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Units of Phusion HotStart || DNA Polymerase required per pool (calculate for each lentiviral pooled library):
Number of PCR reactions per pool | X | 4 units of polymerase per PCR | = | Units of polymerase per pool

PCR reactions per pool % 4 units/PCR = units Phusion HSII
ii. Multiplexing of high-throughput sequencing samples

Sequencing reads per sample

Number of constructs in lentiviral pool x | Read coverage per construct| = | Output reads required per sample
constructs x 1000 reads/construct = output reads required per sample
Sample indices per sequencing lane
Expected deep sequencing read o 0.7 [number of reads = Output reads required per = |smpisindicesperlane
output adjustment) sample
reads x 0.7 + output reads per sample = sample indices per lane
iii. PCR from genomic DNA

1 PCR components for construct amplification (calculate Master Mix for each sample)
# of reactions per sample

Component Volume per facsal . M_USter (rounded up to nearest whole
reaction (pL) Concentration Mix (pL) sitinnben

5x Phusion HF Buffer 10 1x

10 mM dNTPs 1 200 pM each

SMARTvector Forward PCR Primer (50 uM) 05 0.5uM

SMARTvector Reverse Index PCR Primer (50 uM) 05 0.5uM

5 M Betaine 5 05M

gDNA (825 ng) + PCR grade H,0 31 16.5 ng/pL

Phusion Hot Start Il DNA polymerase (2 U/pL) 2 0.08 U/pL

Total 50 uL

2. PCRcycling conditions

Cycles Temperature Time

1 98 °C 3 minutes
98 °C 10 seconds

23 60 °C 15 seconds
72°C 15 seconds

1 72°C 5 minutes

3. Combine reactions amplifying the same gDNA sample into a single 1.5 mL tube.

Confirm that a 237-base pair amplicon is achieved from each sample by running 10 pL of PCR product on a 2% agarose gel.
4. Purify PCR products.

Evaluate purified amplicons using the quality standards recommended by your lllumina platform.

6. lllumina platform sequencing
Follow the manufacturer's instructions for lllumina platform sequencing.
Load lllumina flow cell with amplicon samples (we recommend 7-10 pM using standard loading volumes).
Obtain at least 22 base single-end reads with the provided SMARTvector Read 1 Sequencing Primer.
Perform index read with SMARTvector Index Read Sequencing Primer.

7. Hit identification and follow up
Bin each index tag.
Trim sequences to 22 base pairs.
Align sequence reads with FASTA files provided with your lentiviral pooled library.
Count the number of alignments for each construct that correspond to a gene-targeting shRNA construct or a shMIMIC microRNA.
Perform differential expression analysis to determine primary hits.
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B. Key terms and definitions

Antibiotic Drug Selection SMARTvector Lentiviral shRNA and shMIMIC Lentiviral miRNA constructs contain the
puromycin resistance gene that allows selection of transduced cells. Following transduction, cells can be selected and
clonal populations can be derived.

Puromycin Resistance Gene (Puro®) The puromycin resistance gene is a mammalian selectable marker gene that
blocks the ability of the antibiotic puromycin to inhibit protein synthesis through ribosomal binding.

Multiplicity of Infection (MOI) Multiplicity of infection is the ratio of lentiviral transducing particles to cells. An MOI of
10 indicates that there are 10 transducing units (TU) for every cell in the well. It is important to note that different cell
types require different MOls for successful transduction.

Polybrene Hexadimethrine bromide, also referred to as Polybrene, has been shown to enhance transduction of
mammalian cells two- to ten-fold by binding to the cell surface and neutralizing surface charge.

Transduction Efficiency This term refers to the fraction of cells that successfully integrate one or more lentiviral
genomes during the transduction process.

Transducing Unit Unit of measure that refers to the number of lentiviral particles that can transduce a population of
cells and integrate into the host genome. Titers are expressed as transducing units per milliliter (TU/mL).

Lentiviral Titer This is the number of transducing units (TU) present in a given volume (1 mL). Titer can be assessed by a
number of techniques including antibody- and PCR-based methodologies, flow cytometry and observation of transgene
expression following transduction of cells with serial dilutions of lentiviral particles.

Long Terminal Repeat (LTR) The long terminal repeat is the control center for retroviral gene expression. All of the
requisite signals for gene expression are found in the LTRs: enhancer, promoter, transcription initiation (capping),
transcription terminator and polyadenylation signal. Expression directed by the viral LTR signals is carried out entirely by
host cell enzymes (RNA polymerase Il, poly A synthetase, guanylyl transferase).

