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Introduction
It seems that there is a trend toward looking for DNA-
overrepresented sequence patterns, called DNA motifs, pos-
sessing potential biological functions. Normally, DNA motifs 
are fairly short (5-20 base pairs [bp] in length) and are known 
to be present in different genes or within a gene.1 DNA motifs 
can occur on both strands of the DNA. Some examples of 
DNA motifs are as follows: CpG methylation sites involved in 
transcription regulation,2 nonmethylated CpG-containing oli-
godeoxynucleotides able to stimulate immune responses,3 
potential RNA secretory motifs which are oligonucleotide 
sequences associated with RNA in exosomes,4 and oligonu-
cleotides differentially associated with genome regions such as 
exons and introns.5

Microsatellites are another example of interesting motifs. 
Microsatellites are mid-sized (a few hundred of primary repeat 
units or motifs) families of tandem repeat DNA sequences and 
have motifs typically 1 to 5 bp in length. Microsatellites are 
located in both coding and noncoding DNAs, as well as in 
regulatory regions, and may act as enhancers that regulate dis-
ease-relevant genes.6,7

Motif identification is an important step toward our under-
standing of gene regulatory networks and protein function. 
Many algorithms and computational tools have been designed 
to solve the motif-finding problem.8 Several of these tools are 
as follows: BioProspector, CompareProspector, and MDscan9; 
MEME10; info-gibbs11; BAMBI12; BEST13; GAME14; 
GALF-P15; and Hegma.16 However, most of them are devoted 
to looking for regulatory motif prediction in more than 1 
nucleotide sequence, and none of them shows graphically both 
the global motif distribution and the individual location of 
each motif into the sequence, in an immediate way.

In our understanding, the graphical representation and 
analysis of DNA motif distributions are very useful as they can 
provide insights for experimental hypothesis. Following this 
idea, we developed PISMA, a computational tool that shows 
the distribution of user-selected motifs on a DNA sequence of 
up to 10 000 nucleotides. PISMA is a friendly graphical inter-
face which gives a clear picture of motif distribution along the 
different DNA regions, such as promoters, open reading frames 
(ORFs) (or genes), exons, introns, and other user-selected 
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regions. The name PISMA is the acronym of the original 
Spanish name of the project: Proyecto de Identif icación de Sitios 
Metilables en ADN (Project for Identification of Methylation 
Sites). We wanted to maintain the name PISMA because this 
project brought us together as a team.

When compared with other motif-finding tools, the main 
difference in PISMA is the goal. Most of the tools are designed 
to identify functional motifs shared by several nucleotide and/
or amino acid sequences. In this way, PISMA is devoted to 
looking for user-defined motifs—even without a functional 
meaning—in just 1 DNA sequence. In addition, PISMA offers 
the possibility of graphically showing the motif distribution on 
2 user-defined schemes: as a gene-map–like and as a transcript 
scheme. None of the other tools are able to do this.

BioProspector, CompareProspector, and MDscan are 
together in a suite similar to the suite MEME. Both of the 
suites share the same goal: prediction of regulatory motifs. 
Accordingly, the main output from the first suite is a list of 
motifs, as position-specific probability matrices. Thus, it has no 
immediate direct visual insight of the motif distribution, such 
as that of PISMA. The MEME suite uses a nice graphical 
interface to show the outputs. However, it refers to more than 
1 nucleotide or amino acid sequences to calculate the abun-
dance of relative motifs. In addition, the MEME suite is able 
to present the motif distribution in each sequence; however, 
each motif position can be displayed as a temporary label. Info-
gibbs and BAMBI (Bayesian Multiple-Instance Motif 
Discovery) are other motif finder tools, similar in their goals to 
the aforementioned tools. Info-gibbs efficiently optimizes 
motif discovery by directly focusing the search on the motif 
information content or the motif log-likelihood ratio, and 
BAMBI is based on a sequential Monte Carlo motif-identifi-
cation algorithm. The Info-gibbs output is similar to that of 
the MEME and BAMBI tools, whose outputs are .txt files, and 
thus, all 3 are different to the graphical outputs of PISMA.

