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People — tissues — cells




People — tissues - cells

» Basic unit of function: cell

» 10 000 000 000 000 (10%3)

» genetic material in nucleus: 23 chromosome pairs
» Very long molecules that encode information
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The Human Genome

» “First draft” of the human genome

* International, collabroative research project

» 90 percent of 3 billion base pairs sequenced
Initial draft: June 2000
Final draft: April 2003
13 year project
$300 million value




* “Human Genome Sequence” of just a few people

» We are all genetically different
From other species
From our ancestors
Between population groups
From the person sitting next to you



* “Human Genome Sequence” of just a few people

» We are all genetically different
From other species
From our ancestors
Between population groups
From the person sitting next to you



Seqguence similarity with other species

Homo Sapiens




Seqguence similarity with other species

Chimpanzee vs. human
sequence identity
for 130 genes (CDS):
98,30%




Seqguence similarity with other species

Chimpanzee vs. human
sequence identity
for 130 genes (CDS):
98,30%

50%




Genomes

*» Human vs. mouse

The color code identifies the Mouse chromoseme numbers
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* Human vs. mouse; human vs. chimpanzee
The color code identifies the Mouse chromoseme numbers
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* “Human Genome Sequence” of just a few people

» We are all genetically different
From other species
From our ancestors
Between population groups
From the person sitting next to you



Variation in the Human Genome

* Sequence variation

ACATCAGCGAGAAGATCETTC CAGACTTTGCCA
ACATCAGCGAGAAGATCTTT CAGACTTTGCCA
ACATCAGCGAGAAGATCTT ACACTTTGCCA
ACATCACGAGAAGATCTTCCCAGACTTTGCCA




Variation in the Human Genome

* Sequence variation

ACATCAGCGAGAAGATCETTC CAGACTTTGCCA
ACATCAGCGAGAAGATCTTT CAGACTTTGCCA
ACATCAGCGAGAAGATCTT ACACTTTGCCA
ACATCACGAGAAGATCTTCCCAGACTTTGCCA

O nucleotide diversity between two people: about 0.1% (1/1000)
~ human genome: about 3 billion nucleotides
~ two random people: +/- 3 million nucleotide differences




Variation in the Human Genome

ACATCAGGAGAACATGCTTC GCACACTTTGCCA
ACATCAGGAGAAGCATCTTT GCACACTTTGCCA
ACATCAGGAGAAGCATGCTT GCACACTTTGCCA
ACATCAGGAGAAGCATGTTCCCAGCACTTTGCCA




» Sequence variation

ACATCAGGAGAACATGCTTC GCACACTTTGCCA
ACATCAGGAGAAGCATCTTT GCACACTTTGCCA
ACATCAGGAGAAGATGTT AGACTTTGCCA
ACATCAGGAGAAGCATGTTCCCAGCACTTTGCCA

» Copy number variation
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human to human genetic variation is estimated
to be at least 0.5% (99.5% similarity)




* Sequence variation

ACATCAGGAGAACATGCTTC GCACACTTTGCCA
ACATCAGGAGAAGCATCTTT GCACACTTTGCCA
ACATCAGGAGAAGATGTT AGACTTTGCCA
ACATCAGGAGAAGCATGTTCCCAGCACTTTGCCA

» Copy number variation
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Variation in the Human Genome




Variation in the Human Genome
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Chapter 1 — introduction

and context

TECHNIQUE, CHALLENGES AND DATA SOURCES




The Array-CGH technique

Challenges and data sources
Raw data analysis

Downstream analysis: interpretation in context
Gene function
Phenotypes
Information from text mining



* The Array-CGH technique

» Challenges and data sources
Raw data analysis

Downstream analysis: interpretation in context
Gene function
Phenotypes
Information from text mining




Clinical Cytogenetics

Classical technique: band stain karyotyping
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DNA microarray experiments

* Microarray slides




Patient with
developmental anomaly

¢ 2-3% of live births with major congenital anomaly

e Medical & social impact of diagnosis
¢ Reduce family distress — end of “diagnostic
odyssey”
e Estimate risk of recurrence for next pregnancy
e Prevent clinical complications — life planning

e Array CGH is superior to previous technology

e ++ resolution, + speed, +/- cost

 Rapid adoption by cytogenetics labs
¢ | Need for tools to manage efficiently the flood of
genetic information in a routine clinical setting
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» The Array-CGH technique

» Challenges and data sources
Raw data analysis

Downstream analysis: interpretation in context
Gene function
Phenotypes
Information from text mining




The 1000 $ Genome
e Human genome project
o Initial draft: June 2000 e e
o Final draft: April 2003 ‘\\ =S
o 13 year project o Se—
o $300 million value et =
with 2002 technology m IS
e Personal genome o v
o June 1, 2007 sces —
o Genome of James Watson, co-
discoverer of DNA double helix,
iS Sequenced Year Cost per base pair Genome cost
X $1000OOO 1990 10 3E+10
= TwWoO months 1995 1 3.000.000.000
° €50000_g enome 2000 0.2 600.000.000
- Avaiable (CG: 5000 € ” o e
® €1000'gen0me 2007 0.000333333 1.000.000
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Interpretability of Genomic Data
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Chapter 2 — Array CGH data

management and analysis

RAW ANALYSIS, EXPERIMENT DESIGN, AND
GENOME POLYMORPHISM




Chapter 2 — Array CGH data management
and analysis

Raw data analysis : quality criteria and pitfalls
Data normalization
Spot and aberration calling (segmentation)
Threshold definition

Alternative array design (loop analysis)
Joke Allemeersch credited for statistical models
LOOP tool: web architecture for data management
Benign copy number variation analysis (clone wars)

Importance of data management
Data repositories that feature analysis tools

Examples: ArrayCGHBase, Decipher, Store+Bench, Database of
Genomic Variants, ECARUCA, ...
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Raw data analysis : quality criteria and pitfalls
Data normalization
Spot and aberration calling (segmentation)
Threshold definition
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Joke Allemeersch credited for statistical models
LOOP tool: web architecture for data management
Benign copy number variation analysis (clone wars)
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Database for storing experiments

Slide Annotation

Visualisation

Normalisation

Statistical method for analysis (LIMMA)
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Loop Design List

id date details

243 23524' Slide set: [ 2006020638lovr 2006020632high 20060227 390w |
Slide 2006030638low: 79162 (cyS)vs, 218719 (cyE)
Slide 2006030638high: 282213 (cy5) vs, 79162 (cy3)
Slide 20060227390low: 315719 (cyS) vs, 262913 (cya)

242 23'024’ Slide set; [ 200602273%high 20060227 38lows 2006022738high |
Slide 200602273%high: 232160 (cyS) vs, 303310 (cy )
Slide 2006022738lows: 0931 (cyS)vs, 222160 (cpE)
Slide 20060227 38high: 202210 [cyS) vs, 20921 (03]

241 286;4' Slide zet: [ 20060227 3Flow 2006022737high 20060227 36low |
Slide 2006022737 lows: 159192 (cuS) ws, 202210 (cv2)
Slide 2006022737high: 255220 (cyS) vs, 159192 (cy3)
Slide 2006022736low: 303310 (cyS) vs, 2552580 (cy3)

240 gggé‘“ Slide zet: [ 2006022736high 2006022735lows 20060227 35high |
Slide 2006022736high: 75022 (cyS) vs. 165531 (cy3)
Slide 2006022735low: 74527 (cyS)vs, 75022 [cp3)
Slide 2006022735high: 165531 (cy5) vs, 74537 (cy3)

230 ggroéz' Slide set: [ 200602272How 20060227 24high 2006022723 0w |
Slide 200602272 How: 2594937 (cyS) ws, Z02222 (cyz]
Slide 2006022724high: 329522 (cyS) vs, 259437 (cy3)
Slide 2006022723 lows: 202227 (cyS) us, 229822 (cuE)

238 gg'oéz‘ Slide set: [ 20060227 23high 20060227 2210w 20060227 22high |
Slide 20060227 23high: 12211 (cyS) ws, 216554 (cu3)
Slide 2006022722low: 570453 (cyS)ws, 12211 [cp3)
Slide 2006022722high: 16554 (cy5) vs, 67043 (cu3)

237 ggroél' Slide set: [ 20060227 19b 20060227 20a_corr 2006022719a |
Slide 20060227 19b: 252023 (cyS) vs, 198782 (cy3)
Slide 2006022720a_corr: 93433 (cyS) us, 292023 [cp3)
Slide 20060227 19a; 122722 (cyS] s, 924232 (03]

236 ggroél' Slide zet: [ 2006022720b_cor 20060227213 2006022721b ]
Slide 2006022720b_corr: 1522032 (oyS) ws, 2120932 [y 3]
Slide 2006022721a; 205174 (cyS) vs, 158303 (cy3)
Slide 2006022721b: 213093 (cyS) us, 203174 (cy3)

23351 & Slide set: [ 2005042030 2005042032 2005042031 |

Slide 2005042030: triz13 [cyS) ws, trizy (op2)
Slide 2005042032; normal fermale [cyS) ws, tris 12 [cy =)
Slide 2005042031; trisx [cyS) vs. normal female (cy3)
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A& second indication for the array guality is the number of spots above background. Here, we call a spot above background if Fg=Bg+2*sdiBg). In the table, the number and
percentage of the spots that are above backaround, is shown; for both channels combined, and for the green and red channel separately.

| Hybridization |# in both Channels |% in both channels |# in Red channel |% in Red channel |# in Green channel |% in Green channeal
[1145873350055_z006030638high | 7237 | 97,903 | 7273 | 98,39 | 7255 | 98,147
[1145873308564_200602273500w | 7237 | 27,903 | 7252 | 23,1086 | 7274 | 35,404
[ 1145874721952 z0060z063810w | 6951 | 93,764 | E964 | 94,21 | 7008 | 94,805
[ For 282913 combined [ 7156 [ 96,807 [ 7203 [ 97.443 [ 7193 [ 97,308
| For 318719 combined | £855 | 92,735 | 6902 | 93,371 | £add | 93,939
| Far 79162 carmbined | 6861 | 92,817 | 6925 | 93,682 | 6936 | 93,831




Spatial Loess normalization.

For all hybridisations, the MA plots are shown before and after the spatial Loess normalisation is performed. The measurements in the Ma-plots are colored
blue if they are above background and green if they are below. The empty spots are colored red.

