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In search for physiological pathways affecting alternative splicing
through its kinetic coupling with transcription, we found that mem-
brane depolarization of neuronal cells triggers the skipping of exon
18 from the neural cell adhesion molecule (NCAM) mRNA, indepen-
dently of the calcium/calmodulin protein kinase IV pathway. We
show that this exon responds to RNA polymerase Il elongation,
because its inclusion is increased by a slow polymerase Il mutant.
Depolarization affects the chromatin template in a specific way, by
causing H3K9 hyper-acetylation restricted to an internal region of the
NCAM gene surrounding the alternative exon. This intragenic histone
hyper-acetylation is not paralleled by acetylation at the promoter, is
associated with chromatin relaxation, and is linked to H3K36 tri-
methylation. The effects on acetylation and splicing fully revert when
the depolarizing conditions are withdrawn and can be both dupli-
cated and potentiated by the histone deacetylase inhibitor trichos-
tatin A. Our results are consistent with a mechanism involving the
kinetic coupling of splicing and transcription in response to depolar-
ization through intragenic epigenetic changes on a gene that is
relevant for the differentiation and function of neuronal cells.
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O ver the past decade, it has become increasingly clear that all
eukaryotic mRNA processing steps (capping, splicing, and 3’
end formation) are coupled to transcription (1-3). We and others
have studied the mechanisms by which transcription can affect
alternative splicing, leading to the proposal of 2 different but not
exclusive models (4): the recruitment model, by which different
factors associated with the transcription complex regulate splicing
choices (5-7); and the kinetic model, whereby the rate of RNA
polymerase II (pol II) elongation influences splice site selection
(8-12). Most of this mechanistic work was performed by experi-
ments involving either promoter swapping or mutant RNA poly-
merases (5, 11, 13). Both approaches allow a fine control of
transcription properties but are unlikely to reflect physiological
conditions in which endogenous alternative splicing is regulated in
response to environmental cues.

The chromatin structure is likely to play a relevant role in the
effects of transcription on alternative splicing, a subject that has
received recent attention (14). It has been shown that histone
modifications can influence the recruitment of splicing factors to
transcription foci (15). Furthermore, the chromatin remodeling
complex SWI/SNF has been reported to modulate alternative
splicing by taking part in a complex that causes RNA pol II to stall
near alternative exons (16). Epigenetic marks such as histone
post-translational modifications are possible ways of regulating
template properties and transcription quality that, in turn, could
influence alternative splicing. Suggestively, induction of a more
restrictive intragenic chromatin conformation decreases pol II
elongation without affecting initiation (17).

The nervous system is a suitable physiological context in which
to look at possible alternative splicing events regulated by chroma-
tin structure. Neurons exhibit an unusually large number of func-
tionally relevant alternative splicing events (18, 19). A well char-
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acterized stimulus that regulates alternative splicing is the
depolarization of neural cells with high extracellular potassium
concentration, a treatment that triggers calcium signaling through
the opening of voltage-dependent channels (20-23). A pathway
involving activation of calcium/calmodulin-dependent kinase IV
(CaMKIV) and recruitment of transacting factors to specific RNA
elements (i.e., CaMKIV-responsive RNA element) has been well
described (22-24). Conversely, the transcriptional regulation in-
volved in neuron differentiation, maturation, and functionality is
largely dependent of chromatin modifications (25, 26), and in
particular, of histone acetylation (27-31). However, we are aware of
no study of how neuron activity may influence alternative splicing
through transcriptional modulation.

We decided to undertake such a study using exon 18 (E18) of the
Neural Cell Adhesion Molecule (ncam) gene as a model. The
alternative splicing of this exon originates 2 isoforms (NCAM140
and NCAM180) (32, 33). NCAM140 is most abundant in neuronal
precursors, whereas NCAM180 increases gradually during neuro-
nal differentiation (34). Both isoforms are integral membrane
proteins and the differential portion corresponds to the cytosolic
region. While NCAM140 is uniformly distributed throughout the
plasma membrane and is more efficient in promoting neurite
outgrowth and is important for synapse maturation, NCAM180 is
preferentially found at cell-to-cell contacts and is thought to con-
tribute to organize stable synapses in the mature neuron through
the interaction of its cytosolic domain with spectrin (35-39).
Interestingly, studies in mammalian hippocampus and in Aplysia
species suggest that regulation of ncam alternative splicing is
involved in long-term plasticity processes (40—42).

