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sgRNA Preparation and Oligo Design 

Primer Isolation for Gene of Interest 
1. On NCBI set your search to “Gene” and enter your gene name and genome  
2. Be sure that APE plasmid design software is downloaded on your computer for opening 

and editing FASTA files 
3. Select the gene of interest from the list of possibilities provided, double checking that it is 

in the organism you are looking for  
4. Scroll down to the sub-heading “Genomic regions, transcripts, products” with the green 

bar representing the gene and blue bar representing mRNA expression 
5. Highlight the region beginning 1kbp ahead of the gene fragment up to the end of the 

gene fragment, right click and select “download” and “FASTA (all selection)” 
6. Open the file using APE and zoom in on the NCBI file to the scope where you can see 

the ATGC sequence  
7. ctrl F the first ~10bp of the gene from NCBI on the APE file to find the beginning of the 

gene coding region, highlight and change to lowercase to mark for future reference (the 
blue AB button in the top tool bar) 

8. Repeat step 7 but with the final ~10bp 
9. Save middle zone between these two regions in a document for future reference, it is 

your gene sequence, save the 1kb before this gene as your promoter 
 

Design sgRNA sequences for CRISPR-dCas9 and promoters 
Addgene CRISPR guide 
Addgene How to design sgRNAs  

1. Find primers of all genes of interest according to the above “Primer Isolation for gene of 
interest” protocol above 

2. Using IDT’s sgRNA design tool or CHOP CHOP enter the species and cut and paste the 
entire primer FASTA sequence obtained from the previous step into the text box under 
“design custom gRNA”  

3. Using both websites, select the top 3-4 sequences from each site to cross reference 
rankings, saving the sequences and PAMs onto an excel sheet 

a. Ensure that they all code on the sense strand 
4. Generate both forward and reverse primers for each sgRNA sequence 

a. Ensure that the reverse primer is the reverse complement of your sgRNA 
sequence + your plasmid attachment sequence (ie. golden gate: 5’- 
AAAC[gRNA]C -3’ added to the 5’ end) 

i. For example: for the sgRNA CATCATCGACCCACCCCCTA, the reverse 
primer would be AAACTAGGGGGTGGGTCGATGATGC 
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b. Forward primer should be your unaltered sgRNA sequence + plasmid attachment 
sequence (ie. golden gate: 5’-CACCG-3’ added to the 5’ end) 

i. For example: for the sgRNA CATCATCGACCCACCCCCTA, the forward 
primer would be CACCgCATCATCGACCCACCCCCTA 

c. NOTE: PAM should not be included in your primer design sequence as it is not 
part of the final sgRNA sequence 
 

Design of qPCR primers 
1. On NCBI select “gene” in the drop down bar beside the entry bar, and enter your 

organism name and the gene of choice (ie. chinese hamster SOX9) 
2. Select the bolded name of the desired gene from the options provided, usually found 

within the box at the top of the page. This should take you to the info page for the gene 
3. Scroll down to the section titled “mRNA and Protein(s)” and select the mRNA code 

beginning with “NM” which should take you to the mRNA page 
4. Cut and paste the “NCBI Reference Sequence” at the top of the page into the NCBI 

primer blast “PCR template” text box 
5. Enter the desired data into the following sections, specifying PCR product size (we used 

150-200bp range for qPCR primers) and organism from Homo sapiens to your organism 
of choice. Then select “Get Primers” 

6. It should return ten possible primer options as well as a gene map showing where they 
lay on the gene in respect to the exons and other elements 

7. Select the best primers from the list, preferably around the middle of the gene with 
similar melting temperatures and a PCR fragment within 150 and 200bp in length 

8. Compare selected primers to other transcript variants of your gene of interest and select 
those primers that are complementary to the greatest amount of variants. 