1145373350055_2006030638 high: Before normalisation. 1143973350055 2006030538 high: After normalization.
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The significant clones obtained with the Limma techniques:

This plot shows the average of the Limma-estimates for the different clones, ordered according to their chromosome location, Grey spots are not classified as deleted or
duplicated for this specific patient, The colored clones are duplicated or deleted for patient 79162, In case they are likely to be partially deleted/duplicated, i.e. significantly
below 0.86 ar 0.54, respectively, in absolute value, they are drawn as a triangle.
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Chapter 2 — Array CGH data management
and analysis

Raw data analysis : quality criteria and pitfalls
Data normalization
Spot and aberration calling (segmentation)
Threshold definition

Alternative array design (loop analysis)
Joke Allemeersch credited for statistical models
LOOP tool: web architecture for data management

Benign copy number variation analysis (clone wars)

Importance of data management
Data repositories that feature analysis tools

Examples: ArrayCGHBase, Decipher, Store+Bench, Database of
Genomic Variants, ECARUCA, ...
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Chapter 3 — Functional

Interpretation of genetic information

DOWNSTREAM ANALYSIS: INTERPRETATION IN
CONTEXT OF GENE FUNCTION
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e Brewer et al.:

A Chromosomal Duplication Map of Malformations: Regions of Suspected
Haplo- and Triplolethality—and Tolerance of Segmental Aneuploidy—in
Humans

Carole Brewer," Susan Holloway,' Paul Zawalnyski," Albert Schinzel,” and David FitzPatrick'

'Department of Human and Clinical Genetics, Molecular Medicine Centre, Western General Hospital, Edinburgh; and *Institute for Medical
Genetics, University of Zurich, Zurich

A Chromosomal Deletion Map of Human Malformations

Carole Brewer," Susan Holloway,' Paul Zawalnyski," Albert Schinzel,” and David FitzPatrick'

'Department of Human and Clinical Genetics, MMC, Western General Hospital, Edinburgh; and *Institute for Medical Genetics, University of
Zurich, Zurich




Trencas arfurioss
Titrolagy

- - Examghos

POA, 45D

3 Puimerany tenesis
K

 Tantes arteioses
¢Colebema

ot
Hydrocepinalvs
B0

ol dafes
Folayly

Tigunwcerhal
Kt ophithaimin

Calip
Maginal bernia
Umblizal ern's

A tlobora

Hypeplosiic o heert 24

}_‘ Fecdus exematym
H

“
u
n

14

15
u

13
IH
1 ]7 Cramlusytosiosis

1 _—
u F[mmnﬂm’mu

tipppadins

g g8y 4d 8

g

n Vitraghthelmia
— Umieat hetnin

1 :
13
P L'l paloke
2] ] Renal ogenesis
n
ko
3

Caft polon
T loloprosencphely

}» Catpolare

ehilp
o

21
1— Holoprosencaphaly
% Ceff polen
Agtoesianpts wlopm
And aresia
Cataract

»u
i ial-cration

fencl (ysts
Glavema

o — Pse sorum

Seoleste

wsn
Aneghrhalnia

Tsmebi irak har v

{oyptortid fedes

Le polote
Tetralogy of Fitor

Croniosynnstons
Weannptaly
{voreation
Rypospadios
Stolpdetacts.
£0A

e
Hypoplaskic leh
beart

®RRER W ¥XR NEE

n

2
n

==

1
1

=

L R-2-1-3

iL— Pegus ezvalum
Colebome

PeLs mvghum
Hydrocephales

T Sreodty

HRicocsphaly
Habprosentephaly
A

Asp
Hicroeapholy

Inguinal beraig

Colabonia
Hirgchprung's disstse:
Bohduarly
Kbt rtum
Rancl epks

- - Aot stamosis

13

Crantoynustosts
Choars| mteesia
Fulmoear slanosis
Miropubaimia

__Caarnd

PAN—— :5

Werognoihic

Hrduseravatum

Chonnal cresla

POA
52

Anachrhalria

{lefi paloe

ngsis (FELS
allasum
F1] Caonittien
" Hydralnghalus
n
1
Hypordaticlek
n Jubas
n .
17 Hyoospadies
n
’
Left pafore
N Croonal atiesio
ki Al
:
Pulmanory stenisis
u Tnigy o Fak
;; ]—Emlwhumn! “ .
@

3
12
|
i sk
EH
;
1 Fieaphthu.ria

§i

It
i

e

Syedueyy

Mirograthie

]_ Saaliosis
Mictophthoia
MWD

Nicragithatmio
| Coloboma
| —- Arel oiresic

|-~ Citht polate

F

{—Umbilical hgrnic

Ml

(hki
E1om

Stols pafacts

AY5D

Bywel o
J— Hanwphstiieh heort

l_“.mo

/
F Hydrocepholus
N



pa—

——

Fae wgess

oomthoy

nevpriame
Intcive mal el

umplalit
e

]
Pt
Aroastoly

atlaree

irsengl kemnen
e

art. g

Hhprung's

Libbme
Wiragh|

]

o e
Thoomphot
vl

. ASD
AVSD
PDA
VsD

Rot. i J0pinHY

n u
olpmsa sl !:
n Calokemn a7
n Wkt
n
%
-]
M salois " e
u u
n At oy
n
n
"
u, Cratiowgnntoss u
W . J
H il
n
bid LT N 17 L - Tk
n |- tanea " ;_ w
U 1 | { |
an rdreapolis b R m—
n [ ;7
¥ L
E<d Bim
u
%
k]
E

N
«

P...,m..

Niacettinkoia

Atrial septal defedt
Atrio-ventriculor septal defect
Patent ducts arteriosus
Ventricular septal defect

1
I
i
N
)
3
LH
1
1
7
b7 £ mibum veaneis
)
n
u
M Chtons
b
»
/ {mcntn
kll
N o
n
12 »
ol o I
E — Righaia
W0
Manalagensss

Saraen

v agunes
-y

Eoronsy noty
hhaly

]_Hlmwvln

Talay
Trgoauzitly e
I Pulmarar senis
e toguntbom
P Kioryiem oy tll!ilﬂ\lmh
Tymeay
Ohcans chane
[yt
I
Gauame
[
"
it vt

7| P';:;: ok :; Pucay sk
v ]
n e n n
12 LS‘IIM! 1z I A
2 LN u

19 21

] e

] :"'.'.r:«“"
Gauzme

13 [

[}

"

[}]

[}]

"

n

n s

1 Ao arnss.
"o

u epepl ok ban

5 monna

10 1

s e

22



Rationale

» Public literature is evolving into
a large phenotypic database
Case reports
Clinical research results

» Medline:
4,800+ journals
16 000 000+ abstracts
1 185 000+ case reports
500 000+ new each year
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Frequency

gene/protein| UniProt ID |in BNC

Had| Q9WVK?7 402433

who| 001367 194312

how| 001367 94873

Last| Q9D032 73553

put| Q51841 59248

Yes| Q04736 58451

Set| Q63945 48232

Great| Q91775 45250

car| Q9Y1I12 34155

Source: EBI Rebholz group

beaked nose

delayed bone age

Developmental delay

generalized tonic-clonic seizures
GH deficiency

Greek warrior helmet appearance
intra-uterine growth retardation (IUGR)
left temporal mesial sclerosis
mental retardation

mental retardation

microcephaly

microcephaly

pre- and post-natal growth delay
praminent glabella

prominent eyes

shart stature

shaortness of stature



included beak nose, microcephaly, and
and the nose was beaked. Further phen

showed small head circumference. In o
were microcephalic. To delineate a co
displaying microcephaly. In an earlie

in mentally retarded patients with an
behaviour, mental retardation, and of

beaked nose

delayed bone age

Developmental delay

generalized tonic-clonic seizures
GH deficiency

Greek warrior helmet appearance
intra-uterine growth retardation (IUGR)
left temporal mesial sclerosis
mental retardation

mental retardation

microcephaly

microcephaly

pre- and post-natal growth delay
praminent glabella

prominent eyes

shart stature

shaortness of stature



Abstracts
(XML, ZIP)

~A—0=0=0

unpack Split to single Relevant Recent @

documents journals only articles only

< [ < e =

OMD OMD LDDB Select
Annotated Annotation relevant fields
articles only (XSL Transform)

a9
H—uH—H— 11—

Entrez Gene Protein & Gene Gene ID
Annotation Translation «




Gene to Concept associations

ENSG00000000001 e
Fb.réc;ooooooooooz r rrFF
e | e rlrr||——|_'T~——,_

am

Pubmed




Gene to Concept associations

ENSG00000000001 e
Fb.réc;ooooooooooz r rrFF
e | T r|r|‘||——|_'T~——,_

— e

Pubmed




Gene to Concept associations

ENSG00000000001
ENSG00000000002

iR

MESEN ENSG00000109685

ENSG00000024999
ENSG00000025000

Pubmed




Gene to Concept associations

ENSG00000000001 F
ENSG00000000002 rIF
MESEN ENSG00000109685 I I IF
ENSG00000024999 I

ENSG00000025000
r .

.

overrepresented

in document set
for WHSC1 gene Pubmed




Gene to Concept associations

Poe = 1 — Hegr(Oye|A, B, C)

ENSG00000000001 Ope—1 (B) (A—B)
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e - L A
WESBN ENSG00000109685 ‘ i—0 (C’)
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(&)
1=0pc C
Gene = WHSC1

Concept = microcephaly

A (total abstracts) = 800.000
B (gene abstracts) = 30

C (concept abstracts) = 4000

O (gene & concept) = 10

Ppc (P-value) = 1,57 x 106




Gene to Concept associations

Results WHSCz2

concept # abstr p-value
& 32.04.02 {(Mental retardation f developmental delay) 3 1.2445E-5
&% 32.08.05 {Microcephaly) 2 1.5854E-5
& 32.06.00 {(SEIZURES, general abnormalities) 3 2.2494E-5
& 05.01.01 {(Prominent glabella) 1 4,2313E-5
& 09.01.07 {(Convex / beaked profile of nose) 1 9.5199E-5
& 02.00.00 (STATURE) z2 1.7425E-4
& 32.08.00 ({CRANIUM, general abnormalities) i 3.5081E-4
& 32.04.00 (MENTAL,COGNITI¥YE FUNCTIOM, general abnormalities) 3 4.7173E-4
& 14.01.07 {(Speech delay) 1 5.3936E-4
& 07.01.07 {(Prominent eyes / proptosis) 1 5.3936E-4
& 33.01.11 (Delayed bone age} 1 6.6623E-4
& 05.01.00 (Forehead, prominent etc., general abnormalities) 1 1.0573E-3
& 32.06.14 (Tonic seizures) 1 1.987E-3
&) 05.00.00 (FOREHEAD) 1 2 4409E-3
& 01.03.02 {Low birthweight {= 3rd centile)) 1 3.4749E-3
&% 01.03.00 (Thin or slender build, general abnormalities) 1 3496E-3
&% 14.00.00 (YOICE) 1 5.9083E-3
& 14.01.00 {Yoice, general abnormalities) 1 5.9083E-3
& 07.01.00 {(Eyes, general abnormalities {including spacing)) 1 6.74958E-3
& 32.12.00 {CRANIAL BOMES, general abnormalities) 1 8.2839E-3
& 32.04.05 (Hypotonia {non-myopathic)) 1 8.6618E-3
& 02.01.00 {Short stature, general abnormalities) 1 1.6507E-2
& 32.00.00 {NEURDLOGY) B 1.7382E-2
& 09.01.00 (MNose, general abnormalities) 1 2.0678E-2
& 09.00.00 (NOSE) 1 2.1062E-2
& 18.00.00 (ABDOMEN) £ 4, 93E-2
&% 01.00.00 (BUILD) 1
& 18.05.01 {Abnormal liver (including function}) z

18.05.00 {Liver f biliary system, general abnormalities) z
& 28.05.04 ({Isolated growth hormone deficiency) 1
& 18.03.00 {Colon, general abnormalities) 1

17.02.00 {Breasts, general abnormalities) 1
& 33.01.00 ({Skeleton, general abnormalities) 1
&) 33.00.00 (SKELETAL SYSTEM) 1
& 25.05.00 {Pituitary, general abnormalities) 1
&% 07.00.00 (EYES, GLOBES) 1
&% 17.00.00 (THORAX) 1
& 25.00.00 (ENDOCRINE) 1
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. EMTH (=B deafness _ 4.087EE-2
Ok, Band requested, Input walidated, growth retardation 4.6672E-2
- welcorne to aBandApart. looking for 4p16.3... low set ears 4.8071E-2
) cerebral atroph 4,9135E-2
|| First, choose an ontology or structured wocabulary from the top pane. Band found I IFLRy 4.9135E-2
Then eitlher choose a band or a concept This pane will displ@y help ' nystagmus 5 2B42E-2
- information. Hover over the vocabulary list with vour mouse pointer to arowth delay £.2113E-2
= display more detailed information, This page uses some JavaScript, finger £.3372E-2
nase 6.5953E-2
beaked nose 6.64E-2
- rmental retardation 6.9843E-2
| ] renal dysplasia 7.0667E-2
MICrocornesa 7.4915E-2
[ | severe growth retardation 7.9143E-2
feeding difficulties 7.9143E-2
' hands 8.4Z96E-2
bladder 8.8269E-2
General help {in this pane) speech delay 9.5865E-2
eYEs 9.6505E-2
ascites 9.9998E-2
retardation 1.0361E-1
breast turnour 1.0411E-1
facial dvsmnorohism 1.1177E-1 M

