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1 | INTRODUCTION

Abstract

Long intergenic noncoding RNAs (lincRNAs) are more than 200 bases long,
transcribed from intergenic genomic regions and do not undergo translation. They
have regulatory roles in differentiation and development. However, how their
transcription is activated and how their expression is differentially modulated in
differentiation is quite unclear. In this study, we explored and analyzed data at the
transcriptomic and epigenetic level to address these questions. Here, we identified
novel lincRNAs that are differentially expressed in neuronal and hematopoietic
differentiation and showed that such differential modulations are achieved under
epigenetic regulations. lincRNAs that are upregulated in mature cells than in
progenitor are activated from a bivalent poised state where activating H3K4me3/
H3K9ac/H3K27ac and suppressive H3K9me3/H3K27me3 marks are colocalized.
And, lincRNAs that are downregulated in mature cells after differentiation are
suppressed by the addition of H3K9me3/H3K27me3 marks. Moreover, here we show
a tissue-specific expression pattern of lincRNAs in various cell lines and normal
tissues. The study reveals bidirectional histone marks as an epigenetic means of
directing the differential expression of lincRNAs which are found to be involved in
the process of cellular differentiation.
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be attributed to a variety of regulatory functions. Almost 80%
of the genome has been assigned to have biochemical

Once the non-genic part of the human genome was thought  functions, particularly, regions outside the well-studied
to be “Junk DNA”. This noncoding part of the genome can coding regions.! An incredibly significant amount of

Abbreviations: CD, cluster of differentiation; ChIP, chromatin immunoprecipitation; ENCODE, encyclopedia of DNA elements; FPKM, fragments
per kilobase of transcript per million mapped reads; H4K20mel, histone 4 lysine 20 monomethylation; H3K27ac, histone 3 lysine 27 acetylation;
H3K27me3, histone 3 lysine 27 trimethylation; H3K4mel, histone 3 lysine 4 monomethylation; H3K4me3, histone 3 lysine 4 trimethylation; H3K9ac,
histone 3 lysine 9 acetylation; H3K9me3, histone 3 lysine 9 trimethylation; HPC, hematopoietic progenitor cell; lincRNA, long intergenic noncoding
RNA; IncRNA, long noncoding RNA; NPC, neural progenitor cell; RPKM, reads per kilobase of transcript per million mapped reads; TSS,

transcription start site.
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functional noncoding RNAs are discovered to be transcribed
from the intergenic regions in the genome.” Intergenic
noncoding transcripts sized larger than 200 nucleotides are
termed “long intergenic noncoding RNAs (lincRNAs)”.?
Lengths of the lincRNAs can be of several hundred bases or
even larger up to tens of thousands bases.* They are more
evolutionarily diverse than messenger RNAs (mRNAs). They
are more tissue specific than coding genes and are not as
efficiently spliced as mRNAs. They show similar stability as
mRNAs.>® LincRNAs are transcriptionally activated and
processed similarly to mRNAs. Upon their transcription by
RNA polymerase II, then they are 5 capped and 3’
polyadenylated. Similar to mRNAs, actively transcribed
lincRNAS’ promoter has abundant histone 3 lysine 4
trimethylation (H3K4me3) and its transcribed region has
trimethylation of H3K36, which is a mark of transcription by
RNA polymerase II. Discovering novel lincRNAs are possible
by identifying this distinctive K4-K36 domain.” Human
transcriptome consists of about 91 013 expressed genes. Over
68% (58 648) of them are long noncoding RNAs (IncRNAs)
and 72% IncRNAs are intergenic. So, out of 42000 human
lincRNAs, only about 9000 are annotated. Seventy nine
percent (79%) of the lincRNAs are still unannotated.’”
LincRNAs are known to perform diverse functions, for
example, regulation of gene expression, regulation of
epigenetic modification, signaling in developmental cues,
signaling in DNA damage response, regulation of pluripo-
tency, signaling transcriptional activity with spatial and
temporal specificity, guiding localization of ribonucleoprotein
complexes, regulation of differentiation and so on®™
However, specific functional role and mode of action of
only about 1% of these lincRNAs are known. Functions of
most of them are yet to be characterized.*