9. Order the primers through IDT  
*Note: Be sure to test quality by running against genomic DNA as template to ensure no 
accidental hits and correct amplification at size of interest  
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Cloning Overview  

Short-Hand list of the step-by-step order of operations we used to successfully transform 3 
sgRNAs into PX330A-CIBN-dCas9-CIBN plasmid. The pX330A-CIBN-dCas9-CIBN plasmid will 
be referred to as pX330A-CDC in the following protocols. Our cloning workflow closely 
follows that of Sakuma 2014 with a few exceptions 
 
Digest  
1. Digest 2ug of each plasmid (pX330-S2, pX330-S3, PX330A CDC) separately with enzyme 
BbsI (NEB Cat. No. R0539S). BbsI must be stored in -80C.  

 
2. Incubate for 1 hour in thermocycler at 37C, then add 1ul rSAP (NEB Cat. No. M0371S) to 
each reaction to dephosphorylate vectors 
3. Incubate for one more hour (2 hrs total) NEB Cloner - Digest  

Quality Control and Purification of Digested Vectors 
4. Run 5 uL of each digest on a gel(see protocol below). If digest was complete, only one band 
should be visible. If multiple bands are present, the digest was likely incomplete and circular 
plasmid remains in your sample. This can be solved by increasing the incubation time of the 
BbsI digest 
5. Purify digested plasmid using the IBI Gel/PCR Fragments Extraction Kit (Cat. No. IB47030) or 
another nucleic acid purification method such as ethanol precipitation.  
6. Nanodrop purified digestions to determine concentrations of DNA as well as determine the 
purity of the samples by recording 260/280 and 260/230 values.  

 
 
Prepare sgRNAs  
7. Hydrate sgRNA primer oligos according to IDT spec sheets to final concentration of 100 uM 
8. If sgRNA oligos are not already phosphorylated, phosphorylate each oligo separately using 
T4 PNK (NEB Cat. No. M0201S) enzyme in the following reaction: 

2 ug of 100uM oligo  
2.5 uL T4 DNA Ligase Buffer (NEB Cat. No B0202S)  
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0.5 uL T4 PNK  
Fill to 25 uL with Milli-Q water  
Incubate at 37C for 30 minutes 
Heat inactivate at 65C for 20 minutes 
 

Anneal  
8. Anneal 2ug of forward and reverse oligos in NEB T4 DNA Ligase Buffer in the following 
reaction: 

25 uL forward oligo (phosphorylated) 
25 uL reverse olgio (phosphorylated) 
5 uL T4 DNA Ligase Buffer 

Heat to 95C for 2 minutes, then slowly (0.1C/s) decrease the temperature to 25C.  
 

 
 
Ligate NEB Cloner- Ligation  
12. Ligate the following in a PCR tube 
on ice, add T4 last (see for ratios:NEB 
Cloner- Ligation Calculator) 
13. Gently mix the reaction by pipetting 
up and down  
14. Incubate at room temperature for 1 
hour 

 
 
 
 
 
 
 

Transform https://www.addgene.org/protocols/bacterial-transformation/ 
16. Place three 15ml falcon tubes on ice (one for positive control, one for negative control, one 
for the ligation itself) 
17. Thaw competent cells on ice until completely thawed (will need 50ul per reaction) 
18. Gently transfer 50ul of competent cells to the bottom of each falcon tube, remain on ice
19. Moving pipette tip in gentle circular motion, add 2.0 ul transforming DNA (from ligation or 
plasmid only) slowly to competent cells  
20. Incubate on ice for 20 mins  
21. Transfer tubes to rack placed in 
preheated 42C water bath for exactly 45 
seconds. 
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22. Return tubes to ice for 2 mins
23. Add 500ul LB medium (no antibiotic) to each tube. Transfer to 37C shaking incubator for 
45minutes to allow bacteria to recover and express antibiotic resistance marker encoded by 
plasmid  

pX330A-CDC plasmid = Carb plates
pX330S-2 and pX330S-3 plasmid = Spec plates

24. Transfer 50-200ul of transformed competent cells onto agar LB+antibiotic plates. Spread 
cells out by using sterile cell spreader or glass beads
25. Invert plates and incubate at 37C overnight. Transformed colonies should appear in 12-16 
hours 

 
 
Colony PCR  
26. We recommend screening at least five colonies at this stage 
(see protocol below)  

  

 
 
 

Purification of Plasmid 
27. Once all three sgRNAs have been inserted in their respective plasmids, inoculate overnight 
cultures originating from transformed colonies. Make glycerol freezer stocks the next morning 
and miniprep remaining culture.  
 