Dane



@ aBandApart - Mozilla Firefox
Eile Edit ‘“ew Go EBookmarks Tools  Help

; —
QEI - I_V\> - %l |_| @ || http:fftomcatbackup.esat. kuleuven be:8080Jabandapart! Iﬂ @ Go @,
|| TOMSPCT Table Inf... || HmGeb.aif (audiofx-... | ] logos || Disease Ontology | | Ontology Detail : Hu,,. # TeXMed - Exporting... | | google || java || WebCalendar Datab... @'dic L] kel mVeto—Home »
1 z 3 4 5 =] 7 ] 9 10 11 1z 13 14 15 1s 17 18 19 20 21 22 = 7 [:I
| - Ll aBandApart Results =
| :: - Please choose an ontology or vocabulary band  p-value
. - - before subritting a query, xp22 3.5305E-14
-_— *p22.3  §.1934E-14
| 1 - 8 GO (biological process) 223231 2%?215:2
- GO (cellular component) 141l 2.1914E-7
O GO (malecular function) ®pter 2.6043E-7
. 29331 Z.3192E-6
_— O Go {everything) 2033.2  2.6074E-6
- O LODB ¥p22.32 Z.7T6Z8E-6
O LDDB (w. synonyms 2933.3  2.923E-6
[ ] L ® tw. synonyms) 2q3s 1.0681E-5 |
— - OMIM 2933 3.027E-5 =
|| = O cBIL (anatomy) xptel  1.0491E-4
¥p22.33 1.1846E-4
- O oHDaA (developm?nt) 17p11.2 2.5604E-3
L — O TDMS (systems, tissues) 17p1l  3.5756E-3
| ] -— O TDMS (microscapic lesions) Xpz23  4.9231E-3
= ¥p22.2 1.4125E-2
|| yqil.21l 1.6337E-2
L ] 19cen  2.4375E-2
. 4p16.3 19p11  2.7979E-Z
] 19911 Z.9178E-2
] ™ || | Cytohand to concept | 5932 4.4138E-2
- yqll.2 5.5175E-2
19plz 5.9827E-2
. . . *q28 £.2E65E-2
= . : 1211  6.4456E-2
- — phenotls ichtyosis xq27.3  £.6007E-2 N
19p13.13 7.1356E-2
| { Canceptto cytoband | 19p13.11 7.1356E-2
21g22.11 7.3645E-2
19p13.12 7.3645E-2
- 1991z 1.128E-1
xpll 1.1313E-1
. Status message 17012 121511
Ok, Concept requested, Concept wvalidated, xgzi 1.2893E-1
— uelcome to aBandApart. looking for ichthyosis... Concept found. 19513-1 133411‘215-1
] First, choose an ontology or structured vocabulary from the top pane. ngIS 1:3891E—1
Then either choose a band or a concept This pane will display help ¥pll.22 1.4398E-1
information. Hover over the vocabulary list with vour mouse pointer to 14q 1.4925E-1
display more detailed information, This page uses some JavaScript, 19p13.2 1.5029E-1

9934.13 1.6175E-1
9q34.12 1.6175E-1
9934.11 1.6175E-1
21q22.1 1.6275E-1
xpll.23 1.7101E-1
18g21.3 1.8721E-1
xgtel 1.8921E-1
9q34.1 1.9718E-1
1921 1.9748E-1

General help {in this pane) gqgg . ggéiig—i
q33. . R
3q27.2  2.031E-1
3g27a 2.031E-1
3q27.3  2.05068E-1
ater 220-1 M
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Linking genotypes and phenotypes
The result is like OMIM, but

automated i.0. manual
a lot of vocabularies

Vocabularies provide different views
10 vocabularies are available



narcolepsy Ellis Van Creveld Syndrome
band p-value band p-value
4cen 0,002762778|  |4p16 0
4pii 000323563 |4p16.1 6,83588E-05
6cen 0,003471972 4cen 0,00496766
6q11.2 0,003944488|  |dp11 0.005816778
4p12 000441678 |4p12 0,007936404
6q11.1 0,004574161)  |4p13 0,008782988
4p13 0004888848 |4q11 0,009769757
6q11 0,005046154
4q11 0,005439311
6pi1.1 0,005832312
6pi11.2 0,006068038
6q12 0,006617849
6p11 0,007167355
4q13.2 0,00779499
4q13.1 0,008030251
4q133 0,008108659
6p12.1 0,008343846|
6p12.2 0,008343846
149323 0,008500606
6q13 0,008500606
6p12.3 0,008735699
4913 0,010379795]
4g21.22 0,010458017
4921.23 0,010536233] [ fibrodysplasia ossifi
4q21.21 0,010536233 progressiva
49213 0,010849035  |pand pvalue
4921.2 0.011083572| 4428 1 0,004605597
4q21.1 0011318058 40282 | 0,00466854
4912 0011474343 149083 | 0,004731479
6p12 0,011786848 4431 33 0,005046114
4921 0,021193592 14431 31 0,005046114
14932 0.045792509]  |4431.22 0,005109029
49312 0,00529775
4q31.1 0,005360649
genes and 44313 0,005549323
4q27 0,005675085
. 4q28 0,005800832
dlsease 14921 0,007182994,
4431 0,009252636
17922 0,019908243
17q21.2 0,022136884
17q21.33 0,022384198
17q21.32 0,022446017
17q21.31 0,022507831
17q21.1 0,023434584
17921.3 0,025038874|
17921 0,04565638

Validation

\ EWC

Elis-van-Creveld

MNRZLP
Marcolepsy

FOP
Fibrodysplasia
ossificans
progressiva

}_

HD
Huntington disease

FGFRS
Achondroplasia

SMNCA
Parkinson disease

Parkinson disease

band p-value|

2p13 1,32E-05|

1ptel 2,04E-05,

1p36.32 2,12E-05

1p36.31 217E-05

1p36.21 2,40E-05,

1p36.22 2,43E-05

1p36.33 2/52E-05,

1p36.23 2 55E-05,

Huntington disease 1pter 2,74E-05)
band p-value| 136,11 3,44E-05
4p16.3 1,60E-14 1p36.12 3,51E-05
4p16 1,74E-14)  [1p36.13 3,55E-05,
4p16.1 3,02E-12)  |1p36.2 3,71E-05
apter 251E-11  [1p35.2 4,51E-05,
4p15.3 3,29E-10) |1p353 4,51E-05,
aptel 8,78E-10 |1p35.1 4,64E-05,
4p16.2 1,38E-09  [1p36.1 5,41E-05
4p15 4,96E-09  |1p35 6,37E-05
4p15.33 9,58E-00  |1p36.3 6,54E-05/
4p15.31 9,58E-00| |4q22.2 3,38E-04,
4p15.32 1,03E-08| |4q22.3 3,38E-04,
4p15.1 1,46E-08| |4q22.1 3,44E-04,
4p15.2 1,55E-08| |4921.22 4,22E-04,
14q 2,99E-04) |4921.23 4,28E-04,
20p12 0,005111011)  |4921.21 4,28E-04,
20ptel 0,021001608|  |4q22 4,4TE-04,
20pter 0,026652377 |4921.3 4,54E-04,
16q11,1 0,031336428)  |4921.2 4,74E-04,
16cen 0,033203731)  |4921.1 4,94E-04,
16q11,2 0,036927545  |6qtel 6,01E-04
20p12.3 0,036927545  |6qter 7,35E-04
2p11.1 0,044332198)  |6925.2 8,38E-04,
16q11 0,046174449) 69253 8,64E-04,
16p11,1 0,046174449| 6926 0,001042487
2p11.2 0,047094242| |1p36 0,001107022
6927 0,001493136|

. 6925 0,001504812

a 4921 0,001722449|

band pvalue 1, 15 0,003084742
4p16 0,00E+00| 15514 4 0,010349236
4p16.3 0.00E+00}  |5511 5 0,011006178
19p12 1,26E-02 40161 0,018203814
13q A414E-02 Ioqtel 0,018638346
2p11 0,018855541

29372 0,019506836/

2p13.1 0,019506836/

29371 0,021024842

2qter 0,022540499|

10q 0,023405535|

29373 0,023837765|

4923 0,024701653|

2936.2 0,026211617|

29363 0,026642606/

2936.1 0,026858029|

149 0,028579696|

2936 0,032013898

2q37 0,043726637|

8p21.3 0,047107292




Text Based Gene Prioritization ¥alidation Application - Mozilla Firefox =12 x|

File  Edit iew History Bookmarks Tools Help  del.icio.us

<; - - @j @ EE tag | L http:fftomcatbackup, esat kuleuven.be/sanger/ v| | M| delicio.us tag &1
|| DECIPHER || Text Based Gene Prioritization ¥... [J =
-
Welcome to the Text Based Prioritization
Validation Application. If you are not part of concept # abstr p-value
EBI, Sanger or ESAT, you probably should 32.05.01 {Autism f autistic behaviour) 4z
go somewhere else, &8 32.04.00 {MENTAL,COGNITI¥YE FUNCTION, general abnormalities) 99 OEn
A X X &8 32.06.00 {SEIZURES, general abnormalities) 37 0ED
This tool is under construction and shows &8 32.01.00 (ONSET OF NEUROLOGICAL SIGNS) a7 0ED
EEXt ba;ed E'gtine ﬂroﬁllng for human &3 32.04.02 (Mental retardation f developmental delay) 93 0EQ
C;’;E’éwtp ¥. EIENEr choose & Qene or 4 &8 32.00.00 (NEUROLOGY) 753 0ED
[P &8 32.05.00 {BEHAYIOURAL PROBLEMS, general abnormalities) S8 5.1E-30
Examples: g 32.08.05 {(Microcephaly) 1z 3.0502E-18
16.01.06 {Scoliosis) 9 1.5409E-16
*+ Microcephalin (MCPH1): & 16.01.00 {Back and spine, general abnormalities) 13 1.1847E-13
ENSGO0000147316 &3 32.08.00 (CRANIUM, general abnormalities) 14 9.0507E-13
* Lissencephaly (LIS1): &3 16.00.00 {BACK AND SPINE) 13 1.9925E-12
ENSG0O000007165 &8 32.06.02 (Infantile spasms) 6 1.3695E-10
* E“NHSSGDDD%‘E%';';';% 1 (wHsC1): #8 32.06.17 (Spasms (not infantile)) & 1.518E-8
* SOTOS (NSD1): ENSGO0000165671 & 32.17.06 {Spasticity Jf brisk reflexes f Babinski) g Z2.0001E-8
' & 32.17.00 {PYRAMIDAL SIGNS, general abnormalities) 11 1.5195E-7
[Contact] me about this toal. &8 32.16.00 (ATAXIA, general abnormalities) 10 9.384E-7
&8 32.05.13 (Bruxism (teeth grinding)}} z 1.7407E-5
&8 32.07.20 (Intermittent tremor at rest) 4 1.0367E-4
&8 32.35.04 {Cortex - nonspecific) 13 1.3532E-4
|ENSGDDDDD18905? g 32.04.05 {Hypotonia {(non-myopathic)) 4 1.9534E-4
07.01.01 {Asymmetric eyes) 1 6.76539E-4
Gene to Dysmarpahy | &8 32.35.05 {Basal ganglia - nonspecific (excl. pigment}) 4 7 4639E-4
o,0]
32.36.01 {(Multiple deletions) z 7.9404E-4
& 18.01.07 {Feeding problems in infants) z 5.4733E-4
&8 32.06.06 {Myoclonus (for palatal and spinal myocl.i.v.})) 3 1.0124E-3
06.01.15
= &8 32.35.00 {MICROSCOPIC CHANMGES OF THE CNS, general abnorm.) 19 1.3275E-3
Dwsmorphy to Gene | & 10.01.00 (Face, general abnormalities) 7 1.5255E-3
&8 33.01.08 {Dsteoporosis) 4 1.5325E-3 |
g 32.25.23 (EEG: *characteristic pattern of EEG f CN claimed) 1 2.3671E-3
10.00.00 {FACE) 7 2.615E-3
Status message g 32.04.06 (Dyspraxia f apraxia including gait apraxia) 2 3.0051E-3
. 26.01.01 {Flat arches of feet) 1 3.0424E-3
ok, G ted. look for ENSEMBL
Gene fg;ur;?qﬂ?s i BB Lty &8 32.35.06 {Cerebellum-nonspecific {(see below for specific)) 7 3A4FFIE-3
& 17.06.06 {Respiratory abnormality, unspecified) z0 4, 701E-3
g 32.08.08 (Trigonocephaly) 1 6.74534E-3
17.06.00 {Lung, general abnormalities) z0 6,9399E-3
Search Dysmorpholo & 32.32.16 {Agenesis f hypoplasia of corpus callosum} 1 9.0996E-3
v [T #8 10.01.04 (Coarse facial features) 1 1.1445E-2
This now warks for both IE and Firefo, &8 17.02.03 (Gynaecomastia) 1 1.2449E-2
g 32.16.02 (Truncal ataxia f non-cerebellar ataxia) 1 1.4737E-2
auti 06.01.08 {Low-set ears) 1 2.3091E-2
z = = & 32.32.10 {Polymicrogyria) 1 2.3752E-2
g2eshjautt mldatisticlbetoyioly & 32.07.00 (PARDXYSMAL DISORDERS, general abnormalities) 4 2,7803E-2
&8 32.23.00 {AUTONOMIC DYSFUNCTIONS, general abnormalities) Z 3092FE-2
% 16.01.02 {(Kyphosis) 1 3.1653E-2
Search Gene 17.00.00 {THORAX) 3z 3.7074E-2
&8 32.36.03 (Point mutation) 7 4.,7795E-2
mec & 32.26.00 (ELECTROPHYSIOLOGY (except EEG), general abnorm.) 5 4,8974E-2
ENSGDODO0O0116353: MECR &8 32.25.00 {EEG, general abnormalities) 1
ENSGODO000101935: AMMECRL &8 29.01.13 {Chromosome instability / breakage) b4
ENSGODO000169057: MECPZ &3 08.05.00 (Palpebral fissures, general abnormalities) 1
& 18.01.06 (*Dysphagia - see CRANIAL NERYES) 1
&8 17.02.00 (Breasts, general abnormalities) 14d
& 22.01.00 (Upper limbs, general abnormalities) 1
g

