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RNA extractionRNase T1 digestionUV 254 nm cDNAReverse transcriptionProteinase K

CLIP-Seq

Crosslinking and immunoprecipitation 
sequencing (CLIP) 

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

TCRα mRNA

TCRβ mRNA

Oil emulsion

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

Reverse 
transcription

Amplification Overlap extension Blocker 
primers

Nested PCR amplification

TCR chain 
pairing

AA(A)n

AA(A)n

TCRα

TCRβ

TCRα

TCRβ

TCRα TCRβ TCRα TCRβTCRα TCRβ

DNAPCR supression of 
non-fused molecules

CDR3α CDR3β

CDR3

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 purification cDNA

AAAAA
TTTTT T7UMI

partial rd1rev

P5 P7

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 amplification

Sequence

Universal
Cell label
Molecular index
Oligo(dT)

High-throughput 
single-cell labeling with 
indexing droplets

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 buffer

Combine microspheres 
and droplets

Pool all 
droplets

UV primer 
release

cDNA synthesis 
and amplification

Sequence

Photocleavable linker

Oligo(dT) RT buffer
Cell label

Agarose microwell array Oligobeads

Cell suspension

Single cell

mRNA

mRNAAdapters

Individual cells trapped in 
agarose microarray wells

All oligos in the same bead contain 
identical cellular barcodes but 
unique UMIs

PolyA RNA captured 
by oligobeads

Barcoded 
cDNA library

Cell lysis

Captured mRNA 
enriched using 
SMART-Seq2

polyA RNASingle cell
AA(A)n

UMI
Cell label
Molecular index
Oligo(dT)

Microwell-Seq

Transcriptomic profiles for 
thousands of single-cells 

AA(A)n
AAAA

AAAA
AAAA

PolyA RNAgRNA

CRISPR/Cas9Single 
cell

Cell 
suspension

gRNA 
construct

Drop-Seq

Lentiviral 
transduction 
& enrichment

AAAA

AA
AA AAAA

AAAA

mRNA

gRNA

gRNA

Transcriptome

Load cells and 
beads into droplets

Lyse

cDNA libraryBreak 
droplets & 
library prepCROP-Seq

Perturb-Seq

Oligobeads

PCR handle
Cell barcode
UMI
Oligo(dT)

Pooled CRISPR screens with 
single-cell transcriptome 
resolution  

Custom lentiviral construct 
contains gRNA in polyA mRNA 
transcripts so they can be 
detected through scRNA-Seq

Puromycin selection 
enriches successful 
gRNA-transduced cells

Each bead has unique 
cell-identifying oligo 
sequence

scRNA-Seq directly links 
transcriptome profile with 
corresponding guide RNA

Cell 
lysis

Size 
select

Break emulsion, 
RT, & template 
switching

Antibody
Antibody 
barcode

Single 
cell

Cells
Load into 
droplets

PolyA RNA

Surface protein

AA(A)n
AAAA

AAAA

AAAA

AA(A)nS S

OligobeadsAntibody-oligo 
complex

PCR handle
Cell barcode
UMI
Oligo(dT)

mRNA
dscDNA

From cellular mRNA

From antibodies

non-polyA 
RNA

CITE-Seq

Cellular indexing of 
transcriptomes & epitopes 
by sequencing (CITE-Seq)

Each antibody tagged with 
unique barcode sequence 
to allow sequence-based 
antibody ID 

Antibodies bind to 
cell-surface proteins 
on cells 

Single cells and beads 
are loaded into droplets

mRNA and oligos from 
antibodies both have polyA 
tails, here they anneal to 
oligobead at its polyT end 

dscDNA from cellular mRNA 
are considerably longer than 
dscDNA from antibody–oligo 
complex sequences  

Cell-specific transcripts are 
identified by barcode sequences 
and couple gene expression data 
with cell-surface protein marker data

