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Abstract: The standard practice in the analysis of promoters is to select 
promoter regions of convenient length. This may lead to false results when 
searching for Transcription Factor Binding Sites (TFBSs), since the sequences 
may contain coding segments. In such cases, motif detection may single out 
motifs from the coding regions. The mapping of TFBSs to promoters may 
result in a misleading picture of ‘promoter’ content. We illustrate these issues 
using the example of histones H2A and H2B and show how such analysis could 
be misleading if care is not exercised to eliminate coding regions from the 
presumed promoter sequences. 
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1 Introduction 

Eukaryotic promoter content analysis frequently involves detection of putative TFBSs in 
a set of co-regulated genes (Claverie and Sauvaget, 1985; Wasserman and Fickett, 1998; 
Krivan and Wasserman, 2001). A common approach involves the selection of an arbitrary 
segment of flanking sequence around the Transcription Start Site (TSS) of the target 
genes and the application of computational methods that search for putative TFBSs  
in the assumed promoter region. Examples of selecting presumed promoter segments  
for analysis include studies by FitzGerald et al. (2004) on region [–2500, +500], by 
Marino-Ramirez et al. (2004) on region [+2000, –1000], by Zhang et al. (2002) on region 
[–2000, –1], by Zheng et al. (2003) on region [–600, –1], by Bajic et al. (2004) on region 
[–70, +60], by Kel-Margoulis et al. (2003) on region [–300, +50], by Prakash et al. 
(2004) on region [–1000, –1] and by Frith et al. (2001, 2004) where regions  
considered were [–249, +50], [–1499, +500] and [–1500, –1] with respect to the TSS; 
Blanchette et al. (2003) analysed promoters in the range 250–2000 bp upstream of the 
TSS, and Podvinec et al. (2002) analysed assumed promoter regions of various sizes in 
the range 3400 bp and 28600 bp upstream of TSS. The large variations in the assumed 
promoter regions used for promoter motif studies may be because of the fact that the 
promoter regions (core, proximal and distal) may vary a lot from one gene to the other. 
Added to this, functionally important TFBSs are non-uniformly distributed along the 
DNA and are not specific to a particular region. For example, TFBS may be found 
upstream of the TSS, in the 5′ UTR (Butler and Kadonaga, 2002), in the first intron 
(Wasserman and Sandelin, 2004) and further downstream to it. Thus, promoter segments 
chosen for analysis generally depend on one’s experimental objectives and convenience. 

The methodology of arbitrary selection of promoter region boundaries may, however, 
be risky and can lead to misleading results about what potential TFBSs and other 
potentially important promoter motifs are. As can be seen from the references above, the 
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practice of utilising presumed promoter regions of different length for various analyses is 
quite common. What is missing, however, is that these references do not make any 
reference to neither the elimination of the upstream coding segments that are part of the 
neighbouring gene nor the elimination of the downstream coding segments when 
promoter region extends downstream of TSS. By selecting boundaries of promoters for 
motif analysis, we implicitly assume that the whole selected region actually belongs to 
the gene’s promoter and thus harbours TFBSs. However, this assumption may not be 
correct if the genomic equivalent of Translation Initiation Site (geTIS) is close to TSS  
(the case of short 5′ UTRs) and is part of arbitrarily selected segments around the TSS, 
which makes genes’ coding regions part of these segments. Such a situation can arise 
when the analysed segment overlaps either with the coding region of the same gene 
downstream of the TSS, or with the coding region of a different gene located nearby 
upstream of the TSS on the opposite strand (divergently transcribed gene). 

The accidental presence of the coding regions in the candidate promoter segments 
may lead to incorrect promoter motif analysis. If the coding regions are more conserved 
than the real promoter regions in the candidate segments, motif programs may be biased 
towards detecting motifs from the coding regions that are likely to have higher 
significance compared to motifs from the actual promoter region. Since programs that 
detect motifs usually rely on some statistical significance criteria, motifs with higher 
significance are preferred, while those with lower significance are filtered out. Also, the 
motifs discovered from the coding regions may wrongly be considered legitimate 
putative TFBSs, making the analysis incorrect. The presence of coding regions in the 
analysed promoter segments, thus, may affect the quality and accuracy of the results. 

In this note, we illustrate the above-mentioned issues by considering an example of 
divergently transcribed human histone H2A and H2B genes that share a common 
promoter. We show that motif discovery results could be deceptive if the analysed 
promoter sequences contain the coding regions. We highlight the importance of being 
aware of the boundaries of the actual promoter regions so that coding regions are not 
included in the promoter sequences used for motif analysis. 

2 Experiment summary and results 

While performing a motif analysis at the 5′ end region [–1000, +500] of 14 human 
histone H2A-H2B genes, we observed that that the motifs discovered by a motif 
discovery program MEME (Bailey and Elkan, 1994)/MAST (Bailey and Gribskov, 1998) 
were almost confined to those regions of the candidate segments that represented the 
coding regions (see Figure 1). This observation that the promoter in these genes was 
devoid of TFBSs apparently seemed erroneous and led us to investigate further. 
Subsequently, we separately investigated segments that represented greater parts of the 
actual promoter regions [–250, –1], but contained no coding regions. We maintained the 
same MEME/MAST parameters for both the experiments. We denote the two analysed 
regions as Long Segment (LS) [–1000, +500] and Real Promoter (RP) [–250, –1]. 

