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One of the major challenges in biology is the correct identification of promoter regions.  Computational 

methods based on motif searching have been the traditional approach taken.  Studies have shown that DNA 
structural properties, such as free energy, curvature, and stress-induced duplex destabilization (SIDD) are useful 
in promoter classification, as well.  In this paper, these properties were compared for their effectiveness in 
correctly classifying promoters.  When using a decision tree for promoter classification based on DNA structural 
properties, SIDD showed a slight improvement over free energy and curvature, with f-score values 70.9%, 67.1%, 
and 61.5%, respectively. 
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 Identification of promoters is an important issue in biology, given that they are central in 

understanding the process by which genes are regulated.  Wet-lab methods for promoter identification provide 

accuracy but suffer from being time-consuming.  To facilitate faster processing, computational methods are 

required.  Although far from perfect, they do provide a means for quickly identifying potential targets for 

experimental validation. 

 Several computational methods for promoter classification have been proposed.  Most include some 

analysis of sequence patterns commonly found in promoter regions, such as -10 and -35 motifs [1, 2].  

However, these patterns are not always sufficiently conserved to allow for adequate classification.  

Furthermore, there are clearly other factors not directly related to sequence motifs that are closely associated 

with promoter regions.   

 Promoter regions have unique characteristics in their physical structure that play major roles in 

transcription by facilitating protein-DNA interactions.  Some of these properties include GC skew, bendability, 

free energy, curvature, base stacking, and stress-induced duplex destabilization (SIDD).  Studies have reported 

impressive results using DNA structural properties for identifying promoter regions [3, 4, 5, 6].   This study 

assesses the feasibility of a computer-based classification approach for promoter identification in prokaryotes 

based on DNA free energy [7], curvature [8], and SIDD [9]. 

 Analysis was performed on the genome of E. coli K12.  Each sequence value was converted to its 

corresponding numeric structural property value. 

Dataset. 

 The whole genome of E. coli K12 was downloaded from NCBI. Experimentally verified transcription 

start sites were obtained from the Regulon database (Release: 6.4) [10]. This database release provided a 

compilation of 1771 promoter sequences. The dataset was filtered for unique promoters with known TSS 

locations, resulting in 1648 records.  

 Structural profiles were computed from the sequence data. The SIDD profile computations were 

obtained from Benham [5]. The free energy profile was computed using the nearest-neighbor thermodynamic 

parameters of base pairings described in [11].  The curvature profile was computed using the CURVATURE 

program [12, 13]. 

 

Classification 

 The training and testing datasets were constructed from the E. coli K12 structural profile data. Positive 

instances (promoters) were defined as the 500 bp region from -400 to +100, with respect to TSSs. This dataset 

was composed of 1648 positive instances and 4944 negative instances, which represents a 3:1 ratio of negatives 
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and positives. A randomly selected two-third and one-third split was used for training and testing data, 

respectively. The Weka data mining suite [14] was used to perform the classifications using its J48 decision 

tree. 

 

Evaluation Measures 

Classification results were used to evaluate the predictability of the structural properties.  In order to compare 

predictions using a one-dimensional performance measure, the weighted average of the precision and recall 

(known as f-score) was computed for curvature, free energy and SIDD.  

Precision, recall, and f-score were defined as follows, 

precision  =  
𝑇𝑃

𝑇𝑃 + 𝐹𝑃
 (1) 

recall  =  
𝑇𝑃

𝑇𝑃 + 𝐹𝑁
 (2) 

f-score  =  
2 x𝑝𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛x𝑟𝑒𝑐𝑎𝑙𝑙

𝑝𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 + 𝑟𝑒𝑐𝑎𝑙𝑙
 (3) 

where TP, TN, FP, and FN are the numbers of true positives, true negatives, false positives and false negatives, 

respectively. 

 A comparison of free energy, curvature, and SIDD structural profiles is shown in the following figures.  

To create the structural data, each sequence value in E. coli K12 was converted to its corresponding numeric 

structural property value.  Next, the average value at each location was computed for all promoters (for the 

500 bp region from -400 to +100, with respect to transcription start sites at +1). 

