Int J Clin Exp Pathol 2014;7(3):948-958

www.ijcep.com /ISSN:1936-2625/1JCEP1312056

Original Article

RNAs specifically affect gene expression in a length,
position and sequence dependent manner
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Abstract: We aim to explore if RNA regulating gene expression is affected by length, sequence and position of RNA.
Hela cells were co-transfected with modulator plasmids (derived from pcDNA3.1 vector containing different length
regulating sequences that produce RNAs) and reporter plasmids (derived from pEGFP-C1 vector); In addition, HelLa
cells were transfected with plasmids that possess different sequences of downstream or adjacent genes of GFP
reporter gene. We found that long inserting sequences of modulator plasmids induced stronger GFP gene activation
than short inserting sequences. Changing of downstream sequences of GFP gene induced significant effects on GFP
gene expression. Short sequences of adjacent genes of GFP activated GFP gene. Bioinformatics analysis of genes
which is highly expressed in differentiating cells (thymocyte cells, germinal center B-cells) and quiescent cells (T
cells, B cells) shows that differentiating cells produce longer RNA than quiescent cells. These findings demonstrate
that the length, sequence and producing position of RNAs are important factors for RNA regulating gene expression.
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Introduction

The viewpoint of RNAs activating genes was
proposed decades ago [1-3], and evidence of
this point is accumulating. Transfection of 21-nt
dsRNAs targeting promoter regions of human
E-cadherin, p21WAF1/CIP1 (p21), and VEGF
genes into human cell lines caused long-lasting
and sequence-specific induction of those
genes [4]. Multiple duplex RNAs complementary
to the progesterone receptor (PR) promoter
have been shown to increase expression of PR
protein and RNA after transfection into cultured
T47D or MCF7 human breast cancer cells [5].
Two small activating RNAs induce the
expression of mouse Cyclin B1 in NIH/3T3 and
TRAMPC1cells[6].DuplexRNAscomplementary
to the promoter of Low-density lipoprotein
receptor (LDLR) activate expression of LDLR on
the surface of liver cells. Activation requires
complementarity to the LDLR promoter and
can be achieved by chemically modified duplex
RNAs. These data demonstrate that small
RNAs can activate LDLR expression and affect
LDLR function [7]. Small hairpin RNAs (shRNAs)

can activate expression of the vascular
endothelial growth factor gene at the promoter
level through an epigenetic mechanism [8].
Furthermore, our previous studies have shown
that RNA targeting the mouse albumin gene
increases sensitivity to DNase | digestion of
assembled chromatin [9]. Moreover, exogenous
RNA promotes expression of the mouse albumin
gene [10], and bioinformatics analysis done by
our laboratory also indicates that RNAs can
activate genes [11].

The human genome contains abundant non-
coding RNA [12]. Although certain non-coding
RNA sequences have been found could activate
genes and have other biological effects [13],
the function of most non-coding RNA sequences
is unknown. In this study, we transfected Hela
cells with RNAs produced from modulator
plasmids (derived from pcDNA3.1 vector) and
analyzed GFP gene expression of reporter
plasmids (derived from pEGFP-C1 vector) to
study the possibility of RNA as a trans-regulatory
factor affecting gene expression, as well as
determine if length and sequence of RNA affect
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Table 1. Plasmids used in this study

Plasmids

Fragments inserted into pcDNA3.1 or pEGFP-C1 and annotation

C1-4TMI"x2-Alul4

Cl-LacZ
C1-Alux8
C1-280-1x14as
C1-7ntx64

pcAlux1, pcAlux14
pc280-1x1, pc280-1x14
pc280-1x1as, pc280-1x14as
pcLoopACx4, pcLoopACx128

pcLoopACx4as, pcLoopACx32as,
pcLoopACx128as

pc7ntx64

C1-Alux1-Alux14
C1-280-1x1-Alux14
C1-Alux1-280-1x14
C1-280-1x1-280-1x14
C1-Alux1-4TMIx2-Alux 14
C1-280-1x1-4TMIx2-Alux 14
C1-Alux1-4TMIx2-280-1x 14
C1-280-1x1-4TMIx2-280-1x 14
C1-280-1x14-CMV*Alux2

C1-280-1x14-CMV-280-5%2
C1-280-1x14-CMV-280-1x2
C1-280-1x14-CMV-280-1x2as

C1-280-1x14-CMV-Alux1-280-1x1

14 copies of Alu elements (283 bp) were inserted downstream of GFP gene in pEGFP-C1 vector to construct C1-Alux14, then two copies of fragment 4TMI were
inserted in sense orientation between of GFP gene and Alu repeats in C1-Alux14.

