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The Human Genome

It | read to you the whole
genome at the rate of one
word per second, eight hours a
day, it would take me a century’

- Matt Ridley

= 3.2 billion bases (letter); ~240GB Hard Drive



DNA sequence data
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A living organism is now a txt file!
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o000 B Mycoplasma genitalium G37.txt ~

>NC_000908.2 Mycoplasma genitalium G37, complete genome|

TAAGTTATTATTTAGTTAATACTTTTAACAATATTATTAAGGTATTTAAAAAATACTATTATAGTATTTAACATAGTTAA
ATACCTTCCTTAATACTGTTAAATTATATTCAATCAATACATATATAATATTATTAAAATACTTGATAAGTATTATTTAG
ATATTAGACAAATACTAATTTTATATTGCTTTAATACTTAATAAATACTACTTATGTATTAAGTAAATATTACTGTAATA
CTAATAACAATATTATTACAATATGCTAGAATAATATTGCTAGTATCAATAATTACTAATATAGTATTAGGAAAATACCA
TAATAATATTTCTACATAATACTAAGTTAATACTATGTGTAGAATAATAAATAATCAGATTAAAAAAATTTTATTTATCT
GAAACATATTTAATCAATTGAACTGATTATTTTCAGCAGTAATAATTACATATGTACATAGTACATATGTAAAATATCAT
TAATTTCTGTTATATATAATAGTATCTATTTTAGAGAGTATTAATTATTACTATAATTAAGCATTTATGCTTAATTATAA
GCTTTTTATGAACAAAATTATAGACATTTTAGTTCTTATAATAAATAATAGATATTAAAGAAAATAAAAAAATAGAAATA
AATATCATAACCCTTGATAACCCAGAAATTAATACTTAATCAAAAATGAAAATATTAATTAATAAAAGTGAATTGAATAA
AATTTTGAAAAAAATGAATAACGTTATTATTTCCAATAACAAAATAAAACCACATCATTCATATTTTTTAATAGAGGCAA
AAGAAAAAGAAATAAACTTTTATGCTAACAATGAATACTTTTCTGTCAAATGTAATTTAAATAAAAATATTGATATTCTT
GAACAAGGCTCCTTAATTGTTAAAGGAAAAATTTTTAACGATCTTATTAATGGCATAAAAGAAGAGATTATTACTATTCA
AGAAAAAGATCAAACACTTTTGGTTAAAACAAAAAAAACAAGTATTAATTTAAACACAATTAATGTGAATGAATTTCCAA
GAATAAGGTTTAATGAAAAAAACGATTTAAGTGAATTTAATCAATTCAAAATAAATTATTCACTTTTAGTAAAAGGCATT
AAAAAAATTTTTCACTCAGTTTCAAATAATCGTGAAATATCTTCTAAATTTAATGGAGTAAATTTCAATGGATCCAATGG
AAAAGAAATATTTTTAGAAGCTTCTGACACTTATAAACTATCTGTTTTTGAGATAAAGCAAGAAACAGAACCATTTGATT
TCATTTTGGAGAGTAATTTACTTAGTTTCATTAATTCTTTTAATCCTGAAGAAGATAAATCTATTGTTTTTTATTACAGA
AAAGATAATAAAGATAGCTTTAGTACAGAAATGTTGATTTCAATGGATAACTTTATGATTAGTTACACATCGGTTAATGA
AAAATTTCCAGAGGTAAACTACTTTTTTGAATTTGAACCTGAAACTAAAATAGTTGTTCAAAAAAATGAATTAAAAGATG
CACTTCAAAGAATTCAAACTTTGGCTCAAAATGAAAGAACTTTTTTATGCGATATGCAAATTAACAGTTCTGAATTAAAA
ATAAGAGCTATTGTTAATAATATCGGAAATTCTCTTGAGGAAATTTCTTGTCTTAAATTTGAAGGTTATAAACTTAATAT
