
 

 

 

Abstract—Predicting RNA secondary structure becomes an 

important issue, due to the useful functions of RNA in designing 

antiviral drugs for AIDS and malignant diseases like cancer. Many 

computational methods have been proposed to predict RNA 

secondary structure from a given single sequences. In this paper, the 

BioCloud method is proposed, which is more accurate cloud-

computing method for predicting the secondary structure of RNA. 

The proposed BioCloud method runs via a global networks as a 

cloud computing to predict the RNA secondary structure. Practically, 

the proposed method uses a Minimum Free Energy (MFE) algorithm 

with the Dynamic Programming (DP) prediction method to predict 

the needed structure of RNA molecules. The experimental results 

show that the BioCloud method runs faster and predict more 

accurate RNA secondary structure compared to the state-of-the-art 

prediction methods exist in the literature. The proposed BioCloud 

method performs efficiently in a short running time and available 

globally in a cloud-computing system. 
 

Keywords—Ribonucleic acid (RNA), Secondary Structure, 

Tertiary Structure, Cloud Computing.  

I. INTRODUCTION 

IOINFORMATICS is a new disciplinary comes from the 

combination between Computer Science and Biology. 

The main focus of researchers is to design computational 

methods that are essentially introduced to manage, analyse 

and predict structure of the biological data components like 

(Protein, DNA & RNA) [1]. Ribonucleic acid (RNA) plays 

important roles in living cells. The messenger RNA (mRNA) 

runs as an intermediate to carry the genetic information from 

DNA to produce a protein in protein synthesis [2]. Central 

dogma proves that determining and studying the RNA 

structures assists to scrutinise the RNA functions. Therefore, 

predicting the RNA secondary structure by using the 

computational methods is the main step to know their useful 

functions, which will be helpful to build antiviral drugs for 

AIDS and malignant diseases like cancer [3], [4], [5].  

The biologists use experimental methods (Nuclear 

Magnetic Resonance (NMR) and X-ray crystallography) to 

determine the tertiary (3D) structures of RNA molecules [6], 

[7]. These two experimental methods however are time 

consuming, tedious and difficult to be accomplished based on 
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experiments in biology side [8]. Because of these constraints 

in performing the experimental methods, the computer 

scientists proposed many Bioinformatics methods to predict 

the secondary structures of RNA from the input single 

sequences. Then, the demanded 3D tertiary structure can be 

scrutinized from the predicted RNA secondary structure by 

applying visualizing tools like [9], [10], [11]. These 

visualization tools can display the needed 3D structure by 

using the predicted pseudoknots RNA secondary structure to 

generate the tertiary structure of RNA molecule, which is 

similar to the real 3D tertiary structure in biology side [9].  

To solve the problem of the RNA secondary structure 

prediction, several Dynamic Programming (DP) method [12], 

[13] methods and the heuristic methods [14], [4], [15] have 

been proposed. In GenBank, a big gap is still between the 

huge discovered number of genome-sequences and the known 

structures like RNA structures [16]. Figure 1 illustrates the 

growth of the genome databases, while the zoomed-in shows 

the gap in growth of determining structures. So, it explains 

the different growth rate between the big number of primary 

genome-sequences and the limited number of known 

structures. 

Basically, RNA comes into two different structural types. 

The RNA secondary structure without pseudoknots and the 

secondary structure with pseudoknots structure. The RNA 

without pseudoknots type as shown in figure 2 (a), is 

predicted by MFE model with DP algorithms, and they mostly 

require O(n3) for time and O(n2) for space complexity [12], 

[4]. The RNA with pseudoknots type as shown is figure 2 (b), 

have recently been emphasised in most classes of the RNA 

molecules. The RNA with pseudoknots type are confirmed to 

be an important structural functions [17], [18]. The existing 

methods in the literature only predict a part of the RNA with 

pseudoknots type; Due to the insufficiency of knowing the 

MFE lookup tables for pseudoknots structural parts. The 

prediction of RNA secondary structure with pseudoknots by 

using DP algorithms, are to be an NP-hard problem [19], 

[20]. 

The proposed BioCloud method in this paper is built and 

qualified for predicting secondary structure of RNA with 

pseudoknots from a given single sequence. The BioCloud 

performs in a cloud computing fashion via a global network  
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Fig. 1 Exponential growth of biological data in GenBank and the 

small growth of their known Structures 
 

system. The single sequence of RNA is firstly downloaded 

from GenBank. After filtering this downloaded RNA 

sequence, the proposed algorithm divides it into proper hits 

by using the GUUGle algorithm [21]. Then, the cloud-

computing algorithm of proposed method sends these hits to 

the pknotsRG algorithm [22], to predict the possible 

pseudoknots structural parts. Thereafter, the proposed 

BioCloud method globally predicts the free energy structure 

for the remaining parts by using the power of UNAFold web 

server [23]. Finally, the proposed method compiles and 

collects the global RNA secondary structure with 

pseudoknots. And it also builds the 3D structures of the given 

RNA by PseudoViewer3 as a visualization tool [10]. From the 

comparative results, it can be concluded that the proposed 

BioCloud method is the most accurate prediction method for 

building the RNA secondary structure with pseudoknots. 

