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 Abstract: Background: Intervening sequences (introns) have significant effects on genomic regulations 

and molecular evolution. So, it deserves a deeper analysis for better understanding the possible regulato-

ry roles of these regions. 

Objective and Method: Accordingly, the intron 2 (In-2) of the human B-cell lymphoma 2 (hBcl2) gene, with 

regard to the size of the In-2 as well as critical roles of the gene in the homeostatic of the cellular balance, was 

analyzed by using in-silico approaches to identify In-2 transcription factor binding (In2-TFBs) motifs. 

Results: Our analysis revealed 966 motifs of 118 different TFBs types which were scattered throughout 

both the strands of the complete sequence of the gene, in particular on the In-2, with significant pattern 

of distribution and repetition. Distribution pattern of these motifs revealed that most of them were ac-

cumulated in narrow regions of the In-2, far from the area of the splicing sites. Moreover, it was ob-

served that except for WT1-TFBs, Gfi-1-TFBs, GAGA-TFBs, all other motifs were sporadic, with ir-

regular and random distribution. Among these motifs, WT1-TFBs showed the highest frequencies 

which were situated in four neighboring regions of the In-2, by a close linear relationship to Sp1-TFBs. 

Furthermore, the sequence logos of the WT1-TFBs showed that they ranged in size from 22 up to 45 

bps and were enriched with G and T nucleotides. Meanwhile, the binding affinity of WT1-TF to WT1-

TFBs revealed significant differences compared to the other sequences of the gene as negative control. 

Conclusion: In general, this data provides supporting evidences for the existence of regulatory regions 

in the intronic sequences of the hBcl2 gene especially in the In-2, and also represents new targets for 

WT1-TF which might contribute to hBcl2 regulation and apoptosis process. 
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1. INTRODUCTION 

Programmed cell death (PCD), and its morphological 
equivalent "apoptosis'' play an important role in a wide varie-
ty of physiological processes, and also during the develop-
ment of cancer [1-5]. PCD is carried out in a complicated 
regulatory process by variety of genes. Bcl-2 family, with 25 
known genes including both anti- and pro-apoptotic mem- 
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bers, is a major regulator of the programmed cell death ma-
chinery with opposing biological functions [4, 6-8]. Defects 
in this machinery could lead to evasion of PCD and contrib-
ute to many pathological conditions during development and 
also in the progression of cancer [5, 9]. Hence, resistance of 
malignant cells to anti-cancer agents may be, in some cases, 
due to dysregulation of apoptotic pathways, e.g. Bcl2 or Iap 
over expression [4, 10-11]. In this regard, an increased ex-
pression of anti-apoptotic proteins, e.g. BCL2 is regularly 
found in malignant cells, contributing to their clonal expan-
sion by conferring increased survival ability [9, 12]. Bcl2 is 
the first member of this family which was discovered and 
found to be an oncogene. Aberrant expression of Bcl2 con-
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tributed in numerous known diseases such as melanoma, 
chronic lymphocytic leukemia, breast, lung and bladder car-
cinoma, as well as in schizophrenia and autoimmunity via 
overriding apoptosis [13-17]. It has been shown that the 
BCL2 modulates cellular viability through regulating intra-
cellular calcium homeostasis, cellular redox state, lipid pe-
roxidation, as well as cytochrome c released from mitochon-
dria by protein-protein interaction [18-21]. Accordingly, it 
has been demonstrated that introduction of Bcl2 gene into the 
eukaryotic cells protects the recipient cells from apoptosis 
[22]. However, in stressed situations, Bcl2 expression appar-
ently fails to protect cells from apoptosis [22]. Therefore, 
simple expression of Bcl2 may not be enough to protect cells 
[17, 23]. These data suggest that there are other unknown 
pathways that have impact on Bcl2 expression. In this regard, 
up-regulation of bcl2 in some malignancies has been at-
tributed to posttranscriptional and posttranslational modifica-
tions, including poly(A) tail sequences context, BCL2 phos-
phorylation and protein-protein interactions [17, 20]. On the 
other hand, it is has not yet been known whether the regula-
tion of blc2 and PCD machinery might be controlled by in-
tervening sequence of this gene. Numerous experimental 
analyses revealed that intronic sequence context and 
structures (ISCSs) and intronic derived regulatory ele-
ments (IDREs) have significant effects on post genomic 
regulations and molecular evolution in a broad range of 
organisms including nematodes, insects and mammals 
[24-31]. Hence, it would be essential to understand which 
intronic regions of Bcl2 gene are potentially involved in gene 
regulation. In this regard, the present study was designed to 
investigate the sequence context of the In-2 of the hBcl2 
gene in detail, in order to underpin regions with potential 
regulatory elements. The hBcl-2 gene located at the long arm 
of 18 chromosomes, spans over 196 kbp in length and simi-
lar to most eukaryotic genes is interrupted by intervening 
sequences, including 3 exons and 2 introns [32]. In-2 of this 
gene with 189322 bp length is one of the biggest intervening 
sequences among all eukaryotic genes which occupies 96% 
length of the hBcl2 gene. Therefore, involvement of this se-
quence on gene regulation is inevitable, and detection of 
regulatory areas in this region consequently would shed light 
on details of hBcl2 gene regulation and may be used toward 
development of diagnostic and therapeutic tools. 

