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Abstract

Background: Sequence searches are routinely employed to detect and annotate related proteins.
However, a rapid growth of databases necessitates a frequent repetition of sequence searches and
subsequent analysis of obtained results. Although there are several automatic systems available for
executing periodical sequence searches and reporting results, they all suffer either from a lack of
sensitivity, restrictive database choice or limited flexibility in setting up search strategies. Here, a
new sequence search and reporting software package designed to address these shortcomings is
described.

Results: Re-searcher is an open-source highly configurable system for recurrent detection and
reporting of new homologs for the sequence of interest in specified protein sequence databases.
Searches are performed using PSI-BLAST at desired time intervals either within NCBI or local
databases. In addition to searches against individual databases, the system can perform "PDB-
BLAST"-like combined searches, when PSI-BLAST profile generated during search against the first
database is used to search the second database. The system supports multiple users enabling each
to separately keep track of multiple queries and query-specific results.

Conclusions: Re-searcher features a large number of options enabling automatic periodic
detection of both close and distant homologs. At the same time it has a simple and intuitive
interface, making the analysis of results even for a large number of queries a straightforward task.

Background

Protein sequence database searches are routinely
employed to detect homologs of the sequence used as a
query. However, at present, protein sequence databases
are growing exponentially necessitating frequent repeti-
tion of searches to find out whether new homologous
sequences were added. The analysis of results obtained
during such repeated searches may also be tedious and
time consuming. The task of manually keeping up with
changes in databases becomes unbearable if one is inter-

ested in finding new homologs not for a single sequence,
but for a few or few dozen sequences. To help cope with
the periodic detection of new homologs a number of
automatic procedures have been developed including
Swiss-Shop [1], DBWatcher [2], BLAST Search Updater
[3], ReHAB [4] and DbW [5]. Most of them use BLAST [6],
a popular sequence search engine. While BLAST is good in
detecting closely related sequences, distant relatives may
often escape undetected. Some recent systems for periodic
searches use more powerful homology detection tools.
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For example, ReHAB [4] uses PSI-BLAST and DbW [5] uti-
lizes a collection of several methods. ReHAB is designed
to handle a large number of query sequences, while DbW
attempts to include only functionally related new
sequences. Both are very efficient in performing their tasks
but their common caveat is that most parameters for the
searches are predefined and users are left with the choice
"love it or leave it".

Re-searcher is a new software package that is designed to
circumvent these caveats and provide the user with a
highly configurable environment for performing recur-
rent sequence searches. Because of the flexibility in setting
up sequence search strategy and specific parameters Re-
searcher can be used to find both closely related family-
specific homologs and very distantly related matches.

Implementation

Re-searcher is written in Java thus making it easily porta-
ble to different operating systems (with Sun's Java Runt-
ime Environment Version 6.0 or later installed). It has
been tested on Linux and Windows computers. The Re-
searcher system includes several components (Fig. 1). The
user interface is provided through the web browser.
Sequence search data are handled by the Apache Derby
database management system [7]. Re-searcher has the
Jetty [8] web server embedded, but it is also possible to
run the application on any other Java web server. "Out-of-
the-box" installation provides all the basic components
that enable user to perform remote searches at NCBI. For
local searches Re-searcher must be configured to work
with locally installed BLAST suite of programs and
sequence databases. The system is designed such that Re-
searcher and the local BLAST server don't have to reside on
the same computer, only the SSH connection between
them should be enabled. The user can communicate with
Re-searcher either from a local computer or remotely
through the internet. Re-searcher has an option to inform
the user of new matches by e-mail. For this option to be
functional an SMTP mail server must be accessible. All
these configuration parameters can be set up through the
administrator's account.

Results

Overview of the system

To detect new homologous protein sequences Re-searcher
uses PSI-BLAST as the search engine. However, if only
BLAST functionality is desired, Re-searcher can be config-
ured to run only a single PSI-BLAST iteration. Searches can
be performed at specified time intervals against either
NCBI [9] protein databases or locally installed custom
sequence databases. The user is able to individually con-
figure both the search parameters and the search periodic-
ity for each query. Once query is entered into the system
Re-searcher performs sequence search automatically using
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Organization of the Re-searcher system. Users interact
with Re-searcher through a web browser. HTTP requests
from the web browser are handled by the integrated web
server. Re-searcher uses a relational database to store all the
data (queries, hits etc.). Sequence searches are performed
either remotely (at NCBI) or locally.

specified parameters at every query-specific time interval.
During every search all the detected sequences are com-
pared to those, found for the query during all previous
searches, and only non-identical sequences are added to
the Re-searcher's database and reported as new.

