MCLA710101

Structure-based comparison table for inside alpha class (Luthy et al.,
1991)

LIT:1712085 PMID:1881879

Luthy, R., McLachlan, A.D. and Eisenberg, D.

Secondary structure-based profiles: Use of structure-conserving scoring
tables in searching protein sequence databases for structural similarities
Proteins 10, 229-239 (1991)

Structure-based comparison table for outside beta class (Luthy et al.,
1991)

LIT:1712085 PMID:1881879

Luthy, R., McLachlan, A.D. and Eisenberg, D.

Secondary structure-based profiles: Use of structure-conserving scoring
tables in searching protein sequence databases for structural similarities
Proteins 10, 229-239 (1991)

Structure-based comparison table for inside beta class (Luthy et al.,
1991)

LIT:1712085 PMID:1881879

Luthy, R., McLachlan, A.D. and Eisenberg, D.

Secondary structure-based profiles: Use of structure-conserving scoring
tables in searching protein sequence databases for structural similarities
Proteins 10, 229-239 (1991)

Structure-based comparison table for other class (Luthy et al., 1991)
LIT:1712085 PMID:1881879

Luthy, R., McLachlan, A.D. and Eisenberg, D.

Secondary structure-based profiles: Use of structure-conserving scoring
tables in searching protein sequence databases for structural similarities
Proteins 10, 229-239 (1991)

Structure-based comparison table for alpha helix class (Luthy et al.,
1991)

LIT:1712085 PMID:1881879

Luthy, R., McLachlan, A.D. and Eisenberg, D.

Secondary structure-based profiles: Use of structure-conserving scoring
tables in searching protein sequence databases for structural similarities
Proteins 10, 229-239 (1991)

Structure-based comparison table for beta strand class (Luthy et al.,
1991)

LIT:1712085 PMID:1881879

Luthy, R., McLachlan, A.D. and Eisenberg, D.

Secondary structure-based profiles: Use of structure-conserving scoring
tables in searching protein sequence databases for structural similarities
Proteins 10, 229-239 (1991)

The similarity of pairs of amino acids (McLachlan, 1971)
PMID:5167087

McLachlan, A.D.

Tests for comparing related amino-acid sequences cytochrome c and
cytochrome c551
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MCLA720101

MIYS930101

MIYT790101

MOHRS70101

NIEK910101

NIEK910102

OVEJ920101

QU_C930101

J. Mol. Biol. 61, 409-424 (1971) * (RR 9.)

Chemical similarity scores (McLachlan, 1972)
PMID:5023183

McLachlan, A.D.

Repeating sequences and gene duplication in proteins
J. Mol. Biol. 64, 417-437 (1972)

Base-substitution-protein-stability matrix (Miyazawa-Jernigan, 1993)
LIT:1913158 PMID:8506261

Miyazawa, S. and Jernigan, R.L.

A new substitution matrix for protein sequence searches based on
contact frequencies in protein structures

Protein Engineering 6, 267-278 (1993)

Amino acid pair distance (Miyata et al., 1979)
LIT:0601606 PMID:439147

Miyata, T., Miyazawa, S. and Yasunaga, T.

Two types of amino acid substitutions in protein evolution
J. Mol. Evol. 12, 219-236 (1979)

EMPAR matrix (Mohana Rao, 1987)

LIT:1304091 PMID:3570667

Mohana Rao, J.K.

New scoring matrix for amino acid residue exchanges based on residue

characteristic physical parameters
Int. J. Peptide Protein Res. 29, 276-281 (1987)

Structure-derived correlation matrix 1 (Niefind-Schomburg, 1991)
LIT:1713140 PMID:2051484

Niefind, K. and Schomburg, D.

Amino acid similarity coefficients for protein modeling and sequence
alignment derived from main-chain folding angles

J. Mol. Biol. 219, 481-497 (1991)

Structure-derived correlation matrix 2 (Niefind-Schomburg, 1991)
LIT:1713140 PMID:2051484

Niefind, K. and Schomburg, D.

Amino acid similarity coefficients for protein modeling and sequence
alignment derived from main-chain folding angles

J. Mol. Biol. 219, 481-497 (1991)

STR matrix from structure-based alignments (Overington et al., 1992)
LIT:1811128 PMID:1304904

Overington, J., Donnelly, D., Johnson, M.S., Sali, A. and Blundell, T.L.
Environment-specific amino acid substitution tables: tertiary templates
and prediction of protein folds

Protein Science 1, 216-226 (1992)

Cross-correlation coefficients of preference factors main chain (Qu et al.,
1993)
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QU_C930102

QU_C930103

RISJ880101

TUDE900101

AZAE970101

AZAE970102

LIT:1906100 PMID:8381879

Qu, C., Lai, L., Xu, X. and Tang, Y.

Phyletic relationships of protein structures based on spatial prefernce of
residues

J. Mol. Evol. 36, 67-78 (1993)

Cross-correlation coefficients of preference factors side chain (Qu et al.,
1993)

LIT:1906100 PMID:8381879

Qu, C,, Lai, L., Xu, X. and Tang, Y.

Phyletic relationships of protein structures based on spatial prefernce of
residues

J. Mol. Evol. 36, 67-78 (1993)

The mutant distance based on spatial preference factor (Qu et al., 1993)
LIT:1906100 PMID:8381879

Qu, C., Lai, L., Xu, X. and Tang, Y.

Phyletic relationships of protein structures based on spatial prefernce of
residues

J. Mol. Evol. 36, 67-78 (1993)

Scoring matrix (Risler et al., 1988)

LIT:1505154 PMID:3221397

Risler, J.L., Delorme, M.O., Delacroix, H. and Henaut, A.

Amino acid substitutions in structurally related proteins A pattern
recognition approach Determination of a new and efficient scoring
matrix

J. Mol. Biol. 204, 1019-1029 (1988)

isomorphicity of replacements (Tudos et al., 1990)

LIT:1616619 PMID:2279846

Tudos, E., Cserzo, M. and Simon, I.

Predicting isomorphic residue replacements for protein design

Int. J. Peptide Protein Res. 36, 236-239 (1990) * Diagonal elements are
missing. * We use 100 as diagonal elements.

The single residue substitution matrix from interchanges of spatially
neighbouring residues (Azarya-Sprinzak et al., 1997)

PMID:9488136

Azarya-Sprinzak, E., Naor, D., Wolfson, H.J. and Nussinov, R.
Interchanges of spatially neighbouring residues in structurally conserved
environments.

Protein Engineering 10, 1109-1122 (1997)

The substitution matrix derived from spatially conserved motifs (Azarya-
Sprinzak et al., 1997)

PMID:9488136

Azarya-Sprinzak, E., Naor, D., Wolfson, H.J. and Nussinov, R.
Interchanges of spatially neighbouring residues in structurally conserved
environments.

Protein Engineering 10, 1109-1122 (1997)
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RIER950101

WEIL970101

WEIL970102

MEHP950101

MEHP950102

MEHP950103

KAPO950101

Hydrophobicity scoring matrix (Riek et al., 1995)

PMID:7715195

Riek, R.P., Handschumacher, M.D., Sung, S.S., Tan, M., Glynias, M.J.,
Schluchter, M.D., Novotny, J. and Graham, R.M.

Evolutionary conservation of both the hydrophilic and hydrophobic
nature of transmembrane residues.

J. Theor. Biol. 172, 245-258 (1995)

WAC matrix constructed from amino acid comparative profiles (Wei et
al., 1997)

PMID:9390315

Wei, L., Altman, R.B. and Chang, J.T.

Using the radial distributions of physical features to compare amino acid
environments and align amino acid sequences.

Pac. Symp. Biocomput. 1997 5, 465-476 (1997)

Difference matrix obtained by subtracting the BLOSUM®62 from the
WAC matrix (Wei et al., 1997)

PMID:9390315

Wei, L., Altman, R.B. and Chang, J.T.

Using the radial distributions of physical features to compare amino acid
environments and align amino acid sequences.

Pac. Symp. Biocomput. 1997 5, 465-476 (1997)

(Mehta et al., 1995)

LIT:2213135 PMID:8580842

Mehta, P.K., Heringa, J. and Argos, P.

A simple and fast approach to prediction of protein secondary structure

from multiply aligned sequences with accuracy above 70%
Protein Science 4, 2517-2525 (1995)

(Mehta et al., 1995)

LIT:2213135 PMID:8580842

Mehta, P.K., Heringa, J. and Argos, P.

A simple and fast approach to prediction of protein secondary structure

from multiply aligned sequences with accuracy above 70%
Protein Science 4, 2517-2525 (1995)

(Mehta et al., 1995)

LIT:2213135 PMID:8580842

Mehta, P.K., Heringa, J. and Argos, P.

A simple and fast approach to prediction of protein secondary structure
from multiply aligned sequences with accuracy above 70%

Protein Science 4, 2517-2525 (1995)

(Kapp et al., 1995)

LIT:2124159 PMID:8535255

Kapp, O.H., Moens, L., Vanfleteren, J., Trotman, C.N., Suzuki, T. and
Vinogradov, S.N.

Alignment of 700 globin sequences: extent of amino acid substitution
and its correlation with variation in volume

Protein Science 4, 2179-2190 (1995)
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VOGGI50101

KOSJ950101

KO0SJ950102

KOSJ950103

KOSJ950104

KOSJ950105

KOSJ950106

KOSJ950107

(Vogt et al., 1995)

LIT:2114150 PMID:7602593

Vogt G, Etzold T, Argos P

An assessment of amino acid exchange matrices in aligning protein

sequences: the twilight zone revisited
J. Mol. Biol. 249, 816-831 (1995)

Context-dependent optimal substitution matrices for exposed helix
(Koshi-Goldstein, 1995)

LIT:2124140 PMID:8577693

Koshi, J.M. and Goldstein, R.A.

Context-dependent optimal substitution matrices.

Protein Engineering 8, 641-645 (1995)

Context-dependent optimal substitution matrices for exposed beta
(Koshi-Goldstein, 1995)

LIT:2124140 PMID:8577693

Koshi, J.M. and Goldstein, R.A.

Context-dependent optimal substitution matrices.

Protein Engineering 8, 641-645 (1995)

Context-dependent optimal substitution matrices for exposed turn
(Koshi-Goldstein, 1995)

LIT:2124140 PMID:8577693

Koshi, J.M. and Goldstein, R.A.

Context-dependent optimal substitution matrices.

Protein Engineering 8, 641-645 (1995)

Context-dependent optimal substitution matrices for exposed coil
(Koshi-Goldstein, 1995)

LIT:2124140 PMID:8577693

Koshi, J.M. and Goldstein, R.A.

Context-dependent optimal substitution matrices.

Protein Engineering 8, 641-645 (1995)

Context-dependent optimal substitution matrices for buried helix (Koshi-
Goldstein, 1995)

LIT:2124140 PMID:8577693

Koshi, J.M. and Goldstein, R.A.

Context-dependent optimal substitution matrices.

Protein Engineering 8, 641-645 (1995)

Context-dependent optimal substitution matrices for buried beta (Koshi-
Goldstein, 1995)

LIT:2124140 PMID:8577693

Koshi, J.M. and Goldstein, R.A.

Context-dependent optimal substitution matrices.

Protein Engineering 8, 641-645 (1995)

Context-dependent optimal substitution matrices for buried turn (Koshi-
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KOSJ950108

KOSJ950109

KOSJ950110

KOSJ950111

KOSJ950112

KOSJ950113

KOSJ950114

Goldstein, 1995)

LIT:2124140 PMID:8577693

Koshi, J.M. and Goldstein, R.A.
Context-dependent optimal substitution matrices.
Protein Engineering 8, 641-645 (1995)

Context-dependent optimal substitution matrices for buried coil (Koshi-
Goldstein, 1995)

LIT:2124140 PMID:8577693

Koshi, J.M. and Goldstein, R.A.

Context-dependent optimal substitution matrices.

Protein Engineering 8, 641-645 (1995)

Context-dependent optimal substitution matrices for alpha helix (Koshi-
Goldstein, 1995)

LIT:2124140 PMID:8577693

Koshi, J.M. and Goldstein, R.A.

Context-dependent optimal substitution matrices.

Protein Engineering 8, 641-645 (1995)

Context-dependent optimal substitution matrices for beta sheet (Koshi-
Goldstein, 1995)

LIT:2124140 PMID:8577693

Koshi, J.M. and Goldstein, R.A.

Context-dependent optimal substitution matrices.

Protein Engineering 8, 641-645 (1995)

Context-dependent optimal substitution matrices for turn (Koshi-
Goldstein, 1995)

LIT:2124140 PMID:8577693

Koshi, J.M. and Goldstein, R.A.

Context-dependent optimal substitution matrices.

Protein Engineering 8, 641-645 (1995)

Context-dependent optimal substitution matrices for coil (Koshi-
Goldstein, 1995)

LIT:2124140 PMID:8577693

Koshi, J.M. and Goldstein, R.A.

Context-dependent optimal substitution matrices.

Protein Engineering 8, 641-645 (1995)

Context-dependent optimal substitution matrices for exposed residues
(Koshi-Goldstein, 1995)

LIT:2124140 PMID:8577693

Koshi, J.M. and Goldstein, R.A.

Context-dependent optimal substitution matrices.

Protein Engineering 8, 641-645 (1995)

Context-dependent optimal substitution matrices for buried residues
(Koshi-Goldstein, 1995)
LIT:2124140 PMID:8577693
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KOSJ950115

OVEJ920102

OVEJ920103

OVEJ920104

OVEJ920105

LINKO010101

BLAJ010101

Koshi, J.M. and Goldstein, R.A.
Context-dependent optimal substitution matrices.
Protein Engineering 8, 641-645 (1995)

Context-dependent optimal substitution matrices for all residues (Koshi-
Goldstein, 1995)

LIT:2124140 PMID:8577693

Koshi, J.M. and Goldstein, R.A.

Context-dependent optimal substitution matrices.

Protein Engineering 8, 641-645 (1995)

Environment-specific amino acid substitution matrix for alpha residues
(Overington et al., 1992)

LIT:1811128 PMID:1304904

Overington, J., Donnelly, D., Johnson, M.S., Sali, A. and Blundell, T.L.
Environment-specific amino acid substitution tables: tertiary templates
and prediction of protein folds

Protein Science 1, 216-226 (1992)

Environment-specific amino acid substitution matrix for beta residues
(Overington et al., 1992)

LIT:1811128 PMID:1304904

Overington, J., Donnelly, D., Johnson, M.S., Sali, A. and Blundell, T.L.
Environment-specific amino acid substitution tables: tertiary templates
and prediction of protein folds

Protein Science 1, 216-226 (1992)

Environment-specific amino acid substitution matrix for accessible
residues (Overington et al., 1992)

LIT:1811128 PMID:1304904

Overington, J., Donnelly, D., Johnson, M.S., Sali, A. and Blundell, T.L.
Environment-specific amino acid substitution tables: tertiary templates
and prediction of protein folds

Protein Science 1, 216-226 (1992)

Environment-specific amino acid substitution matrix for inaccessible
residues (Overington et al., 1992)

LIT:1811128 PMID:1304904

Overington, J., Donnelly, D., Johnson, M.S., Sali, A. and Blundell, T.L.
Environment-specific amino acid substitution tables: tertiary templates
and prediction of protein folds

Protein Science 1, 216-226 (1992)

Substitution matrices from an neural network model (Lin et al., 2001)
PMID:11694178

Lin, K., May, A.C. and Taylor, W.R.

Amino acid substitution matrices from an artificial neural network model
J Comput Biol. 8, 471-481 (2001)

Matrix built from structural superposition data for identifying potential
remote homologues (Blake-Cohen, 2001)
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PRLA000101

PRLA000102

DOSZ010101

DOSZ010102

DOSZ010103

PMID:11254392

Blake, J.D. and Cohen, F.E.

Pairwise sequence alignment below the twilight zone
J Mol Biol. 307, 721-735 (2001)

Structure derived matrix (SDM) for alignment of distantly related
sequences (Prlic et al., 2000)

PMID:10964983

Prlic, A., Domingues, F.S. and Sippl, M.J.

Structure-derived substitution matrices for alignment of distantly related
sequences

Protein Eng. 13, 545-550 (2000)

Homologous structure dereived matrix (HSDM) for alignment of
distantly related sequences (Prlic et al., 2000)

PMID:10964983

Prlic, A., Domingues, F.S. and Sippl, M.J.

Structure-derived substitution matrices for alignment of distantly related
sequences

Protein Eng. 13, 545-550 (2000)

Amino acid similarity matrix based on the sausage force field
(Dosztanyi-Torda, 2001)

PMID:11524370

Dosztanyi, Z. and Torda, A.E.

Amino acid similarity matrices based on force fields

Bioinformatics. 17, 686-699 (2001) * #SM_SAUSAGE * #Amino acid
similarity matrix based on the sausage force field * #Supplementary
material *
#http://www.rsc.anu.edu.au/~zsuzsa/suppl/matrices/SM_SAUSAGE  *
#Zsuzsanna Doszt?yi and Andrew E. Torda * #Amino acid similarity
matrices based on force fields * #The amino acids are ordered according
to the first principal component of the SM__SAUSAGE matrix. * #The
native cysteine residues were devided into two subsets depending on
their covalent state. * #Three rows correspond to cysteines: disulfide
bonded (O), free cysteines (J) and all cysteines (C).

Normalised version of SM__SAUSAGE (Dosztanyi-Torda, 2001)
PMID:11524370

Dosztanyi, Z. and Torda, A.E.

Amino acid similarity matrices based on force fields

Bioinformatics. 17, 686-699 (2001) * #SM SAUS NORM *
#Normalised version of SM_SAUSAGE * #For each matrix element of
SM_SAUSAGE, the average over its column and row were subtracted. *
#Supplementary material *
#http://www.rsc.anu.edu.au/~zsuzsa/suppl/matrices/SM_SAUS NORM
* #7suzsanna Doszt?yi and Andrew E. Torda * #Amino acid similarity
matrices based on force fields * #The amino acids are ordered according
to the first principal component of the SM_SAUSAGE matrix.

