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Protein-Protein Interactions

DNA-Protein Interactions

ATAC-Seq
   Fragmented and primed DNAAssay for transposase accessible 

chromatin (ATAC-Seq)
Tn5 TransposomeOpen DNA DNA puri�cation

Ampli�cation
Insert in regions of open chromatin

MAINE-Seq
MNase-Seq
Nucleo-Seq Open chromatin Isolate trimmed complexesMNase digestion DNA extraction DNAMNase-assisted isolation of nucleosomes (MAINE-Seq). 

Also Micrococcal nuclease sequencing (MNase-Seq)

FAIRE-seq
Sono-Seq

DNAOpen DNA Formaldehyde-assisted isolation of regula-
tory elements (FAIRE-Seq) and sonication of 
cross-linked chromatin (Sono-Seq) 

Crosslink protein and DNA with formalin Sonicate Phenol extract and purify DNA 
from the aquous phase

NOMe-Seq
Open DNA Nucleosome Occupancy Methylome- 

Sequencing (NOMe-Seq), a single-molecule 
nucleosome positioning assay

Bisul�te conver-
sion BS-Seq

CpG dinucleotides 
Methylated CpG 

 

CpG dinucleotides 
Methylated CpG 

GpC methyltransferase (M.CviPI) and 
S-Adenosyl methionine (SAM)

Protected 
methylated

Protected 
unmethylated

Unprotected 
methylated

Unprotected 
unmethylated

Protected Protected

M.CviPI

Control

DNADNA 
extraction

Enrich DNA 
fragments

Add biotinylated 
compound

Crosslink

Chem-seq

Identify sites bound by small 
chemical molecules (Chem-seq)

DNA-protein complex with 
putative drug binding  site

in vivo

in vitro

Streptavidin

Add biotinylated 
compound

Harvest cells and 
fragment DNA

HiTS-FLIP
Target sequence

Scan �owcellHybridizeHigh-throughput sequencing: 
�uorescent ligand interaction 
pro�ling (HiTS-FLIP)

Protein binding site

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

Flowcell

Hybridize 
primer

Synthesize second 
strand with unmodi-
�ed nucleotides

Add �uorescent-
ly labeled ligand

Elute with increas-
ing stringency

Binding site
Klenow 

ChIP-Seq
ChIP-exo
HT-ChIP
Mint-ChIP

Exonuclease digestion Immunoprecipitate DNADNA-protein complex DNA 
extraction

Crosslink proteins and DNA Sample fragmentationChromatin immune precipitation (ChIP-Seq),  
High-throughput chromatin immunoprecipi-
tation (HT-ChIP))

PB-seq
DNADNA-protein complex DNA 

extraction
Hybridize with 
DNA-binding protein

Isolate protein-bound 
DNA

Purify DNA Shear DNAProtein/DNA binding (PB–seq), to 
determine the binding energy landscape 

ProP-PD
PDZ-Seq

Hybridize

Proteomic peptide-phage 
display (ProP-PD) to identify 
short linear motif (SLiM) interac-
tions or PDZ domains (PDZ-Seq)

Protein target

Identify C-terminal 
sequences

Create oligo 
library 

Construct phage 
display library

Bait proteins immobi-
lized on 96-well plate

Select phages against 
baits

Peptide 
counts

Isolate and 
sequence

2
1

CATCH-IT
MNase digestion DNACovalent attachment of tags to 

capture histones and identify 
turnover (CATCH-IT)

Isolate 
nucei

Cycloaddition 
reaction

Remove of H2A–H2B dimers
and non-histone proteins

Cells starved of
methionine

DNA 
extraction

Add methionine analogue 
l-azidohomoalanine (AHA)

Biotin

Streptavidin

ORGANIC
MNase digestion DNAOccupied regions of genomes from 

a�nity-puri�ed naturally isolated 
chromatin (ORGANIC)

Isolate nuceiCell Isolated chromatin Soluble extract Immunoprecipitate 
and DNA extraction

X-ChIP
MNase digestion DNAHigh resolution of mapping of in vivo 

chromatin associated proteins (X-ChIP)
Crosslink 
cells in vivo

Lyse cells Cross-linked chromatin Sonicate Soluble 
extract

Immunoprecipitate 
and DNA extraction

Chia-PET

Sample fragmentation Immunoprecipitate Ligation Restriction enzyme digestion DNAChromatin interaction analysis by 
paired-end tag sequencing (ChIA-PET)