2. MATERIALS AND METHODS 

2.1. Sequence Extraction 

The complete nucleotide sequence of the hBcl2 gene was 
retrieved from Gene Bank of National Center for Biotechnolo-
gy Information database (NCBI, http://www.ncbi.nlm.nih.gov) 
with accession number NC_000018. On the other hand, se-
quences of 7 genes of human BCL2 family (Bclx, Mcl1, Bclg, 
Bak, Bax, Bad and hmgb1), 5 genes of human chromosome 18 
(Fech, Greb1L, Ncp1, Smad4, Kc6 ), and sequences of human 
Brca1, Brca2 and coagulation factor VIII (hFVIII) genes were 
retrieved from Gene Bank with different gene IDs including, 
100196057, 4170, 79370, 578, 581, 572, 3146, 2235, 80000, 
4864, 4089, 641516, 403437, 474180 and 2157, as negative 
controls. Moreover, the isoform A of Wilms tumor 1 (WT1) 
transcription factor (TF) retrieved with the accession number 
NP_000369, from Protein Database of NCBI. 

2.2. Programs Used for in-silico Characterization 

The complete nucleotide sequences of the hBcl2 gene, 
and the complete sequences of all of the negative controls 
were scrutinized, with several in-silico programs, for detec-
tion of Cis-acting regulatory elements in their contexts. For 
each analysis, FASTA format of the sequences was used. 
The output was saved into a word document and/or a porta-
ble data file (PDF) for exact scrutiny and review. The names 
and functions of the programs used are: 

1) NSITE: is a program for potentially disclosed TFBs 
throughout the selected sequences based on statistical es-
timation of expected number of a nucleotide consensus 
pattern in a given sequence. In the output of this pro-
gram, we can gain a pattern of TFBs, Site ID as well as 
Site Name, its position in the sequence, description of the 
motif and corresponding binding factor name from the 
original database (if it exists) and also its expected value 
(E-Value) [33]. 

2) FPROM/Human promoter prediction: Presence of any 
promoter areas throughout the gene was investigated 
based on potential transcription start positions by linear 
discriminate function combining characteristics describ-
ing functional motifs and oligonucleotide composition of 
these sites using FPROM program [33]. 

3) GC content: (http://www.biologicscorp.com/tools)-GC 
content, which is usually calculated as a percentage value 
of GC-ratio, was calculated for each sequence based on 
Biologics Corp program. 

4) CpG Plot: Given the significant relationship among the 
CpG islands, promoters and TFBs, any possible correla-
tions among them were investigated using CpG Plot pro-
grams [34]. 

5) Sequence logos: The Sequence Logos of detected regula-
tory regions were generated using the WebLogo server 
[35], by depicting stacks of letters. The height of each let-
ter within a stack is proportional to the base frequency at 
that position, and the letters are sorted by size, with the 
tallest (i.e. most frequent) on top. The height of the stack 
is the sequence conservation measured in bits of infor-
mation; 1 bit measures the choice between two equally 
likely possibilities. 

2.3. Data Validation 

To discriminate between positive and false positive re-
sults, data validation was performed. In this regard, at the 
first step, data without references and E-values up to 10-3 
were eliminated. Subsequently, the frequencies, varieties, 
distribution patterns as well as spatial connections of detect-
ed regulatory elements were investigated throughout the In-2 
of the hBcl2 gene, as another parameter of validation. On the 
other hand, the accuracy of selected data from target genes 
was then assessed via comparing the results obtained from 
similar sequences in GC content, as well as sequences of the 
related genes of the hBcl2, as negative control. Moreover, 
the selected regions of the gene, as WT1-TFBs areas, were 
then subjected to Molecular docking program in order to 
determine the binding affinity of WT1-TF to these regions. 
Molecular docking was performed by NPDock [36]. The 
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NPDock is designed for protein-nucleic acid complex struc-
ture modeling. NPDock is implemented as a computational 
workflow which consists of the GRAMM program [37], 
DARS-RNP and QUASIRNP statistical potentials [38], a 
counterpart of QUASI-RNP for scoring protein-DNA com-
plexes (QUASI-DNP), and tools for clustering, selection and 
refinement of models [36]. In the first step, the GRAMM 
program is used to perform a rigid body global search for the 
generation of geometrically plausible protein-nucleic acid 
complex structures (decoys). The decoys are scored and 
ranked using statistical potentials. The best-scored decoys 
are then clustered and the largest clusters are selected. In the 
final step, a Monte Carlo Simulated Annealing procedure is 
used to optimize the protein-nucleic acid interactions [36]. In 
this regard, 3D structure of WT1-TF and regulatory regions 
were obtained and generated from Protein Data Bank 
(http://www.rcsb.org/pdb/home/home.do) with PDB ID: 
4R2S, and DNAtools program [39], respectively. Further-
more, the occurrences frequencies of the single nucleotide 
polymorphism (SNP) throughout the WT1-TFBs areas of the 
hBcl2 gene were assessed as supplementary evidence of the 
importance of these regions. Accordingly, the SNP with oc-
currences in the hBcl2 gene were gathered from dbSNP 
(http://www.ncbi.nlm.nih.gov/snp) and F-SNP 
(http://compbio.cs.queensu.ca/F-SNP) database, and then 
their location throughout the gene was investigated. 

