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Part 1: What are Gene Libraries?

a collection of many unique DNA sequences Pg, "7 o

cloned into a vector

propagated in micro-organisms

screened for sequences of interest

Individually sequenced before or after assay ‘ M”"W
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The source of your insert DNA

depends on your goal

Create
novel sequences
(synthetic genes)

L Purify & clone nucleic acids L Construct desired

Inventory and study
naturally-occurring
DNA sequences

from biological samples. seguences via
e.g. cDNA libraries, mutagenesis, recombination,
genomic libraries or gene synthesis.

e.g. Mutant Libraries
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Mutant Libraries

In vivo libraries VS. In vitro libraries
ENU
AN o Q
\ . . J 50 60 70 80
“ Mutagen ‘--*|-‘--[-..;l-...l...ol.;..|....|¢..;l
i e = % "f wildtype GVVPILVELDGDVNGHKFSVSGEGEGDATYGKLTLKFICT
CENE SN l e G, é\// clone AD1l GVVPILVELDGDVNGHKE SVJJGEGEGDATYGKLTLKFICT
clone AD2 GVVJJTLVELDGDVNGHKF SVSGEGEGDATYGKLTLKFI[T

clone A03 GVVPILVELDGDJJSEKFSVSGEGEGDATYGKLTLKFICT
clone AD4 GVVPILVELDGDVNGHKFSVS[JEGEPATYGKLTLEFICT
clone A05 cfJVPILVELDGDVNG GEGEGDATYGKLTLEFICT
clone A06 GVVPILVjLDGDVNEKFSVSGEGDATYGKLTLRFICT
clone A07 GVVPILVELDGDVNGHKFSVSGEGEGDATYGKLTLEJjrct
clone A08 GVVPILVELJ|SDVNGHKFSVSGEGEGDAJYGKLTLKFICT

clone H12 GVVPILVELDGDVNGHKFSV. SEE'EGDATYGKLTLICF ICT

Expose organisms to a mutagen Create mutant DNA sequences

Screen for phenotypes of interest

|dentify gene mutation Screen for desired phenotypes
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Synthetic Gene Libraries:

Pools vs. Sequence-Verified Clones

dsDNA Fragments
Mixture of sequences
e.g. degenerated PCR products

7

Transformants Sequence-verified clones
(colonies = unique clones?) (purified plasmid DNA,
glycerol stock)
sinexpensive & faster to create VS. *high-quality
*“guick & dirty” initial screening eknown identity

reliable replication
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When to use synthetic gene libraries

¢ When you want to create something that doesn’t already exist in nature.

¢ When you want to be systematic and unbiased

¢ When expressing genes in a different model organism

¢ When you know the sequences you want
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When not to use synthetic libraries

¢ When you want to create a library from a biological sample

¢ When you don’t know what kind of variants you want
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Part 2: Design Strategies for Synthetic

Libraries

& Expression-Ready Gene Variant Libraries
¢ Mutant Libraries for Protein Engineering

¢ Synthetic Biology Libraries
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Gene Variant Libraries

ORFs cloned into expression vectors allow functional
characterization of gene variants
o family members
» isoforms / splice variants
» disease-related variants
* mutants

Why create synthetic libraries of naturally occurring
genes?
* Ensure sequence accuracy
o (et expression-ready clones (optional: with tags)
* Improve expression levels through codon optimization
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Codon Optimization

Improves protein expression

2. mRNA processing and stability y (o) Deviant folding FE"“:,?“‘"’
onA « cryptic splice sites e
« mRNA secondary structure vf"t“ L N

' Natural folding © s
» stable free energy of mRNA 05 j@‘
9 4. Protein folding
maur“ E\:b « codon context
/ \ Y g& 3& Gc" - translation pause
e = cev sites
o H"boﬂom

1. Transcription

« cis-regulatory elements (TATA box, 3. Translation

termination signal, protein binding . codon usage bias

sites, etc.) « ribosomal binding sites (e.g. IRES)
- chi sites

« premature polyA sites
 polymerase slippage sites
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Constructing Gene Libraries

Traditional Molecular Cloning: Gene Synthesis:
de novo Chemical Synthesis of DNA

Cut & Paste naturally occurring sequences,
PCR-based SDM as needed does not require a template
Terminal,

[ 4
1. Cutting out 2.Cutting the DMTO .
{ ) the insert vector o
¥y J < DIMTC,
15 — Oﬁ

C . “ ~ jﬁb A:emm
- S Step 1:
sy 3 Blag 0 complete

» l ,ro,?% \? Deprotection

OMTO.
o ,3 Ligati ( ( moy B,
.Ligation osphoram ” ItH Terminal, o B +
= Lo De-protected ? O, 0 Activaed
Reaction C Monomer B e P