4-C 

LigationCrosslink proteins and DNA Sample fragmentation DNARestriction digest Self-circularization 
and Reverse PCR  

Chromatin conformation 
capture circular (4-C)

5-C

LigationCrosslink proteins and DNA Sample fragmentation LMA: Ligation-mediated ampli�cation DNA

T7 T3    

Chromatin conformation capture 
carbon copy (5-C)

DNA-protein complex Exonuclease digestion Immunoprecipitate DNADNA extractionCrosslink proteins 
and DNA

Sample 
fragmentation

Histone 
methylation

ChIP-Seq of methylated histones 
(Histone methylation)

DamID

DNA adenine methyltransferase 
interaction detection (DamID)

DNA-protein interaction

Create fusion 
protein

Align sequences and determine 
di�erentially digested sites 

Split sample DpnI digestion Unmethylated GATCs 
are cut by DpnII

Adaptor ligation

Non-targeted methylation

Speci�c and non-targeted 
methylation

DNA adenine
methyltransferase (DAM)

Protein of interest
DAM

Fusion protein DpnII PCRDpnI

SELEX
SELEX-seq
HT-SELEX

Binding 
site

High-throughput systematic 
evolution of ligands by exponential 
enrichment (HT-SELEX)

Target 
sequence

Transcription factor binding site
DNA binding region
Luciferase
Streptavidin binding peptide

pD40htSELEX 

Expression vectorLigand 

Forward sequencing adaptor
Sequencing primer
Barcode to identify sample
14N with all possible combinations
Reverse sequencing adaptor

Fusion protein 
immobilized in well

Matching ligand 
binds

Wash and 
elute

Recovered 
matching ligand 

PCR and 
Sequence

Luciferase
Fusion 
protein

Pu-seq R
Origin of replication

DNAPolymerase usage sequencing 
(Pu-seq)

Klenow reaction(+ random 
primer, dATP, dGTP,dCTP, dUTP)

Attach 
adaptors

Uracil DNA glycosylase-
and DNA lyase (USER)

Alkali 
treatment

5’ 3’
3’ 5’ U U U

PCR and 
purify

Index 1Index 2

Break-seq Breakage at replication fork

DNADouble-stranded break
labeling to map chromosome 
breaks (Break-seq)

End-repair with dGTP, dCTP, 
dTTP, and biotinylated-dATP

Elution and 
fragmentation

Attach 
adaptors

DNA trapped in 
agarose gel

Break5’ 3’
3’ 5’

PCR and 
purify

Index 1Index 2

Streptavidin magnetic 
bead pull down

5’ 3’
3’ 5’

Yellow highlights indicate the target of the protocol

PD-Seq
Wash

Hybridize

PD-Seq identi�es candidate 
cellular targets for proteins

Protein target

Beads

Pyridine

Polyethylene glycol 
linker added

Immobilized 
protein

RNA from cells

NH2 NH2
K2CO3

DMF

NH 

Create phage display 
cDNA library

Repeat cycle three 
times

PCR phage 
insert

DNAProtein-protein 
interaction

NH2

NH2

MeDIP-Seq
DIP-seq       

Extract DNA Fractionate
Denature 

ImmunoprecipitateMethylated DNAMethylated DNA Immunoprecipitation 
(MeDIP-Seq), DNA immunoprecipitation followed 
by high throughput sequencing (DIP-seq))

DNADNA puri�cation

hMeDIP-Seq       

Extract DNA Fractionate
Denature 

ImmunoprecipitateHydroxymethylated 
DNA

Hydroxymethylated DNA immunopre-
cipitation combined with next genera-
tion DNA sequencing (hMeDIP-seq)

DNADNA puri�cation

T-WGBS
DNATagmentation-based 

whole-genome bisul�te 
sequencing (T-WGBS)

Methylated DNA TagmentationTransposome with
methylated adaptor

Displaced oligo

Oligo with
methylated 
adaptor

Displace oligo
Hybridize methylated 
adaptor and gap repair

PCRBisul�te 
conversion

TAmC-Seq
5cmC

Tet-assisted 5-methylcytosine 
sequencing (TAmC-Seq)

5mc residue βGT

Glucosylation Oxidation
GCC CT

5hmC 5mC

GCC CT

g5hmC 5mC
TET

GCC CT

g5hmC 

DNAβGT-catalyzed 
UDP-6-N3 glucosylation

Biotinylation Streptavidin pulldown
and DTT cleavage

N3

GCC CT

g5hmC 
BiotinN3S-S

GCC CT

g5hmC 

DNA

fC-Seal
5fc residue

Blocked 5hmC residue

NaBH4

5hmC residue

A 5-formylcytosine-selective 
chemical labeling (fC-Seal) approach 
for genome-wide pro�ling of 5fC

