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Abstract. Non-coding RNAs (ncRNAs), transcripts that have function with-
out being translated to protein, have a number of roles in the cell including 
important regulatory roles. Efforts to identify the whole set of ncRNAs and 
then to elucidate their functions would gain better biological understanding. 
Although ncRNA is another type of genome constituent, most of the genes 
for ncRNA are overlooked by standard genome annotation of genome  
sequencing projects. This also happens in Spirulina platensis genome se-
quencing project. It is because gene finding tools generally are able to iden-
tify only protein-coding genes but not non-protein-coding ones. In this study, 
S. platensis ncRNAs were detected by comparative genomics approach using 
computational tools, together with RNA secondary structure prediction. It 
was found that more than 100 predicted ncRNA loci matched with known 
ncRNAs for example cobalamin riboswitch, RNaseP, Signal Recognition Par-
ticle RNA, Group II intron RNA and Yfr1. It has been reported that Yfr1 has 
been found in most cyanobacterial genomes sequenced. The result showed 
that more than 70 putative loci were similar to Group II intron RNAs. In addi-
tion, approximately 100 predicted ncRNA loci were not matched with any 
known ncRNAs. The predicted targets for some putative ncRNAs are also 
proposed. 

Keywords: non-coding RNA prediction, non-coding RNA target prediction. 

1   Introduction 

Besides protein-coding genes, the genes coded for these RNAs have also been recog-
nized as genome constituents since a large fraction of the transcriptome consists of 
non-protein-coding RNAs [1]. They are involved in many biological processes such 
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as transcriptional regulation, chromosome replication, RNA stability and translational 
regulation, and even proteins stability and translocation [2]. Some of them act as cata-
lytic molecules. Consequently, efforts to identify the whole set of ncRNAs and then to 
elucidate their functions for better biological understanding are more and more 
prominent. Availabilities of complete genome sequence data have made it possible to 
computationally identify ncRNAs in sequenced genomes using bioinformatics ap-
proach. Although experimental verification is necessary, it has been recognized that 
computational identification may be an effective approach to first detect ncRNAs 
candidates, including novel ncRNA species, followed by biochemical assessment. 
RNA classification is a step involving in RNA gene annotation. Since ncRNAs are 
conserved in structures rather than their primary sequences, using a simple homology 
search is not efficient enough in RNA classification. Comparing structures of un-
known ncRNAs, along with similarity at primary sequence level, to known ncRNAs 
is more powerful. To perform this strategy, a statistical model so-called covariance-
model (CM) is a method of choice since CMs are integrated with both primary se-
quence and secondary structure information of known ncRNAs. CMs will be trained 
and then be used to search for the region in given sequences which are similar to the 
feature it has learned [3]. Infernal package [4] is a suite of tools for these tasks rang-
ing from CM construction to searching for the region which is similar to CM in given 
sequences. 

ncRNAs are a heterogeneous group of functional RNAs and showing up in all 
kingdoms, including prokaryotic domain. In bacteria, ncRNAs mostly function as 
coordinators of adaptation processes in response to environmental changes, integrat-
ing environmental signals and controlling target gene expression. For cyanobacteria, 
including Spirulina, regulatory circuits involving ncRNAs can be expected as well. 
Identification of ncRNAs will facilitate investigation of another level of controls in 
Spirulina, in addition to regulation by protein mediators, and providing new insights 
into growth and adaptation to stresses of this cyanobacterium. Spirulina genome se-
quencing project has been established by Thai research consortium. Availabilities of 
such cyanobacterial genome information together with bioinformatics approach make 
it possible to computationally identify putative ncRNA genes. In this study, the 
Spirulina genome were computationally analyzed and screened for ncRNAs. Their 
putative targets were also predicted. 

