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Challenges (and opportunities)




1. Communication across disciplines
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See Genesis 11:1-9) 04-19-2006

NFORTUNATELY, THE BABEL ROOF CREW WAS
NAWARE THAT "SEND THE LADDERS" NOW
EANT "YOU GOAT SANDAL" TO THE LAPDER
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2. Information management/interpretation
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3. Ethical transmission of information
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What i'm about to tell you is gonna change your
life forever. Are you really sure you want to know it?




Task Force for Neonatal Genomics
A hybrid structure at Duke

Clinical Management
& Patient Interaction

In vivo/in
vitro g Genetics/
assay of Genomics
allele Policy
function

Genome-wide
sequencing &
analysis




Four Phases

1. Recruitment

2. Genomics

3. Functional studies
4. Return of Results

All Phases are cyclical
and lterative



Our biggest Challenge

Our current abllity to interpret genetic
variation accurately

1. Is the gene “relevant” to a
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2. I1s a DNA variant within a
\ o gene altering the function
/ of the encoded protein?

3. How do we answer these
guestions?




Applying Koch’s Postulates

@ The suspected germ must be present
in every case of the disease.

Diseased subjects
A

1/
&

Petri— L. =
plate =
€) The germ must
be isolated and
grown in pure
culture.

Streaked
plates

Germ not typically found
in healthy subjects.

Healthy subjects
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Bacterial
colonies

Injection

— @ The cultured germ must
cause the disease when
it is inoculated into a
healthy, susceptible
experimental host
(animal or plant).

() The same germ must
be reisolated from
the diseased
experimental host.

Copyright © 2006 Pearson Education, Inc., publishing as Benjamin Cummings.




Animal Models: Which one Is the best?

Human Zeb-rafish Fruit fly

Genomic
similarity

Number of
offspring

Daily cost per
animal




How well are organ systems conserved?

Human Zebrafish

Nervous system a4

Cardiovascular v

Respiratory v
Skeletal v

Muscle

Gastrointestinal

Renal / urinary

Reproductive

Endocrine
Skin / limbs




Discovery New Disease Genes

Baby with intractable seizures,
microcephaly, and small jaw

Candidate genes have not
been described in humans with
these symptoms before

Functional testing showed
zebrafish with similar defects
and inherited variants of one
candidate gene to be
pathogenic: ELK3




Testing the “Genomic Hypothesis”

« ELK3: ETS proteins function as transcription factors in the
RAS/MEK/ERK signaling pathway

RTK

cell \_rj

membrane active
cytoplasm ( Ras —= RAS )---|Costello Syndrome

Grb2 o

* 7 s
MEK

.14 CFC Syndrome

Noonan Syndrome

Rodriguez-Viciana et al. Science, 311: 1287-1290 (2006).

« Genomic hypothesis: Proband will exhibit overlapping features

« Documented: characteristic facial features, growth retardation,
neurocognitive impairment,
 Re-evaluation: gut malrotation, coarse hair



TENG Discovery Rate

Data from 238 families

Inconclusive
e (Genes not associated n
Probably causal

with disease and
 Known gene and

unable to test ) e
functionally nown mutation

Known gene and
novel functional
variants

Known CNV

Novel disease genes
harboring candidate
pathogenic alleles; no
direct functional

New gene with strong
functional evidence

assay




Can any of this lead to credible therapeutics???




Principle: Functional LoF informs drug discovery
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2014: Modeling the jaw development of KS In zebrafish

Control rap1° + hRAP1A (WT) kmt2d"°

Distance between
MK-CH arch (um
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Fabia S No. of cells between the boundaries

Spaun?

Bogershausen, Tsai et al, J Clin Invest 2015
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Pathway-based Genetic Suppressor
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2014/15: Rescue of CE and jaw
defect in kmt2d morphants

2 of the 27 compounds consistently rescue CE and jaw defects
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“Only” remaining boundary to move to patients is legal/IP




So what have we learned in our Travels??

Collaboration and data sharing are key
Community engagement Is necessary

Strong genetics and biochemistry

You never know where your “winners” come from
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Thank you
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