LacZ (3825 bp) was inserted in sense orientation downstream of GFP in pEGFP-C1 (Wang et al., 2009).
Eight copies of Alu were inserted in sense orientation downstream of GFP in pEGFP-C1.
14 copies of fragment 280-1 (the first 280 bp from L1) were inserted in antisense orientation downstream of GFP in pEGFP-C1.

64 copies of fragment AAACAAAAAACAAAAAACAAAAAACA
AAAAACAAAAAACA were inserted downstream of GFP in pEGFP-C1.

One or 14 copies of Alu were inserted in sense orientation in MCS in pcDNA3.1.

One or 14 copies of 280-1 fragment were inserted in sense orientation in MCS in pcDNA3.1.

One or 14 copies of 280-1 fragment were inserted in antisense orientation in MCS in pcDNA3.1.

Four or 128 copies of fragment CTAGAATTAAACAAATTTTCTAG were inserted in sense orientation in MCS in pcDNA3.1.

Four, 32, or 128 copies of fragment CTAGAAAATTTGTTTAATT
CTAG were inserted in antisense orientation in MCS in pcDNA3.1.

64 copies of fragment AAACAAAAAACAAAAAACAAAAAACA
AAAAACAAAAAACA (without displaying restriction sites) were inserted in MCS in pcDNA3.1.

Alu element was inserted upstream of Alux14 in C1-Alux14 vector

280-1 fragment was inserted upstream of Alux14 in C1-Alux14 vector

Alu element was inserted upstream of 280-1x14 in C1-280-1x14 vector

280-1 fragment was inserted upstream of 280-1x14 in C1-280-1x14 vector

Alu element was inserted upstream of 4TMIx2 in C1-4TMIx2-Alul4 vector

280-1 fragment was inserted upstream of 4TMIx2 in C1-4TMIx2-Alux14 vector
Alu element was inserted upstream of 4TMIx2 in C1-4TMIx2-280-1x14 vector
280-1 fragment was inserted upstream of 4TMIx2 in C1-4TMIx2-280-1x 14 vector

A CMV promoter and its surrounding sequences was inserted downstream of 280-1x14 in the C1-280-1x14 vector to construct C1-280-1x14-CMV vector, then two
copies of Alu were inserted downstream of CMV in C1-280-1x14-CMV plasmid

Two copies of 280-5 fragments (the fifth 280 bp from L1) were inserted downstream of CMV in C1-280-1x14-CMV plasmid
Two copies of 280-1 fragments were inserted downstream of CMV in C1-280-1x14-CMV plasmid

Two copies of 280-1 fragments in antisense orientation were inserted downstream of CMV in C1-280-1x14-CMV plasmid
One Alu and one 280-1 fragment in sense orientation were inserted downstream of CMV in C1-280-1x14-CMV plasmid

C1-280-1x14-CMV-Alux1-280-1x1as One Alu in sense orientation and one 280-1 fragment in antisense orientation were inserted downstream of CMV in C1-280-1x14-CMV plasmid

“B-GTGAAATAAATGC GT, having enhancer activity; “from pcDNA3.1+, 1-882 bp, contains intact CMV promoter.
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A 4TMI X2 —Alul4, etc B
280-1X14-CMV-280-1 X2, etc

Figure 1. The sites of inserted fragments in reporter and modulator plasmids.

AluX1, AluX 14, etc

0.4 pg modulator plasmids
(derived from pcDNA3.1)
using 2 ul of Lipofectamine-
™2000 reagent (Invitrogen,
USA) according to the ma-
nufacturer’'s instructions.
The cells were cultured for
another 8-10 h and then
transfected with reporter
plasmids (derived from
pEGFP-C1). The transfected
cells were used for RNA
extractionandfluorescence
survey 23-25 h after trans-
fection with reporter plas-
mids.