2.4. Statistical Analysis 

Correlations among the frequencies and distribution pat-
terns of TFBs as well as SNP throughout the selected genes 
and regions were investigated by Pearson’s correlation coeffi-

cient. Moreover, the energy of binding affinity of WT1-TF to 
WT1-TFBs regions as well as negative control sequences were 
carried out from ten situations of the best interaction. The gen-
erated data was expressed as mean_standard deviation. One-
way analysis of variance (ANOVA) was used to analyze the 
binding affinity of WT1-TF to WT1-TFBs. ANOVA was done 
by a Tukey post hoc test. Statistical significance was consid-
ered at P < 0.001. All statistical analyses were carried out with 
SPSS 22.0 (SPSS Inc., Chicago, IL, USA). 

3. RESULT 

3.1. TFBs Throughout the hBcl2 Gene 

Our survey led to the discovery of 966 motifs of 118 dif-
ferent types of TFBs scattered throughout the two strands of 
the complete sequence of the hBcl2 gene. More in-depth 
analysis showed that most of these motifs are situated on 
negative strand of the In-2 of the gene with or without linear 
relationship to intronic promoter as well as CpG islands 
throughout the region (Fig. 1). As illustrated in this figure, 
distribution patterns of these elements throughout the In-2 of 
the gene seem to be random without any significant relation-
ship to each other, so that they are scattered with dependency 
to the length of the regions. However, the frequencies of 
these elements in deferent regions of the In-2 of the gene 
showed significant pattern of distribution. As shown in Fig. 
1, Modern most of the detected TFBs are situated in posi-
tions far from regions of the splicing sites of the intron, es-
pecially within range 100 up to 120 Kbp of the In-2, with a 
significant correlation to the intronic promoter as well as 
CpG islands in this area. 

 
Fig. (1). Pearson correlation among distribution patterns and frequencies of TFBs, Intronic promoters as well as CpG islands 

throughout the In-2 of the hBcl2 gene. ● = distribution and frequencies of TFBs.  = distribution and frequencies of intronic promoters 

regions. ▲ = distribution and frequencies of CpG islands. As shown in this figure, there is not any correlation between the frequencies of 

TFBs as well as intronic promoters to their occurrences in similar longitudinal positions of the ln-2 of the gene. However, the occurrences 

frequencies of CpG islands showed a relative correlation in the similar longitudinal positions of the ln-2 of the gene. 
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3.2. Screening the In-2-TFBs 

In order to evaluate the accuracy of TFBs which are situ-
ated throughout the In-2 of the gene, detected motifs without 
citation and suitable E-Value have been eliminated. The re-
sults of this process led to remaining 549 motifs from 113 
different types of TFBs (Table 1). As shown in this table, 

about 84.5% of these motifs are situated on positive strand of 
the In-2 of the gene, and most of them have been repeated 
sporadicly, which could be a cause of incident detection. 
Nevertheless, some of them possess repetition of up to 
141repeat such as WT1, Gfi-1, AT-Alu, CACA-pseudobeta-
2, apoB-reducer-site-b, LUN RS, GAGA-V1bR, HIF-1-
Noxa, RAP1-mdscan-motif, BRCA1-ERE and HIOMT-A-

Table 1. Variation and repetition of the In-2-TFBs on two strand of the In-2 of the hBcl2 gene. 

