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Functional & disease annotation

of human genome

More work is needed to be done to understand:

* The biological functions — and disease relationships — of all
20,000 protein coding human genes

* The influence of different variant types on gene and protein
function, and their ultimate impact on health

* The impact of combinations of pathogenic variants in more
than one gene/locus



Dual molecular diagnoses

Two genes

Two disease traits

Developmental and
epileptic encephalopathy
SCNS8A

Developmental and
epileptic encephalopathy
KCNQ2

Developmental

Developmental delay delay

Epilepsy Epilepsy

as»

Blended phenotype, overlapping disease traits

Independent molecular diagnoses

e Variants in Gene A + Gene B

* Resulting in blended phenotypes

Accurate diagnosis is critical

* |nforms surveillance and
management

* Informs recurrence risk estimates
for family

* Diagnostic odyssey may not end
with first molecular diagnosis




Frequency of multiple ‘_:_;;

molecular diagnoses

GENETICS

* Analysis of 7374 sequential 5

diagnostic laboratory referrals for
ES

* Molecular diaghosis in 28.2%
(2076/7374)

 Two or more diagnoses related to

phenotype in 4.9% (101/2076) of
diagnosed cases

Percent of all diagnoses

3 1

2 3 4
Posey JE, Harel T, et al. N Engl J Med (2017) 376:21-31. Number of diagnoses/case



AOH-mediated recessive
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Distinct
Overlapping

Dual molecular diagnoses

Oculocutaneous albinism Loeys-Dietz syndrome Developmental and epileptic Developmental and epileptic
TYR TGFB2 encephalopathy encephalopathy

Translucent iris High arched

Absent retinal pigment
Pig palate

Developmental
delay

Developmental
Aortic root delay

aneurysm Epilepsy

Absent skin

pigmentation Epilepsy

Joint laxity

DISTINCT OVERLAPPING

oy




Computational dissection of blended COSN BAYLOR

phenotypes IR CENETICS
A Overlapping Independent assignment of blended phenotypes into
2 categories performed by 2 physician-scientists.
L J AN

1

o o
- Distinct wﬂ.\w Overlapping w o

Increasing phenotype similarity

Distinct

Posey JE, Harel T, et al. N Engl J Med (2017)
376:21-31.



Computational dissection of blended LS BAYLOR

phenotypes GENETICS
A Overlapping Independent assignment of blended phenotypes into
2 categories performed by 2 physician-scientists.
L J AN

1

° O
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- Computational modeling of 2 PI1.77x107

Increasing phenotype similarity

. %8
[e]
extreme classifications of 2 06 R
= ]
‘ . blended phenotypes 2 — '
= 0.4+ 1
wn !
* Human phenotype ontology 2 : :
Distinct (HPO) terms 2 0% 5
o T
. . . 0.0d ——
Posey JE, Harel T, et al. N Engl J Med (2017) * Phenotype similarity score Distinct  Overlapping
(N=50) (N=30)

376:21-31.




Computational clustering of patient

B¢ GREG<R
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Medicine ..:....3

phenotypes within a single disease trait e

Can we take advantage of ontological structure of
HPO to perform pairwise comparisons of patient
phenotypes?

HPO Terms

Phenotypic Abnormality

Abnormality of the
Nervous System
HP:000707

Abnormality of the
Musculoskeletal System
HP:0022127

Abnormality of the
Central Nervous System
HP:0002011

Abnormality of the Brain
HP:0012443

Abnormality of
the Cerebellum
HP:0001317

Specific
Camptodactyly

HP:0012385

Cerebral Atrophy
HP:0002059

Cerebellar Atrophy
HP:0001272

What can we learn if we apply
this approach to a single,
genetically heterogeneous
condition?

Patient 1 Patient 2
Condition A Condition A
® Phenotypic

Similarity Score
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Computational clustering of patient

phenotypes within a single disease trait

Robinow syndrome
Skeletal dysplasia with characteristic
clinical findings

All subjects (n=68)

Zhang C, Jolly A, et al. HGG Advances (2021) 3:100074
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Computational clustering of patient

phenotypes within a single disease trait

. : |
Robinow syndrome :
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* 68 subjects

Subject63
3

WNT5A_Subj
DVL1_Subject41

e Pairwise comparison of phenotypes T
* Despite genetic heterogeneity, cluster o i DVL1/3
analysis by phenotype yielded gene- f i Cluster

specific clusters
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Computational clustering of patient

phenotypes within a single disease trait
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Computational clustering of patient

phenotypes within a single disease trait
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Using HPO to dissect multilocus

pathogenic variation

s Patient Disease trait 1

ZC4H2 .
OMIM #314580 o Phenotypic
Wieacker-Wolff syndrome o — Similarity Score
Microcephaly, delayed myelination, cerebral atrophy * ﬁ
Cerebrum »
v o

Spinal cord : e 3 Cerebellar dysgenesis (mouse)
Sensory
@) l‘ _ cortex
Sensory / tfs\

Motor neorve - —~d\ ‘
nerve —

[ R ( Musk

L N - | OMIM #616325

% @ ! ! Congenital myasthenic syndrome

DI~ kDecreased AChR, reduced miniature endplate potential

Herman |, Jolly A, et al. Am J Med
Genet A (2022) 188:735-750.

!@ at d&%\ (capns

OMIM #253600
o — rﬁﬂé?gs | Limb-girdle muscular dystrophy
junction 3 kMuscle atrophy

Muscle Skin
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Specific

Known Gene

Specific
NAV2

Specific
Clinically Observed

Proband Phenotype

(HPO Terms)
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Established
gene/trait
associations
by clinical
synopsis

in MIM

CAPN3

zco2 [ NHNEED HH 01
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Established
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associations
by clinical
synopsis

in MIM

CAPN3

zco2 [ NHNEEE HH 01
MUSK*

by addition of individual known

Synthetic clinical phenotype
gene/trait associations

ZCaH2 + ***
MUSK +
CAPN3

etal.

Am J Med Genet A

7

, Jolly A
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Using HPO to dissect multilocus

pathogenic variation
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Mayer-Rokitansky-Kuster-Houser

syndrome (MRKHS)

Congenital reproductive disorder American/European cohort:

in women ,
e 148 affected individuals

* Absent —or underdeveloped —

° ~ o)
uterus and vagina >5% type MRKH type |

e Ascertainment often in teens
due to amenorrhea Han Chinese cohort:

* Type I: isolated e 442 affected individuals

* Type Il: syndromic e ~75% MRKH type Il



Mayer-Rokitansky-Kuster-Houser

syndrome (MRKHS)

2.0

Congenital reproductive disorder .
GREBI1L

in women \
* Absent —or underdeveloped — "

uterus and vagina

5

1.0

* Ascertainment often in teens
due to amenorrhea

-log(adjusted p-value)

0.5
1

* Type l: isolated

* Type ll: syndromic

0.0

| | | | |
0 20 40 60 80 100
MRKH Case Variant Frequency/Control Variant Frequency



GREB1L: established renal

hypodysplasia/aplasia disease gene

Exome-wide Association Study Identifies
GREB1L Mutations in Congenital Kidney Malformations
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Overall Conclusions

Deep phenotyping, and quantitative phenotypic analysis, can
uncover novel gene- and variant-disease relationships

Structured phenotyping can inform individual gene/variant
contributions to blended phenotypes resulting from multi-

locus pathogenic variation

Careful phenotypic assessment can uncover previously
unrecognized phenotypic expansion at a locus
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