2   Materials and Methods 

Sequences of intergenic regions (IG) of S. platensis were extracted from genome se-
quence data and compare with sequences of 34 related species genomes, including 
Nostoc punctiforme ATCC 29133 [5], Prochlorococcus marinus subsp. marinus str. 
SS120 [6], Synechococcus sp. JA-3-3Ab, S. sp. JA-2-3B'a(2-13), S. sp. WH 8102, S. 
sp. CC9902, S. sp. CC9605, S. sp. CC9311, S. sp. WH 7803, S. sp. RCC307, S. sp. 
PCC 7002, S. elongatus PCC 6301, S. elongatus PCC 7942, Synechocystis sp. PCC 
6803, Chlorobium tepidum TLS, N. sp., Thermosynechococcus elongatus BP-1,  
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P. marinus str. MIT 9211, P. marinus str. MIT 9215, P. marinus str. MIT 9301, P. 
marinus str. MIT 9303, P. marinus str. MIT 9312, P. marinus str. MIT 9313, P. mari-
nus str. MIT 9515, P. marinus str. NATL1A, P. marinus str. NATL2A, P. marinus 
str. AS9601, P. marinus subsp. pastoris str. CCMP1986, Gloeobacter violaceus PCC 
7421, Anabaena variabilis ATCC 29413, Trichodesmium erythraeum IMS101, Acar-
yochloris marina MBIC11017, Microcystis aeruginosa NIES-843, and Cyanothece 
sp. ATCC 51142 [7]. Multiple sequence alignments between S. platensis IGs and cor-
responding regions from other genomes were constructed. These alignments were 
scores, by ncRNA prediction tool, for possibility of being ncRNAs. This procedure 
was also applied to Arthrospira maxima CS-328 and Lyngbya sp. PCC 8106 [8]. The 
methodology of this work is outlined in the work flow shown on Fig. 1. 

 

Fig. 1. Work flow of the proposed methodology 
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2.1   BLAST Based Alignment Generating  

To prepare multiple sequence alignment as input for ncRNA prediction program, IG 
sequences (include 50 base from preceding and consequence ORFs) were searched 
against cyanobacteria genome database for similar regions in other species using ncbi 
BLASTN [9] with relaxed parameter (-q -1 -r 1 -F F -e 1e-10) because ncRNAs tend 
to conserved in their structures rather than primary sequences. Similar regions of each 
S. platensis IGs were grouped by their lengths and positions on S. platensis genome 
then aligned with each IG by MUSCLE [10] with increased gap penalty to avoid gap 
insertion in distantly related sequences. 

2.2   RNAz Scoring and Result Clustering 

RNAz [11] package, an ncRNA prediction tool, was used to calculate probability of 
being ncRNA for each alignment input. Before scoring, each alignment was pre-
processed, by scripts in RNAz package, into appropriate form. After each input was 
scored, results with ncRNA probability score (RNAz P-value) > 0.9 (the closer to 1 
the more likely to be ncRNA) were kept. To recover some part of long ncRNA which 
may lost in prediction due to sliding windows of 40 nt (nucleotides) in preprocessing 
step, they were also joined into a single ncRNA locus if their locations were over-
lapped or located within 40 nt from each other. 

2.3   ncRNA Candidate Classification 

In order to classify which individual ncRNAs belong to known ncRNAs, each candi-
date was compared with covariance model (CM) from Rfam database [12] and several 
our-owned constructed CMs of known ncRNA using cmsearch from INFERNAL 
package. The resulting matches with E-value lower than 1e-5 were reported as true 
known ncRNA homologues. 

2.4   ncRNA Targets Prediction  

To predict targets of each ncRNA candidate, in term of translational regulation, an 
interaction score between each ncRNA candidate and 5' upstream region (250 nt be-
fore start codon to 150 nt after start codon) of predicted ORFs were calculated by In-
taRNA [13] then top rank scores from each ncRNA candidate were reported. 

3   Results and Discussion 

3.1   Predicted ncRNA in S. Platensis Genome 

A set of 3,976 IGs were searched by BLAST against 34 related species genomes then 
10,639 of BLAST hits were selected and grouped before aligning into 2003 align-
ment. Using RNAz, 334 putative ncRNA loci were computationally identified from S. 
platensis genome. The lengths of these loci are varied between 52 and 1482 nt. Some 
of particular loci predicted may be only partial, not full length, ncRNAs. Some of 
them can be merged together into a single larger locus for example RNaseP RNAs 
and Group II intron RNAs. Based on the method used in this work, the transcription 
direction of the predicted loci were not determined. Localization of promoter and  
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terminator of each locus will reveal transcription direction and also increase reliability 
of putative ncRNA candidates. However experimental identification of promoters is 
relatively complicated and computational prediction is still challenging. Notably this 
work primarily focused on ncRNAs located on IGs. Antisense transcripts were not 
detected by the method used. Such anti-sense ncRNAs can be predicted by CM 
searching or other methods. The statistical value of the predicted loci is RNAz P-
value which is between 0 and 1. The default P-value for a locus to be reported as 
RNA is 0.5 or higher. The higher P-value the more significant the locus is, inferring a 
plausible secondary structure forming locus. For all 334 predicted loci, their P-values 
are 0.9 or above. Therefore they are considered to be putative ncRNA candidates. 

