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Miscoded Mutations:
Single Nucleotide Polymorphisms (SNP)
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Biology Is a Program

Genome (~100Mb)
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Cells as Computers and Logic

Ring Oscillators from Transcriptional-Translational Logic
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MB Elowitz MB and S Leibler (2000) A synthetic oscillatory
network of transcriptional regulators.Nature.403 :335 - 338.
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When a person
contemplates His
wondrous and great
deeds and creations and
appreciates His infinite
wisdom that surpasses all
comparison, he will
Immediately love, praise,
and glorify[Him], yearning
with tremendous desire to
know [G-d’s] great name.
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Next Generation (Chip Based) DNA Synthesis

~1000x Lower Oligonucleotide Cost @ - >
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Chow, Brian Y., Christopher J. Emig, and Joseph M. Jacobson. "Photoelectrochemical synthesis of
DNA microarrays." Proceedings of the National Academy of Sciences 106.36 (2009): 15219-15224.

Accurate multiplex gene synthesis from programmable DNA microchips
Jingdong Tian, Hui Gong, Nijing Sheng, Xiaochuan Zhou, Erdogan Gulari, Xiaolian Gao and
George Church

http://www.technologyreview.com/biomedicine/20035/
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Synthetic Biology
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to Make High Value Products  to Program Cells to

(Biofuels, Chemicals, @ Become Cellular Factories,
Pharmaceuticals) Sensors ...



Cells as Small Molecule Pharmaceutical Factories
~6 Gb Synthesis For top 1000 small molecules drug intermediates

Artemisinic Acid (Antimalarial)
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Paddon, Christopher J., et al. "High-level semi-synthetic production of
the potent antimalarial artemisinin." Nature 496.7446 (2013): 528-532.
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Cells as Chemical Factories

The miracles of science
1,3 Propanediol
DuPont Sorona
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C4 Photosynthesis
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photosynthesis in crops. Nature. 2014 Sep 25;513(7519):547-50.

Osborne CP, Beerling DJ. Nature's green revolution: the remarkable evolutionary rise of C4 plants. Philosophical
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Conferring New Function
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Programming the Genome

CRISPR

(clustered regularly interspaced short palindromic repeats)

Matching genomic
sequence

Guide RNA

Genomic DNA 17 Cas9

Donor DNA > Repair wUr

Gene therapy t? Targeted ge me editing Cells
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CRISPR-Cas9:
A Genomic Search Bar
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CRISPR
Base Editing

BASE-EDITING

Enzyme Species PAM (5 t0 3)  # Specific % Genome
Bases  Addressable

SpCas9 Streptococcus ) 2 12.5%
pyogenes NGD*
AsCasl12 Acidoaminococcus sp. TTTV, TYCV*, 3 2.3%
a TATV*
SaCas9 Staphylococcus aureus NNNRRT 3 12.5%
CjCas9 Campylobacter jejuni NNNNRYAC 4 3.13%
NmeCas Neisseria meningitidis NNNNGMTT 4 1.56%
9
StCas9 Streptococcus NNAGAAW 5 0.39%

thermophilus
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Base Editing

BASE-EDITING
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CRISPR

Expanding the Genomic Target Space

FROM BIOINFORMATICS COMPUTATIONAL PIPELINE

Pos 1-1240;
Pos 1241-1368""
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Chatterjee et al., Sci.
Adv. 2018
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SCHENCE ADVANCES | RESTARCH ARTICLY

ScCas9: THE ONE-BASE EDITOR oninsacd oo S

Minimal PAM specificity of a highly similar
SpCas9 ortholog
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Streptococcus Macacae (Smac) Cas9 NAA PAM
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SpyCas9 Crystal
Structure PDB 5F9R

Jakimo*, Chatterjee*, Nip*, Jacobson, bioRxiv(2019)
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SpyCas9: ~27.5% pathogenic SNPs
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SpyCas9: ~27.5% pathogenic SNPs
ScCas9: ~72.4% pqtho enic SNPs
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SpyCas9: ~27.5% pathogenic SNPs _

Ablepharon macrostomia syndrome

Muscular dystrophy-d?/stro lycanopathy
Fanconi-Bickel syndrome
Gordon Holmes syndrome

Ventricular tachycardi
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Wild-type DNA sequence
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CRISPR

Editing the Human Genome




New Cas9 CRISPR Discovered

COMPUTATIONAL PIPELINE

ScCAS9 with Single Base NNG PAM SN

8N LIBRARY

(A

O

Loop Modeling in PDB 4UN3 (Sp/Sc Loop and PAM) e 6
'

Chatterjee*, Jakimo*, Jacobson, Science Advances (2018)



SCIENCE ADVANCES | RESEARCH ARTICLE

MOLECULAR BIOLOGY

Minimal PAM specificity of a highly similar
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Target Limitations in Disease-Associated Regions
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Allele 1 . Allele 1
Repair

Allele 2 ——Cas9 | G#L=Allelo 2
GENE DRIVE

Normal inheritance Gene drive inheritance

Altered gene does not spread Altered gene is always inherited



