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1. Abstract

.

Pre-mRNA processing begins as soon as the nascent RNA emerges from RNA
polymerase II, linking nascent RNA and the factors that bind nascent RNA to the
chromatin. To determine where along active genes processing factors accumulate in
vivo, we have developed splicing factor ChIP (SF-ChIP). SF-ChIP is a variation on
chromatin immunoprecipitation (ChIP), in which protein and nucleic acid complexes are
crosslinked with formaldehyde and small fragments of DNA are immunopurified from the
complex mixture. SF-ChIP determines the location of splicing factors anywhere on
chromatin; analysis can be focused on genes of interest, or ChIP templates can be used
as starting material for ChIP-on-chip or deep sequencing. Here we provide detailed
methods for SF-ChIP in Saccharomyces cerevisiae and mammalian tissue culture cells,
using quantitative PCR as a detection method. In addition, we provide details of a
second method, called chromatin RNA immunoprecipitation (ChRIP), which enables

detection of RNA processing intermediates through immunopurification of nascent RNA
associated with chromatin. In ChRIP, living cells are also crosslinked with formaldehyde,
and immunopurification of chromatin with antibodies specific for active histones is
followed by isolation of RNA and quantitative RT-PCR. Both of these methods are used
widely to determine which RNA processing events are co-transcriptional and how
recruitment of RNA processing factors to nascent RNA is achieved in the cell.

Keywords: Chromatin immunoprecipitation (ChIP), chromatin RNA immunoprecipitation
(ChRIP), co-transcriptional splicing, SR proteins, quantitative PCR (qPCR)
2. Theoretical background

.

2.1. Co-transcriptional splicing
In the flow of information from DNA to protein, RNA comes as a critical intermediate
that undergoes several steps of processing. Pre-mRNA Splicing is one such regulatory
step which can control both the type as well as amount of mRNA generated from the
nascent transcript. It is now well established that many pre-mRNA processing steps,
including splicing, start during the process of transcription i.e.. co-transcriptionally [1,
2]. In both budding yeast and mammalian cells, direct evidence showing that splicing
factors and alternative splicing regulators are present on the nascent RNA emerging
from the transcribing RNA polymerase-II has been obtained using Splicing Factor
Chromatin immunoprecipitation (SF-ChIP) [3-8].
2.2. Chromatin immunoprecipitation.

ChIP has become a classical approach for studying DNA-protein interactions, because
it determines the location on chromatin of proteins associated with DNA by virtue of
their co-immunoprecipitation [9]. ChIP has been extensively utilised in studies of
transcription regulation, identification of novel transcripts, chromatin packaging, DNA
replication etc both on a single-gene as well as genome-wide scale. The key first step
in ChIP is the treatment of living cells with formaldehyde (Figure 1), which efficiently
and reversibly crosslinks proteins and nucleic acids at a distance of 2 Å. Such
covalently linked complexes are quite stable and resist stringent washing steps.
Following crosslinking, cell extracts are prepared and chromatin fragmented by
sonication. This extract is subject to immunoprecipitation, using antibodies that are
either directly specific for proteins of interest or specific for tags (e.g. HA-, myc-, or
GFP-tag) added to proteins of interest [3,6,8]. Following immunoprecipitation and
washes to maximize specificity, the crosslinks are reversed by heating and the DNA is
purified. DNA regions present in this template are usually detected by quantitative
PCR and their levels compared to both input and control. Resulting plots can identify
specific distributions of proteins on chromatin. Thus, ChIP profiles represent a “fixed”
snapshot of the situation in the population of living cells.
2.3.Application of ChIP to splicing studies
SF-ChIP has been extended to studying nascent RNA binding proteins [3-8], exploiting
the fact that in ChIP, the relevant complexes are covalently crosslinked. As a result,
nascent RNA and associated proteins are indirectly attached to the chromatin
template through RNA polymerase II (Figure 1) [8, 10]. Enrichment of chromatin in the