 

 
Fig. 2 Two types of RNA secondary structures: (a) without 

pseudoknots. (b) with pseudoknots structural parts 
 

The rest of the paper is organised as follows: Section 2 

presents the related work and the background of the genome 

RNA data that are tested in the comparative process. Section 

3 describes the proposed BioCloud method with its workflow 

to predict the RNA secondary structure with pseudoknots. 

The experimental results and discussions are fully introduced 

in Section 4. Finally, in the conclusion the upcoming future 

works are briefly summarized.  

 

 

II. RELATED WORK 

RNA like DNA is a nucleic acid but it is a linear molecule. 

RNA is composed of four ribonucleotide bases; adenine (A), 

cytosine (C), guanine (G), and uracil (U). Each ribonucleotide 

base contains ribose sugar, phosphate group and a 

nitrogenous base. The adjacent ribose nucleotide bases are 

connected together in chemical bonds to form the RNA chain. 

So, the single sequence of RNA, is known as a primary 

structure and it is a single chain or a single-stranded of the 

four bases (A, C, G, or U), as shown in figure 3 (a). Then, the 

RNA secondary structure is come from the chemical 

compound of base pairs that are formed according to the 

Watson-Crick two pairs C-G and A-U, and the Wobble pair 

G-U [24], [25], [7], as depicted in figure 3 (b). However, the 

3D tertiary structure of RNA can be scrutinized from 

visualizing the pseudoknots structure of RNA as shown in 

figure 2 (b).  

 
Fig. 3 The main two structures of RNA: (a) RNA primary structure 

as a single-stranded. (b) RNA secondary structure generated by 

using the (forna) visualization tool [26] 
 

The Data of RNA with pseudoknots is downloaded from 

GenBank datasets and the PseudoBase [27], [28]. These RNA 

databases are used in this study to obtain the RNA sequences 

for different kinds of RNA molecules; like mRNA, tmRNA 

and rRNA. The pseudoknots secondary structures of these 

kinds of RNA-molecules are taken out from the PseudoBase 

[27], as real known-structures in order to perform the 

experimental process. 

III. MATERIAL AND METHOMS 

This section describes the details of proposed BioCloud 

method and its workflow. The algorithm of proposed method 

basically runs in a cloud-computing behavioral via global 

World Wide Web, to predict RNA secondary structure with 

pseudoknots. The basic implementation of the BioCloud 

proposed method is that there are multiple sites running 

globally through the cloud computing system. Our proposed 

method predict the needed RNA secondary structures of the 

biological data from a certain input RNA genome-sequence. 

The complete process of the bio-cloud computing algorithm 

of proposed BioCloud method, practically does the bio-cloud 

computing process to obtain the bio-structural outputs. This 

process of proposed BioCloud method, is purely invisible in a 

cloud based technology. Basically, the proposed method 

submits the input RNA bio-sequence as a service over the 

cloud computing scenario. Then, it submits the intermediate 
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Fig. 4 A workflow of the proposed BioCloud method. 

The numbers from (1 .. 5) represent the followings:  

(1) GenBank at url: www.ncbi.nlm.nih.gov/Genbank.  

(2) GUUGle algorithm at url: www.uwa.edu.au.  

(3) BiBiServ server: bibiserv.techfak.uni-bielefeld.de/  

     & UNAFold server: unafold.rna.albany.edu/. 

(4) forna & PseudoViewer at: http://nibiru.tbi.univie.ac.at/forna/  

      & http://pseudoviewer.inha.ac.kr/,respectively.  

(5) Site of proposed BioCloud Method: http://www.yu.edu.jo/en 

 

outputs based on virtual resources from invisible cloud sites 

[29]. Figure 4 illustrates the workflow of the proposed 

BioCloud method with detailed descriptions of the 

convergence of various virtual computers that are provisioned 

and connected as a single unified computing resources based 

on the cloud infrastructure technologies. 

Because of the exponential growth and big scalable of RNA 

genome biological data, and instead of migrating this huge 

data around the world, we make the proposed BioCloud 

method available globally for cloud-based computing 

algorithmic. The environmental services of our proposed 

method are implemented as web-based algorithmic, which 

deployed by using the cloud computing background 

technology. For integrity and scalability, the proposed 

BioCloud method is computing in multiple stages and its 

ubiquitously accessible running provision over the cloud 

computing scenario as explained in Figure 5. 

