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Outline

Production of DSI

* Genetic resources
* The central dogma of molecular biology
e The Origin of DSI

The rise of ‘omics’

What is being sequenced and why
 Example —fish identification

DSl usage
* Non-linearity of DSI usage
e Example - enzyme modification to make pharmacuticals
* Synthetic biology to make pharmaceuticals

Conclusions



Production of DSI - Genetic
Resources
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Production of DSI - The Central
Dogma of Molecular Biology
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The Origin of Digital Sequence
Information
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The Rise of ‘Omics’

ﬁienomics

The genome is
the complete
set of genes or
genetic material
present in a cell

(Transcriptomics
The transcriptome
is @ measure of
which genes are
expressed under
any given set of
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What is Being Sequenced and
Why?

Populations Biodiversity

Ecosystems

e

Understand how life Understand variation within Learn about life forms and Understanding the
forms interact with each  or between related speciesto preserve the genetic data microbial communities and
other and their learn more about their before they become their environments
environment. biology through comparative  extinct.

genomics.

llene Mizrachi - GenBank



Sequencing Costs

Cost of sequencing
Cost per Raw Megabase of DNA Sequence . .
continues to decline

1,000,000

Number of sequences
escalates — data avalanche

0 - Moore’s Law
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Example of Application of DNA

Seguences

Mistaken |dentity of Fish

Declining Catches of
Common Skate
‘Dipturis batis’
Taxonomic
discrepancies
mtDNA gave
phylogenetic tree
Two species

* Small one

common

* Large one rare
Information used for
setting catch limits

TiEsee/DINA
catalogue No,

. Fostroraya siba

{White shate) Y
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167 Dipfurus gigas

100
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Aquatic Conserv: Mar. Freshw. Ecosyst. 20: 319-333.



DSI Usage is Not Straightforward or
‘Linear’

Sequences used can P
be the result of analysing

multiple sequences and oY
finding the most useful one. ! b }\J ALK & (ABN)

Some sequences can be
designed or engineered
based on natural sequences
and the process can take
several iterations.

Originally found in
Australian EEZ
Marine organism

bioactive
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THERAPEUTICS

Taking the Lead from Nature

Bacterial Infections

T

Immunologic &
Inflammatory Disorders

oriasis & Atopic dermatitis

Macrocycles may be effective
against a range of complex diseases



Gyrocycle™ highly modified macrocyclic
) GVI’E OX peptides - effective alternatives to
therapeutic peptides

THERAPEUTICS

Using DNA Sequence Data

Macrocycle Protein
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Using Protein Sequence Data