Site Name R. St. Site Name R. St. Site Name R. St 

prolactin USII 1 - Sp1-alpha-actin_(6) 1 + LUN RS 18 + 

CuE3.3 1 - BP1-beta-globin_(1) 1 + 6-16-ISRE 1 - 

AT-Alu 20 + GAGA-eve_(2) 2 + Pho5-UASp2 1 + 

HTLV-pa-BS.3 1 - Krox-20-Hox-2.3 2 - STAT6-lymphotoxin-alpha 1 + 

MHCI/H2K 2 + WT1-selected genomic sequence3 50 - HAND2/E12 CS 1 + 

CACA-pseudobeta-2 26 + WT1-selected genomic sequence4 50 + MTIIA-MREa 1 + 

LexA CS2 1 - WT1-selected genomic sequence5 41 + TH-dyad 1 - 

GR-HMTIIa-II 1 + KBF1-MHC class I H-2Kk 1 + GAGA3-V1bR 12 + 

Antp-Ubx 1 + Sp1-cytochrome C 1 + GAGA5-V1bR 23 + 

eve RS2 1 + C/EBP-HBV_(1) 1 + ANT2-silencer-core 1 - 

ftz RS1 1 + A-gamma-globin-3_-enhancer-4 1 + IA-1-IA-1 1 + 

Ubx-Ubx 1 + BCR-undefined-site-9 1 + beta5-integrin-FP3 1 + 

CP1-MLP.2 1 - IRE site I 1 - ApoD-APP 7 - 

C/EBP-SV40 core-C 1 - sTnI -undefined-site 1 + TRvalpha2-68DR 1 + 

Y box (1) 1 + Ad-E3-kappa-2 1 - aldolase-C-site-824 1 - 

c-Myb-F1-L-2 1 + albumin-undefined-site-2 1 + Spi-1-scavenger-receptor 3 + 

gERE 3 + GATA-1-FP-4 1 + HIF-1-Noxa 12 + 

BGP1 RS2 2 + C/EBP-TAT_(8) 1 + ovIFNT-p7 1 - 

HTF4-HIV-E-box-I 1 - DHS B_(1) 1 + PAX2-WT1-Site-III 1 - 

AluA 6 + distal region II/ D 1 - CDP-dNRE-1 1 - 

GBF-B3-DG17 1 + HBP-1a-nitrate reductase 1 + Gfi-1-ELA2-9 1 + 

OV-220 1 - uteroglobin-element-II 1 + Gfi-1-AZU-1 19 + 

GA1_(1) 1 + PR-artificial sequence-1 1 + Gfi-1-AZU-4 1 + 

IR-site_C 3 + c-Myb-HTLV-I_(3) 1 - Gfi-1 16 + 

GR-intron-site-1 1 - GC box (WiF1) 1 + Gfi-1-AAT 26 + 

C-rich element 1 + IL-2/NRE-A 1 - Gfi-1-ACT 23 + 

betae4 1 + Sp1-prosaponin 3 + Gfi-1-Jak3 14 + 

DR+2_(2) 1 - Sp1-alpha-dystrobrevin 1 + Gfi-1-P21 15 + 

mADA-site_A 1 + HIOMT-A-E4 17 + Flc-SOC1 1 + 

apoB-reducer-site_b 11 + PPAR-rApo-CIII 1 + Pax6-c-maf-E 1 - 

globin-HS2-GTGGG-site 1 - CLC-GA-element 1 + Barx2-Bx98(HBS1) 1 + 

rice-actin-MPE 4 + PTTG-Element-C 1 + p53-MCK 1 + 

TTF-2-TPO-Z 1 - Sp1-COL2A1-2 1 - Sp1-KDR/flk-1-IV 1 - 

ETF-beta-actin_(1) 1 + SFF-CLB2 1 + rGH-T3RE-2 1 - 

ETF-beta-actin_(2) 1 - BRCA1-ERE 14 + Nmp4-COL1A1-site-A 1 + 

apoE-B1-III 1 + ER-beta-ERE 1 - Nmp4-COL1A1-site-B 1 + 

GATA-1-gamma-globin_(1) 1 - Alu-ERE 4 + FAC1-PS-1 8 + 

leghaemoglobin glb3-undefined 1 - RAP1-mdscan-motif 17 + FAC1-PS1-2 6 + 

R: Repetition, St: strand 
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E4. As could be calculated from the table, among these ele-
ments, WT1-In2-TFBs, Gfi-1-In2-TFBs and GAGA-In2-
TFBs with 141, 115 and 37 repetition have the highest fre-
quencies. 

3.3. Transcription Factors with Binding Site Throughout 
the In-2 

Our investigation revealed that 60 different types of TFs 
could bind to In-2-TFBs (Table 2). As shown in this table, corre-
sponding TFBs of these elements originally situated on various 
genes of different organisms, however the originality of some of 
them were not determined. However, among these factors Sp1, 

WT1, CRX, ER, RAP1, LUN, GAGA, HIF-1alpha, Gfi-1, 
FAC1 showed the highest corresponding position with or with-
out mismatch in the In-2 of the hBcl2 gene. 

3.4. Distribution Pattern of the In-2-TFBs with the High-
est Frequency 

As it is obvious in Table 1, WT1-In2-TFBs, Gfi-1-In2-
TFBs and GAGA-In2-TFBs have the highest repetitions 
throughout the In-2 of the gene. Distribution pattern of these 
elements throughout this region showed considerable schema 
(Fig. 2). As shown in this figure, no correlation was seen 
between the occurrence frequencies of the Gfi-1-In2-TFBs to 

Table 2. Characteristics of the TFs with binding sites on the Bcl2 gene.  