immunoprecipitate tells us if the protein being studied is co-transcriptionally recruited
or not. The extent of chromatin immunoprecipitated gives us an estimate on how
robust is the binding. Determining the robustness of binding along the length of a
gene, yields a binding pattern for the RNA binding protein. For splicing factors, the
distribution of RNA-bound protein along chromatin appears to depend on the
transcription of splice sites [4,5] . In addition, one must consider that detection is also
a function of epitope-accessibility, how quickly the protein binds the relevant site, and
how long or how stably the protein is bound. Complementary to SF-ChIP, one can
exploit a variation on the protocol to examine the status of nascent RNA with respect
to RNA processing. In ChRIP, the pre-mRNA (transcript) is immunoprecipitated with
antibodies directed to histones or RNA polymerase II and analyzed by RT-qPCR [6,
11] (Figure 1). Upon reverse transcription with gene specific primers specific questions
on weather a particular intron has been spliced out or not and to what extent can be
quantitatively addressed.
2.4.Quantitation of the immunoprecipitated nucleic acids.
ChIP is followed by quantitation of the immunoprecipitated DNA, which serves as a
template. Techniques utilised for this purpose include conventional PCR, quantitative
PCR (qPCR), DNA microarrays and high-throughput sequencing (Table 1). Here, we
provide some basic details on analysis by qPCR. Readers should refer to other
sources for alternative methods.

3. Protocol

.

3.1.Splicing factor ChIP in S. cerevisiae.
3.1.1. Inoculate 150ml yeast medium of choice with overnight culture to a starting
OD600 of 0.2. Grow in shaking-incubator at the desired temperature until the
OD600 reaches 0.5.
3.1.2. Crosslink the culture by adding 10% EM grade formaldehyde to a final
concentration of 1%. Incubate at growing conditions for 15ʼ.
3.1.3. Quench the crosslinking reaction by adding 2.5M glycine to a final
concentration of 120mM. Incubate at growing conditions for 5ʼ.
3.1.4. To harvest cells, transfer the cell suspension to a centrifugation bottle and
pellet cells at 3000g for 5min at 4°C.
3.1.5. Wash the pellet twice with 200ml ice-cold PBS.
3.1.6. Resuspend cell pellet in 10ml FA-1 buffer. Transfer to 50ml falcon tube and
pellet cells at 3000g for 5min at 4°C.
3.1.7. Remove supernatant by aspiration, snap freeze the pellet in liquid nitrogen
and store until further use at -80°C.
3.1.8. For cell lysis, resuspend the pellet on ice in ice-cold 1ml FA-1. Split cell
suspension and transfer to 3, 1.5ml tubes, containing 300µl glass beads
(Sigma # G8772). Vortex at 4°C for 40min.
3.1.9. To remove the glass beads from the lysate, poke a hole in the bottom of each
tube (hot needle) and place them in 2ml-tubes. Centrifuge at 100g for 1min at
4°C. Pool the flow through of like samples in a 15ml-Falcon tube.

3.1.10.Wash glass beads with 1ml ice-cold FA-1 (a total of 1ml for all 3 tubes). Add
the flow-through to Falcon-tube. Rinse the 2ml-tubes with a total of 1ml icecold FA-1.
Optional: To increase sensitivity, uncrosslinked proteins can be removed by centrifugation:
Centrifuge lysate at 20000g for 10min at 4°C. Wash pellet twice with ice-cold FA-1.
Resuspend pellet in 3ml ice-cold FA-1.

3.1.11.Sonicate lysate to shear DNA to lengths between 200 and 1000 basepairs
being sure to keep samples on ice/ethanol bath.
Note: We use the Branson sonicator at 30 % amplitude, 24 x 15sec impulses, 15sec pauses.
These conditions vary between cell types and sonicators. You need to optimize the
sonication conditions first in order to know the resolution of your assay. Extent of shearing
can be assayed by agarose gel electrophoresis.

