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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.

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:

e 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
classifications, orthologs, or SNPs) was tedious.

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

(e.g., structure

features (TM, GP|, signal, HMM, PSSM

etc)

-

Sequence Analysis v. Feature-Based Mining

Sequence analysis: Given a sequence, show Sequence Analysis

features. This typically takes minutes to hours for
all features. show structures predictions for a
given sequence

computing these takes

Feature-based mining: Given features, identify minutes-hours

matching sequences. Computing selected features
for all sequences could easily take days to months.
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parameter slices

unison stores results for
multiple invocations of a
single program

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

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

'‘params' describes how programs are
run, including the command line
invocation. Predictions are linked to the
parameters which generated them. All
results are reproducible.
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Models are entities to which
sequences may be aligned. Models
arelinked to external data to
improve interpretation of results.
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PSSM HMMs
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Prospect2 structures

* protein

clusters Protein sequences are stored in Unison.
genome 1 md5 checksums and triggers ensure
that sequences are non-redundant.

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).

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" - i - _i_
FROM fo] tm
pahmm hmm
JOIN pftmdetect tm on hmm.pseq id = tm.pseq_id

A canonical ITIM-containing protein:

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

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).

-- query to histogram domains upstream of TM and ITIM:

e S
-1 SELECT m.acc, m.name, m.descr, count(*)
? ™ ITIM 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<=le-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

prevalence of domains upstream of a TM and ITIM
O high contrast

‘File Edit View Terminal Go Help

e IMthonUast GROUP BY m.acc, m.name, m.descr
ORDER BY 4 DESC
select * from v_anyhmm_tm_itim_w_names limit 10; LIMIT 30;
count | pmodel_id | acc | name | descr
....... e e e e oo | ||
142 | 11356269 | PF00047 | ig | Immunoglobulin domain |
o5 | ©auUD | Fruwuul | JLii_d | 4 LEdIOSHEHNUTdIIE TELEPLUT (THUUURSLN Idililly)
69 | 11371089 | PF00520 | Ion_trans | Ion transport protein
61 | 11369798 | PF01094 | ANF_receptor | Receptor family ligand binding region
53 | 11369725 | PFO0005 | ABC_tran | ABC transporter
51 | 1571 | _PFA1R25 | GPS | latronhilin/Cl-1-1ike GPS domain
50 | 10283 | PFo0041 | fn3 | Fibronectin type III domain
41 | 8813 | PFO0028 | Cadherin | Cadherin domain
24 Q022 | FRUVODU | LALLUN_AIF4ASE_N | LdLlull LT dllSPUl LET/JAITFASE, N=LETILNuS
33 | 11369799 | PF00023 | Ank | Ankyrin repeat
(10 rows)
Time: 17673.413 ms 3
rkhecsb-dev=s] | g

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 Fnlll
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).

Domain ldentification from
Sequence (Pfam)

Domain Identification from
Structure Prediction (Prospect2)

Alignment to Ig & Fnlll Alignment to Ig & Fnlll
Pfam HMMs PDB backbones

human sequences which have

\ a_mouse or rat ITIM ortholog
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CUTTING EDGE

Cutting Edge: CD96 (Tactile) Promotes NK Cell-Target
Cell Adhesion by Interacting with the Poliovirus
Receptor (CD155

distinct human loci

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.

Six-Frame Translation and Threading Method
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UCSC genome assembly (NHGD34)
* 450bp w/150bp overlap generates:
+ - 10 M fragments

- 60M 6-frame translations

- ~500M ORF fragments
=150 AA six-frame translations - 27M fragments w/length =50AA (=—p»-)

== X > - fragments <50AA (==%») were discarded
> e 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)

Fragment threading identifies NP 848635.1
jusername !  sequence Mining Summary Screenshots showing ambiguous alignment to different regions on
i rkh i $1d: search_sets.pl,v 1.12 2004/01/08 02:17:39 rkh Exp $ . chr 13
i%host: This page allows you assess sensitivity and specificity of models, methods, and parameters. 1) Select )
svc i the Model Set, methods, and thresholds you wish to use to select sequences, 2) the set of "known"

