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Recover bubble-con-
taining plug

DNA extraction Add sequencing 
primers

DNA 

TCRα mRNA

TCRβ mRNA

Oil emulsion

DNAIdentify T-cell Receptor 
(TCR) alpha–beta chain 
pairing in single cells

Reverse 
transcription

Overlap extension Blocker 
primers

PCR supression of 
non-fused molecules

TCR Chain 
Paring

AA(A)n

AA(A)n

TCRα

TCRβ

TCRα

TCRβ

TCRα TCRβ TCRα TCRβTCRα TCRβ
CDR3α CDR3β

CDR3

Corrected sequence
Identify low abundance 
RNA viruses with circular 
sequencing (CirSeq)

CirSeq
Whole-genome RNA

AA(A)n

Circularize RNA 
with kinase and 
RNA ligase 1

Random 
primers

Circular RNA 
template

Repeat 1Repeat 2

Repeat 3

Repeat 1
Repeat 2
Repeat 3

Mutation

Error

Transcriptome in 
vivo analysis (TIVA)

TIVA Whole-genome RNA
AA(A)n

Capture on Streptavidin 
coated magnetic beads

mRNA from 
single cell

AAAAAAA AAAAAAA

UUUUUUUUUUUUUUUUUUCy3

Cy5 PLCPP

Biotin

PL
S S

CPP Cell-penetrating peptide

S S
Photocleavable linkerPL

UUUUUUUUUUUUUUUUUUCy3 UUUUUUUUUUUUUUUUUUCy3

CPP S
AAAAAAA AAAAAAA

UUUUUUUUUUUUUUUUUUCy3

Cy5 PL
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S

UUUUUUUUUUUUUUUUUUCy3

AAAAAAA AAAAAAA

Cy5 PL PLS AAAAAAAAAAAAAAAAAA AAAAAAAAAAAAAAAAAA

Load into 
cells

CPP peptide 
released

Photoactivate Anneal to mRNA

Cell

HiTS-RAP
Target sequence

High-throughput Prepare sequencing libraries and 

Remove second strand DNA

32-bp Ter sequence

Hybridize 
primer

Synthesize second 
strand with unmodi-

Add Escherichia coli 
replication termina-
tor protein (Tus)

Transcribe 
and halt

Bind labeled 
protein

Tus

Klenow 

Tus

Flowcell

Tus

Bind in vitro transcribed 
bait RNA

Incubate with 
cell extract

Extract RNA-protein 
complex

Isolate miRNA

miTRAP
RNA-protein 
complex

cDNAAmylose resinmiRNA trapping by RNA in vitro 

miRNA miRNA miRNA

STRT

Single-cell tagged reverse 
transcription (STRT)

AA(A)n

AA(A)n

AA(A)n

AA(A)n

AA(A)n

AA(A)nCell 1

Cell 2

Cell 3

TT(T)n
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TT(T)n

AA(A)n
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AA(A)nTT(T)n

TT(T)n

TT(T)n

CCC

CCC

CCC

cDNA 
synthesis

Add 3 to 6 
cytosines

TT(T)n

TT(T)n

CCC

CCC

CCC
GGG

GGG

GGG

Template 
switching primer

Introduce 
unique index

Add oligo-dT primer Pool Single-primer 
PCR and purify

Separate cell sequences 
based on unique indices

Cell 3

Cell 2

Cell 1
TT(T)n

Unique index

5’ adaptor

GGG

PAL-seq

Total RNAPoly(A)-tail length 

(PAL-seq)

Partial 
digest with 
RNase T1

Anneal sequencing 
primer and extend with 
dTTP and biotin-dUTP

-
cent streptavidin. Measure 

Scan Bind to streptavi-
din beads and 
wash

Ligate adaptor Reverse transcribe 
and release from 
beads

AA(A)n AA(A)n AAAAAAAAAA
T T T T T

Biotin

T T T T T

AAAAAAAAAA T T T T T T T T T TAAAAAAAAAA
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oligo
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CaptureSeq 3’5’ OH

RNA capture sequenc-
ing (CaptureSeq)