3.1.12.Centrifuge at 4300g for 5min at 4°C, to remove unsheared chromatin.
Transfer supernatant to a 15ml-Falcon tube.
3.1.13.Add 200µl of 50% sepharose 4B beads (Sigma # CL-4B-200) in FA-1 to preclear the sheared chromatin fraction. Rotate for 1h at 4°C.
3.1.14.Remove sepharose beads by centrifugation at 4300g for 2min at 4°C and
collect the pre-cleared supernatant.
3.1.15.Transfer 20µl pre-cleared lysate to a 1.5ml tube. This sample will serve as an
input control.
3.1.16.To bind antibodies to the respective proteins, transfer 700µl of pre-cleared
lysate to a 1.5ml tube for each antibody going to be used. Add appropriate
amount of antibody to the sample and rotate for 2h at 4°C.

Note: The amount needed is antibody specific. For α-HA (12CA5), and α-Rpb1 (8WG16) we
use 8µg.
Optional: To decrease background signal, the antibody can be first coupled to beads,
blocked with protein (BSA) and DNA (salmon sperm DNA)

3.1.17.To couple the antibody-epitope complexes to beads, add 55µl 50% slurry of
GammaBind™ G Sepharose™ beads (GE Healthcare, # 17-0885-01) in FA1. Rotate for 1h at 4°C
Note: GammaBind™ G Sepharose™ beads may be substituted by protein A-sepharose 4B
(Invitrogen # 10-1041).

3.1.18.To remove unbound proteins from the sample, beads are washed with
increasing stringency. Wash by adding 1ml of the respective buffer to the
beads. Rotate at RT for 1min. Centrifuge at 100g for 1min. Carefully remove
the supernatant.
3.1.19.Wash: 3x with 1ml FA-1, 1x with 1ml FA-2 and finally 1x with 1ml FA-3.
3.1.20.To remove residual washing buffer, add 1ml TE pH 8.0 and transfer the
suspension to a fresh tube. Centrifuge at 100g for 1min, remove the
supernatant, centrifuge again, and remove any residual supernatant.
3.1.21.To elute bound complexes and reverse the crosslink, add 250µl TE / 1% SDS
to the beads as well as to the input sample (step 3.1.15). Incubate at 65°C
over night.
3.1.22.To remove beads, centrifuge the sample at 100g for 1min. Transfer the
supernatant to a fresh tube.
3.1.23.Proteins are removed by addition of 10µl of Proteinase K (20mg/ml) to the

samples and incubation at 55°C for 2h.
3.1.24.Recover DNA by using the Qiagen PCR purification kit. Elute in 100µl EB
supplemented with 0.1mg/ml RNase A.
Note: Phenol/chloroform extraction give higher yields (~ 3X) and is recommended when the
downstream application utilizes DNA microarrays or sequencing. Kit purification often
introduces a bias by removing smaller DNAs.

List of Buffers & Chemicals used for ChIP
FA-1 lysis buffer: 50mM HEPES-KOH, pH 7.5; 140mM NaCl; 1mM EDTA; 1% TritonX-100; 0.1% Sodium deoxycholate.
FA-2/NaCl buffer: 50mM HEPES-KOH, pH7.5; 500mM NaCl; 1mM EDTA; 1% TritonX-100; 0.1% Sodium deoxycholate.
FA-3: 20mM Tris pH8.0; 250mM LiCl; 0.5% NP-40; 0.5% Sodium deoxycholate; 1mM
EDTA.
2.5M Glycine: Glycine 37.55g; H2O up to 200ml. Autoclave/store at RT.
Proteinase K (20 mg/ml): 40 mg Proteinase K in 2 ml buffer (10mM Tris pH7.5; 1mM
CaCl2; 5% glycerol)
1M HEPES-KOH pH7.5: Store at –20°C
TE: 10mM Tris pH 8.0 and 1mM EDTA

3.2.Splicing factor ChIP in mammalian cells
3.2.1. Grow cells to confluency on four 14 cm dishes. This should give you cell
material for 4 immunoprecipitations. ~108 cells per immunoprecipitation.

