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29 SUMMARY:
30 Traditional cDNA-based overexpression techniques have a limited applicability for the
31 overexpression of long noncoding RNAs due to their multiple splice forms with potential
32  functionality. This review reports a protocol using CRISPR technology to overexpress multiple
33  splice variants of a long noncoding RNA.
34
35 ABSTRACT:
36  Long noncoding RNA (IncRNA) biology is a new and exciting field of research, with the number of
37  publications from this field growing exponentially since 2007. These studies have confirmed that
38 IncRNAs are altered in almost all diseases. However, studying the functional roles for IncRNAs in
39 the context of disease remains difficult due to the lack of protein products, tissue-specific
40 expression, low expression levels, complexities in splice forms, and lack of conservation among
41  species. Given the species-specific expression, IncRNA studies are often restricted to human
42  research contexts when studying disease processes. Since IncRNAs function at the molecular
43 level, one way to dissect IncRNA biology is to either remove the IncRNA or overexpress the
44  IncRNA and measure cellular effects. In this article, a written and visualized protocol to
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overexpress INcRNAs in vitro is presented. As a representative experiment, an IncRNA associated
with inflammatory bowel disease, Interferon Gamma Antisense 1 (IFNG-AS1), is shown to be
overexpressed in a Jurkat T-cell model. To accomplish this, the activating clustered regularly
interspaced short palindromic repeats (CRISPR) technique is used to enable overexpression at
the endogenous genomic loci. The activating CRISPR technique targets a set of transcription
factors to the transcriptional start site of a gene, enabling a robust overexpression of multiple
IncRNA splice forms. This procedure will be broken down into three steps, namely (i) guide RNA
(gRNA) design and vector construction, (ii) virus generation and transduction, and (iii) colony
screening for overexpression. For this representative experiment, a greater than 20-fold
enhancement in IFNG-AS1 in Jurkat T cells was observed.

INTRODUCTION:

While most biomedical research has focused on protein-coding transcripts, the majority of
transcribed genes actually consists of noncoding RNAs (Ensembl release 93). Current research is
beginning to explore this field, with the number of publications on IncRNAs in disease processes
rising exponentially between 2007 and 2017!. These publications demonstrate that many
IncRNAs are associated with disease. However, the molecular mechanisms of these IncRNAs are
difficult to study due to their diverse functions as compared to mRNAs. Compounding the
problem of understanding the role of IncRNAs in disease, IncRNAs are often expressed at lower
levels than coding RNAs?. Additionally, IncRNAs are poorly conserved, which limits the functional
studies in human-cell-line-based techniques®. One method to study the mechanism of these
novel genes is to endogenously overexpress them in cultured cells. Overexpression studies can
provide key information as to the function of specific genes and enable researchers to dissect key
molecular pathways.

A new method to activate the transcription of IncRNA genes is based on CRISPR technologies
developed initially by the Gersbach laboratory*. This protocol has been adapted for use in INcRNA
biology and for the expression of these genes in other model systems. In the CRISPR
overexpressing technique, a protein called CRISPR-associated protein 9 (Cas9) can be directed
toward a DNA sequence via an antisense gRNA that is recognized by Cas9. Normally, Cas9 will
induce DNA cleavage; however, mutations in Cas9, previously developed for the overexpression
technique, deactivate this step®. When a transcriptional activator is fused to a “dead” Cas9
(dCas9) and transduced into cell lines, the endogenous overexpression of IncRNAs can be
achieved*®. The addition of additional modifications to the gRNA, enabling additional
transcriptional factors to bind to the gRNA, increased the efficacy of the dCas9 gene activation
system 10-fold’. Importantly, it was demonstrated that transcriptional activation requires close
proximity (<200 bp) to the transcriptional start site genes, enabling a specific upregulation in
gene-rich areas’. Unlike CRISPR knockout technologies, dCas9 and gRNA cassettes need to be
integrated into the genome to allow for cells to retain an overexpression over multiple
generations. One method to achieve this is to use lentiviruses to integrate the dCas9- and gRNA-
containing cassettes. After integration, the IncRNA gene expression can be determined.

In this article, a protocol for IncRNA overexpression in a Jurkat T-cell model will be demonstrated.
A step-by-step procedure is shown and can also be adapted to adherent cells.
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PROTOCOL:

NOTE: It is important to note that this protocol uses replication-deficient lentiviruses. Perform
viral handling only after appropriate lab safety training. Bleach all items and surfaces that come
in contact with live viruses for a minimum of 10 min after handling. Use a disposable lab coat and
face/eye protection, as well as double gloves, at all times. Perform virus work in biosafety level
2+ labs with viral certification. Dedicate tissue culture hoods and incubators to viral work.

1. Vector design and generation

NOTE: The best way to identify gRNA sequences is to use online design tools (e.g., http://crispr-
era.stanford.edu) (Supplemental Figure 1: gRNA design). For the accompanying representative
experiment, a company designed and created the gRNA vectors used in the representative
experiment. The dCas9 plasmid was also purchased online.

1.1. The gRNA sequence is located upstream of the nucleotide sequence “NGG”, where “N” is
any nucleotide, which also is within 100 base-pairs of the transcriptional start site. Search genetic
databases such as BLAT (https://genome.ucsc.edu/cgi-bin/hgBlat?command=start) for the gRNA
sequence, to make sure there are no other sites in the genome with similar sequences
(Supplemental Figure 2: BLAT). This will ensure that the gRNA sequence is unique to the gene of
interest (GOI).

1.2. Store the gRNA and dCas9 plasmids, which come as bacterial stubs, at 4 °C. Streak out
Escherichia coli on a Luria broth (LB) agar plate with ampicillin (Supplemental Table 1) and grow
the bacteria overnight at 37 °C.

1.3. Pick a colony and grow the bacteria in 5 mL of LB with ampicillin (Supplemental Table 1)
overnight, vigorously shaking the plate in a 37 °C incubator. The next day, add 2 mL of bacteria
to 200 mL of LB with ampicillin grow in a 2 L flask, vigorously shaking the flask overnight in a 37
°Cincubator.

1.4. Spin down the bacteria at 3,724 x g for 20 mins. Remove the media and place the tube
containing the bacteria on ice.

1.5. Purify bacterial DNA using a plasmid purification kit per the manufacturer’s protocol.

NOTE: The plasmid purification kits contain proprietary resuspension buffer, lysis buffer, wash
buffer, equilibration buffer, and elution buffer.

