
F
RNA

or all you seq...

2P-Seq Spies N. et al. (2013) Genome Res 23: 2078-2090
3’-end-seq Haenni S. et al. (2012) Nucleic Acids Res 40: 6304-6318
3’NT method Weber C. M. et al. (2014) Mol Cell 53: 819-830
3′-Seq Lianoglou S. et al. (2013) Genes Dev 27: 2380-2396
3P-Seq Jan C. H. et al. (2011) Nature 469: 97-101
3Seq or 3-Seq Beck A. H. et al. (2010) PLoS One 5: e8768
3'T-fill Wilkening S. et al. (2013) Nucleic Acids Res 41: e65
4sUDRB-seq Fuchs G. et al. (2014) Genome Biol 15: R69 
5’-GRO-seq Lam M. T. et al. (2013) Nature 498: 511-515
AGO-CLIP Grosswendt S. et al. (2014) Mol Cell 54: 1042-1054
BrdU-CLIP Weyn-Vanhentenryck SM et al. (2014) Cell Rep 6:1139-52
BRIC-seq Tani H. et al. (2012) Genome Res 22: 947-956
BruChase-Seq Paulsen M. T. et al. (2013) Proc Natl Acad Sci U S A 110: 

2240-2245

BruDRB-seq Veloso A. et al. (2014) Genome Res 24: 896-905
Bru-Seq Paulsen M. T. et al. (2013) Proc Natl Acad Sci U S A 110: 

2240-2245
CAGE Takahashi H. et al. (2012) Nat Protoc 7: 542-561
CAGEscan Plessy C. et al. (2010) Nat Methods 7: 528-534
CapSeq Gu W. et al. (2012) Cell 151: 1488-1500
CaptureSeq Mercer T. R. et al. (2014) Nat Protoc 9: 989-1009
CEL-Seq Hashimshony T. et al. (2012) Cell Rep 2: 666-673
CHART Simon M. D. et al. (2011) Proc Natl Acad Sci U S A 108: 

20497-20502
ChIRP Chu C. et al. (2011) Mol Cell 44: 667-678
CIP-TAP Gu W. et al. (2012) Cell 151: 1488-1500
CirSeq Acevedo A. et al. (2014) Nature 505: 686-690
CIRS-seq Incarnato D. et al. (2014) Genome Biol 15: 491

CLaP Binan L et al. (2016) Nat Commun 7:11636
CLASH Kudla G. et al. (2011) Proc Natl Acad Sci U S A 108: 

10010-10015
ClickSeq Routh A. et al. (2015) J Mol Biol 427: 2610-2616
CLIP-seq Yeo GW et al. (2009) Nat Struct Mol Biol 16:130-7
cP-RNA-Seq Honda S et al. (2015) Proc Natl Acad Sci U S A 

112:E3816-25
CytoSeq Fan H. C. et al. (2015) Science 347: 1258367
DeepCAGE Valen E. et al. (2009) Genome Res 19: 255-265
Digital RNA Shiroguchi K. et al. (2012) Proc Natl Acad Sci U S A 109: 

1347-1352 
Div-Seq Habib N. et al. (2016) biorxiv
DLAF Agarwal S. et al. (2015) Nat Commun 6: 6002
DMS-Seq Rouskin S. et al. (2014) Nature 505: 701-705 

DP-Seq Bhargava V. et al. (2013) Sci Rep 3: 1740
Drop-Seq Macosko E. Z. et al. (2015) Cell 161: 1202-1214
DR-Seq Dey SS et al. (2015) Nat Biotechnol 33:285-9
dsRNA-Seq Zheng Q. et al. (2010) PLoS Genet 6: e1001141
eCLIP Van Nostrand EL et al. (2016) Nat Methods advance online 

publication
Frag-seq Underwood J. G. et al. (2010) Nat Methods 7: 995-1001
FREQ-Seq Chubiz L. M. et al. (2012) PLoS One 7: e47959
FRISCR Thomsen ER et al. (2016) Nat Methods 13:87-93
FRT-Seq Mamanova L. et al. (2011) Nat Protoc 6: 1736-1747
G&T-seq Macaulay I. C. et al. (2015) Nat Methods 12: 519-522
GMUCT 1.0 Gregory B. D. et al. (2008) Dev Cell 14: 854-866
GMUCT 2.0 Willmann M. R. et al. (2014) Methods 67: 64-73
GRO-Seq Core L. J. et al. (2008) Science 322: 1845-1848

GTI-Seq Wan J. et al. (2014) Nucleic Acids Res 42: D845-850
hi-CLIP Sugimoto Y. et al. (2015) Nature 519: 491-494
HiRes-Seq Imashimizu M. et al. (2013) Nucleic Acids Res 41: 

