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ABSTRACT two-step procedure is repeated for each protein group and the

) ) ) results are concatenated to make a database of blocks.
The Blocks Database contains multiple alignments of

conserved regions in protein families. The database
can be searched by e-mail and World Wide Web (WWW)
servers (http://blocks.fherc.org/help) to classify pro- Version 8.0 of the Blocks Database consists of 2884 blocks based
tein and nucleotide sequences. on 770 protein families documented in PROSITE 15),&hich

is keyed to Swiss-Prot 29.{). PROSITE also supplies the
documentation for each family. The distributions of number of
blocks and number of sequences per family are shown in Rigure

Many known proteins can be grouped into families according 9" BLOCKS 8.0.
functional and sequence similarities. The similarity of the proteins _
across the sequences in each family is far from uniform. While sorf@arching the Blocks database

regions are clearly conserved, others display litle sequengg. g) \\vps (Blocks IMProved Searcher) program searches the
S'm""?‘“ty‘ Often the conserved regions are qruual 1o the protei ocks Databaséy. BLIMPS transforms each block into a position
funptlon, for example enzymatic catalytic sites. Such conserved . ific scoring matrix (PSSM), sometimes called a prafil (
regions can be used to probe an uncharacterized sequence to in 3%?1 PSSM column corresponds to a block position and contains
its function ©). . . . . _values based on the amino acid frequencies in each position.

The description of a protein family by its conserved regions To prevent domination of the PSSM by a large subgroup of

focuses on the family’s characteristic and distinctive sequenpaﬁfed sequences, each sequence segment in a block is weighte

features, thus reducing noise. Databases of conserved featuregd g position-based sequence weigh. (To reduce the effect
protein families can be utilized to classify sequences from proteins, <mall sequence samples, the amino acid frequencies in each

Egg’ggszgg \?Vﬁirz:ohmggnggéi(fah 'i‘; Zﬁam%ﬁ :Z gllienilgﬁlt(: OPSSM position (observed counts) are supplemented with artificial
short regior;s called ‘blocksby. Tr?e pdpatabase F\)/vas cgonstructed pseudo-counts. Currently we model pseudo-counts on amino acid

) < . s&:bstitution probabilitiesl3; SH and JGH, unpublished results).
from sequences of protein families using a fully automated methodg, |\1ps compares a query sequence with a block by sliding

Searching the Blocks database with a sequence query alloys pssv over the sequence (nucleotide sequences are translate
detection of one or more blocks representing a family. in all the frames into six amino acid sequences). For every

alignment, each sequence position receives the value of its amino
Block determination acid in the aligned PSSM column. These scores are summed to
obtain the score of the sequence segment. This is repeated with
blocks in the database, and the top scores are saved. In additior
searching a sequence against a database of blocks, BLIMPS
n search a block against a database of sequences.

Current database version

INTRODUCTION

A best set of blocks representing each protein group is fou
automatically by the two-step PROTOMAT systedh The first

step incorporates a motif finder. Currently we use the MOTlgcl
algorithm (7): MOTIF exhaustively evaluates spaced triplets o
amino acids that are common to multiple sequences. We have A

implemented a Gibbs sampling motif finder that iterativelsé&f 8ck calibration

optimizes random ‘seeds’ for block®.(The MOTIF and Gibbs In order to recognize scores representing genuine relationships,
algorithms generate similar block sets for the sequences used initlie necessary to know what scores are expected by chance alone
Blocks Database&). The second step of the PROTOMAT systenifo accomplish this, each block is calibrated by searching it
combines and refines the original blocks and assembles a bestaggtinst the Swiss-Prot sequence database. Two scores specific t
of blocks that is consistently found in most of the sequences in tthee block are noted—the score at the 99.5% level of the true
group. An example of a best set of blocks for the iron-containingegative scores and the median of the true positive sddies (
alcohol dehydrogenase family is presented in Figur&he  True positive scores are scores of blocks optimally aligned with

