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J Med Genet, 2012 Aug;49(8):525-532.

BRCA1 R1699Q variant displaying ambiguous functional abrogation confers
intermediate breast and ovarian cancer risk.

Spurdle AB, Whiley PJ, Thompson B, Feng B, Healey S, Brown MA, Pettigrew C; kConFab, Van Asperen CJ, Ausems MG, Kattentidt-
Mouravieva AA, van den Quweland AM, Belgium Uv Consortium D, Lindblom A, Pigg MH, Schmutzler RK, Engel C, Meindl A; German
Consortium of Hereditary Breast and Ovarian Cancer, Caputo S, Sinilnikova OM, Lidereau R; French COVAR group collaborator-
Couch FJ, Guidugli L, Hansen TV, Thomassen M, Eccles DM, Tucker K, Benitez J, Domchek SM, Toland AE, Van Fzusourg EJ,
Wappenschmidt B, Borg A, Vreeswijk MP, Goldgar DE; on behalf of the ENIGMA Consortium.

Division of Genetics and Population Health, Queensland Institute of Medical Research, 300 Herston Road, Hers'un, QLD 4008, Australia;

Amanda.Spurdle@aimr.edu.au; Professor David E Goldgar, Department of Dermatology, University of Utah ool of Medicine, Salt Lake City, UT
84132, USA,; david.goldgar@hsc.utah.edu.

Abstract

BACKGROUND: Clinical classification of rare sequence changes identified in the breast :ancer susceptibility genes BRCA1
and BRCAZ is essential for appropriate genetic counselling of individuals carrying these variants. We previously showed
that variant BRCA1 ¢.5096G=>A p.Arg1699GIn in the BRCA1 transcriptional transact” ation domain demonstrated equivocal
results from a series of functional assays, and proposed that this variant may ce+.ier low to moderate risk of cancer.

METHODS: Measures of genetic risk (report of family history, segreo=t.yWere assessed for 68 BRCA1 ¢.5096G>A

citation for related papers

Help

BM]!Journals

Save items

Add to Favorites v

Related citations in PubMed =

BRCA1 and BRCAZ2 mutation predictions |
using the BO# [Breast Cancer Res. 2006]

Screening for BRCA1, BRCA2, CHEKZ,
PALB2, BRIP* [Breast Cancer Res. 2011]

Selected Aspects of Molecular
Diagnos [Hered Cancer Clin Pract. 2006]

Chromosomal mutagen
sensitivit [Cytogenet Genome Res. 2004]

Use of association studies to
define genetic modifi [Fam Cancer. 2008]




Motivation , Background

search for specific gene

& NCBI Resources (¥ How To [¥]

My NCBI Sign In

Gene ' Gene 2 lbrcal

Limits Advanced

Display Settings: [~ Full Report Send to: (v

BRCA1 breast cancer 1, early onset [ Homo sapiens ]
Gene ID: 672, updated on 16-Aug-2012

x

« | Summary

Official Symbol BRCA1 provided by HGNC
Official Full N\ame breast cancer 1, early onsetZrovided by HGNC
Primary source HGNC:1100
See related Ensembl:ENSG00000012048; HPRD:00218; MIM:113705; Vega:OTTHUMGGO000157426
Gene type protein coding
RefSeq status REVIEWED
Organism Homo sapiens
Lineage Eukaryota; Metazoa; Qhordata; Craniata; Vertebrata; Eutelzostomi; Mammalia; Eutheria;
Euarchontoglires; Pri ates; Haplorrhini; Catarrhini; Hominidas; Homo
Also known as |IRIS; PSCP; BRCAI; BRCC1; PNCA4; RNF53; BROVCA1; FPP1RES3
Summary This gene encodes @ nuclear phosphoprotein that plays a role in maintaining genomic
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Table of contents =
BRCA1 breast cancer 1, early onset [ Homo sapiens ] Summary
Gene ID: 672, updated on 16-Aug-2012 Gene Identity (%)
« | Summary 2|17 || Species symbol Functi | Disor
-on -der
Official Symbol BRCA1 provided by HGNC H.sapiens BRCA1L
Official Full Name breast cancer 1, early onset provided by HGNC
Primary source HGNC:1100 VS. BRCAL | ? ?