9090-9104
Hi-SCL Rotem A. et al. (2015) PLoS One 10: e0116328
HITS-CLIP Chi S. W. et al. (2009) Nature 460: 479-486
HITS-RAP Tome J. M. et al. (2014) Nat Methods 11: 683-688
ICE Sakurai M. et al. (2010) Nat Chem Biol 6: 733-740
iCLIP Konig J. et al. (2010) Nat Struct Mol Biol 17: 909-915
icSHAPE Spitale R. C. et al. (2015) Nature 519: 486-490
inDrop Klein AM et al. (2015) Cell 161:1187-201
irCLIP Zarnegar BJ et al. (2016) Nat Meth advance online publica-

tion
M6A-RIP Batista P. J. et al. (2014) Cell Stem Cell 15: 707-719

m6A-seq Dominissini D. et al. (2012) Nature 485: 201-206
MARS-seq Jaitin DA et al. (2014) Science 343:776-9
MeRIP-Seq Meyer K. D. et al. (2012) Cell 149: 1635-1646
miCLIP-m6A Linder B. et al. (2015) Nat Methods 12: 767-772
MiR‐CLIP Imig J et al. (2015) Nat Chem Biol 11:107-14
miTRAP Braun J. et al. (2014) Nucleic Acids Res 42: e66
mNET-seq Nojima T. et al. (2015) Cell 161: 526-540
NanoCAGE Plessy C. et al. (2010) Nat Methods 7: 528-534
NET-Seq Churchman L. S. et al. (2011) Nature 469: 368-373
Nuc-Seq Habib N et al. (2016) bioRxiv 
PAIR Bell TJ et al. (2015) Methods Mol Biol 1324:457-68
PAL-seq Subtelny A. O. et al. (2014) Nature 508: 66-71
PAR-CLIP Hafner M. et al. (2010) Cell 141: 129-141

PARE-Seq German M. A. et al. (2008) Nat Biotechnol 26: 941-946
PARS Wan Y. et al. (2013) Nat Protoc 8: 849-869
PARTE Wan Y. et al. (2012) Mol Cell 48: 169-181
PAS-Seq Shepard P. J. et al. (2011) RNA 17: 761-772
PEAT Ni T. et al. (2010) Nat Methods 7: 521-527
PIP-Seq Silverman IM et al. (2014) Genome Biol 15:R3
Pol II CLIP Li Z. et al. (2015) Nat Struct Mol Biol 22: 256-264
PRO-cap Kwak H. et al. (2013) Science 339: 950-954
PRO-seq Kwak H. et al. (2013) Science 339: 950-953
Pseudo-seq Carlile T. M. et al. (2014) Nature 515: 143-146
PSI-seq Lovejoy A. F. et al. (2014) PLoS One 9: e110799
Quartz-Seq Sasagawa Y. et al. (2013) Genome Biol 14: R31
RAP Engreitz J. M. et al. (2013) Science 341: 1237973

RARseq Alabady MS et al. (2015) PLoS One 10:e0134855
RASL-seq Li H. et al. (2012) Curr Protoc Mol Biol Chapter 4: Unit 4 13 

11-19
RBNS Lambert N. et al. (2014) Mol Cell 54: 887-900
RIP-Seq Zhao J. et al. (2010) Mol Cell 40: 939-953
RNA-Seq Mortazavi A. et al. (2008) Nat Methods 5: 621-628. See 

TruSeq RNA.
RNAtag-Seq Shishkin A. A. et al. (2015) Nat Methods 12: 323-325
scM&T-seq Angermueller C et al. (2016) Nat Methods advance online 

publication
SCRB-Seq Soumillon M et al. (2014) bioRxiv 
scRNA-seq Tang F et al. (2009) Nat Methods 6:377-82
scTrio-seq Hou Y et al. (2016) Cell Res 26:304-19
SHAPE-MaP Siegfried N. A. et al. (2014) Nat Methods 11: 959-965

SHAPE-Seq Lucks J. B. et al. (2011) Proc Natl Acad Sci U S A 108: 
11063-11068

Smart-Seq Ramskold D. et al. (2012) Nat Biotechnol 30: 777-782
Smart-seq2 Picelli S. et al. (2013) Nat Methods 10: 1096-1098v
SMORE-Seq Park D. et al. (2014) Nucleic Acids Res 42: 3736-3749
snRNA-seq Grindberg RV et al. (2013) Proc Natl Acad Sci U S A 

110:19802-7
SPARE Schapire A. L. et al. (2013) Methods 64: 283-291
SS3-Seq Yoon O. K. et al. (2010) RNA 16: 1256-1267
STRT Islam S. et al. (2011) Genome Res 21: 1160-1167
Structure-Seq Ding Y. et al. (2014) Nature 505: 696-700. See also 

DMS-Seq
SUPeR-seq Fan X. et al. (2015) Genome Biol 16: 148
TAIL-seq Chang H. et al. (2014) Mol Cell 53: 1044-1052

TATL-seq Arribere J. A. et al. (2013) Genome Res 23: 977-987
TCR Chain Paring Turchaninova M. A. et al. (2013) Eur J Immunol 43: 

2507-2515
TCR-LA-MC PCR Ruggiero E et al. (2015) Nat Commun 6:8081
TIF-Seq Pelechano V. et al. (2013) Nature 497: 127-131
TIVA Lovatt D. et al. (2014) Nat Methods 11: 190-196
TL-seq Arribere J. A. et al. (2013) Genome Res 23: 977-987
TRAP-Seq Jiao Y. et al. (2010) Mol Syst Biol 6: 419
TRIBE McMahon AC et al. (2016) Cell 165:742-53
UMI Method Kivioja T. et al. (2012) Nat Methods 9: 72-74
Ψ-seq Schwartz S. et al. (2014) Cell 159: 148-162