3.2.2. Cross-linking: Add formaldehyde (37% solution, J.T. Baker # 7040 or Merck),
directly to culture medium to a final concentration of 1%, mix and incubate for
10 min at RT.
3.2.3. Wash: Aspirate medium thoroughly. Wash cells twice using cold PBS.
3.2.4. Scrape cells into 50ml PBS containing protease inhibitors (PI) 1/100 (20ul of
25X solution of Roche complete Protease Inhibitor Cocktail tablets) in a
Falcon tube.
3.2.5. Pellet cells for 5min at 2000g at 4°C. Warm SDS Lysis Buffer to room
temperature to dissolve precipitated SDS.
3.2.6. Resuspend cell pellet in 1ml of SDS Lysis Buffer to which 1X PI has been
added and incubate for 10min on ice in a 15ml falcon.
3.2.7. Sonicate lysate to shear DNA to lengths between 200 and 1000 basepairs
being sure to keep samples on ice/ethanol bath.
Note: We use the Branson sonicator at 30% amplitude, 14 x10s pulses, 20 s pauses. These
conditions vary between cell types and sonicators. You need to optimize the sonication
conditions first in order to know the resolution of your assay. This is usually done by
assessing the sonicated fragment size on an agarose gel.

3.2.8. Centrifuge lysate for 10min at 20000g at 4°C, and make 200µl aliquots into
2ml tubes. Remember to freeze 50µl aliquot as input to be used in step
3.2.17. You can freeze the extracts at –80°C.
3.2.9. Dilute the sonicated extract 10 fold in ChIP Dilution Buffer + PI (1 x final) by
adding 1800µl ChIP Dilution Buffer+ PI to the 200µl sonicated extracts for a
final volume of 2ml.

3.2.10.To reduce nonspecific background, pre-clear the 2ml diluted cell extract with
80µl of sepharose 4B beads (Sigma # CL-4B-200) for at least 60min at 4°C
with rotation.
3.2.11.Pellet sepharose for 1min at 400g and collect the supernatant fraction.
3.2.12.Add the immunoprecipitating antibody to the 2ml supernatant fraction in a
new tube and precipitate overnight at 4°C with rotation. Include antibody
control (non-specific antibody).
Note: The amount of antibody varies a lot depending on the protein to be precipitated,
antibody efficiency etc… You have to determine the best antibody concentration empirically.
We use 12ug of anti-GFP (MPI-CBG) per immunoprecipitation. For a negative control,
perform an IgG immunoprecipitation.

3.2.13.Add 60µl of blocked GammaBind™ G Sepharose™ beads (GE Healthcare,#
17-0885-01) for one hour at 4°C with rotation to collect the antibody/protein
complex.
Note 1: To be sure to add the same amount of beads to every IP, cut the tips at the end.
Note 2: GammaBind™ G Sepharose™ beads can be substituted by Protein A-sepharose
(Invitrogen # 10-1041) or magnetic DynaBeads (Invitrogen Dynabeads protein G #100-04D;
Dynabeads protein A # 100-02D). We find DynaBeads can improve signal:noise, due to a
reduction in background.

3.2.14.Pellet beads by gentle centrifugation (200g at 4°C, 1min). Carefully remove
the supernatant that contains unbound, non-specific DNA. Transfer the beads
into a new 1.5ml tube (cut the tips!). Wash the bead/antibody/protein complex
for 4min on a rotary shaker with 1ml of each of the buffers listed in the order
as given:

1x Low Salt Immune Complex Wash Buffer
1x High Salt Immune Complex Wash Buffer
1x LiCl Immune Complex Wash Buffer
1x TE
Note 1: wash can be at room temperature, but use cold buffers and a cold centrifuge. To be
on the safe side, 1/100 PI (Roche) can be added to the wash buffers and/or the washes can
be performed at 4°C.
Note 2: If you use DynaBeads, recovery of the beads during washing and at later steps is
achieved with a magnetic rack (Invitrogen magnarack # CS15000)

