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Introduction

What is a research funnel - and why does it matter?
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Eliminate Your Bottlenecks

How Twist can Help Redesign Your Research Funnel
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Founded in 2013
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ReWriting DNA with the Power of Silicon
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Traditional 96 WELL PLATE TWIST SILICON PLATFORM

Developing Throughput and Cost
through Quality and Speed at Scale
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Oligonucleotide Synthesis

Base
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What can Twist do for you?

Precision DNA Synthesis at Scale

& ¥ X A ©

Genes Oligo Pools Libraries NGS Data Storage
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Defining a Research Funnel

CONFIDENTIAL 8



Building a High Throughput Research Funnel

Challenge: There are too many potential inputs to : Channel inputs through a research funnel
test one by one. starting with a high throughput (HTP)
screen
In Vivo Selection Screens In Vivo Reporter Screens In Vitro Reporter Screens

' Population of

genetically diverse

organisms : |_>

SPosVuye Negative \) .__,---"."
election Selection : 3
Isolate organisms and Sbeqf“en/c‘:torgamsms Input triggers a measurable reporter, i.e. a E Typically performed in 96 or 384 wp,
sequence. etore/arter screen. . . . . .
Look for repressed ﬂuorescenF protein. Cel}ls with measurable : inputs trigger a measurable colormetric or
populations response are isolated and inputs are sequenced. : absorbance change.

is a term commonly used to characterize inputs that perform well in the screen
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Understanding the power of scale

QL&A= Q

) (=)0 (&) () o

ﬁ = H Screen U Lw Optimize

SE4SElS O -
Starting pool diversity: Cost of de novo synthesis for each individual sequence:
10° x 800bp dsDNA genes $7,200,000 (0.09c/bp)

100,000 x 175nt sSDNA Cost of a Twist Oligo Pool: “$15,000

When designing your research funnel, it’s important to know the different DNA tools available.
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Redesign your Research Funnel

Goal: Identify the DNA tools appropriate for your funnel

€ ¥ X A ©

Genes Oligo Pools Libraries NGS Data Storage

In this workshop we’ll go through different DNA solutions for common research funnels.
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CRISPR Workflow




CRISPR enables precise DNA modifications

_~ tracrRNA

PAM __

CAS9
Target-specific crRNA

Target Genomic Loci

CRISPR is used to target specific sites in the genome for cutting or base modification. A guide
RNA (gRNA) directs the CAS enzyme to the site of modification.
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CRISPR Workflow

Design Guides
Order Oligo Pools

Pooled Cloning

Transfect guides
Screen for desired
phenotype

NGS TE to ID mutations
and off-targets

Validate hits
through clonal gene
complementation
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Challenges with a CRISPR Workflow

Capture
Target

!
Next Generation Sequencing
bl
D@q
POa
>
DO
D@4
Hard to find access to Amplifying and cloning oligo Identifying on and off target mutations are
highly diverse oligos with pools can lead to sequence time consuming, requires expensive
low error rates and high uniformity bias. sequencing, and lack comprehensiveness.

uniformity.
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Step 1. Design Guide

Twist offers Oligo pools to simplify your workflow

A. Choose species

< b4

B. Select the gene and
region to be targeted

W

s C. Selet gRNAS based on Design: There are many online design tools to design guide RNA (gRNA)
predicted “on-targe! W Sequences-

=

and “off-target” activity

B Smianins il el To ensure efficient CRISPR targeting, design 3+ guides for each gene.
desired gRNAS D —

v DNA Input: Use Twist Oligo Pools to code for gRNA sequences.

) E. Deliver gRNA and Cas9
and validate genome edit!

https://www.addgene.org/crispr/guide/
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https://www.addgene.org/crispr/guide/

Oligo Pools - Uniformity and Error Rate Matter

Twist Oligo pools provide sequence flexibility with high uniformity

100% OLIGO REPRESENTATION 1:2000 BP ERROR RATE
HIGH UNIFORMITY

Flexibility matters.
Design your pool with
the exact number of
seguences you need.

FREQUENCY
FREQUENCY
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Step 2: Pooled Cloning

Twist offers Cloned Oligo Pools to simplify your workflow

DOQ
: = | 09| l ~
Design Oligo Pool Synthesis on - QO
Silicon Platform i
b

Potential Pitfall: Cloning gRNA into vectors for delivery is a step

Cloning Oligo Pool Amplification
- - - that can potentially introduce bias and can be time consuming.
Check out Twist’s white paper on how to amplify pools to limit
bias.
Pooled Plasmid sgRNA Sequencing and Analysis . .
; DNA Input: Use Twist’s Cloned Oligo Pools.