References

Genome DNA and mRNA 
sequencing (DR-Seq)

DR-Seq
AA(A)n

Single cell RNA

DNA

AA(A)n

RNA

DNA

Single 
cell

RT with barcoded primerLyse cell Ad-2 
primer

Split 
samples

Quasilinear 
ampli�cation

Sequence
gDNA ampli�cation

cDNA ampli�cationT T T T T T T T T T
AAAAAAA

PCR and Remove 
adaptors

2nd strand 
synthesis

TruSeq RNA 

AAAAA mRNA

T T T T T
AAAAA polyA select

Fragment

Inosine chemical erasing (ICE)

cDNA

Acrylonitrile
N1-cyanoethylinosine ICE C GICT

Inosine residueInosine residue
Control C GI

I

CT

C GCT

C GGCTReverse transcription
PCR ampli�cation

Reverse transcription
PCR ampli�cation X

Br-UTP

N
O

O

OH OH

NH

O

O

O

O

O

PO

O

O

PHO

O

O

P

Br

RIP-Seq

RNase digestion RNA extractionRNA immunoprecipitation (RIP) cDNAReverse transcriptionImmunoprecipitate  
RNA-protein complex

RNA-protein complex

RNA Transcription

RNA Low-Level Detection

Illumina, Inc. • 5200 Illumina Way, San Diego, CA 92122 USA • 1.800.809.4566 toll-free • 1.858.202.4566 tel • techsupport@illumina.com • illumina.com

FOR RESEARCH USE ONLY

© 2015 Illumina, Inc. All rights reserved.
Illumina, HiSeq, MiSeq, MiniSeq, Nextera, NextSeq, TruSeq, the pumpkin orange color, and the Genetic Energy streaming bases design are trademarks or registered trademarks of Illumina, Inc. All other brands and names contained herein are the property of their respective owners. Pub. No. 473-2016-002 Current as of 10 November 2016 

Moleculo
Sheared genomic DNA

End repair

Adapter ligation

Prepared fragments

~10kb

P5

Index 2

Index 1

P7

P5

Index 2

Index 1

P7

Transposase

Tagmentation

~600bp
P5

Index 2

Index 1

P7

P5 P7
P5 P7
P5 P7

Generate clonal pools
Amplify

Add indices

Pool and purify

Ribo-Seq
GTI-Seq
ARTseqTM RNase digestion RNA extractionRibosome rRNA depletion cDNAReverse transcriptionRNA extraction

RNA

rRNA

RNA

rRNA

RNARNA

Ribo-Seq: Ribosome pro�ling. Global 
translation initiation sequencing (GTI-Seq)

Inosine

N
CH2OH

O

O

OH OH

NHN

N

N1-cyanoethyl inosine 

N

Acrylonitrile

CH2OH
O

OH OH

N

N

O

NN

N

5’ GPPP AA(A)n 5’ GPPP AA(A)n

Capped mRNA cDNA
TIF-Seq Transcript isoform sequencing 

(TIF-Seq).

5’ P AA(A)n

Tobacco acid 
pyrophosphatase 
(TAP) treatment 

5’ P AA(A)n
TT(T)n

Ligate ‘5oligocap’ 
oligonucleotide

Biotin

Second 
strand 
synthesis

Incorporate 
biotinilated 
primers

Purify
Reverse  
transcription Circularize and 

fragment

Sequencing by Synthesis

RNA-protein complex RNA extractionRNase T1 digestionUV 254 nm cDNAReverse transcriptionProteinase K

CLIP
HITS-CLIP

Crosslinking and immunoprecipita-
tion sequencing (CLIP) or 
high-throughput sequencing of CLIP 
cDNA library (HITS-CLIP) 

PAR-CLIP 
RNA-protein 
complex

RNA extractionRNase T1 digestionUV 365 nm cDNAReverse 
transcription

Incorporate 4-thiouridine (4SU) 
into transcripts of cultured cells

Proteinase KPhotoacitvated crosslinking and 
immunoprecipitation (PAR-CLIP) 

CIP-TAP
5’ OH

5’ P

5’ PPP

5’ GPPP

5’ OH

5’ P

5’ PPP

5’ GPPP

CIP-TAP for identifying capped 
small RNA (csRNA) species

5’ P

5’ OH

5’ GPPP

5’ OH

5’ GPPP

CIP 3’ primer ligation and gel purify 5’ primer ligation  and gel purify cDNAcsRNA

5’ OH

5’ P

5’ OH

TAP cDNA synthesis PCR Puri�cation

DP-Seq
Designed Primer-based RNA-se-
quencing strategy (DP-seq)

DNAcDNA

AA(A)n

De�ne set of 
heptamer primers

Poly(A) selection First strand 
cDNA synthesis

Hybridize primers PCR

AA(A)n TT(T)n

No secondary 
structure

Unique sequence
AA(A)n

TT(T)n

CLASH
UV crosslinking Ligate endsRNA duplex

A

B

A

B

A

B

cDNAReverse transcriptionCrosslinking, ligation, and 
sequencing of hybrids (CLASH) 