&8 01.00.00 {(BUILD)
A

T UniLeuven_Re...

’“_a. | http:fftomcatbackup.esat . kulewven. befsanger f# E@ | Q Open Motebook | @




Gene-LDDB maps

./genes.sh LDDB170504
Looking for genes associated to LDDB170504...

129
12
12
11
11
10
09
08
08
07

1.464757e-129 ENSG00000049540 + ELN elastin (supravalvular aortic...
3.120289%e-12 ENSG00000071462 + WBSCR22 Williams Beuren syndrome
1.810960e-12 ENSG00000077809 + GTF2I general transcription factor II,
6.238573e-11 ENSG00000106638 + TBL2 transducin (beta)-like 2
4.967726e-11 ENSG00000006704 + GTF2IRD1 GTF2I repeat domain containing 1
9.880883e-10 ENSG00000168542 + COL3Al collagen, type III, alpha 1
5.514204e-09 ENSG00000009950 1 MLXIPL MLX interacting protein-like
2.764015e-08 ENSG00000077800 1 FKBP6 FK506 binding protein 6, 36kDa
1.398369e-08 ENSG00000107438 = PDLIM1 PDZ and LIM domain 1 (elfin)
4.414078e-07 ENSG00000165119 = HNRPK heterogeneous nuclear

i




Gene-LDDB maps

./genes.sh LDDB120401
Looking for genes associated to LDDB120401...

19 1.926391e-19 ENSG00000184058 + TBX1 T-box 1

18 4.051166e-18 ENSG00000102271 + KLHL4 kelch-1like 4 (Drosophila)

15 9.455555e-15 ENSG00000119042 + SATB2 SATB family member 2

15 3.299856e-15 ENSG00000101871 + MID1 midline 1 (Opitz/BBB syndrome)
14 1.279493e-14 ENSG00000069399 = BCL3 B-cell CLL/lymphoma 3

13 1.520270e-13 ENSG00000204248 + COL11A2 collagen, type XI, alpha 2

12 1.585302e-12 ENSG00000099889 1 ARVCF armadillo repeat gene in VCF
10 5.880943e-10 ENSG00000060718 1 COL11Al collagen, type XI, alpha 1

10 2.295810e-10 ENSG00000172893 1 DHCR7 7-dehydrocholesterol reductase
10 1.824248e-10 ENSG00000163513 1 TGFBR2 transforming growth factor,




Conclusion

Extract Genotype - Phenotype links

e Using biomedical literature as a
phenotype database,

e using available ontologies as
sources of biomedical concepts
within different views



Van Vooren S, Thienpont B, Menten B, Speleman F, De Moor B,
Vermeesch J R, Moreau Y., "Mapping biomedical concepts onto
the human genome by mining literature on chromosomal
aberrations" Nucleic Acids Res., 35(8):2533-43, 2007.

Van Vooren S, Coessens B, De Moor B, Moreau Y, Vermeesch J R.,
"Array CGH and computational genome annotation in
constitutional cytogenetics: suggesting candidate genes for
novel submicroscopic chromosomal imbalance syndromes" Genet
Med., 9(9):642-9, 2007.



Downstream analysis: tools for interpretation

Association to phenotype and disease
Information from public databases and literature
Patient phenotype information
Other patients
Hunting for candidate genes
Computational approaches: a review
Literature as information source
Mapping concepts onto the genome
aBandApart
aGeneApart

Fusing multiple data sources
Endeavour




What is Endeavour?

» Prioritisation of any list of candidate genes

= To identify disease genes
= To identify members of biological pathways
= To identify functionally similar genes




What is Endeavour?

4 ) 4 ™\
Training genes Test genes

J . /

S —
TRAINING SET TEST SET

_ J \- J

Choose TRAIN
SubModels

Order

Stats

MODEL with multiple SubModels

One ranking for each Overall
SubModel ranking




What is Endeavour?

» Compares summaries of
information of test genes
with that of training genes

»w Uses different information sources



What is Endeavour?

\ Vg s, B :
Gene Anatomical Litérature Biological Gene Protein Evolutionary
expression expression process regulation domains conservation

Pathology /



Application Screenshot

Y Endeavour

File Edit Tools Help

0o

Add H Remove ‘

=

Model "Data
D Modlel Marme Species Description Ensambl ‘
[ biovec. GoMadel DMD horo_sapiens | Dystrophin. [SoUrce:SWISSPROT; Azc:P11532] ENSGOD000132438 |||
homo_sapiens | Tafazzin. [Source:SWISSPROT; Acc: Q16635) ENSGO0000102 125
[ biovec. EnsemblEstodel IACTGIJACTE  homo_sapiens  Actin, cytaplasmic 1 (Beta-actin). [Source:SWISSPROT  Acc:PO25 70] ENSGO0000075624
[ hiovec. lprodel DES homo_sapiens Desmin. [Source:SWISSPROT, Acc:P17661] ENSGO0000175084
SGCD homo_sapiens | Delta-sarcoglyran GG-defta) (35 kDa dystrophin-associated ghyrapratein) (35DAG). [Source:SWISSPROT  Acc:092629] ENSG00000170624
[ biovec keaghodel TNNT1 homo_sapiens Troponin T, slow skeletal muscle isofarms Slow skeletal muscle troponin T). [Source:SWISSPROT; Acc:P12805) ENSG00000105048
[ biovec Texiodel MYH? homo_sapiens Myosin heavy chain, cardiac muscle beta isoform (MyHC-Dets). [Source:SWISSPROT; Acc:P12883] ENSGO0000092054
[TPM L homo_sagiens  Tropormyosin 1 alpha chaih (Alpha-tropormyosin). [Source:sWISsPROT; AcciPO9493] ENSG00000140416
[ wiovec. Motimoael LMMA horo_sapiens  Lamin AJC (70 KDa lamin). [Source:SWISSPROT Arc:PO2545] ENSCO0000160789
[ biovec. CisRegModuleModel TRINZ homo_sapiens | Troponin |, Tast skeletal muscle (Tropanin |, fast-twitch isofarm). [Source:SWISSPROT, ACc:P48788] ENSGO0000130598
MYBPC2 homa_sapiens Myosin-hinding pratein C, fast-type (Fast MyBP-C) (C-protein, skeletal muscle fast-isaform). [Source:SWISSPROT, Acc:q14324] ENSGOD000086967
[3 biovec. ExpressionMocel atlas MYL3 homa_sapiens Myosin light chain 1, slow-twitch muscle B/ventricular isaform (MLCLSE) (Alkal). [Source:SWISSPROT; Acc: POBS 90] ENSGO0000160808
[ hiovec. Expressionmadel_wascul L2 homo_sapiens Myosin regulatory light chain 2, ventricular fcardiac muscle isoform (MLC-2) (MLC-23). [Source:SWISSPROT; Acc F10916] ENSGO0000111245
TTN homo_sapiens _itin isofarm novex-3; connectin; CMHO, included; cardiomyopathy, dilated 1G (autosemal dominant). [Source:RefSec;Acc:NM_133379]  ENSGO0000155657
[ biovec ExpressionMactel_angio DTHA home_sapiens  Dystrobrevin alpha (Dystrobrevin-alpha). [Source: SWISSPROT, Acc:Q9'4)8] ENSC00000124763
[ biovec. Blastvodel
[ miovec. BinDMode!

4
Add Load Remove Re-ini 3 ‘

Statu:

Opened model from file model_alzheimer_10_random_PSENZ _ENSCO0000143801 hin

File Tools Help
Model Data
=3 Model
[ hiovec. Gomodel Rank GO En Ke Te Mo Ci Ex Ex Ex Bl BI Pval
[} biovec. EnsemblEstModel
[ biovec. lprmodel 1
[ blovac kegaModel
[ biovec. TexiModel 2
[ biovec Motitmodel
[ biovec.CisRegModulmaciel 3
[} biovec ExpressionModel_atlas
4 MLHL  CTNNBL CRELDL GLEI
[ biovec. ExpressionModel_vascul
D biovec. ExpressionModel_angio 5 CTHNNEL CTDSPL
[} biovec. BlastModel
[ biovec BINDModel & UBPL  CTHNE! ARPCA|TCRTAP
7
1}
a Tines
10
11
12
] DN
Add || Remove | ‘ Score Refresh | ‘ Save figure

Statu

CAYE ENSCOO000182533

2.840078646282906|

Caveolin-3 (M-caveolin).

[Fource SWISSPROT, ACC.P365329]




Validation Setup

T

29 lists of disease 5 lists of 20 random
genes from OMIM _ genes from the genome

Foreach disease or random gene set do:
Foreach gene in the set do:
a. Leave one gene out
b. TRAIN all submodels on the set minus the left-out gene
c. Create a test set from the left-out gene plus [9, 49, or 99] other random genes
d. SCORE the test set with all trained submodels

&. RANK the genes in the test set according to their order statistics' p value
end

Calculate, for a certain cut-off x (or for all possible cut-offs), the number of

- TP (true positives): number left-out genes ranked above x

- FP (false positives): number of genes other than the left-out gene ranked above x

- TN (true negatives): number of genes other than the left-out gene ranked below x

- FN (false negatives): number of left-out genes ranked below x

These calculations can both be based on the rankings of the individual submodels, or
on the ranking by p value of the order statistics (i.e., the combined or overall ranking).