Self-Inactivating (SIN) Vector Self-inactivating lentiviral vectors are constructed by deleting the transcriptional
enhancers and/or the enhancers and promoter in the U3 region of the 3' LTR. After one round of vector replication,
these changes are copied into both the 5' and the 3' LTRs, producing inactive lentiviral particles that are replication-
incompetent.

Vesicular Stomatitis Virus Glycoprotein (VSVg) VSVg is an envelope protein derived from vesicular stomatitis lentiviral
particles (VSV), which has previously been shown to provide broad tropism.

Precursor microRNA (pre-miRNA) A stem-loop RNA resulting from microprocessor complex processing of the primary
microRNA transcript; precursors are shuttled out of the nucleus into the cytoplasm for further enzymatic processing
by Dicer to yield mature microRNAs.

Primary microRNA (pri-miRNA) The capped and polyadenylated RNA product of transcription of a microRNA gene
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in the nucleus, which contains local hairpin structures with imperfect base-pairing through the stem and, through
enzymatic processing by the microprocessor complex, yields the precursor microRNA.

C. Stability and storage

Lentiviral pooled libraries are shipped on dry ice as 25 pL aliquots and must be stored at -80 °C. Under these conditions,
lentiviral particles are stable for at least 12 months. Repeated freeze-thaw cycles should be avoided,

as this is expected to negatively affect titer. When setting up a screening experiment using lentiviral pooled library
reagents, lentiviral particles should be thawed on ice, divided into smaller aliquots (if necessary) and immediately
returned to -80 °C.

D. Quality assurance and control
SMARTvector Lentiviral sShRNA and shMIMIC Lentiviral microRNA Pooled Libraries are subject to stringent quality control
at multiple steps during the manufacturing process, including:

1. Evaluation of construct representation by high-throughput sequencing on lllumina sequencing platform:

Lentiviral pool master library glycerol stocks are sequenced using 2 x 100 base reads, filtered by PHRED score > 30,
and > 1000-fold read coverage. Pools have greater than 95% of the constituent constructs recovered. Greater than
80% of the guide strand sequences are perfect. The library has high standards for uniform construct distribution with
70% and 90% of the population within 10-fold and 25-fold of each other, respectively. A spreadsheet data file with
construct annotation, sequence information and counts per million of mapped reads is provided with each screening
library.

2. Lentiviral titering using quantitative PCR (qPCR) after transduction in HEK293T cells for functional titers.

3. Confirmation of fluorescent reporter expression (TurboGFP or TurboRFP) when present by fluorescence microscopy
following transduction in HEK293T cells.

4. Examination of each batch to ensure preparations are free from mold and bacterial contamination.

5. A Certificate of Analysis (C of A) with specified lentiviral titers is included with each shipment.
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Frequently asked questions

How many screenings can | perform with my pools?
The number of screenings which can be performed per lentiviral pool will depend on:

1) The transducibility of your specific cell line/cell type;
2) The fold representation you choose to maintain throughout the screening; and
3) The number of biological replicates you intend to include.

Is target gene down-regulation by the SMARTvector Lentiviral shRNA or shMIMIC Lentiviral microRNA
transient or permanent?

Lentiviral constructs, by way of lentiviral particle delivery of the engineered vector, integrate their payload into the
host cell genome. When cells are maintained under puromycin selection and as they divide, each recombinant genome
is replicated and transferred to the daughter cell progeny and can permanently express the RNAi construct (shRNA

or shMIMIC microRNA). Thus, expression of the RNAi construct is stable and permanent in these cells. However, RNAi
biology is complex and long-term down-regulation of putative gene targets depends on whether or not there is
redundancy or involvement in feedback loops. Also, cell-dependent epigenetic regulatory mechanisms may affect the
long term expression.

How do | know if my target cell type can be transduced with a SMARTvector Lentiviral shRNA or shMIMIC
Lentiviral microRNA construct?

SMARTvector and shMIMIC lentiviral constructs are pseudotyped with the VSVg envelope protein to allow broad tropism
across many cells. Therefore, most cell types are transduced, albeit, with varying degrees of efficiency. However, the
efficiency of target gene regulation is not only a factor of successful transduction, but is also dependent upon the
efficiency of transgene expression; this can be assessed by utilizing the SMARTchoice Promoter Selection Plate (Cat #SP-
001000-01) with the cells of interest. This will allow the simultaneous evaluation of seven SMARTchoice promoters.