Differential modulation of lincRNAs have been observed
in various cellular differentiation processes and specific roles
of some lincRNAs are discovered in developmental pro-
cesses.'' LincRNAs can function to maintain stem cell
renewal in a repression of repressor manner by acting as
miRNA sponge. For example, lincRNA Regulator of
Reprogramming (RoR) prevents repression of some core
transcription factors like—Oct4, Sox2, Nanog, by inhibiting
miRNA miR-145, thereby, keeping self-renewal genes
active."> Metastasis associated lung adenocarcinoma tran-
script 1 (MALATI1) plays significant roles in myogenic
differentiations,"® nuclear paraspeckle assembly transcript 1
(NEAT1) was found to be crucial in myeloid differentiation
in acute leukemia,'* antisense RNA of sperm acrosome
membrane-associated 6 (SPACA6-AS) plays role in embryo-
nic differentiations.”” Differentially modulated lincRNAs are
found to be associated with the divergence of T cell and B
cell lineages,'® in neurogenesis,'” osteogenic differentiation,'®
chondrogenic differentiation,'” and muscle differentiation.*
They are also involved in embryonic development, brain
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development,* and cardiac development.” These diverse
regulatory lincRNAs show cell-specific manner of expression,
where epigenetic regulations mark their cell specificity.
Differences in the density of epigenetic footprints, like
histone 3 lysine 4 monomethylation (H3K4mel) and
H3K27me3, near the transcription start site (TSS) of the
lincRNAs, are the major role players here.®* However,
epigenetic regulations behind the differential modulation of
lincRNAs in the course of differentiation to mature cells from
their progenitors are yet to be elucidated.

In this study, first, the expression pattern of lincRNAs in
different cell lines and normal tissues was studied using
RNA-Seq data to get a global overview of their expression.
Then, lincRNAs that are differentially expressed in neuronal
and hematopoietic differentiation were identified. Finally,
the roles of epigenetic means in this differential modulation
were sought by analyzing chromatin immunoprecipitation
(ChIP)-Seq data of histone epigenetic marks. We hypothe-
sized that differentially modulated lincRNAs that act in
diverse epigenetic regulations in neuronal and hematopoietic
differentiations are, themselves, epigenetically regulated by
bivalent histone marks.

2 | MATERIALS AND METHODS
21 | RNA-Seq transcriptome profiling
data and ChIP-Seq data analysis

Normalized RNA-Seq transcriptome profiling data in
fragments per kilobase of transcript per million mapped
reads (FPKM) was obtained for 30 different cell lines,
each with a replicate, through ENCODE experiment
matrix (https://genome.ucsc.edu/ENCODE/dataMatrix/
encodeDataMatrixHuman.html).>>?¢ All the data were
processed to form one continuous data matrix. Similarly,
normalized RNA-Seq transcriptome profiling data in
reads per kilobase of transcript per million mapped reads
(RPKM) were obtained for 39 different types of normal
human tissues from ENCODE data portal (https://www.
encodeproject.org) and was combined in a continuous
data matrix. In these matrices, the genes were filtered
using list of lincRNAs from Ensembl biomart version 84
(GRCh38.p5).

For neuronal differentiation, RNA-Seq transcription
profiling data and ChIP-Seq histone modification data of
H3K4mel, H3K4me3, H3K9ac, H3K9me3, H4K20mel,
H3K27ac, and H3K27me3 were obtained from ENCODE
data portal for Homo sapiens neural progenitor cell (NPC)
derived from H9 (Table S1) and Homo sapiens bipolar
spindle neuron derived from induced pluripotent stem cell
(Table S1). For hematopoietic differentiation, RNA-Seq
transcription profiling data and ChIP-Seq histone


https://genome.ucsc.edu/ENCODE/dataMatrix/encodeDataMatrixHuman.html
https://genome.ucsc.edu/ENCODE/dataMatrix/encodeDataMatrixHuman.html
https://www.encodeproject.org
https://www.encodeproject.org
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modification data were obtained from ENCODE data portal
(Table S1) for cluster of differentiation 34+ (CD34+)
mobilized hematopoietic progenitor cells (HPCs), CD20+
B cells and CD14+ monocytes.

2.2 | Expression landscape study

The expression data matrix of cell lines was processed
using Genesis (version 1.7.7).?7 At first, the lincRNA genes
were sorted by descending average FPKM values and top
200 highly expressed lincRNA genes were selected. Then,
the cell lines were clustered using Manhattan distance and
complete linkage. Similarly, the expression data matrix of
normal tissues was processed in Genesis (version 1.7.7).
Upon sorting the lincRNA genes by descending average
RPKM values and selecting top 500 highly expressed
lincRNA genes, the tissues were clustered by Pearson
correlation distance and complete linkage.