Calculate the sensitivity and the specificity using the above mentioned values, plot
(1-specificity) versus the sensitivity in an ROC plot, and calculate the area
under the curve.




Validation Results

=
=
1)
2
0.3 jfﬁ_ ;* OMIM-10, AUC=51 0549%
— = - OhIM-50, AUC=56.1071%
0zt f” . iy OmIM-100, AUC=56 54027%
S H,«*" — — - RANDOM-10, AUC=45 29457
TR - — — ° RANDOM-50, AUC=46 E759%
S e — — - RANDOM-100, AUC=48 EE97%
|:| 'Illl:rd- 1 1 1 1 1 1 1 1 1 1
0 o1 02 03 04 05 0B 0F 085 08 1

1-zpecificity

Sensitivity - the proportion of true positives or the proportion of cases correctly identified by the test as meeting a certain condition
e.g. in mammography testing, the proportion of patients with cancer who test positive).




Validation Results

0ar

0.7 /-
N
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EnS00000103963 7.61 3 (4 citations) candidate tumar suppressar in ovarian cancer 2
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ENSG00000180068 0.73 1 {1 citation) Olfactory receptor 344 (Olfactory receptor 17-24) (OR17-24).
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ENZIG00000132353 0.47 1 (1 citation) GTPase activating Rap/RanGAP domain-like 4
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Platelet-activating factor acetylhydrolase 1B subunit alpha (PAF acetylhydrolase 45
kDa subunit) (PAF-AH 45 kDa subunit) (PAF-AH alpha) (PAFAH alpha)
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Hypermethylated in cancer 1 protein (Hic-1) (Zinc finger and BTE domain-containing
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Putative eukaryaotic translation initiation factor 3 subunit (eIF-3).

[Source: Uniprot/SWISSPROT, Acc: 075153]
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Telomerase-binding protein EST1A (Ever shorer telomeres 14) (Telomerase subunit
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[Source: Uniprat/SWISSPROT, Acc: OBELISE]

RUMN and TBC1 domain containing 1 [Source: RefSeq_peptide; Acc: NP _D55665]
TSR1, 205 rRMA accumulation, hormolog [Source: RefSeq_peptide; Acc: MP_OB0555]
Olfactory receptor 342 (Olfactory receptor 17-228) (OR17-228).
[Source:Uniprot/SWWISSPROT, Acc: P478593]

Cilfactory receptor 344 (Olfactory receptor 17-24) (OR17-24).
[Source:Uniprat/SWISSPROT, Acc:P47553]

GTPase activating Rap/RanGAP domain-like 4
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ENZIG00000007 163 121.02 13 (157 citations) Platelet-activating factor acetylhydrolase 1B subunit alpha (PAF acetylhydrolase 45

kDa subunit) (PAF-AH 45 kDa subunit) (PAF-AH alpha) (PAFAH alpha)
(Lissencephaly-1 protein) (LIS-1). [Source: Uniprot/SWISSPROT, Acc: P43034)

12885786: LIST missense mutations: variable phenotypes result fram unpredictable altera..., S Biol Chem. (2003)

12551946: Targeted disruption of intracellular type | platelet activating factor-acetyl..., S Biol Cher. (2003)

11134054: Mudf, a fungal hornolog of the human LIST protein, functions as a dimer in vivo., J. Biol. Ghes. (2001)

966E0528: Switching of platelet-activating factor acetylhydrolase catalytic subunits in..., J. Biol Chem. (1998)

8537406: Cloning and expression of a cOMNA encoding the beta-subunit (30-kDa subunith ..., J. Biol Chem. (1995)
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ENZG00000177374 119,64 g (24 citations) Hypermethylated in cancer 1 protein (Hic-1) (Zinc finger and BTE domain-containing
protein 290, [Source: Uniprot/SWISSPROT, Acc: (14525]

ENZIG00000132361 29 62 5 (33 citations) Putative eukaryotic translation initiation factor 3 subunit (eIF-3).
[Source:Uniprot/SYWISSPROT, Acc: O75153]

ERZ500000108353 7.61 3 (4 citations) candidate tumar suppressor in ovarian cancer 2
[Source:RefSeq_peptide; Acc:NF_54301Z2]

ENSG00000070366 2. 65 1 (1 citations) Telomerase-binding protein EST1A (Ever shorter telomeres 14) (Telomerase subunit

EST1A) (ESTI-like protein A) (hSmga/7 a).
[Source: Uniprot/SWWISSPROT, Acc: OEELISS]

EnSG00000141258 1.27 1 1 citation) RUM and TBC1 doamain containing 1 [Source:RefSeq_peptide; Acc: NP _055665]
EnSG00000167721 1.27 1 1 citatian) TSR, 205 rRM& accumulation, homolog [Source:RefSeq_peptide; Acc:MP_OB0598]
EnS00000205513 0.73 1 {1 citatian) Olfactory receptor 342 (Olfactory receptor 17-228) (OR17-228).

[Source: Uniprat/SWISSPROT, Acc:P47833)
EnS00000180068 0.73 1 {1 citatian) Olfactory receptor 344 (Olfactory receptor 17-24) (OR17-24).

[Source: Uniprat/SWISSPROT, Acc:P47853)
EnSG00000132352 0.47 1 1 citatian) GTPase activating Rap/RanGAF domain-like 4

[Source:RefSeqy_peptide;Acc:NP_055900]
[ show | Priaritise Genes per phenotype trait

Translocations

Karyntype
del(17)(p13.2;p13.3){1.5 Mb} .
[(=VH
=hlean Ratios =0 indicates = DUPLICATION
=hlean Ratios =0 indicstes 2 DELETION
=Indicates a translocation breakpoint

o | Done

=
W g Open Mokebook ’T




Rank by score

Phenotype PAFAH1B1 HIC1l eIF-3
CRANIUM, general abnormalities (12.58 - -
Fingers, general abnormalities 1.38 41.95 0.98

Lissencephaly/pachygyria 16.01 -

Tonic/clonic selzures
Mouth z:

Sum of log scores \¥>12 .02 119.64 29.62

Lissencephaly / pachygyria: LNDB 32.32.09
PAFAH1B1 (LIS1): ENSG00000007168
p-value 2.8951 x 10729

- log(p):




Home Centres Studies Array Typ

Patient 797

Id 797
Chromosomal Sex  46.XX
Age at initial 28
presentation

Consent b
Category affected

Citations (0)

Logged in as public

Phenotypes (4)

Primary Secondary Tertiary

FEET Feet, general abnormalities Club foot, varus
JOINTS Joints, general abnormalities Joint laxity

NEUROLOGY MEMTAL,COGMITIVE FUNCTION, general abnormalities Mental retardation/developmental delay




Example

* 69 genes In deletion, 58 with HUGO name

Aberrations(bps) (1)
Chromosome Graph HGNC OMIM (HGNC) Imprinted (HGNC) Ensembl Known

5 Ensembl Novel Prioritise All Phenotypes Prioritise Individual Phenotypes Overlapping
Start Position{bp) Syndromes Overlapping Patients

98954115 58 listed -
End Position(bp)

125355179 ST8SIA4 Chr:5Start:100170803End:100266869
Mean Ratio

-1 ST8 alpha-N-acetyl-neuraminide alpha-2 8-sialyltransferase 4. Aliases: PST, PST1

Classification . Ensembl-ENSG00000113532 Ensembl-ST8SIA4
de novo - parental origin of

rearrangement undefined

Interval{Mb) SLCOACT Chr-55tart:101597589End: 101660152

26.40

Confirmation solute carrier organic anion transporter family, member 4C1. Aliases: SLC21A20, OATP4C1, OATPX, OATP-H
FISH Ensembl:ENSG00000173930 Ensembl:SLCO4CH

Karyotype

del(5)(q21.1:q23.2){26.40
Mb} SLCOGA1 Chr:5Start101735553End: 101862619

solute carrier organic anion transporter family, member 6A1. Aliases: OATPGA1, OATPY, MGC26949
Ensembl-ENSG00000205359 Ensembl:SLCOBAT

PAM Chr:55tart:102229422Fnd: 102394708

peptidylglycine alpha-amidating monooxygenase. Aliases: PAL, PHM
Ensembl:ENSG00000145730 Ensembl:PAM

GIN1 Chr:55tart:102449603End: 102453741

gypsy retrotransposon integrase 1. Aliases: FLJ20125, GIN-1, TGIM1
Ensembl:ENSG00000145723 Ensembl:GIN1

HISPPD1 Chr.5Start:102493156End: 102566806

histidine acid phosphatase domain containing 1. Aliases: KIAAQ433, VIP2
Ensembl-ENSG00000145725 Ensembl:HISPPD1

CRarfMl ChrRStart-1N2R272341Fnd-102R422R0N i




Example

* 4 genes marked as potentially related to phenotype

Aberrations(bps) (1)

Chromosome Graph HGHNC OMIM (HGNC) Imprinted (HGNC) Ensembl Known
g Ensembl Novel Prioritise All Phenotypes Prioritise Individual Phenotypes Overlapping Syndromes
Start Position(bp) Overlapping Patients
98954115
End Position({bp) Gene Log Score Gene Description Citations Humb?r
125355179 Name of Traits
Mean Ratio ] ) o
I PAM 7.22709932259055 Peptidyl-glycine alpha-amidating monooxygenase Precursor (PAM) [Includes 6 1
HeosFeiTm Peptidylglycine alpha-hydroxylating monooxygenase(PHM)(EC citations
de novo - parental origin of 1.14.17.3);Peptidyl-alpha-hydroxyglycine alpha-amidating lyase(EC 4.3.2.5)
rearrangement undefined (Peptidylamidoglycolate lyase)(PAL)] [Source:UniProtKB/Swiss-
Interval(Mb) Prot;Acc:P19021]
26.40
Confirmation HSD17B4 5.99664160013243 Peroxisomal multifunctional enzyme type 2 (MFE-2)({D-bifunctional protein) 2 1
FISH (DBP)(17-beta-hydroxysteroid dehydrogenase 4)(17-beta-HSD 4) [Includes citations
Karyotype 3-hydroxyacyl-CoA dehydrogenase(EC 1.1.1.35);3-alpha, 7-alpha, 12-alpha-
del(5)(g21.1;923.2}{26.40 trihydroxy-5-beta-cholest-24-enoyl-CoA hydratase(EC 4.2.1.107)]
Mb} [Source:UniProtkB/Swiss-Prot;Acc:P51659]
’ ; LOX 2.27365196136615 Protein-lysine 6-oxidase Precursor (EC 1.4.3.13)(Lysyl oxidase) 3 1
[Source:UniProtkB/Swiss-Prot:Acc:P28300] citations
APC 0.040843267997176 Adenomatous polyposis coli protein (Protein APC)(Deleted in polyposis 2.5) 8 1
[Source:UniProtkB/Swiss-Prot;Acc:P25054] citations




Phenotypes (4)

Primary

ABDOMEM

Secondary
Colon, general abnormalities
Feet, general abnormalities
Joints, general abnormalities

MENTAL,COGNITIVE FUNCTION, general abnormalities

Tertiary
Colonic tumours
Club foot, varus
Joint laxity
Mental retardation/developmental delay




Example

» Colonic polyps confirmed in patient
Aberrations(bps) (1)

Chromosome Graph HGNC OMIM (HGNC) Imprinted {(HGNC) Ensembl Known

g Ensembl Novel Prioritise All Phenotypes Pricritise Individual Phenotypes Overlapping
Start Position{bp) Syndromes Overlapping Patients

