
GLOBAL  ANALYSES  of  RNAs 

and RNPs



3C Chromosome Conformation Capture
based on Proximity Ligation Assay (PLA)

Ansari and Hampsay, GDev, 2005; El Kaderi et al., JBC, 2009

GENE LOOPING

Chromatin/Transcription



3C  4C  5C …..

3C Chromosome Conformation Capture

4C Circularized CCC (enhanced 3C)

5C Carbon-Copy CCC with multiple ligation-mediated amplification (LMA)

GCC Genome CC (Hi-C – deep Seq); ChIP version of GCC as 6C

ChIP Loop (indirect ChIP);  6C ChIP GCC  



3C  4C  Hi-C

Schmit et al., Nat Rev Mol Cell Biol, 2016



Hi-C

Belton et al., Methods, 2012

- chromatin crosslinking, digestion, re-ligation, PCR 

amplification/deep sequencing

- biotin-labeled nucleotide incorporated at the ligation junction for 

selective purification of chimeric DNA ligation junctions
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Methods to detect 

chromatin contacts
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METHODS TO STUDY TRANSCRIPTOMES

• SAGE - serial analysis of gene expression 

sequencing of small cDNA tags generated by type II restriction enzymes

• CAGE - cap analysis of gene expression

sequencing of small cDNA tags derived from capped transcripts

• 3’ long SAGE 

identification of SAGE tags that originate from 3’ ends of transcripts

• RNA Seq - high throughput sequencing of cDNAs

• GRO-seq - genomic run-on sequencing

sequencing of cDNA tags extended from nascent transcripts

• tiling arrays

microarrays with overlapping probes that cover the complete genome



METHODS TO STUDY TRANSCRIPTOMES

• ChIP (ChIP-chip, ChIP-Seq) - chromatin immunoprecipitation

indirectly reveal unknown ncRNAs

• RIP-Seq - RNA immunoprecipitation-sequencing

• ChIRP – Chromatin isolation by RNA Purification (+RNA-Seq)

• ChART - Capture Hybridization Analysis of RNA targets (+RNA-

Seq)

biotinylated oligonucleotides used to enrich for DNA sequences associated 

with a particular RNA

• CRAC - CRosslinking and Analysis of cDNA

• PAR-CLIP - PhotoActivatable ribonucleoside–enhanced 

CrossLinking and ImmunoPrecipitation

• HITS-CLIP - High-Throughput Seq CLIP



PARE: Parallel Analysis of RNA End
mRNA DEGRADOME RNA-seq

Zhai et al., Methods, 2014



Sherstnev et al., Nat Str Mol Biol, 2012; Chang et al., Mol Cell, 2014

TAIL-seq: RNA 3’ end sequencing
Poly(A) tail length and 3’ end modifications

(e.g. U-tailing)

DRS: Direct RNA sequencing of Poly(A) sites



Poly(A) tail analyses

Nicholson and Pasquinelli TiCB 2018



Poly(A) tail analyses Nanopore

Nicholson and Pasquinelli TiCB 2018



Nascent RNA analyses

Wissink et al, Nat Rev Genet, 2019



Nascent RNA 

methods

Wissink et al, Nat Rev Genet, 2019

caRNA- seq 

chromatin-associated RNAseq 

CoPRO coordinated precision 

run-on and sequencing

FISH fluorescence in situ 

hybridization

mNET-seq mammalian native 

elongating transcript seq

NET-seq native elongating

transcript seq

PRO-cap precision run- on with 

cap selection

PRO-seq precision run- on seq

SL AM-seq thiol (SH)-linked 

alkylation for the metabolic 

sequencing of RNA 

SMIT-seq single-molecule intron 

tracking seq

TT- seq transient transcriptome 

seq



Nascent RNA methods

Wissink et al, Nat Rev Genet, 2019



4-thioU bromoU

Core et al., Science, 2010

human 

plant 

insect 

worm

Analysis of Nascent Transcripts- GRO-seq



Analysis of Nascent Transcripts

Miller et al., Mol Syst Biol, 2010;

Barrass et al, Genome Biol, 2015

Expression of hENT1 nucleoside transporter enables uptake of UTP derivatives

yeast

Non-perturbing RNA labeling in yeast

Allows dynamic transcriptome analysis: sythesis and decay rates

and the study of nascent transcripts



NET-Seq I. II.

