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ABSTRACT 

 
 Understanding the motif pattern is the prerequisite for understanding the Polycomb Response 
Elements (PREs). Being recruiter of the Polycomb Group (PcGs) Proteins, Polycomb Response Elements are 
playing fundamental role in the several biological processes of living beings like cell identity, cellular 
differentiation etc. The study of PREs is tougher in case of mammals. The diversity of the mammalian PcGs 
make it difficult for the scientist to establish a relation in between the PREs found in the Drosophila 
melanogaster to those of mammals.  The previous studies suggest that all the PREs are not alike and there is 
no specific criteria still defined to say that one PRE is different from the other one. Also, the DNA fragments 
occupied by these elements are very small portion of the genome, making the related study much complex. 
Though it is known that single motif cannot act as PRE, but clusters of two or more motifs can do so. Till date, 
there is no statistical report, which supports this fact.  Here, we utilised the available techniques in search of 
the known PRE motifs, in the upstream sequence of the experimentally verified genes of Drosophila 
melanogaster and performed statistical analysis by applying the concept of clustering of different types to 
create the clusters of PRE motifs and score these clusters using Sørensen–Dice coefficient which supported the 
fact that ‘clusters of single motifs do not define PREs’. We expect that this method could help in devising a 
common signal to predict new PRE genes. 
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INTRODUCTION 

 Biological processes like specific cell type differentiation are under epigenetic control of 
certain gene expressions. The quest to understand the phenomenon of the epigenetics control 
eventually led to the discovery of the homeotic (HOX) genes in the Drosophila melanogaster that 
maintain particular cell identity, during the cell division. It has been found that the group of the 
proteins are employed by these genes that regulate certain gene expression level and distinct sets of 
active and inactive gene to be transmitted to the daughter cells. These protein complexes mediate 
its job through ‘gene silencing’, giving the ‘dividing cell’ a particular cell identity. These proteins are 
very specific for target. These group of proteins known as Polycomb Group Proteins (PcGs) form a 
complex of two or more proteins and are commonly known as Polycomb repressive complexes, 
which are primarily of three types: Polycomb Repressive Complex 1 (PRC1), Polycomb Repressive 
Complex 2 (PRC2) and recently discovered PhoRC, which is a DNA binding protein [1]. There are other 
types too like PCL- PRC2, dRAF, which are important but studies on them are still going on to 
understand them better. 

 
These protein repressive complexes PRC1, PRC2 and PhoRC are recruited by very small DNA 
fragments called, Polycomb Response Elements (PREs). The Polycomb Group Proteins are so named 
‘Polycomb’ because of their comb shape. Cell pattern formation at developmental stages is the basic 
work of the genes on which these protein act. There are about 16 proteins, identified in fruit flies as 
the repressor of the homeotic genes; they are encoded by Polycomb Group (PcG) Genes. The 
fundamental question is how these proteins are recruited, or how these proteins form a complex, 

and identifies the near PRE sites in the genome. It has been a long time since when related 
researchers are focussing their work on this theme. According to a review related to polycomb 
proteins, by 2005, more than 300 research papers and 100 reviews were published [2]. 

 
The PREs have the ability to remember their 
activity throughout many cell generations. PREs 
can be best referred as ‘shift workers’, they take 
part in regulating the expression patterns of 
same genes at different stages of embryonic 
development. The lack of knowledge in context 
to PREs is the main reason because of which the 
understanding the activity of PcG proteins 
during mammalian embryo development 
remains unclear [3]. Polycomb proteins appear to 
silence the transcription by modifying the 
chromatin structure (present in both the 
promoter and coding regions of target genes), 
the silencing depends on the continuous 
presence of PREs and the Polycomb protein 

complexes that bind to them. The binding of 
PcGs with PREs is set of complex interaction, 
not a simple interaction in between the static 
structures. The interaction is too complex in 
between the protein surface and DNA helix, 
which may or may not be linked to a 
particular nucleotide sequence [4]. Fig. 1 is a 
brief outline of how the polycomb complexes  
impart the silencing effect on to the genes.          Fig. 1 Silencing of genes by Polycomb Complexes 
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 If we consider present research scenario specifically in the case of PREs. Only two PREs such 
as PRE-kr and D11.12 has been acknowledge in mammalian[5-6], around dozen of Drosophila PREs[7-16] 
have been found and experimentally confirmed. Furthermore, only 9 Drosophila transcription 
factors were confirmed to be involved in the recruitment of PcG proteins. Among these, only 2 have 

mammalian homologues PHO and vertebrate GAF [17-18].  
 