:‘db . nsequences with which sensitivity and specificity will be assessed, and 3) click "vroom". Clicking the 35 chr13;22693002-22694403
E:;:'i‘ i summary statistics in the hits, TP, FN, and UP columns will show sequences in those sets. | |
i 8 i 22693 .5k Z2604K
iirelease: Tip: Green text indicates elements with descriptive mouseover text. i b bl L L
2003_10_093; Unison 2360007 c?):'-i
b Compare to sequences in set: 35 Unisan:2370002 (7)Y
i Svrgomal | TNF ligand knowns (set 5) =l & Unison:2334305 (UCSC He GP:chrl3018875401 :188796501-F2)
:: select sequences matching any model in sp :: , Unizon:d0133658 (TNFEF Z:chrl3[22693501:226939501-F1y
" | TNF superfamily (set 3) _'j (83 sequences ) N TNF6F 2:chrl3[22693501:22693950]-F1 I
H i bestthread=1c28a/-2620
i lusing these methods: #Ii.:osiils hits TP FN up , Ubeaiecs et :
[ — i $1d: genune_fe!ures.pn,v 1.1 2804/685/04 D4:38:58 rkh Exp &
i [ HMM/Pfam 40 43 ii ,
£ with eval <=[1e-10 ~] 2 2B ( 48.2%) (51.8%) | =
| [~ PSSM/PSI-BLAST profiles i ¢ i 13:52963105-59764540
i |(sBP) 93| 1724 13 10 1651 ¢
b winieva <= [i=o 5] { 88.0%) { 12.0%) ; & | TSR T2 T TRz
[+ Prospect2 ,'
B T FL 25 ; .
Parameter set: ;ﬁ_"__é 22 240 ( 69.9% 30.1% 182 i ,
i with svm >:|T2 2| S ' |
: NOTE l u teome:NP_848635.1 ([Human] NM_178540 Homo sapiens hypothetical
A : =5 2 V4 —= protein MGC48915 (MGC48915), mRNA. 1849 bp, mRNA, linear, PRI
Union (hit by ANY of the above) 1800 95‘2% 4.8%_ .I 1721 " 03-JUN-2003)
Intersection (hit by ALL of the above) 132 28 23 7 104 ,
== {33.7%]) (66.3%) o == , #Id: genone_features.pn,v 1.1 2084/85/84 84:38:58 rkh Exp
4
Integrated search methods. A single Unison page ’
allows users to select and integrate results from ¢
HMMs, PSSMs, and Prospect2 threadings to any K4
family of models (TNFs in this case). “Hits” are 4
classified into true positives, false negatives, and ,'
“unknown” positives (candidates) by reference to a ,“
curated list of known family members. ’
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(2 cficks) (2 clicks) Threading of a genomic fragment to 1¢c28a
’ Unison provides on-the-fly threading visualization via JMol, PyMOL,
/ and RasMOL.
' ’ Legend: blue=identity; cyan=similarity; red=dissimilarity;

. . yellow=cysteine; y=llow spacefill= conserved cysteine; grey=query
Threading Results for Unison:8602 gap/template insert; >nAA< = query insert/template gap
looks more Clg-like than TNF-like, but close
aln?|| acc |[%IDE| raw ||svm||singIeton”_]:_bairwise”mutation gap

[ |[lc2Ed|r ==2Q) —;463 13.2|_ —312” -5636 -3640(1692||TNF-like = 30 kd adipocyte compleme
[ |[lar3a 19([-1200((12.6 T mpgl -—,6,31-2 -3494{(1878|[TNF-like = Collagen X NC1 trimerisatio|
I~ |id2gal| 11| 928 s.6| -312]  -4964|  -2397) =v54fINRJike > Apoptosis-2 ligand, apo2l/T
I~ |l1acha] 14] 1243] 8.3 -473| 5832  -2269]3156]Carbohydrate-bindMgomain ggohe.
I~ |idavb|| 17| ss6] 8.3 -524]  -5541 -1848]|| 2256/ TNF-like > Apoptosis-2 ligand, apo2
[ |[1da6a 10 996 8.3” -433 -6232 -1781||2316|TNF-like = Apoptosis-2 ligand, apo2|/T
[ |[1du3d 10 986 8.3” -442 -6139 -1902(2430|TNF-like > Apoptosis-2 ligand, apo2l/T
I~ |lilrb 12( 1223( 8.3 -338 -6728 -1940| 2568|4-helical cytokines > Interleukin-6

[ |[lcp2a 151117 7.9 -553 -5862 -2624{2940||P-loop containing nucleoside triphospha
[ |[1d0ga 16 975|| 7.9 -427 -5043 -1825||2340||TNF-like = Apoptosis-2 ligand, apo2l/T
I~ |lifbna 14| 1260( 7.8 -516 -5853 -2538|| 3258|[S-adenosyl-L-methionine-dependent me
I~ |1k4ja 12| 1287| 7.8 -419 -6034 -2020(2760||Acyl-CoA N-acyltransferases (Nat) = Ad
[ |[ligaa 10 as54| 7.7 -406 -4760 -1696(|| 2094 TNF-like > TRANCE/RANKL cytokine
I~ |iplg 13| 1269( 7.7 -491 -6324 -2664{3174||DNA clamp = Prolifirating cell nuclear a
— =l p—— [ P aame L IS | e ' EYEE - ' ~l

See also our poster in Poster Session 2 on Monday.

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.

Domain structures of NOD
proteins

Roles of NOD proteins in innate and
adaptive immunity.
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Threading-based alignment and homology model of NOD2
NACHT domain. (The structure of Apafl 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 /8. 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.

\._ﬁ}__;\-madmg model using 1fnna as template g,

Syndrome
Sequence
Variations

Thre a&ing I;I]&(lel L'i’sj'nggaﬂlya as template chron's
(T4 5. & . Disease
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At right: Chron's disease also has been associated

with three variations: L1007P (a frameshift ' Loss of
insertion), G980R, and R702W. The L1007P g 3 ¥y function
variation lies at the distal C-terminal end which has mutagenize
been shown to be involved in bacterial recognition, d residues
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.
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