F. Name Org/Species Gene N. F. Name Org/Species Gene N. 

IgPE-1 M musculus Ig mu 1 CRX R norvegicus HIOMT  3 

fI/fII HTLV-I  …………… 1 CRX R norvegicus HIOMT 17 

LexA Multiple …………… 1 PPAR …………… …………… 1 

GR H sapiens MTIIa 2 KKLF R norvegicus CLC-K1/CLC-K2 1 

even-skipped Artificial …………… 1 SFF S cerevisiae  CLB2 1 

Ftz …………… …………… 1 ER H sapiens  BRCA1 19 

CP1 Adenovirus major late 1 RAP1 …………… …………… 17 

C/EBP R norvegicus aminotransferase 3 LUN …………… …………… 18 

c-Myb …………… c-myc 2 DRAF1/DRAF2 H sapiens  IFI 6-16 1 

BGP1 …………… …………… 2 Pho4 S cerevisiae  Pho5 1 

HTF4 HIV-1  …………… 1 STAT6 H sapiens  lymphotoxin alpha 1 

GBF D discoideum DG17 1 HAND2/E12 …………… …………… 1 

GA-BF S cerevisiae ura3 1 MTF-1 H sapiens  MT-IIA 1 

Sp1 H sapiens insulin receptor 12 rITF2/CDP2 R norvegicus tyrosine hydroxylase 1 

Antp Ultrabithorax …………… 1 GAGA …………… …………… 37 

RAR-alpha1 …………… …………… 1 IA-1 H sapiens  IA-1 1 

TTF-2 R norvegicus thyroperoxidase 1 RXR-alpha …………… …………… 1 

ETF G gallus beta actin  

2 

Brn-1 R norvegicus aldolase C 1 

ETF G gallus beta actin  Spi-1 …………… …………… 3 

GATA-1 H sapiens G-gamma globin 1 HIF-1alpha H sapiens  Noxa 12 

BP1 H sapiens beta-globin 1 Ets-2 O aries IFN-tau 1 

Krox-20 …………… …………… 2 CDP MMTV genome …………… 1 

WT1 …………… …………… 141 Gfi-1 …………… …………… 114 

KBF1 M musculus H-2K(k) 1 Flc A thaliana  SOC1 1 

NF-kappaB Adenovirus E3 1 Pax6 R norvegicus c-maf 1 

HBP-1a …………… …………… 1 Barx2 …………… …………… 1 

Sp factors O cuniculus Uteroglobin 1 P53 …………… …………… 1 

PR …………… …………… 1 T3R R norvegicus GH 1 

WiF1 …………… …………… 1 Nmp4 R norvegicus COL1A1 2 

Nil-2a …………… …………… 1 FAC1 …………… PS1 14 

F: factor, N: number of corresponding TFBs. 
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similar longitudinal positions of the ln-2 of the gene (Fig. 2-
A). However, it seems that there are significant correlations 
among the occurrence frequencies of the WT1-In2-TFBs 
(Fig. 2-B), and GAGA-In2-TFBs (Fig. 2-C) in the ln-2 of the 
gene. So that, they are situated in several narrow regions of 
the In-2 of the gene. 

3.5. The Occurrence of WT1-TFBs in the Related and 
Non-Related Genes of the hBcl2 

The results of our analysis for the presence of the WT1-
TFBs throughout the human Bclx, Mcl1, Bclg, Bak, Bax, 
Bad, hmgb1, Fech, Greb1L, Ncp1, Smad4, Kc6, Brca1, 
Brca2 and hFVIII genes, as negative controls, led to the de-
tection of various numbers WT1-TFBs in these genes with-
out any correlation to the length of the genes (Fig. 3). So, 
Greb1L gene with the highest length has only 116 WT1-
TFBs and the bad gene which is 14877 bp long showed 96 of 
this factor in their context, whilst there were not any WT1-
TFBs in the context of Bclg and human Brca2 genes with 
49816 and 63366 bp in the length, respectively. 

3.6. CG Content and the Frequencies of WT1-TFBs 

In order to determine whether there is a relationship be-
tween the occurrence frequencies of the WT1-TFBs and GC 
content of the studied genes, GC content of the genes were 
investigated. This assessment revealed a variance of 36 up to 
57% in the GC content of the investigated genes (Fig. 4). As 
shown in this figure, there are not any linear relationships 
among the occurrence frequencies of the WT1-TFBs to the 
CG content of these genes. 

3.7. The Accurate Position of the WT1-TFBs on the In-2 
of the hBcl2 Gene 

With a closer inspection of the locations of the WT1-
TFBs on the In-2 of the gene, we realized that these motifs 
are scattered on both the strands of the In-2 of the gene, 
however 65% of them were situated on the positive strand 
(Table 3). Meanwhile, it was found that these motifs were 
scattered on eleven areas (L1 up to L11) of both the strands 
of the In-2 with various frequencies. On the other hand, spa-
tially correlation among the sequence context of these areas 
showed overlapping in four regions including A, B C and D. 
Table 3 shows L1, L5 and L9 areas that in total have 42TFBs 
in its place, situated from 104492 up to 104559bp of the in-
tron, as A region. In this regard, L2 and L6 as B region, 
showed spatial correlation to each other in the area of the In-
2 from 114366 up to 114420bp with 11 TFBs. Moreover, C 
region is the area of the intron from 118107 up to 118848 bp 
comprising L3, L7 and L10 locations with 21 TFBs. Mean-
while, L4, L8, L11 locations which in total have 48 TFBs in 
its place, situated from 119011up to 119923bp of the intron, 
as D region. 

3.8. The Features of the Sequence Context of the WT1-TFBs 

Closer attention to the occurrence frequencies of the 
WT1-TFBs to the length of the corresponding locations re-
veals cooperative structure in five locations including L1 (1), 
L2 (2), L5 (5), L6 (6) and L9 (9) areas (Fig. 5). As shown in 
this figure, these areas with short length related to other loca-
tions comprise more number of the WT1-TFBs in its context, 
as overlapped structure to each other. On the other hand, a 

 

Fig. (2). Pearson correlation among distribution pattern and frequencies of the In-2-TFBs. Gfi1-TFBs (A), WT1-TFBs (B) and GAGA-

TFBs (C) throughout the different longitudinal positions of the In-2 of the hBcl2 gene. As shown in this figure, it did not indicated any Pear-

son correlation among the occurrences frequencies of the motifs in different areas of the In-2 of the gene. However, the motifs distribution 

indicates a relative correlation among the occurrences of Gfi1-TFBs (A), WT1-TFBs (B) in the intron, so that they are restricted in specific 

regions of the intron, such as WT1-TFBs, which are huddled in a region of the intron from 100 up to 120 kbp. 
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Fig. (3). Pearson correlation among the occurrence frequencies of WT1-TFBs to the length of human Bcl2 (1), Bclx (2), Mcl1 (3), Bclg 

(4), Bak (5), Bax (6), Bad (7), hmgb1 (8), Fech (9), Greb1L (10), Ncp1 (11), Smad4 (12), Kc6 (13), Brca1(14), Brca2 (15) and hFVIII (16) 

genes. As shown in the figure, there are not any correlation among the frequencies of WT1-TFBs and the length of the genes. (● = length of 

the gene, ▲ = frequency of the WT1-TFBs). 

