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Abstract

This protocol is for generating MPRA RNA-seq and DNA-seq libraries for sequencing. This protocol uses a transfectable MPRA backbone: Donor_eGP2AP_RC

(Addgene: ID#133784). For more detail, see methods section of: https://www.cell.com/cell/fulltext/S0092-8674(24)01435-1

Guidelines

All temperatures are in Celsius.

Materials

Critical Commercial Assays Brand Cat. Number

DNA Clean and Concentrator Kit-25 Zymo Research Cat#D4033

Zymo DNA Clean and Concentrator Kit-5 Zymo Research Cat#D4033

Zymo Gel DNA Recovery Kit Zymo Research Cat#D4008

Reagents Brand Cat. Number

AMPure XP Beads Beckman Coulter Cat#A63881

NEBNext 2X Q5 Hifi HS Master Mix New England
Biolabs (NEB)

Cat#M0453S

SparQ beads VWR Cat#76302-834

SuperScript IV Reverse Transcriptase Invitrogen Cat#18090050

Before start

Extract RNA and DNA from your cells that have been transfected with your MPRA library.
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RNA and DNA extraction

1 RNA and DNA extraction:

DNA and RNA were extracted from the cells by Quick-DNA/RNA

Miniprep Plus Kit (Zymo Research, cat. no. D7003) using 600 uL of shield buffer

and 600 uL of lysis buffer per well.

RNA and DNA eluted with water at ~55°C

Reverse transcription of RNA

2 Run reverse transcription (RT) to create cDNA from RNA

2.1 Run RT rxn per sample: Use up to 5ug (5ug=5000ng; weight max) or 11uL (volume max)

of RNA.

2.2 For each RNA sample, make the following mastermix:

A 1X (uL)

2uM  Lib_Han_RT 1

10mM  dNTP 1

Total RNA 5ug to 11

Water to 13

Total 13

Heat for 65°C for 5 min, ice for 1 min

Add the following mixture to finish RT. 

A 1X (uL)

5X SSIV buffer 4

100mM DTT 1

RNase OUT 1

SSIV Transcriptase 1

Total 7

55°C for 1 hour, 80°C for 10 min. 

Create qPCR standards

3 Generate qPCR standards from cDNA to determine transfection efficiency.

3.1 Run the following PCR for one of the samples.

A 1X (uL)

cDNA 1

Water 19 
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A 1X (uL)

10uM Forward Primer: Lib_Hand 2.5

10uM Reverse Primer: Lib_Seq_Luc_R 2.5

PCR MM 2X (NEBNext Q5 Hot Start HiFi) 25  

Total 50

Step Temp Time

Initial denaturation 98 30 sec

Denaturation 98 10 sec

Annealing 63 15 sec

Extension 72 25 sec

Cycles Go to 2 24 times

Final extension 72 5 min

Hold 4

Extract the band at 205 bp using gel extraction (1.8% agarose gel, Zymo Gel DNA

Recovery Kit, Cat#D4008)

Measure the concentration using Qubit.

Perform serial dilution, such that you have 1ng, 100pg, 10pg, 1pg, 100fg, and 10fg/uL

stocks. These will serve as standards.

*Once standards are made, this step does not need to be repeated for each batch

qPCR to estimate transfection efficiency

4 Use qPCR to estimate the concentration of the MPRA RNA barcodes. 

4.1 Master mix for cDNA and standards:

Reagents 1x (uL)

cDNA library 1

NFW 7

10uM Lib_Hand 1

10uM Lib_Seq_Luc_R 1

SYBR Green 2x MM 10

Total 20

Temp Time Cycle

50 2 min
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Temp Time Cycle

95 2 min

95 1 sec X45
Cycles

60 30 sec

Master mix for DNA samples:

Master mix for DNA Samples 1X (uL)

DNA library 1

water 7

10uM Lib_Hand_RT 1

10uM Lib_Seq_Luc_R 1

SYBR Green 2x MM 10

Total 20

Temp Time Cycle

50 2 min

95 2 min

95 1 sec X45
Cycles

60 30 sec

Run the qPCR with all of these together on the same plate.