An amino acid similarity matrix based on the THREADER force field
(Dosztanyi-Torda, 2001)
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DOSZ010104

GIAGO010101

DAYM780302

HENS920104

QUIB020101

PMID:11524370

Dosztanyi, Z. and Torda, A.E.

Amino acid similarity matrices based on force fields

Bioinformatics. 17, 686-699 (2001) * #SM_THREADER * #An amino
acid similarity matrix based on the THREADER force field (Jones, DT
et al.Nature, 358,86-89). *  #Supplementary material *
#http://www.rsc.anu.edu.au/~zsuzsa/suppl/matrices/SM_THREADER *
#Zsuzsanna Doszt?yi and Andrew E. Torda * #Amino acid similarity
matrices based on force fields * #The amino acids are ordered according
to the first principal component of the SM__SAUSAGE matrix.

Normalised version of SM_ THREADER (Dosztanyi-Torda, 2001)
PMID:11524370

Dosztanyi, Z. and Torda, A.E.

Amino acid similarity matrices based on force fields

Bioinformatics. 17, 686-699 (2001) * #SM THREAD NORM *
#Normalised version of SM_THREADER * #based on the THREADER
force field (Jones, DT et al.Nature, 358,86-89) * #For each matrix element
of SM_ THREADER, the average over its column and row were subtracted.
* #Supplementary material *
#http://www.rsc.anu.edu.au/~zsuzsa/suppl/matrices/SM_THREAD NORM
* #Zsuzsanna Doszt?yi and Andrew E. Torda * #Amino acid similarity
matrices based on force fields * #The amino acids are ordered according to
the first principal component of the SM_SAUSAGE matrix.

Residue substitutions matrix from thermo/mesophilic to psychrophilic
enzymes (Gianese et al., 2001)

PMID: 11342709

Gianese, G., Argos, P. and Pascarella, S.

Structural adaptation of enzymes to low temperatures

Protein Eng. 14, 141-148 (2001) * (rows = WARM, cols = COLD)

Log odds matrix for 40 PAMs (Dayhoff et al., 1978) R

Dayhoft, M.O., Schwartz, R.M. and Orcutt, B.C.

A model of evolutionary change in proteins

In "Atlas of Protein Sequence and Structure", Vol.5, Suppl.3 (Dayhoff,
M.O., ed.), National Biomedical Research Foundation, Washington,
D.C., p.352 (1978) * # * # This matrix was produced by "pam" Version
1.0.6 [28-Jul-93] * # * # PAM 40 substitution matrix, scale = In(2)/2 =
0.346574 * # * # Expected score = -4.27, Entropy = 2.26 bits * # * #
Lowest score = -15, Highest score = 13 * #

BLOSUMS50 substitution matrix (Henikoff-Henikoff, 1992)
LIT:1902106 PMID:1438297

Henikoff, S. and Henikoff, J.G.

Amino acid substitution matrices from protein blocks

Proc. Natl. Acad. Sci. USA 89, 10915-10919 (1992) * # Matrix made by
matblas from blosum50.ijj * # BLOSUM Clustered Scoring Matrix in
1/3 Bit Units * # Blocks Database = /data/blocks 5.0/blocks.dat * #
Cluster Percentage: >= 50 * # Entropy = 0.4808, Expected = -0.3573

STROMA score matrix for the alignment of known distant homologs
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VT160

(Qian-Goldstein, 2002)

PMID:12211027

Qian, B. and Goldstein, R.A.

Optimization of a new score function for the generation of accurate
alignments

Proteins. 48, 605-610 (2002)

T. Miller and M. Vingron Modeling Amino Acid Replacement Journal
of Computational Biology, 7(6):761-776, 2000. Abstract: The estimation
of amino acid replacement frequencies during molecular evolution is
crucial for many applications in sequence analysis. Score matrices for
database search programs or phylogenetic analysis rely on such models
of protein evolution. Pioneering work was done by M. Dayhoff et al.
(Atlas of Protein Sequences and Structure, 1978, 5, 345-352), who
formulated a Markov model of evolution and derived the famous PAM
score matrices. Her estimation procedure for amino acid exchange
frequencies is restricted to pairs of proteins that have a constant and
small degree of divergence. Here we present an improved estimator,
called the resolvent method, that is not subject to these limitations. This
extension of Dayhoff's approach enables us to estimate an amino acid
substitution model from alignments of varying degree of divergence.
Extensive simulations show the capability of the new estimator to
recover accurately the exchange frequencies among amino acids. Based
on the SYSTERS database of aligned protein families (Krause &
Vingron, Bioinformatics, 1998, 14(5), 430-438) we recompute a series of
score matrices.

55



Bacterial/Viruses Gene Finding
ABSplit

Program determines for the nucleotide sequence of approx. 300-600 n.p. whether it belongs to
archeal or bacterial genome.

To classify the sequences linear discriminant analysis approach is used. Each sequence is
represented by number of statistical parameters: mono- di- tri- nucleotide frequencies, and linear
correlation coefficients (2 additional parameters) and mean absolute deviation (2 additional
parameters) between the codon frequencies in the longest ORF found in the query sequence with
the frequencies of codons in archaeal and bacterial genomes.

The training and testing data were taken from the sequences of the 157 genomes (21 archaeal
and 136 bacterial). The length of sequences was 630. They were taken by splitting genomes to
the sequences of this size, each 7-th fragment put in the testing set. There were 651612
fragments for training and 93008 fragments for testing data. The parameters for the linear
discriminant function were obtained on the training set. The testing result in the following error
estimates:

Number of sequences=93008 (class(A)=9158;class(B)=83850)
Archea(number/fraction)=18123/0.194854; mean_score=929428.413570
Bacteria(number/fraction)=74885/0.805146; mean_score=-1295582.386205
Test results:

Fraction of true predictions: 0.865141[80465]

Class 0: (Archea)

Fraction of true positives : 0.804652[7369]

Fraction of false negatives : 0.195348[1789]

Class 1: (Bacteria)

Fraction of true positives : 0.871747[73096]

Fraction of false negatives : 0.128253[10754]

The program has three output options:

«  Output short statistics about the sequence set

«  Write splitted sequence in two separate files (one file for predicted archeal and other for
predicted bacterial sequences)

« Test output with prediction result for each sequence (if classification of sequences is
established in FASAT file)

OUTPUT EXAMPLE

LDF discrimination threshold=0.000000

Prediction results:

Number of sequences=129

Arch (num/fract)=64/0.496124; mean score=1173110.225735
Bact (num/fract)=65/0.503876; mean score=-679245.160401

Histogram:

1 -1653112.270017-1492294.1152560.007752
2 -1492294.115256-1331475.9604960.015504
3 -1331475.960496-1170657.8057350.015504
4 -1170657.805735-1009839.6509740.038760
5 -1009839.650974 -849021.4962140.069767
6 -849021.496214 -688203.3414530.085271



7 -688203.341453 -527385.1866930.093023

8 -527385.186693 -366567.0319320.108527
9 -366567.031932 -205748.8771720.023256
10 -205748.877172 -44930.7224110.038760
11 -44930.722411 115887.4323490.031008
12 115887.432349 276705.5871100.054264
13 276705.587110 437523.7418700.015504
14 437523.741870 598341.8966310.023256
15 598341.896631 759160.0513920.062016
16 759160.051392 919978.2061520.023256
17 919978.206152 1080796.3609130.015504
18 1080796.360913 1241614.5156730.038760
19 1241614.515673 1402432.6704340.046512
20 1402432.670434 1563266.4577030.038760

Predicted archaeal sequences:

>AB001339|segb6]1
ttagtcagggggccccgccgatgaaaccggggacagctactaaacccattgeccagtggtgg
tggtagctctggccctagtctgggectccggccaacccagagcagaacggcccggtggeggce
aatgcaggggcaaatgttggtcccattgcggccaatccecgttgectagtagtgectecceccecta
aaccgaaaccaactcccagttcccccgctaagccagacccecttaaagtgegttagecaatg
taaacccagttatccctccatcctccagggggaagaaggtagtgctacagtattaatttcea
gtaaatgatagtggtggtgtgaccagcgtaaccatcaccaatgcccacggcaacagcgagyg
tcaaccgccaggccctattggcagccagaaaaatgcagtttacggecccececgeccagtggtca
atccaaatcagtccctgtggtgattcacttcaccgttgectggttcagactttgatcgtcag
gcgagggagcgtcagcaacagcaggaagagttgcgtcaggccgcccgcagagcagaagagg
aaaaggcaaatcaagcccgtcagagacagttggaagaggagcgtcaagcccgccaacggceca
attagagaaagaacgggaag

>AB001339|seqgl28|1
aggcttccaagcaagcttcaattaaggatttttccagaaagggatcccecccacctgcaccge
tgggcgatcgtccatggactgatccgttaactcagcactggcaaaactggctcceccecccatg
ccatcccgtcecccgtggtggaaccgacatataaaactggattgcecctatcccagaageccceccag
ctttgacaatttcttccgtttccatcaaacccaaggccatggecgttgacgaggggattace
ggagtaagccggatcaaagtagatttcccececgecccacagtgggcacaccaacacaattaccg
taatgactgatcccatccactaccccggtgaaaatacgtcgattcctagcatcgtccaaat
taccgaaccgtagggaatttaaaatggcgatcggcecctcgctcecccatggtgaaaatatceccceg
cagaatcccccecctactececggtggeggectececctggaatggecteccactgecggaaggatggtta
tgggattcgattttaaacgccaatctcaggccatcccccaaatctacgacceccggecatttt
ccccaggccccactaaaatgegttectecttecggtgggaaagttactcagtaggggacggga
atttttataacaacaatgtt

>AB001339|seqgl84 |1l
attttcccgaagaaactacctccgatgecttggctgaccccagcagatgeccggeccaggatgg
tgatgcccaggaaccggcggaagatgggggagaagaaggagtagtgtcggaagaactggec
ctgcctgaggacttacctcecctatggatgccatggtggecggcagtggaagaaatgactceccgg
tggtggtgcccgaaactgtaccagaaacagaaaccccagccttagaggatttggtcgecca
aaagaccgccctggaaaaggacattgccgctctgcaacgggaaaaagcccagtggtatgge
cagcagttccagcaattacagcgggaaatggcccggttagtggaggaaggcaccagggaat
tagggcaaagaaaagcagctctggaaaaggaaattgagaagttagagcgccgtcaggaacg
gattcaacaggaaatgcgtaccacttttgccggggcttcccaggagttggeccateccgegtyg
cagggctttaaggattatttggtggggagtttgcaggatttggtttccgeccgeccgaccagt
tggaattaggggtgggggacagttgggagtcttcctctacccatggggatgcgattattga
aaatgccgacccaactccgg

>AB001339|seg336]1
tctgccagctttgccattaatttceccgectecgatecccaccgaggtegttaccattegecgceca
cccaaggcacgttacaaaatattgtcgccaagattattgctccccaaacccaggaatcttt
taaaattgccgccgcgcgacgcacagtggaagaagccatcaccaaacggagcgagttgaag
gaagactttgataacgcccttaattcccgectggagaaatacggcatcattgttctggaca
ccagtgtggtggatttagccttctccececcgaatttgeccaaggcggtggaggaaaaacaaat
tgctgagcagagagcccagcgggcagtgtatgtggecccaggaagcggaacaacaggcccag
gcggacatcaaccgagccaaggggaaggcagaagcccaacggttactggcggaaactttaa
aagctcaggggggggaattagtcctacaaaaagaggcgatcgaagcttggcgggaaggggg
ggctcccatgcccaaggttttggtgatggggggagaaggcaaggggtctgecggttececttt
atgtttaacctaactgacctggctaactagcggcagcggggaagttataggtcccagggcet
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cctgcctgacctttaggtcec
Predicted bacterial sequences:

>AB001339|seg8]1
ctgttacgtgttttgttgcaaacggaactttttgcagtagttagctccgttgttgccgata
ccagtcaatggtatttttcaatccttccecgcaagectcacctgggcttcaaacccaaattcet
gctttagctttggtggtgtctaaacagcgacggggctggececgttgggttgatcggtttecece
aaataatgtccccctcaaactccatcagttcacagattaattcecgttaagtcectttgatgga
aatttcaaaattggtgcctaggttaaccggatcggctttgtcgtaggecttgggttceccatce
acaatgccccgggccgcatcagtggagtaaagaaattccctggtgggactgeccgtcegeccce
aaacgggtaattgtttttgtccagctttttgcgcttcgtaaaccttatggatcaaggcagg
aatcacgtgggaactgcggggatcgaagttatcttctgggccgtaaagatttactggcaag
aggtaaatgccattaaagccatactgcaagcggtaggattccagttgcaccaacaatgett
tcttggccacgccgtagggagecgttggtttcttcaggataaccgttccataagtettette
cttaaagggtacaggggtaa

>AB001339|seg24 |1
cctttttttatttatcttgcccgctcccaaattaaataatcaaacctaacgggtcaactcecce
aaagacaacccaaggccattccaggctaattgattgaatcccgaattttattaactgtttg
ttccatttgtgccatgtttgccectcgaccttggattgtggteccgtctecggtetttacce
ctatcgtttcgcctcgatcgeccatgtcecececttggtaatgggattacttactgectcectageat
tattactatttattctcaatattagttggggggaatatcctgtccctcececcttggecgatgcet
ccaggccatctttgggctatctaccgatgctgaccatgaatttgtggtgecgtactctgega
ttaccccggtecttggtggecattgttggtgggtatgggtttggecgatcgecggagggattt
tgcaaggcattacccgcaatcctttggcageccectgaaattattggtgtcaatgecgggggce
tagtttggtggcggttaccttcatcgttttgctaccgggtatttcteccttecttgectgeca
gtggccgcectttttgecggtggtttaacagcggcgatcgeccatttatgtgectggecttggaatce
agggcagtgcccccgtceccgg

>AB001339|seg32]1
atgatgttgattactcctccagtggcaccatcccecgtaaatggececgttggeccctggatcea
cttcaatccgttcaatggcactgggagcaatggtttgcaaatctcggaaggcattacggtt
ggtggtttggggcacaccgtcaatcaaaaccaaaacgttacgtcctcgcaaagecctggceca
aattgactggcactcccggtgctgggggctaagecctggcactagttgacccaaaatatceg
ccaaggaagagtaaacctgggtttgttgctcaatttctgccecgttcaattaccgttaccga
ccggggaatgttagcgatttcctcectectgtacgggtggecggaaaccacaatttgtagggcec
tcactttcctctatctcggecggttgtccecggcaacccecctggtcgaatcagcaattgtaacce
cttgcgagttaggctttacttcggecttceccggtggeccatttacccececgtgatagetaageg
cacttggttatcggtcatttgggtaacactgacaaacgcaatgtccgcagtggggctcact
tcttcaaacccctggcecccccaggtaaggeccatcaaagtattgggaagatcaataattaagg
cattgcccaccgtttgtagg

>AB001339|seg6b4 |1
ccgtccceccecgtcecttaccggtaaagtatttgagaattagttgcagttaaggttgttectectg
tgttatcagatgccatggccggctgtctcaactaagaatttcaagctttggtgcaaggagt
gattatgaatcaagtacagtggtcggttttgttgatgggtatagtttcgctactatgtgcect
cccagggcgtgggccgaaactaatccgaaccaattgaacaggacgaatattttagaatctg
gtaacttagaacgcaccaaagccggtgatttgctcccagttgcaaccactgttgatgagtyg
gataacccaaattgcccaagcttcgatcatcgaaatcaaggaagcccggatcaatttgacce
gaagctggactggaactgaccctggctaccacgggccgcttatcaacaccaaccacttecg
tagtgggcaatgcactaattgtagatattcccaatgccatcctageccttgeccggatagtga
cggactgcaacaggaaaaccccaccgaagaaattgccctagtgagecgttacagcattacct
gataatattgttcgcattgccattaccggggtcaatgtgccgecgacggttgaagttaatyg
ccacagaccaatccctggta

ABSplit parameters:
‘ Input ‘
\Set of sequencese HSet of nucleotide sequences in 4-letter alphabet in FASTA format. \
‘ Output ‘

‘Discrimination data ‘Output file with discrimination result.

Format Specifies output type:
Output short statistics

58



Write splitted sequences
Test output with prediction result.

HArchaea sequences HOutput for predicted archaeal sequences. H
HBacteria sequences HOutput for predicted bacterial sequences. H
BProm

BProm Prediction of bacterial promoters.

As a part of bacterial genome analysis suite of programs, and to enforce operon and gene
prediction by FGENESB program, we introduce BProm, bacterial promoter prediction program.
Method description:

Algorithm predicts potential transcription start positions of bacterial genes regulated by
sigma70 promoters (major E.coli promoter class). Linear discriminant function (LDF) combines
characteristics describing functional motifs and oligonucleotide composition of these sites.
BProm has accuracy of E.coli promoter recognition about 80%. Its specificity is also about 80%
when tested on sets containing promoter and non-promoter sequences in equal numbers. It is not
advisable to run BProm on whole genomes: To increase specificity, run BProm on a region
between two neighboring ORFs located on the same strand, or on a sequence upstream from an
ORF, keeping in mind that most promoters are located within 150 bp region from protein coding
sequence.

BProm output:

First line - name of your sequence;

Second and Third lines - LDF threshold and the length of presented sequence

4th line - The number of predicted promoters

Next lines - positions of predicted promoters, and their scores with 'weights' of two conserved
promoter boxes. Promoter position assign to the first nucleotide of the transcript (Transcription
Start Site position).

After that we present elements of Transcriptional factor binding sites for each predicted promoter
(if they found).