1.5.1. Add 10 mL of resuspension buffer from the kit to the bacteria and pipet the bacteria into
the solution. Then, add 10 mL of lysis buffer from the kit to the resuspended bacteria and mix
them by inverting the tube. Wait 5 min to lyse the bacteria; then, add 10 mL of ice-cold
neutralization buffer from the kit to the lysed bacteria and mix them by inverting the tube.
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1.5.2. Equilibrate the DNA column from the kit with 10 mL of equilibration buffer for 5 min. Pour
the samples into the DNA column filter and let the solution pass through the filter.

1.5.3. Wash the samples 2x with 30 mL of wash buffer and, then, elute the DNA with 30 mL of
elution buffer in a 15 mL conical tube. Slowly layer 10.5 mL of isopropanol at room temperature
onto the eluted DNA, invert the tube, and immediately spin it at 16,200 x g for 30 min at 4 °C.

1.5.4. Remove the supernatant and add 1 mL of 70% ethanol to the DNA pellet. Resuspend the
pellet by flicking the tube. Spin it at 16,200 x g for 10 min at 4 °C and use a 200 pL pipet tip to
remove most of the ethanol. Air-dry the pellet for 5 min and resuspend it in 200 uL of water, and
store the DNA at -20 °C. The expected concentration will be >1 pg/uL.

2. Virus generation and particle count

2.1. When ready to create the dCAS9-containing lentivirus, coat 100 mm tissue culture dishes
with 5 mL of 0.01% poly-L-lysine (Supplemental Table 1). Remove the excess liquid thoroughly
from the plates and let them air-dry for a few minutes in a biosafety cabinet.

2.2. Plate 5 x 10® HEK 293T cells per dish in 10 mL of complete Dulbecco’s modified Eagle’s
medium (DMEM) (Supplemental Table 1) and incubate them overnight at 37 °C with 5% CO,. The
next day, remove the medium from the HEK 293T dishes and add 10 mL of complete DMEM.

2.3. Mix 6.5 ug of plasmid pMDLg/pRRE containing the gag/pol (components of the virus), 3.5 ug
of the plasmid pMDG2.G containing the VSV-G (a component of the virus), 2.5 ug of the plasmid
pRSV-Rev containing Rev (a component of the virus), 10 ug of an long terminal repeat (LTR)-
containing gRNA vector or an LTR-containing dCas9 vector and add water to a total volume of
450 pL. Filter the mixture through a 0.2 um filter tip attached to a syringe.

2.4. Add 50 pL of 2.5 M CaCl, (Supplemental Table 1) to each transfection sample of DNA and
mix gently. Filter the calcium/DNA mixture through a 0.2 um filter tip attached to a syringe. Pipet
500 pL of 2x HBS (Supplemental Table 1) into a 5 mL polystyrene tube. Add the 500 uL DNA/CaCl;
mix dropwise and gently vortex. Incubate at room temperature for 3 min.

2.5. Slowly add 1 mL of the DNA/CaCl,/HBS suspension to each dish. Immediately swirl the dishes
to distribute the contents evenly. Incubate each dish overnight in a 5% CO; incubator at 37 °C.

2.6. On day 3, slowly remove and discard the media from the dishes. Carefully wash the cells 1x
with phosphate-buffered saline (PBS). Add 6 mL of complete DMEM supplemented with 20 mM
HEPES and 10 mM sodium butyrate. Incubate the cells for 5-6 h in a 5% CO; incubator at 37 °C.

2.7. Wash the cells 1x with PBS and add 5 mL of complete DMEM with 20 mM HEPES to the HEK
293T cells. Incubate for 12 h overnight in a 5% CO incubator at 37 °C.
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2.8. On day 4, collect the HEK 293T cell supernatants and filter the supernatant. Freeze 1 mL
aliquots at -80 °C.

2.9. When ready to use the virus, thaw an aliquot of the viral particle containing conditioned
media (stored as described in step 2.8) on ice. Bring all reagents to room temperature.

2.10. Use a p24 Enzyme-Linked Immunosorbent Assay (ELISA) kit to quantify the number of viral
particles per milliliter.

2.10.1. Dilute the wash concentrate from the kit by adding 19 parts of distilled deionized water.
Dilute the positive control from the kit to 200 ng/mL, using RMPI 1640 as the diluent, and make
the dilutions for standard curve in 1.5 mL tubes according to the p24 ELISA dilution table
(Supplemental Table 2).

2.10.2. Add 20 pL of 5% Triton X-100 to all wells except the substrate blank. Add 200 pL of RPMI
1640 to the negative control wells. Add 200 uL of each standard (in duplicate) to the designated
wells.

2.10.3. Using a spectrophotometer, measure the concentration of the virus within the samples,
using a standard curve. Start the sample dilution at 1:1,000 and modify the volume as necessary
in order to be within the range of the standard curve. Dilute the samples with Triton X-100 to a
final concentration of 0.5% and add 200 uL of each sample in RPMI 1640 to designated wells. Seal
the plate and incubate it for 2 h at 37 °C.

2.10.4. Wash the plate 6x with 300 pL of 1x wash buffer per well. Remove any excess fluid by
inverting the plate and tapping it on a paper towel. Add 100 pL of detector antibody from the kit
to all wells except the substrate blank. Seal the plate and incubate it for 1 h at 37 °C. Wash the
plate and, then, remove any excess fluid by inverting the plate and tapping it on a paper towel.

2.10.5. In order to measure the detector antibody, prepare streptavidin-horseradish peroxidase
(SA-HRP) within 15 min of use. Dilute the SA-HRP at 1:100 with SA-HRP diluent. Mix the diluted
SA-HRP thoroughly and add 100 puL to all wells except the blank. Seal and incubate the plate for
30 min at room temperature.

2.10.6. Wash the plate with 1x wash buffer and tap away any excess liquid as in step 2.10.4. Use
ortho-phenylenediamine (OPD) substrate solution, which provides the peroxidase the necessary
substrates to produce chemiluminescence, within 15 min of preparation. Use one OPD tablet to
11 mL of substrate diluent for each plate.

2.10.7. Vortex the OPD solution vigorously to dissolve it completely and protect it from light. Add
100 uL of OPD substrate solution to all wells, including the blank. Using a spectrophotometer,
read absorbance at 450 nm immediately, repeat this 10x at 1 s intervals, and take the average
measurement.
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3. dCas9-VP64 transduction

3.1. Culture Jurkat T cells in complete DMEM in a T75 flask with a density of 2 x 10° cells in 15 mL
of media. Culture the cells in a 37 °C incubator with 5% CO..