See related Ensembl:ENSG00000012048; HPRD:00218; MIM:113705; Vega:OTTAUMGO00000157426 M.mulatta
Gene type protein coding

vs. C.lupus BRCA1 ? ?
RefSeq status REVIEWED
Organism Homo sapiens vs. B.taurus BRCA1 2 ?
Lineage Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomiy Mammalia; Eutheria;
Euarchontoglires; Primates; Haplorrhini; Catarrhini; Hominidae; A ,\‘;Ishusculus BRCA1 2 2

Also known as |IRIS; PSCP; BRCAI; BRCC1; PNCA4; RNF53; BROVCA1; PPP1R53
Summary This gene encodes a nuclear phosphoprotein that 2

citation for similar gene records!
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HomoloGene
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H.sapiens

protein

function
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Motivation

Similarity between genes from different aspects

«Curated data bases are limited
*Not all species
*Not all aspects

«Semantic knowledge discovery

e Iterature
eCurated data bases

NLM



Approach

Collect data for features
Define the similarity functions for each feature

Find the gene-gene similarity based on multiple features

NLM



Collect data for features

[ Gene of interest (genelD) ]

[ Function ] | Disorder/Drug
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Collect data for features

[ Gene of interest (genelD) ]

| Function || GO Terms | [Di__sorder/Drug ]
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Collect data for features

[ Gene of interest (genelD) ]

| Function H GO Terms | l Disorder/Drug |

~~~~~~
S

1.Get functional annotation
(Go terms) from EntrezGene

G J

2.Get all ancestors
for each go term

~~~~~~




Collect data for features

| Function | l GO Terms |

[ Gene of interest (genelD) ]

o
S

G

1.Get functional annotation
(Go terms) from EntrezGene

J

S

|

2.Get all ancestors
for each go term

]

g

|Disorder/Drug l | Mesh Terms \
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Collect data for features

[ Gene of interest (genelD) ]

| Function | l GO Terms [

~

\_

1.Get functional annotation
(Go terms) from EntrezGene

J

S

2.Get all ancestors
for each go term

g

|Disorder/Drug | | Mesh Terms |

S

1.Get PubMedIDs from
EntrezGene

(
.

2.Get disorder/drug
annotation from PubMed
abstracts (mesh terms)

\_

3.Get all ancestors for
each mesh term
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Materials-Features and resources for each features

[ Gene of interest( genelD) ]

S S ——— BRCA1(62‘Z)
| Function \=>l GO Terms Disorder/Drug \=>I Mesh Terms
) ) ™ | é
1.Get functional annotation 1.Get pubMedIDs from
(Go terms) from
J .
GO N 4 2.Get R
8 Il an r .
terms Cict all) ewesiielrs disorder/drug
for each go term )
J annotation from
\_ (mesh terms) )
( 3.Get all

ancestors for
each mesh term

.

o
‘\
.
Sy el
= NLM



Define similarity function between 2 genes

Sim(gl,g2)="
*Gene of interest: BRACL1

*Species
e g1: genelD: 672 from H.Sapiens
* g2: genelD:12189 from M.musculus

eFeatures
e f1: Function of the gene
 f2: Disorder
 f3: Drug

Sim)sm [ sm s

sim(g,.g,) = 2 w.sim.(g,,8,)
i1

14
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Define similarity function between 2 genes

Smsim) S —— s

Feature-Feature similarity

BRCA1(genelD672) BRCA1(genelD12189 : L
protein binding

-
e
-

-- breast cancer

P ——
- -
- -
o’

protein binding f2.1
breast cancer disorder
____________________ trastuzumab
ovarian cancer 132/ "
—=-- lapatinib
Bevacizumab
=

15
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Define similarity function between 2 genes
Sim(g1,62) Sim(fl) | Sim() | Sim(3) | sim(m) |

BRCA1(genelD672) BRCA1(genelD12189 _ s
Feature- protein binding
Feature <

similarity

-- breast cancer

-
-
-
-

_________________ trastuzumab
ovarian cancer ..
~~===- lapatinib
Set-Set
Similaity e T
for each feature L B e L R ' f1.2
----------- t2
: 1 : :
sim (g,,8,) = X (_2 max(sim(f,,t,)) + 2 max(sim(t,,t,)))
m+n 5 P <
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Defl ne Sl m | |al'lty funCtionSH.Sapiens(672) vs. M.musculus(12189)
Sim(g1.,g2) Sim(fD) | sim(®) | sim(3) |-— __sim(f)