4.2 qPCR Data Analysis:

Example of Data Analysis:

4.3 Make a plot of average CT (y axis) and log concentration (x axis) of your standard

values. For the x axis log concentration: 100pg would be 5, 10pg would be 4, 1pg would

be 3, 100fg would be 2, 10fg would be 1. Get the line equation and R squared value.

4.4 For each of your samples, get the average CT value between the two replicates.

4.5 Solve your standards’ line equation for X (log concentration). Plug in the average sample

CT value in the Y (average CT value), solve for X. 

Retrieve the concentration (in fg) from X as 10^X. Generally, we are targeting for

>700fg/replicate. 
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If your sample has a high transfection efficiency, continue to the next step. If the sample

has low transfection efficiency, go back to optimizing transfection efficiency.

PCR 1

5 Amplify your RNA and DNA library.

5.1 Repeat the RT (step 2) for the rest of your RNA samples. Convert all of your RNA to

cDNA.

5.2 PCR 1 RNA (cDNA):

For RNA samples, use 5uL of your cDNA per 1 rxn. Generally, you will do 18 rxns per

sample. Note that this uses Lib_Hand primer.

PCR 1 cDNA Master Mix 1X (uL) 18X (uL)

cDNA 5 90

10uM Forward: Lib_Hand 2.5 45

10uM Reverse: Lib_Seq_Luc_R 2.5 45

PCR MM 2X (NEBNext Q5 HS HiFi) 25 450

NFW 15 270

Total 50 900

Temp Time Cycles

98 30 sec 1

98 10 sec X 9 cycles

63 15 sec

72 25 sec

72 5 min 1

4 forever 1

PCR clean up: Split each sample to 2 of the -25 zymo clean and concentrator columns,

elute each in 25uL water--> 50uL total per sample

5.3 PCR 1 for DNA:

This one uses primer Lib_Hand_RT.

You will do 4X per one sample.

PCR1 DNA Master Mix 1X (uL) 4X (uL)

DNA 0.5 2

10uM Forward: Lib_Hand_RT 2.5 10

10uM Reverse: Lib_Seq_Luc_R 2.5 10

PCR MM 2X (NEBNext Q5 HS HiFi) 25 100
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PCR1 DNA Master Mix 1X (uL) 4X (uL)

NFW 19.5 78

Total 50 200

Temp Time Cycles

98 30 sec 1

98 10 sec X8 cycles

63 15 sec

72 25 sec

72 5 min 1

4 forever

PCR clean up: 1 sample use 1 -25 zymo clean and concentrator, elute each in 25uL water

qPCR 2

6 The purpose of qPCR 2 is to estimate the number of PCR cycles for PCR 2. PCR 2 is used

to add sequencing adapters and sample indexes.

qPCR 2 is optional (you can apply this step only when the samples are overamplified with

a certain cycle). 

Do two reactions for each sample. Pick an index primer at random for qPCR2 and use it

for all the samples.

6.1 qPCR 2 Master mix:

A 1X (uL)

cDNA or DNA from PCR 1 1

water 7

10uM Primer: P5_Seq_Luc_F 1

10uM R Primer: P7_IND_#_Han 1

SYBR Green 2X MM 10

Total 20

Temp Time Cycles

50 2 min 1

95 2 min 1
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Temp Time Cycles

95 1 sec X45
Cycles

60 30 sec

Use ¼ of the multicomponent plot (1/4 of the fluorescence from the top and bottom of

your lines), follow down this ¼ line to the number of PCR cycles to use. 

PCR 2

7 PCR 2 adds Illumina sequencing adapters and sample indexes. 

Assign indexes to each sample (each RNA (cDNA) and DNA library should get a unique

index).

Use all of the product you get from the cleanup steps of PCR 1.

DNA samples should have 1.5 rxns per sample. RNA should have 3 rxns per sample. 

A B RNA DNA

PCR 2 Master Mixes 1X (uL) 3X
(uL)

1.5X
(uL)

Library 16.6 49.8 24.9

NFW 3.4 10.2 5.1

10uM F Primer: P5_Seq_Luc_F 2.5 7.5 3.75

10uM R Primer: P7_IND_#_Han 2.5 7.5 3.75

PCR MM 2X HIFI HS Q5 (NEB) 25 75 37.5

Total 50 150 75

Temp Time Cycles

98 30 sec 1

98 10 sec X PCR cycles
determined by
qPCR 2

69 15 sec

72 25 sec

72 5 min 1

4 forever

The PCR product is cleaned up and size-selected using AMPure XP Beads (Beckman

Coulter, cat. no. A63881) with 0.7X and 0.9X ratios to select for a DNA fragment at 273

bp.