βGT-catalyzed 
glucosylation

βGT-catalyzed 
UDP-6-N3 glucosylation

BiotinylationConvert 5fc to 
5hmc 

Streptavidin pulldown
and DTT cleavage

5hmC

CC C

5caC

CC

5fc5mC

CC C CC CC C CC

N3

CC C CC

BiotinN3S-S

CC C CC

oxBS-Seq
Oxidative bisul�te sequencing 
(oxBS-Seq) to map 5-methylcytosine 
and 5-hydroxymethylcytosine

DNAKRuO4

5hmc residue Control
Bisul�te treatment
PCR ampli�cation

Bisul�te treatment
PCR ampli�cation

C TCT T

TCT TT

5hmC

CC C

5caC

CC

5fc5mC

5fc

5hmC

CC C

5caC

CC

5fc5mC

C C CCC

MAB-seq
M.SssI methylase-assisted bisul�te 
sequencing (MAB-seq) to map 5fC/5caC

DNAM.SssI 

5fC/5caC residues Control
C TCT T

C TCC T

Bisul�te treatment
PCR ampli�cation

Bisul�te treatment
PCR ampli�cation

5hmC

CC C

5caC

CC

5fc5mC
5hmC

CC C

5caC

CC

5fc5mC

CCC CC

5mC

RRMAB-seq Reduced representation M.SssI 
methylase-assisted bisul�te 
sequencing (RRMAB-seq) 

DNAM.SssI Digest 
with MspI

Add methylated 
adapters

5fC/5caC residues Control
C TCT T

C TCC T

Bisul�te treatment
PCR ampli�cation

Bisul�te treatment
PCR ampli�cation

5hmC

CC C

5caC

CC

5fc5mC

CCC CC

5hmC

CC C

5caC

CC

5fc5mC

5mC

C TCT T

RedBS-Seq
caMAB-seq Reduced bisul�te sequencing 

(redBS-Seq), to map 5-formylcyto-
sine (5fC) in DNA

DNANaBH4

5fc residue Control

CCT TC

Bisul�te treatment
PCR ampli�cation

Bisul�te treatment
PCR ampli�cation

5hmC

CC C

5caC

CC

5fc5mC
5hmC

CC C

5caC

CC

5fc5mC

C CC C C

5hmC

C TCT T

fCAB-Seq
5fC chemically assisted bisul�te 
sequencing (fCAB-seq) method for 
the base-resolution detection of 5fC 

DNA
O-ethylhydroxylamine (EtONH2)

5fc residue Control
Blocked

CCT TC

Bisul�te treatment
PCR ampli�cation

Bisul�te treatment
PCR ampli�cation

5hmC

CC C

5caC

CC

5fc5mC
5hmC

CC C

5caC

CC

5fc5mC

C CC C C

C TT T TTAB-Seq
TET-assisted bisul�te sequencing, (TAB-Seq) 
to map 5-hydroxymethylcytosine

DNA

5hmc residue βGT

Glucosylation Oxidation

TET Bisul�te treatment
PCR ampli�cation

5hmC

CC C

5caC

CC

5fc5mC 5gmC

CC C CC

5gmC

CC C

5caC

C

5caC

C

5caC

JBP1-seq
DNAJ-binding protein 1 sequencing 

(JBP1-seq), for genome-wide pro�ling 
of 5-hydroxy-methylcytosine (5hmC)

TagmentationTransposomes Glucosylated 5-hmC PCRJBP1-magnetic bead 
pull down

5hmc residues

T4-βGTHydroxy-methyl-
ated DNA

Aba-seq
DNAAbaSI coupled with sequencing 

(Aba-seq) to map high-resolution 
hydroxymethylome (5hmC)