MOSTTLLOIKPHFHIEVIEPKQVYLLGEQGNHALTG MQPTALQIKPHFHVEIIEPKQVYLLGEQGNHALTGOLY
VINRLAEKGYLTEATPDLSPEVAAFWTELGTAPTVA LSRLVEKGYLTEVAPELSLEVAAFWSELGIAPSVVAEG
Pvms' A G T AT T o T T T DT T UT T VSDHEAPRAPEAGDST AQ LOVVLTDDY LOPELAATNKE
MOPTALQIKPHFHVEIIEPKQVYLLGEQGNHALTGOLY L HCLAQRLRGNREVEASVLQQKRALQERNGQNKNGAYSC
LSRLVEKGYLTEVAPELSLEVAAFWSELGIAPSVVAEG Eeigymtat VLD G LA PSS AT TR LG NAIANPGTARFPTLAGKIFTFNQTTLELKAHPLSRRPQC
VEDPKAPKAPKAGDSTAQLOVVLTDDYLOPELAAINKE OTLOKY VOTSTEAGSPTALNVVLTDDYLQPELAKINKQ. RATTPEQTVQEYQHLIGPITGVVTELYRISDEPANPLVH
e MINE o S
RATTPEQTVOEYOQHLIGPITGVVTELVEISDPANPLVH QRIDNT | RDSVALWWYNELEREPEVELSSFEEFYFLOQLOQFYRSQOM
DSQSRASGLCEAIERYSGIFLGDEPRKRATLAELGDLMA WYNRLS TVOEY(vQTSTEAGS PTALNVVLTDDYLQPELAKTNKQ IGFGAHLDPKIAILRALTEVSQVGLELDKVEDEKLDGE
PHRFARSQAIDWTPLWSLTEQKHKYVPTAICYYNYLLF DPTIGI LCEAT] I RGNREVEASVLQQOKQAQQQRNGQSGSVISCL RWSDDIYTDVMACVEMAKVAGLETLVLDQTRPDIGLNV
RDSVALWWYNRLERPEVELSSFEEPYFLQLOQFYRSQON TDWTCAIDWT]VFFPTLDGKIITFNHTVIDLKSHVLVRRPQCP PLREAEMNPTNIEF
IGFGAHLDPKIAILRALTEVSQVGLELDKVPDEKLDGE NEPMNIP yNRTR)
RWSDDIYTDVMACVEMAKVAGLETLVLDOTRPDIGLEV e h
PLAEAEMNPTNIBF PTIAL ,CEATERYSGIFQGDEPWKRATLAELGDLALH Choose seq uence(s)
DVMNC' ATDWTPVWSLTEQKHKYVPTAFCYYGYPLPEE opo .
.. . QTNIP! YNRIRRPAVDLSTFDEPYFVDLOQFYQQQONRE Ta rgeted modifications
Orlgmal Protein Sequence PTIAILRALTEVSQVGLELDKIPDDKLDGESK G S hesi
DVMNCVKTAQTAGLEVMVLDQTRPDIGLNVVK ene Ynt esis
QTNIPE :
Engineered
Use DNA databases Enzyme

to find analogues and
make comparisons Desired T range
Desired pH range

Desired specificity

Native enzyme

Can be produced at
High titres
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THERAPEUTICS

Using Protein Sequence Data

PatG 292
TruG 345
TenG 286
McaG 347
LynG : | | : 304
RcoyG PEGND | b | : 258
PagG2 : AV CQDENILIVRPGN | | : 259
OscG ARV CQDN;NILIVHPGN | ArL , : IGEN : 291
PirGg : Re): *NINILVIHPGN WCVP) ' P . : 246
Trik : AVROFAORINNVL I : , | 2 j P : 245

A64 cqgdnN6L66 P

* Many sequences with a variety of origins have the same properties
* If sequences have >30% similarity they are likely to have the same function
* Sequences can be codon-optimised/engineered making them hard to trace back to the source

Protein Engineering vol.12 no.2 pp.85-94, 1999 Cristina Crivac
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Using Engineered Enzymes
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Synthetic Biology/Engineering Biology

(Design-Build-Test-Analyse-Rebuild)

AAAGAAGCGATCGCCTT
AATTGCATTGAGTCTTT
AGAAGCGATCACCTGTT
TGCATTGAGTCATTGC
AAGCGATCGCCTGTTCT]
TTTTGAGTCATGGCCC

DNA Sequences

Native/modified/synthetic DNA
From different origins/based

on many sequences

Substrate plasmid

Engineered cell
Optimised production of product
Exports product
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Examples of Application of ‘DSI’
WHO Essential Medicines Made
Using SynBio

 Malaria killed 445,000 people
globally in 2016

e Quality-assured artemisinin-
based combination therapies
are a major part of the
strategy against malaria

e SynBio process developed
over 7 years with multi million
USS input

e Produces 25 g/L of precursor
that needs synthetic finishing |
— could meet 25% of global s
demand A

|
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Conclusions

 Many uses of DSI in basic and applied research e.g.
* Conservation
e Food safety
e Vaccines/Pharmaceuticals
e |ndustrial enzymes etc.

* Usage of DSl is not straightforward or linear

 Multiple genes sequences used from databases to
create final product
 Some to understand the function of genes
e Some are incorporated in native or modified form
e Many genes deposited many years ago

e What is the relative contribution of each sequence
analysed/used?
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