We therefore wondered whether NCAM EI18 splicing could be
modulated by neuronal activity and, should this be the case, if such
modulation could be related to the transcriptional quality and the
chromatin structure in the ncam gene.

Results and Discussion

To explore a putative regulation of the alternative splicing of
NCAM EL18 by means of neural activity, we treated the murine
neuroblastoma cell line N2a with increasing concentrations of
extracellular KCl, extracted total RNA, and assessed splicing
patterns using radioactive semi-quantitative RT-PCR (RT-
sqPCR). As shown in Fig. 14, depolarization of N2a cells with
40 or 60 mM KCl induced E18 skipping, which can be reverted
by incubating the cells in the absence of extra K* (i.e., normal
medium recovery) for a further 20 h. The effect on splicing is not
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Depolarization promotes NCAM E 18 skipping in new transcripts independently of protein synthesis and of CaMKIV inhibition. N2a cells were treated with

different concentrations (A) or 60 mM KCl (B, C, and E-H) for 16 h. (D) Rat cultured hippocampal neurons were treated with 40 mM KCl for 20 h or left untreated. After
these treatments, cells were harvested, total RNA prepared, and alternative splicing for the indicated genes was assessed with specific primers by a 30-cycle radioactive
RT-sqPCR (A-C and G) or real-time RT-qPCR (D-F and H) as described in Materials and Methods. In A, half the cells were harvested and the other half were incubated
in normal medium for another 20 h (Recovery). Treatments in E-H were performed in the presence or absence of the transcription inhibitor actinomycin D (Act D; 5
wng/mL), the protein inhibitor CHX (5 ug/mL), or the CaMKIV inhibitor KN93 (20 uM) as indicated. (CPEB4, cytoplasmic polyadenylation element binding protein 4; NR1,
NMDA receptor 1; Ctl., control; Dep., depolarization.) Bars show means =+ SD corresponding to 2 or 3 independent experiments.

caused by osmotic stress of the cells, because incubation with
similar concentrations of NaCl does not affect ncam splicing (not
shown).

As the unusually large size of the E18 (801 nt) lowers the PCR
amplification efficiency of the inclusion product, the E18 inclusion/
exclusion ratio observed in Fig. 14 does not correspond to the
actual ratio, which in these cells is approximately 30% inclusion
(43). Nevertheless, radioactive RT-sqPCR faithfully reproduced the
ratio differences between treatments, as validated by quantitative
real-time PCR analysis [RT-qPCR; supporting information (SI)
Fig. S1]. Therefore, radioactive PCR or real-time PCR were used
indistinctly in this report.

The effect of depolarization on NCAM E18 seems to be gene-
specific, as alternative splicing of the fibronectin (FN) EDI cassette
exon (Fig. 1B) and of the 4 isoform of the cytoplasmic polyade-
nylation element binding protein (Fig. 1C) are not affected by KCl
treatment in N2a cells. FN was chosen because its regulation by cis
and transacting factors is well studied, and the 4 isoform of the
cytoplasmic polyadenylation element binding protein was chosen
for being a neuron-specific translational regulator responsive to
neurotransmission (44).

To assess if primary-cultured neurons are equally affected by
depolarization, we cultured hippocampal neurons from rat embryos
for 6 to 7 days and performed a similar treatment. In this case, a
20-h treatment with 40 mM KCl gives the most reproducible results,
showing similar results to N2a cells (Fig. 1D).

The depolarization effect is abolished when the generation of
new transcripts is inhibited by adding actinomycin D (Act D),
indicating that the isoform change is not caused by differential
mRNA stability (Fig. 1E). To the contrary, the protein synthesis
inhibitor cycloheximide (CHX) did not prevent the skipping of E18
triggered by KCl (Fig. 1F). This indicates that the effect does not
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require de novo protein synthesis and suggests a direct mechanism
that cannot result from changes in the expression of splicing
regulators. However, this experiment does not rule out putative
changes in the activity of splicing factors caused by covalent
modifications. Probably the best characterized of such modifica-
tions is the phosphorylation of factors regulating the alternative
splicing of the NMDA receptor 1 exon 21 (E21) by CaMKIV.
Confirming previous observations (24), the CaMKIV inhibitor
KN93 completely abolishes the regulation by depolarization of
NMDA receptor E21 alternative splicing by inhibiting basal E21
inclusion (Fig. 1G). To the contrary, KN93 does not inhibit the
effect on NCAM E18 in the presence of CHX and does it only
partially in its absence (Fig. 1H). These experiments suggest the
existence of a mechanism alternative or complementary to the
CaMKIV pathway.