In the first stage, the proposed BioCloud downloads the 

primary sequence of RNA data in a FASTA format from 

GenBank (www.ncbi.nlm.nih.gov/Genbank). Then, there is 

purification procedure in BioCloud method to filter any noisy 

bases that can be found in the initial primary sequence before 

sending it to the GUUGle algorithm at the server of 

University of Western Australia (www.uwa.edu.au). In the 

second stage, the GUUGle algorithm divides the input 

sequence to many hits according to the suitable chemical 

components, which can be joining together forming a proper 

base pairs conferring with the complementary bases (Watson-

Crick pairs C-G and A-U, and Wobble pair G-U). The 

proposed method use the power of GUUGle algorithm to 

extract these initial hits. Then the method sends these hits by 

using a cloud-based infrastructures to the predicted two 

approaches pknotsRG and UNAFold at (BiBiServ & 

UNAFold web servers), respectively.  

So, the proposed method as a cloud-computing algorithmic, 

predicts the RNA secondary structure with pseudoknots. 

 
Fig. 5 Layout and architecture five stages of the proposed BioCloud 

method is built and designed over multi-recourses in cloud-based 

computing technology. 

The details of these stages from (1 .. 5) are explained as follows:  

(1) Primary Sequences of Genome data in FASTA format are 

downloaded from GenBank. www.ncbi.nlm.nih.gov/Genbank .  

(2) Dividing the input Sequence into proper hits and subsequences 

using GUUGle algorithm. www.uwa.edu.au/ .  

(3) Predicting Secondary Structures of Genome data by most 

suitable prediction algorithmic by BiBiServ web server for 

pseudoknots parts http://bibiserv.techfak.uni-bielefeld.de/ & 

UNAFold web server for non-pseudoknots part 

http://unafold.rna.albany.edu/ . 

(4) Building and Visualizing the 3D tertiary Structures from 

predicted Secondary structures by the visualization tools (forna & 

PseudoViewer servers) at url’s: http://nibiru.tbi.univie.ac.at/forna/ 

and http://pseudoviewer.inha.ac.kr/ . 

(5) Collecting & producing final 3D tertiary Structures of the initial 

sequence for a given Genomedata by a cloud computing algorithms 

of our proposed BioCloud methods. http://www.yu.edu.jo/en/ 
 

 

Practically, BioCloud method performs the computational 

process in a global cloud-based computing technique by 

combining the final output of the RNA structure from the 

GUUGle algorithm (uwa server, Australia) [30], the 

pknotsRG method (BiBiServ, Germany) [22], and the 

UNAFold MFE method (UNAFold web server, NY, USA) 

[23]. The proposed method is functionally structured as a 

cloud-computing predictor, which is represented in Equation 

1. 
 

 

),,,( unafoldpknotsRGguugleBioCloud fffXFS   (1) 
 

 

The vector S is the final predicted RNA secondary structure 

with pseudoknots types. Where BioCloudF  denotes to the 

general proposed as a cloud-computing method. It predicts 

the final pseudoknots of the RNA secondary structure S by 

using the power of guuglef  , pknotsRGf  , and unafoldf . These 

functions represent the GUUGle algorithm, the pknotsRG 

method, and the UNAFold MFE method, respectively. These 

three algorithmic functions are managed globally by our 

proposed method as cloud-computing resources. The input 

RNA sequence is denoted by vector },..,2,1|{: nixX i  , 

International Journal of Humanities and Applied Sciences (IJHAS) Vol. 5, No. 2, 2016 ISSN 2277 – 4386 

120



 

 

which includes the initial input RNA primary sequence of 

length n, as a single-stranded RNA molecule. 

Finally, the proposed BioCloud method reconnects the hits 

and their structures. Then, it combines the predicted structure 

from different resources in a cloud-computing manner, to 

produce the complete final secondary structures for the first 

input RNA primary sequence. At the last stage, BioCloud 

method is using the visualization tools like (forna & 

PseudoViewer servers), which are widely utilized to 

scrutinize the 3D tertiary Structures for RNA genome data. 

IV. RESULTS AND DISCUSSION 

In this section, an evaluation process to the results of 

proposed BioCloud method is discussed. Actually, the RNA 

structural results that are obtained from proposed BioCloud 

method are compared to the results of existing RNA 

prediction methods in literature like; FlexStem [31], 

HotKnots [15], pknotsRG [13], ILM [14] and NUPACK [32]. 

This performance evaluation was confirmed with standard 

native structures of RNA molecule that were downloaded 

from the real pseudoknots structural RNA database 

PseudoBase [27], [33]. The cloud-computing proposed 

method predicts the pseudoknots of the RNA secondary 

structure, and its results are evaluated in this comparison 

process to the real native RNA structures as a main factor. 