Assessment of GFP protein
fluorescence

A: Location of the inserted sequences in reporter plasmids. 4TMIx2-Alul4

etc sequences were inserted downstream of GFP gene in pEGFP-C1 vector to
construct reporter plasmids (Table 1). B: Location of the inserted sequences
in modulator plasmids. Alux1, Alux14 etc sequences were inserted MCS of
pcDNA3.1 to construct modulator plasmids (Table 1).

gene expression. Many experiments show that
RNA transcriptions are located different
transcription factories in cell nucleus [14-16],
so RNAs in cell nucleus are divisional. In order
to study the effects of producing position of
RNA on GFP gene expression, we detected the
effects of sequences of downstream and
adjacent genes on GFP reporter gene. We also
use bioinformatics analysis to determine if
intron size differs between genes highly
expressed in differentiating cells and quiescent
cells.

Materials and methods
Construction of expression vectors

The plasmids used in this paper are shown in
Table 1, including previously constructed
plasmids in our laboratory and plasmids
constructed in this study. All plasmids were
constructed as previously described [17, 18].

Cell culture and cell transfection

Hela cells were cultured in Minimum Essential
Medium (MEM, Gibco, USA) with 10% fetal calf
serum. Cells were plated in each well of a
24-well plate with concentration of 0.9x10°
cells/well and cultured at 37°C in 5% CO, for 24
h. The cells were transiently transfected with
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Expression of the GFP
protein was assessed by
analysis of transfected
HelLa cells using fluores-
cence microscopy of at
least 2,000 cells per sample (Nikon TE2000-U,
Japan). Images were captured using both white
light and fluorescent light within the same
scope. Percentage of GFP-positive cells is
expressed relative to the total number of cells.

Northern blotting

Total RNA was extracted from transfected Hela
cells and northern blotting was performed to
detect GFP RNA expression as described before
[19].

Bioinformatics analysis

Gene expression data were obtained from
UniGene Library (http://www.ncbi.nlm.nih.gov/
UniGene/lbrowse2.cgi?TAXID=9606&CUTOFF
=1000). Highly expressed genes were chosen.
The data of introns and exons were obtained
from Human Genome Resources (http://www.
ncbi.nlm.nih.gov/genome/guide/human/) and
statistical analysis of length and number of
introns was performed using Microsoft Excel
software.

Results
Construction of expression vectors

The schemas of constructing reporter and
modulator plasmids are shown in Figure 1.

Int J Clin Exp Pathol 2014;7(3):948-958
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Figure 2. Long RNAs produced by inserting sequences in modulator plasmids activate GFP expression in reporter
plasmids. The symbol ‘*’ denotes a significant difference compared to modulator plasmids containing one copy of

corresponding inserted sequences.

Figure 1A denotes the site of inserted
fragments in reporter plasmids. Figure 1B
denotes the site of inserted fragments in
modulator plasmids. All used plasmids were
correct by restriction enzyme analysis and
sequencing.

RNAs activate gene in a length- and sequence-
dependent manner

Hela cells were transfected with modulator
plasmids and with reporter plasmids 8 h later.
Following transfection with reporter plasmids,
the cells were cultured for 24 h. Fluorescence
microscopy was used to assess the effects of
RNAs produced from modulator plasmids on
GFP expression in reporter plasmids. Based on
GFP expression induced by the modulator
plasmids, the reporter plasmids are divided
into three types (sensitive to all modulator
plasmids, sensitive to partial modulator
plasmids, and insensitive to all modulator
plasmids) according to whether they activated
GFP gene in a length-dependent manner
(Figure 2). More specifically, reporter plasmids
C1-4TMIx2-Alul4 and C1-280-1x14as are
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sensitive to the modulator plasmids pcAlux14,
pc280-1x14, and 280-1x14as that activate
GFP expression of reporter plasmids in a
length-dependent manner. There is significant
statistical difference between percentages of
GFP-positive cells induced by pcAlux1 and
pcAlux14, as well as between ones of pc280-
1x1 and pc280-1x14 or pc280-1xlas and
pc280-1x14as (p<0.05). For example, when
C1-4TMIx2-Aluld is used as the reporter
plasmid and pcAlux1 is used as the modulator
plasmid, 1.25+0.29% of transfected cells are
GFP positive. However, when pcAlux14 is used
as the modulator plasmid, 2.32+0.28% of
transfected cells are GFP positive. Reporter
plasmid C1-Alu8 is sensitive only to the
modulator plasmid pcAlux14, which activates
GFP expression by the reporter plasmid in a
length-dependent manner; C1-Alu8 is not
sensitive to the other two modulator plasmids
(pc280-1x14, 280-1x14as). The reporter
plasmid C1-LacZ is not sensitive to any of the
three modulator plasmids.