Friends don'’t let friends clone.
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Step 2: Pooled Cloning

Twist’s Cloned Oligo Pools maximize experimental efficiency, maintain diversity and ensure uniformity

Sequence Distribution GC Uniformity

8
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QZ) f g g AR
g '
o
Log4, Read Counts Log4o Read Counts h | GC Contéﬁt
Uniformity is maintained before and cloning GC% does not impact uniformity
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Importance of High Quality Synthesis

sgRNA containing mutations results in less efficient cutting

Tiling experiment to introduce mutations along
protospacer region

..CGATACTGATTCGTAGCTAGCTAGTGGCATCGA...

genome: I

correct sgRNA: [ACTGATTCGTAGCTAGCTAG

ACTGATTCGTATCTAGCTAG

@

§ - genome sequence sgRNA
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PROTOSPACER POSITION TPAM
e = —— —
V L — o ———
MOST SEED REGION

DISPENSABLE
NUCLEOTIDES
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Step 3: Identifying On and Off Target Modifications

Twist’s Target Enrichment Custom Panels can rapidly identify modifications

DOQ
N
i

R el

transfected cells genomic DNA PCR product DO

iy //\7// s
S

N

; Potential Pitfall: While accurate, CRISPR systems
quantification of . .
DNARetroduperes DNA deavage products o frequency can lead to off-target mutations at unpredictable

heteroduplex formation

= —_— = sites.
///// -J,L_, m= ’ DNA Input: Use Twist’s Target Enrichment Kits.

Unlike NGS Target Enrichment, other common methods for determining on and Use the Exome kit or design your own

off target mutations are often limited in scope and highly complex. custom panel
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Twist provides a variety of Target Enrichment tools

From Exomes to Custom Panels - Twist has you covered

il

TARGET

T. Targeted NGS
Focused and less costly / Deeper Coverage

Whole Genome Sequencing
Complete but expensive

NEXT GENERATION SEQUENCING CAPTURE
TARGLT

i

EXCEPTIONAL PERFORMANCE

+ dsDNA probes, high capture efficiency
+ Exceptional uniformity
* NGS QC of final probe library

GREATER FLEXIBILITY

« Easy customization, rapid optimization

+ Scalable: small panels to large exomes

* Modular kits, seamless integration into any
workflow

MAXIMIZED SEQUENCING EFFICIENCY

* Increased depth per sample or more
samples per run
+ Lower sequencing costs
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Measuring the Quality of Target Enrichment

Over Sequenced

Fold 80: how much more Under Sequenced
sequencing is needed to bring 80% o
of the bases to the observed mean / \ a \

value

X T X X 1

X0 pop@me  Dax DX DODC DO
Low Complexity High Complexity
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Twist’s Target Enrichment Performance

Recover more unique molecules with higher uniformity

How does Twist capture more with lower Fold 807

Optimized probe panels through data driven

A lower value depicts higher uniformity performance.
Design-Build-Test-Learn cycle

Finely tuned buffers and workflow

Implication of capturing fewer molecules

[} High coverage affected by fewer molecules

[ Duplicates are discarded from analysis

[} Diminishing return on sequencing directly affects

multiplexing
Library Complexity
7.E+08 (HS_Library Size) -
644556583 On-Taraet
B.Evon B Near-Target
5.E+D8 Off-Target
4.E+08
3.E+D8
2. E+08 —
123100781 123578324

1.E+08 Probe
0.E+00

gDNA mass into
library creation

TWIST

\_Y_I

1000ng 100ng 500ng

{

Twist uniformity increases target
enrichment efficiency by 35-60% in
comparison to competitor kits.

Fold 80 Base Penalty:

1.80
1.80
1.71 -
- 169
1.60
1.50
10 1.34
: I
1.20
1.00
2 B

19
a-1 a- TWIST
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Challenges with a CRISPR Workflow
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DNA Solutions for CRISPR Workflows

Twist Oligo
Pools

Twist Cloned
Oligo Pools

Twist NGS Target
Enrichment
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Protein Characterization
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Protein Characterization

Peptide Displays allow for rapid protein screening

Yeast/bacterial Phage Ribosome mRNA IVC cIs
surface display display display display display

~ RNA ~_

Phage -

DNA inputs are transcribed and translated.