3.2   Classification of ncRNA Candidates 

By CM searching, 129 ncRNA candidates were matched with CM obtained from 
Rfam and classified into 12 known RNA families including of 1 5.8S rRNA, 2 Co-
balamin riboswitches, 1 CRISPR-DR57, 79 group II introns, 1 mir-598, 2 PK-G12 
rRNAs (23S rRNA pseudoknot), 1 bacterial RNaseP type A, 1 bacterial signal recog-
nition particle (SRP), 3 SSU-5s, 37 tRNAs, 1 Yfr1 and 1 Yfr2b. Several long length 
RNA loci matched to more than 1 family. Interestingly, RNA candidates in a large 
group containing 79 loci are classified as Group II intron RNA. 

3.2.1   Yfr1 
Yfr1 is an ncRNA which exists in many cyanobacteria and locates between trxA and 
guaB. It is approximately 50-70 nt in length. It has been found that Yfr1 consists of 
approximately 10-nt conserved unpaired region (5'-ACUCCUCACAC-3') between 
two stem loop structures [14]. It has been reported that Yfr1 is required for growth 
under stress condition and target to SbtA mRNA which plays an important role for 
sodium-dependent bicarbonate transport. In addition, estimated abundance of Yfr1 is 
about 18,000 molecules per cell [15]. Furthermore, Yfr1 inhibit translation of two 
outer membrane protein genes by direct base pairing mechanism at ribosome binding 
site [16]. In S. platensis and A. maxima genomes, the putative Yfr1 was predicted as a 
locus resided between thioredoxin and IMP dehydrogenase gene in the genome. This 
agrees with the report when the Yfr1 was first identified. Fig. 2 represents cmsearch 
result which indicates matched ncRNA candidate of Yfr1 CM. 
 

 

Fig. 2. Alignment from “cmsearch” represents matching between Yfr1 CM from Rfam and 
ncRNA candidate in S. platensis. Middle line between Yfr1 and ncRNA represent matching, 
either in primary sequence or secondary structure as described in [17]. Conserved region ac-
cording to previous report is indicated by underlining. 



 Prediction of Non-coding RNA and Their Targets in Spirulina platensis Genome 111 

3.2.2   Group-II intron  
Bacterial group II intron RNAs are mobile retro-element and catalytic unit which is 
spliced by lariat intermediate mechanism. These introns transferred to target site by 
ribonucleprotein complexes assembled from intron-encoded proteins and excised in-
tron RNA lariat. Group II intron RNAs are a large biomolecule consisting of highly 
structured RNAs with six distinct double-helical domains and reverse transcriptase 
ORF in fourth domain [18]. There are 79 and 89 ncRNA candidates, which are identi-
fied as group II intron RNA, in S. platensis and A. maxima, respectively. Many loci of 
group II intron RNAs in S. platensis are located near reverse transcriptase or transpo-
sase coding sequences. Since the CM for group II intron RNAs is constructed from 
partial group II intron RNA sequences which is conserved within this RNA family, 
the hits returned from CM searching are reported as partial sequences matched with 
the CM. The full length of Group II intron RNA can be traced by investigated 
neighboring loci predicted as ncRNAs and shared similarity with other regions of 
group II intron RNA. Fig. 3 represents alignment of group II intron CM to match lo-
cus on S. platensis genome. 

 

Fig. 3. Alignment from“cmsearch” result represents matching between an ncRNA candidate in 
S. platensis and CM of a group II intron partial structure from Rfam. 