3.2. Spin down the cells for 5 min at 233 x g and, then, resuspend them in 10 mL of reduced
serum media. Count the cells with a hemocytometer or an automated cell counter.

3.3. Resuspend and plate 1 x 10° Jurkat cells in 5 mL of reduced serum media with polybrene
(Supplemental Table 1) in a T75 flask. Add HEK 293T-conditioned media containing 1 x 10® dCas9-
containing viral particles. The number of viral particles can be calculated roughly from the p24
ELISA because 1 pg/mL p24 equals 1 x 107 viral particles. Put the flasks in 37 °C incubator with 5%
COa.

4. Selection and clone creation

4.1. Three days post-infection, spin down the cells at 233 x g for 5 min and resuspend them in 10
mL of complete DMEM with puromycin (Supplemental Table 1). Plate the cells in T75 flasks and
culture them at 37 °C with 5% CO;. Every third day, for a period of 9 days, spin down the cells at
233 x g for 5 min and replace the media with complete DMEM with puromycin.

4.2. Count the cells using a hemocytometer or an automated cell counter. On a 96-well plate
treated with tissue culture, plate 10,000 cells in 100 pL of complete DMEM with puromycin in
the first well and serially dilute 1:1 the contents of the following wells with complete DMEM with
puromycin. Perform 24 dilutions and repeat this 4x per plate in order to ensure that there is an
adequate number of cells per well. Incubate the cells at 37 °C with 5% CO..

4.3. Expand clonal cells into two 24-well plates, then into a 6-well plate, and eventually into a T75
flask. In order to focus on three of the clones, plate 2 x 10° cells per well of a 6-well plate for
three of the clones. Plate the other three wells with nontransduced Jurkat cells as controls. Put
the cells in a cell culture incubator overnight.

4.4. For RNA extraction, use a commercially available RNA isolation kit. Spin down the cells at 233
x g for 5 min at room temperature and remove the media. Use a 1 mL pipet tip to resuspend the
cells in 350 pL of lysis buffer. Add 350 uL of 70% ethanol to the lysed cells, mix thoroughly with a
1 mL pipet, and transfer the sample to the RNA column.

4.5. Spin the lysates at 10,000 x g for 1 min, remove the flow-through, and add 700 pL of low-
stringency wash buffer from the kit to the column. Spin the lysates at 10,000 x g for 1 min, remove
the flow-through, and add 80 pL of DNase | solution from the kit to the column; let the samples
incubate for 15 min at room temperature.



263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306

4.6. Spin the lysates at 10,000 x g for 1 min, remove the flow-through, and add 700 pL of high-
stringency wash buffer from the kit to the column. Spin the lysates at 10,000 x g for 1 min, remove
the flow-through, and add 700 pL of low-stringency wash buffer to the column.

4.7. Remove the column from the collection tube and transfer it to a new collection tube. Spin
the lysates at 10,000 x g for 1 min and, then, transfer the RNA column to a 1.5 mL tube. Add 50
uL of water to the column and spin at 10,000 x g for 1 min.

4.8. Use a spectrophotometer to quantify the concentration of RNA. Expect the concentration to
be between 100-500 ng/uL, with a 260/280 absorbance between 1.9-2.1. Store the RNA at -80
°C.

4.9. In 250 pL tubes, add 1 pg of RNA, 4 uL of complementary DNA (cDNA) synthesis buffer, 1 pL
of reverse transcriptase, and water to a final volume of 20 puL. Include no reverse transcriptase
controls. In a thermal cycler, synthesize cDNA at 42 °C for 30 min and at 95 °C for 5 min to
inactivate the reverse transcriptase. Dilute the cDNA with 60 puL of water after the synthesis.

4.10. Prepare polymerase chain reactions (PCRs) containing 5 pL of SYBR green, 4 pL of cDNA, 0.5
ulL of forward primer (10 uM), and 0.5 pL of reverse primer (10 uM). Run the PCR as follows: step
1 =95 °C for 3 min, step 2 =95 °C for 10 s, step 3 = 60 °C for 10 s, and then, repeat steps 2 and 3
for 30x.

NOTE: The sequence for the dCas9 forward primer is 5'-TCGCCACAGCATAAAGAAGA and the
sequence for the dCas9 reverse primer is 5'-CTTTTCATGGTACGCCACCT. The forward primer for
Hypoxanthine Phosphoribosyltransferase 1 (HPRT1) is 5'-GACCAGTCAACAGGGGACAT and the
reverse primer is 5'-GCTTGCGACCTTGACCATCT.

5. gRNA transduction, selection, clone creation, and screening

5.1. Retransduce the validated Jurkat-dCas9 cells with gRNA-containing viruses as outlined in
section 3. Select cells in DMEM with hygromycin (Supplemental Table 1) for 10 days. Spin down
the cells and change the media every 3 days.

5.2. Perform a serial dilution of cells (as described in step 4.2) and expand individual colonies (as
described in step 4.3). Purify RNA from the colonies exactly as described in step 4.5 and perform
cDNA synthesis as described in step 4.9. Perform real-time PCR against the GOl and HPRT1 or an
appropriate housekeeping gene, similarly to the PCR described in step 4.10, except in this case,
image the wells each cycle after step 3.

5.3. Use the comparative cycle threshold (Ct) method to determine fold change in the GOI®.
Briefly, use the following equation to calculate relative transcript levels (RTLs): 2-(average Ct of GOI -
average Ct of housekeeping gene) Then calculate the average RTL of the controls and divide all RTL values
by the average control RTL to generate a fold change compared to the control samples.
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REPRESENTATIVE RESULTS:

A dual vector system to overexpress the IncRNA IFNG-AS1

The example experiment in this manuscript is the overexpression of a Jurkat T-cell model system
expressing the IncRNA IFNG-AS1°. IFNG-AS1 is an IncRNA associated with inflammatory bowel
disease, that has been seen to regulate Interferon GammaZ. The IFNG-AS1 gene contains three
splice variants that all use the same transcriptional start site (Figure 1A). Therefore, gRNA
sequences that were 10 and 100 bp away from the transcriptional start site and had an “NGG”
sequence upstream were used for directing the Cas9-activating complex to the transcriptional
locus of IFNG-AS1 (Figure 1A). A two-plasmid system was used to transduce either dCas9 or
gRNAs/enhancers into cells as a single plasmid alone makes viral particle generation difficult due
to plasmid size (Figure 1B). To enable the selection of double-transduced cells, the dCas9 vector
contained a puromycin (aminonucleoside) resistance gene, and the gRNA-containing plasmid
contained a hygromycin (aminoglycoside) resistance gene. gRNAs were fused to an MS2 scaffold
sequence that enabled the MS2 scaffold protein to bind to the gRNAs. Fused to the MS2 protein
are additional transcriptional activators to enhance the overexpression of IFNG-AS1’. Using these
vectors, viral particles can be created to transduce this overexpression system into most human
cell lines.

