
Motivation and Design
Unison is a hypothesis: that providing a vast universe of non-redundant sequences and 
a large body of precomputed features on those sequences will enable Genentech to 
identify or dismiss therapeutic targets more efficiently than with conventional 
computational pipeline approaches.

Unison was motivated by four problems faced during extensive mining efforts:
● Sequence redundancy (exact identity) within and among source 

databases is an enormous waste of computational and user analysis 
time.

● Searching flat files for predictions results was slow, and integrating the 
results of multiple searches was prohibitively slow.

● Integrating analyses with external information (e.g., structure 
classifications, orthologs, or SNPs) was tedious.

● Keeping predictions and analyses up-to-date with source databases 
(sequence or model databases) was onerous.

Introduction to and Applications of Unison,
an Open Source Database for Target Discovery

Reece Hart <rkh@gene.com>, Kiran Mukhyala  Departments of Bioinformatics and Protein Engineering  Genentech, Inc.  San Francisco, CA 94080

Abstract
We have recently developed Unison, an Open Source database of extensive 
precomputed proteomic predictions, and have applied this tool to several function 
prediction and mining endeavors. Unison has been an indispensable tool in identifying 
and eliminating mining candidates for tumor necrosis factor ligands, helical cytokines, 
and death fold proteins, and has provided the foundation for numerous analysis 
studies.  In this poster, we give an overview of Unison and provide an example of its 
use in mining for Immunoreceptor Tyrosine Inhibitory Motif (ITIM)-containing proteins 
and Tumor Necrosis Factor ligands, and in analyzing NOD2 polymorphisms.

Mining for Immunoreceptor Tyrosine Inhibitory Motif (ITIM) Proteins
ITIMs are short motifs (6-8 AA) in the intracellular domain of immune receptors. 
Phosphorylation of the tyrosine within an ITIM leads to the binding of SHP1 or SHP2 
phosphatases and the attenuation of a corresponding activating receptor. ITIM 
receptors were initially identified on the surface of NK cells and macrophages where 
they are believed to prevent self reactivity.

1. Can we identify known ITIMs with a SQL query?
The following query, modeled after the canonical ITIM shown at right, recovers 36 of 37 
known ITIMs (per Staub et al. Cell. Sig., 2003; 1 "known" has since been recalled from 
RefSeq).

2. What other domains occur in the ECD of an ITIM containing protein?
Unison may be used to generate in silico  hypotheses, such as proposing that ITIMs 
might utilize other 7-sheet beta sandwich folds in their ECD (or other domains entirely).

3. Can we use Prospect2 threading instead of Pfam to identify Ig domains?
Using queries similar to those in (1), we proposed candidates using both Ig and FnIII 
domains identified by Pfam HMMs or by threading to PDB structures. Using the 
genomic localization and HomoloGene data in Unison, it was trivial to extend the SQL 
queries to distinct loci and to sequences which had mouse or rat ITIM orthologs (i.e., 
orthologs with an Ig domain, TM, and ITIM).

Mining for Tumor Necrosis Factor Ligand Homologs
Tumor Necrosis Factor (TNF) ligands, acting through their cognate TNF receptors, are 
critical to numerous immunological responses, including B and T cell differentiation, 
apoptosis, and inflammation. Several “orphan” TNF receptors exist for which the 
corresponding ligands are unknown. Over the past several years, we have undertaken 
attempts to identify these unknown ligands from curated protein sequences, six-frame 
translations of the human genome, and from pathogenic sequences. Because TNF 
ligands exhibit strong structural conservation and very poor sequence conservation (9-
30% identity, avg. 19%), we have concentrated on fold recognition methods.

Modeling NOD2 Polymorphisms
Sequence variations in the NOD2 gene cause at least two distinct autoinflammtory 
diseases: Blau-Syndrome, an autosomal dominant trait, and Chron's Disease, a 
common inflammatory disease of the intestine. The molecular mechanism of these 
SNPs is unknown.
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computing these takes
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unison stores results for
multiple invocations of a
single program

Simplified Unison Schema

Unison is implemented in PostgreSQL, 
a rock-solid Open Source database.
http://www.postgresql.org/ 

Sequence Analysis v. Feature-Based Mining

Sequence analysis: Given a sequence, show 
features. This typically takes minutes to hours for 
all features.

Feature-based mining: Given features, identify 
matching sequences. Computing selected features 
for all sequences could easily take days to months.

   
   
   

   
   
   

   
   

   

SELECT
 hmm.pseq_id,  
 hmm.start as "Ig_start",hmm.stop as "Ig_stop", 
 tm.start as "tm_start",tm.stop as "tm_stop", 
 re.start as "ITIM_start",re.stop as "ITIM_stop"   
FROM
  pahmm hmm
  JOIN pftmdetect tm on hmm.pseq_id = tm.pseq_id
  JOIN pfregexp re on hmm.pseq_id = re.pseq_id
WHERE
 hmm.pmodel_id=pmodel_id('ig') AND hmm.eval <= 0.02 AND hmm.params_id=params_id('Pfam_fs 14.0')
 AND tm.pftype_id in (5,6) AND tm.start > ig.stop AND tm.confidence >= 0.5
 AND re.pmodel_id=pmodel_id('ITIM') AND re.start > tm.stop
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A canonical ITIM-containing protein:
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Protein sequences are stored in Unison.
md5 checksums and triggers ensure
that sequences are non-redundant.