Re-searcher provides a possibility to do more than just
straightforward recurrent PSI-BLAST searches. It can per-
form combined searches involving two databases. Such
strategy is useful if the user is interested in detecting
remote homologs within a small sequence database. The
direct searches against such database may be unable to
generate rich sequence profiles that are the main strength
of PSI-BLAST. Therefore, Re-searcher provides a possibil-
ity to run an iterative search against the first (large)
sequence database and then use the obtained profile
(Position Specific Scoring Matrix or PSSM) to search
against the smaller second, either a specialized or private,
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database. An example of such scheme is so-called "PDB-
BLAST", when the generated PSI-BLAST profile is used to
detect distantly related sequences that have known PDB
structures.

In addition to the familiar NCBI-style PSI-BLAST form for
setting up individual queries, Re-searcher provides
informative easy-to-understand reports. Queries, for
which new homologs have been detected, as well as newly
detected matches within the list of all homologs found so
far, are clearly marked. To simplify the analysis, resulting
lists of homologs can also be sorted and filtered.

Re-searcher supports multiple users. Each user can have
an individual account, which is not visible to the public
and holds all the user-specific queries and results.

Setting up queries

Each query is set individually allowing for maximum flex-
ibility in defining the search strategy and reporting. The
query input form is designed such as to provide all the
essential options available on the PSI-BLAST web page at
NCBI (Fig. 2). Searches for a query can be set up to be per-
formed either locally or at NCBI. Most of the available
search options are independent of the chosen location, yet
local searches offer some distinct advantages. For exam-
ple, the user can make the detection of new homologs
more sensitive and more specific by providing a curated
multiple alignment as an input into the PSI-BLAST search.
Another difference is that remote searches can only utilize
databases that are available from NCBI while there is no
such limitation for local searches.

In addition to straightforward searches against the speci-
fied database, both local and remote setups offer a com-
bined two-database searching discussed above. Although
it is possible to do the same kind of a combined search
through the PSI-BLAST web page at NCBI, it can only be
done manually in a number of steps.

The setup for a new query also includes the search perio-
dicity parameter and an option to notify the user of newly
detected matches by e-mail.

Reporting of the new matching sequences ("hits")

One of the common ways to inform a user of new matches
to the query is to send an e-mail notification. However,
sending detailed information about all new hits is not
necessarily a good idea. For example, the initial search
using multiple PSI-BLAST iterations can sometimes gener-
ate an overwhelming number of hits. If all this informa-
tion is e-mailed to the user, the mailbox might easily get
clogged.
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Query input form. The form consists of three parts: the
top part is for setting general parameters and query
sequence input, the middle part is for setting PSI-BLAST
search parameters in the first database, and the bottom part
is for setting the search in the second database. By default a
search only against the first database is performed, but if the
second database is also selected then both databases are
used in a combined search.
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Re-searcher uses a more efficient way to report of newly
detected hits. It sends a very short e-mail report, which
contains an embedded link to the query-specific results
page. The results page for each query reports a short sum-
mary including parameters of the search and a complete
list of detected sequences (Fig. 3). For each of them a
description contained in the FASTA header, statistical sig-
nificance (E-value), the detection date and links to both
the sequence and the corresponding alignment are dis-
played. New matches are colored differently for easy iden-
tification. They remain new until the user explicitly sets
their status as old. Also, either all or only newly detected
sequences can be displayed and saved in multiple FASTA
format. To simplify the analysis of the results, hit lists can
be sorted by the inclusion date, E-values or the description
text. In addition, hit lists can be filtered to include only

Query Sequence Name WHIP_hs_cgalas

Query Details @LOCAL, nr, j=1
Hits 781
New Hits 12

Hit Date

Tl 0 Aug 2007

http://www.biomedcentral.com/1471-2105/9/296

those sequences that were detected within specified dates.
This feature is very useful if over time hits grow to a very
large number and the analysis of the entire list becomes
impractical.