RNA produced by the modulator plasmids
activated the reporter plasmids C1-4TMIx2-

Int J Clin Exp Pathol 2014;7(3):948-958
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Figure 3. Short tandem sequences in modulator plasmids activate GFP expression in reporter plasmids in a length-
dependent manner. The symbol ‘*’ denotes a significant difference compared to modulator plasmids containing

four copies of corresponding inserted sequences.

Alul4 and C1-280-1x14as and partially
activated the reporter plasmid C1-Alu8. RNA
produced by modulator plasmids did not
activate the reporter plasmid Cl-LacZ, this
suggesting that these RNAs display sequence
specificity in activating genes. RNAs com-
plementary with DNA (such as, RNA generated
by pcAlux14 is complementary with DNA in
C1-Alu8) can activate genes. However,
activation of a complete complementarity is
not always the strongest. For example, although
the inserting sequences of pc280-1x14 and
pc280-1x14as are entirely complementary
with the inserting sequence of C1-280-1x14as,
activation by pc280-1x14 and pc280-1x14as is
not the strongest compared to activation by
non-complementary sequence in pcAlux14.

After finding that RNAs specifically activate
gene in a length-dependent manner and there
is no a positive correlation between activation
and sequence complementarily of RNA and
DNA, our next question was how RNA activate

952

gene. It is known that longer RNA yields unique
secondary and tertiary structures that
participate in cellular processes [20]. Thus, we
inserted a tandem simple sequence repeat
(22nt) forming a stem-loop or a control tandem
7nt (AAACAAA) repeat that does not form a
stem-loop into pcDNA3.1 vector to construct
modulator plasmids producing RNA with or
without stem loops. The results show that RNAs
forming stem-loops (produced from pcLoop-
ACx128) activate GFP in C1-4TMIx2-Alul4,
C1-280-1x14as reporter plasmids in a length-
dependent manner that is independent of RNA
orientation (Figures 3, 4). For example, when
C1-4TMIx2-Aluld is used as the reporter
plasmid, and pcLoopACx4as, pcLoopACx32as,
or pcLoopACx128as are used as the modulator
plasmids, the percentages of GFP-positive cells
were 1.66+0.11%, 2.72+0.22%, or 3.66%*
0.53%, respectively. Thus, the sequences
inserted into the modulator plasmids activated
GFP expression in the transfected cells in a
length-dependent manner.

Int J Clin Exp Pathol 2014;7(3):948-958
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Figure 4. Northern blotting and fluorescence microscopy show that LoopAC (forming stem-loops) in modulator plas-
mids activate GFP expression in reporter plasmids in a length-dependent manner. A: LoopACas sequence (23nt)
is predicted to form stem-loop structure. B: The modulator plasmids were transfected into Hela cells, followed by
transfection of the reporter plasmid C1-4TMIx2-Alul4 8 h later. C: Representative images of GFP protein expres-
sion in Hela cells transfected with modulator plasmids and reporter plasmid C1-4TMIx2-Alul14. F: fluorescent light,
W: white light. When C1-4TMIx2-Alul4 is used as the reporter plasmid, and pcLoopACx4as, pcLoopACx32as, or
pcLoopACx128as are used as the modulator plasmids, the percentages of GFP-positive cells were 1.66+0.11%,
2.72+0.22% (p<0.05, vs 1.66+0.11%), or 3.66+0.53% (p<0.05, vs 1.66+0.11%), respectively.