Viral titering and colony screening

After generating the dCas9- and gRNA-containing plasmids, plasmid purifications were
performed and lentiviruses were created. As lentiviruses randomly integrate their cassettes into
the genome, a quantification of the number of viral particles enables the least number of
integrations possible. To accomplish this, conditioned-media-containing viruses were measured
with a p24 ELISA kit, allowing for the calculation of the number of virions per milliliter. After
measuring, both viral supernatants had nearly 1 ug/mL of p24, which allowed the use of 100 uL
of virus to transduce the Jurkat cells. After transduction, antibiotic-selected cells were serially
diluted and clones were expanded. Cas9 expression was then analyzed by real-time PCR and
agarose gel electrophoresis (Figure 2B). Both clones selected were positive for Cas9 expression.
To confirm mRNA expression, reverse transcriptase was omitted from the cDNA reaction (Figure
2B). Primers against HPRT1 were used to confirm the presence of RNA in the nontransduced cells.

Measuring IFNG-AS1 gene expression

Using the dCas9 clones as a parental cell line, cells were transduced with either a nontargeting
gRNA-containing virus or a virus containing gRNAs against IFNG-AS1. After gRNA transduction,
selection, and clone creation analogous to dCas9 cell line creation, the IFNG-AS1 expression was
measured to verify overexpression. IFNG-AS1 produces three splice variants, each of which can
be detected individually with transcript-specific primers (red) or against all known IFNG-AS1
transcripts (blue) (Figure 3A). All fluorescence curves were exponential with HPRT1 reaching the
exponential phase (or, Ct) within a half cycle between control and IFNG-AS1-gRNA-expressing
cells (Figure 3B,C). Primers against all known IFNG-AS1 transcripts were the most detectable
between experiments with measurements of 20-fold increases in IFNG-AS1 (Figure 3B). While
primers against transcripts against 1 and 2 successfully amplified in peripheral blood
mononuclear cells (PBMCs), these transcripts were not detectable in Jurkat cells (data not
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shown). However, when the third transcript of IFNG-AS1 was detectable in concentrated RNA, a
five- to tenfold significant increase in IFNG-AS1 levels was seen. These data suggest either
alternative splicing of IFNG-AS1 in Jurkat cells exist compared to primary cells. Primers against
IFNG-AS1 detected large increases in this gene, thereby validating the activating CRISPR
overexpression system.

FIGURE LEGENDS:

Figure 1: A dual vector system to overexpress the IncRNA IFNG-AS1. (A) A schematic of the IFNG-
AS1 gene structure and the relationship between guide RNA (gRNA) binding sites and the
transcriptional start site (TSS). (B) The features of the gRNA and dCAS9 vectors.

Figure 2: Viral titering and colony screening. (A) An example p24 ELISA standard curve for
lentivirus-containing, conditioned media. The black dots represent standard samples and the red
dots unknown samples. (B) After transducing, selecting, and generating colonies, real-time PCR
and gel electrophoresis against dCas9 were performed on the RNA from either nontransduced
Jurkat cells (parental) or dCas9-transduced clones. No reverse transcriptase (No RT) controls
were performed.

Figure 3: Measuring IFNG-AS1 gene expression. (A) A diagram of the relationship between
primer sets and transcript variants. The red arrows represent transcript-specific primers, while
the blue arrows indicate primers against all known transcripts. (B and C) Representative average
PCR curves and fold-change quantifications for control and IFNG-AS1-overexpressing cells. RFU =
relative fluorescence units. N = 3 samples per group. Mean  SD. *p < 0.05, ***p < 0.001. A
Student’s t-test was used to calculate the p-values.

Supplemental Figure 1: gRNA design
Supplemental Figure 2: BLAT
Supplemental Table 1: Solutions
Supplemental Table 2: ELISA dilutions

DISCUSSION:

This manuscript presents a protocol for using activating CRISPR to overexpress IncRNAs in vitro.
This is an especially important technique when studying long noncoding RNAs as the
transcriptomic product is the functional unit. After overexpression, the researcher can, then, use
these cells to increase the signal-to-noise ratio when studying binding partners and even measure
the cellular consequences of increased levels of IncRNAs. Additionally, as IncRNAs frequently act
on cis-genes, this endogenous overexpression technique enables these events to be studied>*2.

This manuscript highlights a generalized protocol for gRNA creation and lentivirus generation,
transduction, and selection, and a representative example of IncRNA overexpression in a
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peripheral blood T cell line was outlined. Additionally, this technique has already been shown to
be successful in bone-marrow-derived immune cells'3, neurons’, mouse embryonic stem cells!4,
and kidney epithelial cells*. While this protocol is generally applicable for most cell lines, cells
that are hard to transduce might require individual titers as to enable higher infection rates.
Additionally, it is important to perform antibiotic kill curves when using new cell lines, as this
protocol utilizes a positive selection strategy.

Of note, this protocol has several technical aspects that require special attention. Reproducible
and consistent pipetting for real-time PCR is critical to establish reproducible results. Even small
differences in volumes will cause highly variable values, thereby making interpretation difficult.
In addition to a proper quantitative PCR primer design, controls, including the no-reverse-
transcriptase control for the real-time PCR primers, are critical as they confirm that the RNA being
guantified is not genomic DNA. The selection of housekeeping genes for real-time PCR is also
important in order to adequately perform these experiments. While HPRT1 was chosen in this
protocol, other genes of interests targeted by this technique might alter HPRT1%. A careful
selection of housekeeping genes based on these factors should be taken into consideration.

There are a few drawbacks to activating CRISPR and to particular aspects of this protocol. One
potential limitation is the expression of transcripts in highly gene-rich regions as other
neighboring genes could be turned on. It is possible that neighboring genes in close proximity
may be activated and controls should be performed to assess this. In addition, other limitations
include the lack of binding for particular gRNAs to a given DNA sequence. The selection of
multiple gRNAs may be required to identify the appropriate gRNA to drive expression. Another
caveat to the system is that the cell of interest has to have the capacity to drive the promoters in
the cassettes in order to drive the expression of the gRNAs and dCas9. For the studies presented
here, the Jurkat T-cell model was able to drive the expression of these components for a
successful overexpression system.