For example:

BProm Sat Jan 18 21:11:25 EST 2003

>Region of E.coli genome between protein id="AAC76687.1" and
protein id="AAC7668

Length of sequence- 420

Threshold for promoters - 0.20

Number of predicted promoters - 1

Promoter Pos: 145 LDF- 6.02

-10 box at pos. 130 ctttatgat Score 66

-35 box at pos. 109 tttaat Score 36

Oligonucleotides from known TF binding sites:

For promoter at 145:

fis: TCTTTAAT at position 107 Score - 6

rpoDl17: TTATGATA at position 132 Score - 7

lexA: ATAAATAA at position 137 Score - 14

rpoDl17: ATAATAAT at position 141 Score - 8

Parameters:

| Input |
HSequences set HInput file. H
H Output H
HResult ‘TName of the output file H
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FgenesB
Bacterial Operon and Gene Prediction.
FgenesB - Suite of Bacterial Operon and Gene Finding Programs

FgenesB is the most accurate ab initio prokaryotic gene prediction engine (see Table 1 at the
bottom for its comparison with two other popular gene prediction programs). FgenesB gene
prediction algorithm is based on Markov chain models of coding regions and translation and
termination sites. The program uses genome-specific parameters learned by FGENESB-train
script, which requires only DNA sequence from genome of interest as an input. (If you need
parameters for your new bacteria, please contact Softberry.) FgenesB also includes simplified
prediction of operons based only on distances between predicted genes.

FgenesB is gene finding part of FgenesB_Annotator which is a package for automatic
annotation of bacterial genomes and includes the following features:

« automatic training of gene finding parameters for new bacterial genomes using only
genomic DNA as an input (optionally, pre-learned parameters from related organism can
be used);

« mapping of tRNA and rRNA genes;

 highly accurate Markov chains-based gene prediction;

« prediction of promoters and terminators;

« operon prediction based on distances between ORFs and frequencies of different genes
neighboring each other in known bacterial genomes, as well as on promoter and
terminator predictions;

« automatic annotation of predicted genes by homology with protein (COG, NR) databases.

For community sequence annotation, ABsplit (www.softberry.com/berry.phtml?
topic=absplit&group=programs&subgroup=gfindb) program can be used that separates

archaebacterial and eubacterial sequences.

FgenesB was used in first ever published bacterial community annotation project: see Tyson et
al., (2004) Nature 428(6978), 37-43.

Example of FgenesB output:

1 1 0p 1 21/0.000 + CDS 407 - 1747 1311
2 1 0p 2 3/0.019 + CDS 1926 - 3065 1237
3 2 0p 1 4/0.002 + CDS 3193 - 3405 278
4 2 Op 2 4/0.002 + CDsS 3418 - 4545 899
5 2 Op 3 16/0.000 + CDS 4578 - 6506 2148
6 2 Op 4 . + CDS 6595 - 9066 2957
7 30p 1 - CDS 14175 - 14363 158
8 3 0p 2 - CDS 14353 - 15249 351
9 30p 3 - CDS 15170 - 15352 99

Table 1. Accuracy of prediction estimated on B.subtilis sequence: Frequency of genes
starting from start codon other than first - 19.1% Borodovsky et al. (see GeneMark WEB pages
(opal.biology.gatech.edu/GeneMark/genemarks.cgi)) has calculated accuracy for all genes, and
has constructed three sets of difficult short genes (L ? 300bp) that have protein similarity
support. There genes were used to demonstrate that short genes also can be predicted reasonably

60



well. First set (51set) has 51 genes with at least 10 strong similarities to known proteins. Then,
72set has 72 genes with at least two strong similarities, and 123set has 123 genes with at least
one protein homolog.

Here are the prediction results on these three sets for GeneMarkS and Glimmer (calculated in
Nucleic Acids Research, 2001, Vol. 29, No. 12, 2607-2618.) and FgenesB (calculated by
Softberry, three iterations of FgenesB-train script):

Sn (exact Sn (exact+overlapping
predictions) predictions)

123set:

Glimmer 57.0% 91.1
GeneMark$S 82.9 91.9
FgenesB 89.3 98.4
T2set:

Glimmer 57.0% 91.7
GeneMarkS 88.9 94.4
FgenesB 91.5 98.6
S5lset:

Glimmer 51.0% 88.2
GeneMarkS 90.2 94.1
FgenesB 92.0 98.0

All genes of B.subtilis genome (GenBabk annotation):

Glimmer 62.4% 98.1
GeneMarkS 83.2 96.7
FgenesB 83.8 98.7

Please note that many genes in GenBank were annotated using GeneMark program, which
should result in overestimation of its accuracy

Parameters:
‘ Input ‘
‘Sequences HBrowse your source file with nucleotide sequences in FASTA format. ‘
\ Output \
‘Result ‘h\lame of the output file with prediction results. ‘
Options \
‘Organism HSelect parameter file for specified organizm. ‘

Translation tabler  Select translation table (Bacterial is default ):
Standart (1)

Vertebrate Mitochondrial (2)

Yeast Mitochondrial (3)

Protozoan Mitochondrial and other (4)
Invertebrate Mitochondrial (5)

Ciliate Nuclear and other (6)
Echinodermata Nuclear (9)

Euplotid Nuclear (10)

Bacterial (11)
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Alternative Yeast Nuclear (12)
Ascidian Mitochondrial (13)
Flatworm Mitochondrial (14)
Blepharisma Macronuclear (15)

FgenesB-Annotator

To identify protein and RNA genes in bacterial genomic sequences or environmental
samples, Softberry developed Fgenesb annotator pipeline that provides completely automatic,
comprehensive annotation of bacterial sequences. The pipeline includes protein, tRNA and
rRNA genes identification, finds potential promoters, terminators and operon units.

Predicted genes are annotated based on comparison with known proteins. The package provides
options to work with a set of sequences such as scaffolds of bacterial genomes or short reads of
DNA extracted from a bacterial community. The final annotation can be presented in GenBank
form to be readable by visualization software such as Artemis [1] and GenomeExplorer (fig. 1
and 2). The gene prediction algorithm is based on Markov chain models of coding regions and
translation and termination sites. For annotation of mixed bacterial community, we use special
parameters of gene prediction computed based on a large set of known bacterial sequences.
Operon models are based on distances between ORFs, frequencies of different genes neighboring
each other in known bacterial genomes, and information from predicted potential promoters and
terminators. The parameters of gene prediction are automatically trained during initial steps of
sequence analysis, so the only input necessary for annotation of a new genome is its sequence.
Optionally, parameters from closely related genomes can be used, instead of training new
parameters. Bacterial gene/operon prediction and annotation requires, besides Fgenesb annotator
programs and scripts, BLAST, NCBI Non-Redundant database (NR), and a file reconstructed
from COG database [2]. RRNA genes are annotated using BLAST similarity with all known
bacterial rRNA database. For prediction of tRNA genes, the pipeline uses tRNAscan-SE package

[3].

1. K. Rutherford, J. Parkhill, J. Crook, T. Horsnell, P. Rice, M-A. Rajandream and

B. Barrell (2000) Artemis: sequence visualisation and annotation. Bioinformatics 16 (10) 944-
945.

2. Tatusov RL, Natale DA, Garkavtsev IV, Tatusova TA, Shankavaram UT, Rao BS, Kiryutin B,
Galperin MY, Fedorova ND, Koonin EV. (2001) The COG database: new developments in
phylogenetic classification of proteins from complete genomes. Nucleic Acids Res. 29, 22-28.

3. Lowe, T.M. & Eddy, S.R. (1997) "tRNAscan-SE: A program for improved detection of
transfer RNA genes in genomic sequence", Nucl. Acids Res., 25, 955-964.

The main features of Fgenesb_annotator are:

. Automatic training of gene finding parameters for new bacterial genomes using
only genomic DNA as an input

. Optionally, pre-learned parameters from related organism can be used

. Optionally, generic Bacterial, Archaebacterial, or combined parameters can be
used

. Mapping of tRNA and rRNA genes

. Highly accurate Markov chains-based gene prediction

. Prediction of promoters and terminators

. Operon prediction based on distances between ORFs and frequencies of

different genes neighboring each other in known bacterial genomes, as well as on promoter
and terminator predictions

. Automatic annotation of predicted genes by homology with COG, KEGG and
NR databases.
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Fig.1. Bacterial Genome Explorer to work with annotations and comparison of
genomes.

The package includes options to work with a set of sequences such as scaffolds of bacterial
genomes, or short sequencing reads extracted from bacterial communities. For community
sequence annotation, we developed ABsplit program that separates archaebacterial and
eubacterial sequences (available separately). Final annotation can be presented in GenBank
format to be readable by visualization software such as Artemis or Softberry Bacterial Genome
Explorer (fig. 1 and 2, GenBank parser is available separately).
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e i e e B i

Fig.2. Comparison of two bacterial genomes view of Genome Explorer.
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Main Steps of FGENESB annotation.
Many steps are optional and can be switched ON/OFF in configuration file.

STEP 1. Finds all potential ribosomal RNA genes using BLAST against bacterial and/or archaeal
rRNA databases, and masks detected rRNA genes.

STEP 2. Predicts tRNA genes using tRNAscan-SE program (Washington University) and masks
detected tRNA genes.

STEP 3. Initial predictions of long ORFs that are used as a starting point for calculating
parameters for gene prediction. Iterates until stabilizes. Generates parameters such as Sth-order
in-frame Markov chains for coding regions, 2nd-order Markov models for region around start
codon and upstream RBS site, stop codon and probability distributions of ORF lengths.

STEP 4. Predicts operons based only on distances between predicted genes.

STEP 5. Runs BLAST for predicted proteins against COG database, cog.pro.

STEP 6. Finds conserved operonic pairs from blast output through cog data.

STEP 7. Uses information about conservation of neighboring gene pairs in known genomes to
improve operon prediction.

STEP 8. Runs BLAST for predicted proteins against KEGG database.

STEP 9. Runs BLAST for predicted proteins against NR database.

STEP 10. Adds names of homologs from COG/KEGG/NR (found through BLAST) to
annotation file (file with prediction results).

STEP 11. Predicts potential promoters (BPROM program) or terminators (BTERM) in upstream
and downstream regions, correspondingly, of predicted genes. BTERM is the program predicting
bacterial-independent terminators with energy scoring based on discriminant function of hairpin
elements.

STEP 12. Refines operon predictions using predicted promoters and terminators as additional
evidences.

FGENESB gene prediction engine is one of the most accurate prokaryotic gene finders available:
see Table 1 for its comparison with two other popular gene prediction programs.

Table 1. Comparison of three popular bacterial gene finders. Accuracy estimate was done on a set of
difficult short genes that was previously used for evaluating other bacterial gene finders
(http://opal.biology.gatech.edu/GeneMark/genemarks.cgi). First set (51set) has 51 genes with at least 10
strong similarities to known proteins. Then 72set has 72 genes with at least two strong similarities, and
123set has 123 genes with at least one protein homolog.

Here are the prediction results on these three sets for GeneMarkS and Glimmer (calculated by Besemer et
al. (2001) Nucl. Acids Res. 29:2607-2618) and FGENESB gene prediction engine (calculated by
Softberry).

h(eact preddias) S (eactoweriagang redcias)

123t
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T2t
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All prediction components of FGENESB are extremely fast (minutes per genome). The limiting
stage is BLAST annotation, which for E.coli genome takes around 12 hours on a single
processor. Using multiple processors and corresponding BLAST would speed up annotation
proportionally.

Explanation of Fgenesb annotator output

Example of FGENESB output:

Prediction of potential genes in microbial genomes

Time: Tue Aug 22 11:21:15 2006

Seq name: gi|15807672|ref|NC _001264.1| Deinococcus radiodurans Rl (partial sequence)
Length of sequence - 54865 bp

Number of predicted genes - 48, with homology - 48

Number of transcription units - 18, operons - 13 average op.length - 3.3

N Tu/Op Conserved S Start End Score
pairs (N/Pv)

- TRNA 147 - 222 78.9 # Arg CCG 0 O
+ TRNA 315 - 398 63.6 # Leu TAG 0 O
+ 5S_RRNA 521 - 637 100.0 4 AB001721 [D:2735..2851]
+ SSU_RRNA 698 - 2181 100.0 # SSU_RRNA ##
+ LSU_RRNA 2302 - 5345 100.0 # BX248583 [R:613128..616171]
+ Prom 5304 - 5363 41.4
1 1 0p 1 22/0.000 + CDS 5410 - 6300 498 ## COG1192 ATPases involved ..
2 1 0Op 2 + CDS 6297 - 7178 502 ## COGl1475 Predicted ..
+ Term 7203 - 7253 9.1
- Term 7191 - 7241 14.2
3 2 Tu 1 - CDS 7283 - 8746 909 ## COG1l012 NAD-dependent ..
- Prom 8792 - 8851 2.8
4 3 Tu 1 + CDS 8802 - 9533 302 ## COG2068 Uncharacterized ..
+ Term 9779 - 9818 3.8
- Term 9527 - 9567 9.0
5 4 Op 1 2/0.125 - CDsS 9584 - 10762 1005 ## COGl063 Threonine ..
6 4 Op 2 . - CDS 10759 - 11457 666 ## COG5637 Predicted integral
- Prom 11697 - 11756 2.4
7 50p 1 37/0.000 + CDS 11704 - 12609 872 ## COG1131 ABC-type multidrug
8 5 0p 2 5/0.000 + CDS 12726 - 13517 812 ## COG0842 ABC-type multidrug
9 5 0p 3 15/0.000 + CDS 13674 - 14684 1028 ## COG4585 Signal transduction
10 5 Op 4 . + CDS 14681 - 15316 506 ## COG2197 Response regulator
47 18 Op 1 . - CDS 53783 - 54703 431 ## DRA0O045 hypothetical ..
48 18 Op 2 . - CDS 54700 - 54864 91 ## DRA0046 hypothetical ..
Predicted protein(s)
>gi|15807672|ref|NC _001264.1| GENE 1 5410 - 6300 498 296 aa, chain + ##

HITS:3 COG:DRA0001 KEGG:FRAAL2247 NR:6460595 ## COG: DRAO0O0O1 COGl1192 # Protein GI number:
15807673 # Func_class: D Cell cycle control, cell division, chromosome partitioning # Function:

ATPases involved in chromosome partitioning # Organism: Deinococcus radiodurans # 37 296 1
260 260 459  100.0 1e-129 ## KEGG: FRAAL2247 # Name: not_defined # Def: chromosome
partitioning protein (partial match) [EC:2.7.10.2] # Organism: F.alni # Pathway: not defined # 48
283 50 291 302 118 35.0 5e-26 ## NR: gi|6460595|gb|AAF12301.1| chromosome
partitioning ATPase, putative, ParA family [Deinococcus radiodurans R1]7"Agi|15807673|ref]|
NP_285325.1| chromosome partitioning ATPase, putative, ParA family [Deinococcus radiodurans R1] #
37 296 1 260 260 459 100.0 1le-128

VLKNHLFLRNLIFSVLPVVQHFLTFKEEQSIADLSDMVSAVKTLTVENHAGGAGKTSLTL
NVGYELARGGLRVLLLDLDPQANLTGWLGISGVTREMTVYPVAVDGQPLPSPVKAFGLDV
IPAHVSLAVAEGOMMGRVGAQGRLRRALAEVSGDYDVALIDSPPSLGQLAILAALAADQM
IVPVPTRQKGLDALPGLQGALTEYREVRPDLTVALYVPTEFYDARRRHDQEVLADLKAHLS
PLARPVPQREAVWLDSTAQGAPVSEYAPGTPVHADVQRLTADIAAAIGVAYPGENA

>gi[15807672|ref|NC_001264.1| GENE 2 6297 - 7178 502 293 aa, chain + ##
HITS:3 COG:DRA0002 KEGG:SAR11 0354 NR:12230476 ## COG: DRA0002 COG1475 # Protein GI number:
15807674 # Func _class: K Transcription # Function: Predicted transcriptional regulators #
Organism: Deinococcus radiodurans # 1 293 1 293 293 478 100.0 1le-135 ##
KEGG:
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SAR11 0354 # Name: parB # Def: chromosome partitioning protein [EC:2.7.7.-] # Organism: P.ubique
# Pathway: not defined # 10 200 12 177 282 107 36.0 7e-23 ## NR: gil|
12230476 |sp|Q9RZE7 | PARB2_DEIRA Probable chromosome 2 partitioning ©protein parB (Probable
chromosome II partitioning protein parB)”"Agi|6460594|gb|AAF12300.1] chromosome partitioning
protein, ParB family [Deinococcus radiodurans R1]7Agi|15807674|ref|NP 285326.1] chromosome
partitioning protein, ParB family [Deinococcus radiodurans R1] # 1 293 1 293
293 478 100.0 1le-133
MTRRRPERRRDLLGLLGETPVDLSQANDIRALPVNELKVGSTQPRRSFDLERLSELAESI
RAHGVLQPLLVRSVDGQYEIVAGERRWRAAQLAGLAEVPVVVRQLSNEQARAAALIENLQ
RDNLNVIDEVDGKLELIALTLGLEREEARKRLMOLLRAVPGDEHEQLDQVFRSMGETWRT
FAKNKLRILNWPQPVLEALRAGLPLTLGSVVASAPPERQAELLKLAQNGASRSQLLQOALQ
TPSQTSAVTPEHFAKVLSSKRFLSGLDTPTREALDRWLARMPERVRQAIDEQS

Example of FGENESB output in GenBank format (scripts run_tgb.pl, togenbank.pl):

gene complement (147..222)
/gene="Arg CCG"
tRNA complement (147..222)

/gene="Arg CCG"
/product="tRNA-Arg"
/note="Arg CCG 0 Q"

gene 315..398
/gene="Leu TAG"
tRNA 315..398

/gene="Leu TAG"
/product="tRNA-Leu"
/note="Leu TAG 0 Q"

gene 521..637
/gene="AB001721 [D:2735..2851]"
rRNA 521..637

/gene="AB001721 [D:2735..2851]"
/product="5S ribosomal RNA"
/note="AB001721 [D:2735..2851]"

gene 698..2181
/gene="SSU RRNA"
rRNA 698..2181

/gene="SSU RRNA"
/product="16S ribosomal RNA"
/note="SSU RRNA"

gene 2302..5345
/gene="BX248583 [R:613128..616171]"
rRNA 2302..5345

/gene="BX248583 [R:613128..616171]"
/product="23S ribosomal RNA"
/note="BX248583 [R:613128..616171]"

promoter 5304..5363

CDS 5410..6300
/function="ATPases involved in chromosome partitioning"
/note="Operon 1 Gene 1 COG1192 ATPases involved in
chromosome partitioning"
/translation="VLKNHLFLRNLIFSVLPVVQHFLTFKEEQSIADLSDMVSAVKTL
TVENHAGGAGKTSLTLNVGYELARGGLRVLLLDLDPQANLTGWLGISGVTREMTVYPV
AVDGQPLPSPVKAFGLDVIPAHVSLAVAEGOMMGRVGAQGRLRRALAEVSGDYDVALIT
DSPPSLGQLAILAALAADOMIVPVPTROQKGLDALPGLQGALTEYREVRPDLTVALYVP
TFYDARRRHDQEVLADLKAHLSPLARPVPOQREAVWLDSTAQGAPVSEYAPGTPVHADV
QRLTADIAAAIGVAYPGENA"
/transl table=11