3.2.3   Cobalamin riboswitch 
Cobalamin riboswitch is a conserved regulatory element located at 5' untranslated 
region (UTR) of vitamin B12 related genes [19]. In S. platensis and A. maxima ge-
nomes, there are three loci of putative cobalamin riboswitchs. A locus of S. platensis 
cobalamin riboswitch locates on 5' UTR of 5-methyltetrahydropteroyltriglutamate-
homocysteine S-methyltransferase (MetE) homologous gene. In Mycobacterium tu-
berculosis, cobalamin riboswitch resided on 5’ UTR of MetE gene and involved in 
transcriptional control of the gene [20]. Another predicted locus in S. platensis ge-
nome matched with cobalamin riboswitch located upstream of cobalamin biosynthesis 
protein CobW gene [21]. In addition, a possible cobalamin riboswitch was predicted 
in S. platensis genome as it matched with CM of the one reported to be located on 5' 
UTR of cobalamin biosynthesis protein CbiM gene [22]. However, this locus matched 
to the CM with E-value higher than 1e-5 which was lower than the cut-off for this 
work. Fig. 4 represents cmsearch result, indicated how the cobalamin riboswitch CM 
matched to ncRNA candidate. 
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Fig. 4. Alignment from cmsearch result represents matching between Cobalamin riboswitch 
CM and ncRNA candidate in S. platensis, miss-match regions are indicated by underlining. 

3.2.4   Signal Recognition Particle RNA (SRP) 
SRP is a ribonuclecoprotein complex, composed of an RNA component and one or 
more protein domain(s). SRP is required for secretion or integration to membrane for 
proteins those consisted of signal peptide [23]. Single copy of SRP RNA was classi-
fied in each genome of S. platensis, A. maxima, Nostco sp. PCC 7120, and Lyngbya 
sp. PCC 8160. In S. platensis and A. maxima, SRP RNA candidate are adjacent to 
downstream of YCII-related gene and these loci from both species are identical. Ac-
cording to genome annotation, homologues of signal recognition particle protein sub-
unit Ffh and signal recognition particle-docking protein FtsY which are involved in 
proteins translocation machinery exist in S. platensis genome. Fig. 5 represents 
“cmsearch” result, indicates how ncRNA candidate matches to SRP CM. 

 

Fig. 5. Alignment from cmsearch result represents matching between ncRNA candidate from S. 
platensis and CM of bacterial SRP. 

3.2.5   mir-598 
mir-598 is a type of microRNA which is widely observed in animals and plants. 
Characteristic of RNAs in this family is approximately 20-nt long stretch single 
stranded RNA which is processed from approximately 100 nt-stem loop RNA by pro-
teins complex. These microRNAs regulate translation by base-pairing mechanism to 
mRNA after incorporated with an argonaute protein complex [24]. In S. platensis, 
mir-598 candidate locates between predicted hydrogenase accessory protein HypB 
gene and predicted hydrogenase nickel insertion protein HypA gene. Although mi-
croRNAs have been reported only in mammalian and plants but argonaute protein 
homologues have been reported in several strains of cyanobacteria [25]. This may be 
considered as an RNA interference system in cyanobacteria. Fig. 6 shows “cmsearch” 
results which indicate how an ncRNA candidate is matched to mir-598 CM. 
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Fig. 6. Alignment from cmsearch result represents matching between ncRNA candidate in S. 
platensis and mir-598 CM. 

3.2.6   Bacterial Rnase P Type A 
A predicted locus, located on the upstream region of predicted adenylate/guanylate 
cyclase coding gene, matched with the CM of RNaseP constructed from conserved 
region of RNase P RNA. Bacterial endoribonuclease RNase P which composed of 
catalytic RNA domain and protein subunits is essential to generate mature 5' region of 
tRNA [26]. RNase P cleaves 5' element of pre-tRNA through hydrolysis at specific 
phosphodiester bond. In addition, other RNase P substrates have been reported also 
which are polycistronic mRNA [27], tmRNA [28], bacteriophage C4 antisense RNA 
precursor [29] and SRP RNA [30]. Fig. 7 represents “cmsearch” result which shows 
how ncRNA candidate is matched to CM of Bacterial RNaseP type A. 
 

 
Fig. 7. Alignment from cmsearch result represents matching between ncRNA candidate in S. 
platensis and CM of bacterial RNaseP type A. 

3.3   Non-coding RNA Target Prediction 

After excluding putative tRNA loci, interaction scores between each ncRNA candi-
date and all protein-coding sequences in S. platensis were calculated by IntaRNA. 
Candidates for ncRNA targets were extracted from upstream regions of predicted pro-
tein-coding genes of S. platensis (250 bases upstream of each start codon and 150 
bases downstream of each start codon for each protein-coding sequence). 