Glucosylated 5-hmC Streptavidin magnetic 
bead pull down

5hmc residues

T4-βGTHydroxy-methyl-
ated DNA

AbaSI Biotinylated 
primers

Ligate Fragment

CAB-Seq
Sequence

5caC residue

Chemical modi�cation-assisted 
bisul�te sequencing (CAB-Seq) 
for 5caC detection

1-ethyl-3-[3-dimethylamino-propyl]-car-
bodiimide hydrochloride (EDC) chemistry

Streptavidin pulldown
and DTT cleavage

Nu S-S

Linker Bisul�te treatment
PCR ampli�cation

5hmC

CC C

5caC

CC

5fc5mC o-acylisourea
5hmC

CC C

5caC

CC

5fc5mC BiotinS-S5hmC

CC C
5caC

CC

5fc5mC
CCT T T

C CC TT

Control
5hmC

CC C

5caC

CC

5fc5mC

CCC CC
S5caC

Extract DNA Fractionate Elute with increasing
salt concentration

Methylated 
DNA

Methyl-CpG binding domain-based capture and 
sequencing (MBDCap-seq). Capture of methylated 
DNA using the MBD domain of MeCP2 (Methyl-
Cap-Seq). MBD-isolated Genome Sequencing (MiGS)

DNADNA 
puri�cation

Capture biotinylated MBD on  
Streptavidin coated magnetic beads

MBD
Streptavidin
Biotin

MBDCap-seq
Methyl-
Cap-seq
MBD-Seq
MiGS

MIRA
Methylated-CpG island 
recovery assay (MIRA)

DNA

5mc CpG island

DNA puri�cation
PCR ampli�cation

CGCGC

5mC

GC

5mC

G GC

CGC

GC G GCGC G

MBD2B/MBD3L1 
protein complex

Isolate on glutathione-coated 
beads

Fractionate

CGC
GCGC G

CGC

Methyl-Seq
MRE-Seq Methyl-seq and MRE-Seq use  

methyl-sensitive enzymes to 
identify methylation patterns

Methylated sites 
in the genome

MspI

HpaII

GGC C
GGC C

GGC C
GGC C

GGC C
GGC C

GGC C
GGC C

Sequence Align sequences and 
determine undigested sites 

Split sample Identi�ed 
methylation site

Restriction 
enzyme digest

BSAS
DNABisul�te amplicon 

sequencing (BSAS)
Methylated DNA TagmentationTransposome with 

adaptor
AmpliconsPCR with primers speci�c for 

bisul�te converted DNA
Bisul�te 
conversion

Bisu�te-con-
verted DNA

Key

5-Methyl Cytosine

Cytosine

R

NH2

HO

N

N

O

5-formylcytosine (5fC)
R

NH2

H

N

N

O

O

5-carboxylcytosine (5caC)
R

NH2

HO

N

N

O

O

R

NH2

N

N

O

CH3

R

NH2

N

N

O

5-hydroxymethylcytosine (5hmc)

N

NH2

NO

N

NH2

NO

CH
3

Cytosine 5-Methyl Cytosine

N

NH2

NO

CH
3

5-Methyl Cytosine

N

NO

O

Uracil

Bisul�te conversion

R

NH2HO

N

N

O

O
HO

O

OH

OH

Glucosylated 5hmc

HO HO

O O

HO
HO

O

HO

OH

OH

P

O-

O

OH

P

O-

O
N O

NH

O

Uridine diphosphate 
glucose (UDP-Glu)

R

NH2HO

N

N

O

O
HO

O

OH

N3

N3-5GMC

Pyridostatin (PDS)

O

H2N

NH NH
O

N

H2N

H2N

O

O O

Pyridine

Bubble-Seq

Libraries of restriction fragments 
that contain replication initiation 
sites (bubbles) in vivo

Bubble-containing 
fragment

Restriction 
digest

Run gelCast fragments in 
trapping gel

Recover bubble-con-
taining plug

DNA extraction Add sequencing 
primers

DNA 

2b-RAD
Genome BsaXI restriction sites

Restriction-site associated DNA  marker 
generation (RAD) with type IIB restriction 
endonucleases (2b-RAD)

Restriction digestion with type IIB 
restriction endonucleases e.g. BsaXI

Add restriction-
site-speci�c adapters

Amplify Amplify DNAAdd sample-speci�c 
adapters

RAD
PE RAD-Seq

Genome Restriction sites

Restriction-site associated DNA marker 
generation (RAD) 

Restriction 
digestion

Shear and 
size select 

Add barcoded adapters Add P2 
adapter

Amplify DNA

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

SLAF-seq Genome Restriction sites

Speci�c locus ampli�ed fragment sequenc-
ing (SLAF-seq) for large scale genotyping

Digest with MseI Add MseI 
adaptors

PCRPCR with barcoded 
MseI primer 

DNAAdd sequencing 
adaptors

Digest with AluI Purify and 
pool

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

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

Methylome and transcrip-
tome sequencing from a 
single cell (scM&T-seq)

scM&T-seq

Align RNA and 
methylome

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 bisul�te 
sequencing with scBS-seq