 In this study, using available computational approaches we tried to statistically prove an 
important fact of the PRE motifs that ‘clusters of single motif do not define PREs’, i.e. for motifs to 
show PRE activity, they must be present in a group of two or more motifs of same or other types. 
This study helps us in finding the linear arrangements of motifs and their combination that can act as 
PRE in Drosophila melanogaster. We expect that scoring this cryptic arrangement may help in finding 
out new genes under control of these motifs. 

MATERIALS AND METHODS 

 
The genome sequence of the Drosophila melanogaster (version dmel_r5.49_FB2013_01) genome 
was obtained from Flybase [19]. Further, the experimentally verified gene data of functional assay 
such as transgenic analysis or chromatin immune-precipitation was obtained and curated from 
reported publications [20-22]. The 7 PRE motifs reported in Drosophila melanogaster (refer to Table I) 
were included for linear motif search. All the PREs located within 900 upstream gene was mapped 
on the genome and were taken in to 
consideration, as these PREs have been 
reported to be located tens of kilobases 
away from the promoter they regulate [23]. 

Reported experiments suggest that the 
cluster of single motifs do not define 
PREs [24]. Therefore, we considered that 
these signal motifs are composed of basic 
PRE units in cluster of k-tuple 2 and 3, with 
a distance of separation 220 bp between 

them. For each k-tuple, Sørensen–Dice 
coefficient [25-26]

 was calculated. Later on 
scoring, we also found that simply 
clustering two or more motifs without 
defining any parameters do not provide 
significant results. Applying the concept 
of permutation too did not provide any 
change after application of the filter, 
stating it not useful for forming the 
clusters. One of the methods for 
clustering which we applied is finding 
possible unique combinations between 
motifs. The total number of possible 
unique combinations (pairs) would be 
n(n+1)/2, where n is the number of 
motifs. Let A, B, C, and D are four motifs, 
then the possible number of unique 
combinations would be 10 of the tuple 
size 2 and that would be AA, AB, AC, AD, 
BB, BC, BD, CC, CD, and DD. This concept  Fig. 2 The work flow of the Experiment: Methodology 
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was obtained from research published in support of the software tool called “jPredictor”  for 
prediction of PREs [27]. Fig. 2 is a brief work flow of our work.         

  
Table I  List of seven PRE motifs considered in our experiment 

Alias Type Motif Sequence 

G engrailed 1 GAGAG 

G10 long GAF GAGAGAGAGA 

PS GAGA factor binding site GCCAT 

PM PHO consensus 1 CNGCCATNDNND 

PF PHO consensus 2 GCCATHWY 

EN1 PHO core motif GSNMACGCCCC 

Z Zeste binding site YGAGYG 

             

RESULTS AND DISCUSSIONS 

 
A. Genome abundance of ‘single motifs’ count does not correspond to the motif around experimental 

verified gene: 
 

In this study, we found that the motifs when present in single clusters do not give signals for the 
PREs. As compared to the total count, the presence of motif was too less. The highest percentage 
found, was of G10, a regular expression motif. For experimentally verified genes it comes to be 
0.86% and for non-experimentally verified genes it comes out to be 10.87%. Refer Table II for the 
total count, the counts of PREs in the experimentally verified and non-experimentally verified genes. 

The distribution of the motif is visualised in the Fig.  3, which is the graphical representation of 
individual motifs (non-clustered) for given set of experimentally verified and non-verified genes 
present in the window size -900.  