* To whom correspondence should be addressed



198 Nucleic Acids Research, 1996, \ol. 24, No. 1

ID  ADH_IRGON_1; BLOCK A 150
Al [LAOCY13A; distance from previous bhlock={54,516)
DE Iren-concaining aleohnl dehydrogsassas proteins.
BL COE motif; wldth=38; seqge=l1; 99.5%=7C3, atrength=1474
ADH1_CLOAR | 65} PDPSVETVFEGAELMRQFEFDWIIRMGSGSEIDALKAM 5O 158
ADH2_ZVMMO | 69} PNITVPAVLEGTL.EILKEDNWSDEVISLG3ISPHDOAKAL 46
ADHA_YEAST 71} PHENIANVTAGLEVLKEINSEIVVSIGOISAHINAKAL 1)
100
ADHE_CLOAB [ 516] READLETIKRATEEMSSEMPDTIIALGSTPEMSSAXLM 100 i
ACHE_ECOLI [ 517) ADFTLSIVREGAELANSFXPDVIIALGUGGEDMEARKTY 61 ,:1
7
FICO_RIOLI ¢ 7C) PNPTITVVXEGLGVFONSGADYLIRIGGGSPODTCKAL 59 ; "
GLOA_BMNCET (0 B8] GEASKRNEVERTANTARKARAAIVIGVEOIIKTLDTAKAY 73 a5
4
GLDA_ECOLI | 7%9) GECSUNEIDRLRSIARETADCOAILGIGGURTLDTAKAL R -
MUNLG_FEADET | B¢} PRRANTRVHEGVDWFEQENCDALVSIGGISSHDOTRKLTI 58
RDHA_CLOAZ {10} PNPRITTVERGIEZCRENNVDLVLAICGUEAIDUEBKVI 49 o5
ADHI_ CTOA3 | 700 PNERVITYERGVECCREWSVEVWWLAIGSISAIDCRKVT 44
i
ID  ADH_LHUN_l; BLCUK | |
AT BLOCY13Er distance from previcua block= (43,71) 0 T | i
op Iren-eontaining alopbel delydrogenasse proteina. o B ] T 0 25
T FPC mwotif;, width=34; sags=11; 929,5%-67%; =trength=1444 Piuiibad of Blecka
ADHI_CLIR3 | 168) POVAVVDSELARTMPPRLTAHTGMDALTHATEAY 66 e it
ADH2 ZYMMO | 1E9% PHMVEVNDPLLMVCOMPXCLTAATCHMDALTHAFRAY 96 B
ADHA_YEZAST { 171) PAVAVNDPSTMFGLFPALTAATGLDALTACIERY 67 70
ADHE_CLOA3 | §27) PNMATYDAELMMKMPXGLTATSEIDALVNSIBAY 80
ADHE_ECOLI | 62187 PDMAIVDANLVMIMPXSLCAFGELDAVTHAMEAY 82 80
FUCO_EBCOTLT (| 172 POVAFIDATMMOGMPPAT KAATGVDALTHAIEGY 23
50
GLDA_BACET ! 149} PDLVLVDTEIIANAPPRLLASGINDA_ATWVEAH 102 4
GLOA_RCOLI § J00D) PNMWVIVDTKIVAGABARI LAAGIGDALATWFEAR 82 E 40
MEDE BACKT ( ZE71 PTVAIVDPELMYXKPAGLTIATGMUALSAMIEAY 6% ?
@
ADHA_CLDAB { 170; FKFSVLDPTYTFIVPKICTARGTADIMGATFESY 86 €
ADNG_CLOAR ( 270] FPEFSILDPIVTYTVPTACTAMGTADIMSHIFEVY 92 Z
£
ID  ADH_IRCN_1: BLOCKE
aC BLOC9123C,; gistange from previcis block=(S6,76) 20
DE Irva-<ontaining alcohel dehydrogenasse protelns.
AL HHE mwotif;, width=22; segs=11; %3,5%=492; strength=1428
ADHE_CLOAR | 720 CEBMAIKLSSEHNIPSGIANAL 6§ 10
FUCO_ECOLI ( 262] VEGMAHFLGAFYNTPHGVANAZ 44
GLCA_RADST | 259! FNSFTALEGEIHHLTEGEKwar 100 0
40 &0
GLCR ECOLI ¢ 269} VHIIGLTALPDAHHYYHGEKVAF 104 Number of sequences
WELF_BACKT | 259) VHSISHQUGCUYRLOHGICHNSY 73
ADH1_CLOA3 | 258) CHSMAHKTGAVFHIPHGCANAL 47
ADHE BCOLI [ 721) CHSMAHXLGEQFHIPHGLANAL 47 Figure 2. Statistics of Blocks Database version 8).Number of blocks per
ADHY_ZYMMO | 261] VHAMAHOLGGYYNLPHGWCNAV 34 family. (B) Number of sequences per family.