Analysis of Nascent Transcripts

Churchman and Weissman, Nature, 2011 Spicuglia et al., Methods, 2013



Comparison of different RNA-Seq approaches

NET-Seq

Spicuglia et al., Methods, 2013



RNA MODIFICATIONS

S
ib

b
rr

it
 e

t 
a

l,
 W

IR
E

s
R

N
A

 2
0

1
3

 

FUNCTIONS



RNA MODIFICATION

Sibbrrit et al, WIREsRNA 2013 



m6A RNA-seq
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m6A-specific Ab IP seq photo-crosslinking 

assisted m6A seq

m6A individual-nucleotide

resolution crosslinking and IP
m6A-level and isoform-

characterization seq



antibody-free 

m6A-seq

DART-seq

• Cytidine deaminase APOBEC1 fused 

to m6A-binding YTH domain

• APOBEC1-YTH induces C-to-U 

deamination at sites adjacent to m6A

• detected using RNA-seq
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Meyer, Nature Methods 2019 



m5C RNA-seq

Li at al, Nat Methods, 2017



Identification of NAD+ capped RNAs



INTERACTIONS: RNA-proteins

RNA-DNA

RNA-RNA

RNA structure



The RNA insert (red) is expressed in the context of RNA vector sequences (black) tethered 

upstream of lacZ (brown) and HIS3 reporter genes via a MS2 coat–LexA fusion protein (blue 

and black). Gene activation depends on binding of the Gal4 activation domain (yellow) –prey 

fusion protein (green).

GENETIC SCREEN- YEAST THREE HYBRID

very artefactual











MODIFIED TAP tags

mammalian cells

Oeffinger, Proteomics, 2012

Drakas et al., Proteomics, 2005

Van Leene et al., TiPlSci, 2008; 

Gloeckner et al, Proteomics, 2007 



Diameter 2.8 um volume 40 000 smaller than agarose/sepharose

MAGNETIC BEADS vs SEPHAROSE



http://www.jove.com/index/details.stp?ID=2034Hafner et al., Cell, 2010

PAR-CLIP
PhotoActivatable 

ribonucleoside–enhanced

CrossLinking and 

ImmunoPrecipitation

HITS-CLIP:
High-Throughput Seq CLIP

Creamer et al., PLOS Genet, 2011



Ascano et al., WIREs RNA, 2012

iCLAP
RBP is Strep- and 

polyHis tagged

PAR-CLIP

4-thioU

UV 365 nm 

HiTS-CLIP iCLIP
ssDNA is 

circularized

UV 254 nm



in vivo PAR-CLIP

Jungkamp et al., Mol Cell, 2011



CRAC technique: 
CRosslinking and 

Analysis of cDNA

Granneman et al., PNAS, 2009



CRA

C
HITS-CLIP iCLIP PAR-CLIP
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Castello et al.; He et al., Cell, 2016

mRNA binding proteome (poly(A) BP)



OOPS, TRAPP, XRNAX RNP interactome, RPBome
OOPS - orthogonal organic phase separation XRNAX

TRAPP/PAR-TRAPP - RNA-associated protein purification

OOPS

XRNAX
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TRAPP/PAR-TRAPP 

stable isotope 
labelling with amino 
acids in cell culture 



Hegarat et al., NAR, 2010; Michlewski and Caceres, RNA, 2010

RNA/D

NA

linker

biotin

beads

(e.g. magnetic 

streptavidin)

separation

specific

proteins

contaminants

RNase-assisted RNA chromatography

SDS/PAGE

MS

+ RNases

RNA CHROMATOGRAPHY in vitro



RNA CHROMATOGRAPHY in vivo

Higg and Collins, RNA, 2007; Srisawat and Engelke, Methods, 2002; Bachler et al., RNA, 1999; Weil et al., TiCB, 2010; 

Piekna-Przybylska et al., Meth Enzymol, 2007

Streptavidin

StreptomycinRNP purification from cells expressing RNA with affinity tags
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+/- UV crosslink

RNA chromatography