A�nity 
puri�cation

Crosslinked 
complex

RNA Modifications

RNA Structure

cDNA

SHAPE-Seq
Barcoded RNA RNA 1M7 reaction Reverse transcription RNA hydrolysisSelective 2’-hydroxyl acylation 

analyzed by primer extension 
sequencing (SHAPE-Seq)

Digital RNA
HiRes-Seq
FREQ-Seq
RNAtag-Seq

cDNA
cDNA1

cDNA2

cDNA1

cDNA2

Amplify SequenceUnique molecular barcodes are added after cDNA synthesis for 
quantitative allele frequency detection. High-resolution RNA-seq 
to assess noncoded base substitutions in mRNA (HiRes-Seq)

Adapters with 
unique barcodes 

Align sequences and determine 
actual ratio based on barcodes  

Some fragments 
amplify preferentially

True RNA 
abundance

cDNA1

cDNA2

Locked nucleic acid (LNA)

N
OH

O

OH O

N NH 2

NHN

O

mRNASmart-seq
NanoCAGE
CAGEscan

AAAAAAA

mRNA fragment

AAAAAAA

Second strand synthesis

AAAAAAA
T T T T T T T

DNA

T T T T T T T

Adaptor

Adaptor
Switch mechanism at the 5’ 
end of RNA templates (Smart)

PCR ampli�cation PurifyFirst-strand synthesis with MMLV reverse 
transcriptase

CCC
CCC

mRNA
UMI Method AAAAAAA

mRNA fragment

AAAAAAA

First strand synthesis Second strand synthesis

AAAAAAA
T T T T T T T

P7

True variant

Random error
DNA

T T T T T T T

P5

Index 

Degenerate molecular tag (N10) 

Unique molecular identi�ers 
(UMIs) uniquely identify copies 
derived from each molecule

PCR ampli�cation Align fragments from every 
unique molecular tag

CCC CCC

mRNA
Smart-seq2 AAAAAAA

mRNA fragment

AAAAAA

cDNA synthesis Tagmentation

AAAAAA AAAAAAT T T T T T T T T T T T
Adaptor

Switch mechanism at 
the 5’ end of RNA 
templates (Smart)

PCRFirst strand synthesis with 
MMLV reverse transcriptase

CCCCCC GGG
Tem-
plate-switch-
ing oligo

Locked nucleic acid (LNA)

CCC
GGG

Enrichment-ready fragment

P5 P7

Index 1Index 2

Gap repair, enrich-
ment PCR and PCR 
puri�cation

TruSeq PCR Free

Double-stranded DNA

Fractionate
Size select

A-overhang

End repair
Phosphorylate

P
P

A

A
P

P

T

P

P5

P7

Index
T

P

P5

P7

Index Adaptor ligation

P5

P5P7
Index

P7

Index

Add Adaptors

Product ready for 
cluster generation

TruSeq Nano
Double-stranded DNA

Fractionate
Size select

A-overhang

End repair
Phosphorylate

P
P

A

A
P

P

T

P

P5

P7

Index 1
Index 2

Index 2
Index 1

T

P

P5

P7

Adaptor ligation

Denature and amplify

Add Adaptors

  