2.3 | Differential expression analysis of
lincRNAs

FPKM values of lincRNAs of both the progenitor and
differentiated cells were taken in a continuous data
matrix for each differentiation pair. The mean FPKM
value of each gene in all samples was then subtracted
from each FPKM value. The lincRNAs in the mean
centered matrix were clustered in Cluster 3.0%® and the
differentially expressed lincRNAs were selected manu-
ally by an approximate cutoff difference 3.0 from mean
for neuronal cells and 1.0 for hematopoietic cells using
Gitools 1.8.4.%°

2.4 | Histone density profile analysis
from ChIP-Seq data

ChIP-Seq data of both progenitor and differentiated cells
were analyzed to determine the average density of
histone modification marks by read depths for each
differentially modulated set of lincRNAs on 5000 base
pair (bp) at both sides of the TSS by using in-house R
scripts.

2.5 | Functional annotation

For determining what sort of molecular interactions and
functions the differentially modulated lincRNAs are
involved in, previously known functions of some of the

ISR

differentially expressed lincRNAs were retrieved from the
LncRNA and Disease Database (LncRNADisease).*°

3 | RESULTS
3.1 | lincRNAs show tissue-specific
expression pattern

To understand which lincRNAs are expressed globally in
various tissue types and which are more restricted to
individual tissue types, normalized gene expression
(FPKM/RPKM) data on normal cells as well as cell lines
from ENCODE data portal were plotted in a heatmap. The
landscape of expression of lincRNAs generated for 30
different cell lines showed that few lincRNAs are constitu-
tively expressed in all cell lines (Figure 1A). MALATI1 and
NEAT]I are two of the most expressed lincRNAs found in all
the cell lines with an average FPKM of 178.65 and 25.36,
respectively (Table S2). Whereas most of the lincRNAs
showed similar expression patterns in cell lines from similar
organs or tissues. Like, lincRNA LINC00704 showed
comparatively higher expression in cell lines that are derived
from blood vessel. This strongly suggests the tissue-specific
expression pattern of lincRNAs. Similarly, as for the cell
lines, a landscape of lincRNA expression was prepared to get
a global expression pattern of lincRNAs in 39 normal tissues
or organs. Here also, very few lincRNAs are found to express
commonly in all types of normal tissues (Figure 1B).
SPACAG6P-AS is the most expressed lincRNA found in all
the normal tissues with an average RPKM of 315.02 (Table
S3). MALAT1 and NEAT1 are also expressed in all the
normal tissues with an average RPKM of 8.73 and 2.71,
respectively. Yet, most of the lincRNAs showed tissue-
specific high expression. For example, lincRNA CTC-
523E23.6 showed the expression in only testis but not in
other organs and lincRNA RP11-545M17.1 is more expressed
in pancreas compared with other organs. These two
heatmaps strongly suggest a tissue-specific manner of
lincRNA expression.

3.2 | LincRNAs are differentially
expressed in differentiated neurons

LincRNAs are implicated in the processes of cellular
differentiation. In neuronal differentiation, eighty-one (81)
lincRNAs have been identified that showed differential
expression (DE) in differentiated bipolar spindle neurons
compared with NPC. Among them, 47 lincRNAs are
overexpressed (Figure 2A) and 34 lincRNAs are under-
expressed in neurons than in NPCs (Figure 2B).
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FIGURE 1 Landscape of lincRNA expression. A,

FPKM values of the top 200 highly expressing lincRNAs are shown. B, lincRNA expression in 39 different normal tissues or organs is shown. The

average RPKM values of the top 500 highly expressing lincRNAs are shown. Color towards blue indicates a high level of expression, whereas color

towards yellow indicates a low level of expression in an FPKM/RPKM scale. FPKM, fragments per kilobase of transcript per million mapped reads;