The results can also be accessed independently of e-mail
notifications by directly logging into Re-searcher through
the user's account. In this case, query-specific results are
accessed through the user's workspace at the top level (the
main page), which displays the list of all the queries, each
one having a brief but informative single-line status report
(Fig. 4). This report tells the user what was the search strat-
egy, how many total hits were found and how many of
them are new. It also tells the search periodicity and dates
when the query was entered, when it was last searched,
and when was the last time new hits were found. The que-

i 1=

View New Sequences View All Sequences Mark all hits as old

id Definition

gi| 154757528 |gb| AAI51634.1| Unknown {protein for MGC:159472) [Bos taurus]

gi| 156382458 | ref| XP_001632570.1|

gi| 156114714 |gb|EDO16222.1]
gi| 156960849 | gb| EDOS4280.1]
gi| 156108779|gb|EDO10524.1]

[Nematostella vectensis]

predicted protein [Nematostella vectensis] >gi| 156219628 |gb|EDC40507.1| predicted protein

hypothetical protein Kpol_1014p42 [Vanderwaltozyma polyspora DSM 70294]
hypothetical protein BACUNI_02288 [Bacteroides uniformis ATCC 8492]
hypothetical protein BACOVA_03971 [Bacteroides ovatus ATCC 8483]

E

velue A Hit Date  Alignment
2.5e-97 2007-08-20 alignment
2.41E-92 2007-09-03 Alignment
4.3E-76 2007-09-03 Alignment
4VE=?5 2007-09-17 Alignment
SslEST4 2007-09-03 alignment

hypothetical protein ACTODO_02170 [Actinomyces odontolyticus ATCC 17982]

gi| 154500637 |ref| ZP_02045279,1]
ATCC 17982]

>gi| 153799271 |gb|EDN81691.1| hypothetical protein ACTODO_02170 [Actinomyces odontolyticus 6.4E-74

2007-08-20 Alignment

hypothetical protein PARMER_04086 [Parabacteroides merdae ATCC 43184]

gi| 154495040 | ref| ZP_02034045.1|
ATCC 43184]

gi| 156538268 | ref| XP_001602992.1| PREDICTED: similar to werner helicase interacting protein [Nasonia vitripennis]

>0gi| 154085590 | gb |[EDN84635.1| hypothetical protein PARMER_04086 [Parabacteroides merdae

AAA ATPase, central domain protein [Methylobacterium chloromethanicum CW4]

gi| 156449666 | ref| ZP_02056048.1|
chloromethanicum Ch4]

hypothetical protein RUMGNA_00395 [Ruminococcus gnavus ATCC 29149]

gi| 154502582 | ref| ZP_02039642.1]

ATCC 29149]
gi| 156525682 | gb| ABUTO763.1|
gi| 153093167 | gb|EDN74183.1|
gi| 156532867 | gb| ABU77693.1|
gi| 156865007 | gb|EDOS8438.1]

gi| 154686894 |ref| YP_001422055.1| amyloliguefaciens FZB42)

gi| 156502015 ref| YP_001428080.1 |
gi| 150010978 | gb| ABRS7146.1]
gi| 154148052 ref| YP_001406390.1|
gi| 156867059 | gb| EDOGO431.1]

Figure 3

hypothetical protein YIBHAR_01799 [Vibrio harveyi ATCC BAA-1116]
possible recombination ATPase [Mannheimia haemolytica PHL213]
hypothetical protein ESA_02447 [Enterobacter sakazakii ATCC BAA-894]
hypothetical protein CLOL250_00864 [Clostridium sp. L2-50]

ATPase, Aa4 family [Francisella tularensis subsp. holarctica FTA]
4TPase a4d family protein [Staphylococcus xylosus]

ATPase, aaa family [Campylobacter hominis ATCC BAA-381]
hypothetical protein CLOLEP_03258 [Clostridium leptum DSM 753]
gi| 156553266 | ref| XxP_001599519.1| PREDICTED: similar to werner helicase interacting protein [Nasonia vitripennis]

2.95E-71 2007-08-20 Alignment
1.32E-62 2007-09-03 alignment
>gi| 156191400 |gb|EDO23587.1| 444 ATPase, central domain protein [Methylobacterium 1.31E-61 2007-09-03 Alignment
>Qi|153796774|gb|EDN79194.1| hypothetical protein RUMGNA_D0395 [Ruminococcus gnavus 2.74E-60 2007-08-20 alignment
4.81E-59 2007-09-03 Alignment
2.86E-57 2007-08-20 Alignment
3.66E-56 2007-09-03 alignment
1.22E=55 2007-09-17 alignment
¥ryN [Bacillus amyloliquefaciens FZB42] >gi| 154352745 |gh|ABS74824.1| YrvN [Bacillus 5.21E-50 2007-08-20 Alignment
ATPase, AAA family [Francisella tularensis subsp. holarctica FTA] >gi| 156252618 |gb| ABUG1124.1] 9.26E-40 2007-09-03 Alignment
3.39E-47 2007-08-20 Alignment
ATPase, aaa family [Campylobacter hominis ATCC BAA-381) >gi| 153804061|gh| ABS51068. 1| 4.11E-47  2007-08-20 Alignment
1.66E-46 2007-09-17 Alignment
4.13E-43 2007-09-03 Alignment