P5

P7

Index 1
Index 2

Index 2
Index 1

P5

P7

P5 P7
Index 1Index 2

Double-stranded DNA

Product ready for 
cluster generation

TruSeq Custom Amplicon

Add custom probes

Region of interest

Double-stranded DNADouble-stranded DNA

Add custom probes

Extension and ligation

Add sequencing 
primers

Index 2
Index 1

P5

P7

Index 1
P7

Index 2
P5

Custom 
Probe 1

Custom 
Probe 2

PCR 

Product ready for 
cluster generation

TruSeq Small RNA

3’5’ Small RNA fragment

Ligate adaptors

Add primer

Reverse transcription

Denature and amplify

5’ Adapter 3’ Adapter

P7

Index 1

P5

P5 P7
Index

Product ready for 
cluster generation

TruSeq RNA Stranded
5’ 3’ RNA

Random primer

cDNA
Create cDNA

Create second 
strand cDNA

dUTP + dCTP + dATP + dGTP

dT TP + dCTP + dATP + dGTP

End repair
Phosphorylate
A-overhang

Adaptor ligation

Denature and 
amplify

P5 P7

P5 P7
Index 1Index 2

U U U UUUUUUUUSense strand

A

A
P

PU U U UUUUUUU
Sense strand

P7

Index 1

P5
Index 2

U U U UUUUUUU Index 2

P5

Index 1

P7

Sense strand

P5P7
U U U UUUUUUU

Sense strand Block polymerase

Product ready for 
cluster generation

Nextera Library Preparation

Transposase

DNA

~300bp

Tagmentation

Ampli�cation

P5 P7
Index 1Index 2

P5

Index 2

Index 1

P7

Product ready for 
cluster generation

Nextera Mate Pair

Adaptor ligation

Isolate biotinylated
fragment

Denature and 
amplify

P5 P7

Transposase

DNA

Tagmentation

Circularize

R R R RBiotinylated junction adapter

R

R

R

R

R

R

Fragment

R

R

R

R

P5

P7 P5

P7
R

R

Product ready for 
cluster generation

A
A
T
T
C
G
C

A
A
T
T
C
G
C

A
A
T
T
C
G
C

A
A
T
T
C
G
C

A
A
T
T
C
G
C

Synthesize 
second 
strand

The second 
read is 
sequenced

Sequence 
Index2

A
A
T
T
C
G
C

Deblock P5 
primer and 
add unlabeled 
bases

Read 2 
primer

The forward-
strand is 
cleaved and 
washed away

A
A
T
T
C
G
C

A
A
T
T
C
G
C

A
A
T
T
C
G
C

A
A
T
T
C
G
C

A
A
T
T
C
G
C

A
A
T
T
C
G
C

Adapter hybrid-
izes to flowcell

Reverse 
strand 
syntesis

Reverse 
strand

Forward 
strand

Remove 
forward 
strand

Fold over and 
hybridize to 
second primer

Synthesize 
second strand

The reverse 
strand is 
cleaved and 
washed away

With each cycle, four fluores-
cently tagged nucleotides 
compete for addition to the 
growing chain. Only one is 
incorporated based on the 
sequence of the template.

The read 
product is 
washed away

Thousands of molecules are 
amplified in parallel

Reverse 
strand

Forward 
strand

Bridge amplification

Sequence 
primer

Fold over and 
hybridize to 
first primer

Fold over and 
hybridize to 
first primer

Sequence 
Index1

Index 1 
primer

The read 
product is 
washed away

5’ GPPP AA(A)n 5’ GPPP AA(A)n

Capped mRNA cDNA

SMORE-Seq
Simultaneous mapping of RNA 
ends by sequencing (SMORE-seq)

5’ P AA(A)n

Tobacco acid 
pyrophosphatase 
(TAP) treatment 

5’ P AA(A)n

5’ P

Ligate 
5’ adapter

Ligate 
3’ adapter

AA(A)n

Fragmentation reverse  
transcription

Reverse  transcription PCR and purify

DNAUse dimethyl sulphate 
methylation of unprotected 
adenines and cytosines 
(Structure-Seq)

Use DMS to methylate the RNA 
base-pairing faces of A and C 
in loops

In vivo 
treatment

Structure 
in vivo

Struc-
ture-Seq
DMS-Seq

A C

A C A C

A C A C

Random 
hexamers

Reverse 
transcription

Random 
hexamers

+DMS

Control

Ligate linker PCR

CH3
O CH3

S OOCH

O

O

3 CH3

Dimethyl sulfate (DMS)

SPARE

Specific parallel amplification of 5’ 
RNA Ends (SPARE) to identify 
microRNA processing intermediates

or

Base to loop 
processing

Loop to base 
processing

Processing 
intermediates

Processing 
intermediates

Reverse 
transcription

Precursor-speci�c 
primer

RNA-adapter 
ligation

PCR Sequence

P5

P5

P5

P7

P7

P7

cDNAReverse transcription

PARS
dsRNA-Seq RNAse  V1

RNAse  S1

RNAse digestion 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

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 structure (PARS) 
also double-stranded RNA (dsRNA-Seq)

Nextera Rapid Capture

Elute

Target

Target
P5 P7

Index 1Index 2 Product ready for 
cluster generation

Denatured and 
pooled fragments 
from Nextera library

Capture on 
magnetic beads 

Hybridize probes 
to targets

Biotinylated 
target probe

TruSeq RNA Access

Elute

Target

Target
P5 P7

Index 1Index 2 Product ready for 
cluster generation

Pool stranded 
RNA-Seq libraries

Biotinylated 
target probe

Hybridize probes to 
targets

Capture on 
streptavidin 
magnetic beads  

Random hexam-
er 

First and 
second strand 
synthesis

TruSeq Targeted RNA Expression
Target

ULSO DLSO

Total RNA

cDNA

Hybridization

P7

Index 1

P5

P5 P7

5’ P

5’ P

Index 2

Target Index 1Index 2 Product ready for 
cluster generation

Add custom 
primers

Denature and 
amplify

Extension-Ligation

AGO-CLIP 
RNA-protein complex RNA extractionUV 365 nm cDNAIncorporate 4-thiouridine (4SU) into 

transcripts of cultured cells
Proteinase KMap miRNA binding to 

AGO sites in C. elegans

miRNA

Reverse 
transcription

RNase T1 
digestion

T4-RNA 
ligase

3Seq
3-Seq
3’-end-seq
PAS-Seq
SS3-Seq
3’T-fill

cDNA

AA (A)n AA (A)nAA (A)n AA(A)n
NVTT(T)n

NVTT(T)n

P7

P7P5

3’-end sequencing for expression quanti�-
cation (3SEQ) from FFPE samples. Poly(A) 
site sequencing (PAS-Seq). 3’-end regions 
of transcripts (3’-end-seq). Strand-speci�c 
3’-end RNA-seq (SS3-Seq and 3’T-�ll)

Partially degraded 
RNA from FFPE 
sample

poly A selected 
fragments

P7 primer
N Random base 
V Any base, except T

Anneal primer Reverse-tran-
scribe

2nd strand 
cDNA 
synthesis

Ligate P5 
linker

RNase H digestion cDNA

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

TT(T)n

Biotin

3P-Seq
AA (A)n AA (A)n AA (A)n AA(A)n

TT(T)n

TT(T)n

Biotin

Poly(A)-position pro�ling 
by sequencing (3P-Seq)

