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As with almost any area of sciem?, biologists need the tools to query largexale 
collections, databases, of accumulated data and descriptive text. Particularly, 
molecular biologists need rapid and sensitive comparisons of new data against the 
accumulated DNA and protein sequences (Genbank, etc.), as weU as sophisticated 
queries of largelscale text collections cohceming genetics and other relevant fieIds 
(MIM, etc.). Unfortunately, most solutions to these needs require tradeoffs between 
selecsivity, sensitivity, preprocessing sophistication, computer resources (memory, 
e&.) and speed--improvement in one area almost always results in hits against one 
or more of the OW areas. Over the past few years, we have worked on the use and 
implementation of special-purpose hardware systems to improve, to some degree, 
all of these areas, both for sequence and text comparisons. The past year has s e a  
some of our best results is\ completion of systems that were usable by real 
investigators and not merely development systems. 

The Biological Information Signal Processor (BISP) is a VLSI ASIC implementation 
of the dynamic programming methods favored for direct sequenceto-sequence 
comparison in order to discover local as well as global similarities. These methods, 
based on the local algorithm of Smith and Waterman provide fhe most 
mathematically robust solution to the problem of sequence alignment 
(determination of the optimal character-to-character registration between the two 
sequence, Muding relative insertions and deletions, indels). BEP provides a 
complete implementation of the standard Smith and Waterman algorithm in a 
systolic m a y  that allows full parameterization and several novel extensions to i he  
algorithm. BISP operates at supercomputer speeds from a VME board on a Sun 
workstation. Each VME array provides a complete systolic pipeline for comparison 
and multiple arrays can be combined linearly in order to increase the pipeline 
length. Overall perfonnance is a function of the IO speed oE the pipelined disk- 
resident data and the length of the array. Two systems have been constructed and 
are in operatian; a one board system in the laboratory of Michael Waterman at the 
University of Sovthem California, and a two board system at Caltech. A third two 
board array is now undex construction. 

Much effort from 1992-1995 was directed at testing the operation of the BLSP arrays to 
confirm the algorithm implementation. Extensive comparisons of results were 
made against standard software versions of the algorithm, as well as more popular 
approximation methods such as BLAST. We chose various examples of complex 
gene families represented in Genbank and the PLR to test the system. Particularly, 
we have focused on examples of the Immunoglobulin Gene Superfamily. There are 
thousands of members of this superfamily represented in the databases m d  it 
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xepresents probably the most diverse family known. The system's basic function h s  
proven to be indistinguishable from software solutions with regard to the expected 
results from a given parameter set. Also, as with studies of dynamic programming 
on very large computersp these systems do provide a more sensitive comparison 
method than BLAST and F M A .  These results are in the process of being written 
up for publication. Performance of the current systems are limited by the nature of 
the VME architecture that was chosen for prototyphg. However, even on an 
outdated Sun 3 workstation with a slow disk drive, the system compares favorably 
in performance to software sunning on a full-scale Connection Machine 2. 

The basic signal processing algorithm of the chip array has also been tested against 
non-sequence information. In collaboration with NASA personnel, we have been 
able to demonstrate its utility in image analysis. Particularly, we have been able to 
use the algorithm to frnd the ttaces of ancient road and trailways from high-altitude 
photographs. By using a library of geometric forms as the query 'sequence,' we were 
able to find alignments of actual trails even within mountainous terrain. Although 
two-dimensional analysis is quite a stretch far the BEP system, it is an indication of 
its general usefulness for employing the usually computationally-intensive 
dynamic programming methods to various fonns of signal analysis. We are 
prepared now to use the BISP to directly compare the chromatograms of automated 
sequencers in order to distinguish similarities between overlapping sequences of 
less-thanloptimal quality. 

BISP software has generally been of a developmental and research orientation. 
However, to get the experience we need with Bfsp in the real world of sequence 
analysis, we must provide access to multiple, diverse user sites. k.r order to do this 
with OUT limited number of systems, we have set-up an e-mail server for the VfR 
and Genbank searches off of the University of Washington array. 

As testing and access of BISP have been addressed in the finaI years of this grant, we 
have also begun the task of designing the next generation BISP chip. This version 
has been implemented in state-of-the-art VLSI technology, allowing for a 4-10 times 
increase in processing elements per board area. AIso, the raw signal processing 
power of the system will be enhanced with signrficantly increased memory, 
allowing more sophisticated general linear signal analysis. We are particularly 
interested in its application to mas6 spectral data, as well as more refined 
cornpaxisons of kss than confidently called DNA sequence. Its application to both 
data and text processing is under drscussion with various federal agencies. 

W e  have spun-off much of these advances to a small Pasadena company, Paracel, 
that is now specializing in high-throughput analytic procedures. Paracel has, for 
example, recently developed a board of BXSP-like chops that has the capacity to 
generate 30 billion cycles per second (Smith Waterman, hidden Markov, etc.). These 
tools are being made available to the biological and physical sciences communities. 
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