Final Golden Gate Assembly 
28. Combine all three plasmids as described by golden gate assembly protocol below. 
Transform completed assembly into E. coli and plate on carbenicillin plates supplemented with 
x-gal and IPTG (see below for recipie for x-gal plates). Select white colonies and screen via 
colony PCR.  
29. Sequence candidate colonies to confirm correct insertion of all three sgRNAs and their 
scaffolding.  
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 Cloning Protocols  
 

Gel Electrophoresis  
1. Combine 0.5g agarose and 50 mL 1xTAE buffer and microwave until agarose has 

completely dissolved. 
2. Cool agarose solution until cool to touch 
3. Add 3 uL of SYBR SAFE (ThermoFisher Cat. No S33102) to cooled agarose solution 

and mix  
4. Pour gel gently into mold (avoid air bubbles) 
5. Allow the gel to sit for 20 minutes to solidify 
6. Combine 1.5 µl 6x purple loading dye (NEB Cat. No. B7024S) and 5 µl DNA onto 

parafilm, pipette up and down to mix  
7. Place solidified gel into gel box in the correct orientation. Pour 1X TAE buffer into tray to 

cover just over the surface of the gel. 
8. Load 5 µl 1kb plus ladder (NEB Cat. No N0550S) and DNA/loading dye solutions into 

respective wells 
9. Attach gel box to power source and run for 25 minutes at 120V 
10. Image gel using BioRad gel doc imager 

Ligation 
 See our Ligation Calculator based off the NEB ligation calculator  

1. Use Ligation Volume Calculator to determine the amount of vector digest and insert 
digest needed for ligation.  

a. Desired vector mass is generally 200ng.  
b. Insert to vector ratio is 6:1 or 3:1. 
c. Other values vary based on nanodrop results and plasmid characteristics. Use an 

aPe file to look at where your enzymes cut. 
2. T4 DNA Ligase Buffer should be thawed and resuspended at room temperature. Ensure 

that the buffer is completely homogenized.  
3. Add all reaction components to a microcentrifuge tube on ice with the T4 DNA Ligase 

added last.  

Component 20ul reaction 

10X T4 DNA Ligase Buffer 2 ul 

Vector DNA From ligation calculator 

Insert DNA From ligation calculator 

T4 DNA Ligase 1 ul 

Molecular Water Up to 20 ul 
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4. Mix by pipetting up and down and microfuge briefly. 
5. For cohesive (sticky) ends, incubate at room temperature for 10 minutes to an hour. 

Completed ligation reactions can be stored frozen at –20°C indefinitely prior to 
transformation. 

6. Chill on ice and transform 2- 4 μL into 50 μL competent cells.  
 

Colony PCR 
Stage1: Lyse cells  

1. Fill as strip-cap PCR tubes with 10ul molecular water for 
as many samples as you would like to run (don’t forget at 
least one from your positive control transformation plate as 
a control) 

2. Prepare your replica plate by labeling the bottom with your 
name, the agar type, the date, the transformation 
conditions, and numbering regions 1-n where n is your total number of desired replicates  

3. Under sterile conditions, tap a 10ul pipette tip to your colony from your transformation 
plate, then tap the marked location on your replica plate, then pipette up and down in the 
PCR tube of water 

- Note: you should not see any cell debris in the water, they should appear clear 
but cells are still there! Any more than that would result in procedural 
complications with the PCR  