We use three different factors as accuracy metrics in the 

comparison process that are coined by [34], to evaluate the 

performance of the proposed BioCloud method. These three 

accuracy metrics (Sensitivity (SE), Specificity (SP) and F-

measure), are illustrated in the following formulas:  

100(%) 



FNTP

TP
SEySensitivit  (2) 

 

100(%) 



FPTP

TP
SPySpecificit  (3) 

 

100)(2(%) 



SESP

SE
SPmeasureF  (4) 

 

The variables in these formulas are used to calculate the 

accuracy components of the proposed BioCloud prediction 

methods, and can be further explained as follows: 

TP: True Positive (TP) base pair indicates the number of the 

predicted base pairs. Then, the base pairs found in the 

predicted RNA structure and the native RNA structure.  

FN: False negative (FN) is the total number of the connected 

base pairs that are found in the known native structure, but 

not in the predicted RNA structure. 

FP: False Positive (FP) is the number of base pairs, which are 

incorrectly predicted and are not found in the native structure. 

F-measure: This measures is an indication of the algorithm’s 

performance, which combines the Specificity (SP) and the 

Sensitivity (SE) of the algorithm in a single performance 

measurement. 

We basically use the Sensitivity (SE) and Specificity (SP) in 

order to measure the performance of predicted structure; a 

third one, the F-measure joins both SE and SP to combine in 

one metric. By using same variables and referring to accuracy 

and performance measures from [35]. In table I, the results of 

the proposed BioCloud method are reported by using three 

accuracy metrics to the obtained outputs compared to the 

other existing RNA prediction methods; such as FlexStem 

[31], HotKnots [15], pknotsRG [13], ILM [14] and NUPACK 

[32]. In fact, the comparison process is performed according 

to the native RNA structures, which are derived from real 

structures of the PseudoBase database [27], [33]. 
 

TABLE I 

COMPARATIVE OUTPUTS AND RESULTS OF THE PROPOSED BIOCLOUD METHOD 

AND OTHER RNA PREDICTION METHODS USING THE THREE PERFORMANCE 

METRICS (SE, SP & F-MEASURE)  

Prediction 

Methods 
SE SP F-measure 

BioCloud (2016) 89.3 84.1 86.4 

FlexStem (2008) 73.3 72.2 72.6 

HotKnots (2005) 53.3 56.1 54.5 

pknotsRG (2004) 67.8 74.1 70.7 

ILM (2004) 55.8 61.1 58.7 

NUPACK (2003) 63.8 61.1 62.7 

 

The whole process of comparative results, shows that the 

predicted RNA structures by our proposed BioCloud method, 

more accurate than the structural results obtained from other 

RNA prediction methods. Hence, the performance, accuracy 

and precision of structural results obtained by the proposed 

method, are evaluated against five other state-of-the-art 

pseudoknots RNA prediction methods. As a result, the 

proposed method was outperformed by 23% totally, and is 

considered as the best accurate method compared to other 

RNA prediction methods (FlexStem, HotKnots, pknotsRG, 

ILM, and NUPACK methods), that exist in literature. 

V. CONCLUSIONS 

The study of this paper presented a novel cloud-computing 

method for predicting the secondary structure of RNA with 

pseudoknots. The proposed method is combined within a 

global manager programmatic called BioCloud. The proposed 

BioCloud method, combines the following three algorithms; 

the GUUGle algorithm (uwa server in Australia), the 

pknotsRG method (BiBiServ in Germany) and the UNAFold 

method (its web server in NY, USA), as global resources in a 

cloud-computing system. The evaluation process and the 

comparative results are conducted to distinguish the 

efficiency and performance of the proposed BioCloud method, 

compared to other state-of-the-art existing RNA prediction 

methods. The accuracy measurements (Sensitivity, Specificity 

& Specificity) is used to confirm that our proposed BioCloud 

method obtained the best output-results in predicting the 

RNA secondary structure with pseudoknots from a given 

input RNA sequence. It is worth noting that the main factor 

of the experimental comparison in the evaluation results, is 

the real origin of the RNA structures downloaded from the 

GenBank data [36] and the PseudoBase [27], [33].  

In conclusion, it can be inferred from the obtained results 

of the proposed BioCloud method that the cloud-computing 

proposed method have high potential with a good 

performance and more efficiency for solving the problems. 
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And it introduces a good contribution in affecting the 

pseudoknots of the secondary structure of the RNA molecular 

computation within the bioinformatics community. This 

worthwhile domain can be involved in several future RNA 

and bioinformatics research directions such as: (1) pursuing 

on further studies relevant to the network and cloud-

computing domain, (2) enhancing different factors of 

prediction processes and (3) combining many other RNA 

prominent methods into prediction stages. 
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