Transcription Elongation Modulates E18 Inclusion. To test if NCAM
E18 splicing is affected by the pol II elongation rate, we co-
transfected N2a cells with an NCAM splicing reporter mini-gene,
harboring exons 17 to 19 and the introns between, and plasmids
expressing a-amanitin resistant polymerases: a mutant “slow” pol
IT (mutant C4) or a WT pol II (11). In this system, endogenous pol
II transcription is blocked by a-amanitin and the splicing patterns
generated by transcription by the recombinant polymerases can be
assessed. In agreement with previous evidence for the EDI exon
(11), when transcription is driven by the slow pol II, inclusion of
NCAM E18 is increased 6-fold (Fig. 2), indicating that E18 splicing
is affected by pol II elongation and that its regulation can be
interpreted in light of the kinetic model (4).

Histone Modification Patterns. A major signature of transcriptional
regulation is histone acetylation. To investigate if NCAM EI18
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Fig.2. Transcription by C4 “slow” RNA pol Il increases E18 inclusion. An NCAM
splicing reporter mini-gene was co-transfected in N2a cells with an empty plasmid
(-) or plasmids expressing WT or C4 a-amanitin-resistant RNA pol Il large subunits.
Cells were treated with a-amanitin to inhibit endogenous polymerase. Splicing
patterns were assessed by a 30-cycle radioactive RT-sqPCR. Left and right panels
correspond to independent experiments. Bars show means =+ SD (n = 2).

splicing could be modulated in our system by a change in the histone
acetylation patterns, we first performed Western blot analysis of H3
and H4 global acetylation in histone extracts from N2a cells treated
for 6 to 8 h with 60 mM KCI. The results show an increase in global
acetylation of 2.5- and 3.5-fold for histones H4 and H3, respectively
(Fig. 3). Paralleling the splicing regulation, this effect is reversed by
incubation for a further 20 h in normal medium.

The global change in histone acetylation reflects an average of
different local changes occurring all throughout the genome. To get
a picture of how the ncam locus is affected, we performed native
chromatin immunoprecipitation (nChIP) (52) with antibodies rec-
ognizing acetylated histones, using primers distributed along the
gene to evaluate enrichments by quantitative PCR (Fig. 44). The
patterns of H3 lysine 9 (H3K9ac; Fig. 4B) and H4 (Fig. S2A4)
acetylation in untreated cells are comparable and characterized by
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Fig.3. Depolarization triggers reversible general histone acetylation. N2a cells
were treated for 6 to 8 h with 60 mM KCl (Depol) or left untreated (Control), and
Western blot with antibodies for acetyl-histones H3 and H4, and total histone H3,
were performed as indicated in Materials and Methods. Quantification of the
increase in histone acetylation corresponding to the pooled data of 2 indepen-
dent experiments is shown (means =+ SD; n = 2). After the treatment, some cells
were incubated for 20 more hours in normal medium (Recovery).

low levels of acetylation toward the 3’ region of the gene, between
exons 17 and 19. More impressively, H3K9ac increases specifically
in that region in response to depolarization (Fig. 4C), indicating that
a localized change in intragenic chromatin structure is triggered by
the treatment, which is not paralleled by an acetylation increase at
the promoter region.

No changes in H3K9ac were detected at other regions of the
ncam gene (exons 2 and 5, not shown), nor at the elongation-