T1 RNase  partial digest Biotinylated 
splint primer

Streptavidin 
purify

Ligate biotinylated 
primer

Anneal primer and 
reverse-transcribe

Poly(A)-selected RNA

Circularize and PCR

AA (A)n AA (A)n AA (A)n AA(A)n
NVTT(T)20

NVTT(T)20

NVTT(T)20

2P-seq
Poly(A)-selected RNA

Circularize and PCR

AA (A)n AA (A)n AA (A)n AA(A)n
NVTT(T)20

NVTT(T)20

NVTT(T)20

cDNA

Poly(A)-primed sequencing (2P-seq) to 
quantify usage of known poly(A) sites T1 RNase  partial digest

N Random base 
V Any base, except T

Reverse  
transcription

Sequence with 
primer ending in A20

3’-Seq AA(A)n AAAAAA(A)n AAAAAA(A)n
NVTTTUTT(T)nNVTTTUTT(T)n

NBAAAAAA(A)n NBAAAAAA(A)n
NVTTTUTT(T)n NVTTTUTT(T)n

NBAAAAAA(A)n
NVTTTTTT(T)n

NBAAAAAA(A)n
NVTTTTTT(T)n

cDNA3’-Seq to detect 
3’ UTR isoforms

Reverse-transcribe Synthesize 2nd 
strrand

Introduce nick at U 
with RNase HII

Translate nick 5’ to 3’ 
for 50-75 bases

Blunt end at 
nick

PCR and 
purify

NET-Seq
cDNAReverse transcriptionRNA extraction

RNA

RNAPII elongation complex Immunoprecipitate complex

CapRNA Cap Cap

Native elongating transcript 
sequencing (NET-Seq)

CAGE
Capped mRNA cDNACap-analysis gene expression (CAGE) 

to map initiation sites of both 
capped coding and noncoding RNAs

RNase digestionBiotinylateReverse 
transcription

N15 random 
primer with 
EcoP151 site

RNA Cap
EcoP151 site

AA(A)n AA(A)n

Capture only 
complete 5’ ends

Purify 
cDNA

Add linker and 
digest wth EcoP151

ChIRP
RNA-binding protein

ncRNAncRNA

Biotinylated tiling oligos
Hybridize 

RNase H DNAChromatin Isolation by RNA Puri�cation (ChIRP) Crosslink
Fragment

Capture on Streptavidin 
magnetic beads 

DNA 
extraction

FRT-Seq AA (A)n AA(A)n 3’5’ OH 5’ OH OH 3’
P7

Flowcell reverse transcription 
sequencing (FRT-seq) for 
strand-speci�c RNA-Seq

Poly (A)+ RNA Fragment and 
dephosporylate

5’ OH

Gel-purify
Phosphorylate

P7 primer
P ddCDNARNA

P5 primer
AmC6

AmC6

OH
RNADNA

ddC
P7 P5 P7

ddCP ddC

Hybridize to �owcell 
and reverse-transcribe

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

Disul�de bondS S
Photocleavable linkerPL

UUUUUUUUUUUUUUUUUUCy3 UUUUUUUUUUUUUUUUUUCy3

CPP S
AAAAAAA AAAAAAA

UUUUUUUUUUUUUUUUUUCy3

Cy5 PL
PL

S

UUUUUUUUUUUUUUUUUUCy3

AAAAAAA AAAAAAA

Cy5 PL PLS AAAAAAAAAAAAAAAAAA AAAAAAAAAAAAAAAAAA

Load into 
cells

CPP peptide 
released

Photoactivate Anneal to mRNA

Cell

HiTS-RAP
Target sequence

Scan �owcellHigh-throughput 
sequencing–RNA a�nity 
pro�ling (HiTS-RAP)

Prepare sequencing libraries and 
sequence �rst strand
Remove second strand DNA

32-bp Ter sequence

Hybridize 
primer

Synthesize second 
strand with unmodi-
�ed nucleotides

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 
a�nity puri�cation (miTRAP)

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

TT(T)n

TT(T)n

AA(A)n

AA(A)n

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 
pro�ling by sequencing 
(PAL-seq)

Partial 
digest with 
RNase T1

Anneal sequencing 
primer and extend with 
dTTP and biotin-dUTP

Sequence and �ow in �uores-
cent streptavidin. Measure 
�uorescence intensity

Scan 
�owcell

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

Ligate 
splint 
oligo

Splint 
oligo

A
A

A
A

A
A

TTTU
TT

A
A

A
A

A
A

A
A

A
A

TTTU
TTTU

TT

A
A

A
A

A
A

A
A

A
A

A
A

A
TTU

TTTTU
TTTTU

A
A

A
A

A
A

TTTU
TT

A
A

A
A

A
A

A
A

A
A

TTTU
TTTU

TT

A
A

A
A

A
A

A
A

A
A

A
A

A
TTU

TTTTU
TTTTU

CaptureSeq 3’5’ OH

RNA capture sequenc-
ing (CaptureSeq)

