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ABSTRACT

The Blocks Database WWW (http://blocks.fhcrc.org )
and Email (blocks@blocks.fhcrc.org ) servers provide
tools to search DNA and protein queries against the
Blocks+ Database of multiple alignments, which
represent conserved protein regions. Blocks+ nearly
doubles the number of protein families included in
the database by adding families from the Pfam-A,
ProDom and Domo databases to those from
PROSITE and PRINTS. Other new features include
improved Block Searcher statistics, searching with
NCBI's IMPALA program and 3D display of blocks on
PDB structures.
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Total 2129 families
INTRODUCTION 9498 blocks

Blocks are ungapped_multlple allgn_ments correspondlng to thl%gure 1. Composition of the Blocks+ Database (as of 15 June 1999).
most conserved regions of proteins. The Blocks Database

consists of blocks constructed from documented families of
related proteins using the automated PROTOMAT system (1).

In addition to searching the Blocks Database for sequencmily are added to Blocks+ only if a LAMA blocks-versus-
similarities, several enhancements have been introduced fglocks search (4) of them against the current database results in
exploiting protein family information implicit in blocks (2). no significant hits. This recursive procedure yields sets of
These include blocks-based searching of sequence databamf§cks extracted from Pfam-A families not found in either
(3), blocks-versus-blocks searching (4), sequence logo and trggs 05| TE or PRINTS, blocks from ProDom not found in the

representations of multiple alignments, and PCR primer desiggyious three databases and blocks from Domo not found in

using the CODEHOP (COnsensus?DEgenerate Hybrid OIigOa'lny of the other databases. The Blocks+ Database (12) represents
nucleotide Primer) method (5). During the past year, coverag

. 4 498498 blocks from 2129 different protein families as of June 15,
of the gl_efault Blocks Database has increased with the add|t|0{b99 (Fig. 1). Since the multiple alignments in the source
of families from several compendiums, and new Blocks Data;

. : : . mily databases are not used, the alignments in Blocks+ may
base searching and 3D display options have been |mplementegadt coincide with them. Therefore, LAMA is used to search

each set of blocks in Blocks+ against blocks carved out of
Blocks+ these source alignments (2), and WWW links are made when

Previously, lists of protein families for the Blocks Database werd!itS are found. , .