The subsequent peptides can be used for
characterizing:
® Protein:Protein Interactions

® Protein:Substrate Interactions
® Enzymatic Functions

Yeast cell

T
~

SID

ribosome

-

Cellular requirement | RNA template | DNA template

1o

_ expressed

target of
peptide

interest_

-
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Protein Characterization

Yeast/bacterial Phage Ribosome mRNA Ivc cs
surface display display display display display
- S m
T’
E— O [E—
a I
Cellular requirement | RNA template | DNA template
Diverse Collection Screen with in vivo or Gene Fragments In House
of Genes in vitro display Cloning
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Protein Characterization

Yeast/bacterial Phage Ribosome mRNA
surface display display display display display
\

- S m
S m
— e, W —  —
,9,, I
Cellular requirement | RNA template | DNA template
Divgrge Peptide libraries Current DNA assembly
are Ilmlt‘ed by cost of gepe methods either lack
synthesis or length of oligo efficiency, accuracy or are
hard to scale with many

synthesis
sequences
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Step 1. Generating a Peptide Library

Introducing Gene Pools

eeee--NOISINWe. !

Sequence Diversity

250000

Base Composition
200000

Potential Pitfall: Gene libraries are expensive to source
input DNA. ssDNA oligonucleotide libraries can be
assembled into longer genes, but it’'s complicated to
construct and hard to QC.

150000

Base Counts

100000

50000

0

0 50 100 150 200 250 300 350 400

Position in Gene Pool DNA Input: Use Twist’'s Gene Pools

Example of a highly diverse gene pool of 400bp in length
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Gene Pools Code for Diverse Peptide Libraries

High-quality gene pools minimize wasted time and resources

Sequence Quality

Sequence Uniformity %Indel Free Sequences of 400bp Gene Pool
0 I -_-l-llllllllllll“l ; |||IIIIIII- il
Maximize screening efficiency Access every sequence
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Step 3: Cloning

Introducing NUGE Assembly

Insert
\ Homology /
Region
Potential Pitfall: Seamless Assembly Cloning methods either
lack accuracy or aren’t efficient enough.
Vector

DNA Assembly Tool: NUGE Cloning Mix

Next Universal Guided Enzymatic Assembly: NUGE _ _
Universal Adapters on Twist’s Gene Fragments can

be used as PCR primer binding sites.
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NUGE: A Cloning Mix for Twist Fragments

The NUGE is a drop in replacement for currently available cloning methods.

Current Seamless Assembly Methods NUGE
| L | — ]
| ] = e

| I
| I
l 3 different primer pairs 1 primer pair

2x Mgster Mix . 2x Master Mix
60 Min Isothermal Reaction 10 Min Isothermal Reaction

O O
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NUGE Assembles Difficult Sequences Accurately

Cloning Efficiency

Twist Gene

Competitor G NUGE Competitor N F:agment
100,000,0. o 23:2:2:8:
10,000,000 (>|)< v I:E(EET:
- 6°0% The NUGE is capable of assembling 10 fragments
Lo g o " together in a single reaction
0 8 8
8 :
100,000 . 06 ¢
8
10,000 .00 8 o o @ 8
&

100

10

OCHNMTMWONDVDOIOOHNMITWONODNOOHNMTE N ON OO

CONFIDENTIAL 35



NUGE Assembles Difficult Sequences Accurately

Cloning Efficiency Cloning Accuracy

Filtered NGS Results

T::::gt:::,e Twist Adapter Off Twist Adapter On [ Universal Adapter
Competitor G NUGE Competitor N P 600 B Misassemblv
Oon . PRly [ Cloning Induced SNP
SRS M Perfect
10,000,000 sk 4.38%
11.05%
* i * 500 b
1,000,000 [
6e°g°H
5 = 2
100,000 R 3 400
REEE g £ &
0,000 |
E 10,000 =2 < Ty e
O O @ @ | J: 300
1,000 % * &= @ @ £ 24.13%
e8o S | T
g °
100 @ € 8.92% 7.34%
O § 200 4.95%
10 8.06%
' = = = - c = = - I c 5 —= - - c 100
2s.22%
e 5§ ¢ & 8 e 8 & ¢ % e 8§ ¢ & ¢
2 9 o a 2 @ a a g o a a
2 > o o 2 > o o 2 > a o
8 =2 3 B 8B 2 2 2 B 2 3 2 0
g & g ¢ ? < NUGE
z z z [0} =z O] NUGE
5 5 5
— = —
2 8 8
1 £ £
3 8 8