3.2.15.Freshly prepare Elution Buffer.
3.2.16.Elute the protein complex from the antibody by adding 250µl elution buffer to
the pelleted bead/antibody/protein complex from step 3.2.14. Vortex briefly to
mix and incubate at room temperature for 15min with rotation. Spin down
beads, and carefully transfer the supernatant fraction (eluate) to a 1.5 ml tube
and repeat elution. Combine eluates (total volume = 500 µl).
3.2.17.Take 50µl of the frozen Input (from step 3.2.8) and dilute it 10x with ChIP
Dilution Buffer (add 450µl). Uncrosslink it with the other samples. This
sample is considered to be your input/starting material for all the
immunoprecipitations done with this extract and is also used in the PCR later.
Reverse protein-DNA crosslinks by heating at 65°C for 6 hours.
3.2.18.Add 10µl of 0.5 M EDTA, 20µl 1 M Tris-HCl, pH 6.5 and 2µl of 10 mg/ml
Proteinase K to the combined eluates and incubate for one hour at 45°C.

3.2.19.Recover DNA by using the Qiagen PCR purification kit.
Note : Phenol/chloroform extraction give higher yields (~ 3X) and is recommended when the
downstream application utilizes DNA microarrays or sequencing. Kit purification often
introduces a bias by removing smaller DNAs.

3.2.20.Resuspend pellets in an appropriate buffer (TE) + 0.1 mg/ml RNase A.
Note: For Real Time PCR, dissolve the DNA in 70µl of EB buffer (Qiagen). The volume can
be changed as long as you stick to the same for all immunoprecipitations that are to be
compared.

3.2.21.Perform Real Time or conventional PCR to check if the precipitated protein
was bound to a specific DNA segment.
Note: For Real Time PCR, use 4µl of undiluted DNA. For conventional PCR, a dilution series
is necessary to be sure that you amplify in the linear range. Always include the input to check
for different primer pair efficiencies and DNA amount, if you want to compare ChIPs from
different extracts. Also include the negative control (non-specific antibody or beads only) to
be sure that your amplified signal is above background

List of Buffers & Chemicals used for ChIP
SDS Lysis Buffer: 1% SDS; 10mM EDTA; 50mM Tris-HCl, pH 8.1; add protease
inhibitor before use
ChIP Dilution Buffer: 0.01% SDS; 1.1% Triton X-100; 1.2mM EDTA; 16.7mM TrisHCl, pH 8.1; 167mM NaCl; add protease inhibitors before use
Low Salt Immune Complex Wash Buffer: 0.1% SDS; 1% Triton-X-100; 2mM EDTA;
20mM Tris-HCl, pH 8.1; 150mM NaCl
High Salt Immune Complex Wash Buffer: 0.1% SDS; 1% Triton-X-100; 2mM EDTA
20mM Tris-HCl, pH 8.1; 500mM NaCl

LiCl Immune Complex Wash Buffer: 0.25 MLiCl; 1% NP-40; 1% deoxycholic acid
(sodium salt); 1mM EDTA; 10mM Tris-HCl, pH 8.1
Elution Buffer: 1%SDS; 0.1M NaHCO3
Blocked GammaBind™ G Sepharose™ beads: 1 ml beads (50% gel slurry. If not,
dilute appropriately in 1XPBS + 20% ethanol); 0.2 mg salmon sperm DNA; 0.5
mg BSA
TE: 10mM Tris pH 8.1 and 1mM EDTA
25X Protease inhibitor (PI) cocktail: (Roche) 1 tablet in 2ml H2O

3.3.ChRIP for analysis of co-transcriptional RNA processing
3.3.1. Use two 90% confluent 14-cm cell culture dishes (approximately 4·107 cells)
3.3.2. Crosslink/wash/scrape/pellet – as in ChIP protocol (3.2.2 – 3.2.5)
3.3.3. Resuspend the pellet in 1ml RIPA buffer containing Complete Protease
Inhibitor Cocktail (Roche) and 5µl RNaseOUT™ (Invitrogen).
3.3.4. Incubate on ice for 10min. Sonicate with a tip sonicator (see 3.2.7) to
fragment the chromatin.
3.3.5. Centrifuge at 20000g for 10min at 4°C.
3.3.6. (Optional) Determine the protein concentration (use 4mg of protein per IP)
and save 50µl aliquot of the lysate to serve as input material.
3.3.7. Pre-clear lysate aliquots (500µl) with 50µl sepharose 4B (Sigma # CL-4B200) for 45min at 4°C on a rotary shaker. Spin down beads and collect
supernatant.
3.3.8. Incubate the supernatant with 9µl of α-acetyl-Histone H4 serum (Upstate) or
10µg non-immune IgG overnight at 4°C on a rotary shaker.
3.3.9. Add 50µl GammaBind™ G Sepharose™ beads (blocked with 100 µg/ml
tRNA) for 1h at 4°C to immunoprecipitate the complexes.