ADHA_YEAST | ZE3] Y:ALARQLUEGFTHLPHGVONAY 41

ADHR,_CLOAR | 2686€) CHPMEHELSMYYDITHCOWCLAL 5C
ADHB_CLOAD | 206! VHALMEHELSAYYDITHGWGLAI 49

o their known family members and all other scores are assumed to
be true negatives.
Blocks vary in width and conservation and hence their search
scores are variable too. In order to compare scores from different
Figure 1.Blocks database format. Each block entry is divided into header anddlocks the scores need to be normalized. The 99.5% scores are
sequences parts. The header part consists of four lines. The ID (identification)sed to standardize the raw search scores. Each raw score is
line contains the block’s family short description and identifies the entry as ajiyided by the 99.5% score of the blocks and multiplied by 1000.

block type. The AC (accession) line gives the block’s accession code and t - -
minimal and maximal distances of the block from the previous block or thgﬁ’ herefore, any standardized score above 1000 is a result better

protein N end. The block accession code is made up of the letters ‘BL followedthan all bUt_ the top 0.5% (_Jf the true negatives. N )
by the family PROSITE accession number and the individual block’s letter code  The median of standardized scores for true positive alignments
(A for first block, B for second etc.; blocks from single block families have no js termed ‘strength’. Strong blocks are more effective than weak

letter suffix). The DE (description) line contains the long description of the ; < : -
family. The short and long descriptions are taken from PROSITE. The BLbIOCkS (standardized scores <1100) at separating true positives

(block) line gives the spaced triplet motif of the block, the block's width, TOM true negatives.
number of sequences, 99.5%-level raw score and strength score (median

standardized score of known true positive sequences). Each sequence li ;

contains the sequence Swiss-Prot name, the start position of the segment, mterpretlng a search result

sequence segment and the sequence weight (100 being most distant). Segmeruﬁe Blocks database can be searched with a sequence query
that are <80% similar are separated by blank lines. Each block entry ends with _. .

a /I’ line. The block entries are sorted by their accession codes, each family’&/SIN9 the BLIMPS program on our e-mail and WWW Servers.
blocks grouped together and ordered. The figure shows the three blocks of t8S an example, BLOCKS 8.0 was searched with a bacterial

iron-containing alcohol dehydrogenase family from BLOCKS 8.0. dichlorocatechol oxidase (Swiss-Prot TFDF_ALCEU) as a



(hery=TFDF_ALCELU TRANS-DIENELACTONETSRMERMASE |
SizeadS§ Amino Acids
Darabage-mata.dat, Blocka Searched=288d

| E—— -

Black Rark Frama Score Strength Location [aal Descripticn

BLAOYLIA 2 ¢} 1156 1474 7= 104 Izon-containing aleshcl
ELOO3LIBE 3 [ 1155 1464 146- 178 Iron-contalning alcohel
BLOOSLIC 1 @ 1171 1428 238 25% Iron-containing alcohol

1171=32. 33ch percemtile of ancher bleck scores for shuffled queries
P<Z.7e-07 for BLODS13A ELOOZLIB in support of BLODY1AC
|===- 101 aminc acids——-|

BLOOG13A <-zh  {6d,516):66
AIME_ECOLI 517 ADPTLSTVRKGAELANSFRPOVI TALGGGSPHOAAK TH

TFDF _ALCEL 67 ThvEVAVIgRARr aFNDEAADST TA IGCESTLgLAK IL

ELOOSLIB  A<—»E {43,973} :41
RIMZ_EYMMO 169 IO PLLMPRMT

{ I N
BKCYIYDPLLIVDLELAL SvE SALNA T AHAREGL

TRATEMOAL

TFDF_ALCEY 146

BLG0S13C  Be-»C {56, 76) :58

ACH2Z_ZYMMD 261 VHAMRHOLGGY YHLEHGVCINRY
.
TFUF_ALCEU 238 HMkLcHELGGE INLEHaBChAT
ST - —
Block Rank Frame Score Strength Location (as) Descripticn
BLOOGIEC 4 0 1033 1473 116~ 127 Electron transfer flavop

ELOGEGD 114 i} 964 1831 213 254 Electron transafer flavep

1053=57.12th percentile of anchor block scores for shuffled queriem
Pz 0.05 for BLODEIGD in support of BLOOKIEC
|=== 123 amino acids---|

TFDOF_ALCEU 116 pTTYAGSemt TT

BLOOESED  C<->Dr [53,58) :591

ETFA_MUMAN 211 L TGAKVVY SOGRELKSGENF FLLY DLADQLHARVG
1l [

aLiGARwmcgtal chLGmG1hhFlche LgeTLnlpha

Block Rank Frame Score Strength Location {aa) Description
BLOOSO3A 5 4] 1052 1362 252 260 Cytidine and deoxycytidy

1052=55. 34rh parcentile of anchor block acores for shuffled quaries
P not caleulated for single block BLOQYI03IA
|--- 15 amino acids—--|

BLODSU3A  <->A {68,231 :251
D0 _ECOLI 101 VHREQSAIS
[

TFDF_ALCEU 252 PHAELDATw
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FESM of BLNSLIC (ADH_TROMN_1;) 11 sequindes.