TTCTTTTAACCCAAGTTCTCTATTAGATCACATAGAGTCTTTTGAATCAAATGAAATAAATTTTGATTTCCAAGGAAATA
GTAAGTATTTTTTGATAACCTCTAAAAGTGAACCTGAACTTAAGCAAATATTGGTTCCTTCAAGATAATGAATCTTTACG
ATCTTTTAGAACTACCAACTACAGCATCAATAAAAGAAATAAAAATTGCTTATAAAAGATTAGCAAAGCGTTATCACCCT
GATGTAAATAAATTAGGTTCGCAAACTTTTGTTGAAATTAATAATGCTTATTCAATATTAAGTGATCCTAACCAAAAGGA
AAAATATGATTCAATGCTGAAAGTTAATGATTTTCAAAATCGCATCAAAAATTTAGATATTAGTGTTAGATGACATGAAA
ATTTCATGGAAGAACTCGAACTTCGTAAGAACTGAGAATTTGATTTTTTTTCATCTGATGAAGATTTCTTTTATTCTCCA
TTTACAAAAAACAAATATGCTTCCTTTTTAGATAAAGATGTTTCTTTAGCTTTTTTTCAGCTTTACAGCAAGGGCAAAAT
AGATCATCAATTGGAAAAATCTTTATTGAAAAGAAGAGATGTAAAAGAAGCTTGTCAACAGAATAAAAATTTTATTGAAG
TTATAAAAGAGCAATATAACTATTTTGGTTGAATTGAAGCTAAGCGTTATTTCAATATTAATGTTGAACTTGAGCTCACA
CAGAGAGAGATAAGAGATAGAGATGTTGTTAACCTACCTTTAAAAATTAAAGTTATTAATAATGATTTTCCAAATCAACT
CTGATATGAAATTTATAAAAACTATTCATTTCGCTTATCTTGAGATATAAAAAATGGTGAAATTGCTGAATTTTTCAATA
AAGGTAATAGAGCTTTAGGATGAAAAGGTGACTTAATTGTCAGAATGAAAGTAGTTAATAAAGTAAACAAAAGACTGCGT
ATTTTTTCAAGCTTTTTTGAGAACGATAAATCTAAATTATGGTTCCTTGTTCCAAACGATAAACAAAGTAATCCTAATAA
GGGCGTTTTTAACTATAAAACTCAGCACTTTATTGATTAAAAAACCTTTCATTTTTAATGTGTTATAATTATTTGTTATG
CCATAAATTTAGTTTGTGGCAAAAGCTTCTGTACTGTTTATTTAATGGAAGAAAATAACAAAGCAAATATCTATGACTCT
AGTAGCATTAAGGTCCTTGAAGGACTTGAGGCTGTTAGAAAACGCCCTGGAATGTACATTGGTTCTACTGGCGAAGAAGG
TTTGCATCACATGATCTGAGAGATAGTAGACAACTCAATTGATGAAGCAATGGGAGGTTTTGCCAGTTTTGTTAAGCTTA
CCCTTGAAGATAATTTTGTTACCCGTGTAGAGGATGATGGAAGAGGGATACCTGTTGATATCCATCCTAAGACTAATCGT
TCTACAGTTGAAACAGTTTTTACAGTTCTACACGCTGGCGGTAAATTTGATAACGATAGCTATAAAGTGTCAGGTGGTTT
ACACGGTGTTGGTGCATCAGTTGTTAATGCGCTTAGTTCTTCTTTTAAAGTTTGAGTTTTTCGTCAAAATAAAAAGTATT
TTCTCAGCTTTAGCGATGGAGGAAAGGTAATTGGAGATTTGGTCCAAGAAGGTAACTCTGAAAAAGAGCATGGAACAATT
GTTGAGTTTGTTCCTGATTTCTCTGTAATGGAAAAGAGTGATTACAAACAAACTGTAATTGTAAGCAGACTCCAGCAATT
AGCTTTTTTAAACAAGGGAATAAGAATTGACTTTGTTGATAATCGTAAACAAAACCCACAGTCTTTTTCTTGAAAATATG
ATGGGGGATTGGTTGAATATATCCACCACCTAAACAACGAAAAAGAACCACTTTTTAATGAAGTTATTGCTGATGAAAAA
ACTGAAACTGTAAAAGCTGTTAATCGTGATGAAAACTACACAGTAAAGGTTGAAGTTGCTTTTCAATATAACAAAACATA
CAACCAATCAATTTTCAGTTTTTGTAACAACATTAATACTACAGAAGGTGGAACCCATGTGGAAGGTTTTCGTAATGCAC
TTGTTAAGATCATTAATCGCTTTGCTGTTGAAAATAAATTCCTAAAAGATAGTGATGAAAAGATTAACCGTGATGATGTT