Fig. 4. Depolarization triggers local changes
in histone modifications and chromatin struc-
ture assessed by nChlP. (4) Scheme of the ncam
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gene showing the distribution of gPCR ampli-
cons. (B) Levels of H3K9 acetylation at the re-
gions indicated in A, corresponding to un-
treated N2a cells. (C) Increase of H3K9
acetylation in the same regions in response to
depolarization with 60 mM KCl for 4 to 6 h.
Inset, qPCR amplification curves from control
(C) and depolarized (D) samples corresponding
to a non-responding region (i.e., promoter) and
aregion that shows increased acetylation levels
after depolarization (i.e., intron 17) (D) Nega-
tive control showing no changes in H3K9 acet-
ylation on the FN gene at the EDI alternative
exon. Means and SD correspond to 2 or 3 inde-
pendent experiments. (E) Representative levels
of H3K36 tri-methylation at the regions indi-
cated in A, corresponding to untreated N2a
cells. (F) Increase of H3K36 tri-methylationin the
same regionsin response to depolarization with
3 60 mM KCl for 6 h. Means and SD correspond to
2 independent immunoprecipitations of 1 ex-
2 periment. (G) Scheme of the Mspl accessibility
assay used (Upper) and bar graph depicting the
changes in chromatin accessibility (Lower). Cells
1 were treated for 5 h with 60 mM KCl (Dep) or 1 uM
TSA or left untreated (Ct/). The accessibility index
was evaluated (see Materials and Methods) for
the NCAM exon 18 region and a promoter region.
Results are expressed relative to value obtained in
each amplicon for the control cells.
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Increase in D/P pre-mRNA accumulation. Cells were treated for 4 to 6 h with high KCl (Depol) or TSA (3.3 uM). Bars correspond to the normalized means and SEs for
the pooled data of 3 (Control and Depol) or 2 different experiments (TSA). The table below shows the results of a 2-way ANOVA used to analyze statistical significance,
considering the different treatments as one factor and the different experiments as the other factor (no significant effect of experiment or interaction between the
two was found). (C) Depolarization after recovery in normal medium. Cells were treated for 4 h and recovered in normal medium for 20 more hours. Bars correspond

to the normalized means and SEs of one experiment in triplicate.

responsive, but depolarization-unresponsive (Fig. 18), EDI exon of
the FN gene (Fig. 4D). No significant increase in H4 acetylation at
any particular region of the ncam locus was detected (Fig. S2B).

We performed additional nChIP studies using antibodies recog-
nizing methylation at different lysines of histone H3. Assessment of
H3K9 di- and tri-methylation and H3K27 tri-methylation revealed
expected patterns for an active gene: high H3K9 tri-methylation in
the upstream regions and low H3K9 di-methylation and H3K27
tri-methylation (both markers of facultative heterochromatin)
throughout the entire locus (Fig. S2 C-E). No reproducible changes
were detected for these marks along the ncam gene in response to
depolarization (not shown). To the contrary, analysis of H3K36
tri-methylation revealed changes with depolarization. As expected
for this transcription elongation-associated mark (45), we observed
low levels of H3K36 tri-methylation at the promoter and upstream
region and increased levels in the transcribed region (Fig. 4E). In
response to depolarization, we detected an increase of this marker
in the distal regions of the ncam locus (Fig. 4F).

Depolarization Causes Increased Chromatin Accessibility. The observed
nChIP acetylation patterns suggest that the region between exons
17 and 19 is basally embedded in a more compact chromatin
conformation than the rest of the gene, which is at least partially
relieved by depolarization. To test this hypothesis, we performed an
accessibility assay using the restriction endonuclease Mspl, an
enzyme that cuts naked DNA at CCGG sequences irrespective of
the DNA methylation status, but is sensitive to closed chromatin
conformations when digesting DNA on intact nuclei (17). Chro-
matin from depolarized cells showed increased accessibility for
Mspl digestion at the exon 18 region compared with that from

40f6 | www.pnas.org/cgi/doi/10.1073/pnas.0810666106

untreated cells (Fig. 4G Left), consistent with an opening of
chromatin structure. A similar effect was achieved by digesting
nuclei from cells treated with the hyper-acetylating drug trichos-
tatin A (TSA; an inhibitor of histone deacetylases). Mspl analysis
at the promoter region showed little or no effect in chromatin
accessibility for both depolarization and TSA treatments (Fig. 4G
Right), consistent with the lack of changes in the acetylation levels
and the notion that chromatin associated with the promoter of an
active gene is normally relaxed.