 

Fig. (4). Pearson correlation among the occurrence frequencies of the WT1-TFBs to the GC content of the human Bcl2 (1), Bclx (2), 

Mcl1 (3), Bclg (4), Bak (5), Bax (6), Bad (7), hmgb1 (8), Fech (9), Greb1L (10), Ncp1 (11), Smad4 (12), Kc6 (13), Brca1 (14), Brca2 (15) and 

hFVIII (16) genes. (● = CG content of the gene, ▲ = frequency of the WT1-TFBs). 

deeper inspection in the sequence context of the WT1-
TFBs showed that some of them had nucleotide mismatched 
in some position to the original sites. This investigation re-
vealed that these sites, with E-value equal to zero, had vari-
ous lengths ranging in size from 22 up to 45 bps. However, 
most of these sites were located in two groups with 36 and 
45 nucleotides in length with G and T nucleotides in the se-
quence context (Fig. 6). 

3.9. Interaction Among WT1-TF to WT1-TFBs Regions 
of the In-2 of the hBcl2 Gene 

The results of the molecular docking among the WT1-TF 
to the WT1-TFBs regions of the In-2 of the gene led to sig-

nificant outcomes, about the circumstance of the interaction 
as well as amount of the binding affinity compared to the 
negative controls (Figs. 7 and 8). As shown in Figure 7, in 
the circumstance of interaction among WT1-TF to the WT1-
TFBs regions, transcription factor positioned in the major 
grooves of the WT1-TFBs regions perfectly, with numerous 
strong hydrogen bonds (Fig. 7-A and C). However, this situ-
ation during the interaction of the WT1-TF to the negative 
control was quite different, that performed a sketchy interac-
tion between the WT1-TF and negative sequence, especially 
in the minor groove without strongly hydrogen bonds (Fig. 
7-B). On the other hand, evaluating the binding affinity of 
the WT1-TF to corresponding sites throughout the WT1-
TFBs regions provided confirming data about the circum-

0

50

100

150

200

250

300

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

T
h

e
 l

e
n

g
th

 o
f 

th
e

 g
e

n
e

 (
k

b
p

) 
&

 W
T

1
-T

F
B

s 
fr

e
q

u
e

n
cy

r = 0.713
p = 0.002

0

20

40

60

80

100

120

140

160

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

T
h

e
 l

e
n

g
th

 o
f 

g
e

n
e

 (
k

b
p

) 
&

 t
h

e
 p

e
rc

e
n

t 
o

f 
G

C
 c

o
n

te
n

t

r=-0.218
p= 0.418



Regulatory Roles of the WT1 TFB-Sites Current Bioinformatics, 2018, Vol. 13, No. 3   267 

Table 3. The accurate position of the WT1-TFBs areas throughout the In-2 of the hBcl2 gene. (A: Location of the area of the WT1-

TFBs 

Position  

A. 

 

R. 

 

St. 

Position  

N. 

 

R. 

 

St. 

Position  

N. 

 

R. 

 

St. Start End Start End Start End 

104498 104563 L1 16 - 104492 104566  L5 16 + 104497 104559 L9 10 + 

114368 114415 L2 6 - 114366 114420 L6 5 + 118107 118151 L10 1 + 

118114 118848 L3 9 - 118112 118812 L7 11 + 119086 119923 L11 30 + 

119011 119449 L4 16 - 119035 119123 L8 2 +      

R: Repetition of WT1-TFBs, St: strand) 

 

Fig. (5). Pearson correlation among the frequencies of the WT1-TFBs to the different areas of the In-2 of the hBcl2. As shown in the 

figure, there is not any correlation among the concentration of WT1-TFBs with corresponding length of the locations, which could be imply-

ing the cooperative structure of TFBs in some of the WT1-TFBs locations (● = length of the WT1 areas (L1 up to L11), ▲ = frequency of the 

WT1-TFBs). 

 

Fig. (6). Sequence logos of the WT1-TFBs in the In-2 of the hBcl2 gene with 50 (A) and 91 (B) repetition. As showed in this fig-

ure, WT1-TFBs in the In-2 of the hBcl2 gene are riches of G and T nucleotides in their context. 
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stance of interaction (Fig. 8). As shown in this figure, the 
average binding energy of the interaction of the WT1-TFs to 
the WT1-TFBs regions were in lower level of the energy 
compared to negative control. 

3.10. Sp1-TFBs Throughout the In-2 of the hBcl2 Gene 

Due to the cooperative effects of the WT1-TF with Sp1-
TF, distribution pattern of this factor throughout the In-2 of 
the hBcl2 gene was investigated. The result of this survey 
revealed that the Sp1-TF had 12 homologous corresponding 
TFBs throughout the In-2 of the gene with a close linear rela-
tionship to WT1-TFBs locations, in some cases (Table 4). 

3.11. Assessment the Occurrences of the Mutation 
Throughout the WT1-TFBs Regions 

The result of our investigation further continued with as-
sessment of 9285 SNPs occurring throughout the hBcl2 gene, 
up to now. This analysis showed that the 96% of these muta-
tions were situated in In-2 of the gene which could imply to 
their occurrence dependency of them to the length of this 
region. However, the occurrence frequencies of these SNPs 

throughout the WT1-TFBs regions seem to be independent 
of the length of these regions, compared to the other parts of 
the In-2. Therefore, more than 2% of these mutations occur 
in these regions with various densities (Fig. 9). As illustrated 
in figure 9, the occurrence frequency of these mutations 
throughout the various regions of the WT1-TFBs seems to be 
independent of the length, so that the C region has the high-
est density of the mutation, whilst the D region is the longest 
area. 