Can SMARTvector Lentiviral shRNA or shMIMIC Lentiviral microRNA particles be further propagated in the lab?
No. SMARTvector and shMIMIC lentiviral constructs are engineered for biosafety and are provided as replication-
incompetent lentiviral particles.

Where can I find the sequences of the mature microRNAs?

We provide mature microRNA sequences in the library data file, provided on a USB drive which was shipped with your
pooled library. You can also download mature microRNA sequences used to design the shMIMIC Lentiviral microRNAs
from the miRBase database website: ftp://mirbase.org/pub/mirbase

Can | use the SMARTchoice Promoter Selection Plate to optimize all of the transduction conditions for my
cells of interest?

No. The SMARTchoice Promoter Selection Plate is not meant to be used to establish fundamental lentiviral transduction
conditions, such as optimal cell density, in your cells of interest. The purpose of the Promoter Selection Plate is to visually
assess relative promoter activity. Basic experimental conditions (such as cell density, whether or not to include serum,
Polybrene concentration) should first be established prior to using the Promoter Selection Plate. The Promoter Selection
Plate contains duplicate wells of serially diluted lentiviral particles representing each promoter so that two separate
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conditions can be tested simultaneously. After identification of the most active promoter for your cells of interest,
additional transduction optimization should be performed using control lentiviral particles.

I think | know the best promoter for my cells of interest. Do I still need to evaluate promoter activity with the
SMARTchoice Promoter Selection Plate or SMARTchoice Inducible Non-targeting Control 4-pack?

Promoter activity varies in different cell lines and cell types. This may affect the expression of the shRNA or shMIMIC
microRNA construct and, subsequently, the level of target gene regulation that can be achieved. You may choose the
promoter option that has been demonstrated, either by your own experimental observations or through references
in the published literature, to actively express a transgene in your cells of choice. However, for optimal experimental
confidence we recommend selecting the best promoter empirically using the SMARTchoice Promoter Selection Plate
or Inducible Non-targeting Control 4-pack.

I have used the human CMV promoter previously for my mouse cell line with low performance. Will a different
promoter increase shRNA or shMIMIC microRNA function?

Poor performance may be due to low transduction efficiency or suboptimal promoter activity. Optimization of
transduction conditions and using promoters with optimal activity in your cells are essential to successful gene
regulation. Promoter activity varies in different cell lines and cell types, and we highly recommend using the
SMARTchoice Promoter Selection Plate or SMARTchoice Inducible Non-targeting Control 4-pack to determine the
most active promoter in your cells of interest. For example, the mouse CMV promoter is very active in NIH/3T3 cells
and results in greater gene silencing compared to the same construct expressed from the human CMV promoter in
this cell line.

| am using human cell lines in my research; should | always choose a human promoter for best activity?

In some instances promoter activity correlates with the species from which it is derived. However, promoter activity does
not always follow a species-specific expression pattern. For example, we have observed mouse promoters to be the most
active in some human cell lines, whereas both human and mouse promoters were most active in some rat cells. Choosing
the most effective promoter in a particular cell line is not always predictable, and therefore should be determined
empirically.

What quality control is performed on SMARTvector Lentiviral shRNA and shMIMIC Lentiviral microRNA
Pooled Libraries?

SMARTvector and shMIMIC lentiviral pools undergo multiple levels of analysis throughout production to ensure the
quality of the final product. Pooled library glycerol stocks are subjected to high-throughput sequencing using 2 x 100
base reads, filtered by PHRED score > 30, and > 1000-fold read coverage. Pools have greater than 95% of the constructs
recovered. Greater than 80% of the guide strand sequences are perfect. The library has high standards for uniform
construct distribution with 70% and 90% of the population within 10-fold and 25-fold of each other, respectively. A
data file with NGS QC metrics is provided with each screening library. All components of the manufacturing process are
carefully monitored for bacterial and/or fungal contamination. Following packaging, lentiviral particles are titered by
gPCR.

Are Dharmacon lentiviral particle products safe to use in the laboratory? What precautions should be taken
when handling lentiviral particles?

Lentiviral delivery systems have been employed in many research laboratories around the world without incident.