BEST is another motif-finding suite, similar to the  
previously described tools, which includes 4 programs: 
AlignACE, BioProspector, Consensus, and MEME. BEST 
compares similarly with PISMA to the above-described tools. 
However, BEST is limited to only running on Linux machines. 
PISMA can be run on any type of hardware and in diverse 
operative systems because it was developed in Java, an  
object-oriented programming language which is platform 
independent.

GAME and GALF-P tools were proposed to solve some 
algorithm failures from the above-described suites. The main 
difference is that GAME and GALF-P use genetic algorithm–
based approaches to search for the motifs. However, the time 
and memory complexity of genetic algorithms are higher than 
for more specific algorithms. Currently, both GAME and 
GALF-P tools are no longer available via the Internet.

Finally, Hegma is a word-based motif discovery tool. It uses 
a DNA Gray code and equiprobable oligomers to be applicable 

to large-scale data, even if only a small fraction of the examined 
sequences contain the motifs. Thus, its purpose is also different 
from that of PISMA.

PISMA presents the motif distribution in 3 different con-
texts: as a bar-code–like, as a gene-map–like, and as a transcript 
scheme. To date, we have been unable to find computational 
tools that give a similar graphical representation as their result 
and at the same time allow locating different user-defined 
DNA motifs. The most similar tools to this are the CpG island 
searcher17 that shows the CpG motifs on a straight line and the 
CpG analyzer.18 In our view, both the CpG island searcher and 
the CpG analyzer are quite good tools; they are, however, com-
plementary to PISMA. CpG island searcher is devoted to 
identifying CpG islands and shows the CpG island graphically 
only as bar-code–like graph. PISMA is able to show any user-
defined motif distribution (up to 10 bases), not just CpG sites, 
and show them in different graphical formats; it does not iden-
tify CpG islands. The graphical interface CpG analyzer is 
closer to PISMA. It shows the CpG site distribution as a bar-
code–like graph, and it also makes a list of positions for all of 
the cytosines in a CpG context, along a user-selected DNA 
sequence. Each position number is taken from the GenBank 
format for the DNA sequence. In addition, CpG analyzer is a 
very useful tool for DNA methylation studies because it can 
predict the resulting sequence from sodium bisulfite–treated 
DNA. Sodium bisulfite treatment switches any nonmethylated 
cytosine to thymine, whereas any methylated cytosine remains 
as cytosine. However, PISMA is able to show any user-defined 
motif distribution (not just the CpG motif ) in several different 
graph formats, instead of giving as the result either a list of 
motif positions or coloring them on the sequence.

Another interesting computational tool is QGRS-H 
Predictor.19 However, this is specifically devoted to identify 
homologous quadruplex-forming G-rich sequence motifs in 
nucleotide sequences. As far as we know, no other computa-
tional tool is able to graphically locate any user-defined motif 
sites in any of the contexts that PISMA does.

Methods
Graphical interface description

PISMA is developed in Java. Java is a general-purpose and 
object-oriented platform-independent programming language. 
This means that applications developed using Java can be run 
on any hardware and software platform and are supported by 
every Java-compatible browser.

To achieve the goal of localization and identification of 
motifs ranging between 2 and 10 bases, in up to 10-kb DNA 
sequences, and in addition counting the number of motifs in 
defined regions, the first principal task of PISMA is the search 
of bases in a complete DNA sequence. The search function is 
described in Supplementary File 3.

PISMA is able to (1) count all the DNA motifs in the com-
plete genomic sequence, (2) count all the DNA motifs in any 
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user-defined regions, and (3) display the motif distribution in 3 
different graphs: a bar-code–like, a gene-map–like, and a tran-
script scheme.

The graphical user interface (GUI) we developed is shown 
in Figure 1. Panel A shows the user-defined genomic regions in 
a gene-map–like view. Panel B shows the complete genomic 
sequence as a bar-code–like graph. Panel C shows the user-
defined genomic regions as a transcript scheme. Panel D shows 
the plain text DNA sequence.