'params' describes how programs are 
run, including the command line 
invocation. Predictions are linked to the 
parameters which generated them. All 
results are reproducible.

Analysis (run) histories provide 
bookkeeping about when and how 
sequences were run, and against which 
sets of models.

Models are entities to which 
sequences may be aligned. Models 
arelinked to external data to 
improve interpretation of results.

Origins (data sources) and 
aliases (accessions) associate 
sequences with when and 
whence they were loaded.

 

? TM ITIM

Phosphate-binding Lysine of 
Walker-A motif

Conserved Mg+ anchoring 
Aspartate of Walker-B motif

R334W/Q Blau Syndrome

Blau 
Syndrome  
Sequence 
Variations

Chron's 
Disease  
Sequence 
Variations

Loss of 
function 
mutagenize
d residues

L1007P truncation, 
Chron's Disease

G980R Chron's 
Disease

-- query to histogram domains upstream of TM and ITIM:
  SELECT m.acc, m.name, m.descr, count(*)
    FROM pmhmm m
    JOIN pahmm h ON m.pmodel_id=h.pmodel_id
    JOIN pftmdetect tm ON h.pseq_id=tm.pseq_id
    JOIN pfregexp re ON h.pseq_id=re.pseq_id
   WHERE h.params_id=params_id('Pfam_fs 17.0') 

         AND h.eval<=1e-2 AND h.stop<tm.start
     AND tm.pftype_id IN (5,6) AND tm.confidence>=0.5
     AND re.pmodel_id=pmodel_id('ITIM') AND tm.stop<re.start
GROUP BY m.acc, m.name, m.descr
ORDER BY 4 DESC
   LIMIT 30;

511429

Alignment to Ig & FnIII
PDB backbones

Alignment to Ig & FnIII
Pfam HMMs

Domain Identification from
Sequence (Pfam)

Domain Identification from
Structure Prediction (Prospect2)

13812

human sequences which have
a mouse or rat ITIM ortholog

361211

distinct human loci

prevalence of domains upstream of a TM and ITIM
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● UCSC genome assembly (NHGD34)
● 450bp w/150bp overlap generates:

– 10 M fragments
– 60M 6-frame translations
– ~500M ORF fragments
– 27M fragments w/length ≥50AA (           )
– fragments <50AA (          ) were discarded

● 27M fragments were threaded against 22 TNF 
superfamily members (TNF+C1q)

● 900K (of 27M) had score <=250; each was 
threaded against 3286 representative chains

● total time: 176 CPU-weeks (4 weeks on 22 2-cpu 
machines)
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Six-Frame Translation and Threading Method
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Threading of a genomic fragment to 1c28a
Unison provides on-the-fly threading visualization via JMol, PyMOL, 
and RasMOL.
Legend: blueblue=identity; cyancyan=similarity; redred=dissimilarity; 
yellowyellow=cysteine; yellow spacefillyellow spacefill= conserved cysteine; greygrey=query 
gap/template insert; >nAA<>nAA< = query insert/template gap

 

Threading Results for Unison:8602
looks more C1q-like than TNF-like, but close

Fragment threading identifies NP_848635.1
Screenshots showing ambiguous alignment to different regions on 
chr 13.

Integrated search methods.  A single Unison page 
allows users to select and integrate results from 
HMMs, PSSMs, and Prospect2 threadings to any 
family of models (TNFs in this case). “Hits” are  
classified into true positives, false negatives, and 
“unknown” positives (candidates) by reference to a 
curated list of known family members.

(2 clicks) (2 clicks)

Roles of NOD proteins in innate and 
adaptive immunity.

Domain structures of NOD 
proteins

Threading-based alignment and homology model of NOD2
NACHT domain. (The structure of Apaf1 was recently solved 
and agrees well with this model.)

Threading-based alignment and homology model of NOD2
LRR domain.

Unison screenshots showing SNPs on homology models.
This aspect of Unison is under active development. It is not yet part of publicly available Unison source code (but stay tuned!).

At left: Three variations in the NOD domain 
(R334W, R334Q, and L469F) are implicated in Blau 
syndrome. Mapping these variations onto the 
threading model showed R334 in the / domain of 
the ATPase domain, solvent exposed and close to 
the nucleotide binding pocket, indicating that this 
variation could affect nucleotide binding and 
hydrolysis or inter domain interactions. L469F 
variation is located in the helical extension domain 
of ATPase domain. 

Below: 

At right: Chron's disease also has been associated 
with three variations: L1007P (a frameshift 
insertion), G980R, and R702W. The L1007P 
variation lies at the distal C-terminal end which has 
been shown to be involved in bacterial recognition, 
and hence this function could be affected. The 
G980R variation lies at the rim of the LRR domain 
and could affect interdomain interaction leading to 
impaired signalling between the LRR and CARDs.

The assessment of NOD2 polymorphisms in this study emphasizes the utility of integrating sequence, precomputed structure 
predictions, genome variations, and visualization tools within a single environment.

See also our poster in Poster Session 2 on Monday.