98954115
End Position(bp) Gene Log Score Gene Description Citations Number

125355179 Name of Traits
Mean Ratio - - - . : :

1 APC 119.891015131479 Adenomatous polyposis coli protein (Protein APC)(Deleted in polyposis &7 2

L. . 2.5) [Source:UniProtkKB/Swiss-Prot;Acc:P25054] citations
Classification

de novo - parental origin of _ _ _ _

rearrangement undefined LOX 13.1774253190287 Protein-lysine 6-oxidase Precursor (EC 1.4.3.13)(Lysyl oxidase) 6 2
Interval{Mb) [Source:UniProtKB/Swiss-Prot;Acc:P28300] citations

26.40
Confirmation PAM 7.22709932259055 Peptidyl-glycine alpha-amidating monooxygenase Precursor (FAM) 4] 1

FISH [Includes Peptidylglycine alpha-hydroxylating citations
Karyotype monooxygenase(PHMYEC 1.14.17_3);Peptidyl-alpha-hydroxyglycine

del(5)(g21.1;g23.2}{26.40 alpha-amidating lyase(EC 4.3.2 5)(Peptidylamidoglycolate lyase)(PAL)]

Mb} [Source:UniProtkB/Swiss-Prot; Acc:P13021]

HSO17B4 5.99664160013243 Peroxisomal multifunctional enzyme type 2 (MFE-2)(D-bifunctional 4 1

protein){DBF)(17-beta-hydroxysteroid dehydrogenase 4)(17-beta-HSD 4) citations
[Includes 3-hydroxyacyl-CoA dehydrogenase(EC 1.1.1.35);3-alpha,7-
alpha,12-alpha-trihydroxy-5-beta-cholest-24-enoyl-CoA hydratase(EC

4.2.1.107)] [Source:UniProtkB/Swiss-Prot; Acc:P51659]




Publications




‘Downstream analysis’

DECIPHER
Consortium for aggregation of rare cases
Text based gene prioritisation

Store+Bench
Feature rich platform for downstream analysis
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Manage all Array-CGH related information, from
raw data over called aberrations to patient record.

Support routine clinical diagnostics workflow
(2000 ppa) from array scan to final report, as well
as ongoing biomedical research projects.

A web based application to store, manage, search,
mine, analyze, report and visualize Array CGH-
related data.

A joint effort of the Bio-informatics group and the
Constitutional Cytogenetics group at the Center
for Human Genetics of the University Hospital.
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3 Done

: Bench

Ei Home | Ki To Experiments | Ki To Toolbox | New features
I My Reports | ! Karyogram | DAS | E Export to Excel
ClNew | 88 |El

My Reports

Add all 20 cases to the selection

w
H
2 EEx
[a} & = = 5 E I
] = — — o
= & = ] o - =R
5 a = £ £ = & & |
g £ 2 g E o o2 S £ O
2 = = o =4 G 2| = ] S & = il
o = o = w (] kY 8 w o = o () (] = =
o N 2 2 A a ZE 5 % 5 £ & aa =
< < - 4 - - E ot ¥4 Evsv~ ¢
chromosome_4_project 52 DPatient 984375 HID M20050423 1.0. 7 0 1 S EITH %
heart_disease_project 25 BCS697489 HumGen234 A.F.G. 6 1 4 SEIT %
agilent-array_project 28 2462346 TEF3567 1.-P.L. Heart-related phenotype 0 o 1 & E] T W
bac-array_project 27 HumGen027 Patient_046223 R.B.  Xq28 (MECPZ) duplicstion 92 7 0 0 o8 E T w
bac-array_project 26 HumGen026 Patient_042351 L. Wolf-Hirschhorn Syndrome & % 20 1 G SEIT %
bac-array_project 23 HumGen0z3 Patient_064654 E.T. Williams-Beuren Syndrome (WBS) i2 0 0 &8 ﬂ *
bac-array_project 24 HumGen024 Patient_06212 ST Sotos syndrome 7 0 1 29 S ET %
bac-array_project 22 HumGen023 Patient_064887 G.5.  Smith-Magenis Syndrome ] 14 0 0 % 9 RETw%
bac-array_project 22 HumGen0zZ Patient_064454 D.N. Prader-willi syndrome (Type 1) 0 7 o o &8 ﬂ *
bac-array_project 21 HumGenO21 Patient_064554 R.B. NF1-microdeletion syndrome (] [} i} [o.s) ﬂ *
bac-array_project 20 HumGen020 Patient_004554 E.G. Miller-Dieker syndrome (MDS) & 0 0 S8 E]TH
bac-array_project 19 HumGen019 Patient_004336 E.D.V. Leri-Weill dyschondrostosis (LWD) - SHOX deletion 4 0 0 S EIT %
sgilent-array_project 18 HumGen018 Patient_007321 C.R.  Cridu Chat Syndrome (5p deletion) ] 30 0 &8 EI T %
agilent-array_project 17 HumGen0i7 Patient_006485 M.T.  Charcot-Marie-Tooth syndrome type 1A (CMT1A) V) s 0 o S EITH %
agilent-array_project 16 HumGen016 Patient_005461 T.K.  Angelman syndrome (Type 2) 6 0 0 S EIT %
bac-array_project 15 HumGen01l5 Patient_DD0D&77 T.H. Angelman syndrome (Type 1) 5 i} i} M ﬂ \
bac-array_project 14 HumGenOid Patient_000047 B.G.R. Adult-onset sutosomal dominant leukodystrophy (ADLD) 0o 0o o S EITH %
bac-array_project 13 HumGen013 Patient_000541 P.G.  9q subtelomeric deletion syndrome 0o 0 o SEIT %
bac-array_project 12 HumGenO1l2 Patient_009874 G500 8p23.1 deletion syndrome o [} [} ee ﬂ \
bac-array_project 11 HumGenD11 Patient_002214 Y.M. 7q11.23 duplication syndrome 0o 0o o o8 E T w
bac-array_project 10 HumGen010 Patient_026497 P.R.  3q29 microdeletion syndrome 2 0o o0 o SEIT %
bac-array_project 9 HumGen009 Patient_004667 J.u. 2q37 monosomy [} o 1} a 0 M ﬂ \
bac-array_project 8  HumGen003 Patient_009754 W.H.  2q32.2 daeletion syndrome 0o 0o o o8 E T w
bac-array_project 7  HumGen0O7 Patient_005466 EMW.  22g13 delstion syndrome {Phelan-Mcdermid syndrome) ] 8 0 o &8 E] T
bac-array_project 6 HumGen006 Patient_00457 G.L. 22qi1 deletion syndrome (Velocardiofacial / DiGeorge syndrome) 8 o o a Q 0 &8 ﬂ *

Show -

. Click here for help

Using: Ensembl v54 - Genome build NCBI 36, UCSC HG1& - DGV March 2008 - PubMed April 2008

0 2 Hext

Loggedin as usert.

Per project...

. agilent-array_project

. bac-array_project

. chromosome_4_proj
. heart_disease_project
. INSERM

Show all...

‘Current selection

Selection is empty.

Actions on selection

Save this selection
Load existing selection
[E] Export to Excel

& submitto database

1888 Draw karyogram

[ Tally phenotype traits
il Tally genome variations
[ Find similar cases

[ Find related Iiterature
[#Find related diseases
i Cluster within selection

www.cartagenia.com [} g4 EJ -*‘ 0 Proxy: None

Settings | & Log Out
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List view | Graphical view "% pis
Overlap with known CNVs
o "
s z 5 =
Label Chromosome:start-stop Size Platform Inheritance = 8 '03_'\ 5 Info Genome browsers
5 5 = =
-
S = €] =]
& & o
ot ecies DR i oot olon scan notepacied 2w ow 2w 2w @O €1BBD @
ot oo [ i ot oise scaH  Netmacid 2% 1w z% o% 0OO  €BBD @
Not specified  [Multiplication] 4: 76539086 - 78445285 1,506.2 Kb Agilent Oligo aCGH Not specified 0% 0% 8% 2 W@ @ [« 4515k (%]
ot evaciod N v reietois e etwacied 0% e % % 0©O  €BED  Q
Not specified [Multiplication] 7: 29801785 - 30737241 935.5 Kb Agilent Oligo aCGH Not specified 0% 0% 17% 16% QJ @ @' ﬂ E B ".D 0
Not specified  [Multiplication] 8: 34177516 - 35593496 1,422 Kb Agilent Olign aCGH Not specified 0% 0% 9% 19% Q@@ €18 E D @
Not specified  [Multiplication] 9: 126263478 - 131429534 5,166.1 Kb Agilent Olige aCGH Not specified 5% 4% 8% e Q@@ [ JSRs1YD @
Not specified _ 4,297.9 Kb Agilent Oligo aCGH Not specified 0% 0% 1w 1% L@@ €18 E D @
Deletion: -3.4
Amplification: 0.0
Cytoband: g25.2 - q25.3
Number of probes: 15.0
ot pecies BB : o it oloescan netepacied 0% 0w um v @6 €8BD @
ot roacied [ et ois scaH  etwecied 3% 2w % s 00O  €BED  Q
Not specified  [Multiplication] 11: 62935488 - 67599022 4,663.5 Kb Agilent Oligo aCGH Not specified 13% 0% 160 2% W@@ €18 E D @
Not spacified  [Multiplication] 11 71607196 - 74354785 2,747.6 Kb Agilent Oligo aCGH Not specified 9% 41%  41% 4w Q@@ e1EE D Q
Not specified [Multiplication] 14: 19984867 - 24351391 4,366.3 Kb Agilent Oligo aCGH Not specified 11% 450 31% 32% w @ @' ﬂ E B ".D 0 L
Mot spacified  [Multiplication] 15: 22774234 - 23153211 379 Kb Agilent Oligo aCGH Not spacified 0% 0% a4 41w QO@ €18 D @
Disease Start band End band oMIM Gane symbol
Angelman syndrome 15g11.2 15q11.2 1058320 UBEZA
Prader-Willi syndroma 15q11.2 15q11.2 176270 SNRPN
15q11 BP1-BP2 interval 15q11.2 15q11.2 NIPA1 NIPAZ
ot specied FBESEERSI  :cocenoioscon wotseted 0% ow  ox o ©@©O  @UED  ©
Not specified  [Multiplication] 17: 30618145 - 36046351 5,428.2 Kb Agilant Oligo aCGH Not specified 28% 208  28% 20% QW@ @ €18 E D @
Not specified  [Multiplication] 17: 43360826 - 51209655 7,848.8 Kb Agilent Olige aCGH Not specified 6% 1% &% 7% vee [ JSRs1YD @
Not specified  [Multiplication] 17: 53405918 - 56096367 2,690.4 Kb Agilent Olige aCGH Not specified 23% 0% 2% 23w W@® €18 E D @
Not specified  [Multiplication] 17: 76829283 - 78497822 1,668.5 Kb Agilent Oligo aCGH Not specified 11% 0% 1% g% L@@ [ JSRsYDl Q
Not specified  [Multiplication] 20: 32331534 - 34005593 1,674.1 Kb Agilent Oligo aCGH Not specified 0% 0% 0% 0% Lee [« 4515k (%]
Not specified  [Multiplication] 201 42561114 - 43912664 1,351.6 Kb Agilent Oligo aCGH Not specified 0% 0% 4% 4% Led [ JSR=19D] Q
Not specified  [Multiplication] 20: 45206145 - 47999350 2,793.2 Kb Agilent Olige aCGH Not specified 17% 0% 7w a3 Q@@ elyED @ =
Not spacified  [Multiplication] 20: 51537918 - 57042885 5,505 Kb Agilent Oligo aCGH Not specified 0% 0% 7% 1w Q@@ [ JSASEYD] Q
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Describe patient phenotypes in a consistent way,
ensuring easy case report retrieval (search).

Enable data mining for detection of similar
patients, and clusters of patients with similar
phenotypes as putative novel syndromes.