RNAs forming stem-loops do not activate GFP regardless of RNA orientation (Figure 3). RNA
expression significantly in cells containing the produced by the modulator plasmid pc7ntx64
Cl-LacZ and C1-7ntx64 reporter plasmids, activate GFP expression in cells containing the

953 Int J Clin Exp Pathol 2014;7(3):948-958
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Table 2. The flanking sequences of enhancer affect GFP because pcDNA3.1 has no inserting

gene expression (changing flanking sequences of GFP
gene)

fragment and transfected plasmid
number is the most in the same dose.

Percentages of GFP- Moreover, RNAs activate gene in a length-

dependent manner and display specificity

Plasmids positive cells (%)
1 Cl-Alux1-Alux14 1.00+0.20
2 C1-280-1x1-Alux14 4.57+1.45
3 C1-Alux1-280-1x14 2.67+0.40
4 €1-280-1x1-280-1x14 1.77+0.15
5  CL-Alux1-4TMIx2-Alux14 12.10+2.85
6  C1-280-1x1-4TMIx2-Alux14 8.86+1.20
7 CLAIUX1-4TMIx2-280-1x14 6.30+0.85
8  C1-280-1x1-4TMIx2-280-1x14 5.00+1.49

for certain reporter plasmids, which also
illustrates that gene activation by RNA in
a length-dependent manner is sequence
specific and not due to effects of the
number of plasmids transfected into
cells.

RNAs activate gene in a position-
dependent manner

Table 3. The expression of neighboring genes affects
GFP gene expression (changing syntenic neighboring
genes of GFP gene)

The results in Figures 2 and 3 show that
long RNAs produced from inserting
sequences in  modulator plasmids
activate GFP gene in reporter plasmids,

whereas short RNAs cannot activate GFP
gene. We further studied whether RNAs
produced from flanking sequences or

Percentages
Plasmids of GFP-posi-

tive cells (%)
1 C1-280-1x14-CMV-Alux2 2.02+0.38
2 (C1-280-1x14-CMV-280-5%2 1.52+0.22
3 C1-280-1x14-CMV-280-1x2 3.06+0.69
4 (C1-280-1x14-CMV-280-1x2as (antisense) 1.10+0.28
5 C1-280-1x14-CMV-Alux1-280-1x1 4.17+1.01
6 C1-280-1x14-CMV-Alux1-280-1x1as 1.30+£0.53

adjacent genes of GFP gene affect
expression of GFP reporter gene.

The results from Table 2 illustrate that
the sequences downstream of GFP gene
affect GFP gene expression. The
sequences that tightly connect to GFP

C1-4TMIx2-Alul4 reporter plasmid, but weakly
or do not activate GFP in cells containing the
Cl-LacZ and C1-7ntx64 reporter plasmids
(Figure 3).

Northern blot analysis showed that GFP gene
expression in cells containing the C1-4TMIx2-
Alul4 reporter plasmid is weak in cells
containing the pcLoopACx4as modulator
plasmid, intermediate in cells containing
pcLoopACx32as, and strong in cells containing
pcLoopACx128as (Figure 4). This result is
consistent with that of our fluorescence
microscopy analysis (Figure 3). Staining of
28sRNA with methylene blue was used as the
loading control and indicates that a consistent
amount of RNA was loaded into each lane.
Furthermore, our results of Northern blot
analysis show that GFP expression induced by
pcDNA3.1 vector is similar to that induced by
the pcLoopACx4as modulator plasmid. RNA
activating gene in length dependent manner is
not due to inserting fragment long resulting in
transfected plasmid number decrease,
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gene, can be regarded as same gene with
GFP, are activated by same promoter with
GFP gene. In this case, changing downstream
sequences of GFP gene equals to changing the
5" end in same gene. In Table 2, plasmid 1
(C1-Alux1-Alux14) caused stronger gene
inhibition than plasmid 4 (C1-280-1x1-280-
1x14); In the case of possessing enhancer
ATMI, Alu sequence (C1-Alux1-4TMIx2-Alux14,
plasmid 5) induced stronger GFP gene
expression than 280-1 (C1-280-1x1-4TMIx2-
280-1x14, plasmid 8); We analyze that the
effects of downstream sequences on GFP gene
expression are related with produced RNAs
(RNAs produced from gene itself affect its
expression).