lincRNA, long intergenic noncoding RNA; RPKM, reads per kilobase of transcript per million mapped reads
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FIGURE 2 Differentially expressed lincRNAs in neuronal differentiation and their corresponding histone profiles. A, Heatmap showing
47 lincRNAs that are upregulated in neurons compared with NPCs (B) and 34 lincRNAs that are downregulated in neurons than in NPCs in
a color coded scale. The heatmaps of lincRNAs show mean centered FPKM expression. Color towards green indicates low-expression and
color towards red indicates higher-expression of lincRNAs. Average density profile of (C) activating histone modification marks, and (D)
suppressive histone modification marks are shown on 5000 bp region at both sides of the TSS of lincRNAs that are upregulated in neurons
than in NPCs. Again, average density profile of (E) activating histone modification marks, and (F) suppressive histone modification marks
are shown on 5000 bp region at both sides of TSS of lincRNAs that are downregulated in neurons than in NPCs. (Curves are smoothened
using loess regression with 5% smoothing span). bp, base pair; FPKM, fragments per kilobase of transcript per million mapped reads;
lincRNA, long intergenic noncoding RNA; NPC, neural progenitor cell; TSS, transcription start site

3.3 | Differential expression of
lincRNASs in neuronal differentiation is
associated with changes in histone marks

As we find some lincRNAs are differentially expressed in
neuronal differentiation, we sought if histone plays role in
the regulation of the DE. We have generated histone mark
profiles for regions around the TSS of the DE lincRNAs in
neurons and NPCs. Average histone modification mark
density profiles showed that, for the lincRNAs that are
upregulated in neurons; the average density of activation

marks, H3K9ac, H3K27ac, and H3K4me3, has increased and
the average density of suppression mark, H3K27me3, has
decresed in neuron than in progenitor (Figure 2C,D).
Whereas, for downregulated lincRNAs in neurons, average
density of H3K27me3 has increased in neurons than in NPCs
when at the same time activation marks were also present in
the downregulated lincRNAs (Figure 2E,F). The presence of
higher suppressive marks in progenitor in the upregulated
lincRNAs suggests that they are activated from a bivalently
marked epigenetically poised state by environmental cues.
Again, higher suppressive marks in downregulated lincRNAs
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after differentiation suggests that similar extrinsic or intrinsic
environmental signals may have epigenetically silenced these
genes. We observed no remarkable change in the average
density of H3K4mel, H4K20mel, and H3K9me3 marks in
neuron than in neural progenitor.

3.4 | LincRNAs are differentially
modulated in hematopoietic
differentiation

Now, cells of hematopoietic lineage were studied
to check if their differentiation accompanied any

epigenetic controls similar to neuronal differentiation.
For this purpose, differentiation of CD14+ monocytes
and CD20+ B cells from CD34+ mobilized HPC were
individually studied. For the CD14+ monocytes, 33
differentially expressed lincRNAs have been identified
(Figure 3A). Comparing CD14+ monocytes to CD34+
HPCs, among the 33 identified DE lincRNAs, 17 are
upregulated and 16 are downregulated. For the CD20+
B cells, 44 differentially expressed lincRNAs have been
identified (Figure 4A). Among them, 25 are upregu-
lated and 19 are downregulated in CD20+ cells
compared with the CD34+ HPCs. Among the differen-
tially expressed lincRNAs in these two hematopoietic
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expression. Color towards green indicates low expression and color towards red indicates higher expression of lincRNAs. Average density
profile of (B) activating histone modification marks, (C) suppressive histone modification marks are shown on 5000 bp region at both sides of
TSS of lincRNAs that are upregulated in CD20+ B cells than in HPC. Again, average density profile of (D) activating histone modification
marks, and (E) suppressive histone modification marks are shown on 5000 bp region at both sides of TSS of lincRNAs that are
downregulated in CD20+ B cells than in HPC. (Curves are smoothened using loess regression with 5% smoothing span). bp, base pair;
FPKM, fragments per kilobase of transcript per million mapped reads; HPC, hematopoietic progenitor cell; lincRNA, long intergenic

noncoding RNA; TSS, transcription start site

differentiations, CD14+ and CD20+ cells have four
common upregulated (Figure 5A) and seven common
downregulated (Figure 5B) lincRNAs. A comparative
heatmap of expression for the differentially expressed
lincRNAs among CD34+, CD14+, and CD20+ cells is
shown in Figure 5C. These findings show that similarly
to neuronal differentiation, lincRNAs are also differ-
entially modulated in hematopoietic differentiation
indicating a general role of lincRNAs in cellular
differentiation.