TruSeq stranded mRNA 
sample preparation

cDNA library PCR Library enriched 
with targeted RNAs

Hybridize capture probes
Design capture probes

Area of interest
P5 P7

Index 1Index 2

Exon 1 Exon 2
Genome 
sequence

Novel 
exon

— biased against detecting novel exons
— can detect novel exons

PRO-seq
NSCR

Nascent RNA

Single biotin-NTP run-on Isolate and Hydrolyze cDNAPrecision nuclear run-on and sequencing (PRO-seq) 
Nascent strand capture and release (NSCR)

Reverse transcrip-Bead coated with 
streptavidin

Purify

CEL-Seq
AA(A)n

AA(A)n

AA(A)n

AA(A)n

AA(A)n

AA(A)n

AA(A)n

AA(A)n

AA(A)nCell 1

Cell 2

Cell 3
T7promoter

Unique index

5’ adaptor

TT(T)n

TT(T)n

TT(T)n

TT(T)n

AA(A)n

AA(A)n

AA(A)nTT(T)n

TT(T)n

TT(T)n

Second strand 
RNA synthesis

Fragment, add 
adapters and 
reverse transcribe

Separate cell sequences 
based on unique indices

Pool
Cell 3

Cell 2

Cell 1

-
tion and sequencing (CEL-Seq)

PCR

cDNA

RAP lncRNA lncRNA

Crosslink and 
lyse cells 

Hybridize biotinylated 120 
bp antisense probes

Capture, wash and elute PCR and reverse 
transcribe

DNA

CHART ncRNA

Capture hybridization analysis of 
RNA targets (CHART)

ncRNA

Crosslink and 
lyse cells 

Hybridize biotinylated 
probes 

Capture, wash 
and elute

Extract DNA or Western 
blot analysis of proteins

GRO-seq
BRIC-Seq
Bru-Seq
BruChase
-Seq

Nascent RNA Br-UTP

Run-on with analog Isolate and hydrolyze cDNAGlobal run-on-sequencing (GRO-seq)
5’-Bromo-uridine immunoprecipitation 
chase (BRIC-Seq)

Reverse 
transcription 

Bead coated with 
α-BrdUTP antibody 

Elute
Cap removal
End Repair

Repli Seq
Nascent RNA

BrdU

Run-on with analog Sort cells and lyse DNARepli Seq—to map temporally ordered 
replicating DNA

PurifyBead coated with 
anti-BrdU antibody 

Elute
End Repair

5-iodouridine (5IU)

N
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OH OH
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  Photoactivatable Nucleosides

SHAPE-MaP

1M7 reactionSelective 2’-hydroxyl acylation 
analyzed by primer extension and 

 cDNA reaction

 SHAPE adducts Adduct induced 
mutations

 Mn2+

Library prep and 
sequencing

Align sequence and 
count mutations

O O

OH

NH

HN

H

H S

Biotin

RBNS

Random RNA cDNARNA Bind-n-Seq (RBNS) Reverse transcrip-Bead coated with 
streptavidin

PurifyRNA binding protein with 
streptavidin binding peptide tag

Incubate with various 
protein concentrations

3’NT method

cDNAReverse transcriptionRNA extraction

RNA

Insoluble chromatin complex

CapRNA Cap Cap

3’ End of nascent transcripts
(3’NT)

Transcriptome complex isolated in 

cDNA

MeRIP-Seq
m6A-seq
m6A-RIP       RBP Extract RNA  Fractionate RNA

Methylated RNAMethylated RNA

Immunoprecipitate
nextgeneration sequencing (MeRIP-Seq), (m6A-seq), 

Reverse transcription

Pseudo-seq, a method for 
-

tion

Pseudo-seq Pseudouridine residues

PolyA selected RNA

AA(A)n

CMC treatment
and OH- treatment

Adaptor ligation Reverse 
transcription

DNAFragmentation and 
size selection

Circularize with 
circLigaseTM

Size select PCR and purify

sequencing (PSI-seq and Ψ-seq) 