obtained from the PROSITE catalog (6) and supplemented with The Blocks WWW and Email servers provide tools to search
additional families from the PRINTS database (7). Now, additionaPNA and protein queries against Blocks+. As an option to
families are obtained from the Pfam-A (8), ProDom (9) and@void false positive hits, a subset of Blocks+ from which many
Domo (10) protein family databases. Blocks for these famililegompositionally biased blocks have been removed can be
are computed by extracting SWISS-PROT (11) sequencegearched. The Blocks+ Database can also be queried with key
documented in the source protein family databases andords or with blocks or other multiple alignments using the
presenting them to the automated PROTOMAT system (1)multiple alignment processor and the LAMA search engine.
However, to minimize redundancy, the resulting blocks for aAll search results are linked to corresponding entries in the
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a) Block Searcher b) IMPALA Searcher
Anchor  Combined Score E
Pamily strand Blocks E-value E-value Sequences producing significant alignments: (bits) Value
BL000%4 C-5 cytosine-specific DNA methylase 1 4 of 6 3.9e-05 8e-16
BL00598 Chromo domain proteins. 1 lofl 2.9e-07 2.8e-07 BLO00S4 C-5 cytosine-specific DNA methylases proteins. 81 le-16
PR00236 HERPESVIRUS CAPSID PROTEIN P40 SIGN 1 1 of 8 0.36 0.35 BL00598 Chromo domain proteins. 40 2e-04
BL01278 Uncharacterized protein family UPF0 1 1 of 8 0.48 0.48 BLO0869 Renal dipeptidase proteins. 28 0.89
BP03306 HYDROLASE PROTEIN CARBOXYMETHYLENEB 1 1 of 4 0.67 0.65 BP04610 PHOTOSYSTEM II PROTEIN PRECURSOR OF PHOTOSYNT 28 0.96
BL00197 2Fe-25 ferredoxins, iron-sulfur bin 1 1 of 2 2.9 2.9 PF00534 Glycosyl transferases group 1 28 1.1
BL00111 Phosphoglycerate kinase proteins. 1 1of 9 2.9 3 PF00075 RNase H 28 1.5
PR00432 INTERLEUKIN-5 SIGNATURE 1 1lofd 3.1 3.2 BP02575 PROTEIN VIRION UL25 TEGUME 27 1.6
PRO1007 FLAGELLAR HOOK-LENGTH CONTROL PROTE 1 1 of 10 3.3 3.3 BL00748 F-actin capping protein alpha subunit proteins. 27 1.8
BP03538 BETA-1 TRANSFERASE ENZYME CORE 6-N- 1 2 of 12 14 4 BLO0461 6-phosphogluconate dehydrogenase proteins. 27 2.4
PRO0965 OCULAR ALBINISM TYPE 1 PROTEIN SIGN 1 1 of 9 4.7 4.6 PF01424 R3H domain 27 2.6
PR0O0962 Lethal(2) giant larvae protein signature 26 3.4
>BL00094 4/6 blocks Combined E-value= 8e-16: C-5 cytosine-specific DNA
methylases proteins. >BL00094 C-5 cytosine-specific DNA methylases proteins.
Block Frame Location (aa) Block E-value Length = 410
BLO00OY4A 0 143-163 .
BL00094B 0 327-342 0.002 Score = 81.0 bits (198), Expect = le-16
BL00094C 0 371-382 0.25 Identities = 34/157 (21%), Positives = 56/157 (35%), CGaps = 20/157 (12%)
BL00094D 0 409-428 3.9e-05
Query: 329 VCGGPPCQGISGYNRYRNNEAPLEDQKNQOLLVFLDIIDFLKPNYVLMENVVDLLRFSKG 388
|~~~ 252 amino acids---| + GG + + I+ +P + +MENV L G
BL00094 AA: «.BB:: C:s Lo EE:..F Sbjct: 69 LIGGFPCODFSXAGKQKG----FGDTRGTLFFEIERILKAYRPKFFIMENVKGLTTHDKG 124
Query <
Query: 389 FLARHAVASFVAMNYQTRLGMMAAGSYGLPQLRNRVFLWAAQPSEDL-~-~- QVGRIQME 443
BL00094A <->A  (0,1141):142 + o+ +NY ++ A YG+PQ R RVF+ S+ +G
MT51_METJA 1 MNVITTF??T?GFS‘K?TLDEN Sbjct: 125 RTFKTILQKLHELNYGV-YLILNASDYGVPQNRERVFIVGLDQSQPELTITSHIGATDSH 183
Query 143 kfLLDLY SGCGAMStGFCMGA Query: 444 FLKLDN----------, ALTLADAISDLPPVINYVAND 470
X+ ++D+DP + D
BLO00094B A<->B (40,100):163 Shjct: 184 KFKQLSNQASLFDTNKIMLVRDILEDHPLDKYNCSTD 220
MTDM_HUMAN 1097 EML(‘:Tcl;llﬁ T‘C\?TFS\'G\WF
Query 327 YtVCGGPPCQGISGYN Score = 46.7 bits (110), Expect = 2e-06
Identities = 13/50 (26%), Positives = 23/50 (46%)
BL00094C B<->C (22,57):28
MTSI_SPISQ 180 PKYLLMENVGAL Query: 146 LDLYSGCGAMSTGFCMGASISGVKLITKWSVDINKFACDSLKLNHPETEV 195
[ | +DL4++G G + GF G+ s +I+K A + +N E
Query 371 PnYVLMENVvAL Shjct: 5  IDLFAGVGGLRLGFEQAGHELGIETACVLSSEIDKHAQTTYAMNFHEQSQ 54
BL00094D C<->D (21,47):26
MTDM_ARATH 1270 ILEAGAYGVSQSRKRAFIWA >BL00598 Chromo domain proteins.
o bl Length = 42
Query 409 MMAAGSYGLPQLRNRVFLWA