Expected band size: 273bp

protocols.io | https://dx.doi.org/10.17504/protocols.io.e6nvw4pjzlmk/v1 July 29, 2025 8/11

https://www.protocols.io/
https://www.protocols.io/
https://dx.doi.org/10.17504/protocols.io.e6nvw4pjzlmk/v1


Sequence your samples

8 The RNA and DNA library samples are pooled together in a 2:1 concentration ratio.

Use NovaSeq SP with custom cycles of 35 x 8 x 0 and 20% PhiX and custom

sequencing primers.

Sequencing Primers:

Index primer: TCGGCAGTTGGGAAGAGCATAGTCGTAGAGCACGC

R1 primer: CCAAGAAGGGCGGCAAGATCGCCGTGTAATAATTCTAGA

9 Primers:

Primer Name Sequence

Lib_Hand_RT ATGCTCTTCCCAACTGCCGACGGGGAGTGTACTAGT

Lib_Hand TGCTCTTCCCAACTGCCGA

Lib_seq_Luc_R TACAACCGCCAAGAAGCTGC

P5_seq_Luc_F AATGATACGGCGACCACCGAGATCTACACTACAACCGCCAAGAAG
CTGC

P7_Ind_#_Han CAAGCAGAAGACGGCATACGAGATNNNNNNNNGCGTGCTCTACG
ACTATGCTCTTCCCAACTGCCGA

Index primer  TCGGCAGTTGGGAAGAGCATAGTCGTAGAGCACGC

R1 primer CCAAGAAGGGCGGCAAGATCGCCGTGTAATAATTCTAGA

P7_ind_#_Han Index primers:

Index Primer Name Index Sequence in Primer 5'-3' Index Sequence after Sequencing 5'-3' (for demultiplexing) Nextera Name Full Primer Sequence

P7_Ind_1_Han TCGCCTTA TAAGGCGA [H/N]701 CAAGCAGAAGACGG
CATACGAGATTCGC
CTTAGCGTGCTCTA
CGACTATGCTCTTC
CCAACTGCCGA

P7_Ind_2_Han CTAGTACG CGTACTAG [H/N]702 CAAGCAGAAGACGG
CATACGAGATCTAGT
ACGGCGTGCTCTAC
GACTATGCTCTTCC
CAACTGCCGA

P7_Ind_3_Han TTCTGCCT AGGCAGAA [H/N]703 CAAGCAGAAGACGG
CATACGAGATTTCTG
CCTGCGTGCTCTAC
GACTATGCTCTTCC
CAACTGCCGA

P7_Ind_4_Han GCTCAGGA TCCTGAGC [H/N]704 CAAGCAGAAGACGG
CATACGAGATGCTC
AGGAGCGTGCTCTA
CGACTATGCTCTTC
CCAACTGCCGA

P7_Ind_5_Han AGGAGTCC GGACTCCT [H/N]705 CAAGCAGAAGACGG
CATACGAGATAGGA
GTCCGCGTGCTCTA
CGACTATGCTCTTC
CCAACTGCCGA

P7_Ind_6_Han CATGCCTA TAGGCATG [H/N]706 CAAGCAGAAGACGG
CATACGAGATCATGC
CTAGCGTGCTCTAC
GACTATGCTCTTCC
CAACTGCCGA

P7_Ind_7_Han GTAGAGAG CTCTCTAC [H/N]707 CAAGCAGAAGACGG
CATACGAGATGTAGA
GAGGCGTGCTCTAC
GACTATGCTCTTCC
CAACTGCCGA

P7_Ind_8_Han CCTCTCTG CAGAGAGG [H/N]708 CAAGCAGAAGACGG
CATACGAGATCCTCT
CTGGCGTGCTCTAC
GACTATGCTCTTCC
CAACTGCCGA
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Index Primer Name Index Sequence in Primer 5'-3' Index Sequence after Sequencing 5'-3' (for demultiplexing) Nextera Name Full Primer Sequence

