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Deep Phenotyping

»y Describe the features of an individual

— To enable a diagnosis (especially of a rare
disease)

— To distinguish between similar disorders

— To enable genotype-phenotype correlations

Slide courtesy of Ada Hamosh, JHU



Previous State of Clinical Phenotyping
= Two Alternatives: free text or checkboxes

Dysmorphic features
o df

e dysmorphic

e dysmorphic faces

e dysmorphic features

Congenital malformation/anomaly:
e congenital anomaly

e congenital malformation

e congenital anamoly

e congenital anomly

e congential anomaly

Examples of lists:

* dd. cong. malfor. behav. pro.
* dd. mental retardation

* df< delayed puberty

*
* congentital anomaly ) 32&;
mr
e cong.m.
*
e cong. Mal mental retar.short stature

e cong. malfor

e congenital malform

e congenital m.

e multiple congenital anomalies

e multiple congenital abormalities
e multiple congenital abnormalities
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Phenotypic description {Clinical symptoms)

= Two Alternatives: free text or checkboxes

Behavior, Cognition and Development
C Global development delay
r Fine motor delay 0O Gross motor delay
C Language delay
C Learning disability
C Mental retardation
o Mild
0 Moderate
O Severe

C Attention deficit hyperactivity disorder
C Autism

C Pervasive developmental delay

C Psychiatric disorders (Specify below)

C Other:

Neurological
C Hypotonia
C Seizures

C Ataxia

C Dystonia

C Chorea

Cardiac

o ASD

o VsD

O AV canal defect

0 Coarctation of aorta
O Tetralogy of fallot

O Other:

Craniofacial

o Craniosynastosis

o Cleft lip o Cleft palate
O Microretrognathia o Retrognathia

O Facial dysmaorphism {Specify below)
O Other:

Eye Defects

o Blindness

o Coloboma

D Epicanthus

O Eyelid abnormality (Specify bellow)
o Other:




Problems with the status quo

* Phenotypic descriptions that are very evocative
for humans, unreadable to a computer:
 myopathic electromyography
= still walking 25 years after onset

» The following descriptions mean the same to

FE N 11

you: “generalized amyotrophy”, “generalized

7 13

muscle atrophy”, “muscular atrophy, generalized”

= Itis iImpossible to define distances between
phenotypes

= Databases don’t talk to one another about
phenotypes



Next-generation phenotyping

Human Phenotype Ontology (HPO):
10,700+ terms
100,000+ links to 5,000+ OMIM/ORDO Disorders

abnormality

eye disease neurologic skeletal -

abnormal eye
morphology

globe
abnormality

coloboma

Peter Robinson &
Monarch Consortium



phenotips.org

PhenoTips:
Deep Phenotyping Platform

for clinical and research use



Using ontologies patient-side

» Ontologies are large (HPO has > 10,000
terms) and difficult to use

» Re-mapping data to an ontology post-visit
IS time consuming and prone to error

= Best time to phenotype using ontologies
IS during the patient visit

» Goals of PhenoTips
» Make deep phenotyping simple
» Make it “faster than paper”



phenotips.org

Demo



Advantages of ontologies & PhenoTips

= Integration of data between studies,
identification of unrelated patients

= Better and more thorough automated genome
analysis and variant prioritization

* Phenotype patients at the bedside — more
accurate, with less redundant data entry

= Training for next generation:
» Diagnosis assistance
» |dentify previously seen similar patients
» Decisions based on prior outcomes




PhenomeCentral: an integrated portal for

sharing phenotype and genotype
data for rare genetic disorders






> might not recognize
known disease

» Insufficient sample size
for novel gene







( Data Sharing
Critical! -




Finding similar patients
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Finding similar patients
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Finding similar patients
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Incorporating gene data
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Incorporating gene data




Incorporating gene data
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Incorporating gene data
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Validation