Signatures of structural properties 

 Figure 1 is DNA free energy.  High free energy values indicate low stability, and indicate regions 

where strand separation is more likely to occur.  Figure 1 shows a low stability region from -100 to +50, with 

respect to the TSS.  A distinctive peak appears near -10.  So, the -10 region may be the least stable. 

 
Figure 1:  Average free energy values for the promoter regions 

 Similar changes in promoter regions can be seen in Figure 2 for SIDD, represented as G(x).  G(x) 

corresponds to the incremental free energy needed for the base pair at position x to always remain open.  It 

begins a noticeable decrease until its lowest points near -35 and -10, then begins an increase. 
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Figure 2: Average SIDD G(x) values for the promoter regions 

 Curvature increases from -400 to its highest at -53, before beginning to decrease.  All three properties 

show noticeable increases or decreases in promoter regions and distinctive spikes near some known promoter 

indicators, such as -10, and -35.  Thus, structural properties appear to be good candidates for identifying 

promoter regions. 

 
Figure 3: Average DNA curvature values for the promoter regions 

 

Evaluation 

 Weka’s J48 decision tree was used to perform the classifications of promoters and non-promoters.  The 

construction of the training and testing sets is described in the methods sections.   The f-score was computed 

for curvature, free energy and SIDD.    For free energy, the resulting f-score was 67.1% (promoter 50.9%, 

non-promoter 74.9%); SIDD 70.9% (promoter 56.4%, non-promoter 77.8%); and curvature 61.5% (promoter 

42%, non-promoter 71.8%).  All methods performed better at identifying non-promoters than promoters.  

SIDD performed best overall, followed closely by free energy, and then curvature with the lowest f-score. 

 One of the major challenges in biology is the correct identification of promoter regions.  

Computational methods based on motif searching have been the traditional approach taken.  This study has 

shown that DNA structural properties, such as free energy, curvature, and stress-induced duplex destabilization 

(SIDD) are useful in promoter classification, as well. 

 Future research will involve combining multiple structural-based predictors with sequence-based 

methods.  For example, in [5] it was shown that SIDD was not directly related to primary sequences or unique 

motifs, and not positively correlated with DNA curvature. Thus, using SIDD with other predictive sequence 

and structural properties, particularly those not strongly correlated, may be fruitful.  In addition, it may be 

useful to determine whether a classifier trained on one genome predicts well on others.  Also, combining 

multiple classifiers as part of a voting system, such as an ensemble, may prove beneficial. 
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Одной из основных проблем в биологии является правильная идентификация регионов -  
промоутеров. Традиционно применялись вычислительные методы, основанные на поиске мотивов. 
Исследования показали, что структурные свойства ДНК, такие как свободная энергия, кривизна и 
дестабилизация дуплекса, вызванные стрессом (SIDD), также полезны в классификации промоуторов. В 
этой статье эти свойства сравнивались для их эффективности при правильной классификации 
промоуторов. При использовании дерева решений для классификации промоутора, основанного на 
структурных свойствах ДНК, SIDD продемонстрировал небольшое улучшение по сравнению со свободной 
энергией и кривизной, при этом значения f-score составляли 70,9%, 67,1% и 61,5% соответственно. 

Ключевые слова: классификация промоуторов, кривизна ДНК, SIDD, свободная энергия 
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Биологиядағы маңызды мәселелердің бірі – промоутер аймақтарын дұрыс анықтау. Есептеу әдісі 

мотивті іздеу негізінде дәстүрлі тәсіл ретінде қолданылған. Зерттеу көркесеткендей, бос энергия, ДНҚ 
қисықтығы стресспен туындайтын дуплекс  дестабилизациясы  (SIDD) секілді ДНҚ-ның құрылымдық 
қасиеті, промоторлар классификациясына қажет. Бұл мақалада промоторлар классификациясының 
тиімділігі үшін осы құрылымдарға салыстыру жүргізілді. ДНҚ – ның құрылымдық қасиетіне негізделген, 
промоторлар классификациясына шешім ағашын қолдану барсында, SIDD бос энергия мен ДНҚ 
қисықтығына қарағанда шамалы жақсарғанын көрсетті, сондай-ақ сәйкесінше f-score 70,9%,67,1% және 
61,5% болды.  

Түйін сөздер: промоуторлар классификациясы, ДНҚ қисықтығы, SIDD, бос энергия 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