Methylome and transcrip-
tome sequencing from a 
single cell (scMT-seq)

scMT-seq

Align RNA and 
methylome

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 RRBS

Rapture Genome Restriction sites

Restriction-site associated 
DNA  marker generation 
(RAD) capture (Rapture)

Digest with 
restriction 
enzyme

Restriction 
enzyme digest

Add well-speci�c 
barcodes

Pool

Plate 1

DNAHybridize Biotinylated
capture bait

Pool wells 
and shear

Library prep with 
plate barcodes

Well 1
Well 2

Streptavidin 
pull down

Streptavidin 
pull down

Plate 2

Hi-C
3-C
Capture-C

LigationCrosslink proteins and DNA Sample fragmentation PCR amplify ligated junctions DNAChromatin conformation capture 
(3-C, Hi-C and Capture-C)

NG Cap-
ture-C

LigationFormaldehyde �xation Restriction 
enzyme digestion

De-crosslink and 
extract DNA

Sonicate to 200 
bp fragments

DNAPCRNext-generation Capture-C 
(NG Capture-C)

Add indexed 
sequencing adaptors

Hybridize biotinylated
capture bait

Streptavidin 
pull down

LAM-HTGTS
DNALinear ampli�cation-mediated 

high-throughput genome-wide 
sequencing (LAM-HTGTS)

Fragmentation by 
sonication

Tagged PCREnzyme 
blocking

Nested 
PCR

Purify

Breakage in genome

Streptavidin magnetic 
bead pull down

Adaptor ligationLAM-PCR with 
biotinilated primer

NNNN
NNNN

HTGTS
DNALinear ampli�cation-mediated 

high-throughput genome-wide 
sequencing (HTGTS)

Fragmentation by 
sonication

Tagged PCRNested 
PCR

Purify

Breakage in genome

Streptavidin magnetic 
bead pull down

End repair 3’ A addition Adaptor ligation 
and PCR

A

A

A

A

A

A

ChIPmenta-
tion

Fragmented 
and primed

DNAChromatin immunoprecipitation 
with sequencing library preparation 
by Tn5 transposase (ChIPmentation)

Chromatin immunoprecipitationChromatin DNA puri�cation
Ampli�cation

Adaptor insertionTn5 Transposome

DNaseI-SIM

DNase I digestion Terminate DNase I 
digestion

DNA 
extraction

DNADnase I simpli�ed in-nucleus 
method (Dnase I SIM) for plants

Cells Lyse and 
centrifuge

Sort 
nuclei

Supernatant

Nuclei

Nucleus

Nucleus

Polish ends

DNA

fC-CET
5fc residue

5fC based on selective chemical 
labeling of 5fC and subsequent 
C-to-T transition during PCR

5hmC

CC C

5caC

CC

5fc5mC N3

CC C CC

Biotin
N3

S-S

CC C CC

N3
SH

CC C CC CC C CT

DBCO-S-S-PEG3-biotinAzido 1,3-indandione 
(AI)

Pulldown, 
NaOH and DTT

Adaptor ligation 
and PCR

Purify

DNase-Seq
DNaseI-Seq

Active chromatin Isolate trimmed complexesDNase I digestion DNA extraction DNADNase I hypersensitive sites sequencing 
(DNase-Seq, DNaseI-Seq)

MPE-seq

Active chromatin Isolated nuclei Add bathophenanthrolineMPE digestion DNA extraction DNAMethidiumpropyl-EDTA sequencing 
(MPE-seq)

Methidiumpro-
pyl-EDTA (MPE)

O

O- O

O

O-

O-

O-

N

N

N

NH

Fe

H

NH2H2N

O

N

Me

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

GUIDE-seq
Oligo insert

DNAGenome-wide, unbiased identi�cation of 
DSBs enabled by sequencing (GUIDE-seq)

Genome DNA dsOligo tag integrat-
ed in live cells

DNA isolation
Random shearing

End repair
Adaptor ligation

dsOligo-speci�c ampli�cation

dsOligo insert

PCR

Oligo tagUMI

UMI
P7

P5 Index 2

Index 1

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

N

O

N3

O
DNA

N

O

O
DNA

N
N

N

Biotin

N

N
N

O

N3

DNA +

Acylation

DIBO-biotin “click”

MINCE-seq
Sonication and 
MNase digestion

Streptavidin 
capture

DNAMapping in vivo nascent 
chromatin with EdU and 
sequencing (MINCE-seq)