The gene-map–like graph (Figure 1, panel A) is based on 
genome physical mapping. It shows graphically the physical 
distance between user-selected DNA fragments, according to 
the position given as number of bases along the 10 000-base-
long sequence. The fragments can represent genes, promoter 
regions, and so on. In the bar-code–like graph (Figure 1, panel 
B), the selected motifs (2- to 10-base-long) are drawn as verti-
cal lines on a horizontal line representing a genome fragment. 
It is possible to zoom in from 100%, where the whole genomic 
fragment is in the window, up to 800%, where it is possible to 
have a look of each single nucleotide position. The transcript 
scheme (Figure 1, panel C) is built based on the relative posi-
tion of primary transcripts with respect to the gene-map–like 
graph. It could give a clear view of alternative transcription into 
a coding region, as well as show the spatial relationship between 
exons and introns.

This computational tool is directly installable from 
Supplementary File 1, and the User Manual is included in 
Supplementary File 2. Otherwise, a Spanish version of PISMA 
is also available at www.biomedicas.unam.mx/wp-content/
software/pisma.zip and www.biomedicas.unam.mx/wp-content/ 
pdf/manual/pisma.pdf.

Input and configuration

The input data are any DNA sequence up to 10 000 nucleo-
tides included in a plain text file (.txt). As soon as the input file 
is chosen, the corresponding sequence text is shown on the 
right side of the “file” icon (Figure 1, panel D).

PISMA was primarily developed for locating CpG dinu-
cleotides, but it can search for any other user-defined DNA 
motifs, from 2 to 10 nucleotides in the sequence. Each user-
defined motif must be written in the small bottom left win-
dow in panel B (Figure 1) before the “Search” magnifier icon is 
pressed.

The Configuration tab in panel A of Figure 1 (illustrated in 
Figure 2A) allows the user to define selected regions from the 
nucleotide sequence, such as genes or ORFs. Once the regions 
have been defined, the gene map is presented by pressing the 
“Finish” key. This last key switches to a “Refresh” option in pre-
viously defined gene maps.

Figure 1. PISMA graphical user interface. Panel A: Motif distribution on user-defined genomic regions, as a gene-map–like view. Panel B: Motif 

distribution on the complete genomic sequence, as a bar-code–like view. Panel C: Motif distribution on user-defined genomic regions, as a transcripts 

scheme. Panel D: Plain text DNA sequence.

http://www.biomedicas.unam.mx/wp-content/software/pisma.zip
http://www.biomedicas.unam.mx/wp-content/software/pisma.zip
http://www.biomedicas.unam.mx/wp-content/
pdf/manual/pisma.pdf
http://www.biomedicas.unam.mx/wp-content/
pdf/manual/pisma.pdf


4 Bioinformatics and Biology Insights 

The Configuration tab in panel C of Figure 1 (illustrated in 
Figure 2B) allows the user to define exons in transcript regions. 
The user can select the extent of every exon or “Block,” in each 
transcript.

In the same manner, it is possible to include as many tran-
scripts as are experimentally defined.

Output

After the input sequence is processed according to the config-
ured information, either the default output (CpG sites) or any 
user-selected motif is shown graphically on each panel.

It is possible to have the total number of motifs in any spe-
cific region by selecting the region with the cursor in any panel.

Panel A in Figure 1 shows a gene-map–like graph. Panel B 
shows the DNA sequence as a horizontal line, and a set of ver-
tical lines represents the occurrence of the motifs. The 2 mag-
nifier icons allow zooming of the motif location up to each base 
level, from 100× to 800×, as well as to show any individual posi-
tion by typing the nucleotide number. It is also possible to save 
the images as PISMA files. Panel C shows a transcript scheme. 
The exons are shown as rectangle frames that include the 
genomic regions as colored in the gene-map–like view, and the 
introns are represented as lack of lines between each 2 exons. 
Panel D shows the DNA sequence being analyzed in sets of 
100 nucleotides each line.

The camera icon facility in every panel allows saving each 
graphical result to help the user to correspond to all 3 graphs: 
the motif distribution on the genome, the gene-map–like, and 
the transcription-map–like. All 3 graphs have the genomic 
nucleotide line as scale.