3.3.10.Wash the beads briefly with (1) Low Salt Immune Complex Wash Buffer, (2)
High Salt Immune Complex Wash Buffer and (3) LiCl Immune Complex
Wash Buffer (see ChIP protocol).
3.3.11.(Optional) Wash the beads 1-2 times with 1% urea in TE buffer for 4min at
4°C on a rotary shaker.
3.3.12.Wash the beads briefly 3 times with TE buffer.
3.3.13.Elute the immunoprecipitated material from the beads by incubating in 500µl
1% (w/v) SDS in TE for 15min at 65°C. Dilute input sample in 450µl 1% (w/v)
SDS in TE.
3.3.14.Add 10µl EDTA, 20µl 1M TRIS pH 6.5 and 2µl 10mg/ml Proteinase K (Merck)
to the eluates and to the input sample and incubate for 1h at 45°C.
Uncrosslink for 5h at 65°C.
3.3.15.Extract the RNA with Phenol/Chloroform. Add 500µl phenol/chloroform;
vortex 1-2 min; centrifuge at 20000g for 10min at 4°C; collect top layer into
2ml eppendorf; add 500µl TE to phenol phase; vortex; centrifuge; collect top
layer and pool into 2 ml eppendorf.
3.3.16. Add 1ml isopropanol, 200µl 3M Sodium Acetate and 20µg Glycogen; invert
tube; precipitate overnight at –20°C; centrifuge at 20000g for 30min at 4°C;
wash pellet with 75% ethanol and air dry.
3.3.17. Resuspend the pellet in 20µl water. Treat extensively with DNase
3.3.18.Perform reverse transcription with Superscript III (Invitrogen) with transcript
specific primers (include no-RT control). Analyze the cDNA by qPCR

List of additional Buffers & Chemicals used for ChRIP
RIPA buffer: 50mM TRIS-HCl pH 7.5; 1% Nonidet P-40; 0.5% sodium deoxycholate;
0.05% SDS; 1mM EDTA; 150mM NaCl

3.4.Data analysis using qPCR

The most common way to analyze ChIP data is to compare specific immunoprecipitate
values to input. This normalizes for potential differences in the number of cells used as
starting material. In our lab, we sometimes also subtract the signal in the control IgG
ChIP (but not always). Depending on the experiment and the type of information
desired, the experimenter should make own choice. The formula for comparing
enrichment in the specific immunoprecipitates versus input is
Fold enrichment = 2 ΔCt (GOI)-ΔCt (control)
where 2 represents 100% primer efficiency. Please see other sources for how to
calculate the primer efficiency. If it is significantly different from 100%, we recommend
using the actual primer efficiency.

4. Example of an experiment

.

4.1.Assessing co-transcriptional accumulation of SRp55-GFP on the c-fos gene.
4.1.1. Confluent HeLa cells stably expressing SRp55-GFP from a bacterial artificial
chromosome (BAC) were serum starved for 2h and then induced for 15min
using 5µM Calcium ionophore (A23187) [8].
4.1.2. Protocol was followed as per 3.2.
4.1.3. Table 2 shows the Ct values from one representative experiment, for SRp55GFP, input and non-specific antibody obtained after qPCR for four primer
sets at chosen positions along the c-fos gene and one amplicon placed in a
transcript-free region in the genome (GD-gene desert).