Crosslink with formaldehyde Click reaction
to attach biotin

Label with ethynyl 
deoxyuridine (EdU)

DNA 
extraction

Chase with 
Thymidine

Polymerase

Newly-formed chromatin Streptavidin

SSB-Seq
Single-strand break

DNAMap DNA single-strand                
breaks (SSB-Seq)

Genome DNA DNA isolation and random shearing Immunoprecipitate with 
anti-digoxigenin antibody

DNA Pol I, dU-digoxigenin, and dNTPs

DSB-Seq
Double-strand break

DNAMap DNA double-strand                
breaks (DSB-Seq)

Genome DNA DNA isolation and random shearing Capture on streptavidin beadsTdT and biotinylated-dUTP

scAba-seq
DNADetect 5hmC marks in single cells 

with AbaSI nuclease (scAba-seq)
Glucosylated 5-hmC

5hmc residues

T4-βGTHydroxy-methyl-
ated DNA

AbaSI Ligate Pool T7 ampli�cationPrimer

Illumina 5’ adaptor
T7 promoter

Adaptor with cell-speci�c barcode
Single cell

Droplet-based single-cell 
ChIP-seq (Drop-ChIP)

Drop-ChIP
scChIP-seq

Single cell

Barcoded sequences 
from single cells

Cell 
suspension

Droplet with 
unique oligos

Load single cells into droplets 
with lysis bu�er and MNase

Fuse droplets Pool all droplets SequenceChromatin immuno-
precipitation

Single cell

scATAC-Seq
(Microfluidics)

   Fragmented and primed DNASingle-cell assay for transposase 
accessible chromatin (scATAC-Seq)

Lyse and introduce 
Tn5 transposase

Pool libraries 
from all cells

Amplify with 
cell-speci�c 
barcodes

Insert in regions of open chromatinCell 
suspension

Micro�uidics device

Isolate 
single cell

Very rare mutation
Safe-SeqS

DNA Shear

Mutation

Amplify and solid 
phase capture

SequenceSafe-sequencing system is a unique 
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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-β-D-ribofuranoside (DRB)

N
OH

O

OH OH

N Cl

Cl

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

Base
O

O

N

O

O

O

PO

O

O

PHO

O

O

P

N+

N-

N3

O
Base

cDNA

O

NN

N

O
Base

cDNA

O

O

O-PO

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)
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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
N

N

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 
identi�cation of RNA 
binding protein (PAIR)

PAIR
Capture on 
magnetic beads

Visualize protein 
on SDS-PAGE

CPP Cell-penetrating peptide

Disul�de bondS S
Photo-activatible compoundBpa

Binding site 
for RNA-bind-
ing protein

Create peptide 
nucleic acid 
analogs (PNAs)

AA(A)n AA(A)n

PNA
CPP S S

PNA
Bpa

CPP peptide 
released

Bpa
CPP S

PNA
BpaS

AA(A)n AA(A)n
S S Bpa

PhotoactivateLoad into 
cells

AA(A)n

RARseq
Genome Restriction sites

Restriction site associated 
RNA sequencing (RARseq)

RNA SNPs and polymorphic
loci for population genomics

Restriction digestcDNA synthesis Ligate adaptors

MseI

MseI & 
StyI-HF

AAAA(A)n

Fragment library

RNA extractionUV 254 nm crosslink 
lyse and fragment

cDNAReverse transcriptionPurify and 
proteinase K digest

eCLIP
Enhanced crosslinking and 
immunoprecipitation (e CLIP) 

Immunoprecipitate 
RNA-protein complex

RNA-protein 
complex

RNAse I 
digestion

Dephosphorylate and 
ligate 3’ adaptor

P7P5

Random oligo

3’ adapter

RNA 
extraction

Streptavidin-biotin
a�nity isolation

UV 254 nm and 
UV 365 nm

Psoralen-crosslinked
miRNA–mRNA complex

cDNAReverse 
transcription

MiR‐CLIP
MicroRNA crosslinking and 
immunoprecipitation (miR-CLIP)

Ago2 immunopre-
cipitation

RNA-protein 
complex

miR-CLIP 
capture probe

Biotin

Psoralen

iCLIP 
cDNAAdd 3’ 

adaptor
Cross-linked peptides remain 
after proteinase K  digestion

Proteinase KCrosslink cDNA truncates at 
binding site

Cleavable adaptor 

Circularize Linearize and PCRIndividual nucleotide 
resolution CLIP (iCLIP)

RNA-protein 
complex

Immuno-precipitate 
complex

Barcode

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
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5’ P