TGTGAAGGATTAACTGCTATTATTTCCATTAAACACCCAAACCCACAATATGAAGGACAAACTAAAAAGAAGTTAGGTAA
TACTRAGRTAAGACCTTTAGTTAATAGTATTRTTAGTRAAATCTTTRAACGCTTCATATTAGAAAACCCACAAGAAGCAA

Literally!

® ® ® ] Mycoplasma genitalium G37.txt Info

Mycoplasma genitalium G37.txt 587 KB
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¥ General:

Kind: Plain Text Document
Size: 587,383 bytes (590 KB on disk)
Where: Macintosh HD » Users » FaisalK » Desktop » Averos
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But we know this?



3 trends



Trend 1: DNA vs Transistors

DNA e==Transistors
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Trend 1: DNA vs Transistors
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Sequencing Costs
(HGP days; ~2000)

First Draft in 2001
15 years

8 countries; 100s of scientists
~3 billion USD



Sequencing Costs
(2018)

e 48h max
* 1 scientist
« >1000 USD
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Trend 1: DNA sequencing costs

Oxford Nanopore, 2016



Trend 1: DNA sequencing costs

Oxford Nanopore, 2020



Trend 2: DNA synthesis costs

$1/letter
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Trend 3: DNA engineering costs
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: DNA engineering costs

Trend 3




Trend 3: DNA engineering costs
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Engineering principles

Design:

Tesk\/ﬂuild
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Butyrate

Bile Salt Hydrolase

GLP-1

Synthetic
Biotic

Synthetic
Genetic Circuit
Decrease
disease
burden

NASH pathogenesis may benefit
from a synthetic biotic with
multiple mechanisms of action,
including up-regulating butyrate,

Probiotic bacteria: propionate, and GLP-1 production

E. coli Nissle

>—

NASH Patients

Armstrong, Matthew J., et al. "Glucagon-lke
peptide 1 decreases bpotowicity in norralcoholic
steatohepanitis.” Joumal of hapatology (2015).

Chambers, Edward S., et al. “Effects of tangated
delivery of propionate 1o the human colon on
appetite reguiation, body waight maintenance
and adipasity in overweight adubs.® Gut (2014):
gutjnk-2014.

Jn, Cheng Jun, et al. “Supglementation of
sodium butyrate protects mice from the
development of non-alcohollc steatohepatids
(NASH)." British Journal of Mutrition 11411
(2015); 1745-1755.
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AN AFFILIATE OF THE
NATIONAL CENTRE FOR BIG DATA

& CLOUD COMPUTING AT GECOS & RMI




Focus on one or
two molecules

Multi-omic analysis
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Extract and
'read' the DNA

Focus on one or
two molecules

Multi-omic analysis

Multi-omic
Analyses
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Extract and
'read' the DNA
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Multi-omic analysis
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Clinical
‘Trials
N\

Extract and
'read' the DNA

Focus on one or
two molecules

ulti-omic analysis

Multi-omic
Analyses
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AVEROS

We programme living cells.



Our Value Prop
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Our Value Prop

Design

Genomics

Transcriptomics

Deslig_\n\ Proteomics

ML/AI

N, %

Hardware

Gene Assembly
High-throughput Transformation
Automation CRISPR

IO(L)T Scaleup Fermentation
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Input = CO
Output = Red Color

Living Sensors
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Penicillium chrysogenum

1

Penicillin G
DAOC from
Streptococcus FeSO4
clavuregerus 20xogluterate
NP1 cell free
extract
v
G 7-ADCA

Penicillin acylase

6 Gultaryl acylase

Penicillin chrysogenum

}

Isopenicillin N

l

Adipyl 6-APA
Expandase Hydroxylase
cefE gene (cefF gene)
l Acylase
Adiply 7-ACA
7-ACA
7 ADCA <

Acrimonium chrysogenum

}

Isopenicillin N

\
DAOC cefEF
/

Deacetyle

DAOC Cephalosporin C

D-aminoacid oxidase l

Ketoadipyl 7-ADCA CPC

Glutaryl 7-ADCA

Glutaryl 7-ADCA

Glutaryl acylase

Pharma







Design Questions

Different enzymes for different steps of the pathway.
Different sources (fungal and bacterial sources) of these
enzymes.

Each enzyme can be engineered, at the DNA level.

Can we have a single-step reaction: molasses to end product
with no intermediate steps.
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Enzymes
Fragrances
Pigments
Fibres

Flavours

APls

:yle

Living Sensors
Agriprobiotics
Probiotics
Bioremediation



Key Points

Biology has transformed; its molecular, its data driven.
Costs are like software now: A big big opportunity to reset
our R&D agenda

Can we manufacture the APIs we import? Can we have our
own clinical trials?

Its all happening here in Pakistan, in Peshawar.
This century belongs to Biology. Is Pakistan ready?



We are looking tor visionary
partners in the pharma space!

faisal@averos.bio
(@esepzai

Thank youl!
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