4. Seal your PCR tubes, check that they are labeled on both the side and the lid (as the top 
of the thermocycler heats up and can erase any writing on the cap alone) and place in 
thermocycler under the “Lyse” protocol  

Stage2: Prepare Master Mix  
While Cells are in thermocycler, prepare master mix. Master mix for cPCR is essentially the 
same as normal PCR with the exception of using lysed cell solution as template DNA  

5. In a microcentrifuge tube, combine the following for each reaction (recall that template 
DNA is already in PCR tubes) 
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Reagent for Taq Volume for 25ul rxn 

10x Taq buffer 2.5ul 

10mM dNTP mix 0.5ul 

10mM forward primer 0.5ul 

10mM reverse primer 0.5ul 

Template DNA (10ng total) 10ul (already made) 

Taq DNA polymerase 0.125ul 

Molec Water Add up to 25ul total  

6.  Add 15ul of master mix to each PCR tube of lysed cells. Pipette gently to mix.  
 
Stage2: PCR and analysis  

7. Run in thermocycler under the Taq saved protocol. Change the total volume to 25ul if it 
has been altered.  

8. Run all samples on a gel to analyze success 

Miniprep 
1. Before Starting Mini-Prep 

a. Add RNase A to Resuspension Buffer 
(R3) according to instructions on label. 
Mix well and store at 4°C. This should 
already be done, but check to confirm. 

b. Add 96-100% ethanol to Wash Buffer 
(W9) according to instructions on label. 
Mix well and store at room temperature.  

2. Harvest: Centrifuge 1-5 mL of overnight LB 
culture at 4,000 x g for 10 minutes, 
accel/decel=9 (use 1–2 × 10^9 E.coli cells for each sample). Remove all the 
supernatant. 

3. Resuspend: Add 250 μL Resuspension Buffer (R3) with RNase A to pellet and 
resuspend until homogeneous.  

4. Lyse: Add 250 μL Lysis Buffer (L7). Mix gently by inverting capped tube. Do not vortex. 
Incubate at room temperature for 5 minutes. 

5. Precipitate: Add 350 μL Precipitation Buffer (N4). Mix immediately by inverting 
repeatedly until mixture is homogeneous. Do not vortex. Centrifuge at >12,000 x g for 
ten minutes. 

6. Bind: Load supernatant from step 5 onto a spin column in a 2 mL wash tube. 
Centrifuge at >12,000 x g for 1 minute. Discard flow through and place column back into 
wash tube.  
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7. Wash and remove ethanol: Add 700 μL Wash Buffer (W9) with ethanol to column. 
Centrifuge at >12,000 x g for 1 minute. Discard wash tube with flow through.  

8. Elute: Place spin column in clean 1.5 mL recovery microcentrifuge tube. Add 20-50 
μL of molecular water to the center of the column. Incubate column at room 
temperature for 1 minute.  

9. Recover: Centrifuge column at >12,000 x g for 2 minutes. The recovery tube contains 
the purified plasmid DNA. Store plasmid DNA short term at 4°C or long term at -20°C.  

 

Sequencing Preparation 
For more information: 
https://www.genewiz.com/Public/Services/Sanger-Sequencing/Purified-Templates 

 
*Note: For <48 samples, use 8-strip PCR tubes. Label your tubes on the side with your initials 
and sample number. For ≥48 samples, use a 96-well PCR plate and arranging the samples 
vertically (A1 to H1). Always note down the location of each sample in a spreadsheet. 
 