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

75ºC

25ºC

RNAse V1 digestion at di�erent 
temperatures

Cell labeling via photobleach-
ing (CLaP)

CLaP
Barcoded mRNA 
from single cells

AA(A)n

Single cell

Con�uent cells 
in culture

Biotin-4-�uo-
rescein (B4F) 

Photobleach and crosslink 
with 473nm laser

Cy5-streptavidin 
labeling

Tagged cells isolated, 
reverse-transcribed and 
sequenced

Rinse

DLAF
mRNA cDNADirectly ligate sequenc-

ing adaptors to the 
�rst-strand cDNA (DLAF)

RNase 
digestion

cDNAReverse 
transcription

Random 
primer

AA(A)n AA(A)n

Ligation in presence of 
PEG and DMSO

Uracil-speci�c 
excision (USER)

PCR and 
purify

3’ Hexanediol
5’ Phosphate

NNNNNU UU U
Left adaptor

NNNNN U UU URight adaptor
NNNNNU UU U NNNNN U UU U

AA(A)n

High-throughput single-cell 
labeling (Hi-SCL)

Hi-SCL
Barcoded mRNA 
from single cells

AA(A)n

Single cell

Cell 
suspension

Each droplet with 
unique oligos

Insert oligos 
in droplets

Load single cells into 
droplets with lysis bu�er

Fuse droplets Pool all droplets cDNA synthesis 
and ampli�cation

Sequence

Universal primer

Oligo(dT) RT bu�er

BruChase
-Seq

Nascent RNA Br-UTP

Label with bromouridine

UTP

Pulse chase Isolate and hydrolyze cDNABromouridine pulse-chase and sequencing 
(BruChase-Seq)

Single strand 
library prep

Bead coated with anti 
BrdU antibody 

Elute

cP-RNA-Seq cP

2',3'-cyclic phosphate (cP) RNA 
sequencing (cP-RNA-Seq)

Extracted RNA CIP phosphatase 
treatment

Periodate (NaIO4) 
treatment

Kinase (T4 PNK) 
treatment

Adaptor ligation RT PCR and purify

cP

OH
OH

OH
OH
OH

OH
OH
OH cP

X
X

cP

OH

5’ 3’

P P
P

P X
X
OH

X
X

cDNA

TCR-LA-MC 
PCR TCR ligation-anchored-mag-

netically captured PCR 
(TCR-LA-MC PCR)

Constant (C) gene 
of the TCR chains

(C) gene cDNA 
synthesis

RNA 
digestion

ssDNA linker 
ligation

PCR 1

C

RNA
C

P5 P7
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PCR 2 with 
nested primers 

Add sequencing 
adaptors

DNA ready for 
sequencing

Quartz-Seq
Whole-transcript ampli�-
cation for single-cells 
(Quartz-Seq) 

AA(A)n AAAAA AAAAA
T T T T T

TTTTT T7   PCR

Add polyA primer 
with T7 promoter 
and PCR target

AAAAA
T T T T T

Reverse transcription
and primer digestion

T7   PCR T7   PCR

Poly A addition and 
oligo dT primer with 
PCR target

Generate 
second strand

Add blocking 
primer

Enrich with suppres-
sion PCR

T T T T TPCR

T T T T T T7   PCRAAAAA
T T T T TPCR AAAAA

TTTTT T7   PCRAAAAA

Blocking primer with LNA

cDNA

MARS-Seq
Massively parallel RNA 
single-cell sequencing 
framework (MARS-Seq) 

AA(A)n AAAAA

TTTTT
T7UMI

Add polyA primer with 
partial T7 promoter and UMI

Second strand 
synthesis

RNA fragmentation RNA to ssDNA ligationDNaseI Reverse 
transcription

PCR and puri�cation cDNA

AAAAA
T T T T T

T7UMI

partial rd1rev

P5 P7

SUPeR-seq

Single-cell universal poly(A)-indepen-
dent RNA sequencing (SUPeR-seq)

AA(A)n
AAAAA

Add polyA primer with T7 
promoter and PCR target

Reverse transcription and 
primer digestion with ExoSAP-IT

PCR ampli�cation Puri�cation DNA

AAAAA
NNNNNT T T T T

NNNNNT15NNNNNT15

NNNNNT15

AAAAA
T T T T T

AAAAA
T T T T T

scRNA-seq
Single-cell mRNA 
sequencing (scRNA-seq)