Single 
cell

PolyA RNA

Protein markers & 
sample tagging

AA(A)n

Sample A

Sample B

Sample C

Oligobeads

Antibody
Antibody 
barcode

AA(A)nS S

Antibody-derived 
tags

Antibody

AA(A)n
Sample A 
barcode

Antibody

AA(A)n
Sample B 
barcode

Antibody

AA(A)n
Sample C 
barcode

Cell 
lysis

AAAA
AAAA

AAAA

mRNA

non-polyA 
RNA

Load 
into 

drop-
lets

Size 
select

From cellular mRNA

From antibodies

From sgRNAs

Break emulsion, 
RT, and template 
switching

dscDNA

Sample tagging to ubiquitous 
protein markers

Droplet microfluidics
Pool

gRNA

ECCITE-Seq

PCR handle
Cell barcode
UMI
Oligo(dT)

Expanded CRISPR- 
compatible cellular 
indexing of 
transcriptomes and 
epitopes by sequencing 
(ECCITE-Seq)

Hashtag oligos (HTOs) 
target specific proteins 
with barcodes to provide 
sequence-based cellular 
identification of sample 
origin

Antibody-derived tags 
mark cellular antigens 
of interest 

Single cells and beads 
are loaded into droplets

mRNA and oligos from 
antibodies both have 
polyA tails, here they 
anneal to oligobead at 
its polyT end 

dscDNA from cellular 
mRNA are considerably 
longer than dscDNA from 
antibody–oligo complex 
sequences, sgRNAs have 
their own PCR primers   

Transcripts identified to 
cellular level through cell 
barcodes, connecting 
multiple modalities within 
a single experiment

Random primer 1

Methylated DNA Bisulfite 
conversion

Random primer 2scBS-Seq
SequenceSingle-cell bisulfite 

sequencing 
(scBSBS-Seq)

Align fragments from 
every unique molecular 
tag

Isolated 
single 
cell

Lyse First random 
priming

Second 
random 
priming

Repeat 
4 times

PCRExtend 
Adaptor Adaptor

ExoI and 
purify

MeDIP-Seq
DIP-Seq       

Extract DNA Fractionate
Denature 

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

DNADNA purification

EpiRADseq
Genome Restriction sites

Double digest restriction-site associated 
DNA  marker generation (ddRADseq) with a 
methylation-sensitive restriction enzyme 
(EpiRADseq)

Restriction 
digestion

Second restriction digest 
with methylation-sensitive 
HpaII

Add barcoded 
adapters

Add P2 
adapter

Amplify DNA

ATAC-Seq
   Fragmented and primed DNAAssay for transposase 

accessible chromatin 
(ATAC-Seq)

Tn5 TransposomeOpen DNA DNA purification
Amplification

Insert in regions of open 
chromatin

X-ChIP
MNase digestion DNAHigh resolution mapping of in vivo 

chromatin associated proteins 
(X-ChIP)

Crosslink cells 
in vivo

Lyse 
cells 

Cross-linked 
chromatin

Sonicate Soluble 
extract

Immunoprecipitate 
and extract DNA 

DNase-Seq
DNaseI-Seq

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

FiT-Seq
Heat 40°C in SDS DNAPurificationFixed-tissue chromatin 

immunoprecipitation 
sequencing (FiT-Seq)

Deparaffination 
and rehydration

FFPE-fixed 
chromatin

Proteinase 
K digestion

Enzyme 
inactivation

Sonicate Soluble 
extract

Immunoprecipitate Cromatin 
elution

Single cell
scATAC-Seq

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

Barcode each well 
with Tn5 
transposase

Cell 
suspension

Isolate nuclei Split 
sample

Pool 
and 
dilute

Split sample PCR-barcode 
every well

Pool for library 
prep

CpG island
CAP-Seq

DNACXXC affinity purification 
plus deep sequencing 
(CAP-Seq)