CDs 6297..7178
/function="Predicted transcriptional regulators"
/note="Operon 1 Gene 2 COGl475 Predicted transcriptional
regulators"
/translation="MTRRRPERRRDLLGLLGETPVDLSQANDIRALPVNELKVGSTQP
RRSFDLERLSELAESTRAHGVLQPLLVRSVDGQYEIVAGERRWRAAQLAGLAEVPVVV
ROLSNEQARAAALIENLOQRDNLNVIDEVDGKLELIALTLGLEREEARKRLMQLLRAVP
GDEHEQLDQVFRSMGETWRTFAKNKLRILNWPQPVLEALRAGLPLTLGSVVASAPPER
QAELLKLAQNGASRSQLLOALQTPSQTSAVTPEHFAKVLSSKRFLSGLDTPTREALDR
WLARMPERVRQAIDEQS"
/transl table=11

terminator 7203..7253
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terminator

CDS

promoter

BASE COUNT

ORIGIN
6
12
5484
/7

complement (7191..7241)

complement (7283..8746)

/function="NAD-dependent aldehyde dehydrogenases"
/note="Operon 2 Gene 1 COG1012 NAD-dependent aldehyde
dehydrogenases"
/translation="MTTTDLRTTYSSVTRSQAYFDGEWRNAPRNFEVRHPGNGEVIGE
VADCTPTDARQAIDAAEVALREWRQVNPYERGKILRRWHDLMFEHKEELAQLMTLEMG
KPISETRGEVHYAASFIEWCAEEAGRIAGERINLRFPHKRGLTISEPVGIVYAVTPWN
FPAGMITRKAAPALAAGCVMILKPAELSPMTALYLTELWLKAGGPANTFQVLPTNDAS
ALTQPFMNDSRVRKLTFTGSTEVGRLLYQQAAGTIKRVSLELGGHAPFLVEDDADLER
AASEVVASKFRNSGQTCVCTNRVYVQRGVAEEFIRLLTEKTAALQLGDPFDEATQVGP
VVEQAGLDKVQRQVODALTKGAQATTGGQVSSGLEFFQPTVLVDVAPDSLILREETFGP
VAPVTIFDTEEEGLRLANDSEYGLAAYAYTRDLGRAFRIAEGLEYGIVGINDGLPSSA
APHVPFGGMKNSGVGREGGHWGLEEYLETKEVSLGLS"

/transl table=11

complement (8792..8851)

11009 a 16099 c 16880 g 10877 t

1 tctttgctcg ccatacccaa agtctacacg ctgattttca cgtttccaga ccctgccctce
1 tcgctactca gctctccaag tttgctcgct tgatgaatga tcaaatcttt taaagataaa
1 agccatgcgt gaggctagat caacccttgt gcccccggca ggattcgaac ctgcggcectt

1 gtcgcccagt tgaatggctc gccac

Example of FGENESB output in Sequin format:

>Feature test seqg

222

222

315

315

521
521
698
698
2302
2302
5304
5304
5410

ATPase ..

6297

6297

7203
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147

147

398

398

637

637

2181

2181

5345

5345

6300

5363
6300

7253

7178

7253

gene
locus_tag C8J 0001
tRNA
product tRNA-Arg
inference profile:tRNAscan-SE:1.23
gene
locus_tag C8J 0002
tRNA
product tRNA-Leu
inference profile:tRNAscan-SE:1.23
gene
locus_tag C8J 0003
rRNA
product 5S ribosomal RNA
gene
locus_tag C8J 0004
rRNA
product 163 ribosomal RNA
gene
locus_tag C8J 0005
rRNA
product 23S ribosomal RNA
gene
locus_tag C8J 0006
promoter
CDS
product hypothetical protein
note similar to D.radiodurans chromosome partitioning
protein id gnl|bbsrc|C8J 0006
inference ab initio prediction:Fgenesb:2.0
gene
locus_tag C8J 0007
CDS
product chromosome partitioning protein, ParB family
protein id gnl|bbsrc|C8J 0007
inference ab initio prediction:Fgenesb:2.0
terminator



8851 7191 gene

locus_tag C8J 0008
7241 7191 terminator
8746 7283 CDS

product succinate-semialdehyde dehydrogenase

EC number 1.2.1.16

protein id gnl|bbsrc|C8J 0008

inference ab initio prediction:Fgenesb:2.0
8851 8792 promoter

Description of Fgenesb_annotator output fields:

For each genomic sequence (complete genome, scaffold, read, etc.) the program
lists locations of predicted ORFs, rRNAs, tRNAs, promoters and terminators.

ORFs are labeled as CDS and provided with their order number in a sequence and

an indicator of whether they are transcribed as a single transcription unit (Tu) or

in operons (Op) (of course these are predictions).

If an ORF has a homolog, its short name is provided after a “##” separator (here name of only
one homolog - either from COG, KEGG, or NR - is given; best homologs from all databases are
listed in ID lines of predicted proteins, see below).

For example:

5 40p 2 + CDS 2737 - 3744 871 ## COG0673 Predicted dehydrogenases

is description for predicted gene number 5 in 4th Operon with coordinates 2737 - 3744 in the

'+' strand and it is the second gene in operon.

Coding chain for this CDS (+) means a direct chain, (-) means a complementary chain.

871 is a score of gene homology assigned by BLAST, and COG0673 is an ID of its homolog
from the COG database.

In other words, first column lists an ordered number of predicted CDS, starting from beginning
of a sequence; second column — number of predicted operon/TU, and fourth column — number of
gene in an operon (always 1 for a TU).

For some operons, we report supportive evidence related to conservation in relative locations of
genes in predicted operon in different bacteria. For example:

3 2 Op 1 4/0.002 + CDS 3193 - 3405 278 ## COG2501
Uncharacterized ACR

Here, in 4/0.002, 4 is a number of observations of this gene being next to one of its neighbors on
known bacterial genomes (we call it N-value), while 0.002 is a P-value, an empirical probability
of observing N occurrences of genes being adjacent by random chance. P is a very approximate
measure. For all P<0.0001, the value in output is 0.000.

At the end of annotation, we also provide protein products of predicted genes in fasta format,
with full name of homolog and homology scores according to BLAST.

Information about homologs is given in ID lines of predicted proteins, for example:

>gi|15807672|ref|NC 001264.1| GENE 7 11704 - 12609 872 301 aa,
chain + ## HITS:3 COG:DRAO007 KEGG:DRAO007 NR:6460585 ## COG: DRA00O07 COG1l131 #

68



Protein GI number: 15807679 # Func class: V Defense mechanisms # Function: ABC-type
mult
idrug transport system, ATPase component # Organism: Deinococcus radiodurans # 1

301 1 301 301 503 100.0 le-142 ## KEGG: DRA0O07 # Name:
not defined # Def: putative ABC-2 type transport system ATP-binding protein #
Organism: D.radiodurans # Pathway: ABC transporters - General [PATH:dra02010] # 1
301 1 301 301 503 100.0 1e-142 ## NR: gi|6460585|gb|AAF12291.1|

ABC transporter, ATP-binding protein, putative [Deinococcus radiodurans R1]"Agi|
15807679 |ref |[NP_285331.1| ABC transporter, ATP-binding protein, putative [Deinococcus
radiodurans R1] # 1 301 1 301 301 503 100.0 1le-141
MITTFEQVSKTYGHVTALSDENLTLRTGELTALLGPNGAGKSTAIGLLLGLSAPSAGQVR
VLGADPRRNDVRARIGAMPQESALPAGLTVREAVTLFASFYPAPLGVDEALALADLGPVA
GRRAAQLSGGQKRRLAFALAVVGDPELLLIDEPTTGMDAQSRAAFWEAVTGLRARGRTIL
LTTHYLEEAERTADRVVVMNGGRILADDTPQGLRSGVGGARVSEFVSDLVQAELERLPGVS
AVQVDAAGRADLRTSVPEALLAALIGSGTTFSDLEVRRATLEEAYLQLTGPQDMTAVTRS

A

While looking a bit complex for a human eye, it is well suited for parsing by a program.

ID lines of predicted proteins consist of the following parts that are separated from each
other by “##” separator:

>gi|15807672|ref|NC 001264.1| GENE 7 11704 - 12609 872 301 aa,
chain +

(sequence name, gene number, coordinates of a gene, length of a corresponding protein, chain)

## HITS:3 COG:DRA0007 KEGG:DRAOO07 NR:6460585

(shows the number of homologs found in protein databases (takes into account maximum one
best homolog per a database), lists homologs IDs in the format DB:ID (e.g., COG:DRA0007);
notes:

- for homologs from NR, gi- numbers are given as homologs IDs;

- DB:ns indicates that a protein DB was not searched (e.g., NR:ns);

- DB:no indicates that a protein DB was searched but no homologs were found (e.g., NR:no))

Then, complete ID lines of homologs are given preceded by DB names where they were found
by BLAST (e.g., NR:) and followed by statistics from corresponding BLAST outputs.

## COG: DRA0007 COG1131 # Protein GI number: 15807679 # Func class: V Defense

mechanisms # Function: ABC-type multidrug transport system, ATPase component #
Organism: Deinococcus radiodurans # 1 301 1 301 301 503 100.0
le-142

## KEGG: DRA0007 # Name: not defined # Def: putative ABC-2 type transport system ATP-
binding protein # Organism: D.radiodurans # Pathway: ABC transporters - General
[PATH:dra02010] # 1 301 1 301 301 503 100.0 1le-142

## NR: gi|6460585|gb|AAF12291.1| ABC transporter, ATP-binding protein, putative
[Deinococcus radiodurans R1]"Agi|15807679|ref|NP 285331.1] ABC transporter, ATP-
binding protein, putative [Deinococcus radiodurans R1] # 1 301 1 301
301 503 100.0 1le-141

BLAST parameters of similarity found for predicted protein are shown in the following order:
Start and stop of region of similarity ( 1 301) in predicted protein

Start and stop of region of similarity (1 301) in homolog from a database

Length of homologous protein (301)

BLAST score (503) and Identity (100.0 %)

BLAST Expected value (1e-141)
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For other predictions (rRNA, promoters, etc.) we provide only description lines, for example:

- LSU_RRNA 884415 - 887254 98.0 # Leuconostoc oenos S60377

rRNAs are labeled as LSU RRNA, SSU RRNA or 5S RRNA (large subunit, small subunit, and
5S), tRNAs as TRNA, promoters as Prom, and terminators as Term.

Terminator regions (their coordinates and scores) are reported by FindTerm program:

+ Term 492 - 537 -0.9

Promoters (their coordinates and scores) are reported by BPROM program.

Parameters:

‘ Input

Sequences Name of the input file with sequences in FASTA format (4-letters
alphabet).

‘ Output

‘Prediction result ‘h\lame of the output file with prediction results.

‘Genbank output ‘h\lame of the output file in Genbank format.

‘ Options

Base Gene finding parameters used for initial gene prediction. Generic
bacterial, archaebacterial, or combined parameters can be used.

Minimal gene number If the number of predicted genes is more than given by this parameter
then automatic training of gene finding parameters is involved and
genes are repredicted based on automatically generated parameters.
Default value is 50, minimal value is 1.

Minimal gene length Minimal length of predicted genes in nucleotides. Default value is 60,
minimal value is 10.

Do not predict Do not predict promoters/terminators.

promoters/terminators

HDO not add sequence name HDo not add sequence name to ID lines of predicted genes/proteins.

FgenesV

Trained Pattern/Markov chain-based viral gene prediction

FgenesV algorithm is based on pattern recognition of different types of signals and
Markov chain models of coding regions. Optimal combination of these features is then found by
dynamic programming and a set of gene models is constructed along given sequence.

FgenesV is the fastest ab initio viral gene prediction program available.

We developed new FgenesV-Annotator script that finds similar proteins in public
databases and annotates predicted genes. This script can also identify low scoring genes if they
have known homologous protein.

As an example of using FgenesV, the annotation of SARS coronavirus TOR2 genome is
presented:

Annotation of complete genome of the SARS associated Coronavirus FgenesV-Annotator script.

There are two variants of viral gene prediction program: FgenesV0, which is suited for
small (<10 kb) genomes, uses generic parameters of coding regions, while FgenesV learns
genome-specific parameters using viral genome sequence as an input.
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FgenesV predicts all intronless viral genes. To find small group of genes that contain
introns - normally alternative structures of intronless variants - standard eukaryotic gene finding
programs, such as Fgenesh , can be used in addition to FgenesV.

As additional parameters, you can choose Linear or Circular form of your virus and select
alternative genetic code (Standard code is default): The Bacterial and Plant Plastid Code
(transl table=11) or The Mold, Protozoan, and Coelenterate Mitochondrial Code and the
Mycoplasma/Spiroplasma Code (transl_table=4).

Parameters:
H Input
HSequences set HInput file.
H Output
HResult ‘h\lame of the output file
FgenesVO0

Generic parameters Markov chain-based viral gene prediction

FgenesV algorithm is based on pattern recognition of different types of signals and
Markov chain models of coding regions. Optimal combination of these features is then found by
dynamic programming and a set of gene models is constructed along given sequence.

FgenesV is the fastest ab initio viral gene prediction program available.

We developed new FgenesV-Annotator script that finds similar proteins in public databases and
annotates predicted genes. This script can also identify low scoring genes if they have known
homologous protein.

As an example of using FgenesV, the annotation of SARS coronavirus TOR2 genome is
presented:

Annotation of complete genome of the SARS associated Coronavirus FgenesV-Annotator script.

There are two variants of viral gene prediction program: FgenesV0, which is suited for
small (<10 kb) genomes, uses generic parameters of coding regions, while Fgenesv learns
genome-specific parameters using viral genome sequence as an input.

FgenesV predicts all intronless viral genes. To find small group of genes that contain
introns - normally alternative structures of intronless variants - standard eukaryotic gene finding
programs, such as Fgenesh , can be used in addition to FgenesV.

As additional parameters, you can choose Linear or Circular form of your virus and select
alternative genetic code (Standard code is default): The Bacterial and Plant Plastid Code
(transl table=11) or The Mold, Protozoan, and Coelenterate Mitochondrial Code and the
Mycoplasma/Spiroplasma Code (transl_table=4).

Parameters:
| Input |
HSequence HInput file. H
H Output H
HResult HName of the output file H
FindTerm

FindTerm - a program for searching bacterial terminators in DNA sequences. The set of
conditions for searching bacterial terminators is stored in the config file.
Scheme of transcription
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(+) - direction

5!
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This scheme corresponds to positive direction (+) of tranccription form 3' to 5' end of
DNA, and when we search terminators oriented from 5' to 3' end, found structure will be marked
by (-) in the output file (see below).

First the program searches for region, which meets the requirements for T-reach region.
Then it tries possible combinations of spacer lengths. At last, it finds all hairpins which meet
user-defined parameters and complementarity rules. Then it searches the next appropriate T-
reach region. Structures which meet all requirements are displayed.

Output and representing the results
There are examples of FindTerm output:

FindTerm - search for Rho-independent bacterial terminators
(Softberry, 2004)

Mode: All non-overlapping

Chain Start Length Score

- 2 33 -22.9
+ 93 53 -33.1
- 210 52 -33.3
+ 315 53 -37.5
+ 423 53 -24.8

or

FindTerm - search for Rho-independent bacterial terminators
(Softberry, 2004)
Mode: Best terminator
Chain Start Length Score
+ 423 53 -37.5

<Chain> indicates the chain direction:

(+) means that terminator is oriented from 3' to 5' end of DNA

(=) means that terminator is oriented from 5' to 3' end of DNA
<Start> 1is the position at which terminator begins
<Length> is the length of terminator, from the start of hairpin and up to end
of T-reach region
<Score> 1is the value of score function, including enegy of terminator.

The lower Score corresponds to the better terminator.

Parameters:
‘ Input ‘
‘Sequence HFindterm Input file. ‘
‘ Output ‘
\Result ‘h\lame of the output file. ‘
‘XML data ‘h\lame of the file for graphical output. ‘
‘ Options ‘
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Energy Energy threshold value (default value is -11.0, minimal value is -100, maximal
threshold value value is 100). Accounts for stem energy, sequence similarity with the known
terminators etc.

Work modes Defines one of 2 working modes:

Best terminator - only best terminator at output

All non-overlapping terminators - Output all non-overlapping terminators in
both "+" and "-" chains at once, which are not closer than 20 nucleotides to each
other.
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Gene Finding

BestORF

Prediction of potential coding fragments in EST/mRNA sequence.

Method description:

Algorithm is based on Markov chain model of coding regions and a probabilistic model to
combine it with Start codon potential.

Accuracy:

Our tests show that accuracy of frame recognition (true ORF) is about 100% for typical mRNA
and about 99% for mRNA fragments of 500 - 800 bp containing partial coding region. Accuracy
is lower for EST with frameshift errors, or for EST with very short coding fragments.

The program outputs potential CDS positions produced taking into account probabilities of each
potential start codon, as well as longest ORF positions, as an extension of CDS upstream from
start codon). If all observed Met codons are recognized as internal, i.e. if predicted translation
start codon is missing from the sequence, CDS and ORF have the same positions.