Ψ-seq
PSI-seq

Pseudouridine residues

PolyA selected 
DNase treated RNA

AA(A)n AA(A)n

CMC treatment
and OH- treatment

Fragmentation Adaptor ligation Reverse 
transcription

cDNA

cDNAReverse transcription

PARTE

RNAse  V1

RNAse  V1

Random fragmentation

3’ OH

3’ OH

5’ OH 3’ OH

3’ OH

3’ OH

3’ OH

3’ OH

5’ OH 3’ OH

3’ OH

3’ OH
5’ P

5’ P
3’ OH5’ P

5’ P

5’ P

3’ OH

3’ OH

5’ OH 3’ OH

3’ OH

3’ OH

3’ OH

3’ OH

5’ OH 3’ OH

3’ OH

3’ OH
5’ P

5’ P

5’ P

5’ P

PolyA RNA RNA fragments with 5’ phosphate endsParallel analysis of RNA 
structures with temperature 
elevation (PARTE)

75ºC

25ºC

temperatures

cDNAreverse transcriptionP1 endonuclease digestion
3’ OH 5’ P 5’ P

Frag-seq

P1 endonuclease

Endogenous 5’P control

Endogenous 5’OH control

5’ P 5’ P3’ OH

5’ P 5’ P3’ OH

3’ OH 5’ OH

T4 kinase
cDNA

Fragmentation sequenc-
ing (Frag-seq) 

In vitro folded 
polyA RNA

CapSeq 5’ OH

5’ P

5’ PPP

5’ GPPP

5’ OH

5’ P

5’ PPP

5’ GPPP

5’ OH

5’ PPP

5’ GPPP

5’ OH

5’ GPPP

5’ OH

5’ P

5’ OH

5’ P

5’ OH

5’ P

TerminatorTotal RNA CIP TAP Primer Ligation Random Primer
transcripts (CapSeq)

cDNAReverse 
transcription

BruDRB-seq
Nascent RNA DRB

Transient inhibition of 
initiated RNAPII

RNAPII

Br-UTP

Remove 
DRB

cDNAReverse 
transcription 

Bead coated with α
Brd-UTP antibody 

Elute
Cap removal
End Repair

Isolate and hydrolyzeSynchronized run-on 
with analog

4sUDRB-seq
Nascent RNA

Transient inhibition of 
initiated RNAPII

DRB

RNAPII

Biotin 

Remove 
DRB

cDNAReverse 
transcription 

EluteBiotinylated fragmentsSynchronized run-on 
with analog

Bead coated with 
streptavidin

cDNA

CIRS-seq

 RNA In vivo folded RNA Reaction Reverse transcription RNA hydrolysisChemical inference of RNA 
structures (CIRS-seq)

 DMS

Proteinase K 
treatment

Gene expression cytometry 
(CytoSeq)

CytoSeq
Barcoded mRNA 
from single cells

AA(A)n

Single cell

Cell 
suspension

Each bead with 
unique oligos

Load cells and beads 
into microwells

Cell lysis, mRNAs
hybridize on bead

Pool all beads from 
microwells

cDNA synthesis Sequence

Universal
Cell label
Molecular index
Oligo dT

Gene expression cytometry 
(CytoSeq)

CytoSeq
Barcoded mRNA 
from single cells

AA(A)n

Single cell

Cell 
suspension

Each bead with 
unique oligos

Load cells and beads 
into microwells

Cell lysis, mRNAs
hybridize on bead

Pool all beads from 
microwells

cDNA synthesis Sequence

Universal
Cell label
Molecular index
Oligo dT

Analyze mRNA transcripts 
from individual cells in 
droplets (Drop-seq)

Drop-Seq
Barcoded mRNA 
from single cells

AA(A)n

Single cell

Cell 
suspension

Each bead with 
unique oligos

Load cells and beads 
into droplets

Cell lysis, mRNAs
hybridize on bead

Pool all beads from 
droplets

cDNA synthesis Sequence

Universal
Cell label
Molecular index
Oligo dT

DLAF
mRNA cDNADirectly ligate sequencing adaptors RNase 

digestion
cDNAReverse 

transcription
Random 
primer

AA(A)n AA(A)n

Ligation in presence of 
PEG and DMSO excision (USER)