CXXC bound to 
nickel-charged sepharose 
beads

Hybridize to sepharose 
column

CXXC

CXXC
CXXC

CX
XC

CX
XC

Methylated CpG

Unmethylated CpG

CXXC
CXXC

CXXC

CXXC CXXCX

Elute unmethylated CpG 
enriched fragments 

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

Methyl-sensitive enzymes 
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

Identified 
methylation 
site

Restriction 
enzyme digest

BS-Seq
Bisulfite-Seq
WGBS

DNAShear DNAMethylated DNA Bisulfite conversionBisulfite conversion of genomic DNA 
(bs-Seq) or whole-genome bisulfite 
sequencing (WGBS)

C GTCT

C GTUT

Bisulfite

C GTTT

PCR

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

Exonuclease digestion Immunoprecipitate DNADNA-protein complex DNA 
extraction

Crosslink proteins and 
DNA

Sample 
fragmentation

Chromatin immune precipitation 
(ChIP-Seq),  High-throughput chromatin 
immunoprecipitation (HT-ChIP))

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 buffer 
and MNase

Fuse 
droplets

Pool all 
droplets

SequenceChromatin 
immunoprecipitation

ORGANIC
MNase digestion DNAOccupied regions of genomes from 

affinity-purified naturally isolated 
chromatin (ORGANIC)

Isolate nuceiCell Isolated 
chromatin

Soluble 
extract

Immunoprecipitate 
and extract DNA 

NOMe-Seq
Open DNA Nucleosome Occupancy Methylome- 

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

Bisulfite 
conversion 
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

DNA–protein complex Exonuclease digestion Immunoprecipitate DNADNA 
extraction

Crosslink proteins 
and DNA

Sample 
fragmentation

Histone 
methylation

ChIP-Seq of methylated 
histones (Histone 
methylation)

4-C 

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

Chromatin conformation 
capture circular (4-C)

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)