Depolarization and Distal/Proximal Pre-mRNA Distribution. Measuring
changes in pol II elongation or processivity on a given gene and
under a particular stimulus is a technically difficult task. An indirect
way for assessing pol II processivity is to measure the abundance of
distal versus proximal pre-mRNAs in a given region, with the
assumption that most pre-mRNA is a co-transcriptional interme-
diate (11). We chose intron 14 as a proximal site and measured the
distal/proximal (D/P) pre-mRNA ratio for 3 different distal sites
near the area affected by depolarization: introns 16, 17, and 18 (Fig.
5A). As shown in Fig. 5B, depolarization induced moderate but
statistically significant increases in intron 17 D/P ratio and intron 18
D/P ratio. No significant effect was detected for intron 16. In
agreement with results in Figs. 1.4 and 3, the recovery of N2a cells
in normal medium after the depolarization treatment abolishes the
observed increase in D/P ratios (Fig. 5C). These results might be
consistent with an increased pol II processivity at the area affected
by the acetylation changes. The possibility that the observed
changes are caused by differential intron removal rates seems
unlikely as no correlation between unspliced/spliced RNA ratio and
D/P ratio was found (not shown). Treatment of N2a cells with TSA
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has similar effects to depolarization on D/P ratios for introns 17 and
18, and an even more pronounced effect on intron 16 D/P ratio.
Because intron 16 is located outside the region whose chromatin is
affected by depolarization (Fig. 4C), these experiments are coher-
ent with a broader histone acetylation triggered by TSA in com-
parison with a more localized one caused by depolarization, whose
exact mechanism remains to be determined.

Changes in chromatin structure and histone modifications have
been generally associated to promoters and therefore to transcrip-
tion initiation. The depolarization-induced change seen in the ncam
gene seems to be restricted to intragenic regions instead. Our results
postulate alternative splicing regulation as an additional step of the
mRNA biogenesis coupled to chromatin structure. At the same
time, transcription elongation modifies chromatin landscapes by
means of different proteins associated with the elongation complex.
For example, the yeast histone methyl-transferase Set2, which
mediates H3K36 methylation, associates preferentially with the
elongating Ser-2-phsophorylated pol II (46, 47). In mammals, the
same function is associated with the HYPB/Setd2 enzyme (48).
These observations are coincident with the increase in H3K36me3
reported here (Fig. 4E), further supporting the notion that chro-
matin modifications exert a positive influence on transcription
elongation. It is known that, in yeast, the histone deacetylase
complex Rpd3S is recruited by this mark and reverts transcription-
associated acetylation to repress cryptic initiation (49, 50). How-
ever, the increase observed for H3K36me3 correlates in our system
with a more accessible chromatin, at least at the times assessed.

Trichostatin A Mimics and Potentiates Depolarization Effect on Splicing.
Results in Figs. 4 and 5 suggest that the decrease in NCAM E18
inclusion in response to depolarization is caused by a local opening
of chromatin. A derived hypothesis would be that inducing histone
acetylation and chromatin opening directly with TSA should mimic
the depolarization effect. Accordingly, when N2a cells are treated
with TSA, E18 skipping is enhanced like it is with depolarization
(Fig. 64). The effect is maintained in the presence of CHX,

Schor et al.

indicating that TSA is not acting indirectly (Fig. 6B). Moreover, no
additive effect in E18 inclusion is seen when both treatments are
applied together, further suggesting that they are acting through the
same mechanism and that either one can result in full effect (Fig.
6A, last bar). In this scenario, if both treatments were applied
together in suboptimal conditions, there should be a synergistic
interaction. To test this, we used a very low TSA concentration and
a shorter KCl incubation period. Although neither treatment had
a significant effect on its own (Fig. 6C), when they are used in
combination, a consistent and significant decrease in E18 inclusion
was observed, confirming that they act synergistically (Fig. 6C, last
bar). These results are in strong agreement with the model pro-
posed, suggesting that histone acetylation participates directly or
facilitates the depolarization-induced regulation of NCAM EI18
alternative splicing.

Mechanistic Implications. The alternative exon we have studied here
shows a clear decrease in inclusion in response to depolarization,
both in hippocampal neurons and neuroblastoma cells (Fig. 1.4 and
D). These changes are not dependent on the CaMKIV pathway
(Fig. 1H) and are paralleled by histone marks usually associated
with active transcription (Fig. 4). They are also reproduced and
potentiated by the use of the HDAC inhibitor TSA (Fig. 6). The
possibility that depolarization or TSA treatments would be acting
indirectly through changes in the expression of other proteins seems
unlikely because both effects persist when translation is inhibited
(Figs. 1D and 6B). Considering that processivity and/or elongation
rates have a direct effect on NCAM splicing (Fig. 3), one possible
mechanism predicted by our experiments is that depolarization is
able to affect alternative splicing choices through changes in tran-
scription, in agreement with the kinetic model of transcription-
coupled splicing modulation (14).