PCR and 
purify

3’ Hexanediol
5’ Phosphate

NNNNN

NNNNN

U UU U

U UU U
Left adaptor
Right adaptor

NNNNNU UU U NNNNN U UU U
AA(A)n

DeepCAGE
Capped mRNAHigh throughput Cap-analysis 

gene expression (CAGE) 
Biotinylate
RNase digestion

Reverse 
transcription

Random 
primer 

RNA Cap
AA(A)n AA(A)n

Capture only 
complete 5’ ends

MmeI

MmeI digestion Purify Ligate PCR

3’ adapter

cDNA

Genome and transcriptome
sequencing from a single cell 
(G&T-seq)

G&T-seq

Align RNA and 
genome

AA(A)n

Single cell RNA

DNA

AA(A)n

RNA

DNA

Cell 
suspension

Isolate single 
cell

Separate the DNA and the RNALyse cell Sequence

T T T T T T T T T T
AAAAAAA

Streptavidin magnetic bead 
with mRNA capture primer
Streptavidin magnetic bead 
with mRNA capture primer

T T T T T T T T T T
AAAAAAA On-bead transcriptome 

with MDA

hi-CLIP 

RNA-protein 
complex

UV 
254 nm

Proteinase K
RNA extraction

Sequence
RNA hybrid and individu-
al-nucleotide resolution
ultraviolet crosslinking 
and immunoprecipitation 
(hiCLIP)

Same RNA

Partial 
RNase 
digestion

Immunoprecipitate 
RBP-RNA complex

Same RNA

Adaptor ligation Remove 3’ block 
from adaptor B

Second RNA 
ligation

Map RNA sequences to 
the genome

Adaptor A

Adaptor B

RNA 1

RNA 1
RNA 2

NS-seq
Nascent RNA

DNA replication origin Lambda 5´ to 3´ exodeoxyribonuclease (λ-exo) DNANascent strand sequencing (NS-seq) to discover 
DNA replication origins and G4 structures

AmplifyPurifyDigestion

iCLIP 
RNA-protein complex cDNAImmunoprecipitate cross-linked 

RNA-protein complex
Cross-linked peptides remain 
after proteinase K  digestion

Proteinase K cDNA truncates at 
binding site

cleavable 
adapter

Circularize Linearize and PCRIndividual nucleotide 
resolution CLIP (iCLIP)

5’-GRO-seq
Nascent RNA Br-UTP 5’ cap

Run-on with analog DNase 
treatment and 
hydrolyze

3’ dephosphorylate 
with polynucleotide 
kinase

5’ dephosphorylate 
with calf intestinal-
phosphatase

Ligate adaptors with 
truncated mutant RNA 
ligase 2 and RNA ligase 1

5’ cap
OH
OH
OH

5’ cap
OH
OHOH

OH
OHOH

cDNA

OH

Detect nascent RNA with a 5’ 7-methyl-
guanylated cap (5’-GRO-seq)

Reverse 
transcription 

Bead coated with 
α-BrdUTP antibody 

Cap 
removal

icSHAPE
 Cell NAI-N3

N3

N3

biotin

In vivo folded RNAIn vivo click selective 
2’-hydroxyl acylation and 

Add azide group DIBO-biotin ‘click’ Reverse transcription Capture on Streptavi-
din beads

Elute cDNA

cDNA

miCLIP       
Methylated RNA

Immunoprecipitatem6A individual-nucleotide-res-
olution cross-linking and 
immunoprecipitation (miCLIP)

Reverse transcription truncated 
at binding sites

Add anti-m6A antibodySheared cellular RNA UV 365 nm

mNET-seq
cDNA

RNA

Pol II Transcriptome 
complex

Immunoprecipitate  
with Pol II Ab

5’ phosphorylation 
with PNK

Purify and 
size select

m7GRNA Cap
OH P

Native elongating transcript 
sequencing technology for 
mammalian chromatin (mNET-seq)

MNase digestion Soluble 
chromatin

OH

Reverse 
transcription

ClickSeq 5’ 
5’ 

Generate RNAseq libraries from 
stochastically terminated 3’-azi-
do-blocked cDNA fragments (ClickSeq)

