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“Nothing in Biology Makes Sense Except in the Light of Evolution”
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Challenges in understanding (human) genomes
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Nature invented first (genetic) programs
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Scientific breakthroughs in the 21 century

Full genome sequencing
Nanocircuits or Molecular circuit
RNA interference

Dark energy

Spirit rover landed on Mars
Evolution in action

Proof of the Poincaré conjecture
Human genetic variation
Cellular reprogramming
Ardipithecus ramidus

The first quantum machine

HIV treatment as prevention
Discovery of the Higgs boson
Cancer immunotherapy

Rosetta comet mission

CRISPR genome-editing method

First observation of gravitational waves

Neutron star merger (GW170817)
Single-cell sequencing

A black hole made visible
COVID-19 vaccine

An Al brings protein structures to all
James Webb Space Telescope debut
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DNA sequencing/synthesis and computer/data analysis performance
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We need to understand how genes are regulated at molecular level
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From electric circuits to genetic circuits

battery

Simple Electric Circuit

switch

Simple genetic circuit
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https://www.cell.com/trends/microbiology/fulltext/S0966-842X(12)00082-0 10




Flip-flop switch (toggle) —a memory element

Electrical scheme Logical scheme

Abstraction level: wiring diagram Abstraction level: logic gates
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First artificial genetic circuits

Flip-flop switch o Repressnajcor _
Oscillations of protein expression
IPTG

J_ in time

Construction of a genetic toggle A synthetic oscillatory network
switch in Escherichia coli of transcriptional regulators

Michael B. Elowitz & Stanislas Leibler

Timothy S. Gardner*t, Charles R. Cantor* & James J. Collins* 1

Departrrents of Molecular Biolagy and Physics, Princcton Uriversity, Princeton,
Mew Jersey 08544, L'SA

P. Zaytsev, J. Collins, M. Bokov
at iGEM 2019 2000 2000
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A synchronized quorum of genetic clocks

Tal Dar ' ®, Octavio Mondraspin-Paloming ' ®, Lew Teimeing” & Jeff Hachy

Nature 463, 326-330 (2010) 2010
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Cello design specification

Sensors
name low hgh | promoter sequence

A 0.003 28 mnTcGTTGGCTGTGTTGaCMTT

B 0.001 44 TACTCCACCGTTGGCTTTTTTCCCTA
C 0.008 25 ACTTTTCATACTCCCGCCATTCAGRAG

Verilog

module O0xFé(output out, input A,B,C):

always@ (C,B,A)

begin
case ({C,B,A})
3'b000: {out} = 1'k1;
3'b001: {out} = 1°b1;
3'b010: {out} = 1'bl;
3'b011: {out} = 1'bl;
3'b100: {out} = 1'bO;
3'bl101: {out) = 1'bl;
3'b110: {out) = 1'bl;
3'b111: {[out} = 1'k0;
endcase
end
endmodule

¥YFP ATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGET

e https://youtu.be/SLn SkL7vkQ

* Nielsen, A. A. K., Der, B. S., Shin, J., Vaidyanathan, P., Paralanov, V., Strychalski, E. A., ...

352(6281), aac7341-aac7341.
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Cello, http://www.cellocad.org

Voigt, C. A. (2016). Genetic circuit design automation. Science,
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Shaytan, A.K.; Novikov, R.V.; Vinnikov, R.S.; Gribkova, A.K.; Glukhov, G.S. From DNA-Protein Interactions to the Genetic Circuit Design Using
CRISPR-dCas Systems. Front. Mol. Biosci. 2022, 9, 1070526, doi:10.3389/fmolb.2022.1070526. 15
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Shaytan, A.K. et al.. From DNA-Protein Interactions to the Genetic Circuit Design Using CRISPR-dCas Systems. Front. Mol. Biosci. 2022, 9, 1070526 16
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17
Qi, L.S.; et al. Repurposing CRISPR as an RNA-Guided Platform for Sequence-Specific Control of Gene Expression. Cell 2013, 152, 1173-1183




CRISPRi/CRISPRa in eukarotes

eukaryotic ,__\-
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Shaytan, A.K. et al.. From DNA-Protein Interactions to the Genetic Circuit Design Using CRISPR-dCas Systems. Front. Mol. Biosci. 2022, 9, 1070526 18




Andvanced CRISPR-based devices
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Shaytan, A.K. et al.. From DNA-Protein Interactions to the Genetic Circuit Design Using CRISPR-dCas Systems. Front. Mol. Biosci. 2022, 9, 1070526 19




Jlormyeckme seHTUAM Ha CRISPR/dCas9
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Shaytan, A.K. et al.. From DNA-Protein Interactions to the Genetic Circuit Design Using CRISPR-dCas Systems. Front. Mol. Biosci. 2022, 9, 1070526 20




Jlormyeckme seHTUAM Ha CRISPR/dCas9

AND gate (eukaryotic) XOR gate (eukaryotic)
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Shaytan, A.K. et al.. From DNA-Protein Interactions to the Genetic Circuit Design Using CRISPR-dCas Systems. Front. Mol. Biosci. 2022, 9, 1070526 22
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Santos-Moreno, J.; Tasiudi, E.; Stelling, J.; Schaerli, Y. Multistable and Dynamic CRISPRi-Based Synthetic Circuits. Nat Commun 2020, 11, 2746, doi:10.1038/s41467-020-16574-1.
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Smart living theraputics Biosensors Plant synthetic biology
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Programming smart immune cells to fight cancer

Programming plant root structure

Brophy,J.A.N. (2022). Science, 377, 747-751.
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Cubillos-Ruiz,A., et al. Nat Rev Drug Discov, 20, 941-960, 2021 Nguyen,P.Q. et al. Nat Biotechnol, 39, 1366—1374. 2021 Biofertilizers  witer etal 103389/fsufs 2001606815 20




OrpaHunyenmna dCas-cuctem

e TokcmyHocTb dCas-6enkos (E. coli— 500 6enkoB Ha KNeTKy) => myTtauumn B PAM-
CBA3bIBatOLWEN 06/1aCTM YMEHbLLAIOT TOKCUMYHOCTb
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Transfer function (pyHKUMA nepegaun)
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Cnacubo 3a BHMMaHue!

“What I cannot create I do
not understand”

R. Feynman

i (1918-1988)
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