Conclusion: NUGE is as accurate and more efficient than current methods.
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Challenges with Protein Characterization

Yeast/bacterial Phage Ribosome mRNA Ivc cs

surface display display display display display
-------- %
ol
3 e
g
a
gl
S m
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o
=5
_______________
Cellular requirement | RNA template | DNA template
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DNA Solutions for Protein Characterization

Yeast/bacterial Phage Ribosome mRNA Ivc cs
surface display display display display display
S
S m
-
S m
- |
(2]
3 I
g
ppppppp
Cellular requirement | RNA template | DNA template
Twist Gene Pools Twist NUGE cloning mix
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Therapeutic Biologics Workflow
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Therapeutic Biologics Background

Blocki [ £
ik ﬁ - C‘gc a Signaling
Ligand N
Therapeutic Biologics like antibodies antagonist "‘g A 44
are the core of many promising
treatments. Receptor antagonist Effector cell

0 e
— &8
¥ Y s_‘ o
& ¥ 2< )
- ADCC
it S
Targeting Qe:‘ } ; ces ) Antibody-Dependent Cell-

Toxin/radiation mediated Cytotoxicity

CcDC

Complement-Dependent Cytotoxicity

J Toxjcol Pathol, 2015 Jul;28(3):133-9. doi: 10.1293/tox.2015-0031
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https://www.ncbi.nlm.nih.gov/pubmed/26441475

Therapeutic Proteins

N

y
&
W

‘ "cm,“
E
A/

Protein Target

CDR1 CDR2

CDR3

Design protein variants

DNA libraries

Ky 3_:/" )
@*‘& : 4
L 9
Phage display for

binding to
therapeutic target

Characterize
hits with
clonal gene
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Challenges with Therapeutic Protein Screens

&y
Q CDR1 CDR2 CDR3 >
(N > 9

‘ "cm,“
e
A/

|

Gene synthesis is often
too costly to screen
many hits

Creating highly diverse, uniform
variant libraries are complicated
and time consuming to create.
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Step 1. Design your Diversity

Twist’s Library Offering

) A
&

WT
: Potential Pitfall: Current methods like error
® prone PCR lead to unknown variants or large
® fraction of empty vectors.
Multiple Site ®
Mutagenesis
@ ® DNA Input: Use Twist’s Combinatorial Variant Libraries
- (CVL)
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Precisely Controlled Library Fabrication

Twist Combinatorial Libraries eliminates compromises.

Recombinatorial Combinatorial Library Types from Twist

mutagenesis mutagenesis (eg. NNK)

— ____’ [ —

— e Genes

Single Site ‘
( Multi-site
Random Weaknesses Site-directed ’ .
mutagenesis Imprecise changes mutagenesis
. : - — . Stretches o000
—_— L, —— Representation bias e — ct—
- Potential introduction of STOP codons - — Multi-Domain . . ® .

Precise and bias-free introduction of codon variants
Diversity that enables screening efficiency

Verified library composition: Negative data yields useful information

CONFIDENTIAL 44



Step 3: Validate Your Hits

Twist’s clonal genes saves time and costs

) A

> CDR1 CDR2 CDR3 3 &y ¢ >

s e @ &

() S— R @

[ —

T $90,000 on reagents & kits
- ~ ESTIMATED. TOTA! ( BREAKDOWN . . . . . .
$66,500 ko 30 Potential Pitfall: Due to high cost and time, scientists

R I s I often only pick a subset of their antibody candidates to
== Ve L e produce.
uanTITy Codon optimization can be used to enhance

expression in final host cell.

DNA Input: Use Twist’s Clonal Genes

Friends don'’t let friends clone.
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Validating hits with clonal genes

Perfect Sequence for 1 or 10,000 Genes, or More

— )|

— YOUR GENES, YOUR WAY

4 INDUSTRY LEADIING PRICE AND TURN AROUND TIME

Gene Fragments Clonal Genes

Fragments with industry leading

[ 4
error rate Sequence perfect genes cloned : SCALABLE SYNTHESIS

into a Twist stock vector or a
vector of your choice
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Business Days

Twist is Constantly Iterating

TURNAROUND TIME SUCCESS RATE

30 100%
90%

25
80%
70%

20
60%
15 50%
40%

10
30%
20%

5
10%
0 0%

Oct-Dec 17 Jan - Mar 18 Apr-Jun 18 Jul-Sep 18 Oct-Dec 18 Jan-Mar 19 Jan - Mar 18 Apr-Jun 18 Jul-Sep 18 Oct-Dec 18 Jan-Mar 19
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Challenges with Therapeutic Protein Screens