491 rare disease patients,
171 in cohorts,
/8 with known/lead genes
Consistently Finds Similar
Patients

= 73% top phenotype matches
are in the same cohort
Prioritizes solved or lead
genes
= 4x known/lead genes ranked

In top 5 compared to single
exome
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to encourage data sharing we built a

user-friendly, privacy-aware portal
for discovering patients similar to yours



~
@ A aukb for 3ccore data sharing within rhe rare disorder cammanine

@ 3
O - PhenomeCentral
(0]

T Sigs up |.l_:ui?x Rewd 1uote...

eo R A L

» PhenomeCentral is a Matchmaker

— Find out about other similar patients
— Easily connect with other clinicians

» Each Patient Record can be:
— Public — Visible to all registered users
— Private — Only visible to specified users/consortia

— Matchable — Private visibility, but existence can be
"discovered" by users who submit similar patients

phenomecentral.org



Step 1: submit your patient

-4 BHEMD™"FF SFEnRCE:

FUH ocnlldD i1d " EIW =<2 id FALT-
- RN L2 1 1O TRIR T 1)

[LECR BETEHE

[T HETE R |

abval
n R C ETG TR TR T B H

" R R Eh L TS TR ] TET| SELTh L T
" < u | amedls sacslen b
o ks g cRakl kg

¢ WAl

n H “ArtHale

¢ 1| eamra
- n Abr=re=nodel = bpperasikdy d eoeden
v slaukn
3 ER =N TP T T TR A1 [ | ET TR I

Lkl §
x

i~ = e dbwar g mer e = d e g e

T ITHRALAGINA

. BRI RO R ' o 1[5
] = | =RUACE

- EN Y P B

r s 0 ehinm

" R T

PR - [ERELLT Y
= Bl u ERL AP e
. =T Mo ok kel i iy W e celin

LRy )
b L

d- oorid e m e dd g

FUOATNT CAERANTTT RS
8 R
¢ W=l
LA TR rd 1T
LW A CTE AT
¢ M|
¢ H|.alclh
T =i e rea s age
L. R
¢ W[ IR
" ENE I B TT RS THITHHT A

(R ]
ESHE BT F R b FF T S E = = ]

T AnHULY
[ n | IFHIN. FR R HE]N
" AR bl [T HN TR TIE T U

Y e R i 1]

CURAENT SELECTIOHN

Sy T = D2k 1Ok S DY LLDOFERLE |

Lo aono gitiede M GO0 o IRT L LibHe sodonm e

[RG ETH B FR MR
LI Sereken el

[ ] B T |

L EILF R R R ]

e raedsd dush
|-:_l|-'r.1"-\.i':,lrl“n1r' [T T

Rl sionnhibgeapioim 2 =e - o bads

Al AT

Lo el el o bl ke | ol N R I TR I

e aFarner:

S s
Ceroarks ores)
HINE LY Ty T3

iR are
N P PR L

= I = nem

1y od pizg raskore

= LrbrzAT

- hIrprogres sl chordcr
AT L TRET RN |

L T
Hs cmalioslot "a
hang: | piwle fplnnd]:

s irhewd =
LT ANT PRy T
LErnE -rese
I TTTTRRLY NprTe
bl kel LR T
SLdowr

EI (0 (AT 2 e ]
HEETEEL RO T 4E
%M1 =hA pamorerE - rae

Velcwd raze-l (ppiicnelr

L T

Built-In
PhenoTips
Interface

Export
anonymized
records from
other instances

Add a VCF file
and/or gene list

Set permission
and add
collaborators
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Step 1: submit your patie
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Accepted file formats: vef
HGO0101_9329...r1.cadd.vcf

53KB/s
Processing...