4. DISCUSSION 

Eukaryotic gene expression relies on accurate interaction 
of Cis and Trans acting elements in a highly coordinated 
fashion [40-41]. Therefore, exact prediction of Cis-
regulatory elements as well as regulatory regions encoded 
within sequence context of DNA such as TFBs throughout 
the genomes and in different regions of a gene, is a crucial 
step towards understanding the regulatory mechanism of 
gene expression. In this regard, over 30 years ago, DNase I 
hypersensitive sites have been used extensively to mark 
these regions and elements throughout the genomes [42]. 
Nowadays, advanced technologies such as ChIP-chip, ChIP-

 

Fig. (7). Top structures of the interaction of the WT1-TF to the WT1-TFBs regions of the In-2 of the hBcl2 gene (A), and sequences of 

negative control (B). As shown in the A and B figures with arrows, WT1-TF is positioned in the major groove of DNA in the WT1-TFBs 

regions, whilst this factor is located as partially in minor groove of the sequences of negative control. C) Enlarged view of a part of the inter-

action of the WT1-TF to the WT1-TFBs regions. As shown in this image with arrows, very strong hydrogen bonds are formed during inter-

action with 1.4 and 1.6 angstrom in the lengths among Ser444 with T29 and Ser476 with T26. 
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Fig. (8). The average energy of the interaction of WT1-TF to WT1-TFBs. The average energy of the interaction of WT1-TF to WT1-

TFBs regions (A, B, C and D) of the In-2 of the hBcl2 gene compared to control region. **P ≤ 0.001. Error bars indicate standard deviation. 

Table 4. The frequency and position of the homologous Sp1-TFBs throughout the In-2 of the hBcl2 gene. 

 

Site Name 

Position  

St. 

 

Factor Name 

 

Org/Species 

 

Gene Start End 

IR-site_C 57800 57823 + Sp1 H sapiens insulin receptor 

IR-site_C 70912 70935 + Sp1 H sapiens insulin receptor 

IR-site_C 118407 118430 + Sp1 H sapiens insulin receptor 

Sp1-alpha-actin_(6) 134354 134372 + Sp1 H sapiens cardiac alpha-actin 

Sp1-cytochrome C 83832 83852 + Sp1 R norvegicus cytochrome C 

Sp1-prosaponin 109727 109745 + Sp1 M musculus prosaponin 

Sp1-prosaponin 137558 137576 + Sp1 M musculus prosaponin 

Sp1-prosaponin 176330 176348 + Sp1 M musculus prosaponin 

Sp1-alpha-dystrobrevin 134734 134745 + Sp1 M musculus alpha-dystrobrevin 

Sp1-COL2A1-2 50971 50947 + Sp1 H sapiens COL2A1 

beta5-integrin-FP3 50222 50238 + Sp1/Sp3 M musculus beta5-integrin 

Sp1-KDR/flk-1-IV 16337 16327 - Sp1 H sapiens KDR/flk-1 

St: strand 

 

Fig. (9). The density of the SNP throughout the WT1-TFBs regions (A, B, C & D) of the In-2 of hBcl2 gene. As showed in this figure 

there isn't any Pearson correlation among the concentration of WT1-TFBs to the corresponding regions, however the occurrence of them to 

the length of the regions seem to be significantly. (This data is obtained from dividing the number of mutations to the length of WT1-TFBs 

regions). 
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Seq analysis, next-generation sequencing have provided un-
precedented opportunity for this purpose [41, 43-44]. Alt-
hough this process is very interesting, but information about 
the repertoire of regulatory regions of individual genes can-
not be achieved by these methods [45-46]. Subsequently, 
prediction using multiple genome information based statisti-
cal survey models is becoming a hot topic in bioinformatics 
to overcome these problems for revealing comprehensive 
catalogues of regulatory DNA elements and regions in indi-
vidual genes [41, 47]. Bearing in mind, we surveyed com-
plete regions of the hBcl2 gene, in a systemic analysis, to 
discover TFBs encoded within sequence context of the in-
tronic and exonic regions, based on in-silico investigation. 
Our analysis revealed 966 motifs of 118 different types of 
TFBs throughout the both strand of the hBcl2 gene, in par-
ticular in narrow regions of the In-2 sequence context (Fig. 
1). Besides, these analyses detected target sites for 60 differ-
ent types of TFs within the In-2 of the hBcl2 gene, with most 
of them belonging to WT1-TF (Table 2). Broadly speaking, 
this data is in agreement with previous thoughts, concerning 
the presence of the regulatory elements in intronic regions of 
a gene and regulatory functions of the introns [31, 48-50]. 
Although these features of TFBs could indicate the potential 
transcriptional regulatory function of the In-2 of the hBcl2 
gene, however additional evidences are needed to support 
this conjecture. In this regard, in the next step, the frequen-
cies and distribution pattern of In2-TFBs were investigated 
in detail. Our results show that most of the In2-TFBs scat-
tered sporadically and occurred only once, however 32 of 
them showed more than one repetition from 2 up to 141 on 
the both strands of the In-2 (Table 1). Thorough analysis of 
the frequencies and distribution patterns of the selected mo-
tifs revealed that WT1-TFBs, Gfi-1-TFBs and GAGA-TFBs, 
with the highest repetition, have significant and contrasting 
distribution, in particular in WT1-TFBs features (Fig. 2), 
which is consistent with cooperative functions of TFs in 
binding to regulatory DNA [41, 51]. WT1-TFBs as a target 
for WT1-TFs have been in the center of attention recently, 
and they were found to be exposed in promoter regions of a 
broad range of genes such as c-myc, Egr, Wt, Pax2, trkB, Sf1, 
Bcl2, which could be a conductor either a transcriptional 
repressor or activator, in a cell and promoter specific manner 
[52-53]. In this regard demonstrated that, WT1-TFs is a mas-
ter TF involved in embryonic development and development 
of several tissues in normal situation and its deregulation is 
also reported in tumorigenesis and abnormal situations [54-
56]. However, established involvement of WT1-TFs in hu-
man cancer is very complex, acting as a tumor suppressor in 
some contexts and as an oncogene in other context [49, 52]. 
On the other hand, various isoforms of WT1-TFs may ex-
plain the different and apparently opposing roles in prolifera-
tion and apoptosis [55]. Moreover, it has become evident that 
a group of WT1-TF involves in RNA metabolism, transla-
tional regulation and association with translating 
polysomes [52, 57], which might be correlated to WT1-TFBs 
of the In-2 sequence context as a RNA binding target. Taken 
together, our findings not only are consistent with other re-
ports, but also confirm the regulatory function of the intronic 
regions [27, 30, 58], and nuclear/cytoplasmic roles of intron-
ic sequence context (ISC) which reported previously [40, 
59-60]. In this regard, it has become increasingly clear 
that ISC can influence various stages of mRNA metab-