Another group of plasmids were constructed
(Table 3). A CMV promoter was inserted
downstream of 280-1x14 in C1-280-1x14
vector, then different sequences were inserted
downstream of CMV promoter to construct
plasmids (equivalently changing the sequences
of adjacent genes of GFP gene). The results
from Table 3 show that the two copies of
inserted sequences downstream of CMV in

Int J Clin Exp Pathol 2014;7(3):948-958
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Table 4. The size of high expression genes and their intron size in four immune cells

Number of Gene size (bp)® Intron
genes
15 Number mean+SD?®
<14999 000~29999  000~59999 >60000 (range) bp meantSD (range)

Thymocyte cells 50 30 (60) 8 (16) 6(12)" 8.043+6.606 (1~34) 2508.95+6291.89*
(45~75833)

T cells 48 39 (81) 6(13) 0(0) 7.707+3.823 (3~21) 1065.23+1625.73
(39~12006)

Germinal center 51 22 (43) 4(8) 15 (29)™ 9.319+7.059 (1~35) 7137.52+16145.07#

B-cells (48~133546)

B cells 49 43 (88) 1(2) 1(2) 6.659+2.623 (2~14) 1756.93+5324.11
(67~59687)

Tthe number in bracket is the percentage of relevant size genes; ®the mean of intron of each gene; *: X2 test vs T cells p<0.01, **: X? test vs B

cells p<0.01; *: t test vs T cells p<0.01, #*: t test vs B cells p<0.01.

plasmids 3 (C1-280-1x14-CMV-280-1x2) and 5
(C1-280-1x14-CMV-Alux1-280-1x1) remarkably
increased GFP gene expression. Modulator
plasmids containing same two copies of
inserted sequences did not significantly
increase GFP gene expression (data not shown).
The results from Tables 2 and 3 preliminary
illustrate that not only RNA sequences, RNA
producing positions are the important factors
of affecting gene expression.

High expression of large genes in
differentiating cells

We found that RNA activates gene expression
in a length-dependent manner, which suggests
a relationship between length of a non-coding
RNA and its biological function. One significant
difference between eukaryotic and prokaryotic
cells is that eukaryotic DNA has introns, called
intervening sequences, which can separate
exons of coding DNA. The size of genes is
generally decided by the size of introns. If long
RNA is related to gene activation, the
differentiating cells should contain more long
RNA because silent genes need to be activated
in these cells. We used bioinformatics analysis
to test this hypothesis.

The data of gene expression strength in tissues
or cells are from UniGene Libraries (http://
www.ncbhi.nim.nih.gov/UniGene/lbrowse2.
cgi?TAXID=9606&CUTOFF=1000). Gene sequ-
ence data were downloaded from NCBI
GeneBank (http://www.ncbi.nlm.nih.gov/geno-
me/guide/human). We compared the numbers
of large genes (=60000 bp) and intron size of
highly expressed genes between thymocytes
and T cells, or germinal center B-cells and B
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cells. We found that number of large genes and
intron size were higher in thymocytes than in T
cells, and in germinal center B-cells than in B
cells (Table 4). Thymocytes and germinal center
B-cells are differentiating cells, in which silent
genes are being activated. Our findings that
large genes with large introns are more highly
expressed in the differentiating cells than in
the mature cells are consistent with our
hypothesis and the other results in this paper.

Discussion

Non-coding sequences of DNA and RNA are
ubiquitous in multicellular eukaryotes [21, 22].
The biological function of non-coding sequences
is a hot issue in the biology community [23].
Our finding that RNA activates gene in a length,
sequence and position dependent manner
contributes to solving the questions of biological
function of non-coding sequences. Here, we
report that long RNAs activate gene more
strongly than short RNAs. The modulator
plasmid pc280-1x14as activates GFP expre-
ssion 2.02 times more strongly than the
plasmid pc280-1x1as in cells transfected with
the reporter plasmid C1-4TMIx2-Alul4; the
modulator plasmid pcLoopACx14as activates
GFP expression 2.26 times more strongly than
pcLoopACx4as in cells transfected with the
reporter plasmid C1-280-1x14as.