3.5 | Differential modulation of
lincRNAs in hematopoietic differentiation
are also epigenetically regulated

Average histone mark density profiles were produced for the
differentially expressed lincRNAs in hematopoietic differ-
entiation to check if they show similar epigenetic regulation
by histones in their differential modulation like in neuronal
differentiation. Density profiles were calculated around the
TSS of DE lincRNAs. H3K4me3 patterns were different in
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FIGURE 5 Comparison of differential expression of lincRNAs in CD14+ monocyte and CD20+ B cell differentiation. A, Venn diagram
showing CD14+ and CD20+ cells have four common upregulated lincRNAs, and (B) seven common downregulated lincRNAs compared
with CD34+ HPCs. C, Comparative heatmap of differentially expressed lincRNAs in CD34+ HPCs, CD14+ monocytes, and CD20+ B cells in
a color coded scale. Expression of lincRNAs is shown in mean centered FPKM values. Color towards green indicates low expression and
color towards red indicates higher expression of lincRNAs. FPKM, fragments per kilobase of transcript per million mapped reads; HPC,
hematopoietic progenitor cell; lincRNA, long intergenic noncoding RNA

upregulated and downregulated lincRNAs in both the
CD14+ (Figures 3B,D) and CD20+ cells (Figures 4B,D).
Activating H3K4mel, H3K4me3, and H3K27ac were rela-
tively higher in CD14+ monocytes and lower in the CD34+

HPCs for the upregulated set of lincRNAs in monocytes
(Figure 3B); while the suppression marks H3K27me3 was in
higher level in CD14+ monocytes for the downregulated
lincRNAs in monocytes (Figure 3E). Also, activation histone
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TABLE 1 Functions of differentially expressed lincRNAs in hematopoietic differentiation

LincRNA Interaction partner

MALAT1 CREB DNA-TF
MALAT1 IBP160, SRm160, RNPS1 RNA-protein
MALAT1 PSF, p54nrb RNA-protein
MALAT1 Pc2 DNA-protein
MALAT1 SR RNA-protein
MALAT1 SR protein family RNA-protein
MALAT1 SRSF1 RNA-protein
MEG3 cAMP DNA-TF
MEG3 GDF15 RNA-DNA
MEG3 p53 RNA-DNA
MEG3 p53 RNA-protein
MEG3 p53 RNA-protein
MEG3 p53 RNA-RNA
MEG3 Tp53 RNA-DNA
MIAT IRES-GFP DNA-DNA
PVT1 c-Myc DNA-TF
PVT1 c-Myc RNA-DNA
PVT1 P53 DNA-TF
XIST PRC2 RNA-protein
XIST TAP/NXF1 RNA-protein

Note: Description of the interactions is provided in (Table S4).
Abbreviation: lincRNA, long intergenic noncoding RNA.

marks H3K4me3 and H3K27ac were found more repre-
sented in the B-cells compared with the CD34+ cells around
the promoters of wupregulated lincRNAs in B-cells
(Figure 4B). Also, suppression histone mark H3K9me3 was
more prominent in the B-cells for the downregulated
lincRNAs in B-cells (Figure 4E). We found no change in
the average density of suppression marks at TSS of the
upregulated lincRNAs in both monocytes and B-cells
compared with CD34+ progenitors (Figures 3C and 4C).
Activation/suppression marks showed similar pattern earlier
in neuronal differentiation suggesting a similar differential
modulation of lincRNAs through the epigenetic regulation
by histone marks during hematopoietic differentiation.

3.6 | Differentially expressed lincRNAs
play important regulatory functions in
hematopoietic differentiation

To understand the type of molecular interactions and
functions the DE lincRNAs are involved in, interaction data
of DE lincRNAs in hematopoietic differentiation have been
retrieved from the LncRNADisease database (Table 1). It is
found that the DE lincRNAs render regulatory functions via
RNA-protein or RNA-DNA interactions in important cellular

Level of interactions

Type of interactions Reference

Regulatory Koshimizu et al**
Regulatory Miyagawa et al*?
Binding Nakagawa et al*
Regulatory Yang et al**

Binding Tripathi et al*
Regulatory Anko and Neugebauer*®
Regulatory Anko and Neugebauer®
Regulatory Zhao et al*’

Regulatory Zhou et al*®

Regulatory Clark and Mattick®’
Binding Zhou et al*®

Regulatory Lipovich et al*

Co-expression Zhang et al*!
Regulatory Liao et al*?
Regulatory Rapicavoli et al*®
Regulatory Carramusa et al**
Regulatory Carramusa et al**
Regulatory Barsotti et al*®
Binding Khalil et al*®

Binding Cohen and Panning®’

aspects, like—growth differentiation factor stimulation, RNA
interference-mediated suppression, and nuclear localization
etc.