1. Dilute plasmids to the respective concentration based on DNA length from the chart 
above. 

2. Dilute primers to 25 pmol [5 µM (pmol/µl)]  
3. Add 10 uL of template to 5 uL of primers 

Design primers: 100bp upstream and downstream of what you added. ~18 bp total 
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Golden Gate Assembly 
Protocol obtained from Hyunsoo Kim of the Facciotti lab. For alternate protocol see Golden 
Gate Procedure made by previous iGEM team  
 
Stage1: Insertion of oligos into vectors (x3) 

1. On ice, combine the following: 

Reagent  Volume 

10X T4 DNA Ligase Buffer 2.0 uL  

BbsI 1.0 uL 

T4 Ligase 1.0 uL 

Annealed Oligos  0.67 uL 

Vector 200 ng 

Molecular Water Fill to 20 uL 

 
Stage2: Incubation 

2. Incubate at 37 C for 5 minutes and then at 16 C for 10 minutes (x3)  
3. Incubate at 37 C for 15 minutes. 
4. Heat-inactivate at 80 C in the thermal cycler for 20 minutes.  
5. Transform into E. coli with 2 uL. 

 
Stage3: Final Assembly  

1. Combine the following for a 3 sgRNA cassette addition: 
 

Reagent  Volume 

100 ng/uL pX330S-2 1.5 uL 

100 ng/uL pX330S-3 1.5 uL 

50 ng/uL CibN-dCas9-CibN plasmid 1.5 uL 

10X T4 DNA Ligase Buffer 2.0 uL 

BsaI High fidelity 1.0 uL 

Quick Ligase 1.0 uL 

Molecular Water 11.5 uL 
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2. Incubate at 37 C for 5 minutes and then at 16 C for 10 minutes (x10) in thermocycler  
3. Incubate at 50C for 30 mins 
4. Incubate at 80C for 10 mins 

SLIC Cloning  
1. Digest vector with restriction enzymes and purify. 
2. Prepare the following reaction for the backbone plasmid in a 1.5 mL microcentrifuge 

tube. 
 

Reagent Volume 

10X NEB Buffer 2 2 uL 

10X BSA 2 uL 

Linearized plasmid product 15 uL 

0.5 U/uL diluted (⅙) Polymerase (add last) 1 uL 

 
3. Incubate reaction at room temperature for 2.5 min. 
4. Add 2 uL of 10 mM dCTP to stop the reaction. Mix and keep on ice. 
5. In another 1.5 microcentrifuge tube, mix 1 uL of gene insert to 4 uL of the SLIC’ed 

plasmid that you have just made. 
6. Transform immediately or freeze for later. 

Inoculate Cultures 
Work near a bunsen burner, label tubes (plasmid name, resistance, date, initials) 

1. In 15mL Falcon tubes, add 5 uL of the appropriate resistance, 5 mL media (LB), very 
small sample/sample of freezer stock (dip pipette tip in sample, expel whole tip into 
media) 

2. Sample from agar: should be taken up with a swab  
3. Leave in 37°C incubator overnight - 250rpm and HOLD settings 

Blue-White Screening 
20mg/ml X-Gal stock solution (from BioLine) 

1. Weigh 200mg of X-gal powder (MW=408.63g/mol) into 15ml polypropylene centrifuge 
tube 

2. Add 10mL of Dimethylformamide (DMF) and swirl or gently vortex to dissolve the X-gal 
3. Aliquot into 1mL portions and wrap each tube in aluminum foil to protect from light 
4. Store at -20oC (stable for 6-12 months) 

13 

https://www.bioline.com/us/downloads/dl/file/id/2695/x_gal_product_manual.pdf


 

X-gal Application 
Mix into Agar: (recommended) 

1. Cool autoclaved growth media to 
approx.  50oC 

2. Add 5ml of X-gal stock solution and 
5ml of 0.1 M 
isopropyl-b-D-thiogalactoside (IPTG) 
for each 1L of autoclaved media agar 
containing appropriate antibiotics just 
before pouring, swirl to combine 