Ideally, the protocol described here should be paired with other corroborating information, such
as single transcript overexpression data and functional effects from knockdown or knockout
studies, to bolster the case for any of the subsequent findings. This technique offers a robust way
of overexpressing any gene in a particular cell type. Given the limitations of IncRNA biology, such
as poor species conservation, techniques such as the one described here are critical to exploring
their function in relevant cell types. This study focused on one IncRNA that has been implicated
in inflammatory bowel disease pathophysiology but serves as a model of studying the function
of other IncRNAs in human disease biology.
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Ampicillin
CacCl,
cDNA synthesis kit (iScript)
dCas9 forward primer
dCas9 reverse primer
dCas9 vector
DMEM
Ethanol
FBS
gRNA plasmid
HEK293T cells
HEPES
HPRT1 forward primer

Company
Fisher Scientific
Sigma Aldrich
BioRad
Integrated DNA Technologies
Integrated DNA Technologies
Addgene
Corning
Acros Organics
Sigma Aldrich
VectorBuilder
ATCC
Sigma Aldrich
Integrated DNA Technologies
Integrated DNA Technologies

HPRT1 reverse primer
Hygromycin B Corning
Isopropanol Fisher Scientific
Jurkat cells ATCC
L-glutamine Corning
LB agar Fisher Scientific
LB broth Fisher Scientific
Maxi-prep kit (Plasmid Purification Kit) Qiagen
Na,HPO, Sigma Aldrich
Optimem | reduced serum media Gibco
p24 elisa Perkin Elmer
PBS Corning
Penicillin and Streptomycin Corning
pMDG2.G Addgene
pMDLg/pRRE Addgene
Poly-L-Lysine Sigma Aldrich
EMD Millipore
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H3375
n/a
n/a
MT3024CR
BP2618-500
TIB-152
25005CI
BP1425-500
BP1426-2
12362
NIST2186lI
31985070
NEKO050B
21-040-CMR
30-002-ClI
#12259
#60488
P-4832
TR-1003
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pRSV-REV
Puromycin dihydrochloride
RNA purification kit (Aurum RNA mini)
Sodium Butyrate
SYBR green (iTaq universal)
Triton X-100

Addgene
Sigma Aldrich
BioRad
Sigma Aldrich
BioRad
Sigma Aldrich

#12253
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7326820
B5887
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item 2: Please select one of the following items:

DOpen Access

E]Thc Author is NOT a United States government employee.

DThe Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

The Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video
License Agreement, the following terms shall have the
following meanings: “Agreement” means this Article and
Video License Agreement; “Article” means the article
specified on the last page of this Agreement, including any
associated materials such as texts, figures, tables, artwork,
abstracts, or summaries contained therein; “Author”
means the author who is a signatory to this Agreement;
“Collective Work” means a work, such as a periodical issue,
anthology or encyclopedia, in which the Materials in their
entirety in unmodified form, along with a number of other
contributions, constituting separate and independent
works in themselves, are assembled into a collective whole;
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the
terms and conditions of which can be found at:
http://creativecommons.org/licenses/by-nc-

nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version,
sound recording, art reproduction, abridgment,
condensation, or any other form in which the Materials may
be recast, transformed, or adapted; “Institution” means
the institution, listed on the last page of this Agreement, by
which the Author was employed at the time of the creation
of the Materials; “JoVE” means Mylove Corporation, a
Massachusetts corporation and the publisher of The Journal
of Visualized Experiments; “Materials” means the Article
and / or the Video; “Parties” means the Author and JoVE;
“Video” means any video(s) made by the Author, alone or
in conjunction with any other parties, or by JOVE or its
affiliates or agents, individually or in collaboration with the
Author or any other parties, incorporating all or any portion

of the Article, and in which the Author may or may not
appear.

2. Background. The Author, who is the author of the
Article, in order to ensure the dissemination and protection
of the Article, desires to have the JOVE publish the Article
and create and transmit videos based on the Article. In
furtherance of such goals, the Parties desire to memorialize
in this Agreement the respective rights of each Party in and
to the Article and the Video.

3. Grant of Rights in Article. In consideration of JoVE
agreeing to publish the Article, the Author hereby grants to
JoVE, subject to Sections 4 and 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to
publish, reproduce, distribute, display and store the Article
in all forms, formats and media whether now known or
hereafter developed {including without limitation in print,
digital and electronic form) throughout the world, (b) to
translate the Article into other languages, create
adaptations, summaries or extracts of the Article or other
Derivative Works (including, without limitation, the Video)
or Collective Works based on all or any portion of the Article
and exercise all of the rights set forth in (a) above in such
translations, adaptations, summaries, extracts, Derivative
Works or Collective Works and(c) to license others to do any
or all of the above. The foregoing rights may be exercised in
all media and formats, whether now known or hereafter
devised, and include the right to make such modifications
as are technically necessary to exercise the rights in other
media and formats. If the “Open Access” box has been
checked in Item 1 above, JOVE and the Author hereby grant
to the public all such rights in the Article as provided in, but
subject to all limitations and requirements set forth in, the
CRC License.
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4 Hetention of Hights In Article. Notwithstanding
the exclusive license granted 10 JoVE in Section § above, the
Author shall, with respect to the Article, retan the non
exclusive right 1o use all or part of the Anticle for the non
commercial purpose of giving lectures, presentations or
teaching classes, and to post @ copy of the Article on the
Institution’s website or the Author's personal website, in
each case provided that a link to the Article on the JoVE
wehsite is provided and notice of JOVE's copyright in the
Article Is included. All non-copyright imtellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author

5. Grant of Rights in Video ~ Standard Access. This
Section 5 applies if the “Standard Access” box has been
checked in Item 1 above or if no box has been checked in
Item 1 above. In consideration of JOVE agreeing to produce,
display or otherwise assist with the Video, the Author
hereby acknowledges and agrees that, Subject to Section 7
below, JOVE is and shall be the sole and exclusive owner of
all rights of any nature, including, without limitation, all
copyrights, in and to the Video. To the extent that, by law,
the Author is deemed, now or at any time in the future, to
have any rights of any nature in or to the Video, the Author
hereby disclaims all such rights and transfers all such rights
to JoVE.