TruSeq stranded mRNA 
sample preparation

cDNA library PCR Library enriched 
with targeted RNAs

Hybridize capture probesPuri�ed RNA
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

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

Cell expression by linear ampli�ca-
tion and sequencing (CEL-Seq)

PCR

cDNA

RAP lncRNA

RNA antisense puri�cation (RAP)

lncRNA

Crosslink and 
lyse cells 

Hybridize biotinylated 120 
bp antisense probes

Capture, wash and elute PCR and 
reverse-tran-
scribe

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

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 
ampli�cation

Bead coated with 
α-BrdUTP antibody 

Elute
Cap removal
End Repair

Pro�leSHAPE-MaP

1M7 reactionSelective 2’-hydroxyl acylation 
analyzed by primer extension and 
mutational pro�ling (SHAPE-MaP)

 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-
tion ampli�cation

Bead coated with 
streptavidin

Purify

High a�nity binding site

RNA 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 
hypotonic bu�ers and nonionic detergents

cDNA

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

Methylated RNAMethylated RNA

Immunoprecipitatem6A-speci�c methylated RNA immunoprecipitation with 
nextgeneration sequencing (MeRIP-Seq), (m6A-seq), 

Reverse transcription

Pseudo-seq, a method for 
genome-wide   identi�ca-
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

Pseudouridine site identi�cation 
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

Puri�cation cDNA

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 Primer5’ anchored pro�ling of Pol II 
transcripts (CapSeq)

Puri�cation cDNAReverse 
transcription

This poster was compiled by the Illumina Scienti�c A�airs. Additional information, the latest version of the poster, and a comprehensive list of *seq methods, are available at http://www.illumina.com/libraryprepmethods. Please contact Scienti�c A�airs with any questions, comments, or suggestions.

BruDRB-seq
Nascent RNA DRB

BruDRB-seq— to reveal gene-speci�c 
di�erences in elongation rates 

Transient inhibition of 
initiated RNAPII

RNAPII

Br-UTP

Remove 
DRB

cDNAReverse 
transcription 
ampli�cation

Bead coated with α
Brd-UTP antibody 

Elute
Cap removal
End Repair

Isolate and hydrolyzeSynchronized run-on 
with analog

4sUDRB-seq
Nascent RNA

4sUDRB-seq— to reveal gene-speci�c 
di�erences in elongation rates in vivo

Transient inhibition of 
initiated RNAPII

DRB

RNAPII

Biotin 

Remove 
DRB

cDNAReverse 
transcription 
ampli�cation

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 
and ampli�cation

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 
and ampli�cation

Sequence

Universal
Cell label
Molecular index
Oligo(dT)

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 

ampli�cation with Smart-seq2
Whole genome ampli�cation 
with MDA

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 
ampli�cation

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 
pro�ling experiment (icSHAPE)

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

Elute cDNA

cDNA

miCLIP-m6A       
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-
modi�ed adaptor

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 RNATargeted puri�cation of 

polysomal mRNA (TRAP-Seq)

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

5’-Bromo-uridine (BrdU)

N

O

OH

NH

O

O

HO

Br

5,6-dichlorobenzimidazole 
1-b-D-ribofuranoside (DRB)

N
OH

O

OH OH

N Cl

Cl

3’-azido-2’,3’-dideoxynucle-
otide triphosphate (AzNTP)

Base
O

O
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O
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O
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O

O
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cDNA
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Base

cDNA

O

O
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O

O
Base

DNA

O

O-PO

O

O
Base

DNA

Cu(I)

Rt

Copper-catalysed cycloaddition 
of 3’-azido blocked cDNA to 
5’-hexynyl DNA adaptor

EDTA
O

O

O-
O

O

O-

O-

O-

N

N
M

Display methods on 
mobile device

N6-Methyladenosine (m6A)

N
O O

O

O O

OH OH

N

NN

N

CH3H

P

Pseudouridine (Ψ)

Uridine

HO HO

HO
O

NH

O

O

HN

O

O

O

NH

N
HO

HO HO

Ψ-CMC adduct

HO HO

HO O
N

O

O

H3C

O

HN NN

NH

1-cyclohexyl-(2-morpholino-
ethyl)carbodiimide-
metho-p-toluene sulfonate 
(CMCT)

sH3C

O

O

O -
O

N N
N

+H3C c

Preparation of acylated 
RNA for biotin–streptavidin 
puri�cation.  
DIBO, dibenzocyclooxtyne

N

O

N3

O
RNA

N

O

O
RNA

N
N

N

Biotin

N

N
N

O

N3

RNA +

Acylation

DIBO-biotin “click”

N

OO O

NO2

1-methyl-7-nitroisatoic 
anhydride  (1M7) 

HO OH

1,6-Hexanediol

N

N
N

N

CH3
O CH3

Display methods on 
mobile device

N

N
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PRO-seq
Nascent RNA

Single biotin-NTP run-on. Four 
reactions with 1 nucleotide each

Extract and 
Hydrolyze

cDNA for 
each 
nucleotide

Precision nuclear run-on and 
sequencing (PRO-seq) 