3. Plate cells on cooled agar and 
incubate 

Apply directly to pre-made plate surface: 
1. add 40 µl of X-Gal stock solution (at 

room temperature) and 40 µl of a 100 
mM solution of IPTG to plate 

2. Spread solution over the entire 
surface using sterile spreader 

3. Incubate at 37 °C until the fluid is no 
longer visible. This may take several 
hours 

4. Plate competent cells and incubate 

DNA Work 
Nanodrop 

1. Choose the ND1000 software on the desktop. 
2. Click nucleic acid from home panel. 
3. Clean sample pedestals with a wet Kim wipe (use molecular 

water) on the top and bottom.  
4. When loading samples or blanks, pipette on the bottom 

pedestal. 
5. Pipette 2 ul of molecular water. Slowly close the lever. 
6. Choose blank on the screen. 
7. After processing is done, open the lever, and carefully wipe 

the pedestals again with a kim wipe.  
8. Type in whatever the tube says for the sample ID. 
9. Load 2 ul of sample. 
10. Click measure this time. 
11. Again wipe down the pedestals. 
12. Repeat steps 8 to 11 until all the samples are measured.  
13. Press print report. 
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DNA Extraction  
Extraction from adherent mammalian cells with 
Promega Reliaprep gDNA tissue miniprep 
system - modified buccal swab procedure  
 
1. Follow mammalian cell passaging protocol on 
full T75 of desired cells (~80-90% confluent and 
about 3 million cells) up until step 9-all cells 
should be spun down in 15ml conical tube and 
media aspirated. Add 400μl of PBS. 
2. Add 20μl of Proteinase K (PK) Solution, and 
vortex briefly. 
3. Add 400μl of Cell Lysis Buffer (CLD), and vortex for 10 seconds. Transfer to 2ml 
microcentrifuge tube for ease of water bath incubation. 
4. Incubate at 56°C for 30 minutes. 
5. Remove from heat, and add 500μl of Binding Buffer (BBA). Vortex for 10 seconds. 
6. Place a ReliaPrepTM Binding Column into a collection tube for each sample. 
7. Add the liquid portion of the sample onto the binding column. Centrifuge in a microcentrifuge 
for 1 minute at maximum speed.  
8. Place the column into a fresh collection tube. Add 500μl of Column Wash Solution (CWD) to 
the column, and centrifuge at maximum speed for 2 minutes. If the sample is still visible on top 
of the membrane, centrifuge the column for another minute. 
9. Place the column in a fresh collection tube. Repeat Step 8 twice for a total of three washes. 
10. Place the column into a clean, labeled 1.5ml microcentrifuge tube. Add 50–200μl of 
Nuclease-Free Water, and centrifuge the column for 1 minute at maximum speed. 

*Note: The lower the volume of eluant added, the higher the final DNA concentration will 
be. However, some DNA (15–20%) will be lost at the lower volumes. 

11. Discard the column. The genomic DNA can be placed at 4°C for short-term storage or 
–20°C for long-term storage. 
12. Nanodrop DNA to determine concentration and purity 
13. Follow ethanol precipitation protocol if not of desired quality then re-nanodrop. 

ProteinaseK histone digest  
Procedure taken from Promega ProteinaseK Histone Digest Protocol  
Background:  

Proteinase K is a very stable protease, active in wide pH and temperature ranges. The 
protease is active in a pH range of 4.3–12.0, with optimal activity at pH 8.0. Proteinase K has a 
broad temperature profile, retaining >80% of its activity at temperatures of 20–60°C (8). The 
protease is active in SDS concentrations as high as 0.5%. Calcium is a stabilizer of Proteinase 
K; however, when Ca2+ is removed from the enzyme, 20% of the catalytic activity may still 
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remain (7). This may be enough activity to degrade proteins commonly found in nucleic acid 
preparations. The enzyme is also active in 1% (w/v) Triton® X-100 (8). 
 