BRCA1(genelD672) BRCA1(genelD12189 Protein binding
Feature-Feature Simf1(g1,92)
similarity enzim binding-—#4 =~ * 0T TS
e ___\.-Breast cancer
Protein binding v
Breast cancer =~ |"N_* " disorder | | T b
rastuzuma
ovarian cancer (@ 173}, 1. smphemmmmmmemmeaais (9'f3-' -------- Lapatinib
Bevacizumab~~ \/ N
Seoisl . Sim(t1,t2)
Similarity f1.1 . T 2 1.2
for each feature T
________________________________________________________________ o~
Term-Term A Q\ Ancestors
. . 5 ncestors .
similarity o (ORI Cocosnin
G0:0005623 D 50:0005575 "-7'
G0:0001726 t2 -
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Similarity formula

Term-Term O

similarity Q

Ancestors N
GO:0044464 g S
G0:0005623 GO:0005575
G0:0001726

Ancestors

G0:0005622
G0:0044424

sim(t,,t,) = —log

T(t,) UT(1,)

Francisco Azuaje, Haiying Wang and Olivier Bodenreider 2005

T(1,) UT(t,) - |T(t,) N T(t,)



Similarity formula

Aggregation of
Feature-Feature
similarity

Set-Set

similarity RSB

for each
feature i

Term-Term
similarity

H

sim(g,,8,) = ), w,sim,(g,,8,)

i=]

1

m+n

sim(t,,t,) = —log

T(t,) UT(t,)

Francisco Azuaje, Haiying Wang and Olivier Bodenreider 2005

T(1,) UT(t,) - |T(t) NT(t,)

X (zkmax(sim.(tk,tp)) + 2 max(sim(f,,t,)))
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BRCA1

| Find to BRCA1l |

BRCA?2 BRCA1

ZBTBT7A



Intermediate results

BRCA1(Gene ID: 672) in Homo sapiens

Species GenelD Sequence similarity Muddis similarity**

Protein* DNA* Function  Disorder  Aggregation

. M.musculus 12189  58.1 74.4 62.5 45.4 53.95
. C.lupus 403437 74.8 84.2 67.3 58.3 62.8
. R.norvegicus 24227  58.3 75.2 41.2 22.4 31.8
. B.taurus 353120 72.6 83.8 65.8 33.4 49.6
. G.gallus 373983 34.3 50.0 50.0 43.4 46.7
. P.troglodytes 449497 98.2 99.3 73.4 73.4 62.84
. M.mulatta 712634 93.1 96.1 69.5 65.15

*Pairwise Alignment Scores from HomoloGene

** Results from defined similarity functions

=
20
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Evaluation frame work

The hypothesis Is:
“The results of our similarity functions go with the control
similarity”

e Control : Similarity score from
Find the between feature based similarity to
control

__'__?,;,' “..-'-

» Control : Similarity from Curated data such as

Choose control from orthologous genes

22
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Evaluation frame work

Find the correlation between score of Muddis similarity and
the score of HomoloGene

H(M)

*High control similarity &
low Muddis similarity:
False negative

FP

L_ow control similarity &
High Muddis similarity:
False positive

L(M)
L(C) al(®)



Evaluation frame work

Find the correlation between score of Muddis similarity and the score of
HomoloGene

H(M) : T
*High control similarity &
low Muddis similarity:
oo ....... False negative
L(M) : sLow control similarity &
L(C) H(C) High Muddis similarity:

False positive

Correlation {score(muddis), score(homologene)} = 0.67

NLM



Discussion

Significance of findings:

False positives: Candidates for missed gene pairs with high
similarity

False negatives: No correlation between sequence and
functional similarity

The results of this research are useful In:
*Model organism research
*Drug target discovery research in human

25
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Future work

*Apply framework in different use cases and evaluate them.
*Use the results for knowledge discovery.
*Add or remove dimensions for similarity comparison.

*Develop an interactive user interface.

26
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Use Case A

S---P-—-0( )

BRCAl

| Find to BRCA1l |

BRCAZ2

ZBTB7A

BRCA1

Use Case B
S----P( )----O
ZBTB7A
BRCA1l BRCA2
How they are ?
BRCAl
ZBTB7A
BRCAZ2



Thanks for your attention

Questions?
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Similarity Formula

(C)Feature-feature
similarity

(B)Set-set
similarity
for each feature |

(A)Term-term
similarity

NLM
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