As an example, Figure 3 shows all the graphs for human 
papillomavirus (HPV) type 1. The scheme allows quick visual 
identification of differences and similarities between regional 
motif distribution among ORFs.

Results
We show some graphical results from PISMA that allow expe-
dite comparison between HPV gene maps and between CpG 
motif distributions. We have included both the 91 gene maps 
and the CpG site distributions for each HPV type, in 
Supplementary File 4. In addition, we present 2 preliminary 
analyses of motifs: (1) DNA motifs associated with either 
methylation-resistant CpG islands (MRM) or methylation-
sensitive CpG islands (MSM) in the HPV E2/E4 ORFs and 
(2) motifs potentially specific for RNA secretion associated 
with exosomes in HPV genomes. Although this kind of analy-
sis does not require a graphical visualization of the motifs, 
PISMA is able to identify and count them in a quick and accu-
rate way.

Comparison of HPV gene maps in HPV genomes

The gene is the unit of inherited information in DNA and is 
defined as a nucleotide sequence that is used as a template for 
the RNA-copying process. Every gene contains the informa-
tion to produce at least 1 protein. In most of the reported HPV 
genomes, there are around 7 ORFs that could be considered as 
viral genes. The early gene expression region includes 6 ORFs: 
E6 and E7 are the viral oncogenes, and E1, E2, E4, and E5 are 

Figure 3. CpG site distribution, referred to gene map and transcript 

scheme in the HPV 1 genome. Genes are as follows: E6 = yellow,  

E7 = red, E1 = green, E2 = blue, E4 = fuchsia, E5 = pink, E5B = bright 

green, L2 = bluish green, and L1 = purple. Long control region and 

pre-genes = white.

Figure 2. (A) Gene map configuration option allows selection of color, 

name, and length (start and end, nucleotides) for each user-selected 

region, such as open reading frame. (B) Transcript configuration option 

allows selection of start and end nucleotide numbers for each 

transcription region, as well as for each exor, called block.
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genes encoding proteins involved in different viral functions, 
and the late gene expression region comprises 2 genes, L2 and 
L1, coding the capsid proteins.

The HPV genomes are variable in size which leads to a lack 
of correspondence between both ORF sizes and first codon 
position for each gene in every HPV type. This fact is evident 
when graphical HPV gene maps are shown together. Figure 4 
shows the gene maps of the 5 most common virus types; 
HPV-2 is the most prevalent type in common warts, HPV-6 
and HPV-11 are the most frequent virus types in mucosal pap-
illomas, and HPV-16 and HPV-18 are the main causes of cer-
vical cancer.20 We have included 91 HPV gene maps in 
Supplementary Data File 4.

As usual, the genes located in the first line in each gene map 
start at the first nucleotide of the triplet, the genes located in 
the second line start at the second nucleotide of the triplet, and 
the genes located in the third line start at the third nucleotide 
of the triplet.

This graphical view shows that except for the 2 oncogenes 
(E6 in yellow and E7 in red), all other genes are differently 
distributed according to the nucleotide number in the triplet. 
In this comparison, it is easy to see that the oncogenes are the 
most conserved ORFs in size and location in these HPV 
genomes and that HPV-11 differs from the rest due to it hav-
ing an extra gene, 5B.

Comparison of CpG site distributions in HPV 
genomes

Methylation is the only known covalent modification of DNA 
in eukaryotes and plays an important regulatory role in verte-
brates by silencing specific genes during development and cell 
differentiation. Cytosine methylation occurs mainly within a 
CpG context, although methylation of cytosine in different 
contexts has also been described.21,22

In the genomes of higher eukaryotes, CpG dinucleotides 
are usually underrepresented, from one-third down to 5% of 
their expected frequency.23 Similar to their hosts, CpG dinu-
cleotides are underrepresented in HPV genomes, although to a 
lesser extent, around 50%.24 Nevertheless, such underrepresen-
tation is not homogeneous along the viral genomes; there are 
several CpG clusters or islands (CGI) in some genomic regions. 
In a previous study, we made an exhaustive analysis of CpG 
methylation sites and CpG islands among 92 HPV DNA 
genomes.24 Specifically, we found 1 CGI in every E4 ORF 
identified among the HPV genomes. We have included the 
distribution of CpG in 91 HPV genomes in Supplementary 
File 4. We have left out one of the genomes because it lacks the 
start position for the E6 ORF and could not be aligned with 
the other HPV genome sequences.