Score = 40.1 bits (93), Expect = 2e-04
----- Identities = 13/34 (38%), Positives = 24/34 (70%), Gaps = 1/34 (2%)

>BL00598 1/1 blocks Combined E-value= 2.8e-07: Chromo domain proteins.

Block Frame Location (aa) Block E-value Query: 278 LOLMVRWKGYNSSYDTWEPYSGLGNCKEKLKEYV 311
BL00598 0 279-300 2.9e-07 ++ M++WKGHN ++TWEP L +C E + E++
Up to 1 repeats expected: Sbjct: 10 VEYMIKWKGWNEMHNTWEPEENL-DCPELISEFM 42
Other reported alignments:
BL00598 <>
YNZ8_CAEEL 40 VLQVRWLGYGADEDTWEIFEEDL
| 1111 |11 |
Query 279 QLMVRWKGYNSSYDTWEPYSgL

Figure 2. Block Searcher and IMPALA search outputs. A hypothetirabidopsis thaliangrotein sequence translated from predicted exons in GenBank/EMBL entry
U53501 was used to query Blocks+ with a cutoff expected value of 5. Known true positive hits for this query sequence are BL00094 (cytosine DNASfeetisdsh

and BL00598 (chromodomains), which are the top two hits for both Block Searcher and IMPALA Searcher. Notice that none of the other hits repogarhare the

for both methods. Alignments are shown for the top two hisB{ock Searcher output. BLOO0O94E and BLO0O094F were not detected because they are missing from
the query as a result of erroneous gene prediction from U53501, confirmed by direct cDNA analysis (21). Each hit consists of one or more blocksdirom a pro
group found in the query sequence. One set of the highest-scoring blocks that are in the correct order and separated by distances comparakdeatttzaBéoc

is selected for analysis. If this set includes multiple blocks the probability that the lower scoring blocks support the highest scoring blotddisMeyps of the
database blocks and query sequence are shown: ‘AAA represents a block roughly in proportion to its width. ;' represents the minimum distambéoc&siee

the database. ‘.’ represents the maximum distance between blocks in the database. ‘< >’ indicate the sequence has been truncated to fit the pagepTlike qu
aligned on the highest scoring block. Multiple block hits that are consistent with the highest scoring block are separated by colons. The altgemgestyf
sequence with the sequence closest to it in the Blocks Database is shown. The distance between detected blocks is listed as (min, max): foreh&ydatabase
followed by the distance in the query. Upper case in the query indicates at least one occurrence of the residue in that column of )éNyREKA(Searcher

output. The IMPALA alignment detects the region corresponding to BLOO094A in the query sequence as a separate high scoring segment, which lies 163
upstream of BLO0O094B. The query sequence is aligned with the COBBLER sequence used to make the PSI-BLAST PSSM. In the two alignments shown no ga
have been inserted within the block regions.

Blocks+ Database which include phylogenetic trees, sequencan be done explicitly when the position-specific scoring
logos and 3D structures, plus links to other sequence anghatrix (PSSM) derived from a block contains only integers

protein family databases. (17). The probability of obtaining the score for the alignment
with the query sequence can then simply be looked up in the
IMPROVED Block SEARCHER E-VALUES score distribution. The current implementation computes the

complete distributions only for blocks that attain a score

;I'he Block Se"gCNrfr usestthe BLIMPS Seamhingtﬁmgr?‘r&(ﬂgreater than the 99.5th percentile score of the distribution; this
O compare a Of protein query sequence with each blocy q g pre-computed and stored with each block. An example