olism such as transcription, nuclear mRNA export and 
mRNA decay [40, 61-63]. On the other hand, it was 
demonstrated that WT1-TF might be a specific adaptor pro-
tein that links a specific subset of mRNAs for transporting to 
the target location [64], suggesting probably dual roles of 
WT1-TFBs in hBcl2 transcription and post-transcription pro-
cesses. Moreover, cooperative feature of WT1-FBs was in-
vestigated in this study via tracking the frequency (Table 1), 
distribution (Fig. 2), location (Table 3) as well as their corre-
lation to other TFs and TFBs (Table 2 and 4). As demon-
strated in these figures and tables, WT1-TFBs with the high-
est frequency, were situated in four neighboring regions of 
the In-2 with overlapped structure in 11 narrow areas and 
also with a close linear relationship to Sp1-TFBs. In this 
regard, there are a wealth of data that the function of WT1-
TF may be modulated by physical contact with other regula-
tors such as SP1, Egr1 or with itself [49, 53]. Furthermore, 
numerous TFs have been determined with overlap feature to 
the targets of WT1 such as NANOG, GLI1, E2F1, 
POU5F1/OCT4, SPI-1, YY-1, GATA1, and C/EBP-β [49]. 
On the other hand, WT1-TFBs of the In-2 of the hBcl2 gene 
provide a suitable location for WT1-TF interaction (Figs. 7 
and 8), however sequence logos of these motifs showed a 
character of the WT1-TFBs contrary to other reports in the 
length and context (Fig. 5). In this regard, several binding 
sites with 4 up to 10-mers have been determined for WT1-
TF with GC-rich such as GCGGGGGCG, GNGNGGGNG, 
GNGNGGGNGNS, and GCGTGGGAGT [49, 53, 65]. 
However, it is important to note that these sites are deter-
mined in promoteric regions of the genes [49], which cannot 
be inconsistent with our results in the length and context of 
the WT1-TFBs of the In-2. Moreover, it was demonstrated 
that each isoform of the WT1-TFs may bind to slightly dif-
ferent sequences in DNA, influenced via dimerization and 
post-translational modifications [49]. Furthermore, reported 
that DNA binding sites typically have 4 to 30 base pairs 
long, but could be reached up to 200 bp in length [65], which 
is consistent to the length of WT1-In2-TFBs. Meanwhile, the 
values of the WT1-In2-TFBs were measured by tracking the 
occurrence of SNP in WT1-TFBs regions (Fig. 9). These 
analyses showed that a bulk of SNP occurred in these re-
gions up to now. These data could be another reason for the 
regulatory function of the intronic regions, especially of the 
WT1-TFBs regions of the In-2 of the hBcl2 in line with other 
reports. Regarding the contribution of ISC in regulation 
of gene expression, it has been determined that vari-
ous genetic diseases result from ISC mutation [66-68]. 
On the other hand, numerous studies have demon-
strated that WT1-TF affects the cell cycle and regulates 
apoptosis by targeting Bcl-2 family members, either 
directly or indirectly [69-71], which were approved 
again by our data. 

CONCLUSION 

These data indicate a series of new targets of WT1-TFs in 
intronic regions of the hBcl2 gene, which could endorse reg-
ulatory functions of introns on one hand and the role of de-
tected regions on hBcl2 gene regulation on the other hand. 
Moreover, these data indicate that WT1-TFBs regions could 
be a new candidate for attenuating the biological behavior of 
apoptosis, and a biomarker for cancer diagnosis. However, 
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based on these preliminary data, comprehensive studies are 
needed to analyze WT1-TFBs and their role in the hBcl2 
regulation for a variety of cancers. Taken together, it can be 
concluded that WT1-TFBs regions may provide a novel di-
agnostic approach in the majority of hematologic malignan-
cies expressing Bcl2. 
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