 
TABLE II DISTRIBUTION OF THE PREs AT WINDOW SIZE -900 

 

PREs Sequence 
Count in Whole 

Genome 
Count in Non Exp. 

Genes 
Count in Exp. 

Genes 

En1 GSNMACGCCCC 21860 1920 75 

G10 GAGAGAGAGA 
38980 

 
4239 

 
335 

 

GAF GAGAG 
215182 

 
21822 

 
1081 

 

PF GCCATHWY 
70790 

 
6376 

 
188 

 

PM CNGCCATNDNND 
45006 

 
4434 

 
146 

 

PS GCCAT 
321391 

 
30507 

 
809 

 

Z YGAGYG 213667 22624 887 
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Fig. 3 Distribution of the non-clustered motifs /PREs in the window size -900 

 
 
B. Selection of En, PM and PF presence count gene surrounding indicate strong rule for PRE 

controlled gene: 
 
Unique count of the gene around the gene upstream reports that the total count is too high, but the 
percentage of the motif falling in the stream is too less (See Table II). Clearly indicating that the 
parameter based on the single motif to act as a PRE would not be successful. 
 
C. PS-En1 motif pair  is strong signal for PRE controlled gene: 

PS-En1 motif pair that was formed on the basis of the k-tuple shows the highest score among all the 
pair formed between the 7 PREs/motif pairs using the concept of the k-tuple. The Table III shows the 
top 10 pairs with their scores in form of frequency of appearing in the cluster to act as PRE. 
 

TABLE II FREQUENCY BASED CALCULATION FOR MOTIF CLUSTER 
 

Tuple/Motif Cluster Score with filter 

PS-En1 0.0083618396 

En1-PS 0.0060813379 

GAF-En1 0.0053211707 

En1-Z 0.0041809198 

Z-En1 0.0041809198 

En1-GAF 0.0030406689 

PF-En1 0.0026605853 

En1-PF 0.0022805017 

En1-En1 0.0015203345 

En1-G10 0.0015203345 

En1-PM 0.0011402509 

G10-En1 0.0007601672 

PM-En1 0.0003800836 
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D. No significant change in the ranking clustered pair ranking changed after application of the filter 
rule: 

 
We tried to understand the difference that could be, after the application of the filter. But we came 
to the conclusion that there were no significant changes we were expecting, from this experiment. 
For tuple=2, the Fig. 4 represents the frequency of the motifs when we applied filter, and the Fig. 5 
represents the frequency of the motifs without the filter. 
 
The results were similar in the case, when we took tuple=3, for our experiments. There was no 
significant change after the application of the filter (See Fig. 6 and Fig. 7). 
 
E. GAF, Z, PS and G10 major PRE unit forming cluster: 
 
Among all the clusters that were formed, the most occurring PREs were GAF, Z, PS, G10. These 
motifs were not so frequent when alone, but when they were in clusters, there appearance was 
frequent in the genome (See Fig. 4-7). 

 
F. Change in Ranking: 
 
If we carefully look at the plots generated, we can find that, the GAF-GAF and GAF–GAF-GAF 
combination was the most frequent. There was steep change in the score of the pairs for k-tuple 2 
(motif occurring in pairs), but the same was gradual in the case of the k-tuple 3 (motif occurring in 
group of three).  
 

 
Fig. 4 Score using the filter for k-tuple=2 (motif in pairs) 

 

 
Fig. 5 Score without filter for k-tuple=2 (motif in pairs) 
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Fig. 6 Score with filter for k-tuple=3 (motif in group of 3) 

 

 
Fig. 7 Score without filter for k-tuple=3 (motif in group of 3) 

 
G: k-tuple formation does not give significant results: 
 
If we go through the scores plotted for k-tuple 2 and 3, there are no changes after applying the filter 
supporting that clustering by k-means and forming k-tuples simply without defining any parameter 
would not solve our problem.  
 