in the database of blocks being searched. The results f%qc the new outbut apoears in Eiqure 2a
individual blocks are then analyzed to combine hits for blocks W output app gur '
The original analysis program with E-values based on ranks

belonging to the same protein family. The original analysis "', X s X
program, BLKSORT, computes E-values for a hit to a family'S still avallgble as an option gnd.remalns the 'default for the
based on ranks (14). A new analysis program, BLKPROBBlocks Email Searcher (to maintain a standardized format for
computes E-values for multiple block hits using methoddhigh-volume automatic submissions). However, Email users
developed for searches of block queries against sequence dad&e encouraged to try the improved analysis program; the
bases with the MAST searching tool (15,16). This methodequired message format is described at http://blocks.fhcrc.
requires computing the score distribution for each block, whiclorg/help/email.html
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IMPALA SEARCHER cited when the Blocks server is used. The Blocks+ Database
gan also be searched via Email by sending a DNA or protein

A new alternative to the Block Searcher for protein queries 'gequence in FASTA format to blocks@blocks.fhcrc.org

the IMPALA Searcher, which has been made available for th
Blocks WWW server by the BLAST group at NCBI (18).

IMPALA searches a suitably formatted database of PSI-BLASTACKNOWLEDGEMENTS

PSSMs (19). These are constructed for each family in Blocks+ . . .

by PSI-BLAST searching with the COBBLER (COnsensusWCe:Bt?agt ANS'CT" Taylor for 'mp'.erl‘l‘enz‘“.”g g’D Béo‘;]ksﬁa”d fthe
Biasing By Locally Embedding Residues) sequence (3) a group, especially Algjandro schafter, for

query against the SWISS-PROT sequences known to belong aking IMPALA softh;re available for searching the Blocks
the family. The COBBLER sequence is a representativ atabase. This work is supported by grants from the NIH

sequence stretching from 10 aa upstream of the first block t (5M29009) and the DOE (DE-FG03-97ER62382).

10 aa downstream of the last block, into which consensus
residus_s dgdl_Jced frgm bI_(Inck regions are er_n?;dded.dPSI—bBLASﬁ;EFERENCEs
searching is iterated until convergence, yielding a database o . . -

S . 1. Henikoff,S. and Henikoff,J.G. (199Nucleic Acids Res19, 6565-6572.
one PSI-BLAST PSSM for each family in B.IOCkS+' .Flgure 2b 2. Henikoff,J.G., Henikoff,S. and Pietrokovski,S. (1998icleic Acids Res.
shows an example of IMPALA output, which consists of the — >7 226228
familiar BLAST output and E-value statistics, and includes 3. Henikoff,S. and Henikoff,J.G. (199Protein Sci, 6, 698—705.
links to the Blocks+ families hit. Unlike the Block Searcher, 4. Pietrokovski,S. (1996)lucleic Acids Res24, 3836-3845.
IMPALA may insert gaps in the alignment of the query with 5. Rose,T.M., Schultz,E.R., Henikoff,J.G., Pietrokovski,S., McCallum,C.M.
the blocks and may also align regions between blocks. Since; ‘;:”d Henikoff,S. (1998)ucleic Acids Res26, 1628 -1635.

. Hofmann,K., Bucher,P., Falquet,L. and Bairoch,A. (1999)
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8. Bateman,A., Birney,E., Durbin,R., Eddy,S.R., Finn,R.D. and

Cha”engmg queries. Sonnhammer,E.L.L. (199N ucleic Acids Res27, 260-262.
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MAPPING Blocks ONTO 3D STRUCTURES Updated article in this issudlucleic Acids Reg2000),28, 267—-269.

An increasing number of protein families are represented b 2- g:ﬁgﬁ- :”;nﬁrgg:&i-rgz?g?{gg;gg::c ildes‘:ggb 2010-2022
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