6. Grant of Rights in Video — Open Access. This
Section 6 applies only if the “Open Access” box has been
checked in Item 1 above. In consideration of JOVE agreeing
to produce, display or otherwise assist with the Video, the
Author hereby grants to JoVE, subject to Section 7 below,
the exclusive, royalty-free, perpetual (for the full term of
copyright in the Article, including any extensions thereto)
license (a) to publish, reproduce, distribute, display and
store the Video in all forms, formats and media whether
now known or hereafter developed (including without
limitation in print, digital and electronic form) throughout
the world, (b) to translate the Video into other languages,
create adaptations, summaries or extracts of the Video or
other Derivative Works or Collective Works based on all or
any portion of the Video and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works
and (c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in Item 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.S.C. 403, then the
rights granted hereunder shall be limited to the maximum
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rghts permtted under uxh Ratute I such case  all
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sch statute shall reman in full force and offect, and alf
provieons contairwed herewn that do so conflect shall be
deemed to he amended w0 a5 0 prowide to joVE the
mairmm rghts permessible within such statute

8 Protection of the Wardk. The Author{s] authorize
JOVE 10 take steps in the Author{s] name and on thew behalf
if JOVE beleves some third party could be infringing or
might infringe the copyright of sither the Author’s Article
and/or Video

9 Likeness, Privacy, Personality. The Author hereby
grants JoVE the right to use the Author’s name, voile,
likeness, picture, photograph, image, biography and
performance n any way, commercial or otherwise, in
connection with the Materials and the sale, promotion and
distribution thereof. The Author hereby waives any and all
rights he or she may have, relating to his or her appearance
in the Video or otherwise relating to the Materials, under
all applicable privacy, likeness, personality or similar laws
10. Author Warranties. The Author represents and
warrants that the Article is original, that it has not been
published, that the copyright interest is owned by the
Author (or, if more than one author is listed at the beginning
of this Agreement, by such authors collectively) and has not
been assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author(s) listed at the top of this Agreement are the only
authors of the Materials. If more than one author is listed
at the top of this Agreement and if any such author has not
entered into a separate Article and Video License
Agreement with JOVE relating to the Materials, the Author
represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author warrants
that the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation all
institutional, laboratory, hospital, ethical, human and
animal treatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
review board.

11. JoVE Discretion. If the Author requests the
assistance of JOVE in producing the Video in the Author’s
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, JoVE may, in its sole
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discretion, elect not take any action with respect 1o the
Article until such time as it has received complete, execited
Article and Video License Agreements from each such
author. JOVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to
accept or decline any work submitted to loVE, JoVE and its
employees, agents and independent contractors shall have
full, unfettered access 10 the facilities of the Author or of
the Author’s institution as necessary to make the Video,
whether actually published or not. JoVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

12. Indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author’s or the Author’s institution’s
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JoVE, or publication in JoVE or
elsewhere by JoVE. The Author shall be responsible for, and
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to
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the making of 3 video by JOVE s employess, agents or
independent contractors. Al sterifization, cleankiness or
decontararation grocedures shall be  colely the
responsibifity of the Author and shall be undertaken at the
Author's erpense Al ndemnifications provided herein
shall inchude JoVE's attorney' s fees and costs related to said
losses or damages. Such indemnification and holding
harmiess shall include such losses ar damages ncurved by,
or in connection with, acts or omissions of JoVE, its
employees, agents or independent contractors

13 Fees. To cover the cost incurred for publication,
JOVE must receive payment before production and
publication the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned 10 the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in 3 US51,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received.

14, Transfer, Governing Law. This Agreement may be
assigned by JOVE and shall inure to the benefits of any of
JOVE’s successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission.

CORRESPONDING AUTHOR
Name:
DA Prduin
Department: B -
MMUW*—, P O—" ’D\w'\\vt Do reo
Institution: 4]

UCLA

Title: A}\&Rg*\w‘* ‘Kw‘cssw

VAN

Signature:

|

Date: loll( ,U’

Please submit a signed and dated copy of this license by one of the following three methods:
1. Upload an electronic version on the JoVE submission site

2. Fax the document to +1.866.381.2236

3. Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140
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12/3/18
Dear Dr. DSouza
Below you will find the responses to the comments from the editor. Please let me
know if you need any additional information
Thank you,
David Padua

Comment 1: Our format does not allow for this, please define all
abbreviations as they appear in the text instead.

We have removed this section and interspersed the abbreviations throughout the
text as they appear.

Comment 2: The highlighting (4 pages) currently exceeds 2.75 pages, please
edit the highlighting to meet the limits. Please ensure continuity between
highlighted steps.

We have highlighted a section to be within the limits.

Comment 3: Nothing to film so I made this step into a note.

Ok

Comment 4: Please move the commercial names to the table of materials and
avoid referencing them in the manuscript.

We have removed the commercial name references

Comment 5: I am not sure what we can film here. Can you provide an example
gRNA sequence and screenshots of how you perform this search? The
screenshot(s) can be provided as supplementary files.

Supplemental Figures have been provided and the text edited

Comment 6: Which strain? Please add to the table of materials.

E. coli

Comment 7: define

We have defined LB to Luria Broth

Comment 8: tube containing bacteria, correct?
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yes

Comment 9: I've made these into substeps, is this appropriate?

Yes

Comment 10: What are the specs? Is this part of the Kit?

These columns are provided by the kit, the text has been edited to reflect this

Comment 11: The day after the DNA purification? How is the pellet stored in
the meantime? Please mention storage temperate and conditions.

We have edited the text to state that “when ready to create the dCAS9 containing
lentivirus,” We have added storage of the DNA in section 1.5.4

Comment 12: Stored in 2.8?
Yes, we have edited this section

Comment 13: I've made this into substeps, please check that this is
appropriate.

Yes

Comment 14, 15: from the Kkit?

Yes

Comment 16: On a spectrophotometer?
Yes, we have edited the text

Comment 17: define

We have edited the text

Comment 18: unclear, please revise:

We have edited the text to state “Using a spectrophotomer read 450 nm immediately,
repeat 10 times at 1 second intervals”

Comment 19: From the kit?

Yes



Comment 20: Please re-write using imperative voice as the previous steps.
The text has been edited

Comment 21: Made this into a note

Ok

Comment 22: We cannot film calculations so I have unlighted this.

Ok

Comment 23: Fig 1C was not discussed.

We removed the "C" label, combining B and C together

Comment 24: Titer?

We have edited the text

Comment 25: Panel C needs to be defined

We removed the "C" label, combining B and C together and re-defined panel B
Comment 26: Titer?

The text was edited

Comment 27: Define RFU.

The text was edited



Rebuttal Letter Click here to access/download;Rebuttal Letter;181127 JoVE
review.docx

Dear Dr. DSouza,

Thank you for the opportunity to revise our manuscript. We have attempted to address the
editor's comments as well as the reviewers’ comments. Please let me know if there are any
additional questions or concerns. We would be happy to address any issues that arise. Below
is a point-by-point response.