4.1.4. Figure 2A shows the fold enrichment of SRp55-GFP on c-fos gene regions
relative to non-specific antibody control. Figure 2B shows the same fold
enrichment relative to antibody control as well as gene desert.

5. Troubleshooting

.

Problem
Reduced signals

Reason & solution
• qPCR primers may not be working well.

No signals obtained after

• Antibody used at non-optimal concentration.
Synthesize new primers, optimize working

PCR

Try immunoprecipitation with higher amount.
concentrations.
• protein not binding the assayed region, try a
• Extract not precleared, Increase time for
neighboring amplicon
preclearing
• Extract too dilute, increase the amount of
• Samples not uncrosslinked, check the addition
extract/cells used per immunoprecipitation
of salt, uncrosslinking temperature and time

Background signal very high

• Antibody amount too high, reduce the antibody
• Try extracting using Phenol/Chloroform

Very high fold enrichment

amount used
• The values for non-specific antibody control or

values after qPCR data

• Beads not optimal, change amount of beads
gene desert very low, repeat and average fold

analysis

used or the type. Consider using magnetic
change over several experiments

No/ equal fold enrichment

DynaBeads.
• Possible contamination of input DNA in the

for all amplicons

• Prolonged incubation, reduce the
reagents, use fresh buffers
immunoprecipitation incubation time
• Washes are not optimal, increase number or
length of washes.

6. Figure Legends

.

Figure 1: ChIP and ChRIP approach.
(A). RNA Polymerase II (blue circles) transcribes gene (black open boxes =
exons, black line = intron) into nascent RNA (yellow), while SF (light blue diamond)
binds to RNA co-transcriptionally. Following crosslinking and chromatin shearing,
fragments containing the SF are immunopurified. Purified DNA is then analyzed by
qPCR with primers covering regions along the gene. DNA fragments that were
crosslinked to SF and RNA are enriched in IP, thus giving a higher qPCR signal. (B).
Acetylated histone H4 (AcH4) as marker of actively transcribed chromatin is crosslinked
to RNA Polymerase II and nascent RNA. Following crosslinking and shearing, AcH4
chromatin fragments are immunopurified, nascent RNA is extracted, and the presence
or absence of introns (and thus co-transcriptional splicing) are verified by RT-qPCR.

Figure 2: Analysed qPCR data showing fold enrichment of SRp55-GFP on four
amplicons along induced c-fos relative to (A) non-specific IgG and relative to (B) nonspecific IgG as well as gene desert region. Error bars represent SEM values.
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Dynamic
Range

PCR

qPCR

High

High

Probe Size

Amplicon (70120 nt)

Amplicon (70120 nt)

Resolution

Variable1

Variable1

Microarray
Low

Sequencing
High

Microarray
Probes (25-65
nt)
Variable2

Sequence read
(35-72 nt)
High

Region of
Interest

Defined by
Primer Design

Defined by
Primer Design

Defined by
Array Design

Unbiased

Analysis
Cost

Easy
Lowest

Easy
Low

Demanding
Medium

Demanding
High

Table 1: Comparison of methods for quantitation of immunoprecipitated nucleic acids
1 Defined by shearing and primer design
2 Defined by array design

Table 2: Ct values for a ChIP experiment with SRp55-GFP and non-specific IgG on
induced c-fos.
Amplicon

Input

IgG

SRp55-GFP Fold enrichment

Fos exon1

21.61

29.88

27.77

4.32

Fos intron 1

22.25

31.39

28.31

8.46

Fos ex2-int2

21.50

29.98

27.10

7.36

Fos exon 4

20.42

28.39

25.12

9.65

Gene desert

21.36

29.63

30.10

0.72

A. ChIP

1

2

3

Formaldehyde crosslinking

4

Immunoprecpitation

Chromatin shearing

5

6

Uncrosslinking & DNA extraction

Q-PCR with primers along gene

B. ChRIP

1

2

3

AcH4

Formaldehyde crosslinking

4

5

Chromatin shearing

6
or

Immunoprecpitation

Uncrosslinking & RNA extraction

RT-qPCR