4 | DISCUSSION

Long intergenic noncoding RNAs (lincRNAs) are the most
abundant type of genes in the human genome.” These
>200bp long, non-protein-coding transcripts are asso-
ciated with many regulatory functions®'® even though
their regulatory mechanisms are still elusive. This
phenomenon has led to our analysis of the landscapes of
expression of lincRNAs across cell lines and normal
tissues, and possible epigenetic mechanisms by which they
are regulated. Their pattern of expression indicates a
tissue-specific expression (Figure 1) because similar types
of tissues are clustered together based on lincRNA
expression profile. This finding supports the earlier report
that lincRNAs are expressed in a tissue-specific manner.>°
Tissue-specific differential expression could assist in
functional annotation of unannotated lincRNAs that show
similar expression to known lincRNAs or other known
genes in the same tissue.”® And, the genes that the
lincRNAs regulate or are regulated by could be detected
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based on what unique genes are expressed in a specific
tissue.*

To determine the implication of lincRNAs in cellular
differentiation, differentially expressed lincRNAs were
identified for neuronal and hematopoietic cells and the
differentially expressing modules of lincRNAs were further
studied to determine any role of epigenetic regulations, such
as histone modifications that may be associated with their
differential modulation (Figures 2-4). We observed inter-
esting differences in the densities of histone marks
associated with transcriptional activation, H3K4me3,
H3K9ac, and H3K27ac, and marks that are repressive,
H3K9me3 and H3K27me3, between progenitor cells and
differentiated mature cells. In neuronal differentiation,
although higher levels of activating H3K4me3/H3K9ac/
H3K27ac marks and lower level of suppressive H3K27me3
mark was observed for upregulated lincRNA genes in
neuron than in NPC, both activating and suppressive marks
were present in the progenitor. The presence of both
activating and suppressive marks in progenitor strongly
suggests a bivalent poised state before differentiation, that is,
a probable integration of intrinsic and extrinsic environ-
mental and systematic signals drives them to differentiation
cues from an epigenetically poised state. On the other hand,
relatively more suppressive marks colocalized with activat-
ing marks in the downregulated lincRNAs in neurons than
in NPC. Such histone tag pattern indicates that again a
probable integration of similar signals drives them to
epigenetically poised state from a highly activated state by
addition of suppressive marks. In hematopoietic differentia-
tion, H3K4me3/H3K27ac data showed relatively higher
densities in both differentiated CD14+ and CD20+ cells
than CD34+ progenitors for upregulated genes similar to
neuron. Again, similarly to neuronal differentiation, for
downregulated genes, we observed an increase in the
density of H3K9me3/H3K27me3 marks in differentiated
CD14+ and CD20+ cells than CD34+ progenitors. It means
similar epigenetic factors may be involved in hematopoietic
differentiation like neuronal differentiation. These discov-
eries elucidate that the regulatory lincRNAs are themselves
regulated by epigenetic means and support the hypothesis of
the study. Such epigenetic regulations are already estab-
lished for the protein coding genes. In self-renewing,
pluripotent cells, lineage control genes are known to be
silenced by bivalent chromatin modification (H3K27me3)
while their subsequent activation during differentiation by
“poising” (H3K4me3).® Such bivalently poised regions are
known to be co-occupied by H3K4me3 and H3K27me3
marks.”! However, it was not clear earlier that lincRNAs are
also subjected to similar epigenetic regulations. These
insights may direct towards a better understanding of the
complex network of interactions in the process of differ-
entiation and establishment of novel treatment of

MURAD ET AL.

neurological and hematopoietic diseases through the con-
trolled proliferation of renewable progenitors.

This study has showed the tissue-specific expression of
lincRNAs. Furthermore, differentially expressed lincRNAs
probably playing role in differentiation, have been identified
in neuronal and hematopoietic differentiations from their
respective progenitors and roles of histone modifications in
this differential modulation of lincRNAs have been brought
in front. We have detected that the lincRNAs which are to be
involved in epigenetic regulation of differentiation are
themselves epigenetically regulated by histone modifications.
Our findings would be helpful for further in vivo or in vitro
experiments for the better understanding of the functional
roles and mechanisms exerted by the lincRNAs.
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