Example of Output:
BestORF Prediction of potential coding fragment in plant EST/mRNA sequence
Time: Tue Feb 16 20:03:57 1999.
Seq name: Seq name:
Length of sequence: 388
Predicted CDS 1 in +chain 1 in -chain 0
Position of predicted CDS/ORF:
G Str Feature Start End Score ORF CDS-Len Frame

1+ 1 CDSo 30 - 386 30.57 3 - 386 357 +3
Predicted protein fragment:
>BestORF 1 1 fragment (s) 30 - 386 119 aa, chain +

MDELDILIVGGYWGKGSRGGMMSHEFLCAVAEKPPPGEKPSVFHTLSRVGSGCTMKELYDL
GLKLAKYWKPFHRKAPPSSILCGTEKPEVYIEPCNSVIVQIKAAEIVPSDMYKTGCTLR

Abbreviations: G - gene (CDS/ORF), Str - Strand, CDS-Len - CDS Length.

Parameters:
‘ Input

‘Organism HParameter file for specified organizm

\Sequences HFile with nucleotide sequences in FASTA format
‘ Output
‘Result file ‘h\fame of the output file

Fex

Prediction of internal, 5'- and 3'- exons in Human DNA sequences.

Method description:

Algorithm first predicts all internal exons in a given sequence by linear discriminant function
combining characteristics describing donor and acceptor splice sites, 5'- and 3'-intron regions and
also coding regions for each open reading frame flanked by GT and AG base pairs. Potential 5'-
and 3'- exons are predicted by corresponding discriminant functions on the left side of the first
internal exon and on the right side from last internal exon, respectively.

Accuracy:

The accuracy of precise exon recognition on the set of 210 genes (with 761 internal exons) is
70% with a specificity of 63%. The recognition quality computed at the level of individual
nucleotides is 87% for exons sequences (Sp=82%) with the level 97% for intron sequences. This
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program does not assemble the exons and is more reliable for a case of missing exons - for
example, due to sequencing errors.

Fex output:

First line - name of your sequence

Next lines - positions of predicted exons, their 'weights', ORF number and potential number
ORFs for a particular exon.

For example:
Seq name: Adh and cact.l (2919020 bases) 848501 853000

Length of sequence: 4500 Exon thr- 0 Overlap thr- 0.0
# of potential exons: 9
2758 - 2936 + w= 27.96 ORF= 0 First exon 2758 - 2934
3291 - 3354 - w= 13.63 ORF= 2 First exon 3292 - 3354
2577 - 2690 + w= 11.78 ORF= 2 Internal exon 2579 - 2689
3 - 269 + w= 10.06 ORF= 0 Single exon 3 - 269
3024 - 3107 - w= 9.15 ORF= 2 Internal exon 3025 - 3105
385 - 543 + w= 2.22 ORF= 0 Last exon 385 - 543
3169 - 3173 + w= 2.18 ORF= 0 First exon 3169 - 3171
2213 - 2380 + w= 1.65 ORF= 0 Last exon 2213 - 2380
1037 - 1076 + w= 0.25 ORF= 0 First exon 1037 - 1075
>Exon- 1 Amino acid sequence - 59 aa, chain +
MANCPHTIGVEFGTRIIEVDDKKIKLOQIWDTAGQERFRAVTRSYYRGAAGALMVYDITR
>Exon-— 2 Amino acid sequence - 21 aa, chain -
MACAELRTRRRSDRADPPGCS
>Exon-— 3 Amino acid sequence - 37 aa, chain +
PNMTAAPYNYNYIFKYITIIGDMGVGKSCLLHQFTEKK
>Exon- 4 Amino acid sequence - 88 aa, chain +

MLVQTPGISKSWMSSICLRESTFEMSCDRFRRSVSHCEGDTHELTAWQRVYLATHIWHRL
AGAQVVDLHIVNFVYEHLEGRFLLKIKT

>Exon-— 5 Amino acid sequence - 27 aa, chain -
NLPSALQIRFVANEKDHSAGIGEIASV

>Exon- 6 Amino acid sequence - 52 aa, chain +
CDRRKPSKTRERKSSEKRLLICIDLPIENNRNNCLSVQPRNPAKPVCVLARK
>Exon-— 7 Amino acid sequence - 1 aa, chain +
M

>Exon-— 8 Amino acid sequence - 55 aa, chain +
LAGKQTRSAVQTQAGLKKKYRGQFEKGEQNVVSTONKLMORLGLLISSDYGWTEK
>Exon- 9 Amino acid sequence - 13 aa, chain +
MVGQKRPPLYLKI

References:

Solovyev V.V.Salamov A.A., Lawrence C.B. Predicting internal exons by oligonucleotide
composition and discriminant analysis of spliceable open reading frames. (Nucl.Acids
Res.,1994,22.24,5156-5163).

Solovyev V.V., Salamov A.A. , Lawrence C.B. The prediction of human exons by
oligonucleotide composition and discriminant analysis of spliceable open reading frames. in: The
Second International conference on Intelligent systems for Molecular Biology (eds. Altman R.,
Brutlag D., Karp R., Latrop R. and Searls D.), AAAI Press, Menlo Park, CA (1994, 354-362).

Parameters:

Input

‘Organism HSelect parameter file for specified organizm.

Output

‘Output file ‘h\lame of the output file.

|
|
\Input file HBrowse your source file with nucleotide sequences in FASTA format. \
|
|

Fgenes

Pattern based human gene structure prediction (multiple genes, both chains).
Method description:
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Algorithm based on pattern recognition of different types of exons, promoters and polyA
signals. Optimal combination of these features is then found by dynamic programming and a set
of gene models is constructed along a given sequence.

Fgenes output:

G - predicted gene number, starting from start of sequence;

Str - DNA strand (+ for direct and - for complementary strands);

Feature - type of coding sequence: CDSf - First (Starting with Start codon), CDSi - internal
(internal exon), CDSI - last coding segment, ending with stop codon);

TSS - position of transcription start;

TATA — position of TATA-box;

WTATA — Discriminant function score for TATA box;

TSS - Positions of transcription start (TATA-box position and score);

Start and End - Position of the Feature;

Weight - Discriminant function score for the feature;

OREF - start/end positions of ORF where the first complete codon starts and the last codon ends.

FGENES 1.5 Prediction of multiple genes in genomic DNA
Time: 171940.7 Date: 20001003

Seq name: > HUMHBB 73308 bp DNA PRI 20-JAN-1
Length of sequence: 73308 GC content: 0.39 Zone: 1
Number of predicted genes: 9 In +chain: 7 In -chain: 2
Number of predicted exons: 23 In +chain: 19 In -chain: 4
Positions of predicted genes and exons:
G Str Feature Start End Weight ORF-start ORF-end
1 - 1 CDSi 5978 - 6039 1.69 5978 - 6037
1 - 2 CDSf 6314 - 6365 1.40 6315 - 6365
2 - 1 CDsS1 13709 - 13807 1.84 13712 - 13807
2 - 2 CDSf 14781 - 14855 1.62 14781 - 14855
3+ TSS 19488 5.83 TATA 19457 wTATA 19.85 LDF 0.81
3+ 1 CDSt 19541 - 19632 11.08 19541 - 19630
3+ 2 CDSi 19755 - 19977 6.20 19756 - 19977
3+ 3 CDS1 20833 - 20961 5.95 20833 - 20958
3+ PolA 21055 2.08
4 + TSS 34478 4.98 TATA 34447 wTATA 19.21 LDF 0.91
4 + 1 CDSf 34531 - 34622 8.82 34531 - 34620
4 + 2 CDSi 34745 - 34967 5.96 34746 - 34967
4 + 3 CDS1 35854 - 35982 6.30 35854 - 35979
4 + PolA 36043 2.68

5 + TSS 39412 5.00 TATA 39383 wTATA 19.21 LDF 0.93
5 + 1 CDSf 39467 - 39558 8.82 39467 - 39556
5 + 2 CDSi 39681 - 39903 5.96 39682 - 39903
5 + 3 CDs1l 40770 - 40898 6.17 40770 - 40895
5 + PolA 40959 2.78

6 + 1 CDst 45995 - 46151 3.09 45995 - 46150
6 + 2 CDsl1 46997 - 47100 2.32 46999 - 47097
6 + PolA 47243 2.75

7+ 1 CDsft 54790 - 54881 8.97 54790 - 54879
7+ 2 CDSsi 55010 - 55232 5.60 55011 - 55232
7+ 3 CDs1 56131 - 56259 5.05 56131 - 56256
7+ PolA 56365 1.07

8 + 1 CDSf 62187 - 62278 9.72 62187 - 62276
8 + 2 CDSi 62409 - 62631 6.64 62410 - 62631
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8 + 3 CDs1l 63482 - 63610 6.56 63482 - 63607

8 + PolA 63718 4.72
9 + 1 CDsSt 68183 - 68290 2.50 68183 - 68290
9 + 2 CDS1 70703 - 70819 1.10 70703 - 70816
9 + PolA 70905 4.71

Predicted proteins:

>FGENES 1.5 > HUMHBB 7 1 Multiexon gene 5978 - 6365 38 a Ch-
MVCNCGLDHNFQSPRSKTCAFNKLIYTTSTLGSSSINE

>FGENES 1.5 > HUMHBB 7 2 Multiexon gene 13709 - 14855 57 a Ch-
MCSHHLASNCCFRSVPLPHLSRSLOEFVLKVNFHNRKLIEAKASVKERNISSKPLCC

>FGENES 1.5 > HUMHBB 7 3 Multiexon gene 19541 - 20961 147 a Ch+

MVHFTAEEKAAVTSLWSKMNVEEAGGEALGRLLVVYPWTQRFFDSFGNLSSPSATILGNPK
VKAHGKKVLTSFGDAIKNMDNLKPAFAKLSELHCDKLHVDPENFKLLGNVMVIILATHEG
KEFTPEVQAAWQKLVSAVATIALAHKYH

>FGENES 1.5 > HUMHBB 7 4 Multiexon gene 34531 - 35982 147 a Ch+
MGHFTEEDKATITSLWGKVNVEDAGGETLGRLLVVYPWTQRFFDSFGNLSSASAIMGNPK
VKAHGKKVLTSLGDAIKHLDDLKGTFAQLSELHCDKLHVDPENFKLLGNVLVTVLAIHEFG
KEFTPEVQASWQKMVTGVASALSSRYH

>FGENES 1.5 > HUMHBB 7 5 Multiexon gene 39467 - 40898 147 a Ch+
MGHFTEEDKATITSLWGKVNVEDAGGETLGRLLVVYPWTQRFFDSFGNLSSASAIMGNPK
VKAHGKKVLTSLGDAIKHLDDLKGTFAQLSELHCDKLHVDPENFKLLGNVLVTVLAIHEFG
KEFTPEVQASWQKMVTAVASALSSRYH

>FGENES 1.5 > HUMHBB 7 6 Multiexon gene 45995 - 47100 86 a Ch+
MGNPKVKAHGKKVLISFGKAVMLTDDLKGTFATLSDLHCNKLHVDPENFLVSTLRQRDID
CEFGNPLQRGFYPTDTGFLAVTNKCCG

>FGENES 1.5 > HUMHBB 7 7 Multiexon gene 54790 - 56259 147 a Ch+
MVHLTPEEKTAVNALWGKVNVDAVGGEALGRLLVVYPWTQRFFESEFGDLSSPDAVMGNPK
VKAHGKKVLGAFSDGLAHLDNLKGTFSQLSELHCDKLHVDPENFRLLGNVLVCVLARNFEG
KEFTPOMQAAYQKVVAGVANALAHKYH

>FGENES 1.5 > HUMHBB 7 8 Multiexon gene 62187 - 63610 147 a Ch+
MVHLTPEEKSAVTALWGKVNVDEVGGEALGRLLVVYPWTQRFFESEFGDLSTPDAVMGNPK
VKAHGKKVLGAFSDGLAHLDNLKGTFATLSELHCDKLHVDPENFRLLGNVLVCVLAHHEFG
KEFTPPVQAAYQKVVAGVANALAHKYH

>FGENES 1.5 > HUMHBB 7 9 Multiexon gene 68183 - 70819 74 a Ch+
MEQSWAENDFDELREEGFRRSNYSKLKEEVRTNGKEASIILIPKPDRDTTKKENVTPISL
MNIDAKILNKILAN
Parameters:
H Input

HSequences HFile with nucleotide sequences in FASTA format
H Output
HResult file ‘h\fame of the output file

Fgenes-m

Pattern-based prediction of multiple variants of gene structure.
There are two reasons to predict several sub-optimal variants of gene structure, instead of only
one:
1) Gene prediction algorithms for long genomic sequences are only 70-80% accurate on average,
therefore real gene structure might have the score slightly lower than the predicted optimal
variant. Fgenes-m allows you to see alternative structures that otherwise you might never see;
and
2) Alternative splicing is quite common for mammalian genes, so you may miss real gene
structures relying on just one optimal prediction, even supported by experimental data.

Of course, thousands of alternative gene structures can be predicted, and there is currently
no established way to distinguish true variants from false ones.

Fgenes-m variant proved to be useful in providing a set of possible gene structures for
further experimental testing in commercial gene hunting.
Method description:
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Algorithm outputs several (up to 15, though the number can be changed) suboptimal
variants of predicted gene structure. It is similar to Fgenes and is based on pattern recognition of
different types of exons, promoters and polyA signals and finding optimal combination of them
by dynamic programming. Then, a set of gene models along given sequences is constructed.

You may compare validities of predicted variants using GENE WEIGHT parameter. If
this parameter is similar in alternative variants, it is reasonable to consider them.

Fgenes-M output:

FGENES-M 1.5.0 Prediction of several variants of multiple genes

Time: 175701.1 Date: 19981005
Seq name: ACU08131

Length of sequence: 5392 GC content: 0.46 Zone: 2
Number of predicted genes: 1 In +chain: 1 In -chain: 0
Number of predicted exons: 6 In +chain: 6 In -chain: 0
Predicted genes and exons in var: 1 Max var= 10 GENE WEIGHT: 24.
G Str Feature Start End Weight ORF-start ORF-end
1 + TSS 355 7.43 TATA 327 wTATA 21.08 LDF
1+ 1 CDSf 521 - 641 1.23 521 - 640
1+ 2 CDSi 1066 - 1362 2.08 1068 - 1361
1+ 3 CDSi 1860 - 2028 1.69 1862 - 2026
1+ 4 CDSi 2637 - 2802 2.74 2638 - 2802
1+ 5 CDSi 3558 - 3797 4.35 3558 - 3797
1+ 6 CDS1 4131 - 4247 2.09 4131 - 4244
1+ PolA 4650 3.17
Predicted proteins:
>FGENES-M 1.5 ACU08131 1 Multiexon gene 521 - 4247
Ch+
MAGTVTEAWDVAVFAARRRNDEDDTTRDSLETYTNSNNTRGPFEGPNYHIAPRWVYNITS
VWMIFVVIASTIFTNGLVLVATAKFKKLRHPLNWILVNLAIADLGETVIASTISVINQISG
YFILGHPMCVLEGYTVSTCGISALWSLAVISWERWVVVCKPEFGNVKEFDAKLAVAGIVESW
VWSAVWTAPPVFGWSRYWPHGLKTSCGPDVEFSGSDDPGVLSYMIVLMITCCFIPLAVILL
CYLOVWLAIRAVAAQQOKESESTOKAEKEVSRMVVVMIIAYCFCWGPYTVFACFAAANPGY
AFHPLAAALPAYFAKSATIYNPIIYVEFMNRQFRNCIMQLFGKKVDDGSELSSTSRTEVSS
VSNSSVSPA
FGENES-M 1.5.0 Prediction of several variants of multiple genes
Time: 175701.1 Date: 19981005
Seq name: ACU08131
Length of sequence: 5392 GC content: 0.46 Zone: 2
Number of predicted genes: 1 In +chain: 1 In -chain: 0
Number of predicted exons: 6 In +chain: 6 In -chain: 0
Predicted genes and exons in var: 2 Max var= 10 GENE WEIGHT: 15.
G Str Feature Start End Weight ORF-start ORF-end
1+ 1 CDSf 218 - 321 1.01 218 - 319
1+ 2 CDSi 984 - 1023 1.94 986 - 1021
1+ 3 CDSi 1860 - 2028 1.49 1862 - 2026
1+ 4 CDSi 2675 - 2802 1.00 2676 - 2801
1+ 5 CDSi 3558 - 3797 4.35 3558 - 3797
1+ 6 CDS1 4131 - 4247 2.09 4131 - 4244
1+ PolA 4650 3.17
Predicted proteins:
>FGENES-M 1.5 ACU08131 1 Multiexon gene 218 - 4247

Ch+
MROGGGQITAQLRDKTFKGFEDLVLQVRGLIRLGGNLLVDVCVVIAILVSQLSGPWPLYL
GNAGSLSASPLEMSSSMPNWPWLALSSPGCGLLYGQHHPSLAGVDVEFSGSDDPGVLSYMI
VLMITCCFIPLAVILLCYLOQVWLAIRAVAAQQKESESTOQKAEKEVSRMVVVMIIAYCECW
GPYTVFACFAAANPGYAFHPLAAALPAYFAKSATIYNPIIYVEFMNRQFRNCIMQLEGKKV
DDGSELSSTSRTEVSSVSNSSVSPA

FGENES-M 1.5.0 Prediction of several variants of multiple genes

Time: 175701.1 Date: 19981005
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Seq name: ACU08131

Length of sequence: 5392 GC content: 0.46 Zone: 2
Number of predicted genes: 1 In +chain: 1 In -chain: 0
Number of predicted exons: 6 In +chain: 6 In -chain: 0
Predicted genes and exons in var: 3 Max var= 10 GENE WEIGHT: 14.3
G Str Feature Start End Weight ORF-start ORF-end
1 + TSS 355 7.43 TATA 327 wTATA 21.08 LDF 0.56
1+ 1 CDSf 521 - 641 1.23 521 - 640
1+ 2 CDSi 1066 - 1362 2.08 1068 - 1361
1+ 3 CDSi 1860 - 2028 1.69 1862 - 2026
1+ 4 CDSi 2637 - 2802 2.74 2638 - 2802
1+ 5 CDSi 3558 - 3870 0.78 3558 - 3869
1+ 6 CDS1 4857 - 5131 2.37 4859 - 5128
1 + PolA 5187 0.77
Predicted proteins:
>FGENES-M 1.5 ACU08131 1 Multiexon gene 521 - 5131 446 a