As mentioned earlier, depolarization can regulate alternative
splicing through the recruitment of frans-acting factors to specific
RNA sequences (19). The pathways are not mutually exclusive and
could easily act in a concerted way. For example, when the
availability of permissive or repressive splicing factors is low, the
timing of transcription and RNA target sequence exposure could be
critical for the splicing outcome. In this situation, local changes in
transcription elongation can therefore reinforce splicing choices
that are also regulated by frans-acting splicing factors.

Although continuous incubation of cultured cells with high
extracellular K™ is not a physiological condition per se, its use
allowed us to find a pathway leading to an increase in NCAM140
isoform in response to neuronal excitation. Our results place the
kinetic coupling of alternative splicing and transcription in a more
physiological context by demonstrating how an external signal
modulates this coupling by promoting specific epigenetic changes
inside the ncam gene.

Materials and Methods

Cell Culture. N2a cells were grown in DMEM (Invitrogen) supplemented with 10%
FBS. Dissociated cultures of hippocampal pyramidal cells were obtained from
18-d rat embryos as described (51) and cultured for 5 to 7 d before treatment in
DMEM supplemented with 0.1% ovalbumin and B27 and N2 supplements
(Sigma).

Splicing Evaluation. RNA preparation, reverse transcription, and radioactive semi-
quantitative RT-PCR were as previously described (10). For real-time gPCR eval-
uation of splicing, separate reactions for inclusion and exclusion isoforms were
performed for each sample. Primer sequences and PCR conditions are described
in S/ Text.

Western Blot. Acid-soluble nuclear proteins were purified and Western blot
analysis was performed according to the instructions of the antibody manufac-
turer. We used primary antibodies for acetyl-H3 and H4 (06-599 and 06-866;
Upstate) or total H3 (07-690; Upstate), and secondary HRP-conjugated anti-
rabbit IgG antibody (170-6515; Bio-Rad). SuperSignal West Dura Extended Du-
ration Substrate (Pierce) was used to develop the HRP reaction.
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Pharmacological Treatments. Trichostatin A (Sigma) was diluted in ethanol and
used at the indicated concentrations. The activity of the drug was assessed by
acetyl-histone-specific Western blot. Cycloheximide (Sigma) and actinomycin D
(Invitrogen) were used at 5 pg/mL.

Plasmids and Transfection. Reporter mini-gene of ncam splicing was constructed
(see S/ Text) from the pBALdef plasmid, which was provided by Benoit Chabot
(Sherbrooke, QC, Canada). Co-transfection of mini-gene reporter and mutant
polymerases was as previously described (11). Approximately 400,000 to 500,000
N2a cells were transfected with 2 ug of total DNA and 4 pL of Lipofectamine
(Invitrogen) for each well of a 6-well plate. a-Amanitin was added 24 h after
transfection and cells were harvested 24 h after drug addition.

nChIP. Mono-nucleosome preparation and nChIP were performed as described
(52). Fifteen micrograms of DNA were used as input mono-nucleosomes for
immunoprecipitations. Details are described in S/ Text. Relative enrichments were
calculated dividing bound/unbound antibody by bound/unbound IgG. To com-
pare between treatments, amplicon values within each treatment were normal-
ized to those corresponding for an intragenic amplicon.

D/P Pre-mRNA Evaluation. Four different RT reactions were performed on nuclear
RNA, using primers for intron-exon junctions to enrich cDNA population in
products corresponding to Pre-mRNAs. The resulting cDNAs corresponding to
introns 14, 16, 17, and 18 were then quantified by gPCR using the same primers
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and conditions as in the ChIP experiments. All results were expressed as D/P ratios,
with intron 14 taken as the proximal region and all other introns as the distal
regions.

Mspl Accessibility Assay. We used a modification of the method used by Lorincz
et al. (17), as detailed in S/ Text. Cleavage was assessed by real-time qPCR, using
primer sets for 3 different amplicons: one for exon 18 region (UncutE18; harbor-
ing 2 Mspl recognition sequences), one for promoter region (UncutProm; har-
boring 3 Mspl recognition sequences), and one for total DNA (TotalDNA; with no
Mspl recognition sites). Accessibility index was calculated independently for exon
18 and promoter regions as follows: (average uncut/total ratio of samples with-
out Mspl)/(average uncut/total ratio of samples with Mspl).
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