3.3.1   Yfr1 Predicted Targets 
Prediction result for Yfr1 indicates that Yfr1 interacts with its target by conserved 
region (5'-UCACUCCUCACACCACACU-3') located between two stem loops. The 
conserved region forms base pairing to putative 5' UTR of predicted ORFs listed in 
Table 1. Many interactions were predicted to occur around -20 to -6 nt (refer to ORF 
start codon) and some were predicted to occur within ORF region. Yfr1 may regulate  
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Table 1. Top rank of predicted targets for Yfr1 homolog 

gene name target on 
mRNA 

target on 
ncRNA 

Interaction 
score 

DegT/DnrJ/EryC1/StrS aminotransferase -20 .. -6 39 -- 52 -16.84 

Undecaprenyl-phosphate galactose phosphotransferase -100 .. -89 41 -- 52 -15.35 

phosphoenolpyruvate synthase 32 .. 43 38 -- 50 -15.35 

glutamate racemase 42 .. 56 35 -- 50 -15.33 

sulfotransferase  -80 .. -65 38 -- 52 -15.18 

chromosome partitioning protein, ParB family -226 .. -216 39 -- 50 -14.45 

DNA-cytosine methyltransferase 73 .. 84 36 -- 48 -14.19 

Amine oxidase -117 .. -102 38 -- 52 -14 

ATP-dependent metalloprotease FtsH -178 .. -164 38 -- 52 -13.93 

catalytic domain of components of various dehydrogenase 
complexes 

-224 .. -209 38 -- 52 -13.7 

 

 

Fig. 8. Predicted structure of putative Yfr1 in S. platensis using RNAfold [32]. Thick line 
represents interaction region and dot line represents A-U rich regions which are Hfq binding 
motif. 

translation of these genes since the predicted interaction regions are at putative ribo-
some binding sites. Furthermore, predicted Yfr1 structure at interaction site was 
closed by complementary base pairing from 5' and 3' tails which were adjacent to Hfq 
binding motif, indicated by A-U rich region and stem loop (Fig. 8) [31]. This suggests 
that Hfq may involve in Yfr1 target regulation by binding to the motifs to prevent an 
interaction site from pairing with those 5' and 3' tails. 

3.3.2   mir-598 Homolog Predicted Targets 
Predicted targets of mir-598 homologue are varied in term of functions and interac-
tion sites while predicted interacting site on mir-598 homolog are likely to be at 
around the 1st nt to the 50th nt and the 1st nt to the 14th nt as shown in Table 2. Consid-
ering to predicting interactions which occur at a half of stem loop on ncRNA (Fig. 9) 
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which is similar to interaction of micro RNA regulation in higher organisms, this may 
be RNA interference in S. platensis. 

Table 2. Top rank of predicted targets for mir-598 homolog 

gene name target on 
mRNA 

target on 
ncRNA 

Interaction 
score 

putative transposase -244 .. -197 1 -- 50 -24.24 

Hemolysin-type calcium-binding region -30 .. 24 3 -- 50 -22.09 

4-hydroxyphenylpyruvate dioxygenase 96 .. 140 28 -- 71 -19.89 

short-chain dehydrogenase/reductase 
SDR 

-136 .. -121 1 -- 16 -19.42 

SCP-like extracellular -21 .. 22 4 -- 50 -19.40 

glycosyl transferase family 2 -193 .. -132 1 -- 50 -19.37 

Polypeptide-transport-associated do-
main protein ShlB-type 

134 .. 147 1 -- 14 -17.95 

ribose-phosphate pyrophosphokinase -193 .. -180 3 -- 14 -17.47 

anaerobic ribonucleoside-triphosphate 
reductase activating  

-182 .. -133 3 -- 50 -17.28 

restriction endonuclease 134 .. 149 1 -- 14 -17.21 

homoserine kinase -19 .. 34 1 -- 50 -17 

 

 

Fig. 9. Predicted structure of mir-598 homolog using RNAfold. Thick line represent interaction 
region which is predicted to interact with targets.  

4   Conclusion and Further Works 

This work provided a set of 334 putative ncRNAs including of 129 known ncRNAs 
and 205 unkown loci for verification and further analysis. In addition, a list of pre-
dicted targets for these ncRNAs was also acquired. To investigate reliability and 
role(s) of predicted ncRNAs in S. platensis, an integrating information from 
“cmsearch” result, ncRNA target prediction, location of transcription regulatory site 
around ncRNA loci and ncRNA-protein(s) interaction will be performed before ana-
lyzing by experimental approach. 
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