AA(A)n AAAAA

Add polyT 
primer 

Reverse-transcribePolyA-tailed  
mRNA

Reverse transcription and 
primer digestion with ExoSAP-IT

PCR ampli�cation Shear DNA

AAAAA
T T T T T

T T T T T AAAAA
T T T T T

T T T T T AAAAA
T T T T T

T T T T T
AAAAA

High-throughput single-cell 
labeling with indexing 
droplets (inDrop)

inDrop
Barcoded mRNA 
from single cells

AA(A)n

Single cell

Cell 
suspension

Each microsphere 
with unique oligos

Oligos attached 
to hydrogel

Load single cells into 
droplets with lysis bu�er

Combine micro-
spheres and droplets

Pool all 
droplets

UV primer 
release

cDNA synthesis 
and ampli�cation

Sequence

Photocleavable linker

Oligo(dT) RT bu�er
Cell label

A single nucleus RNA-Seq 
method (Nuc-Seq)

Nuc-Seq AA(A)n

Single cell

Tissue Fixation and 
freeze

Lyse and 
centrifuge

Sort 
nuclei

Nuclei mRNA fragment

AAAAAA

cDNA synthesis TagmentationPCR

AAAAAA
T T T T T TCCC

GGG
Locked nucleic acid (LNA)

CCC
GGG

Enrichment-ready 
fragment

P5 P7

Index 1Index 2

Gap repair 
and PCR 

Nuc-Seq with EdU-medi-
ated labeling of proliferat-
ing cells (Div-Seq)

Div-Seq AA(A)n

Single cell

Tissue in vivo labeled 
with 5-ethynyl-2’-de-
oxyuridine (EdU)

Nuclei 
isolation

Click-IT 
tagging

FACS 
sort

mRNA fragment

AAAAAA

cDNA synthesis TagmentationPCR

AAAAAA
T T T T T TCCC

GGG
Locked nucleic acid (LNA)

CCC
GGG

Enrichment-ready 
fragment

P5 P7

Index 1Index 2

Gap repair 
and PCR 

BrdU-CLIP 
iCLIP with BrdU a�nity 
puri�cation (BrdU-CLIP)

cDNAAdd 3’ 
adaptor

Cross-linked peptides remain 
after proteinase K  digestion

Proteinase KCrosslink cDNA truncates at 
binding site

Cleavable adaptor 

Circularize Immuno purify, 
linearize and PCR

RNA-protein 
complex

Immuno-precipitate 
complex

Barcode Brd-UTP

hiCLIP 

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

Di�erent RNA

Same RNA

Di�erent RNA

Adaptor ligation Remove 3’ block 
from linker adaptor

Second RNA 
ligation

Map RNA sequences to 
the genome

Cloning adaptor

Linker adaptor

RNA 1

RNA 1
RNA 2

PIP-Seq
Formaldehyde cross-
linked RNA-protein 
complex

Cell lysis 
and DNase

dsRNase

Proteinase

Proteinase

ssRNase

Strand-speci�c 
library prep 
and sequence

Protein interaction 
pro�le sequencing 
(PIP-seq)

RNase inhibition

RNase inhibition

Crosslink 
reversal

Crosslink 
reversal

dsRNase

ssRNase

Size 
selection

Duplex-speci�c 
nuclease 
normalization

5’ GPPP AA(A)n 5’ GPPP AA(A)n

Capped mRNA cDNA

PEAT
Paired-end analysis of transcrip-
tion start sites (PEAT)

5’ P AA(A)n

Tobacco acid 
pyrophosphatase 
(TAP) treatment 

AA(A)n
MmeI site

MmeI site

Ligate 5’ oligo 
with MmeI site      

PCR amplify 
and circularize

Rolling circle 
ampli�cation

Restriction 
endonuclease

Reverse  transcrip-
tion with random 
primers

Methylome and transcrip-
tome sequencing from a 
single cell (scM&T-seq)

scM&T-seq

Align RNA and 
methylome

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 scBS-seq

UV 254 nm 
crosslink lyse 
and fragment

cDNASDS PAGE, blot on 
nitrocellulose, and 
proteinase K digestion 

Reverse-transcribe 
and Immunopurify

Circularize 
and PCR

irCLIP
UV-C crosslinking 
and immunoprecip-
itation (irCLIP)

Immunoprecipi-
tate RNA-protein 
complex

RNA-protein 
complex

Dephosphorylate 
and ligate 3’ adaptor

IR800-biotin 
adaptor

RNAse A and 
RNAse I digestion

3’ Biotin
A25

RT priming

IR800
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