Query-specific results report. Summary of the results including sequence name, a link to the query-specific search parame-
ters, both the total number and the number of new hits is provided at the top. Below, the results table by default provides data
on all accumulated hits, but the user can choose to display only hits found within certain dates. The results table provides a
description of each hit, PSI-BLAST E-value and the date the hit was detected. The table can be sorted by any of these
attributes. Links within the "ld" column lead to the sequences of the hits; the "Alignment" links lead to the actual alignments
between the query and the corresponding hits. If hits have associated Genlnfo (GI) numbers then they are also linked to Entrez
reports at NCBI. Newly detected hits remain highlighted until the user changes their status by pressing "Mark all hits as old".
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r Sequence List Log Out
Enter date & Sequence Name Query Details Last Search Date Recent Hit Date Search Period Hits Delete Query

2007-03-08 GP62_T4 @NCBI, nr, j=5 2007-12-03 2007-09-06 4 Search Now 20 Delete
2007-03-08 GPG62_T4 @NCEI, nr, j=5, pdb 2007-12-03 4 Search Now 0 Delete
2007-03-08 gp44_T4 @LOCAL, nr80, j=2, pdb_seqres_85 2007-12-03 2007-10-15 7 Search Now 29 (1) Delete
2007-03-09 Ctf8_hs @NCBI, nr, j=8 2007-12-04 2007-11-06 7 Search Now 85 (16) Delete
2007-03-09 Ctf8_hs @LOCAL, nr80, j=8, pdb_seqres_95 2007-12-03 7 Search Now 0 Delete
2007-03-09 Deccl_hs @MNCBI, nr, =8 2007-12-04 2007-11-27 7 Search Now 99 Delete
2007-03-09 Decl_hs @LOCAL, nrB0, =8, pdb_seqres_95 2007-12-03 7 Search Now 0 Delete
2007-03-09  WHIP_hs_cgalas @LOCAL, nr, j=1 2007-12-03 2007-09-17 7 Search Now 781 (12) Delete
2007-03-09  WHIP_hs_cgalas @LOCAL, nre0, j=8, pdb_seqgres_95 2007-12-03 2007-10-08 7 Search MNow 2(2) Delete
2007-03-19 DnaE2 P.putida @MNCEI, nr, j=2, pdb 2007-12-04 2007-08-21 7 Search Now 5 Delete
2007-03-19 DnaE2 P.putida @NCEI, nr, j=2 2007-12-04 2007-12-04 7 Search Now 1645 (6) Delete
2007-04-04  Pollll alpha E. coli (DPO34_ECOLI) @NCEI, nr, j=2, pdb 2007-12-04 2007-08-21 7 Search Now 5 Delete
2007-05-05  Radl_hs @LOCAL, nrog, j=1 2007-12-03 2007-09-17 7 Search Now 117 Delete
2007-05-05 Rad9_hs_be_cgalo @LOCAL, nrao, j=1 2007-12-03 2007-09-24 7 Search Now 112 Delete
2007-05-05  Husl_mm @LOCAL, nrag, j=1 2007-12-03 2007-09-24 7 Search Now a5 Delete
2007-05-18  R.AhdI @LOCAL, nr80, j=6, pdb_seqres_95 2007-12-03 7 Search Now 0 Delete
2007-05-18 R.ahdL @LOCAL, nreo, j=3 2007-12-03 2007-05-18 7 Search Now a Delete
2007-06-04 RFCI1_hs_cgalas @LOCAL, nre0, j=1 2007-12-04 2007-09-18 7 Search Now 87 (11) Delete
2007-06-04 Ctfl8_hs_cgalas @LOCAL, nr80, j=1 2007-12-04 2007-11-13 7 Search Now 72 (11) Delete
2007-06-04 Radl7_hs_cgalas @LOCAL, nréo, j=1 2007-12-04 2007-09-04 7 Search Now 58 (8) Delete
2007-06-14  HEN1_1_700_at be N-galo @LOCAL, nrag, j=3 2007-12-03 2007-06-14 7 Search Now 4 Delete
2007-06-26 RFC2_hs_cgalas @LOCAL, nrog, j=1 2007-12-03 2007-09-03 7 Search Now 114 (3) Delete
2007-06-27 Jabl_hs @LOCAL, nrB0, j=1 2007-12-03 2007-09-24 7 Search Now 135 Delete
2007-06-27  Jabl_hs @LOCAL, nr80, j=5, pdb_seqgres_95 2007-12-03 2007-10-08 7 Search Now 5 Delete
2007-06-27 RFC3_hs_cgalas @LOCAL, nran, j=1 2007-12-03 2007-10-22 7 Search Now 138 (5) Delete
2007-06-28 RFC4_hs_cgalas @LOCAL, nrao, j=1 2007-12-03 2007-09-17 7 Search Now 112 (5) Delete
2007-06-28  RFCS5_hs_cgalas @LOCAL, nrag, j=1 2007-12-03 2007-10-22 7 Search Now 66 (4) Delete
2007-07-02 ctfg_hs @LOCAL, nr80, j=8 2007-12-04 2007-09-18 7 Search Now 58 (10) Delete
2007-07-02 Dcecl_hs @LOCAL, nr8o, j=8 2007-12-04 2007-09-18 7 Search Now 62 (7) Delete
2007-07-18 Elgl_hs_fragm1 @LOCAL, nr8g, j=1 2007-12-04 2007-10-16 7 Search Now 386 (57) Delete
2007-08-21  E. coli tau_dom4 @LOCAL, nrg0, j=10, pdb_seqres_95 2007-12-04 7 Search Now ] Delete
2007-08-21  E. coli tau_doms @LOCAL, nre0, j=10, pdb_seqres_95 2007-12-04 2007-08-21 7 Search Now 1 Delete
2007-08-22 HEN1_1_700_at M-galas @LOCAL, nrog, j=1 2007-12-03 2007-08-22 7 Search Now 4 Delete
2007-08-22  HEN1_1_700_at N-galas @LOCAL, pdb_segres_95, j=1 2007-11-28 7 Search Now 0 Delete
2007-08-22  Alol C-galas @NCBI, nr, j=1 2007-11-28 2007-11-21 7 Search Now 232 (12) Delete
2007-08-22  Alol C-galas (pdb) @NCEBI, nr, j=3, pdb 2007-11-28 2007-08-22 7 Search Now 2 Delete
2007-08-23 T0284 @LOCAL, nrB0, j=3, pdb_seqres_85 2007-11-29 2007-08-23 7 Search Now 13 Delete
2007-08-23  T0O285 @LOCAL, nr80, j=3, pdh_segres_95 2007-11-29 7 Search Now 0 Delete ¥
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Figure 4