Ch+
MAGTVTEAWDVAVFAARRRNDEDDTTRDSLETYTNSNNTRGPFEGPNYHIAPRWVYNITS
VWMIFVVIASTIFTNGLVLVATAKFKKLRHPLNWILVNLATADLGETVIASTISVINQISG
YFILGHPMCVLEGYTVSTCGISALWSLAVISWERWVVVCKPEGNVKFDAKLAVAGIVESW
VWSAVWTAPPVFGWSRYWPHGLKTSCGPDVFSGSDDPGVLSYMIVLMITCCFIPLAVILL
CYLQVWLATRAVAAQQKESESTOQKAEKEVSRMVVVMITIAYCFCWGPYTVFACFAAANPGY
AFHPLAAALPAYFAKSATIYNPITIYVEMNRQVIFCVPKWTVTGLARRVQKREGCMVETGA
RECIEGGQEEEKEFVPRGVCASAKSNALNLNSVESGHDSDTGRTNETQHDPPRSLOGLCAS
SQHGSTGTILYIVFDTKACCVPGTSS

FGENES-M 1.5.0 Prediction of several variants of multiple genes

Time: 175701.1 Date: 19981005

Seq name: ACU08131

Length of sequence: 5392 GC content: 0.46 Zone: 2
Number of predicted genes: 1 In +chain: 1 In -chain: 0
Number of predicted exons: 6 In +chain: 6 In -chain: 0
Predicted genes and exons in var: 4 Max var= 10 GENE WEIGHT: 13.9
G Str Feature Start End Weight ORF-start ORF-end
1+ TSS 355 7.43 TATA 327 wTATA 21.08 LDF 0.56
1+ 1 CDSf 521 - 641 1.23 521 - 640
1+ 2 CDSi 1066 - 1362 2.08 1068 - 1361
1+ 3 CDSi 1860 - 2028 1.69 1862 - 2026
1+ 4 CDSi 2637 - 2802 2.74 2638 - 2802
1+ 5 CDsi 3558 - 3668 0.99 3558 - 3668
1+ 6 CDS1 4131 - 4247 2.09 4131 - 4244
1+ PolA 4650 3.17
Predicted proteins:
>FGENES-M 1.5 ACU08131 1 Multiexon gene 521 - 4247 326 a

Ch+
MAGTVTEAWDVAVFAARRRNDEDDTTRDSLETYTNSNNTRGPFEGPNYHIAPRWVYNITS
VWMIFVVIASIFTNGLVLVATAKFKKLRHPLNWILVNLATADLGETVIASTISVINQISG
YFILGHPMCVLEGYTVSTCGISALWSLAVISWERWVVVCKPFGNVKFDAKLAVAGIVESW
VWSAVWTAPPVFGWSRYWPHGLKTSCGPDVFSGSDDPGVLSYMIVIMITCCFIPLAVILL
CYLQVWLATIRAVAAQQKESESTQKAEKEVSRMVVVMITIAYCFCWGPYTFRNCIMQLFEGKK
VDDGSELSSTSRTEVSSVSNSSVSPA

FGENES-M 1.5.0 Prediction of several variants of multiple genes

Time: 175701.1 Date: 19981005

Seq name: ACU08131

Length of sequence: 5392 GC content: 0.46 Zone: 2
Number of predicted genes: 1 In +chain: 1 In -chain: 0
Number of predicted exons: 5 In +chain: 5 In -chain: 0
Predicted genes and exons in var: 5 Max var= 10 GENE WEIGHT: 13.0
G Str Feature Start End Weight ORF-start ORF-end
1 + TSS 355 7.43 TATA 327 wTATA 21.08 LDF 0.56
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1 + 1 CDSft 521 - 641 1.23 521 - 640
1+ 2 CDSi 1066 - 1362 2.08 1068 - 1361
1+ 3 CDSi 1860 - 2028 1.69 1862 - 2026
1+ 4 CDSi 2637 - 2802 2.74 2638 - 2802
1+ 5 CDS1 3558 - 3875 2.10 3558 - 3872
1+ PolA 4650 3.17
Predicted proteins:
>FGENES-M 1.5 ACU08131 1 Multiexon gene 521 - 3875 356 a

Ch+
MAGTVTEAWDVAVFAARRRNDEDDTTRDSLEFTYTNSNNTRGPFEGPNYHIAPRWVYNITS
VWMIFVVIASIFTNGLVLVATAKFKKLRHPLNWILVNLAIADLGETVIASTISVINQISG
YFILGHPMCVLEGYTVSTCGISALWSLAVISWERWVVVCKPEGNVKEFDAKLAVAGIVESW
VWSAVWTAPPVEFGWSRYWPHGLKTSCGPDVEFSGSDDPGVLSYMIVLMITCCFIPLAVILL
CYLOVWLAIRAVAAQQKESESTOQKAEKEVSRMVVVMITIAYCFCWGPYTVFACFAAANPGY
AFHPLAAALPAYFAKSATIYNPITIYVEMNRQVIFCVPKWTVTGLARRVOKREGCMG

Parameters:
‘ Input ‘
‘Sequence HSource file with nucleotide sequences in FASTA format. ‘
\ Output \
‘Result file ‘h\lame of the output file. ‘
‘ Options ‘
\Alternative genes HCount of alternative gene. \

Fgenesh

Program for predicting multiple genes in genomic DNA sequences.

Fgenesh is the fastest (50-100 times faster than GenScan) and most accurate gene finder
available (see: Figure and Table, respectively). In recent rice genome sequencing projects, it was

cited "the most successful (gene finding) program (Yu ef al. (2002) Science 296:79) and was
used to produce 87% of all high-evidence predicted genes (Goff et al. (2002) Science 296:79).
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Figure. Performance of different gene finding programs on rice genes (reprinted from Yu et al., 2002, Science,
296:79-92). These tests confirmed that Fgenesh is by far the most accurate program (of five programs tested).

Table. Performance of three popular gene prediction programs on 42 semi-artificial genomic sequences containing
178 known human gene sequences (900 exons). Sensitivity is percentage of exons that are predicted correctly.
Selectivity is percentage of predicted exons that are correct (these results reproduced with some changes from Yada
et al., 2002, Cold Spring Harbor Genome Sequencing and Biology Meeting, May 7-11). These tests demonstrated
that Fgenesh is by far the most accurate program (of three programs tested).

Program  Sensitivity Specificity EZ{:;Z?% e Wron% /0Exons,
Fgenesh 77.1 65.7 9.6 23.2
GenScan 66.5 44.9 12.0 40.9
HMMGene 69.6 36.6 15.5 55.5

Web version of Fgenesh can be used with parameters for the following genomes: human,
mouse, Drosophila, nematode, dicot plants, monocot plants, yeast (S.pombe) and Neurospora.
Check appropriate genome/organism and Fgenesh program. Paste your sequence to the window
or load your file with sequence in FASTA format and click Perform Search button.

References:

Salamov A., Solovyev V. (2000) Ab initio gene finding in Drosophila genomic DNA. Genome
Res., 10,516-522

Fgenesh output:
FGENESH 2.6 Prediction of potential genes in Homo sapiens genomic DNA

Time : Thu Dec 27 19:47:24 2007

Seq name: gi|13907843|ref|NG 000007.1| Homo sapiens genomic beta globin
region (HBB@) on chromosome 11

Length of sequence: 73308

Number of predicted genes 10: in +chain 10, in -chain O.
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Number of predicted exons 21: in +chain 21, in -chain 0.

Positions of ©predicted genes and exons: Variant
Score:180.171899

G Str Feature Start End Score ORF
1+ TSS 19456 -7.09

1+ 1 CDSt 19541 - 19632 16.13 19541 -
1+ 2 CDSi 19755 - 19977 13.37 19756 -
1+ 3 CDS1 20833 - 20961 3.34 20833 -
1+ PolA 21055 1.13

2 + TSS 34446 -7.09

2 + 1 CDSt 34531 - 34622 13.42 34531 -
2 + 2 CDSi 34745 - 34967 21.52 34746 -
2 + 3 CDS1 35854 - 35982 2.92 35854 -
2 + PolA 36043 1.13

3+ TSS 39382 -7.09

3+ 1 CDSt 39467 - 39558 13.42 39467 -
3+ 2 CDSi 39681 - 39903 21.52 39682 -
3+ 3 CDS1 40770 - 40898 3.66 40770 -
3+ PolA 40959 1.13

4 + TSS 44415 -8.69

4 + 1 CDSf 45995 - 46151 16.58 45995 -
4 + 2 CDS1 46997 - 47100 -1.94 46999 -
4 + PolA 47243 1.13

5 + TSS 54707 -4.39

5 + 1 CDSfE 54790 - 54881 13.44 54790 -
5 + 2 CDSi 55010 - 55232 17.01 55011 -
5 + 3 CDS1 56425 - 56535 2.53 56425 -
5 + PolA 56931 1.13

6 + TSS 62104 -6.59

6 + 1 CDSf 62187 - 62278 12.99 62187 -
6 + 2 CDSi 62409 - 62631 20.06 62410 -
6 + 3 CDS1 63482 - 63610 9.54 63482 -
6 + PolA 63718 1.13

7+ TSS 68088 -9.39

7+ 1 CDSo 68183 - 68428 19.52 68183 -
7+ PolA 68509 1.13

8 + TSS 69336 -10.29

8 + 1 CDSo 69467 - 70072 16.45 69467 -
8 + PolA 70131 -1.08

9 + TSS 70224 -12.49

9 + 1 CDSo 70355 - 70819 17.10 70355 -
9 + PolA 70905 1.13
10 + TSS 72085 -6.39
10 + 1 CDSo 72135 - 72395 7.31 72135 -
10 + PolA 72952 1.13

Predicted protein(s) :

>FGENESH: [mRNA] 1 3 exon (s) 19541 - 20961 444 bp,
ATGGTGCATTTTACTGCTGAGGAGAAGGCTGCCGTCACTAGCCTGTGGAGCAAGATGAAT
GTGGAAGAGGCTGGAGGTGAAGCCTTGGGCAGACTCCTCGTTGTTTACCCCTGGACCCAG
AGATTTTTTGACAGCTTTGGAAACCTGTCGTCTCCCTCTGCCATCCTGGGCAACCCCAAG
GTCAAGGCCCATGGCAAGAAGGTGCTGACTTCCTTTGGAGATGCTATTAAAAACATGGAC
AACCTCAAGCCCGCCTTTGCTAAGCTGAGTGAGCTGCACTGTGACAAGCTGCATGTGGAT
CCTGAGAACTTCAAGCTCCTGGGTAACGTGATGGTGATTATTCTGGCTACTCACTTTGGC
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AAGGAGTTCACCCCTGAAGTGCAGGCTGCCTGGCAGAAGCTGGTGTCTGCTGTCGCCATT
GCCCTGGCCCATAAGTACCACTGA

>FGENESH: [exon] Gene: 1 Exon: 1 Pos: 19541 - 19632 92 bp., chain +
ATGGTGCATTTTACTGCTGAGGAGAAGGCTGCCGTCACTAGCCTGTGGAGCAAGATGAAT
GTGGAAGAGGCTGGAGGTGAAGCCTTGGGCAG

>FGENESH: [exon] Gene: 1 Exon: 2 Pos: 19755 - 19977 223 bp., chain +
ACTCCTCGTTGTTTACCCCTGGACCCAGAGATTTTTTGACAGCTTTGGAAACCTGTCGTC
TCCCTCTGCCATCCTGGGCAACCCCAAGGTCAAGGCCCATGGCAAGAAGGTGCTGACTTC
CTTTGGAGATGCTATTAAAAACATGGACAACCTCAAGCCCGCCTTTGCTAAGCTGAGTGA
GCTGCACTGTGACAAGCTGCATGTGGATCCTGAGAACTTCAAG

>FGENESH: [exon] Gene: 1 Exon: 3 Pos: 20833 - 20961 129 bp., chain +
CTCCTGGGTAACGTGATGGTGATTATTCTGGCTACTCACTTTGGCAAGGAGTTCACCCCT
GAAGTGCAGGCTGCCTGGCAGAAGCTGGTGTCTGCTGTCGCCATTGCCCTGGCCCATAAG

TACCACTGA

>FGENESH: 1 3 exon (s) 19541 - 209061 147 aa, chain +
MVHFTAEEKAAVTSLWSKMNVEEAGGEALGRLLVVYPWTQRFFDSFGNLSSPSAILGNPK
VKAHGKKVLTSFGDAIKNMDNLKPAFAKLSELHCDKLHVDPENFKLLGNVMVIILATHEG
KEFTPEVQAAWQKLVSAVATIALAHKYH

>FGENESH: [mRNA] 2 3 exon (s) 34531 - 35982 444 bp, chain +
ATGGGTCATTTCACAGAGGAGGACAAGGCTACTATCACAAGCCTGTGGGGCAAGGTGAAT
GTGGAAGATGCTGGAGGAGAAACCCTGGGAAGGCTCCTGGTTGTCTACCCATGGACCCAG
AGGTTCTTTGACAGCTTTGGCAACCTGTCCTCTGCCTCTGCCATCATGGGCAACCCCAAA
GTCAAGGCACATGGCAAGAAGGTGCTGACTTCCTTGGGAGATGCCATAAAGCACCTGGAT
GATCTCAAGGGCACCTTTGCCCAGCTGAGTGAACTGCACTGTGACAAGCTGCATGTGGAT
CCTGAGAACTTCAAGCTCCTGGGAAATGTGCTGGTGACCGTTTTGGCAATCCATTTCGGC
AAAGAATTCACCCCTGAGGTGCAGGCTTCCTGGCAGAAGATGGTGACTGGAGTGGCCAGT
GCCCTGTCCTCCAGATACCACTGA

>FGENESH: [exon] Gene: 2 Exon: 1 Pos: 34531 - 34622 92 bp., chain +
ATGGGTCATTTCACAGAGGAGGACAAGGCTACTATCACAAGCCTGTGGGGCAAGGTGAAT
GTGGAAGATGCTGGAGGAGAAACCCTGGGAAG

>FGENESH: [exon] Gene: 2 Exon: 2 ©Pos: 34745 - 34967 223 bp., chain +
GCTCCTGGTTGTCTACCCATGGACCCAGAGGTTCTTTGACAGCTTTGGCAACCTGTCCTC
TGCCTCTGCCATCATGGGCAACCCCAAAGTCAAGGCACATGGCAAGAAGGTGCTGACTTC
CTTGGGAGATGCCATAAAGCACCTGGATGATCTCAAGGGCACCTTTGCCCAGCTGAGTGA
ACTGCACTGTGACAAGCTGCATGTGGATCCTGAGAACTTCAAG

>FGENESH: [exon] Gene: 2 Exon: 3 Pos: 35854 - 35982 129 bp., chain +
CTCCTGGGAAATGTGCTGGTGACCGTTTTGGCAATCCATTTCGGCAAAGAATTCACCCCT
GAGGTGCAGGCTTCCTGGCAGAAGATGGTGACTGGAGTGGCCAGTGCCCTGTCCTCCAGA

TACCACTGA

>FGENESH: 2 3 exon (s) 34531 - 35982 147 aa, chain +
MGHFTEEDKATITSLWGKVNVEDAGGETLGRLLVVYPWTQRFFDSFGNLSSASAIMGNPK
VKAHGKKVLTSLGDAIKHLDDLKGTFAQLSELHCDKLHVDPENFKLLGNVLVTVLAIHEG
KEFTPEVQASWQKMVTGVASALSSRYH

>FGENESH: [mRNA] 3 3 exon (s) 39467 - 40898 444 bp, chain +
ATGGGTCATTTCACAGAGGAGGACAAGGCTACTATCACAAGCCTGTGGGGCAAGGTGAAT
GTGGAAGATGCTGGAGGAGAAACCCTGGGAAGGCTCCTGGTTGTCTACCCATGGACCCAG
AGGTTCTTTGACAGCTTTGGCAACCTGTCCTCTGCCTCTGCCATCATGGGCAACCCCAAA
GTCAAGGCACATGGCAAGAAGGTGCTGACTTCCTTGGGAGATGCCATAAAGCACCTGGAT
GATCTCAAGGGCACCTTTGCCCAGCTGAGTGAACTGCACTGTGACAAGCTGCATGTGGAT
CCTGAGAACTTCAAGCTCCTGGGAAATGTGCTGGTGACCGTTTTGGCAATCCATTTCGGC
AAAGAATTCACCCCTGAGGTGCAGGCTTCCTGGCAGAAGATGGTGACTGCAGTGGCCAGT
GCCCTGTCCTCCAGATACCACTGA

>FGENESH: [exon] Gene: 3 Exon: 1 Pos: 39467 - 39558 92 bp., chain +
ATGGGTCATTTCACAGAGGAGGACAAGGCTACTATCACAAGCCTGTGGGGCAAGGTGAAT
GTGGAAGATGCTGGAGGAGAAACCCTGGGAAG

>FGENESH: [exon] Gene: 3 Exon: 2 Pos: 39681 - 39903 223 bp., chain +
GCTCCTGGTTGTCTACCCATGGACCCAGAGGTTCTTTGACAGCTTTGGCAACCTGTCCTC
TGCCTCTGCCATCATGGGCAACCCCAAAGTCAAGGCACATGGCAAGAAGGTGCTGACTTC
CTTGGGAGATGCCATAAAGCACCTGGATGATCTCAAGGGCACCTTTGCCCAGCTGAGTGA
ACTGCACTGTGACAAGCTGCATGTGGATCCTGAGAACTTCAAG

>FGENESH: [exon] Gene: 3 Exon: 3 Pos: 40770 - 40898 129 bp., chain +
CTCCTGGGAAATGTGCTGGTGACCGTTTTGGCAATCCATTTCGGCAAAGAATTCACCCCT
GAGGTGCAGGCTTCCTGGCAGAAGATGGTGACTGCAGTGGCCAGTGCCCTGTCCTCCAGA

TACCACTGA
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>FGENESH: 3 3 exon (s) 39467 - 40898 147 aa, chain +