Mone available

Toia T T FAERANTTT -
S R
r H -

CURAENT SELECTIOHN

Sy T = D2k 1Ok S DY LLDOFERLE |

Lo aono gitiede M GO0 o IRT L LibHe sodonm e
rodsanld scbl s prode The tessdsd doudh

LA sy at o bl Bkt ol TR, 1) Ll 1 ol SRR

[ ] B T |

Velcwd raze-l (ppiicnelr

Built-In
PhenoTips
Interface

Export
anonymized
records from
other instances

Add a VCF file
and/or gene list

Set permission
and add
collaborators



Step 1: submit your patient
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Ownership

The owner has full editing and managing capabilities for a case
This case is owned by you. You can: ) X p O r

v (s)Keep current owner

&  Transfer ownership to one of your groups  ew owner oroup B an O nym i Z e d

&  Transfer ownership to another user

, records from

Global visibility

]
Global visibility refers to how registered users can VIEW this case. Visibility levels do nol change editing or managing permissions. Ot | l e r I I I Stal I ‘ e S

1) hidden Hidden cases are only accessible to their owners, and don't contribute to aggregated statistics.
=
rivate cases are only accessible to their owners, but they do contribute to aggregated statistics.
privae Privati ly ble to tt but they d bute to aggregated stat
Q (=) matchable Users can discover the existence of matchable cases when they contribute a case that is similar to them, but cannot have

access to the full case without explicit permissions from the owner.

F and/or gene list

T
= =
e y Set permission
Collaborators can be given access to view, edit or share specific cases, regardless of the case's visibility setting. The type of advanced privileges p
can be established by the owner when selecting a collaborator:
and add
Kym Boycott
L koo collaporators
&
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Step 2: see patients similar to yours

Marta Girdea (admin) on 2013/09/29 18 10

Last modified by Marta Girdea on 2013/08/3

This case is owned by & Cared4Rare ,itis < public

Patient information
Identifier: KB_174_FHS1-1

Sex: Female

Clinical symptoms and physical findings

and it is shared with §8 1 collaborator . B

CRANIOFACIAL
Low hangang columella
Thin upper lip vermilion
Short phittrum
Triangular face
Wide nose
Prominent nasal tip
MNasrow nasal bridge
Long nose
NO Wide mouth

EAR DEFECTS
Low-set ears
Recurrent ofitis media
MUSCULOSKELETAL
Broad fingertip
Brachydactyly syndrome
Broad thumb
GENITOURINARY
Nephrocalcinosis
Hydronephrosis
BEHAVIOR, COGNITION AND DEVELOPMENT
Moderate expressive language delay

Diagnosis

Abnormality of the cardiac septa <> Ventricular septal defect

® |nfantile onset

@ Slow progression

OMIM disorder:

Similar cases available in the database

#136140 FLOATING-HARBOR SYNDROME | FLHS

Showing 10 similar cases
Case ID Diagnosis Relevance Details

o' FOOOOO0Z21 #136140 FLOA
SYNDROME ; FLHS

Matches found for

-HARBOR mmE

o FOOO0019 #136140 FLOATING-HA
SYNDROME ; FLHS

LL L1 Matches found for

LL L Matches found for

o FOO000 mmm Matches found for

#136140 FLOA
SYNDROME ; FLHS
o' FOO00011 #136140 FLOAT
SYNDROME ; FU

HARBOR mEmm Matches found for

14 out of 17 features.

14 out of 17 features.

14 out of 17 features.

14 out of 17 features

14 ouwt of 17 features.

o' FOO00020 #136140 FLOATIN L1 ] Matches found for 14 out of 17 features.
SYNDROME: FLI
o FODDOO14 #136140 FLOJ Ll L Matches found for 13 out of 17 features.