Bead coated 
with streptavidin

Add 3’  
adaptors

Purify

Pol II

Streptavidin 
pulldown

Streptavidin 
pulldown

Repair ends and 
add 5’ adapter

Purify Reverse 
transcription 
ampli�cation

PRO-cap
4 biotin-labeled NTPs 
run-on reaction

Extract Purify Add 5’ 
adaptor

Streptavidin 
pulldown

Nascent RNA

Precision nuclear run-on and 
sequencing (PRO-cap) 

Pol II

Antarctic phospha-
tase and TAP

Cap Cap

cDNAStreptavidin 
pulldown

Reverse 
transcription 
ampli�cation

PurifyBead coated 
with streptavidin

5’ GPPP AA(A)n 5’ GPPP AA(A)n

Capped mRNA cDNA

TL-seq
Enzymatic capture of m7G-capped 
mRNA 5’ ends (TL-seq)

Fragmentation 
and size selection

Phosphatase Pyrophosphatase Ligate 
3’ adapter

Ligate 
5’ adapter

Reverse  
transcription

Reverse  
transcription

Gel purify

 GPPP
P

PPP
OH

 GPPP

OH
OH

OH
P

OH
OH

OH
OH
OH

OH

5’ GPPP AA(A)n

cDNA

TATL-seq
Translation-associated 
TL-seq (TATL-seq)

Fragmentation 
and size selection

PhosphatasePolysomes Pyrophosphatase Ligate 
3’ adapter

Ligate 
5’ adapter

Reverse  
transcription

Reverse  
transcription

Gel purify

 GPPP
P

PPP
OH

 GPPP

OH
OH

OH
P

OH
OH

OH
OH
OH

OH

Single cell RNA barcoding 
and sequencing (SCRB-Seq)

SCRB-Seq AA(A)n

Single cell

Cell 
suspension

Cell sorting 
by FACS

Cell lysis Isolate 
RNA

AA(A)n
AA(A)nT T (T)n

AA(A)nTT(T)n

Add adapters and 
reverse-transcribe

cDNAPool PCR

Cell label
Universal primer

Oligo(dT)

Second strand 
RNA synthesis

Hybridize oligo

cDNA synthesis TagmentationPCRFirst strand 
synthesis 

AAAAAA
T T T T T T

Adaptor
CCC AAAAAA

T T T T T TCCC
GGG

CCC
GGG

Enrichment-ready 
fragment

P5 P7

Index 1Index 2

Gap repair 
and PCR 

Single-nuclei RNA 
sequencing (snRNA-seq)

snRNA-seq AA(A)n

Single cell RNA

Cell 
suspension

Lyse and 
centrifuge

Sort 
nuclei

Supernatant

Nuclei
Nucleus

Bru-Seq
Nascent RNA Br-UTP

Label with bromouridine Isolate and hydrolyze cDNABromouride labeling and sequencing 
(Bru-Seq)

Single strand 
library prep

Bead coated with anti 
BrdU antibody

Elute

TCRα mRNA

TCRβ mRNA

Oil emulsion

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

Reverse 
transcription

Ampli�cation Overlap extension Blocker 
primers

Nested PCR ampli�cation

TCR Chain 
Paring

AA(A)n

AA(A)n

TCRα

TCRβ

TCRα

TCRβ

TCRα TCRβ TCRα TCRβTCRα TCRβ

DNAPCR supression of 
non-fused molecules

CDR3α CDR3β

CDR3

Single-cell triple omics  
sequencing (scTrio-seq)

scTrio-seq
AA(A)n

Single cell RNA

DNA

DNA methylation

Cell 
suspension

Isolate 
single 
cell

Lyse and 
centrifuge

Supernatant

Nucleus

AA(A)n
RNA

Add carrier RNA

AA(A)nT T (T)n
cDNA synthesis PCR and sequenceAdd poly A with TDTHybridize oligo

AA(A)n

DNA
Add sequencing adaptors PCR and sequence

Align sequencesMethylated 
regions

Methylated 
adapter

End repair 
and ligation

Bisul�te 
conversion

Converted 
fragments

MspI 
digestion

PCR and sequence

Methylated DNA

cDNA synthesis TagmentationPCRFirst-strand 
synthesis 

AAAAAA
T T T T T T

Adaptor
CCC

AAAAAA
T T T T T TCCC

GGG
CCC
GGG

Enrichment-ready 
fragment

P5 P7

Index 1Index 2

Gap repair 
and PCR 

Fixed and recovered intact 
single-cell RNA (FRISCR)

FRISCR AA(A)n

Fixed single cell RNA

Cell 
suspension

Fix Sort single 
cells

Isolate 
RNA

Lyse cells and 
reverse crosslink

AAAAAA

TRIBE

cDNA. Binding site 
marked by G

RNATargets of RNA-binding 
proteins identi�ed by 
editing (TRIBE)

Drosophila 
endogenous ADAR

Create TRIBE fusion protein Cell-speci�c expression 
of fusion protein

Binding site 
marked by I

RNA-binding 
protein

dsRNA-binding 
domain

RNA-binding 
protein

Catalytic 
domain Catalytic 

domain

IA IA

A A A A A A A A A A I A A A A A G AA A A A A A

Whole-genome RNA

Peptide nucleic acid-assisted 
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