Use standard phenotype definitions (ontologies)

* Barraitser & Winter LNDB (human dysmorphy)
» AEPC codes (heart specific phenotypes)
* POSSUM codes (malformations & syndromes)

Extensible: allow any vocabulary to be plugged in
(UMLS, ICD1o0, ...)
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quv c x Q (E:_E http://localhost:8080/bench/bench/edit/phenotypeselection. html?caseid=433 ﬁ Y| |'|Goo le P|
| [ Gmail - PhD defense Steven Van Vo... x | x | [+

Zoeken Patientrapport ~ volgens ldentificatie ~ i~

i.: Patients (st 1

Geavanceerd zoeken

‘ Starten | Ei Naar Folders | K= Naar Gereedschapskist | Nieuwe functionaliteiten

‘ Mijn rapporten | !l Karyogram | © Exporteer naar Excel ¥ Benheer | = Hulp “Instellingen | in Afmelden

‘ Dl«iﬂm|ﬂim|@lhppnm Rapport 'HumGen027" is actief voor bewerking. Aangemeld als svanvoor.

Casus: 433 - HumGen027 - Patient_046223 - R.B.

Gemaakt door: bcosssen Op Apr 22, 2009
Laatst gewijzigd door:  svanvoor Op Sep 25, 2009
In project: BAC array project
Commentaar: Xg28 (MECP2) duplication

Overzicht Beschrijving Klinische gegevens Fenotype Genotype Beelden Verslagen

Patient phenotype information

Phenotype traits Onset and clinical course

LDDBLDDB:29.01.12 Recurrent infections i 3 o= HPO OnsetHP:0003662 Adult onset has been reported @ T
LDDELDDB:32.19.07 Hypotonia (myopathic) L

LDDBLDDB:32.06.00 SEIZURES, general abnormalities Li B o=t

LDDBLDDB:14.01.06 Speech defect [ dysarthria (i} o=

LDDBLDDB:32.04.05 Hypotonia (non-myopathic) [i 3 =]

LDDBLDDB:32.17.06 Spasticity / brisk reflexes / Babinski i Jy =1

LDDBLDDB:32.08.05 Microcephaly [i 3 ]

LDDBLDDB:32.04.02 Mental retardation / developmental delay @ i 52

LDDBLDDE:07.04.00 Cornea, general abnormalities Li B o=t

’ Fenotypes opslaan ] ’ Afbreken
Zoek phenotype Zoek verdere omschrijving

Lope ¥ possum ¥lppo HPO Onset

microc d
[&[LDDB] - Microcephaly @ [A[HPO Onset] - Adult onset has been reported €
[B[LDDB] - Microcornea @ [A[HPO Onset] - Age-dependent penetrance @
Q[POSSUM] - Microcephaly @ Q[HPOOnset] - Death in childhood @
[A[POSSUM] - Microcornea € [£[HPO Onset] - Death in early childhood €
B[HPO] - Alpha-thalassemia with microcytosis @ Q[HPOOnset] - Death in infancy @
[B[HPO] - hypochromic, micracytic anemia @ [B[HPO Onset] - Death in majority of infants soon after birth €
[B[HPO] - Microcephaly @ [Z[HPO Onset] - Death in neonatal period or infancy €
[B[HPO] - Microcephaly, acquired @ [A[HPO Onset] - Early death @
[[HPO] - Microcephaly, mild @ [A[HPO Onset] - Early onset, mild and relatively uncomplicated course € v

Done -*'—' 0 Proxy: None




Slice and dice, report and visualize my cytogenetic
case report database.

See patients in context (i.e. my own database, or
genome browsers such as ENSEMBL).

Find candidate genes that are causal for the
phenotype of my patient.

Similar patient detection by genotype and
phenotype information

Gene-to-phenotype correlation based on analysis
of biomedical literature (PUBMED)
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_ Ei Home | ki To Experiments | ki ToTooIbox\mNewfealures

_ I My Reports | ! Karyogram | DAS | E Export to Excel % Seftings | = Log Out
[ New | 88 view | E]Reporting Case Report 'HumGen026' is active for editing. Logged in as usert.

J https://www.cartagenia.com/demoserver/bench/showcase/phenotype html?caseid=26

Case report: 26 - HumGen026 - Patient_042351 - I.J.

52 - Patient 984375 -
Created by: bcoessen on Apr 15, 2009 HID M20090433 - J.D.
Last updated by: bcoessen on May 26, 2009 15 - HumGen015 -
In project: bac-array_praject Patient_000677 - T.H.
Comment:  Walf-Hirschharn Syndrame 16 -_HumGenl)ﬂi )
Patient_005461 - T.K.
Overview Description Clinical data Phenotype Genotype Pictures Reporting & Show all...
Structured phenotype description
Add / Remove
Code Label Description Association
LNDE.22.16.02 Truncal ataxia / non-cerebellar ataxiz Some ataxias in the literature are not typically cerebellar, but use this alone with caution. Rather combine with cerebellar tremor if uncertain. positive
AEPC.14.03.33 Microcephaly Microcephaly positive
LNDB.32.04.00 MENTAL.COGNITIVE FUNCTION, general abnormalities no detailed description for [MENTAL, COGNITIVE FUNCTION, general abnormalities] positive
LNDBE.01.02.02 Low birthweight (< 3rd centile) Below the 3rd centile for gestational age. positive
LNDB.32.06.00 SEIZURES, general abnormalities no detailed description for [SEIZURES, general abnormalities] positive
LNDB.32.08.00 CRANIUM, genarsl abnormalities no detailad description for [CRANIUM, general abnarmalities] positive
LNDE.32.04.05 Hypotonia (non-myopathic) Floppiness not due to muscle disease or peripheral nerve disease, but whose origin is central (mostly in the brain). positive
LNDB.32.04.02 Mental retardation / developmental delay Includes mental handicap, learning disabled, but not dementia. It is not progressive and the delay should be present from birth. positive
LNDE.32.08.05 Microcephaly A reduction in head circumferance of greater than 25D below the mean. Parental measurements must be taken into account. positive
POSSUM.186  Microcephaly positive
LMDE.15.01.02 Goitre Enlarged thyroid gland. See under 'endocrine - thyroid' if associated with hyper or hypothyroidism. Use together. positive
LNDE.02.00.00 STATURE no detailed description for [STATURE] positive
Additional freetext keywords
Edit
Category Text
This patient does not yet have keywords.

Using: Ensembl v54 - Genome build NCBI 36, UCSC HG1& - DGV March 2008 - PubMed April 2008

3 Done www.cartagenia.com () gH B3 [ -*‘ 0 Proxy: None




File Edit View Hlstory Delicious Bookmarks Tools Help

r c Q E . (:_‘]https:..‘fwww.car‘tagenia.comfdemDserverfbenchfshowcasefgenotype.htmI?caseid=26

J _ Cartagenia Bench - patients x[ . Cartagenia

=.UU Search Case Report ~ by Identifier
e @
#.: Bench

Home | Ei To Experiments | Ei To Toolbox | ew features

DAS | B Export to Excel B Admin | & Help % Settings | & Log Out

Actions on region set
Case report: 26 - HumGen026 - Patient_042351 - |.J. Upcoming:
7 Bulk edit regions
Created by:  broessen on Apr 15, 2008 @Exportto Excel

Last updated by: svanvoor on Jun 22, 2009
In project: bac-array_project
Comment: Wolf-Hirschhorn Syndrome a

28 - 2462346 - TEF3567

Overview Description Clinical data Phenotype Genotype | Pictures | Reporting _J.PL

52 - Patient 984375 -

Chromosomal aberrations HID 1120090433 - J.D.

24 - HumGen024 -

Add Aberration Patient_06312 - 5.T.

List view | Graphical view “==7"™% &1 5h Il
ow all...
Crverlap with known
CNVs

. . Cause of . . .
Chromosome:start-stop Size  Source Platform Inharitance ) Confirmation Flanking
aberration

Mot B B BAC/PAC Al =t |

Disease Start band End band Gene symbol

Eedon WoTP
Eedon 500K
Doy Loci

bGY Regions

2% 39% Q@@ ESIEED FW

£

‘Wolf-Hirschhorn syndrome 4pl6.3 . WHSC1 WHSC2

Gene prioritisation based on phenotype descriptions

Warning: currently only general (LMOB) phenotypes are supported for gene prioritisation.
Mote that negative aszociations are excluded by default.

Select ¥ All- 2 None

LNDB.11. 3 - Prominent upper lip (association: positive)
LNDB.11.04.02 - Midline cleft upper lip (association:
LNDB.32.06.00 - SEIZURES, general abnormaliti

LNDB 00 - CRANIUM, general abnormalities (

LNDB .05 - Hypotonia (non-myopathic) (association: po
LNDB Mental retardation [ developmental delay (a
LNDB 8.05 - Microcephaly (association: positive)

LNDE 0.00 - STATURE (association: positive)

Minimal evidence for a gene-to-phenatype link: 2 abstracts
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Gene prioritization result: 26 - HumGen026 - Patient_042351 - |.J.

Created by: bcoessen on Apr15, 2009
In project:  bac-array_project
Comment.  Wolf-Hirschhorn Syndrome

Top ten of genes in affected regions

Score Gene symbaol Type Location OMIM Description Evidence
180.41 FGFR3 protein_coding 4 (1):1764832-1780396 134934 Fibroblast growth factor receptor 2 Precursor (FGFR-2)(EC 2.7.10.1){CD333 antigen) [Source:UniProtkKB/Swiss-Prot: Acc:P22607] 110 abstracty
49.66 WHSC2 protein_coding 4 (-1):1954248-1981635 606026 Negative =longation factor A (NELF-A){Wolf-Hirschhorn syndrome candidate 2 protein) [Source:UniProtkB/ Swiss-Prot; Acc: QIH3P2] 12 abstracts
Code Label Description Go to PubMed
LNDE.32.06.00 SEIZURES, general abnormalities no detailed description for [SEIZURES, general abnormalities] 3 abstracts
LNDB.32.04.02 Mental retardation / developmental delay Includes mental handicap, learning disabled, but not dementia. It is not progressive and the delay should be present from birth. 3 abstracts
LNDE.D2.00.00 STATURE no detailed description for [STATURE] 2 abstracts
LNDB.11.04.02 Midline cleft upper lip Oftan a small V-shaped indentation in the mid-lina. Mo evidence found
LNDB.32.04.05 Hypotonia (non-myopathic) Floppiness not due to musde disease or peripheral nerve disease, but whose origin is central (mostly in the brain). 1 abstracts
LNDE.22.08.05 Microcephaly A reduction in head circumference of greater than 250 below the mean. Parental measurements must be taken into account. 2 abstracts
LNDB.32.08.00 CRANIUM, general abnormalities no detailed description for [CRANIUM, general abnormalities] 2 abstracts
LNDB.11.04.03 Prominent upper lip A projecting upper lip. Use with thick (see below) if necessary. Mo evidence found
39.60 LETM1 protein_coding 4 (-1):1784558-1827772 604407 LETM1 and EF-hand domain-containing protein 1, mitochondrial Precursor (Leucine zipper-EF-hand-containing transmembrane protein 1) [Source:UniProtkB/ Swiss-Prot; Acc:095202] 9 abstracts
zass |rrEm protein_coding 4 (1):1842921-1953732 602052 Probable histo.n.e-l',vsine I?l-rveth',vlt.:ran?Ferase NSD2 (EC 2.1...1..43)|:Nu|:|ear SET domain-containing protein 2)({Wolf-Hirschhorn syndrome candidate 1 protein){Multiple myeloma SET N St
domain-containing protein){Protein trithorax-5) [Source:UniProtKB/Swiss-Prot: Acc: 096028]
14.22 IDUA protein_coding 4 (1):970785-988316 252800 Alpha-L-iduronidase Precursor (EC 3.2.1.76) [Source:UniProtkB/ Swiss-Prot; Acc: P35475] S abstracts
Top ten of all genes
Score Gene symbol Type Location OMIM Description Evidence
377.92 MT551 protein_coding 8 (-1):123632212-125809911 608486 Metastasis suppressor protein 1 (Missing in metastasis protein)(Metastasis suppressor YGL-1) [Source:UniProtkBy/ Swiss-Prot;Acci043312] 260 abstracty