Figure 5 shows the graphical representations of CpG site 
distribution in the 5 most common HPV types. These look like 
bar codes and show, at first glance, obvious differences in CpG 
site regional densities. HPV-2 clearly shows the highest 
amount of CpG sites, followed in decreasing order by HPVs 
18, 6, 11, and finally HPV-16. It is also clear from Figure 6 that 
there is a CGI in the E4 region on each of the 5 HPV genomes 
between nucleotides 3000 and 3300. A comparison between 
E4 CpG sites and complete viral genome CpG sites, in 68 
HPV types with reported E4 gene, is shown in Figure 6.

Preliminary analysis of DNA motifs associated 
with either MRM or MSM in the HPV ORF E4

Several DNA-related attributes which differ significantly 
between methylated and unmethylated CpG islands were 
identified.25 The analysis was done on the 132 CpG islands 
across the entire human chromosome 21. In all, 36 attributes 
are short DNA motifs. In total, 18 of those motifs were associ-
ated with the chromosome plus-strand pattern and the other 
18 motifs were nonstrand specific. In our view, the distribution 
analysis of those motifs could provide insight into the methyla-
tion susceptibility from CpG islands in different types of 
HPVs. However, because the viral genomes hardly behave as 

Figure 4. Gene maps of the 5 most common human papillomavirus 

(HPV) types. All genomic sequences start at the first ATG belonging to 

the E6 open reading frame. Genes are as follows: E6 = yellow, E7 = red, 

E1 =green: E2 = blue, E4 = fuchsia, E5 = pink, E5B = bright green,  

L2 = bluish green, and L1 = purple.

Figure 5. CpG site distribution on the 5 most common human 

papillomavirus (HPV) types as bar-code–like diagrams. All genomic 

sequences start at the first ATG belonging to the E6 open reading 

frame.
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chromosomal DNA, except when they are integrated in the cell 
genome, we choose motifs that were nonstrand specific for the 
analysis. So, using the computational tool PISMA, we explored 
all of the 18 nonstrand-specific DNA motifs associated with 
MRM as well as 2 of the 2 DNA motifs associated with MSM.

For this analysis, we used the CpG islands located in E2/E4 
ORF from the different HPV types. This is the only HPV 
genome region where there is at least 1 CpG island. Table 1 
shows a summary of the results obtained. We used motifs/kb as 
results because of the differences between the lengths of CpG 
islands. We also calculated the MRM/MSM rate to gain an 
insight about the magnitude of the differences.

Behind the taxonomy, there is a trend to classify the HPV 
types in function of their preferential tropism and the associ-
ated lesions. Because of their preferential tropism, HPVs are 
grouped as cutaneous, mucosal, and those without a clear pref-
erence, which are referred to as cutaneous/mucosal. The cuta-
neous HPV group includes both those HPVs associated with 
epidermodysplasia verruciformis (EV) and those HPVs associ-
ated with warts. On the other side, the mucosal HPV group is 
subgrouped based on their association with cervical cancer and 
other kinds of cancers as low-risk HPVs (LR-HPVs) and 
high-risk HPVs (HR-HPVs).

Previously, we found HR-HPV types that exhibit lesser 
and shorter CpG islands than any other HPV group.24 On  
the basis of this screening, the MRM/MSM average rates 
point to there being much more MRM than MSM, which 
could be a direct consequence of the motifs originally found by 
Bock et al25: 18 MRMs and 2 MSMs. Nevertheless, it points 
to the hypothesis about the HPV CpG islands in the E2/E4 
region being resistant to methylation in all of the viral  
groups, however, by following an order as follows: cutaneous 
HPV CpG islands (3.65) being more resistant than in cutane-
ous/mucosal HPVs (2.33), and CpG islands in this group 
being more resistant than in mucosal HPV types (2.17). 