Figure 4.A sequence logo. Block BLO0913C, shown in Figure 1, was converted

to a PSSM. For every column of the PSSM, each amino acid value was
represented as a letter in the stack. The vertical scale shows the conservation, in
bits, of the amino acids, which are shaded according to their properties.

single member of the family. The segment aligning with Block A

is closest to the segment of ADHE_ECOLI in the block. The other
two segments align best with a different member of this family
(ADH2_ZYMMO).

Intuitively, it seems unlikely that three high scoring blocks would
align with correct distances in between by chance alone. But how
unlikely? First, the alignment with the top ranking Block C
(scoring 1171) probably did not occur by chance, because such a
score was seen at the 99.33 percentile level of searches with
randomized queriesl®). Secondly, Blocks A and B were
detected independently of the C (anchor) block. The probability
of detection of these two additional blocks by chance can be
estimated based on the rank of each block alignment, the sizes of
the query sequence and the database, and the observed distance
between blocks [sedl¥) for further details]. This estimate is
about 3 in ten million (‘P<2.7e-07 for BLO0O913A BL00913B in
support of BLO0913C’). The two independent measures, percen-
tile and P estimate, can be combined to provide a confidence level
of less than once in 7000 searches. We conclude that the query is
a member of the iron-containing alcohol dehydrogenase family.

Figure 3.Block Search output, showing the first three hits. See discussion in text. Examining the blocks and the PROSITE documentation of the

family we see that Block C contains histidine residues that are
probably important for binding the ferrous ion(s) required for the

protein query sequence. The search output for the first three hitiszyme activity 16). Blocks can be viewed graphically on our

is shown in Figuré.

WWW server 9) as sequence logod7). Logos display the

The three best alignments in the entire search are with théferent amino acids in each position, the conservation of each
blocks of the iron-containing alcohol dehydrogenase family. Afbosition and of each amino acid. In the logo for Block C @ig.
three blocks align with the query sequence in the same ordercamserved residues are easily seen. Note that the invariant glycine

the sequences represented in the blocks, thatif -AC. This

in position 17 in the block is substituted by alanine in the query

is most easily seen in the block map. This map also shows that #eguence; this illustrates the flexibility of the search system.
distances between the three blocks representing this family fit thel'he second and third hits illustrate chance alignments. Both hits
distances between the segments of the query that align with thessek below the 60th percentile. The second hit is a marginal
blocks. For example, the distance between A and B varies framultiple block hit. Even though the top ten block hits in a search
43 to 73 in known members of this family and is 41 for the quergre reported, one should be increasingly cautious about block
Therefore, the query might be a member of this family. Additionadlignments with low percentiles. Note also that the P estimates for
evidence concerning a family relationship comes from examifplocks in support becomes less meaningful as one goes down the
ation of the alignment of each query segment with the closdgtt, and that no P estimates are reported for single block hits.
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OTHER USES OF THE BLOCKS DATABASE E-mail servers

blocks@howard.fhcrc.org
The automated construction and extensive data in the Blodrockmaker@howard.fhere.org
database make it suitable for uses other than protein classification.
The local alignments of sequence segments provided data for the
BLOSUM series of amino acid substitution matrice®).(These ~ Send the word ‘help’ in the subject line or as the only word in the
matrices performed very well in sequence database searchegssage body to obtain help files from both servers.
(19,20). The Blocks database was also used to test and compar@ueries or more information about the BLOCKS database can
different methods for weighting sequences to reduce redundarfgy obtained by sending an email to: henikoff@howard.fhcre.org.

(for searching thedRk Database)
(for making blocks from user
supplied protein sequences)

(12).

Many blocks are made up of sequence segments with knowAWW

transmembranal domains (SP unpublished observations). This
be a resource for research on specific domains. For example
studying protein nucleotide binding sites one can search for blo
families annotated as having such sites or for blocks containing
known signature of the sites. The blocks found can help refine
signature and even reveal unannotated sites.

functions such as ligand binding regions, catalytic domains a%
|

://blocks.fhere.org
s site offers Blocks database searches, block retrievals, block

qgos block construction, help files and related bibliography.
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OTHER SEARCHABLE DATABASES OF PROTEIN
FAMILIES
1

PROSITE is a compilation of specific sites, patterns and profileg
found in protein sequences)(PRINTS #), ProDom 21) and

SBASE @2) are databases of protein motifs and domains:
PRINTS and SBASE have cross references to the Blockg
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