Thank you,

David Padua, M.D. Ph.D.

Editorial comments:
Changes to be made by the author(s) regarding the manuscript:

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are
no spelling or grammar issues.

Thank you for the opportunity to review the manuscript. We have thoroughly reviewed
the revised manuscript for spelling or grammatical errors.

2. Keywords: Please provide at least 6 keywords or phrases.
We now include 6 keywords for the manuscript.

3. Please define all abbreviations before use.
All abbreviations are now listed after the keyword section.

4. Please use Sl abbreviations for all units: L, mL, pL, h, min, s, etc.
Sl abbreviations are now used for all units.

5. Please include a space between all numerical values and their corresponding units: 15 mL,
37 °C, 60 s; etc.
All numerical values have a space between their corresponding units.

6. Please convert centrifuge speeds to centrifugal force (x g) instead of revolutions per minute

(rpm).
We now list centrifuge speeds in centrifugal force.

7. Please remove commercial language: Qiagen, Triton X-100, Optimem, etc.

We have removed the wording for Optimem and replaced it with “reduced serum media”.
Triton X-100 is the name of a chemical compound so we believe removing it and
replacing it with something else would confuse the readers.

8. Please revise the protocol text to avoid the use of any personal pronouns (e.g., "we", "you",
"our" etc.).

The manuscript has been edited to avoid the use of personal nouns.

9. Please revise the protocol to contain only action items that direct the reader to do something
(e.g., “Do this,” “Ensure that,” etc.). The actions should be described in the imperative tense in
complete sentences wherever possible. Avoid usage of phrases such as “could be,” “should be,”
and “would be” throughout the Protocol. Any text that cannot be written in the imperative tense
may be added as a “Note.” Please include all safety procedures and use of hoods, etc.
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However, notes should be used sparingly and actions should be described in the imperative
tense wherever possible. Please move the discussion about the protocol to the Discussion.
We have changed all of the actions to the imperative tense.

10. Please add more details to your protocol steps. There should be enough detail in each step
to supplement the actions seen in the video so that viewers can easily replicate the protocol.
Please ensure you answer the “how” question, i.e., how is the step performed? Alternatively,
add references to published material specifying how to perform the protocol action. See
examples below.

We have now gone into more detail throughout the protocol. Additionally, we now list the
step for RNA extraction, cDNA synthesis and real time PCR. We also have addressed the
examples below.

11. 1.2.6: Please describe how to maxi-prep bacteria.
We have now listed a detailed protocol for maxi-prepping bacteria in section 1.

12. 2.2: Please provide the composition of fibroblast culture medium.
While the fibroblast culture medium composition was in the previous solutions table, we
have now altered its name to “DMEM complete” as these media are interchangeable

13. 2.5: What is DPBS? Please split it into two steps.
As there is no significant difference between DPBS (Dulbecco's phosphate-buffered
saline) and PBS, we now just use PBS to make it easier to understand.

14. 2.7: Please provide the composition of Wash Concentrate.
The Wash Concentrate is part of the p24 ELISA kit. We do not know its composition. We
now state that a p24 ELISA kit is used at the beginning of the section to clarify this.

15. 3.1: Please specify the growth conditions.
We now state the growth conditions for the cells in section 3.

16. 3.2: Please specify centrifugation conditions (force and time).
We now state centrifuge conditions in section 3.

17. 4.6: Please specify the PCR primers used.
The sequences for the dCas9/HPRT1 PCR primers are now listed in section 4.11.

18. Lines 180-181: Please remove the embedded table. Please upload each Table individually
to your Editorial Manager account as an .xIs or .xIsx file. Reference the table in the protocol.
We have moved the p24 ELISA dilution table to an excel sheet and referenced the table in
the protocol.

19. Please combine some of the shorter Protocol steps so that individual steps contain 2-3
actions and maximum of 4 sentences per step. Please include single-line spaces between all
paragraphs, headings, steps, etc.

We have combined the shorter protocol steps so that each individual step generally
contains 2-3 actions with a maximum of 4 actions.

20. After you have made all the recommended changes to your protocol (listed above), please
highlight 2.75 pages or less of the Protocol (including headings and spacing) that identifies the



essential steps of the protocol for the video, i.e., the steps that should be visualized to tell the
most cohesive story of the Protocol.

21. Please highlight complete sentences (not parts of sentences). Please ensure that the
highlighted part of the step includes at least one action that is written in imperative tense.

22. Please include all relevant details that are required to perform the step in the highlighting.
For example: If step 2.5 is highlighted for filming and the details of how to perform the step are
given in steps 2.5.1 and 2.5.2, then the sub-steps where the details are provided must be
highlighted.

The sections have been highlighted.

23. Please remove the embedded figure(s) from the manuscript. Please upload each Figure
individually to your Editorial Manager account as a .png, .tiff, .pdf, .svg, .eps, .psd, or .ai file.
We have removed the embedded figures and uploaded .tiff images of each figure.

24. Figure 3: Please define the error bars in the figure legend.
We have defined the error bars for figure 3.

25. Lines 393-423: Please include solution composition in a table and reference the table in the
protocol.

We now include the solution composition as a table and reference the table in the
protocol.

26. Discussion: Please discuss critical steps within the protocol.
We now discuss the critical steps within the protocol in the discussion, lines 442-449.

27. For in-text references, the corresponding reference numbers should appear as superscripts
after the appropriate statement(s) in the text (before punctuation but after closed parenthesis).
The references should be numbered in order of appearance.

We now use the JOVE endnote style for the references.

28. Please ensure that the references appear as the following: [Lastname, F.I., LastName, F.I.,
LastName, F.I. Article Title. Source. Volume (Issue), FirstPage — LastPage (YEAR).] For more
than 6 authors, list only the first author then et al. See the example below:

Bedford, C.D., Harris, R.N., Howd, R.A., Goff, D.A., Koolpe, G.A. Quaternary salts of 2-
[(hydroxyimino)methyl]limidazole. Journal of Medicinal Chemistry. 32 (2), 493-503 (1998).

29. References: Please do not abbreviate journal titles. If there are six or more authors, list the
first author and then “et al.”.

We now use the JOVE endnote style for the references.

30. Lines 425-459: Please move such information to the Table of Materials.
Response: We now only list all materials in an excel sheet labeled “Table of Materials”.

31. Table of Materials: Please sort the items in alphabetical order according to the Name of
Material/Equipment.
The table of materials is listed in alphabetical order now.