MGHFTEEDKATITSLWGKVNVEDAGGETLGRLLVVYPWTQRFEFDSFGNLSSASAIMGNPK
VKAHGKKVLTSLGDAIKHLDDLKGTFAQLSELHCDKLHVDPENFKLLGNVLVTVLAIHFG
KEFTPEVQASWQKMVTAVASALSSRYH

>FGENESH : [mRNA] 4 2 exon (s) 45995 - 47100 261 bp,
ATGGGCAACCCCAAAGTCAAGGCACATGGCAAGAAGGTGCTGATCTCCTTCGGAAAAGCT
GTTATGCTCACGGATGACCTCAAAGGCACCTTTGCTACACTGAGTGACCTGCACTGTAAC
AAGCTGCACGTGGACCCTGAGAACTTCCTGGTGAGTACTCTTAGGCAACGTGATATTGAT
TGTTTTGGCAACCCACTTCAGCGAGGATTTTACCCTACAGATACAGGCTTCTTGGCAGTA
ACTAACAAATGCTGTGGTTAA

>FGENESH: [exon] Gene: 4 Exon: 1 Pos: 45995 - 46151 157 bp.,

ATGGGCAACCCCAAAGTCAAGGCACATGGCAAGAAGGTGCTGATCTCCTTCGGAAAAGCT
GTTATGCTCACGGATGACCTCAAAGGCACCTTTGCTACACTGAGTGACCTGCACTGTAAC
AAGCTGCACGTGGACCCTGAGAACTTCCTGGTGAGTA

>FGENESH: [exon] Gene: 4 Exon: 2 Pos: 46997 - 47100 104 bp.,

CTCTTAGGCAACGTGATATTGATTGTTTTGGCAACCCACTTCAGCGAGGATTTTACCCTA
CAGATACAGGCTTCTTGGCAGTAACTAACAAATGCTGTGGTTAA

>FGENESH: 4 2 exon (s) 45995 - 47100 86 aa, chain +

MGNPKVKAHGKKVLISFGKAVMLTDDLKGTFATLSDLHCNKLHVDPENFLVSTLRQRDID
CEFGNPLORGFYPTDTGFLAVTNKCCG

>FGENESH: [mRNA] 5 3 exon (s) 54790 - 56535 426 bp,
ATGGTGCATCTGACTCCTGAGGAGAAGACTGCTGTCAATGCCCTGTGGGGCAAAGTGAAC
GTGGATGCAGTTGGTGGTGAGGCCCTGGGCAGATTACTGGTGGTCTACCCTTGGACCCAG
AGGTTCTTTGAGTCCTTTGGGGATCTGTCCTCTCCTGATGCTGTTATGGGCAACCCTAAG
GTGAAGGCTCATGGCAAGAAGGTGCTAGGTGCCTTTAGTGATGGCCTGGCTCACCTGGAC
AACCTCAAGGGCACTTTTTCTCAGCTGAGTGAGCTGCACTGTGACAAGCTGCACGTGGAT
CCTGAGAACTTCAGGGTGTGTAAGAAGGTTCCTGAGGCTCTACAGATAGGGAGCACTTGT
TTATTTTACAAAGAGTACATGGGAAAAGAGAAAAGCAAGGGAACCGTACAAGGCATTAAT
GGGTGA

>FGENESH: [exon] Gene: 5 Exon: 1 Pos: 54790 - 54881 92 bp.,

ATGGTGCATCTGACTCCTGAGGAGAAGACTGCTGTCAATGCCCTGTGGGGCAAAGTGAAC
GTGGATGCAGTTGGTGGTGAGGCCCTGGGCAG

>FGENESH: [exon] Gene: 5 Exon: 2 Pos: 55010 - 55232 223 bp.,

ATTACTGGTGGTCTACCCTTGGACCCAGAGGTTCTTTGAGTCCTTTGGGGATCTGTCCTC
TCCTGATGCTGTTATGGGCAACCCTAAGGTGAAGGCTCATGGCAAGAAGGTGCTAGGTGC
CTTTAGTGATGGCCTGGCTCACCTGGACAACCTCAAGGGCACTTTTTCTCAGCTGAGTGA
GCTGCACTGTGACAAGCTGCACGTGGATCCTGAGAACTTCAGG

>FGENESH: [exon] Gene: 5 Exon: 3 Pos: 56425 - 56535 111 bp.,

GTGTGTAAGAAGGTTCCTGAGGCTCTACAGATAGGGAGCACTTGTTTATTTTACAAAGAG
TACATGGGAAAAGAGAAAAGCAAGGGAACCGTACAAGGCATTAATGGGTGA

>FGENESH: 5 3 exon (s) 54790 - 56535 141 aa, chain +

MVHLTPEEKTAVNALWGKVNVDAVGGEALGRLLVVYPWTQRFFESFGDLSSPDAVMGNPK
VKAHGKKVLGAFSDGLAHLDNLKGTEFSQLSELHCDKLHVDPENFRVCKKVPEALQIGSTC
LEYKEYMGKEKSKGTVQGING

>FGENESH: [mRNA] 6 3 exon (s) 62187 - 63610 444 bp,
ATGGTGCACCTGACTCCTGAGGAGAAGTCTGCCGTTACTGCCCTGTGGGGCAAGGTGAAC
GTGGATGAAGTTGGTGGTGAGGCCCTGGGCAGGCTGCTGGTGGTCTACCCTTGGACCCAG
AGGTTCTTTGAGTCCTTTGGGGATCTGTCCACTCCTGATGCTGTTATGGGCAACCCTAAG
GTGAAGGCTCATGGCAAGAAAGTGCTCGGTGCCTTTAGTGATGGCCTGGCTCACCTGGAC
AACCTCAAGGGCACCTTTGCCACACTGAGTGAGCTGCACTGTGACAAGCTGCACGTGGAT
CCTGAGAACTTCAGGCTCCTGGGCAACGTGCTGGTCTGTGTGCTGGCCCATCACTTTGGC
AAAGAATTCACCCCACCAGTGCAGGCTGCCTATCAGAAAGTGGTGGCTGGTGTGGCTAAT
GCCCTGGCCCACAAGTATCACTAA

>FGENESH: [exon] Gene: 6 Exon: 1 Pos: 62187 - 62278 92 bp.,

ATGGTGCACCTGACTCCTGAGGAGAAGTCTGCCGTTACTGCCCTGTGGGGCAAGGTGAAC
GTGGATGAAGTTGGTGGTGAGGCCCTGGGCAG

>FGENESH: [exon] Gene: 6 Exon: 2 Pos: 62409 - 62631 223 bp.,

GCTGCTGGTGGTCTACCCTTGGACCCAGAGGTTCTTTGAGTCCTTTGGGGATCTGTCCAC
TCCTGATGCTGTTATGGGCAACCCTAAGGTGAAGGCTCATGGCAAGAAAGTGCTCGGTGC
CTTTAGTGATGGCCTGGCTCACCTGGACAACCTCAAGGGCACCTTTGCCACACTGAGTGA
GCTGCACTGTGACAAGCTGCACGTGGATCCTGAGAACTTCAGG

>FGENESH: [exon] Gene: 6 Exon: 3 Pos: 63482 - 63610 129 bp.,

CTCCTGGGCAACGTGCTGGTCTGTGTGCTGGCCCATCACTTTGGCAAAGAATTCACCCCA
CCAGTGCAGGCTGCCTATCAGAAAGTGGTGGCTGGTGTGGCTAATGCCCTGGCCCACAAG
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TATCACTAA

>FGENESH: 6 3 exon (s) 62187 - 63610 147 aa, chain +
MVHLTPEEKSAVTALWGKVNVDEVGGEALGRLLVVYPWTQRFFESFGDLSTPDAVMGNPK
VKAHGKKVLGAFSDGLAHLDNLKGTFATLSELHCDKLHVDPENFRLLGNVLVCVLAHHFEG
KEFTPPVQAAYQKVVAGVANALAHKYH

>FGENESH: [mRNA] 7 1 exon (s) 68183 - 68428 246 bp, chain +
ATGGAACAAAGCTGGGCAGAGAATGACTTTGACGAGTTGAGAGAGGAAGGCTTCAGAAGA
TCAAACTACTCCAAGCTAAAGGAGGAAGTTCGAACAAACGGCAAAGAAGTAAAAAACTTT
GAAAAAAAATTAGATGAATGGATAACTAGAATAACCAATGCACAGAAGTCCTTAAAGGAC
CTGATGGAGCTGAAAACCAAGGCAGGAGAACTACGTGACAAATACACAAGCCTCAGTAAC
CGATGA

>FGENESH: [exon] Gene: 7 Exon: 1 Pos: 68183 - 68428 246 bp., chain +
ATGGAACAAAGCTGGGCAGAGAATGACTTTGACGAGTTGAGAGAGGAAGGCTTCAGAAGA
TCAAACTACTCCAAGCTAAAGGAGGAAGTTCGAACAAACGGCAAAGAAGTAAAAAACTTT
GAAAAAAAATTAGATGAATGGATAACTAGAATAACCAATGCACAGAAGTCCTTAAAGGAC
CTGATGGAGCTGAAAACCAAGGCAGGAGAACTACGTGACAAATACACAAGCCTCAGTAAC
CGATGA

>FGENESH: 7 1 exon (s) 68183 - 68428 81 aa, chain +
MEQSWAENDFDELREEGFRRSNYSKLKEEVRTNGKEVKNFEKKLDEWITRITNAQKSLKD
LMELKTKAGELRDKYTSLSNR

>FGENESH: [mRNA] 8 1 exon (s) 69467 - 70072 606 bp, chain +
ATGGCAAAGGGATCTATTCAAGAAGAAGAACTAACTATACTAAATATATATGCACCCAAT
ACAGGAGCACCCAGATTCATAAAACAAGTCCTGAGTGACCTACAAAGAGACTTAGATGCC
CACACAATAATAATGGGAGACTTTAACACCCCACTGTCAACATTAGACAGATCAACGAGA
CAGAAAGTTAACAAGGATATCCAGGAATTGGACTCAGCTCTGCACCAAGCAGACCTAATA
GACATCTACAGAACTCTCCACCCCAAATCAACAGAATATACATTCTTTTCAGCACCACAC
CACACCTATTCCAAAACTGACCACATAGTTGGAAGTAAAGCTCTCCTCAGCAAATGTAAA
AGAACAGAAACTATAACAAACTGTCTCTCAGACCACAGTGCAATCAAACTAGAACTCAGG
ATTAAGAAACTCACTCAAAACCACTCAGCTACATGGAAACTGAACAGCCTGCTCCTGAAT
GACTACTGGGTACATAACAAAATGAAGGCAGAAATAAAGATGTTCTTTGAAACAACGAGA
ACAAAGACACAACACACCAGAATCTCTGAGACACATTCAAAGCAGTGTGTAGAGGGAAAT
TTATAG

>FGENESH: [exon] Gene: 8 Exon: 1 Pos: 69467 - 70072 606 bp., chain +
ATGGCAAAGGGATCTATTCAAGAAGAAGAACTAACTATACTAAATATATATGCACCCAAT
ACAGGAGCACCCAGATTCATAAAACAAGTCCTGAGTGACCTACAAAGAGACTTAGATGCC
CACACAATAATAATGGGAGACTTTAACACCCCACTGTCAACATTAGACAGATCAACGAGA
CAGAAAGTTAACAAGGATATCCAGGAATTGGACTCAGCTCTGCACCAAGCAGACCTAATA
GACATCTACAGAACTCTCCACCCCAAATCAACAGAATATACATTCTTTTCAGCACCACAC
CACACCTATTCCAAAACTGACCACATAGTTGGAAGTAAAGCTCTCCTCAGCAAATGTAAA
AGAACAGAAACTATAACAAACTGTCTCTCAGACCACAGTGCAATCAAACTAGAACTCAGG
ATTAAGAAACTCACTCAAAACCACTCAGCTACATGGAAACTGAACAGCCTGCTCCTGAAT
GACTACTGGGTACATAACAAAATGAAGGCAGAAATAAAGATGTTCTTTGAAACAACGAGA
ACAAAGACACAACACACCAGAATCTCTGAGACACATTCAAAGCAGTGTGTAGAGGGAAAT
TTATAG

>FGENESH: 8 1 exon (s) 69467 - 70072 201 aa, chain +
MAKGSIQEEELTILNIYAPNTGAPRFIKQVLSDLQRDLDAHTIIMGDENTPLSTLDRSTR
OKVNKDIQELDSALHQADLIDIYRTLHPKSTEYTFEFSAPHHTYSKTDHIVGSKALLSKCK
RTETITNCLSDHSAIKLELRIKKLTONHSATWKLNSLLLNDYWVHNKMKAEIKMEFFETTR
TKTQHTRISETHSKQCVEGNL

>FGENESH: [mRNA] 9 1 exon (s) 70355 - 70819 465 bp, chain +
ATGACACGGGGTATCACCACTGATCCCACAGAAATACAAACTACCGTCAGAGAATACTAT
AAACACCTCTACGCAAATAAACTAGAAAATCTAGAAGAAATGGATAAATTCCTCGACACA
TACACTCTGCCAAGACTAAACCAGGAAGAAGTTGTATCTCTGAATAGACCAATAACAGGC
TCTGAAATTGAGGCAATAATTAATAGCTTATCAACCAAAAAAAGTCCGGGACCAGTAGGA
TTCATAGCCGAATTCTACCAGAGGTACAAGGAGGAGCTGGTACCATTCCTTCTGAAACTA
TTCCAATCAATAGAAAAAGAGGGAATCCTCCCTAACTCATTTTATGAGGCCAGCATCATC
CTGATACCAAAGCCTGACAGAGACACAACAAAAAAAGAGAATGTTACACCAATATCCTTG
ATGAACATCGATGCAAAAATCCTCAATAAAATACTGGCAAACTGA

>FGENESH: [exon] Gene: 9 Exon: 1 Pos: 70355 - 70819 465 bp., chain +
ATGACACGGGGTATCACCACTGATCCCACAGAAATACAAACTACCGTCAGAGAATACTAT
AAACACCTCTACGCAAATAAACTAGAAAATCTAGAAGAAATGGATAAATTCCTCGACACA
TACACTCTGCCAAGACTAAACCAGGAAGAAGTTGTATCTCTGAATAGACCAATAACAGGC
TCTGAAATTGAGGCAATAATTAATAGCTTATCAACCAAAAAAAGTCCGGGACCAGTAGGA
TTCATAGCCGAATTCTACCAGAGGTACAAGGAGGAGCTGGTACCATTCCTTCTGAAACTA
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TTCCAATCAATAGAAAAAGAGGGAATCCTCCCTAACTCATTTTATGAGGCCAGCATCATC
CTGATACCAAAGCCTGACAGAGACACAACAAAAAAAGAGAATGTTACACCAATATCCTTG
ATGAACATCGATGCAAAAATCCTCAATAAAATACTGGCAAACTGA

>FGENESH: 9

1 exon (s) 70355 - 70819 154 aa, chain +

MTRGITTDPTEIQTTVREYYKHLYANKLENLEEMDKFLDTYTLPRLNQEEVVSLNRPITG
SEIEATIINSLSTKKSPGPVGFIAEFYQRYKEELVPFLLKLFQSIEKEGILPNSFYEASTT
LIPKPDRDTTKKENVTPISLMNIDAKILNKILAN

>FGENESH: [mRNA

] 10 1 exon (s) 72135 - 72395 261 bp, chain +

ATGGGCAAGGACTTCATGTCTAAAACACCAAAACGAATGGCAACAAAAGACAAAATGGAC
AAACGGGATCTAATTAAACTAAAGAGCTTCTGCACAGCTAAAGAAACTACCATCAGAGTG
AACAGGCAACCTACAAAATGGGAGAAAATTTTTGCAATCTACTCATCTGACAAAGGGCTA
ATATCCAGAATCTACAATGAACTCAAACAAATTTACAAGAAAAAACAAACAACCCCATCA
AAAAGTGGGCAAAGGATATGA

>FGENESH: [exon

] Gene: 10 Exon: 1 Pos: 72135 - 72395 261 bp., chain +

ATGGGCAAGGACTTCATGTCTAAAACACCAAAACGAATGGCAACAAAAGACAAAATGGAC
AAACGGGATCTAATTAAACTAAAGAGCTTCTGCACAGCTAAAGAAACTACCATCAGAGTG
AACAGGCAACCTACAAAATGGGAGAAAATTTTTGCAATCTACTCATCTGACAAAGGGCTA
ATATCCAGAATCTACAATGAACTCAAACAAATTTACAAGAAAAAACAAACAACCCCATCA
AAAAGTGGGCAAAGGATATGA

>FGENESH: 10

1 exon (s) 72135 - 72395 86 aa, chain +

MGKDEMSKTPKRMATKDKMDKRDLIKLKSFCTAKETTIRVNROQPTKWEKIFATYSSDKGL
ISRIYNELKQIYKKKQTTPSKSGORI

Where:

G - predicted gene number, starting from start of sequence;

Str - DNA strand

(+ for direct or - for complementary);

Feature - Type (feature of coding sequence): CDSf - first (starting with start codon), CDSi -

internal (internal
contains the ONE

exon), CDSI - last (ending with stop codon) coding segment, CDSo - gene
coding exon only;

Start and End - Position of the Feature;

Score - Log likeli
OREF - start/end p
Len - length of th

hood*10 score for the feature;
ositions where the first codon starts and the last codon ends.
e coding segment.

PolA - poly(A) site

Parameters:
\ Input \
‘Organism HParameter file for specified organizm. ‘
\Sequences HSource file with nucleotide sequences in FASTA format. \
\ Output \
‘Result ‘h\lame of the output file. ‘
Print mRNA Enabling this option results in output the nucleotide sequences of all predicted

exons separately.

Print Exons

Enabling this option results in output the nucleotide sequences of all predicted
exons separately.

Options

Use GC donor
splice sites:

Use GC donor splice sites:

1 Use all potential GC sites - Use all potential GC donor sites.

"1 Set Threshold - Use potential GC donor splice sites with score higher the
current value only.

Set Search Range

Set Search Range:

1 Starting Position - Set the starting position for search region in
sequence.When this option is not checked, the programs uses the first nucleotide
as starting one.