Injected RNAs distributed throughout the
nucleoplasm in early stage and then
progressively localized in discrete loci [24]; the
expression of adjacent genes is physiologically
relevant[25-27]; the analysis of high-throughput
transcripts illustrates that the expression of
genes located within same chromosome is

Int J Clin Exp Pathol 2014;7(3):948-958
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positively correlated [28] and RNA transcription
is divisional [14-16]. The above reports
precipitate us to prove the effects of RNA
producing positions on gene expression using a
simple model system.

RNA producing positions can be divided into
gene itself, adjacent genes and trans-genes.
The results from Table 2 illustrate that the
sequences downstream of GFP gene affect
GFP gene expression (equal to changing gene
itself sequences). When reporter plasmids
contain 4TMI enhancer, Alu induced stronger
GFP gene expression than 280-1 fragment,
whereas when reporter plasmids do not contain
4TMI enhancer, 280-1 induced stronger GFP
gene expression than Alu element. Literatures
report that Alu inhibits gene expression [29] or
that Alu enhances gene expression [30, 31].
We analyze that that different surrounding
sequences result in different results.

A CMV promoter was inserted downstream of
280-1x14 in C1-280-1x14 vector, then different
sequences were inserted downstream of CMV
promoter to construct plasmids (equivalently
changing the sequences of adjacent genes of
GFP gene). The results from Table 3 show that
the two copies of inserted sequences (280-1x2
and Alux1-280-1x1) downstream of CMV
enhance GFP gene expression. In Figures 2 and
3, we have demonstrated that short RNAs (one
copy of 280nt) produced from trans-genes did
not activate GFP reporter gene. When two
copies of sequences (equal to downstream
sequences of CMV) were inserted in modulator
plasmids, RNAs produced from these modulator
plasmids did not activate GFP gene expression
in reporter plasmids, which is same as the
results of Figures 2 and 3. The results from
Tables 2 and 3 preliminary illustrate that not
only RNA sequences and RNA producing
positions are the important factors of affecting
gene expression. Since transcription is
divisional, RNAs produced from adjacent genes
interact more easily, which provides the
mechanism of expression of adjacent genes
relevant.

In general, the more complex an organism, the
greater it's number of non-coding RNAs [32].
Intron RNA is an important source of non-
coding RNA [33]. The average length of introns
differs between species of multicellular
eukaryotes (average length of intron in
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human>chicken>drosophila melanogaster), wh-
ich suggests that intron size could be related to
biological evolution.

Recently, several papers reported that long
RNA transcripts change chromatin confirmation
and affect cellular differentiation [34, 35]. In
this paper, bioinformatics analysis showed that
there are longer introns in highly expressed
genes of differentiating cells. The average sizes
of introns in genes highly expressed in
thymocytes and T cells are 2508.95 bp and
1065.23 bp (p<0.01), respectively. The average
sizes of introns in genes highly expressed in
germinal center B-cells and B cells are 7137.52
bp and 1756.93 bp, respectively (p<0.01, Table
4). There are more long RNAs in differentiating
cells than in mature counterparts, which
suggests that RNA length is related to gene
activation. This finding is consistent with our
finding that gene activation by RNAis dependent
upon length of the RNA.

Conclusion

Different DNA sequences were inserted
downstream of GFP gene in pEGFP-C1 vector to
construct reporter plasmids. The reporter
plasmids were co-transfected with modulator
plasmids that produce different RNAs. The
effects of RNAs on GFP reporter gene
expression were observed (GFP reporter gene
is located in different plasmids with genes
producing modulator RNAs). CMV promoter was
inserted downstream of GFP reporter gene to
drive different DNAs to produce RNAs and then
the effects of these RNAs on GFP reporter gene
were observed (GFP reporter gene is located in
same plasmids with genes producing modulator
RNAs). Our results demonstrated the following
three points: (1) long RNAs induced stronger
GFP reporter gene expression than short RNASs;
(2) different RNA sequences induced different
effects on GFP reporter gene expression; (3)
RNAs transcribed from adjacent gene have
stronger gene activation than RNAs produced
from co-transfection.
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