For Protein Cleavage and Nuclease Removal from DNA/RNA  

1. Dilute desired volume of DNA/RNA to a concentration of 50-100ug/ml 
2. Incubate in thermocycler for 1hour at 37C-56C in 50mM Tris-HCl(pH 7.5) or 5mM CaCl2 

or another buffer compatible with the stability of the target protein 

To remove nucleases from DNA/RNA preps 
1. Dilute desired volume of DNA/RNA to a concentration of 50ug/ml 
2. Incubate in thermocycler for 1hour at 37C in 0.01M Tris (pH 7.8), 5mM EDTA, and 0.5% 

SDS 

Ethanol Precipitation  
1. Add 1/10 volume of Sodium Chloride (3M, pH 5.2).  
2. Add 2.5-3.0X volume (calculated after adding sodium chloride) of at least 95% ethanol. 
3. Incubate on ice for at least 15 min. In case of small DNA fragments or high dilutions, 

overnight incubation gives better results. 
4. Centrifuge at >14000xg for 30min at room temp - 4*C.  
5. Leave about 1 mL of 70% ethanol in the -80*C for ~3 min. 
6. Discard supernatant carefully, making sure the DNA pellet (which may not be visible) is 

not discarded. (the easiest way is to pour it directly onto a paper towel or wad of 
kimwipes)  

7. Add 1 mL of 70% ethanol. Do not resuspend. 
8. Centrifuge again for 15min. 
9. Pour out the supernatant and leave uncapped for about 20 min or until the tube looks 

dry. 
10.  Dissolve pellet in less than the starting volume. Make sure that the buffer comes in 

contact with the whole surface of the tube since a significant portion may be deposited 
on the walls instead of in the pellet.
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RNA Work 

RNA Extraction  
Ready RNA work space: Apply RNaseZap solution directly to RNA only work surface. Wipe 
thoroughly with paper towel, rinse with water then dry with clean kimwipe. Ensure that all tools, 
tips, and other equipment is for RNA use only.  
⃠    WARNING!!! 

Trizol (“TRI reagent”) is a phenol, which must be specially treated as biohazardous 
waste! Use separate (disposable) liquid waste container for anything containing TRI and 
separate (disposable) solid waste container for any tips, tubes, pipettes, and even gloves that 
come into contact with phenols.  

Once done with procedure, pour liquids into sealed secondary container and leave in 
fume hood for disposal. Double bag all solid waste in sealable bags for disposal.  
  
Centrifuge at 10,000 - 16,000 g for 30 seconds for all steps, except the last step. 

1. Clean the RNA station with RNAseZap and ethanol. The fume hood does not need this treatment.  
2. While the cells are still in theirs T75 flasks, transport them to the fume hood. (see above 

warning!) Prepare Zymo-Spin IIICG Columns and collection tubes inside the fume hood. 
3. Resuspend <107 cells in 600 ul of TRI Reagent. Swirl it around the bottom of the flask.  
4. Add an equal volume of 95%-100% ethanol. And swirl to mix thoroughly.  
5. Transfer up to 700ul into a Zymo-Spin IIICG Column and collection tube at a time.  
6. After centrifuging, bring it straight back to the fume hood. Discard flow through into a waste 

container inside the fume hood. 
7. Bring it over to the RNA station, then change gloves. Add 400 ul RNA wash buffer to column and 

centrifuge. 
8. Prepare the DNAse I treatment. Make a master mix. Incorporate well.  

 

reagent 1 rxn # rxns 5 rxns with 10% extra 

DNase 5 ul 5* # 27.5 ul 

DNA Digestion Buffer 75 ul 75 * # 412.5 ul 

 
Add 80 ul to each spin column. Incubate at room temperature for 15 min. 
 

9. Add 400 ul Direct-zol RNA PreWash to the column and centrifuge. Discard flow through and 
repeat this step. 

10. Add 700 ul RNA Wash Buffer to the column and centrifuge for 2 min. Transfer to an RNAse-free 
tube. 

11. Elute RNA by adding 30 ul DNase/RNAse-Free water directly to the column and centrifuge at 
10,000g! Don’t go above this or the caps will fly off. 
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12. Nanodrop: aliquot ~3ul into PCR tubes and transport in ice. Choose the RNA setting in the 
program and blank using nuclease free water! 