"
4
CDR1 CDR2 CDR3

| R y
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DNA Solutions for Therapeutic Protein Screens

"a
4
CDR1 CDR2

)

CDR3 --\~z~
Ry —

Twist Combinatorial Twist Cl o
Variant Libraries wist Clonal Genes

(CVLs)
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Pathway Engineering
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Pathway Engineering

NON-TOXIC plastic

NEEDS OF
CIVILIZATION

Pathway Engineering turns cells into living factories for sustainable manufacturing.
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Pathway Engineering

[ 4
4

Promoter and Gene Shuffling;

Combinatorial Assembly Screen for desired

phenotype

Wid Type o o o

radres Y g~
— o —

Validate hits
through clonal gene

Further optimize hit:

Identify Intermediate site saturation library

hits
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Challenges with a Pathway Engineering

Creating highly diverse, cloned
combinatorial assemblies of genes
are expensive, time consuming and
challenging to construct and QC.

Wiid Type o o G

! T~
radres Y
0
[— o

Creating defined Site Saturation
Libraries requires many different
inputs. Random site saturation
libraries lose the ability to learn from
negative results.
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Step 1. Generating Promoter/Gene Libraries

UNINDUCED

'/ e v " ]
INDUCED | ‘
LJ-\ A N

Engineering R-caratenoid pathways in E.coli

mmmmm

‘_
|
Q
g H
)

Potential Pitfall: Not all orthologous genes or promoters with defined
functions perform well in all cell types. Methods for constructing
combinatorial assemblies can be laborious.

KEGG pathway database is a great resource to identify
pathways and enzymes

DNA Input: Use Twist’s Combinatorial Assembly
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Combinatorial Assembly vs Combinatorial Libraries

Combinatorial Assembly:
Complete combinatorial diversity of
gene length parts delivered as a pool

- : ® Synthetic pathways parts

— ® Protein subunits
: ® Inputs are genes >300bp

CONFIDENTIAL 55



Combinatorial Assembly

Combinatorial assembly with 4 input pools and a diversity of “150,000 combinations

Frequency of Variants within a

Domain
S .
8 03
1 4

x R-squared = 0.934
(@) g
£ g
c
2 §
O
+
3 102
& 1044 2

102 103 ®

Pre-Cloning Reads @
Uniformity of full length sequences are seen before and after cloning Uniform Variant Frequency

Twist’s experience in combinatorial DNA Assembly results in little bias
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Step 4: Further Optimize Hits

From a needle in a haystack
/

,f‘
\ \

*\ Random Diversity

M
|
K e
|
!

i
]

)

Potential Pitfall: Not all orthologous genes function at top
capacity in host organisms. Scientists often re-optimize hits to
increase function.

Site Saturation Libraries can be used as a rapid way to
generate diversity at key sites within genes or explore explicit codon
optimization.

DNA Input: Use Twist’s Site Saturation Libraries.
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Further Optimizing Your Hits

Twist offers Site Saturation Libraries to refine pathway components

Wild-Type 0000
I\IHI'H|l|||[|"|||||||'||||H||H|H||\|||||||||H|'|||H |“HV|H|"||H|||||'!|'”'"||H |“||'||“H“I”'“'”\'||”||||“ (et
o 1 "‘m[,ll ]| ||||H )|l ||‘ " ‘\ H \II |||||“|H| \||||

- ol

0 JlHH H I ‘HH ’H\ I | I4H IAHOEL H|Hu

o Amino Acids, represented by color, at uniform ratios in every single site as denoted by user

0

©
I

i

Any codon in any combination

Twist’s Site Saturation libraries show highly uniform representation of every mutant across all 161 positions.
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Challenges with Pathway Engineering

=_ ' Site Saturation e
— — Libraries o A
| — ey — — R
0
%]
o
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DNA Solutions for Pathway Engineering

Il
|
e

|

|

)

Twist Innovation Lab! l
Twist Single Site
Variant Libraries

(SVL)

Twist Combinatorial
Assembly
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Twist Innovation Lab

Build a Better Workflow

Cloned Oligo Pools Gene Pools NUGE Combinatorial Assembly

What’s Your Workflow?
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Twist Innovation Lab

A program designed to translate customer needs into new, disruptive products
facilitated by synthetic DNA at a scale previously unavailable.

Bring us your needs.

www.twistbioscience.com/innovation-lab

Come talk to us at Booth #225
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Questions?
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