CUT&Tag

DNA–protein complex Primary antibody 
binding of protein target

Secondary antibody binding
and pA-Tn5 transposome addition

Fragments with adapters at 
both ends are enriched by PCR

DNA

AAAAAA
TTTTTT

P

P

P

PA
A

P

P
T

A+

Sequencing-ready library 
of coding transcriptome

Adapter ligation 
PCR amplification

End-repair, phosphorylation, 
and A-tailing

PolyA selection, fragmentation, 
and random priming

First- and second-strand 
cDNA synthesis

AAAAAA

AAAAAA

mRNA
rRNA
Noncoding RNA

Illumina 
Stranded 
mRNA Prep

AAAAAA

AAAAAA

mRNA
rRNA
Noncoding RNA

Illumina 
Stranded 
Total RNA 
Prep Hybridize probes 

to target rRNA
Enzymatic depletion 
of hybridized rRNA

First- and second-strand 
cDNA synthesis

P

P

P

PA
A

P

P

P

PA
A

End-repair, phosphorylation, 
and A-tailing

P

P
T

A+

P

P
T

A+

Adapter ligation 
PCR amplification

Sequencing-ready 
library of coding 
and noncoding 
transcriptome

AAAAAA

AAAAAA

mRNA
rRNA
Noncoding RNA

Illumina RNA 
Prep with 
Enrichment First- and second-strand 

cDNA synthesis
Fragment and add 

adapters with Illumina 
bead-linked transposome 

(BLT) technology

Add indexes 
using PCR

Biotin probes

Hybridize biotin probes 
to target regions

Capture using 
streptavidin beads

Steptavidin 
beads

Elute from 
beads

PCR 
amplification

Sequencing-ready 
library of targeted 

transcriptome

Amplicon 
RNA-Seq

Create oligo capture probes 
flanking each region of interest

RNA cDNA Extension/ligation between 
probes across regions of interest

Custom
Probe 1

Custom
Probe 2

Probe 1 Probe 2

Region of interest

Reverse 
transcribe Index 2Index 1

P5P7

PCR adds indexes and 
sequencing primers

Uniquely tagged amplicon 
library ready for cluster 

generation and sequending

Index 2Index 1 P5P7

~300 bp

Normalized and 
tagmented DNA

Genome

Enrichment bead-linked 
transposome fragmentation 
and on-bead tagmentation

Pre-enriched 
DNA library

Targeted sequencing of
select regions of the
genome or exome

Reduced-cycle PCR adds 
indexes and adapters

Illumina DNA 
Prep with 
Enrichment 

Enrich using probe panel 
and streptavidin magnetic beads

Enriched and indexed 
library ready for 
sequencing

Long 
noncoding 
RNA-Seq lncRNA RNA fragmentation and 

random priming
First-strand 
cDNA synthesis

Second-strand cDNA synthesis
(end repair and dA-tailing)

Adaptor ligation 
and size selection

PCR enrichment with 
bar code primers

Input RNA for sequencing 
(gDNA and rRNA deplection)

Small 
RNA-Seq

Small or micro RNA Ligate adapters

3’5’

Add primer Reverse transcription Denature and amplify Product ready for 
cluster generation

Small RNA fragment

3’ Adapter5’ Adapter

P5

P7

Index 1

mRNA
Smart-Seq3 AAAAAAA

mRNA fragment

AAAAAA

cDNA synthesis Tagmentation

AAAAAA AAAAAATTTTTT TTTTTT
Adaptor

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

PCRFirst-strand synthesis with 
Maxima H reverse transcriptase

CCCCCC GGG
Template-
switching oligo

Locked nucleic acid (LNA)

CCC
GGG

Enrichment-ready fragment

P5 P7
Index 1Index 2

Gap repair, 
enrichment PCR, 
and PCR purification

UMI

2nd index tagging and 
sequencing adapters

transposomes
i5 adapter with 
cell index

i7 adapter with 
cell index

Pool
Index 1
cDNA

Index 2
UMI

Single 
cell

Fixed cells or nuclei are randomly sorted 
and reverse transcribed using polyT 
adapters with UMIs and well-specific index 

Ready for sequencing

RT with 1st 
barcode set

Fixed cells
Random 
split

Random 
splitPool 2nd-strand  

synthesisPolyA RNA
AA(A)n

TTTT

TTTT

TTTT

Single-cell combinatorial 
indexed RNA sequencing 
(sci-RNA-Seq)

cDNA strands are tagged with another set of well-specific 
barcodes that includes 17 and i5 sequencing adapters 

sci-RNA-Seq

SPLiT-Seq

Each cell can be distinguished 
by unique barcode sequences 
attached to cDNA

Barcode 3 contains UMIs and 
conjugated biotin molecule

PCR of cDNA using 4th 
well-specific barcode along 
with sequencing adaptors

Ready for 
library prep

Fixed and permeabilized cells are 
reverse-transcribed using 
microwell-specific unique barcodes

Split-pool ligation-based 
transcriptome sequencing 
(SPLiT-Seq)  

Single 
cell PolyA RNA

AA(A)n

Fixed cells
Pool

RT with 1st 
barcode set

Ligate 2nd 
barcode set

Ligate 3rd 
barcode set

Amplify with 
4th barcode setRandom 

split
Random 
split Lysis  

and split

Random 
split Pool PoolBiotin

CEL-Seq2

Reverse transcription and 
second-strand synthesis of 
RNA from individual cells

In vitro transcription 
of pooled samples

RNA fragmentation and 
ligation of 3’ adapter

RNA is converted to DNA and 
inserts with both adapters 
are selected for by PCR

Cell expression by 
linear amplification and 
sequencing (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’ adapter

UMI

TT(T)n
TT(T)n

TT(T)n

TT(T)n

PIP-Seq

Barcoded
templates

Lysed cell

Barcode
UMI

poly(T
)

cDNA
cT

SO

Barcode
UMI

Nextera

Nextera
cDNA P7P5

Lysed reagents

Barcoded
templates polyA mRNA

Add oil Oil
Vortex 
(-1 min)

Triggered lysis, mRNA capture Reverse transcription Library preparationParticle-templated 
instant partition 
sequencing (PIP-Seq)