SYMNDROME , F

a® FOOD0O017 L136140 FLOA L L] Matches found for 13 out of 17 features.
SYNDROME ; FLHS
o' FO000016 #136140 FLOAT mmn Matches found for 11 out of 17 features

SYNDROME ; FLHS

o' FOODD015 #136140 FLOAT
SYNDROME ; FLH:

mms Matches found for

14 out of 17 features

Abnormality of the cardiac septa

@ Congenital onset

@ Nonprogressive disorder

Human Phenotype Ontology

Malformation of the heart and great vessels

Abnormality of the cardiac ventricle

Abnormality of the ventricular septum

Left ventricular septal hypertrophy Ventricular septal defect



Step 2: see patients similar to yours

FOO0D010 Reponed by Marta Girdea (admin) on 2013/0929 1810 - Last modified by Marta Girdea or

This case is owned by & CaredRare ,itis o publc and itis shared with 4 1 collaborator .

Patient information

Identifier KB_174_FHS1-1

Sex: Female

MRl STYPIC FEATURES BREAKDOWN GENE MATCHING BREAKDOWN

CRANIOFACIAL
ABNORMALITY OF THE METOPIC SUTURE EEEEC 75% M EDN1

Low hanging
Thin upper b
short phatrun

The current patient (PDODO0E ) presented with Tha matched patient prasented with
Prominent na ' » .
Nasrow nasal Prominent metopic ndge Estimated relevance for the obsarved phanctype in the Estimated nca for the absanved phenatype in the
Lomng nose o
) Wide mot —_ currant patient (POODO0E1) EEEEE 95% matched patient EmEEE 95%
e ABNORMALITY OF PERIAURICULAR REGION EEEDC 86%
EAR DEFECTS
Low.set ears Tha current patient (PO0000B1 ) presentad with Tha matched patient prasentad with ESTIMATED ESTIMATED
Reumenion  Preauricular skin tag VARIANT HARMFULNESS ol HARMFULNESS
MUSCULOSKELI
N ABNORMALITY OF THE PINNA EREELOC e2% . - Und
Bioad Muen chré: 12290506 EEEEE 95% o EEEEE 95%
Broad thumb  Tha current patiant (POO000B1 ) prasentad with Tha matehed patient prasanted with 12290915
GENITOURINAR Mlmlla Gc CAAG GAGc _—

Mephrecalcin — FS DELETION)
it CLEFT PALATE 0] 47% (FS_C )
BEHAVIOR, COC  Tha current patient (POOOD0B1) [ T STAG? m

ad with
Moderate exg Submucous cleft hard palate
Estimated reievanca for the absarved phanotypa in the Estimated ralavanca for the absarved phanotypa in the

Median cleft palate
ABNORMALITY OF THE SKELETAL SYSTEM currant patient (POODDOS1) aEEm 77% matched patient B 7%

Tha matched patient prasentad

Diagnosis

OMIM disorder

o The current pationt (PRODDDET ) pre d wil The matched patient prasonted with ABCA1
_Similar cas Micmgnathia
S RO Delayed skeletal maturation Estimated relevance for the observed phenotype in the Estirr ca for the absarved phenctype in the
= Case D Di Microcephaly currant patient (POO0O0S) BEEE  73% matched patient mml 50%
I ANKRD200
o FO00001 The current patlent (FO0000B1 ) preseniad with Tha matched patient presanted wilh
Hypo plastic toenails = Estimatad relevanca for the abserved phenotyps in the Esl 8 for the absarved phenctype in the
< Fo000012 #1 Delayed CNS myelination currant patient (PDOODOB1) [ 1] 34%  matched patient L1 34%
e = Defect in the atrial septum
" Downslanted palpebral fissures
. .. .. SEiZUI’ES Estimatad relevanca for the absarved phanotype in the Eslimated relevanca for the obsarvad phenotypea in tha
- GIObal de\l'el.ﬂpmeﬂtal dEIEY currant patient (PDOOD0O0S1) | 13% matched patient ] 13%
Malar flattening
o Stenosis of the external EUUI[OFY canal