31



SMARTvector Lentiviral ShRNA &
shMIMIC Lentiviral microRNA Pooled Libraries

Technical Manual

Handling of lentiviral products requires extensive experience with cell culture techniques. It is vital that the protocols
provided by Dharmacon and the safety guidelines described for appropriate handling and storage are fully understood
and followed precisely (see Section 11, Lentiviral particle product safety level information).

How are Dharmacon lentiviral particle products manufactured?

High-titer lentiviral particle products are manufactured using the Trans-Lentiviral Packaging System to achieve high titers
as well as maximal biosafety. The transfer vector plasmid encoding the small RNA and the Trans-Lentiviral Packaging
plasmids are co-transfected into the HEK293T cell line. Subsequently, lentiviral particles are harvested, concentrated and
purified. All Dharmacon lentiviral particles are manufactured under stringent quality control

guidelines (see Appendix).

How are lentiviral particle products shipped?

Lentiviral particle products are shipped on dry ice for overnight domestic delivery or priority international for

delivery outside of the U.S.

How should lentiviral particle products be stored?

All lentiviral particle products must be stored at -80 °C. If necessary, the particles can be aliquoted upon the first thaw

to convenient volumes and the aliquots stored at -80 °C to minimize the number future freeze-thaws. However, we
recommend avoiding multiple freeze-thaw cycles as much as possible.

What is the shelf-life of Dharmacon lentiviral particle products?

Lentiviral particles can be stored at -80 °C for at least 12 months without loss of titer. Our internal stability testing has
shown that if stored properly undisturbed, lentiviral particles can be used years after being produced without significant
loss of titer. Each thaw can reduce titer by an order of magnitude, so multiple freeze-thaws should be avoided as much as
possible.

Can lentiviral particle products be kept at 4 °C?

No. Once thawed, lentiviral particle preparations begin to decrease in titer. We advise against storing any lentiviral particles
at 4 °C. All lentiviral particle products must be kept frozen and stored at -80 °C until transductions are performed.

Where can I find titer information for my pools?

The titer of your lentiviral pools will be indicated on the Certificate of Analysis (C of A). C of As for purchased SMARTvector
Lentiviral shRNA and shMIMIC Lentiviral microRNA Pooled Libraries can also be requested from Technical Support.
Where can I find the sequence of an individual constructs included in my pool(s)?

The insert sequences are in the material sent with your shipment. Please contact Technical Support with your Purchase
Order number if you did not receive this material in your shipment.

How is gDNA input calculated to maintain desired construct fold representation?

The quantity of gDNA required for maintaining a desired fold representation can be calculated using the formulas and
values (Table 10) below.
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Table 10. Constants needed for calculating gDNA input.

Constants \CIVE

Mass of a base pair 660 g/mol/bp

Base pairs per diploid human genome 6% 10°bp

Base pairs per diploid mouse genome 56x10°bp

Avogadro constant 6.02 x 102 mol”
References

—_

vectors. Nat. Protoc. 4, 495-505 (2009).

Calculate the mass of human genome:
(6 X 10° bp/genome) x (660 g/mol/bp) = 4 x 10" g/mol/genome
(4 x 10" g/mol/genome) + (6.02 x 102 mol") = 6.6 x 10> g/genome

R.H. Kutner, X.-Y. Zhang, and J. Reiser. Production, concentration and titration of pseudotyped HIV-1-based lentiviral

2. Z.Strezoska, et al. Optimized PCR conditions and increased shRNA fold representation improve reproducibility of

pooled shRNA screens. PLoS One. 7, e42341 (2012).

3. B.Langmead and S. Salzberg. Fast gapped-read alignment with Bowtie 2. Nat. Methods. 9, 357-359 (2012).

4. S.Anders and W. Huber. Differential expression analysis for sequence count data. Genome Biol. 11, R106 (2010).

Lentiviral particle product safety level information

This Lentiviral Particle Product Safety Level Information constitutes Product Documentation according to clause 1
of the Product Terms and Conditions. It is applicable to the following lentiviral particle products:

SMARTvector™ Lentiviral ShRNA

SMARTvector” Inducible Lentiviral sShRNA

shMIMIC Lentiviral microRNA

shMIMIC Inducible Lentiviral microRNA

SMARTchoice™ Promoter Selection Plate
SMARTvector” Non-targeting Control

SMARTvector” Inducible Non-targeting Control
SMARTvector” Lentiviral shRNA Pooled Library
SMARTvector” Inducible Lentiviral shRNA Pooled Library
shMIMIC Lentiviral microRNA Pooled Library

shMIMIC Inducible Lentiviral microRNA Pooled Library
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The Products are solely for internal research use (as set forth in the Product Terms and Conditions) in laboratories where
the containment measures stated below and in applicable laws and regulations are met. Products may not be used for

diagnostic, therapeutic or other commercial purposes and may not to be administered to humans for any purpose or to
animals for therapeutic purposes. The Products are replication-incompetent, self-inactivating (SIN) and non-pathogenic
(do not cause infectious human disease).