Particle-templated 
emulsification

TSO

Whole-transcriptome amplification

Tagmentation Library PCRSingle 
cell

AA(A)n
Heat-activated 
lysis reagents

Single cells

Slide-SeqV2
Section tissue RT, tissue digestion Library preparation Sequencing and 

spatial alignment
Transcriptome-wide 
detection of RNA with 
spatial resolution

Barcoded beads arrayed 
on glass slide and indexed

AA(A)n

Tissue on slide

PolyA RNA

Transfer to tube

BC–UMI–poly(T)

BEN-Seq
Antibodies bind to 
cell-surface proteins

Streptavidin-mag beads loaded 
with complementary oligos

Separate antibody-derived tags (ADT) from RNA + gDNA

Dnase treat, library 
prep, and sequence 
total RNA

Library prep and 
sequence ADT

Bulk epitope and nucleic 
acid sequencing (BEN-Seq)

Each antibody tagged with unique 
barcode sequence to allow 
sequence-based antibody ID

RNA + gDNAPolyA RNA

Surface protein

Non-polyA RNA
AA(A)n Cells Oligobeads

PCR handle
Cell barcode
UMI
Oligo

Antibody
Antibody 
barcode

AA(A)nS S

Antibody-oligo 
complex

ADTs

Learn more
Proteome

References

Tissue on slide

PolyA RNA

Surface protein

AA(A)n
Antibody-oligo 
complex Antibody

Antibody 
barcode

AA(A)nS S

Spatial 
CITE-Seq

Spatially resolve transcriptomes and 
proteomes with spatial transcriptomics

Staining and imaging Permeablization Sequence and map transcripts back to 
spatial barcode

Tissue section

ID582 ID583 ID584 ID585 ID586 ID587 ID588 ID589

Surface probe
Glass
slide

Cleavage site

Amp an
d se

q 

ha
nd

le
Spatia

l 

barcode (ID
) UMI

mRNA capture 

region

Tissue on slide

PolyA RNA

Surface protein

AA(A)n

Digital spatial 
profiling

Spatially resolve transcriptomes and 
proteomes with digital spatial profiling

Stain slide with oligo-conjugated 
antibodies and oligo-labeled RNA probes

Image slide and select 
regions of interest (ROIs)

UV-cleave oligos off 
antibodies and RNA in ROI

Aspirate oligos with 
microcapillary and dispense 
oligos into 96-well place

Oligo-labeled 
antibodies

Antibody UV photocleavable
linker

Protein

Target RNA

Complementary
DNA sequence

DNA oligo tag

Oligo-labeled 
RNA probes

UV-photocleavable
oligo

Fluorescent
antibodies

Photocleaved 
oligo

UV-photocleavable
oligo

RNA scope
probes

Region of interest (ROI)

Photocleaved 
oligo

Surface proteinPEA-Seq  

NGS readout for 
high-throughput proteomics

Proximity extension 
assay (PEA)

Capture with 
labeled antibodies

Extension of oligonucleotides 
with DNA polymerase

Oligo barcodes amplified by PCR Library preparation

Cells

P5 Rd1SP FBC Hyb RBC Index P7

Antibody
complex

Surface protein Complementary
ends

33 mer aptamer

Aptamer 
proteomics

Nucleotide aptamers 
specifically bind to thousands 
of proteins for proteomics 
with sequencing readout

Aptamers are synthetic ssDNA 
sequences with protein-like 
appendages that tightly bind a 
specific protein target

Capture with bead-immobilized 
aptamers

Protein biotinylation and 
photocleavage release

Capture on streptavidin 
beads, elute of aptamers

Library preparation 
and sequencing of 
aptamers

This is only a sample of the hundreds of next-generation 
sequencing (NGS) methods used today. Illumina NGS 
technology is cited in over 300,000 peer-reviewed 
publications—5× more than all other NGS technologies 
combined.*
 
* Data calculations on file, Illumina, Inc. 2022.
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