NC Eu | Monomer

Step 4

4,Transformation

Clone into desired vector
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Choosing the most appropriate vector

Plasmid

Bacteriophage

Cosmids

BAC - Bacterial Artificial
Chromosome

YAC - Yeast Artificial
Chromosome

Replicate most prolifically;
700 copies per cell; most
popular for inserts <5kb

5-15kb

replicate well, hold inserts
30-45kb, rarely lose
inserts

Insert size up to 350kb,
fewer chimeras than YACs,

Insert size up to 1000kb

Insert size Limited to 15kb
(often lose larger inserts)

Somewhat unstable,
susceptible to
recombination if contain
repeats

Only 1 copy per cell

High rate of chimeras

Make Research Easy
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Plasmids: cloning vectors vs.

expression vectors

Amplify, manipulate,
and store DNA
sequences

Cloning Vector

* high copy number
« multiple cloning region
« antibiotic resistance / lacz for selection

Efficiently express a
sequence in my
cell/tissue of interest

Expression Vector

e promoter for transcription

» Kozak (eukaryotic) or Shine-Dalgarno
(prokaryotic) sequences for translation
* Viral vectors for in vivo delivery

You can create a library directly using your choice of Expression

Vector; no need to shuttle!

Make Research Easy
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Plasmid-driven vs.

endogenous expression

Extra-chromosomal plasmid DNA
e Strong promoter > overexpression
e Ideal for protein purification, reporter assays

Targeting Vector for integration into chromosomal DNA

 CRISPR/Cas9 is simpler and more efficient
than ZFN, TALEN, Cre-lox

 Ideal to study gene function under
endogenous promoter, normal stoichiometry
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Design Strategies for Synthetic Libraries

¢ Gene Variant Libraries
¢ Mutant Libraries
« Rationally designed
e Systematic / Saturated
e Truncation variants
« Random / degenerated
¢ Synthetic Biology Libraries
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Protein Engineering Strategies

Rational Design

Synthesize Desired
Sequences (up to 10%)

Functional Assay

Identify Best Variants

Directed Evolution

Create Mutant Library (104 -

1011 Use best hits

as template
for next
round of

mutagenesis

High-throughput
Screening

Select Best Hits after
multiple rounds of selection

Make Research Easy
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Case Study: rational design of new drugs

based on computational modeling

Select protein of interest; define
. features to optimize
\4
In silico computational modeling of
. mutant proteins to select lead candidates
v

High-throughput synthesis of
codon-optimized mutant genes

Medical applications for
protein engineering:

usnnnnnnnnnnnn

e vaccine design
* mADbs for immuno-oncology

* therapeutic enzymes

S ANENANEENNANNENNEEENNENEERER™

Protein purification for ' Cell-based
biochemical assays functional assays

Pre-clinical/clinical drug
development
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Systematic Point Mutation Libraries

50 60 70 80

: e I L I e e
wildtype GVVPILVELDGDVHGHEFSVSGEGEGDATYGELTLEFICT

F5EBA GVVPILVELDGDVNGHERSVS GEGEGDATYGELTLEFICT SIte-Satu ratlon MUtag en eSIS

F58C GVVPILVELDGDVNGHK@SVS GEGEGDATYGKLTLEFICT

F58D GVVPILVELDGDVNGHEESVS GEGEGDAT YGKLTLEFICT

F58E GVVPILVELDGDVNGHKESVS GEGEGDAT YGKLTLEFICT - - .
F586G GVVPILVELDGDVNGHKESVS GEGEGDAT YGKLTLKFICT °a S|ng|e amino acid
F58H GVVPILVELDGDVNGHERSVS GEGEGDATYGKLTLEFICT

F581 GVVPILVELDGDVNGHKMSVS GEGEGDAT YGKLTLKFICT

F58K GVVPILVELDGDVNGHESVS GEGEGDATYGKLTLEFICT . .