The comparison between MRM/MSM rates in the cutaneous 
subgroups points to a higher methylation resistance from the 
E2/E4 CpG islands in the HPV types associated with warts 
(4.19) than those associated with EV (3.51); similarly, in the 
mucosal HPVs, it seems that there is a higher methylation 
resistance in the islands from the HR-HPV subgroup (2.58) 
compared with the islands from the LR-HPV (1.86) sub-
group. By looking at the average motifs/kb, there is an inverse 
relationship between MRM and MSM when all the 3 main 
groups are taken into account. The cutaneous HPV subgroups 
(59.9) have much more MRM per island than cutaneous/
mucosal (48.4) and mucosal (50.4) HPVs, as well as cutaneous 
HPV subgroups (16.4) have lesser MSM per island than the 2 
other HPV groups (cutaneous/mucosal: 20.8 and mucosal: 
23.2). Islands from both cutaneous/mucosal and mucosal 
HPVs share MRM/kb and MSM/kb average values, which 
points to a higher similarity between their island resistance 
and a difference with that from the cutaneous HPVs. Into the 
mucosal HPVs, both subgroups, M-HR and M-LR, also show 
an inverse relationship between the MRM and MSM in their 
islands; in the HR subgroup (52.9), there are more MRMs 
than in the LR subgroup (48.0) as well as there are less MSMs 
in the HR subgroup (20.5) than in the LR subgroup (25.8). 
However, there is not an inverse relationship between the 
MRM and MSM in the islands from both cutaneous sub-
groups; HPV types associated with EV show more MRM 
(63.4) and MSM (18.1) than HPV types associated with warts 
(51.3 and 12.3, respectively).

Preliminary analysis of motifs potentially specif ic 
for RNA secretion associated with exosomes in HPV 
genomes

Exosomes are small (50-150 nm) membrane vesicles released 
from various cell types that have attracted a great interest 
because of their role in intercellular communication.26 These 
vesicles contain proteins, lipids and their bound carbohydrates, 
and RNA. In the recipient cells, the messenger RNA can be 
translated into protein,27 and the microRNAs are able to 
repress the expression of other genes.28 In fact, exosomes are 
being considered as promising tools for the delivery of thera-
peutic RNAs for the treatment of various conditions ranging 
from cancer to diabetes.29

Batagov et al4 identified specific sequence motifs from exo-
some-secreted RNAs (eRNAs) that potentially function as cis-
acting elements targeting RNAs to exosomes. Three motifs 
(ACCAGCCU, CAGUGAGC, and UAAUCCCA) satisfy all 
criteria the authors had chosen for evaluation as potentially 
specific for RNA secretion, and the combination of these 3 
motifs is preferred in eRNAs over single and double motif 
co-occurrence.

Using the computational tool PISMA, we explored these 
3 RNA motifs, as DNA sequences, in the whole genome of 
91 HPV types. Table 2 shows a summary of the results 

Figure 6. Relationship between CpG site proportion in E4 gene (pink) 

and human papillomavirus (HPV) whole genome (black), among 68 HPV 

types with reported E4 gene.
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obtained. Interestingly, not considering the 2 HPV types 
with exosome-associated motifs in the long control region 
which is not transcribed, only 14 HPV types possess exo-
some-associated motifs: 6 with skin main tropism and 8 with 

mucosa main tropism (4 low risk and 4 high risk). 
Nevertheless, none possesses more than 1 motif in any ORF, 
which suggest that viral RNAs are not candidates for secre-
tion via exosome.

Table 1. DNA motifs associated with either methylation-resistant or methylation-sensitive CpG islands.

HPV TyPES E2/E4 REGIoN MRM (MoTIFS/KIB) MRM (MoTIFS/KIB) MRM/MSM RATE

All 93 53.7 20.3 2.65

Cutaneous 35 59.9 16.4 3.65

Cutaneous/mucosal 15 48.4 20.8 2.33

Mucosal 43 50.4 23.2 2.17

Cutaneous

 Warts 10 51.3 12.3 4.19

 Epidermoplasia 25 63.4 18.1 3.51

Mucosal

 LR-HPV 22 48.0 25.8 1.86

 HR-HPV 21 52.9 20.5 2.58

Abbreviations: HPV, human papillomavirus; HR, high risk; LR, low risk; MRM, methylation-resistant CpG islands; MSM, methylation-sensitive CpG 
islands.