For questions concerning the design or production of the products, please contact our technical support team.

Dharmacon™, A Horizon Discovery Group Company

2650 Crescent Drive

Lafayette, CO 80026 USA

Tel: +1 800 235 9880; +1 303 604 9499

Fax: +1 800 292 6088; +1 303 604 9680

Email: ts.dharmacon@horizondiscovery.com (North America) or ts.dharmacon@horizondiscovery.com (Europe)

In the US:
For US guidance on containment for lentiviral vectors, please refer to:

1. The Recombinant DNA Advisory Committee (RAC) guidelines for research with lentiviral vectors
(osp.od.nih.gov/office-biotechnology-activities/biosafety/biosafety-guidance).

2. The U.S. Department of Health and Human Services Centers for Disease Control and Prevention and National
Institutes of Health, Biosafety in Microbiological and Biomedical Laboratories (BMBL);

3. The NIH Guidelines For Research Involving Recombinant DNA Molecules (NIH Guidelines),
(osp.od.nih.gov/office-biotechnology-activities/biosafety/nih-guidelines).

In the EU:
For the EU directives, please consult the following:

1. Council Directive 2009/41/EC of the European Parliament and of the Council of 6 May 2009 on the contained use of
genetically modified micro-organisms. (revised version of Directive 90/219/EEC of the European Parliament and of
the Council of 23 April 1990 on the contained use of genetically modified micro-organisms, amended by Council
Directive 98/81/ EC of 26 October 1998); and

2. Council Directive 2001/18/EC of the European Parliament and of the Council of 12 March on the deliberate release
into the environment of genetically modified organisms and repealing Council Directive 90/220/EEC.
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In Germany:

Required Containment Measures: The containment requirements as stated in the German Genetic Safety Ordinance
(Gentechnik-Sicherheitsverordnung) of Safety Level 2* or higher have been assigned to the handling of the above-
mentioned lentiviral vector particles. Please note a higher Security Level might be required if the lentiviral vector
particles are used for genetic engineering operations with other products which require a higher Security Level. *Safety
Level 2: activities of low risk for human health and the environment by the state of scientific knowledge

(Stand der Wissenscharft).
For the German regulations, please consult the following:

1. German Genetic Engineering Act (Gentechnikgesetz - GenTG); and

2. Genetic Engineering Safety Ordinance (Gentechnik-Sicherheitsverordnung - GenTSV).

12 Label licenses

The shRNA and gene expression Products, use and applications, are covered by pending and issued patents. Certain
Label licenses govern the use of the products, these can be found at Dharmacon Licensing Statements. It is each Buyer’s

responsibility to determine which intellectual property rights held by third parties may restrict the use of Products for a
particular application. Please review the Label Licenses governing all use of the shRNA and gene expression Products.

If you have any questions contact

t  +44(0) 1223 976 000 (UK) or +1 800 235 9880 (USA); +1 303 604 9499 (USA)

f +44(0)1223 655581

w horizondiscovery.com/contact-us or dharmacon.horizondiscovery.com/service-and-support
Horizon Discovery, 8100 Cambridge Research Park, Waterbeach, Cambridge, CB25 9TL, United Kingdom

lllumina, HiSeq, MiSeq, and TruSeq are trademarks or registered trademarks of lllumina, Inc. Limited permission to copy or distribute
sequence information. Oligonucleotide sequences 2007-2011 Illumina, Inc. All rights reserved. Derivative works created by Illumina customers
are authorized for use with Illumina Instruments and products only. All other uses are strictly prohibited. Phusion is a trademark of Thermo
Fisher Scientific, Inc. TurboGFP and TurboRFP are trademarks of Evrogen Inc. ©2018 Horizon Discovery Group Company—All rights reserved.

All trademarks are the property of Horizon Discovery Company unless otherwise specified. UK Registered Head Office: Building 8100, Cambridge
Research Park, Cambridge, CB25 9TL, United Kingdom.
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