The gene set that we analysed contained seven H2A-H2B gene pairs, namely,  
H2A/a-H2B/a, H2A/c-H2B/c, H2A/d-H2B/d, H2A/e-H2B/e, H2A/g-H2B/g,  
H2A/l-H2B/l and H2A/n-H2B/n. Each pair represents divergently transcribed genes on 
opposite strands of DNA that share a bidirectional promoter that is generally less than 
320 bp in length (Albig et al., 1999; Trappe et al., 1999) and contain many TFBSs. 
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Out of 100 motifs returned by MEME, MAST selected 48 motifs for LS sequence 
analysis and six motifs for RP sequence analysis based on their statistical significance 
using cut-off E value less than 1. Figures 1 and 2 show motif distributions returned by 
MAST for LS and RP sequences, respectively. 

Figure 1 Motif distribution obtained from MAST in LS genomic sequences [–1000, +500]  
of 14 human histone H2A and H2B genes. We observe two motif clusters, Cluster I and 
Cluster II, and the promoter region between them devoid of any motif. Motifs shown 
above were detected in LS by MEME. (+/–) sign with motif indicates the strand. Gene 
is presented in the format ‘species|histone_group|geneID|strand|chromosome|official_ 
name|alternative_name’. We used MEME and MAST programs to discover motifs in 
sequences of LS and RP data sets. Motifs discovered by MEME in the data sets were 
used by MAST to evaluate the presence of combined motif patterns in the same sets of 
sequences. Parameters used for MEME were zoops model, motif width from 6 to 12, 
maximum number of motifs to search as 100 and reverse complimentary strand was 
considered; parameters used for MAST were all significant motifs (with motif E value 
less than 1.0) returned by MEME, motif was reported if its sequence p value was less 
than 0.005, correlated motifs were filtered out, both strands were searched and 
individual sequence composition was used to calculate p and E values 

 

Figure 2 Motif distribution obtained from MAST in RP genomic sequences [–250, –1]  
of 14 human histone H2A and H2B genes. Motifs shown above were detected in RP  
by MEME. (+/–) sign with motif indicates the strand. Gene is presented in the format 
‘species|histone_group|geneID|strand|chromosome|official_name|alternative_name’ 

 
 
 



      

 

   

 

   

   286 R. Chowdhary, L. Wong and V.B. Bajic    
 

    
 
 

   

 

 

       
 

We observe that 48 LS sequence motifs (Figure 1) form two large clusters on both sides 
of TSS. Further investigation reveals that these two clusters correspond to the coding 
regions of H2A-H2B genes. While in H2A (H2B) the cluster on the downstream side 
represents its own coding region, the cluster on the upstream side represents the coding 
region of its divergently transcribed gene pair H2B (H2A). This is also evident from 
motif distribution of H2A which is the mirror image of its corresponding H2B pair with 
strands opposite, and vice versa. Notably, the actual promoter regions of these genes that 
lie between the two clusters were completely devoid of motifs (Figure 1). This might be 
because H2A and H2B are evolutionarily conserved proteins (Luo and Dean, 1999; 
Doenecke et al., 1997), and therefore the genomic regions corresponding to these  
proteins should contain conserved motifs, likely better conserved than motifs from the 
actual promoter in statistical terms. In such cases, analysis could be biased in favour of 
the motifs from the coding regions compared to those from the promoter regions.  
Such situations may appear because motif discovery programs make no distinction 
between coding and promoter regions and generally detect motifs that qualify predefined 
statistical significance threshold levels. 

With the same MEME/MAST parameter settings as LS, our analysis on RP sequences 
which contained greater parts of H2A-H2B promoters and no coding regions, however, 
supports known experimental results to a great extent. We observed that most of the 
motifs detected in the RP sequences (Figure 2) correspond well with the experimentally 
verified motifs in H2A and H2B genes (Albig et al., 1999; Trappe et al., 1999): Motif 1 
(GCCCAATCAAAA) corresponds to CCAAT-box, Motif 4 (ATGCAAATGAGG) 
represents Oct-1 box and Motif 5 (GCTATAAAATGC) represents TATA-box, while 
Motif 3 (AGCTTCCTTTTC) and Motif 7 (GATGACGACAG) partially represent  
E2F-box and CRE-box, respectively. 

Our key observation from the above analysis is that promoter region motifs that do 
not appear detected in the LS analysis appear clearly in the analysis of RP. This suggests 
that the selection of the region around the TSS for the analysis of promoter content is 
critical and must be carefully done, so as not to contain parts of the coding region of the 
analysed and neighbouring genes. We have noted in our analysis that neighbouring genes 
may be located critically close to each other. If care is not exercised in the region 
selection, the motif discovery could be strongly affected, as shown in this analysis. The 
presence of the coding regions in the analysed promoter segment may thus potentially 
result in  

• putative TFBS motifs of the promoter region that may not be detected, as shown in 
our example 

• motifs of the coding region that being detected and apparently, by error, could be 
considered as putative TFBS motifs.  

Therefore, while selecting promoter segments for motif analysis due care should be  
given to 

• the distance between gene’s TSS and its geTIS (i.e., 5′ UTR) 

• the distance between geTISs of any potential divergently transcribed genes 
(neighbouring genes). 
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By doing so we may be able to avoid coding regions that might potentially overlap with 
the analysed promoter regions. Coding regions downstream of the geTISs may be less of 
a problem as geTISs are generally well annotated. However, interference of the coding 
regions of neighbouring genes upstream of the TSS may not be so intuitive and hence can 
be troublesome. 
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