Table 2. RNA motifs potentially associated to RNA exosome secretion in HPV oRFs.

HPV TyPE MAIN TRoPISM MoTIF SEqUENCE

ACCAGCCT CAGTGAGC TAATCCCA

34 Mucosa LR E6

67 Mucosa LR E2

83 Mucosa LR L1

56 Mucosa HR L1

59 Mucosa HR L2

2a Skin E1

50 Skin L1

63 Skin L1

cand85 Mucosa LR LCR

7 Skin E1

4 Skin L2

47 Skin L2

40 Mucosa LR E1

16 Mucosa HR L2

53 Mucosa HR L2

11 Mucosa LR LCR

Abbreviations: HPV, human papillomavirus; HR, high risk; LCR, long control region; LR, low risk; oRFs, open reading frames.
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Discussion
PISMA is a tool with many advantages. It is developed in Java, 
a platform-independent tool, and its use is free of charge. We 
intended to design a friendly GUI, requiring minimal experi-
ence with software, and developed a user manual as short and 
simple as possible. Moreover, PISMA is highly versatile. It 
allows seeking of the distribution of any DNA motif ranging 
between 2 and 10 nucleotides. PISMA eases the motif regional 
distribution analysis in an up to 10 000-nucleotide sequence. 
The gene-map–like view, which usually helps to point out the 
relative positions of genes, is used by PISMA in such a way that 
it allows not only ORF selection but also several other genomic 
regions such as gene promoters and enhancers, and all frag-
ments are user defined. The transcript-map–like view allows 
establishing graphical relationships between ORFs and the 
exon/intron regions. In our view, the main benefit of PISMA is 
the graphical approach on motif quantity and distribution. 
This type of analysis helps produce insights that can eventually 
become hypotheses on the functional relevance of motif distri-
bution patterns. From the 91 HPV gene maps (Supplementary 
File 4), we can clearly see that most of the contiguous ORFs 
start in a different nucleotide of the triplet, even without over-
lapping between ORFs. There is a possible functional constric-
tion affecting the viral genomes. The high density of CpG in a 
specific genomic region suggests that most viral types share a 
CpG island. It may be that this region is associated with gene 
expression control. In addition to the insight that can be gener-
ated by the graphical representation of motifs, this GUI can 
also be used simply to identify and count motifs in an expe-
dited and confident way. This is shown by the following 2 
examples of motif analysis: the analysis of CpG motifs in the 
HPV genomes, which suggests the only shared CpG islands in 
all HPVs, seems to be methylation resistant, and the analysis of 
motifs in RNA that suggests viral RNAs are no candidates to 
secretion via exosomes. As far as we know, there is no other tool 
which allows performing such kind of tasks this way.

The hypothesis derived using PISMA either from the 
graphical approach on motif distribution or from the identifi-
cation and counting of motifs could be experimentally tested.

PISMA can be used to identify and present graphically 
other important motifs, such as those from microsatellites. 
Mutations in microsatellites within ORFs can affect the physi-
cal and chemical properties of proteins30 and they can rapidly 
change gene expression within promoters and other cis-regula-
tory regions,31 and microsatellites can be used to assess loss of 
heterozygosity.32

Regarding PISMA’s limitations, this tool is only directly 
applicable to DNA sequences of up to 10 000 bases, which 
means that it is limited in sequence size and nature. Nevertheless, 
these limitations could be overcome. It is possible to use 
PISMA—at least for motif distribution—with RNA sequences. 
To do so, it would be necessary to change U (uracil) for T (thy-
mine), in the plain sequence text, using a word processor. It is 
also possible to use PISMA for large sequences, if these are 

broken down into smaller fractions of up to 10 000 nucleotides. 
In our opinion, the motif distribution along very large sequences 
may lead to loss of graphical resolution because of the usual 
size of monitors.
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