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Abstract

We have developed a software called pp-Blast that uses the publicly
available Blast package and PVM (parallel virtual machine) to parti-
tion a multi-sequence query across a set of nodes with replicated or
shared databases. Benchmark tests show that pp-Blast running in a
cluster of 14 PCs outperformed conventional Blast running in large
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servers. In addition, using pp-Blast and the cluster we were able to map
all human cDNAs onto the draft of the human genome in less than 6
days. We propose here that the cost/benefit ratio of pp-Blast makes it
appropriate for large-scale sequence analysis. The source code and
configuration files for pp-Blast are available at http://www.ludwig.org.br/

biocomp/tools/pp-blast.

The exponential growth of the sequence
databases and the importance of database
searches in almost all fields of biomedical
research have generated a bottleneck in the
sense that few laboratories today have the
conditions to execute large-scale sequence
analyses. Although a reasonable number of
WWW sites (see the first issue of 2002 of
Nucleic Acids Research, 30 (1) for an up-
date) make search engines available to the
community, there is always a limit in the
number of sequences that can be used as
query. Furthermore, budget limitation is also
a factor since large servers with enough
memory and speed are extremely expensive.

Fasta (1) and Blast (2) are the two most
popular programs for database searches.
While there is a public parallel version of
Fasta (www.virginia.edu/fasta) and attempts
have been made to parallelize Blast (http://
citeseer.nj.nec.com/376408.html), none of
these last tools have been implemented for
easy public access and/or for local use.

This motivated us to develop a program
that distributes multiple Blast jobs across
available processors using PVM (parallel vir-
tual machine) to enhance throughput. We
call this program pp-Blast (“pseudo-paral-
lel” Blast). The term “pseudo” comes from
the fact that we have not modified the origi-
nal source code of Blast. The strategy adopted
involves the partitioning of multiple query
requests. While this does not reduce the time
of an individual search, it has a significant
effect on queries containing multiple se-
quences. A clear shortcoming of the present
approach is that all nodes need to have a
certain amount of memory to allow the entire
database to be loaded.

Our major goals in developing pp-Blast
were a low cost/benefit ratio, speed, simplic-
ity and applicability. The procedure pp-Blast
uses is detailed below and schematically il-
lustrated in Figure 1. All nodes (running
Linux or Unix) in the cluster have to be in the
same logical network and databases have to
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be accessible to all nodes. This is possible
through the network although a bandwidth
bottleneck may affect efficiency given the
large database sizes. Another problem with a
centralized database is the status of the data-
base server and its file system that may affect
performance. One alternative is to keep the
databases in each node for local access. When

Table 1. Cluster configuration.

# Clock Processor type RAM (MB) HD (GB) HD Interface
2 1.0 GHz Intel Pentium 3 256 40 IDE
3 1.0 GHz AMD Athlon 128 40 IDE
5 450 MHz AMD K6-2 128 10 IDE
4 400 MHz AMD K6-2 64 5 IDE

Table 2. Comparative performance of pp-Blast and regular Blast both running Blastn.
pp-Blast was used in the context of a PC cluster (described in Table 1) while regular
Blast was used with ES-40 and ES-45 servers.

Chromosome Chromosome size Query size Processing time
(MB) (MB)
ES-40 ES-45 Cluster
1 325 40 13h 5:30h 3:21h
22 49 40 2:30h 1:05h 31 min
Parser/Sorter | s Node running

pp-Blast

[ Node 1 ] [ Node 2 [ Nods... ] [ woden |

S S T

Database

Figure 1. Schematic view of the pp-Blast pipeline. PVM, parallel virtual machine.
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using pp-Blast, a user can define if all nodes
are available for the program and for what
period of time. This scheduler is extremely
useful, for instance, in academic environ-
ments when processors available for teach-
ing can then become search engines during
off hours. In the pp-Blast package, there is
also a merger program that parses and sorts
the output from each node. This step is ex-
tremely fast since it is executed at the level of
memory and the output is not written to the
disk. All Blast programs can be used in the
context of pp-Blast.

We have evaluated the performance of
pp-Blast in a cluster containing 14 PCs run-
ning Linux. The configuration of the cluster
isgivenin Table 1. We searched 50,000 EST
(40 MB of sequence data) derived from the
Human Cancer Genome Project (3) against
human chromosome 1 (325 MB) and chro-
mosome 22 (49 MB). Table 2 shows the
processing time for the cluster using pp-
Blast and for regular Blast (both running
Blastn) inan ES-40 (4/500 MHz, 6 GB RAM)
and ES-45 (4/1 GHz, 16 GB RAM). The
Linux cluster running pp-Blast significantly
outperformed both servers, although it should
be noted that there are more processors in
the cluster than in both servers. The smaller
gain in performance observed when chro-
mosome 1 is the database is related to both
the size of the database and the size of the
output file to be parsed. With pp-Blast run-
ning megablast we were able to map all
human cDNAs (4.6 million sequences in-
cluding 69,000 known mRNAs) onto the
assembled human genome in 6 days.

We hope that the extreme low cost/ben-
efit ratio of pp-Blast may render it a valuable
resource for the community.
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