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What is DNA?
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Genetic material essential for the growth and development of organisms



How do we go from DNA to a whole genome?
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Who discovered DNA?

Wilkins Franklin Watson



Timeline for genomic sequencing
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What is Sanger sequencing?
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Method for determining genetic sequence through "chain termination”



What is Next Generation Sequencing?
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How does Pyrosequencing (454) work?
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How does sequencing by synthesis (lllumina/Solexa)
work?
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What can we learn from sequencing?
4

Variant calling and filtering: SAMTools, etc.

Variant annotation: 1. dbSNP (3 million SNPs/individual; 20,000-30,000 coding SNPs/exome

2. Removal of synonymous SNPs
L 3. Checking the previously reported mutations "
Based on mode of inheritance

J J ! !

Autosomal recessive Autosomal dominant X-linked De novo variants
Homozygous/ Heterozygous Variants on Variants in patients
compound variants common chromosome X not found in their
heterozygous variants among patients common among parents
common among patients

Identify genetic variants with a link to disease



Model Organisms Facilitate Rare Disease Diagnosis
and Therapeutic Research
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What are model organisms?

Important part in determining the molecular mechanisms of disease



How do model organisms facilitate disease diagnosis?
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What is the Undiagnosed Disease Program model?

Patient is Broad and in- Genomic

depth clinical
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Providing diagnoses for patients that have exhausted other diagnostic measures



What is the Undiagnosed Disease Network?

7 Clinical Sites
2 Sequencing Cores

Model Organism Screening Center
Metabolomics Core
Coordination Center




How does the UDN use model organisms to facilitate
disease diagnhosis?

Coordinating Center
[ Undiagnosed
sy U N 20

Diseases Network

7 Clinical
Sites
Model Organisms Metabolomics 2 Sequencing

Screening Center (MOSC) Core Cores

Informatics §

HRRVEL

http://marrvel.org

Prioritization Assignment

Drosophila _ £ Zebrafish _
~65% Core ~35% Core

Communication

Information Functional Data

Model organisms are used to study relationship between gene, function, and variant



Summary
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Model organisms play an important
role in elucidating molecular
mechanisms

The UDN uses both NGS and model
organisms to help diagnose and treat
undiagnosed diseases
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What Is progeria?

Hutchinson-Gilford progeria syndrome (HGPS)

Progressive genetic disorder caused by random mutation



How does progeria affect you?
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What causes progeria?

Lamina thickening
Nuclear pore complex clusters
Loss of heterochromatin

Progeria: ....GGAGCCCAGGGTGGG.

Normal: ....GGAGCCCAGGGTGGG.

C>T mutation causes 50bp mis-splicing that loses 50 amino acids in Lamin A protein



What labs are studying progeria?
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A to G base editors (ABE) Identifying and validating
C to T base editors (CBE) potential therapeutics
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In Vivo Base Editing Rescues
Hutchinson-Gilford Progeria
Syndrome in Mice
Koblan et al., 2021




The mis-splicing of the LMNA ultimately causes progeria
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Targeted single C->T point mutation that causes mis-splicing



How was Lamin A targeted for hase editing?

Adenosine Base Editors (ABEs) convert A-T base pairs to G-C base pairs




How do ABEs convert A-T base pairs to G-G?
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Adenine is converted to Inosine (pairs like Guanine)




How do ABEs convert A-T base pairs to G-G?
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Why would ABEs he effective?

a LaminA

Control
HGPS
HGPS + wt lamin A

Overexpression of wild-type does not rescue cell



Why ABEs vs. wild-type rescue?

a LaminA

Control
HGPS
HGPS + wt lamin A

Overexpression of wild-type does not rescue cell



Why ABEs vs. GRISPR?

Cas9

Donor DNA

(ssODN or plasmid)

Endogenous DNA repairs at the DSB site

T T >
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Homology directed repair (HDR)

Nonhomologous end joining (NHEJ)

RuvC

Genomic DNA

Small insertion

Knocked-in DNA
sequence of interest

Precise gene modification
(active in dividing cells: G2/S phase)

[TTETTTETTTT

Random mutations
(active in both dividing and nondividing cells)

Double-strand break (DSB)

Jiang, Doudna, 2017

CRISPR too random (indels), too non-specific



How were the ABEs tested in vitro?

Two developed fibroblast lines treated with ABEs using Lentivirus delivery



How effective were the ABEs in vitro in reducing mis-splicing?
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How effective were the ABEs in vitro in reducing mis-splicing?
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How effective were the ABEs in vitro in reducing progerin levels?
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How accurate were the ABEs in vitro?
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871-91% on target editing, >0.1% off target editing



How accurate were the ABEs in vitro?
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How accurate were the ABEs in vitro?
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How did the edited genomes resemble wild type cells?

Top 100 differentially expressed genes
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Treated cells scored more positive Z-scores



How did the edited genomes resemble wild type cells?
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How were the ABEs tested in vivo?

a ABE AAV9 injections
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Transgenic progeria mice treated with ABEs via Adeno-associated Virus (AAV)



How effective were the ABEs in vivo over time?
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Increased DNA-editing efficiency over time



How effective were the ABEs in vivo in reducing key progeria symptoms?
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How effective were the ABEs in vivo in reducing key progeria symptoms?
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How effective were the ABEs in vivo at reducing fat loss?

a
P3 RO Saline-injected control males P3 RO ABE AAVS-injected males

H&E Masson's H&E Masson's
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Reduced loss of adipose tissue



Was ABE treatment enough to significantly increase lifespan in vivo?
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Massive increase in overall lifespan



Was ABE treatment enough to significantly increase lifespan in vivo?
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What were the concerns from in vivo ABE use?
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Were these concerns warranted?
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Extensive testing showed otherwise (likely caused by trans-gene)
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What research should be done moving forward?
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How can these findings bhe applied?

Farnesyltransferase inhibitor C I

Further investigation into clinical application (more efficient ABEs, treatment timing, conjunctive treatments)



Looking forward

s Hope for clinical application, pairing with other treatments

Cl Cl
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