L L emultiple residues
F58Y GVVPILVELDGDVNGHEJJSVS GEGEGDATYGKLTLKFICT

M ¥ 5§ K 6 E E L F T 6 ¥v ¥ P I L X X L DD G D v X & H

1 CCATGETERACCARLCECEARGEACTETTTACCEEGCETEETECCEATTC TS T -ca TeCCCATC TS CCAT
1 GGTACCACTCCTTTCCECTTC T TEACALATGECCCCACCACGECTAAGERCHNNSHNNSCACCTACCECTACACNNSCCGETR
Hcol
K F 5 ¥ § &8 E & E 6 D A T ¥ & ¥ L T L K F I © T T G K
g1 BARATTTAGCETGAGCGECGRACGCEARGECGATGCEGACCTATESECARACTGACCCTGARATTTAT TTSCACCACCGECAR
g1 TTTZALRTCGCACTCECCGCTTCCGCTTCCGCTACGOTEEATACCGTTTGACTEEGACTTTARATARACCTGETGECCETT
L P ¥ P W P T L ¥ T T L. T ¥ & W © C F 5 R ¥ P D H M
181 BACTECCEETECOGTEECCGRCCCTEETGRCCACCCTGACCTATGECETGCAGTGCTTITAGCCSTTATCOEGATCATATGRE
181 TGRACGGECCACGECACCEECTEEEACCACTEETEEEACTEEATACCGCACGTCACGRLATCEEGCAATAGEOCTAGTATACT
¥K © H D F F K 5 A M P X &€ ¥ ¥V ©§ E B T I F F EKE D D & H
241 ARCRGCATEATTTTTT TAARR L CCECCATCECCCRNECCC TATCTGCAGCEALCCTACCATTTTTTTTARACATCATCGCCRAC
241 TTGETCGTACTAARL A A A TTTTCECECTACGGCHNNSCCEATACACGTCCTTGCATGETARARARL A TTTCTRCTACCSTIC
¥ K T R B X Vv K F E G D T L ¥ N R X E L K G I D F K E
321 TATAARRCCCCTGCHINESTCAAATTTGAASGCEATACCCTGETCAACCCTHRNESAACTEARARGGCATTEGATT TTARRGE
321 ATATTTTGGEECACGCHNSCACTTTARRCTTCCGCTATGGEACCACTTEECANNSCTTGACTTTCCGTARCTARRATTTCT

D & N I L = H K L E ¥ N ¥ W B H N Vv ¥ I M A D K Q2 EK
201 AGATGECARCATTCTGEECCAT AR A TR R T A T A T A T AR CAGCCATARCETETATATTATEECEEGATARLCACED DT,
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Scanning Libraries and

Sequential Permutation Libraries

GVVPI1LVELDGDVNGHKEFSVSGEGEGDATYGK

GVVP I LVELDGDVNGAKFSVSGEGEGDATYGK

GVVP I LVELDGDVNGHAFSVSGEGEGDATYGK " '
GVVP I LVELDGDVNGHKASVSGEGEGDATYGK Alanine scanni ng
GVVP I LVELDGDVNGHKFAVSGEGEGDATYGK

GVVPI1LVELDGDVNGHKFSVSGEGEGDATYGK

GVVP I LVELDGDVNGXKFSVSGEGEGDATYGK Consecutive
GVVP I LVELDGDVNGHXFSVSGEGEGDATYGK . .
GVVP I LVELDGDVNGHKXSVSGEGEGDATYGK Site-saturations

GVVP I LVELDGDVNGHKFXVSGEGEGDATYGK

GVVP 1 LVEL DGDVNGHKFSVSGEGEGDATYGK _ .
GVVP I LVELDGDVNGXKFSVSGEGEGDATYGK Sequential Permutation
GVVP I LVELDGDVNGXXFSVSGEGEGDATYGK
GVVP I LVELDGDVNGXXXSVSGEGEGDATYGK
GVVP I LVELDGDVNGXXXXVSGEGEGDATYGK
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Size Matters: Constraining your design

will reduce screening burden

Mutating only 6 residues of interest yields many unique
sequences

e Site-saturated: 64 codons 64° =68,719,476,736
e NNS: 326=1,073,741,824
e Trimer library: 20 a.a. 206 = 64,000,000
 Rationally designed SDM 2*2*8*4*3*3= 1152
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Truncation Variant Library
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Valuable for Structural Biology:

*Optimize protein solubility and stability

|ldentify minimal domains required for
folding, conformational stability,
protein-protein interactions, catalytic
activity
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Random Mutagenesis for