Reviewers' comments:



Reviewer #1:

Manuscript Summary:

The authors describe point-by-point method for CRISPR-based activation of INcRNAs (or genes
in general). While the methodology is not really novel, however it may be a useful resource for
researcher seeking to understand the basics of the CRISPR-based activation strategy.

Below are a few comments that need to be addressed:
Major Concerns:

1) The authors demonstrate successful activation of IFNG-AS1. They describe their gRNA
design strategy. They mention to "ensure that the gRNA should be the reverse complement to
the DNA sequence."

What is the evidence that targeting the reverse complement strand is important?
The two studies below do not support this:

In Gilbert et. al. 2014, they also found that "...the DNA strand that was targeted [did not]
strongly correlated with sgRNA activity..."

Similarly, Konermann, et. al. 2015 reported: "high efficiency of guides within 200bp of the TSS
regardless of strand orientation”

Can the authors comment on this?

The gRNAs in our representative experiment were designed by the company, Vector
Builder. The protocol we listed was a reverse engineering of their design. We did not
mean to suggest that the strand orientation mattered. We now clarify this in section 1
and suggest bioinformatic software for choosing gRNA sites.

2) In the diagram below, the gRNAs appear to target downstream of the TSS. | can see from the
"bp to TSS" that the actual TSS is downstream of the thin line that is drawn. What does the thin
line represent? It's most intuitive that it should represent the entire transcript sequence and
hence the beginning of the line should be the TSS. Can the authors fix this?

The thin line represents the location of the TSS on the genome. On our screen the thin
line at “0” bp matches up with the TSS. The gRNAs are upstream of the TSS as denoted
by the negative sign before bp, which is the common notation.

3) In figure 2B: Were high Cas9 levels the basis for clonal selection? Did IFNG-ASL1 levels
always correlated with higher Cas9 levels?

We observed high Cas9 levels in all clones selected. We clonally selected cells to ensure
a stable population before transduction with the gRNA containing virus.

a. It would be great to plot Cas9 vs. IFNG-AS1 transcript levels to demonstrate this relationship
and/or to determine whether there's a threshold effect.
b. Can the authors comment?



We did not test Cas9 levels versus IFNG-ASL1 levels.

The paper could benefit with additional discussions. Other techniques such as the SAM system
could be discussed especially when talking about difficult to induce transcripts. In our
experience the promoters in the vectors can play a role in whether a construct works in your cell
line of choice so some discussion on this topic could also be beneficial.

The system we used was the SAM system, we reference this in Maeder et al. We did not
test different promoters in our system. We now mention in the discussion (lines 455-456)
that depending on the cell line/tissue of origin different promoters might not work.

Minor Concerns:

In the abstract there is a word missing in the sentence "In order to

study the molecular functions, INcRNA's can either removed or over-expressed so as to
measure their cellular effects." | assume it should be "can be either..."

We have corrected the missed word.

Step 1.1.4 guides can be obtained from commercial vendors, | think it is important to state
where the ones are from that you are using. Addgene ID numbers could be useful here

We now state the source of the vectors in section 1 and refer to the table of materials for
the catalog numbers.

Reviewer #2:

Manuscript Summary:
The manuscript described a method to over-express long non-coding RNAs using gene-
activating CRISPR.

Major Concerns:

"1.1.1 Identify a gRNA sequence upstream of the nucleotide sequence "NGG" that also is within
100 base-pairs of transcriptional start site." What the "NGG" sequence and how to identify it?
The "NGG" sequence as well as the gRNA specific for the target gene should be shown.

We now explain what “N” means and refer to bioinformatics software to choose gRNA
sequences in the first section of the protocol.

What is the difference between the manuscript and the references 4-6(Nat Methods, 2013,
10:973-6; Science,367 2012,337:816-21; Nat Methods 2013,10(10):977-9.)?

While the main difference between this manuscript and references 4-6 is the addition of
the visualized protocol, there are also a few other big differences. First this is a complete
protocol going with highly detail instruction about how to procure the reagents, preform
all of the techniques required and analyze the results. We also discuss the pitfalls and
limitations of this technique, many which were not stated in those references. We also
created a different gRNA vector than stated in the above references.
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Solutions Table

Reduced serum media with polybrene

10 mL optimem | +10 yL 10 mg/mL polybrene (1 pg/mL).

Some adherent cell lines can tolerate up to 10 ug/mL of polybrene.

DMEM complete
DMEM + 10% FBS + 1% penicillin and streptomycin

DMEM complete with puromycin

DMEM complete + 1 pg/mL puromycin. Some adherent cell lines require puromycin
concentrations up to 10 ug/mL. 10 mg/mL aliquots of Puromycin can be stored in
aliquots at -20 °C.

DMEM complete with hygromycin

DMEM complete + 100 pg/mL hygromycin. Some adherent cell lines require
puromycin concentrations up to 500 pg/mL.

Ampicillin
100 mg ampicilin in 100 mL water, store 1 mL aliquots at -20°C.

LB agar with ampicillin
Mix 20 g LB agar in 500 mL water, autoclave and add 500 puL ampicillin once samples
are below 55 °C

LB broth with ampicillin
Mix 12.5 g LB broth in 500 mL water, autoclave and add 500 yL ampicillin once
samples are at room temperature

2X HBS

280 mM NaCl, 1.5 mM NazHPO4, 100 mM HEPES. For 500 mL: Mix 28 mL 5 M NacCl,
1.5 mL 0.5 M NaxHPO., 50 mL 1 M HEPES, pH to 7.12, filter sterilize through 0.2 pm
filter, dispense in 10 mL aliquots, freeze solution at -20 °C (stable for several months)

2.5 M CaCl;

100 g CaCl2 in 250 mL water. Filter sterilize through 0.2 pum filter, dispense in 10 mL
aliquots, freeze solution at -20 °C .

DNase | solution
This is part of the RNA isolation kit. Add 5 pL DNasel to 75 pL DNasel buffer per
sample. Store aligouts of DNasel at 20 °C and make this solution fresh each time.
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Standard
Conc. Tube Label JAddition (uL)| Diluent (uL)

(ng/mL)
RN
5 5 500 olf tube 500
1 3 500 02f tube 500
05 4 500 031: tube 500
0.25 5 500 OLI tbe I 549
0.125 6 500 0; tube 500
0.063 7 °00 Og twbe | 549
0.032 8 500 °7f tube 500
0.016 9 °00 Og twbe | 549
0.008 10 500 OJ tube 500
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