Conductive hearing impairment
- Focoo017 41 Choanal atresia
' Cleft eyelid

mmw MALCNEs I0una 1oF 11 out OF 17 Teanres

mms Matches found for 14 out of 17 features



Step 3: contact the other submitter

Contact a non-public case cwner

© Configure your message © Preview your message

This is the message the other uaer wil recoive

SUBJECT
Interested in one of your non-peblk caves SUBJECT

‘ [PhenomeCentral]
Bon yoir Interested in one of your non-public cases

#DISCLOSE YOUR NAME MESSAGE

#DISCLOSE YOUR EMAIL €€ Hello <undisciosed recipient name>,

#DISCLOSE YOUR TO PHI A PhenomeCentral user is interested In one of your non-public
cases: <undisciosed case idontifior>, Ploase s00 their message

Information about your case (FO000024): below.

(¥ INCLUDE DIAGNOSIS INFORMATION

PhenomeCentral has identified significant simiarities between one
MINCLUDE A PHENOTYPE SUMMARY of your cases and one of mine.

Your requests:
MREQUEST MUTUAL VIEW ACCESS TO THE TWO SIMILAR CASES
If o recipient Acoects, INoy QAR view SCC08S 10 YOur CHRO B0 yOu QAN View BcCoss 1 thoin

REQUEST CONTACT INFORMATION

OTHER INFORMATION TO INCLUDE IN YOUR MESSAGE

| would like to grant you the rights to view my case and to obtain
view 2ccess 10 your case, and o leam your contact information in
order to further discuss these abnormaiies with you.

Regards,
Marta Girdea

marta@phenotips.org

To accept view privileges from this user and 1o grant them view
B0CesS 10 <uUndisclosed case entifior=, follow this link:
<undisciosed URL>,

Best wishes,
The PhenomeCentral team




PhenomeCentral phenomecentral.org

PHENOTYPIC FEATURES BREAKDOWN GENE MATCHING BREAKDOWN
FEEDING DIFFICULTIES IN INFANCY BREDD 5% M erTup2 m
The current patient (PO000089Y) preseniod with The matched patient (PO000079) presonted witt
Gastrostomy tube feeding in infancy Gastrostomy tube feeding in infancy Estimated relevance for the obsarved phenotypa inthe  Estimated rlevance for the observed phanotypa in the
AB OF THE 8 T TilEE 4T% currant pationt (PO000089) | ] ] 44% matched patient (P0O000079) maml 44%
The current patient (PO000089) presenied with The matched patient (PO000079) presentod wilh ESTIMATED ESTIMATED
Triphalangeal thumb Proximal placement of thum VARIANT HARMFULNESS VARIANT HARMFULNESS
GLOBAL DEVELOPMENTAL DELAY BRDO0 6% chr17: 42931653 - EEEEE 5% chr17: 42929131 - EmEEE 95%
The current patient (PO0D00ES) presaniod wit The matched patient (P0000079) prasented wit 42931653 42929131
Global developmental dela Global developmental dela « — G (FS_INSERTION G— A (STOPGAIN)
MICROGNATHIA
The current patient (PO0000B9) presanted wit The matched patient (PO000079) presented with SBK1 m
Micrognathia Micrognathia - R : 7 G
Estimated relevance for the cbserved phenotype e Estimated relevance for the observed phanotype in the
MICROCEPHALY RRODO0 4% current patient (P0000089) I 6% matched patient (P0000079) I 6%
The current patient (PO0OD00ES) preseniad with The matched patient (PO000079) presented with
Microcephaly Microcephaly

BEOOO 35%

The ;Lb;;:s;éxtaexa\;occau presoniod wit The };x;::;sti::mn: (PD000079) prosented with M F D M pati e nt (E FT U D2

Preauricular skin tag

Atresia of the external auditory canal mutatlon) matChed to a

ABNORMALITY OF THE EYE ROO00 22%

"Swabsmus Wyopia known one despite atypical

UNMATCHED .