Directed Evolution

50 &0 70 80

- aljcocallacaollcocallocaslecanlloccallaaac
wildtype GVVEPILVELDGDVNGHEF SVSGEGEGDATYGELTLEFICT

clone A0l GVVPILVELDGDVNGHKFSV[JGEGEGDATYGKLTLKFICT Controlled randomization
clone A02 GVVJJILVELDGDVNGHKFSVSGEGEGDATYGKLTLKFT of c Ompl ete readin g frame

clone A03 GVVPILVELDGLECHRFSVSGEGEGDATYGKLTLEFICT
clone AD4 GWPILvELDGDVNGHRI‘EVSIEGEIDATIGKLTLKFIc'r
clone AD5 GVPILVELDGDVNGHKF|gVSGEGEGDATYGKLTLEFICT
clone AD6 GVVPILVJLDGDVNEKFSVSGlGEGDATYGKLTLEFICT
clone AD7 GVVPILVELDGDVNGHKFSVSGEGEGDATYGKLTLEICT
clone ADS Gi.ri.rPIL?EII;DWGHRTSVSGEGEGDA.YGKLTLKFICT

clone H12 GVVPI L‘i?ELDGDWGHKE‘S".TSGE'EGDATYEE{LTLKFICT

50 60 70 80
AU I IO TP (RN IR [P I ] ]
wildtype GVVPILVELDGDVNGHKFSVSGEGEGDATYGKLTLKFICT Contro"ed rand0m|zat|0n
clone A0l GVVPILVELDGDVNGH GEGEGDATYGKLTLKFICT

clone AD2 GVVPILVELDGDVNGEKSVSGEGERDATYGKLTLKFICT of partial reading frame

clone AD3 GVVPILVELDGDVNGEEFSVSEIGEGDATYGKLTLEFICT
clone AD4 GVVPILVELDGDVNGHKFSVSGEGEGUATEGKLTLKFICT
clone AD5 GVVPILVELDGDVNGHKFSVSE§GEGDATYGKLTLKFICT
clone AD6 GVVPILVELDGDVNGHKEEVSGEGEGDATYEKLTLKFICT
clone A07 GVVPILVELDGDVNGERFSVSEEGEGETYGKLTLEFICT
clone AD8 GVVPILVELDGDVNGHKFSSGEGEGDATYGKLTLKFICT

clone H12Z2 GVVPILVELDGDVNGHEFSVS ATYGKTL.TLEFICT
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Techniques for constructing large

(systematic or random) mutant libraries

Error-prone PCR for random mutations
 Polymerase, cations, dNTPs, cycles

Degenerate Oligos for site-saturation / sequential
permutation libraries

e Single or combinations

Trimers for efficient protein engineering
* Replace codons instead of single nucleotides
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Which library type Is best?

Curr Opin Struct Biol, 2013Jun;23[3}:40&3. doi: 10.1015!j.sbi.2013.03.004. Epub 2013Apr 17.
Library methods for structuraj biology of cha
Hari DJ", waldg gs.

llenging proteins ang their Complexes.

Author information

Abstract

Genetic engineering of constructs tg improve solubility or stability js g £ommon approach,
the domain Composition of 5 target is poorly understood, gy ifthere are insuficias
phasas of subcloning of Mutation ang expression often prove upe
problem and invalye construction of largs librayi
improvemen_ts in constryct T 10.40460.copoiD. 'otechndo
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Bigger isn’t always better!
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Rationally designed Mutant library for

Promoter-Bashing

Research Field: Agriculture/Plant Biology

Challenge: Validate a new computational algorithm for identifying novel gene regulatory
sequence motifs by systematic mutation

Solution: Synthesize a small library of constructs harboring systematic mutations in the 5’
intergenic sequence.

GR2A
1 2 3 4 5 6 7 8 9 10 11
TTATATACAA CAAGTTTTAA TTGCATGATT TCCTGTAAAC .AAGTTTAC ATGAACTAGG GGATGGTCCT TCGCAAGTAT GAGTAACAAG CATAAACAGC ATTATATATG
12 13 14 15 16 17 18 19 ZBl

AAATAAATAT GAGEEEACCT AAACCCATTA AGGGCCCATT AAGATTGGAG ATACTGCTTT TTTAAGAGAG GTCACTTTTT CCACAGTGAA ACCCTAAGGA AACTTCGGCA ..

ATAIR AEST
GR11A
2 3 4 5 6 7 8 a
TTTTTATTTT CTTTTTTTTA TAACTTTTGG TGAGCTTAAT GBEECARTAG ACTGCTCTGT GAANGECEAAR BAcTARGEEE

10 11 12 13 14 15 16|

-TMAATA AGGGTAGTAA CGTAATTGAG CTAAGAAACC CTAGAGGTCT CCTTCGCCTA CAAAATCCCC ATTTTGATAA TCTTCAGCAG CCGTTGCCTC AAAAG
ATAIR AEST

Davis IW, Benninger C, Benfey PN, and Elich T. POWRS: Position-Sensitive Motif Discovery PL0S
One. 2012; 7(7): e40373. doi: 10.1371/journal.pone.0040373
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Design Strategies for Synthetic Libraries