RNA Add semi-random primers and 
AzNTPs - dNTP mixture

Purify single-stranded 
cDNA

Click-ligate alkyne- PCR amplify cDNA library

5’ 
5’ N3 

N3 

N3 
N3 

N3 
N3 

RASL-seq AA (A)n AA(A)n 3’5’ OH

RNA-mediated oligonucleotide 
annealing, selection, and ligation  
sequencing (RASL-seq)

Poly A+ RNA Add targeted primers Ligate Selection Elute fragment Add bar-coded 
P7 primer

Indexed cDNA

AAAAA
T T T T T

5’

P5 primer
P OH

Index primer

AAAAA
T T T T T

5’

P5 primerIndex primer

AAAAA
T T T T T

5’

P5 primerIndex primer

Streptavidin
P5 P7 

Barcode 

TAIL-seq AA(A)n AAAA(A)n AAAA

cDNAMeasure genome-wide poly(A) 
tail lengths (TAIL-seq)

3’ adaptor ligation Partial digestion 
with RNase T1

Pull down with 
streptavidin

5’ end 
phosphorylation

5’ adaptor 
ligation

Gel purify RT, PCR and purify

rRNA-depleted RNA
AAAA AAAA AAAA AAAA

TRAP-Seq
cDNAReverse transcription

RNA

Cap
Polysomes Bead RNA

polysomal mRNA (TRAP-Seq)

5’ GPPP AA(A)n 5’ GPPP AA(A)n

Capped mRNA cDNA

TL-seq
TATL-seq Enzymatic capture of m7G-capped 

mRNA 5’ ends (TL-seq). Transla-
tion-associated TL-seq (TATL-seq)

Fragmentation 
and size selection

Phosphatase Pyrophosphatase Ligate 
3’ adapter

Ligate 
5’ adapter

Reverse  
transcription

Reverse  
transcription

Gel purify

 GPPP
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PPP
OH

 GPPP

OH
OH

OH
P

OH
OH

OH
OH
OH

OH

RNA-Protein Interactions

RNA extractionUV 254 nm cDNAReverse transcriptionProteinase K

Pol II CLIP
Crosslinking and immunoprecipita-
tion of Pol II (Pol II CLIP) 

Immunoprecipitate 
RNA-protein complex

RNA-protein complex

PARE-Seq 5’ GPPP AA(A)n
5’ GPPP AA(A)n

5’ GPPP

5’ P AA(A)n

5’ P AA(A)n
TT(T) 21

miRNA directed cleavage

Capped mRNA

3’ OH
MmeI

MmeI digestion Purify Ligate PCR

3’ adapter

cDNAParallel analysis of RNA ends (PARE) Second strand 
synthesis

Fragment 
RNA

Poly(A) RNA 
extraction

Ligate 
adapter

Reverse 
transcription

GMUCT 1.0
5’ GPPP AA(A)n
5’ GPPP

AA(A)n

5’ GPPP AA(A)n
5’ GPPP

AA(A)n

5’ GPPP AA(A)n

AA(A)n

5’ GPPP AA(A)n

AA(A)n
TT(T)n

TT(T)n

Degraded RNA Fragmen-
tation

PCR PCR

3’ adapter

5’ adapter
Indexed cDNAGenome-wide mapping of 

uncapped transcripts (GMUCT)   

5’ GPPP AA(A)n

AA(A)n
TT(T)n
AA(A)n

Add 
oligo-dT

Poly(A) RNA 
selection

Ligate 5’ RNA 
adapter

Reverse 
transcription

TT(T)n

Ligate adapters 

index

GMUCT 2.0
5’ GPPP AA(A)n
5’ GPPP

AA(A)n

5’ GPPP AA(A)n
5’ GPPP

AA(A)n

5’ GPPP AA(A)n

AA(A)n

5’ GPPP AA(A)n

AA(A)n

Degraded RNA Indexed cDNAGenome-wide mapping of 
uncapped transcripts (GMUCT)   

5’ GPPP AA(A)n

AA(A)n

Random hexamer 
fused to 3’ primer

Poly(A) RNA 
selection

Ligate 5’ RNA 
adapter

Reverse transcrip-
tion

PCR to 
add index

Key Yellow highlights indicate the target of the protocol
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Preparation of acylated 
RNA for biotin–streptavidin 

DIBO, dibenzocyclooxtyne
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