Protein 5100-A10 (5100 calcium-binding protein A10)(Calpactin-1 light chain){Calpactin I light chain){p10 protein){pii){Cellular ligand of annexin II) [Source:UniProtkB/Swiss-

292.47 S100A10 protein_cading 1 (-1):150222011-150222328 114085 Prot; AcciPE0303] 276 abstracty
228.60 MECP2 protein_coding X (-1):152940218-153016406 300005 Methyl-CpG-binding protein 2 (MeCP-2 protein)(MeCP2) [Source:UniProtkKB/Swiss-Prot: Acc:PS1608] 160 abstracty
215.50 DCTN3 protein_coding @ (-1):34603549-34610496 607387 Dynactin subunit 3 (Dynactin complex subunit 22 kDa subunit){p22) [Source:UniProtkB/ Swiss-Prot; Acc: O75935] 155 abstracts
208.20 ARX protein_coding X (-1):24932213-24943775 300382 Homeobox protein ARX (Aristzless-related homeobox) [Source:UniProtkB/ Swiss-Prot; Acci Q960Q53] 81 abstracts

. R Polyglutamine-binding protein 1 {Polyglutamine tract-binding protein 1)J{PQBP-1){38 kDa nuclear protein containing a WW domain)(Npw38) [Source:UniProtkB/ Swiss-
206.13 PQBEP1 protein_coding X (1):48640139-48645363 200463 Prot; Acci060828] 45 abstracts

S — I e Ubi.quitin-protein ligase E2A I:EC.G.3.2.-)(E.GAD ubiquitin-protain ligase)(Oncogenic protein-zssociated protein E6-AP){Human papillomavirus E6-associated protein){Renal carcinoma N
=ntigen N¥-REN-54) [Source:UniProtiKB/ Swiss-Prot; Acc:Q05086]

184.23 ZEB2 protein_coding 2 (-1):144862055-144994386 603802 Zinc finger E-box-binding homeobox 2 (Zinc finger homeobox protein 1b)({Smad-interacting protein 1){SMADIP1) [Source:UniProtkB/Swiss-Prot;AcciO60315] 56 abstracts

183.67 MCPH1 protein_coding 8 (1):6251529-6493434 607117 Microcephalin [Source:UniProtkB/Swiss-Prot;Acc: QSNEMO] 56 abstracts
Cyclin-dependent kinase 5 activator 1 Precursor (CDKS activator 1){Cyclin-dependent kinase 5 regulatory subunit 1){Tau protein kinase II 23 kDa subunit)(p23)(TPKII regulatory

; : i - 144 abstractd
subunit) [Contains Cyclin-dependent kinase 5 activator 1, p35(p35):Cyclin-dependent kinase 5 activator 1, p25(p25)] [Source:UniProtkB/Swiss-Prot:Acc: Q15078] abstra

182.66 CDK5R1 protein_coding 17 (1):27838214-27842382 603460

2% Done www.cartagenia.com () g B3 #* @ Proxy: None




Chapter 5 — genome

annotation

DISTRIBUTED ANNOTATION
AND CIS-REGULATORY ELEMENTS:

USING INFORMATION FROM LITERATURE




Regulatory elements

» Transcription regulation: gene activity switches
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Vast amount of discovered regulatory data
remains locked in biomedical literature

Ad hoc efforts: small teams curate organism- or

process-specific datasets from the primary literature
for short-term research purposes



cis-regulatory elements

LAY

o ORegAnno and PAZAR

o Manually curated database of regulatory elements
O community annotation of regulatory data

» Population of curation pipeline by text-mining queue
O text-mining to retrieve and extract relevant documents




Vector Space Model

Indexing process

abstract / patientn <0, 0, 0.8, 0, 0.5, 0.9, 0.7, .., 0>

b|nd < rnnan ; :

element Greverrenrarannas ; .
=a factor Grrmrrerrrrar e .
S :
5 negatlv (erreessssEEEEEsssssssEEEEEssssssEEEEEEEs :
3
§ pOS|t|V R R R R R REEREREEE : :
c regulat - 5
g SIL@ € : E
a EFANSCED ettt s ;




Vector Space Model: Similarity

Ranking and scoring documents
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Cis-regulatory elements

DR s
o ORegAnno and PAZAR

o Manually curated database of regulatory elements
O community annotation of regulatory data

» Population of curation pipeline by text-mining queue
O text-mining to retrieve and extract relevant documents

Success

Failure: about transcription factors

\. / Failure: consensus or reference
Failure: not about regulatory regions

Failure: not enough information to annotate




Publications




Chapter 6 — data fusion on biomedical

text and gene expression arrays

TEXT DATA AS VALIDATION OF GENE CLUSTERS
AND AS PRIOR FOR BAYESIAN NETWORKS




Chapter 6 — data fusion on biomedical text and
gene expression arrays

» Background
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Smith et al - Noggin: important factor
in brain and nerve development




Chapter 6 — data fusion on biomedical text and
gene expression arrays

3 2 Post natal day

U48954 Dystroglycan 1 (DAGT)

ABO41805 RIKEN cDNA 2210021A15 gene
BCO9659 ribosomal protein S3a

BC007158 procollagen. type I sipha 2. MRNA
NA_010439 High mobitty group box 1 (Hmgh)
BC002110 Simiar to ribosomal protein L 24

NA_138597 ATP syrthase, H+ transporting. mitochondrial F1 complex. O suburil (AtpSo)
A for hypothetical

NM_008089 GATA binding protein 1 (Gatat)

NM_153103 TGIF homeobox 1 (Tgx-pending)

BCOS7658 RIKEN cONA 1500011H22 gene

XM_127536 DEADM (Asp-GlurAla-Aspiis) box polypeptide 4 (Ddxs)

AF267747 p4T-phox

BC049538 melosis expressed gene 1

AI536463

BCO1%498

NM_080470 SMC (structural maintenace of chromosomes 1)-like 2 (Smc1i2)
AC121893
AX005819 Kinesin-related protein HASH homolog
AF175282 Zinc metalioendopeptidase ADAMTSS
ABO31550 PCTP-L
250159 Suit
AKOTT752 RIKEN cONA 5730596K20 gene
BC006878 Cathepsin H
BC049720 Mus musculus CONA clone IMAGE 6742667
XM_128651 Similar to FLJ00180 protein (Homo sapiens]
NIM_010353 Germ cell-specific gene 2 (Gsg2)
'NM_021295 LanC (baclerial lantibiotic synthetase companent C)-tike (Lanclt)
78162 testis-spectic estrogen sulfotransferase
AY368685 Sperm-specific sodium proton exchanger
NM_013615 Outer dense fiber of sperm tails 2
NM_013615 Outor dense fiber of sperm tails 2°
AKODS791 zinc finger protein 2, Y linked
AKO16920 fructose-bisphosphate aidolase
NM_175105 Aquaporin 11 (Aqp11)
AJB17539 Mus musculus EST, clone mi0055
NM_133948 PC4 and SFRS Interacting protein 2 (Psip2)
NM_008933 protamine 2 (Prm2)
8C034898 similar to ublquitin-conjugating enzyme E2N
K02926 Protamine 1 (Pm1)
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Application: expression arrays
Co-expressed genes: cluster validation
TXTGate overview
Validation
Application: text data as Bayesian network prior
Context
results
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Co-expressed genes: cluster validation

TXTGate overview
Validation

pplication: text data as Bayesian network prior
Context
results



What is TXTGate?

Accession Manual
Numbers Queries

Clustering

TXTGate:

Gene Cluster Analysis and Profiling Tool




Functional Overview

Text sources

8 LocusLink
Cseo

Domain vocabularies
& GO OMIM
eVOoC HUGO
« Selected annotation fields MeSH
- Linked MEDLINE abstracts

v 2\
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TXTGate framework

A N

word_idvaluebar
ms2 0.363
mkp_x  D0.282
sprria 0.24
uspl6  0.215
sle22alls 0.197

Gene group Text profiling  Distance matrix New queries
subclustering to external DBs




Vector Space Model

Indexing process
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Creating an index: details

Creating an index involves:

= Stemming

- treat "methylate”, "methylated”, "methylation” as one
= Remove stop words

- “the”, “for”, “is” are not significant
= Construct phrases

- “nucleic” and “acid” should be read as “nucleic_acid”
» Detect synonyms

- "p53”7, “tp53” should be treated as being identical
= Choose Weighting Scheme

fig

man f@',j

tfij =

D .
idf; = log (1 + 3) tfae X idfqy
t




Similarity

Ranking, scoring and clustering of patients or documents

cleft palate

patient or
document y

' patient or
document x
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mental
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Profiling and Clustering

Currently ogged m: steven.vanvoorengesat kuleuven,ac.be|
[ Log out | TXTGate apglication]

[oatomer | wiesght cobors: 0.0 1HHNNIN .0

nge Corpu TR 4
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Profile with domain vocabulary: ‘go®
[Compista prefis [ Smtanty watrix |

Profile with domain vocabulary: *omim
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Bioinformatics 24 (16) :1119-25, 2008.
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information. Genome Biol. 2004;5(6) :R43. Epub 2004 May 28.
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Chapter 6 — data fusion on biomedical text and
gene expression arrays

» Application: expression arrays

o Co-expressed genes: cluster validation
« TXTGate overview
~ Validation

* Application: text data as Bayesian network prior

o Context
O results




Credit for Bayesian models: Olivier Gevaert

Improve prognosis prediction in oncology
Build predictive network based on expression data

predicted
cancer
outcome
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» Improve prognosis prediction in oncology
Build predictive network based on expression data
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Structure improves with text prior

» Credit for Bayesian models: Olivier Gevaert

» Improve prognosis prediction in oncology
o Build predictive network based on expression data
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Credit for Bayesian models: Olivier Gevaert

Improve prognosis prediction in oncology
Build predictive network based on expression data
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» Credit for Bayesian models: Olivier Gevaert

» Improve prognosis prediction in oncology
Build predictive network based on expression data
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» Credit for Bayesian models: Olivier Gevaert

» Improve prognosis prediction in oncology
Build predictive network based on expression data
Use text vectors for gene distances as structure prior

» Bayesian networks: results
Model building benefits from text data as structure prior

Prediction with new data: validation on 3 sets
Breast, lung and ovarian cancer



Gevaert O, Van Vooren S, De Moor B., "A framework for
elucidating regulatory networks based on prior information and
expression data", Ann N Y Acad Sci., 1115:240-8, 2007.

Gevaert O, Van Vooren S, de Moor B., "Integration of
microarray and textual data improves the prognosis prediction
of breast, lung and ovarian cancer patients [81]" Pac Symp
Biocomput., 2008:279-90, 2008.



Chapter 7 — Conclusions

and perspectives

ACCOMPLISHMENTS AND FUTURE PROSPECTS




* Accomplishments
Increase Array CGH data interpretability by putting it in context
Data representation
Algorithms and statistics
Information (literature, other patients, public data sources, ...)
Built a framework for data integration and mining
Biomedical text
Microarray assay data
Structured phenotype annotations
Built and extended platforms for
patient data aggregation and management
tools for clinical and functional interpretation

» Challenges
Future proof platforms - the data avalanche: next generation sequencing

Global initiatives to chart genome variation (CHERISH, national consortia, ...)
Prepare for a clinical (r)evolution
Data collection and distribution will spread (from referrer to patient, eHealth)
Merger of different disciplines (SNP genotyping, expression, copy number variation,
epigenetic assays, single gene polymorphisms, population studies... and environment)

Applications in oncology
Personalized medicine (early screening, targeted treatment)
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