The current patient (PO000089) presoniad with The matched patient (PO000079) presentod wit p rese ntatl O n
Syndactyly Aplasia/Hypoplasia of the middle ear
Subglottic stenosis Malar fiattening
Vocal cord paralysis Conductive hearing impairment

Patent ductus arteriosus

Includes data (g‘ fCO'?\l%ER

from:

Undiagnosed
Diseases Program




PhenomeCentral phenomecentral.org

PHENOTYPIC FEATURES BREAKDOWN GENE MATCHING BREAKDOWN
PROXIMAL MUSCLE WEAKNESS HRROO 59% M sTiMt m
The current patient (P0000131) prasenied with The matched patient (PO000371) presentad with
Proximal muscle weakness Proximal muscle weakness Estmeted relevanos for 01 cbesrved Dhenctvps in the Eatimated rolevinos for e obearved ohenctvne ¥ the
—— TT s currant patient (P0000131) 1% matched patient (P0000371) 1%
The current patient (P0000131) presentad with The matched pationt (POD00371) presentad with ESTIMATED ESTIMATED
Myopathy EMG: myopathic abnormalities VARIANY HARMFULNESS VARIANT HARMFULNESS
THROMBOCYTOPENIA MEECC 5% chri1: 4045175 - EmEE  80% chr11: 4045175 - amEE  80%
The current patient (PO000131) presented witt The matched patient (PO000371) presentad with 4045175 4045175
Thrombocytopenia Thrombocytopenia AT A=T

ABNORMALITY OF THE MUSCULATURE BDOO0 27% te oo aatod by o

The current patient (P0O000131) presaented with The matched patient (PO000371) prasentad with
Exercise-induced muscle fatigue Frequent falls
ABNORMALITY OF THE NERVOUS Q0000 18%
The current patient (P0O000131) prasaniad wit! The matched patient (PO000371) prasantad with
Areflexia Abnormality of peripheral nerve
Delayed gross motor conduction

development Two similar patients

Waddling gait

UNMATCHED - with STIM1 mutations

The current patient (PO000131) presaniad witt The matched patient (PO000371) presentied w

Petechiae Hepatic steatosis

Bruising susceptibility Elevated serum creatine phosphokinase m a‘tC h e d d e S p Ite

Impaired platelet aggregation
Limited hip extension

Szisc::;ged hip abduction InconSIStent
terminology

=Connect m) Disesses Program

inclu_des data %’?‘&RE RIS
from:



PhenomeCentral phenomecentral.org

> 557 cases 500

- deeply phenotyped 400
- most with exome data

- most undiagnosed 300
y 2172 users 200
100
LA L L L T T T T
™ <r <t
R S R
3 g 3
Includes data (g fCO¢RRAERE :g%gCOIllleCt m)gins(iiaaggsogfggram

from:



So Many Matchers, So Little Time

= Rare disorder data is collected at many
databases (GeneMatcher, Decipher,
GEM.app, PhenomeCentral)

* Developed a query “API” for a patient profile
to be entered once, searched everywhere
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MatchMaker Exchange API

Send a description of a e e
patient e mmerstaneer | <amemiancs totwrs
= Each site decides how e

to process the query

]

= Result can be sent s |

back to requesting site ohsered® + e o o,
or directly to the user no

- Adopted by the GAAGH ‘e -

"gene" : <gene name>|<ensembl gene ID>|<entrez gene ID>,
- “chr" @ o"av|r2" . UX"] YY"
Q U eStI O n S/C h al I e n g eS "Zt;rt_position" : <numbe:'>,
"end_position" : <number>,

= How best to run SN o

q u e ri eS "type" : <mutation type>,

"assembly" : "hg##"

* Allow more precise ’
gueries?



ldentifying candidate genes
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ldentifying candidate genes
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ldentifying candidate genes
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ldentifying candidate genes




Finding similar patients

O O

Pierm from ORDO corpus
IC(term) = log(1/Pierm)
LS(term) = |C(term) - max,,nis/C(parent)