P7_Ind_9_Han AGCGTAGC GCTACGCT [H/N]709 CAAGCAGAAGACGG
CATACGAGATAGCGT
AGCGCGTGCTCTAC
GACTATGCTCTTCC
CAACTGCCGA

P7_Ind_10_Han CAGCCTCG CGAGGCTG [H/N]710 CAAGCAGAAGACGG
CATACGAGATCAGC
CTCGGCGTGCTCTA
CGACTATGCTCTTC
CCAACTGCCGA

P7_Ind_11_Han TGCCTCTT AAGAGGCA [H/N]711 CAAGCAGAAGACGG
CATACGAGATTGCC
TCTTGCGTGCTCTA
CGACTATGCTCTTC
CCAACTGCCGA

P7_Ind_12_Han TCCTCTAC GTAGAGGA [H/N]712 CAAGCAGAAGACGG
CATACGAGATTCCTC
TACGCGTGCTCTAC
GACTATGCTCTTCC
CAACTGCCGA

P7_Ind_13_Han TCATGAGC GCTCATGA [H/N]714 CAAGCAGAAGACGG
CATACGAGATTCATG
AGCGCGTGCTCTAC
GACTATGCTCTTCC
CAACTGCCGA

P7_Ind_14_Han CCTGAGAT ATCTCAGG [H/N]715 CAAGCAGAAGACGG
CATACGAGATCCTG
AGATGCGTGCTCTA
CGACTATGCTCTTC
CCAACTGCCGA

P7_Ind_15_Han TAGCGAGT ACTCGCTA [H/N]716 CAAGCAGAAGACGG
CATACGAGATTAGCG
AGTGCGTGCTCTAC
GACTATGCTCTTCC
CAACTGCCGA

P7_Ind_16_Han GTAGCTCC GGAGCTAC [H/N]718 CAAGCAGAAGACGG
CATACGAGATGTAGC
TCCGCGTGCTCTAC
GACTATGCTCTTCC
CAACTGCCGA

P7_Ind_17_Han TACTACGC GCGTAGTA [H/N]719 CAAGCAGAAGACGG
CATACGAGATTACTA
CGCGCGTGCTCTAC
GACTATGCTCTTCC
CAACTGCCGA

P7_Ind_18_Han AGGCTCCG CGGAGCCT [H/N]720 CAAGCAGAAGACGG
CATACGAGATAGGCT
CCGGCGTGCTCTAC
GACTATGCTCTTCC
CAACTGCCGA

P7_Ind_19_Han GCAGCGTA TACGCTGC [H/N]721 CAAGCAGAAGACGG
CATACGAGATGCAG
CGTAGCGTGCTCTA
CGACTATGCTCTTC
CCAACTGCCGA

P7_Ind_20_Han CTGCGCAT ATGCGCAG [H/N]722 CAAGCAGAAGACGG
CATACGAGATCTGC
GCATGCGTGCTCTA
CGACTATGCTCTTC
CCAACTGCCGA

P7_Ind_21_Han GAGCGCTA TAGCGCTC N723 CAAGCAGAAGACGG
CATACGAGATGAGC
GCTAGCGTGCTCTA
CGACTATGCTCTTC
CCAACTGCCGA

P7_Ind_22_Han CGCTCAGT ACTGAGCG N724 CAAGCAGAAGACGG
CATACGAGATCGCT
CAGTGCGTGCTCTA
CGACTATGCTCTTC
CCAACTGCCGA
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Index Primer Name Index Sequence in Primer 5'-3' Index Sequence after Sequencing 5'-3' (for demultiplexing) Nextera Name Full Primer Sequence

P7_Ind_23_Han GTCTTAGG CCTAAGAC N726 CAAGCAGAAGACGG
CATACGAGATGTCTT
AGGGCGTGCTCTAC
GACTATGCTCTTCC
CAACTGCCGA

P7_Ind_24_Han ACTGATCG CGATCAGT N727 CAAGCAGAAGACGG
CATACGAGATACTGA
TCGGCGTGCTCTAC
GACTATGCTCTTCC
CAACTGCCGA
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