¢ Gene Variant Libraries
¢ Mutant Libraries
¢ Synthetic Biology Libraries
 Combinatorial assembly variants
* Synthetic Genomes / Synthetic Organisms
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Combinatorial Libraries

RBS

Promoter

If you want to use 5 variants of each component:

ORF

=
—eae By
o o T T".?j_"?-

i i, TR
LR i 2

Then you will need a combinatorial assembly library containing
b5x5x5x5=625 unigue composite sequences

i )
il

(i ~ o | f e K
RBS 3 | ORF3
— =

Synthetic Biology

based on standard parts

Just a few of those combinations:

Promoter 1 RBS 1 ORF 1 Terminator 1

Promoter 2 ,  RBS2

Terminator 2

Promoter 4 RBS 4 ORF 4 Terminator 4
Promoter 5 RBS 5 - ORF 5 Terminator 5
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Case Study: combinatorial assembly

library for gene targeting / genome editing

Kim, Y. et al. A library of TAL effector nucleases spanning the human genome.
Nat. Biotechnol. 31, 251-258 (2013).

o created TALENS for 18,740 unique protein-coding human genes
* synthesized 84 TALE plasmids containing all possible RVD combinations

T - encocins o seqser
Table I. TALE specificity code encoding DNA sequence

T l
TALE protein
il adenine ‘
HD cytosine _ TALE central repeat domain
NG thymine

] IJ.'PLQ\-'VAIASEID_‘GGKOALL'\-'GHLLP\;LCGAI*.G Single repeat
MM guanine o

Fig 2. TALE protein organization
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Codon-optimized gene synthesis solves

1. Limit sequence similarity
2. Exclude rare codons to maximize translation efficiency

3. Guarantee accuracy of highly-repeated sequences
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Synthetic Genomes: a new model for

INn Vivo mutant libraries

Sc2.0 - The Synthetic Yeast Genome Project

SCRaMDbLE, a built-in inducible diversity generator

Goals:
*Deduce the limits of chromosome structure
GenScript is proud to be a *Accelerate new strain development for biofuels &

contrlbgtlng partner in the Sc2.0 medical applications
International Consortium whose

goal is to build a designer
synthetic eukaryotic genome.

June 25, 2014/
2:00 pm EST

32

Building a Synthetic Eukaryotic Genome — Sc2.0

Presented by: Leslie Mitchell, Ph.D., NYU Langone Medical Center
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Case Study: combining multiple design

strategies in an “incognito library”

King, S. R. F. et al. Phytophthora infestans RXLR Effector PexRD2 Interacts with
Host MAPKKK{varepsilon} to Suppress Plant Immune Signaling. Plant Cell 26,
1345-1359 (2014).

Design strategies:

1) gene variants: multiple PexRD2-like family members

2) structure-led mutagenesis: 5 specific PexRD2 mutants

3) combinatorial assembly: mutant genes fused with GFP, FLAG, or YN tags for

different assays

Construction method:
A combination of de novo gene synthesis, SDM, and recombination
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GenScript Toolkit

Library Type

Expression-Ready Clones

Codon-Optimized Genes

Sequence-Verified Synthetic
Library 25-10,000 variants

Mutant Library — Rationally
Designed 101-10° variants

Mutant Library — Systematic or
Randomized 10° - 10! variants

Truncation Variants
Combinatorial Variants

Genome / Chromosome /
metabolic circuits

GenEZ

ORF Cloning or Custom Cloning

OptimumGene +
Gene Synthesis

GenPlus Next-Gen Gene
Synthesis

Site-Directed Mutagenesis
Library, Scanning Point
Mutation

Sequential Permutation
Libraries or Randomized and
Degenerated Libraries

Truncation Variant Library
Combinatorial Assembly

GeneBricks

echoose your vector
*10pg sequence-verified plasmid DNA

*increases protein expression
eoptional: protein expression evaluation

ecost-effective HT platform
*4ug sequence-verified plasmid DNA

*Choose sequence-verified clones or
mixed library

*10pg of dsDNA up to 10! variants
epooled clones in your choice of vector
epooled glycerol stock up to 10°

*Up to 2000 variants within 4 weeks
*4ug sequence-verified plasmid DNA

*~10kb building blocks
*100% guaranteed sequence accuracy

Make Research Easy
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¢ Thank you for attending!

¢ Please submit questions through chat.

¢ Please complete the survey you'll receive by email.

¢ Check upcoming and archived webinars at
WWWw.genscript.com/webinars.html

¢ Email me any time: rachel.speer@genscript.com

Make Research Easy
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