H: Concept of permutation did not give positive results too: 
 

In our experiment, we also tried to analyse the results using the concept of permutation. 
Permutation is the statistical technique and is helpful to select random elements. The results for 
the count using filter and without filter were the same, hence using the concept of permutation 
is useless in our case (See Fig. 8 & Fig. 9). 
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Fig. 8 Score without filter for k-tuple=2 of random motifs using permutation 

 
Fig. 9 Score with filter for k-tuple=2 of random motifs using permutation 

 

I: Using the formula n(n+1)/2 for finding possible number of clustered (paired) motifs gave positive results, suggesting 

it as significant method: 
 

If there are n motifs, then total number of possible unique combinations (pairs) would be 
n(n+1)/2. Let A, B, C, and D be four motifs, then the possible number of unique combinations 
would be 10 of the tuple size 2 and that would be AA, AB, AC, AD, BB, BC, BD, CC, CD, and DD. In 
this case, there were different results obtained before applying the filter and after applying the 
filter including experimental genes. There were two cases; one was for filter and other for non 

filter. For filter, the cluster of GAF-GAF was found maximum, followed by the group of Z-Z, 
GAF-Z and so on, in particular window size, (i.e. -900) refer to Fig. 10. When there was no 
filter, we found again that count of GAF-GAF was maximum, followed by the Z-Z cluster, but 
in this case of not using the filter, the third cluster found with maximum score was GAF-G10, 
supporting it to be possible PRE motif (Refer to Fig. 11) 
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Fig. 10 Score with filter for k-tuple=2 of random motifs 

 

 
Fig. 11 Score without filter for k-tuple=2 of random motifs 

CONCLUSIONS 

 Polycomb Response Elements (PREs) are playing a vital role in our life by recruiting the 
Polycomb proteins, involved in important epigenetic activities of life like cellular differentiation 
and cell identity. Understanding the concept how the polycomb proteins silence the gene 
expression is known, but exactly how the PRE motifs help in the recruiting the polycomb 
proteins is still not clear. It is expected that the time when we will have clear picture of the 
theme, how several motifs in groups act as PREs, we will be able to define set of rules, how the 
PREs are formed and then we can be helped in searching PREs in mammals, which yet are 
undiscovered, almost.   
 

 Although our experiment not reporting any novel concepts, or ideas, but we had in-
hands certain conclusions. Our statistical analysis supports the information, which the scientists 
in related field have exploited in past few decades. We utilised the discovery that the ‘PREs can 
be located tens of kilo-bases away from the site they regulate’. Therefore, considering window 
sizes like -200, -300, -400, and so on, could not be helpful for us and we used large window size, 
i.e. -900 for our experiment. The huge abundance of PRE motifs in this region supports that 
these motifs, which are responsible PRE signals are located at distinct places in the whole 
genomic content of the fruit flies. Further the clustering task proved an important fact; the 
clusters of single motifs do not define PREs. Clustering by various means suggests us that the 
motifs though act as PRE in group of more motifs, but there are specific set of rules followed, in 
which these motif clusters with other motifs and signals for PRE activity. We found that distance 
between the two pairs of PRE motifs i.e. 220bp favors the formation of PRE motif pairs and 
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hence supporting PRE activity. One of the most frequently occurring motif cluster throughout 
the genomic content was GAF-GAF. Overall significance concludes that the clustered motifs do 
give signals for PRE genes. The motif like GAF, G10, occurring more commonly, which are part of 
the Pho, found in the Drosophila melanogaster is the homologue to the Ying Yang 1 (YY1) found 
in mammals. It has been reported in experiments that Pho/YY1 are very crucial and necessary 
for the binding of the PRE but alone they are useless. In other words, the Pho protein requires 
other motifs too, in combination for proper functioning of the PREs in the recruiting process of 
the Polycomb Group Proteins. GAF are GAGA factor binding site and regular expression motif 
too. The GAGA protein is a nuclear protein, which remains attached with the DNA, during the 
mitosis and thereby responsible for its activity during the gene silencing. Though there are 
enormous number of results available through the studies related to PREs, but still the 
understanding are not clear; scientist are trying to device new rules and parameter, particular to 
PREs and PRE related motifs already discovered, to predict new PREs in the Drosophila as well in 
mammals. 
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