User's workspace: the top layer. The top layer of the user's workspace provides "Sequence List" — a table of short summa-
ries for each query. Queries, for which there are new matches, are highlighted. The summary table can be sorted by any col-
umn. Links within the "Hits" column lead to complete query-specific results, while "Query Details" link to complete list of
parameters associated with the search. By pressing "Delete" the entry is removed. The "Search now" link provides a possibility
to initiate search immediately without waiting for a scheduled run. New query can be added using the "New Sequence" menu

item at the top.

ries that have new hits are easy to see since in the list they
appear with a different color. In addition, the list of que-
ries can be sorted by any of the attributes (columns) ena-
bling the user to quickly get an overview even for a large
number of queries. The main page is the place where the
user can add or delete queries. It also enables the user to
perform search for any query immediately, without wait-
ing for the scheduled run.

User management
Re-searcher is designed to support multiple password-pro-
tected user accounts. Depending on the desired user pol-

icy, the system may be configured to either allow
unhindered creation of new user accounts or have the
administrator be in charge of addition of new users. The
administrator's account is also used to set up general
parameters for the system such as the IP address of the
local BLAST server, paths to the suite of BLAST programs
and local databases. Of course, it is perfectly possible to
use Re-searcher in a single-user mode.

Conclusions
The Re-searcher system is designed to answer a growing
need among both computational and experimental biolo-
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gists to be kept updated on a regular basis about new
homologs for the protein sequence(s) of interest. Re-
searcher combines the simplicity of installation and use
with the flexibility of setting up sequence searches accord-
ing to the needs of the user. More specifically, the system
allows individualized search and reporting strategies for
each query, including the search periodicity, choice of
databases (remote or local), single- or two-database
searches and various search parameters. Re-searcher can
be run both in a single-user mode (e.g. on a PC) and as a
centrally managed service for multiple users.
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