"1 Ending Position - Set the ending position for search region in sequence.
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Alternative
Variants Output:

Alternative Variants Output

"1 Output Variants Number - Set the maximal number of best alternative
prediction variants to output.

"I Variants Skipping Threshold - Set the scoring threshold for the program to
skip variants of prediction with score lower than the set portion of the best
prediction score. L.e. if the value is set to 0.75, and the best prediction score is
1000, then all variants with score lower than 750 will be ignored.

'] Number of Best Exons to Include - Force the program to include in
alternative prediction variants the set number of best exons, which were not
initially included in the best prediction, sequentially. This means the program
makes a prediction with the best score, after which some potential exons with
high score remain unincluded in this prediction. Enabling this options forces the
program to generate alternative variants that must contain the set number of
these exons.

"1 Number of Best Sites to Include - Force the program to include in
alternative prediction variants the set number of exons with good splicing sites,
which were not initially included in the best prediction, sequentially. This means
the program makes a prediction with the best score, after which some potential
exons with good splicing sites remain unincluded in this prediction. Enabling
this options forces the program to generate alternative variants that must contain
the set number of these exons.

1 Stop Exons Skipping - By default the program makes the best prediction
and then tries to generate alternative variants sequentially skipping the exons,
which were included in this prediction. Enabling this option prevents using this
method.

Allow to Skip
Promotors

During the check, for each potential promoter two alternative variants are
considered:

1. The promoter is included in gene structure with formation the following
5'UTR upstream the CDS;

2. The promoter is not considered in gene structure, and predicted sequence
begins directly with CDS (1st exon).

Enabling this option allows both variants with following choosing of the best
prediction.

Allow to Skip
Terminators

During the check, for each potential terminator two alternative variants are
considered:

1. The terminator is included in gene structure with formation the previous
3'UTR downstream the CDS;

2. The terminator is not considered in gene structure, and predicted sequence
ends directly with CDS (last exon).

Enabling this option allows both variants with following choosing of the best
prediction.

Exons
Restrictions

Exons Restrictions:

'] First Exon Minimum - Set the minimal allowed length for the first exon.

| Internal Exon Minimum - Set the minimal allowed length for the internal
exon.

1 Single Exon Minimum - Set the minimal allowed length for the single exon.
'] Terminal Exon Minimum - Set the minimal allowed length for the terminal
exon.

"I Exons Skipping Threshold - Set the scoring threshold for the program to

skip potential exons with score lower than the current one.

Specificity FactorHSet the specificity of algorithm (from -10 (High) to +10 (Low)).
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Increasing the parameter value results in increased number of predicted "True"
exons, but the number of predicted "False" exons is also being increased.
Generally, increasing of false exons prediction is drastically greater than
increasing of true ones.

Decreasing the parameter value results in symmetric situation with decreasing of
predictions number.

Fgenesh+

Program for predicting multiple genes in genomic DNA sequences using HMM gene
model plus homology with known protein.

Fgenesh+ was developed to analyse sequences from human, drosophila, nematode and
plant, as well related organisms. The program can be used if you know protein sequence similar
to protein which is predicted for a gene in your sequence. First, run any ab initio gene finding
program such as Fgenes or Fgenesh. Then, run BLASTP DB search with each predicted exon.
Any true predicted exon can provide you with known similar proteins, if such proteins exist in
the DB. Take sequence of homologous protein and run Fgenesh+. The accuracy of gene
prediction can be up to 100% depending of how similar the predicted and DB protein are.

Softberry significantly improved its gene prediction with protein support programs. New
Prot_map program can be used to generate a set of gene in new organism and use them to learn
parameters for gene prediction programs fgenesh and Fgenesh+. It is very useful to find
pseudogenes by selection corrupted genes generated by mapping known proteins.

Speed of processing sequences

H HFgenesh+ HProt_map HGeneWise H

H88 sequences of genes < 20 kb H~1 min le min H~9O min H

“8 sequences of genes > 400000 kb H~1 min le min H~12OO min H

Prot_map mapping of Human protein set of 55946 proteins on chromosome 19 (~59 MB)
takes just 90 min (best hit for each protein) and 148 min (all significant hits for each protein).
Accuracy comparison

Comparison of accuracy of gene prediction by ab initio Fgenesh and prediction with
protein support by Fgenesh+ or GenWise and Prot map - mapping protein to human DNA is
done on large set of human genes with using mouse or drosophila homologous proteins. We can
see that Fgenesh+ shows the best performance with mouse proteins. With Drosophila proteins ab
initio prediction Fgenesh works better than GeneWise for all ranges of similarity and Fgenesh+
is the best predictor if similarity is higher 60%.

Gene prediction with mouse protein support:
Similarity level > 90% - 921 sequences

‘ HSn ex HSno ex HSp ex HSn nuc HSp nuc HCC H%CG‘
Fgenesh 862 917 886 939 934 09334 34
|
|

Genwise 939 976 959 990  99.6  0.9926 66
Fgenesh+ 973 989 980 99.1  99.6  0.9936 81
Prot_map 959 983 969 99.1 995 09924 73

Gene prediction with Drosophila proteins with similarity ranging from 22% to 98% and
coverage in both proteins > 75%:
1. Similarity level > 80% - 66 sequences.

“ HSn ex HSno ex HSp ex HSn nuc HSp nuc HCC H%CG H
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Fgenesh 905 938 951 979 969 0950 55
Genwise 793 839 868 973 995 0985 23
|
|

Fgenesh+ 05.1 978 970 989 995  0.9914 70
Prot_map 864 953 881 976  99.0 0982 4l

Ab initio gene prediction programs usually correctly predict significant fraction of exons
in a gene, but they often assemble gene in incorrect way: combine several genes or split one gene
into several, skip exons or include false exons. Using similarity information provided by one or
several true predicted exons can significantly improve accuracy of gene finding.

You should provide similarity value known from the Blast or Prot_map search - it affects
prediction. The programs uses similarity to estimate how similar the predicted gene product can
be from its homolog.

To use the program, click (mark) Human, Drosophila, Nematode or Plant button and
FGENESH button. Paste your sequence to the first window or load your file with nucleotide
sequence in FASTA format. Paste your protein sequence to the second window.

Fgenesh+ output:

G - predicted gene number, starting from start of sequence; Str - DNA strand (+ for direct or - for
complementary);

Feature - type of coding sequence: CDSf - First (Starting with Start codon), CDSi - internal
(internal exon), CDSI - last coding segment, ending with stop codon);

TSS - Position of transcription start (TATA-box position and score);

Start and End - Position of the Feature;

Weight - Log likelihood* 10 score for the feature ORF - start/end positions where the first
complete codon starts and the last codon ends Last three values: Length of exon, positions in
protein, percent of similarity with target protein

FGENESH+ 2.5 Prediction of potential genes in Homo sapiens genomic DNA

Time : Sun Jan 28 22:28:20 2007

Seq name: >Adh and cact.l (2919020 bases) 848501 853000

Length of sequence: 4500

Homology: gi|2313041|gnl|PID|d1022564 (D84316) rabl4 [Drosophila
melanogaster]

Length of homolog: 215

Number of predicted genes 1 in +chain 1 in -chain O

Number of predicted exons 4 in +chain 4 in -chain O

Positions of predicted genes and exons: Variant 1 from 1,
Score:1130.648633
G Str Feature Start End Score ORF Len
1+ TSS 1459 -9.69
1+ 1 CDSE 2585 - 2690 190.55 2585 - 2689 105 1 35 100
1+ 2 CDSi 2756 - 2936 334.25 2758 - 2934 177 37 95 100
1+ 3 CDsi 2991 - 3173 315.47 2992 - 3171 180 97 156 100
1+ 4 CDS1 3242 - 3419 302.12 3243 - 3419 177 158 214 100
1+ PolA 3968 1.13

Predicted protein(s):

>FGENESH: 1 4 exon (s) 2585 - 3419 215 aa, chain +
MTAAPYNYNYIFKYIITGDMGVGKSCLLHQFTEKKFMANCPHTIGVEFGTRITEVDDKKI

KLQIWDTAGQERFRAVTRSYYRGAAGALMVYDITRRSTYNHLSSWLTDTRNLTNPSTVIF

LIGNKSDLESTREVTYEEAKEFADENGLMFLEASAMTGONVEEAFLETARKIYQONIQEGR

LDLNASESGVQHRPSQPSRTSLSSEATGAKDQCSC

Parameters:
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Input

‘Sequences HSet your source file with nucleotide sequences in FASTA format.
Homologous Set your source file with homologous sequences in FASTA format.
Sequence(s)

‘Organism HParameter file for specified organizm.

‘ Output

‘Result ‘h\lame of the output file.

Print mRNA Enabling this option results in output the nucleotide sequences of all predicted

exons separately.

Print Exons

Enabling this option results in output the nucleotide sequences of all predicted
exons separately.

Threshold for
Flanking Exons

This option specifies the minimal allowed length for flanking exons, which has
no similarity with homologous sequence, to output.

Options

Minimal Exon

Exon is considered as completely unsimilar, if its similarity with the homologue

Homology is less than the value specified (in percents).
Costs for Exons Costs for Exons Homology:
Homology: "] Exons Homology Bonus - If a potential exon has a similarity with given

homolog, its resulting score will be equal to intial score plus the score of
homology multiplied by the set value.

"1 Penalty for Non-Homologous Exons - This option specifies a penalty for
the internal predicted exons, which have no similarity to homologue and lie
between the exons possessing homology.

Use GC donor
splice sites:

Use GC donor splice sites:

1 Use all potential GC sites - Use all potential GC donor sites.

"] Set Threshold - Use potential GC donor splice sites with score higher the
current value only.

Set Search Range

Set Search Range:

] Starting Position - Set the starting position for search region in

sequence. When this option is not checked, the programs uses the first nucleotide
as starting one.

"1 Ending Position - Set the ending position for search region in sequence.

Alternative
Variants Output:

Alternative Variants Output

"1 Output Variants Number - Set the maximal number of best alternative
prediction variants to output.

1 Variants Skipping Threshold - Set the scoring threshold for the program to
skip variants of prediction with score lower than the set portion of the best
prediction score. I.e. if the value is set to 0.75, and the best prediction score is
1000, then all variants with score lower than 750 will be ignored.

"1 Number of Best Exons to Include - Force the program to include in
alternative prediction variants the set number of best exons, which were not
initially included in the best prediction, sequentially. This means the program
makes a prediction with the best score, after which some potential exons with
high score remain unincluded in this prediction. Enabling this options forces the
program to generate alternative variants that must contain the set number of
these exons.

"] Number of Best Sites to Include - Force the program to include in
alternative prediction variants the set number of exons with good splicing sites,
which were not initially included in the best prediction, sequentially. This means
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the program makes a prediction with the best score, after which some potential
exons with good splicing sites remain unincluded in this prediction. Enabling
this options forces the program to generate alternative variants that must contain
the set number of these exons.

1 Stop Exons Skipping - By default the program makes the best prediction
and then tries to generate alternative variants sequentially skipping the exons,
which were included in this prediction. Enabling this option prevents using this
method.

Allow to Skip
Promotors

During the check, for each potential promoter two alternative variants are
considered:

1. The promoter is included in gene structure with formation the following
S'UTR upstream the CDS;

2. The promoter is not considered in gene structure, and predicted sequence
begins directly with CDS (1st exon).

Enabling this option allows both variants with following choosing of the best
prediction.

Allow to Skip
Terminators

During the check, for each potential terminator two alternative variants are
considered:

1. The terminator is included in gene structure with formation the previous
3'UTR downstream the CDS;

2. The terminator is not considered in gene structure, and predicted sequence
ends directly with CDS (last exon).

Enabling this option allows both variants with following choosing of the best
prediction.

Exons
Restrictions

Exons Restrictions:

" First Exon Minimum - Set the minimal allowed length for the first exon.

] Internal Exon Minimum - Set the minimal allowed length for the internal
exon.

] Single Exon Minimum - Set the minimal allowed length for the single exon.
1 Terminal Exon Minimum - Set the minimal allowed length for the terminal
exon.

"1 Exons Skipping Threshold - Set the scoring threshold for the program to
skip potential exons with score lower than the current one.

Specificity Factor

Set the specificity of algorithm (from -10 (High) to +10 (Low)).

Increasing the parameter value results in increased number of predicted "True"
exons, but the number of predicted "False" exons is also being increased.
Generally, increasing of false exons prediction is drastically greater than
increasing of true ones.

Decreasing the parameter value results in symmetric situation with decreasing of
predictions number.

Fgenesh-2

Program for predicting multiple genes in genomic DNA sequences using HMM gene
model and genomic sequences of two close organisms to increase reliability of true exon and
gene identification

The program can be used if DNA sequences of homologous genomic regions of two
similar organisms, such as Human and mouse, are available.

Ab initio gene prediction programs usually correctly predict significant fraction of exons
in a gene, but they often assemble gene in incorrect way: combine several genes or split one gene
into several, skip exons or include false exons. Using sequences of two organisms can
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significantly improve accuracy of EXACT gene finding, taking into accunt that Human genome
draft sequence and Mouse genomic sequence provide a lot of homologous sequences.

Program shows predicted genes in both sequences as two sequential Fgenesh outputs.
G - predicted gene number, starting from start of sequence; Str - DNA strand (+ for direct or - for
complementary);
Feature - type of coding sequence: CDSf - First (Starting with Start codon), CDSi - internal
(internal exon), CDSI - last coding segment, ending with stop codon);
TSS - Position of transcription start (TATA-box position and score);
Start and End - Position of the Feature;
Weight - Log likelithood*10 score for the feature ORF - start/end positions where the first
complete codon starts and the last codon ends Last three values: Length of exon, positions in
protein, percent of similarity with target protein

EXAMPLE of output for genes predicted in Human and Mouse genomic sequences:
Fgenesh-2 1.C Prediction of potential genes in 1lst genomic DNA
Time: Fri Nov 10 02:55:51 2000
Seq name: HSCKIIBE
Length of sequence: 5917 GC content: 53 Zone: 3
Number of predicted genes 1 in +chain 1 in -chain O
Number of predicted exons 6 in +chain 6 in -chain O
Positions of predicted genes and exons:

G Str Feature Start End Score ORF Len
1+ 1 CDSft 1634 - 1705 18.99 1634 - 1705 72
1+ 2 CDSi 2672 - 2774 38.26 2672 - 2773 102
1+ 3 CDSi 3344 - 3459 41.09 3346 - 3459 114
1+ 4 CDSi 3906 - 3981 25.73 3906 - 3980 75
1+ 5 CDSi 4128 - 4317 67.44 4130 - 4315 186
1 + 6 CDS1 4645 - 4735 29.35 4646 - 4735 90
1+ PolA 4855 0.92

Predicted protein(s):

>Fgenesh-2 1 6 exon (s) 1634 - 4735 215 aa, chain +
MSSSEEVSWISWFCGLRGNEFFCEVDEDYIQDKEFNLTGLNEQVPHYRQALDMILDLEPDE
ELEDNPNQSDLTEQAAEMLYGLIHARYILTNRGIAQMLEKYQQGDFGYCPRVYCENQPML
PIGLSDIPGEAMVKLYCPKCMDVYTPKSSRHHHTDGAYFGTGFPHMLFMVHPEYRPKRPA
NQFVPRLYGFKIHPMAYQLQLQAASNFKSPVKTIR

Fgenesh-2 1.C Prediction of potential genes in 2nd genomic DNA

Time: Fri Nov 10 02:55:51 2000

Seq name: MMGMCK2B

Length of sequence: 7874 GC content: 51 Zone: 2

Number of predicted genes 1 in +chain 1 in -chain 0

Number of predicted exons 6 in +chain 6 in -chain O

Positions of predicted genes and exons:

G Str Feature Start End Score ORF Len
1+ 1 CDSft 2169 - 2240 38.64 2169 - 2240 72
1+ 2 CDSi 2829 - 2931 28.70 2829 - 2930 102
1+ 3 CDSi 4112 - 42277 36.45 4114 - 4227 114
1+ 4 CDSi 4615 - 4690 18.76 4615 - 4689 75
1+ 5 CDSi 4801 - 4990 56.00 4803 - 4988 186
1+ 6 CDS1 6262 - 6352 18.70 6263 - 6352 90
1+ PolA 6470 0.92

Predicted protein(s):

>Fgenesh-2 1 6 exon (s) 2169 - 6352 215 aa, chain +
MSSSEEVSWISWFCGLRGNEFFCEVDEDYIQDKFNLTGLNEQVPHYRQALDMILDLEPDE
ELEDNPNQSDLIEQAAEMLYGLIHARYILTNRGIAQMLEKYQQGDFGYCPRVYCENQPML
PIGLSDIPGEAMVKLYCPKCMDVYTPKSSRHHHTDGAYFGTGFPHMLFMVHPEYRPKRPA
NQFVPRLYGFKIHPMAYQLQLQAASNFKSPVKTIR
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Parameters:

\ Input \
‘Organism HParameter file for specified organizm. ‘
\Sequences HSource file with nucleotide sequences in FASTA format. \
\File HSource file with second nucleotide sequence in FASTA format. \
‘ Output ‘
‘Result ‘h\lame of the output file. ‘
‘ Options ‘
‘Protein similarity HWrite % of protein similarity you expect. ‘

Fgenesh-c

Program for predicting multiple genes in genomic DNA sequences using HMM gene
model plus similarity with known mRNA/EST

The program can be used if you know mRNA/EST sequence that is homologous to that of
predicted gene. First, run any ab initio gene finding program such as Fgenes or Fgenesh. Then,
run BLAST DB search with each predicted exon. If homologous mRNA is found, use it to
improve accuracy of assembly of your predicted gene.

Ab initio gene prediction programs usually correctly predict significant fraction of exons
in a gene, but they often assemble gene in incorrect way: combine several genes or split one gene
into several, skip exons or include false exons. Using mRNA homology information provided by
one or several true predicted exons can significantly improve accuracy of gene finding.

Program use and output are similar to those of Fgenesh+:
G - predicted gene number, starting from start of sequence;
Str - DNA strand (+ for direct or - for