13. Use RNA immediately or aliquot into 10ul and store frozen in 80C. 

Reverse Transcription  
Protocol from Thermo Fisher  (Goal: turn RNA into cDNA for use in PCRs) 
 
Stage1: anneal primer to template RNA  

1. Create 2uM reverse primer dilutions of 10mM working stocks (0.2ul primer, 999.8ul millQ 
H2O)*  

2. Dilute template RNA to a pipettable amount (>0.5ul). Ex. If nanodrop values are over 
100 ul, do a 1:10 dilution. Then calculate how much volume is needed for 100ng total 
(recommended range of 10pg-500ng). 

3. In PCR tubes, combine the following for each reaction  
a. 1ul of diluted reverse primer 
b. 1ul 10mM dNTP mix 
c. variable diluted template RNA 
d. fill up to 13ul total volume with Nuclease-free water 

4. Mix and briefly centrifuge tubes 
5. Heat RNA-primer mix at 65C for 5 minutes in thermocycler, then incubate on ice for at 

least one minute 
 

Stage 2: Prepare RT reaction mix 
6. Vortex and briefly centrifuge 5x SSIV buffer from kit 
7. Aliquot and dilute desired volume of SuperScript IV Reverse Transcriptase from 200U/ul 

(direct solution from kit) to 10U/ul 
8. Create reaction mix by combining the following per reaction  

a. 4ul 5x SSIV Buffer  
b. 1ul 100mM DTT  
c. 1ul RNaseOUT Recombinant RNase Inhibitor (skip) 
d. 1ul diluted SuperScript IV Reverse Transcriptase  

9. Cap tube, mix, and briefly centrifuge contents 
 

Stage 3: Combine and Incubate 
10. Add 6ul of master mix to each PCR tube 
11. Incubate combined reaction mix in thermocycler at 55C for 10 mins then heat inactivate 

at 80C for 10 mins 
Storage: either use RT reaction immediately for PCR amplification or store at -20C. 
 
*normally use RNase/DNase free water for all RNA work, but final volume of diluted primer is so 
low that MillQ can be used to conserve resources 
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qPCR 
Objective: 

qPCR is a test that allows for the determination of intracellular mRNA levels via 
amplification cycles of PCR. The number of cycles it requires to reach a predetermined 
threshold level is indicative of how much “template” was present in the cell to begin with.  
 
Following protocol from KAPA SYBR® FAST qPCR  Master Mix (2X) Kit (without ROX) 

- We will be doing 2-step qPCR which involves reverse transcription of the extracted RNA 
into cDNA followed by qPCR as a separate step  

 
Stage 1: plan your plate layout  
Controls to include in your qPCR text batch: 

1. Reverse Transcriptase Positive HeLa control - one per 24-well plate of samples 
- Provided with reverse transcriptase kit (see above) designed and tested to be 

successful most of the time 
2. Reverse Transcriptase Negative HeLa control - one per 24-well plate of samples 

- Provided with reverse transcriptase kit (see above) run without reverse 
Transcriptase, only RNA  

3. No template control - run for each qPCR primer pair  
- Follow the same protocol below but do not add template cDNA as the final step 

negative reverse transcriptase control with HeLA cells provided with the kit 
 

Stage 2: Prepare Master Mix 
1. Based on the table below (for a single qPCR reaction) combine all reagents common for 

a subset of the reaction set as a master mix (ie. all reagents sans cDNA) in a 
microcentrifuge tube  
 

Reagent  Volume (total=20ul) 

PCR-grade water (use fresh MillQ H2O) Up to 20ul total  

KAPA SYBR FAST qPCR master mix (2X) 
Universal  

10uL 

10uM forward primer 0.4uL 

10uM reverse primer 0.4uL 

Template DNA (RT-cDNA) 1ul undiluted cDNA 

 
2. Add 19ul of the master mix to each well of your 96-well plate, then add the 1ul of cDNA 

last for a 20ul total reaction per well. Gently pipette to mix  
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Stage 3: Run on LightCycler 
Run plate in qPCR machine (we use Roche LightCycler) under the following protocol  
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