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Assessment of bacterial ncCRNA gene prediction tools using bacterial
genomes with different G+C content
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(State Key Laboratory for Microbial Metabolism, School of Life Sciences & Biotechnology, Shanghai Jiao Tong
University, Shanghai 200030, China)

Abstract: [Objective] Bacterial ncRNAs are a versatile class of non-coding RNA which plays an
important role in the process of microbial life. In this study, we assess three ncRNA
gene-prediction tools used frequently with the different bacterial genomes. [Methods] Prediction
tools representing the position weight matrix method (sSRNAscanner), comparative genomics method
(sRNAPredict) and machine learning method (PORTRAIT) were tested by using 7 BSRD-archived
bacterial genomes with low, middle and high G+C contents, each of which contains more than 30
experimentally verified ncRNA genes. A set of genomic G+C content-associated position weight
matrixes of transcription initiation and termination regions of ncRNA genes was generated and
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employed to test sSRNAscanner prediction. [Results] The sRNAPredict tool had higher specificity
and positive prediction value, but lower sensitivity than PORTRAIT. The performance of both tools
varied with the selected strains of different G+C contents. The obtained G+C content-associated
matrix slightly improved the average accuracy of sRNAscanner. [Conclusion] The changing
accuracy of the bacterial ncRNA gene detection tools under study was attributed to genomic G+C
heterogeneity. Conserved sequence features of ncRNA gene promoters and terminators in genomes
sharing similar G+C contents may be helpful to enhance bacterial ncRNA genes prediction.

Keywords: Bacterial ncRNA gene, Genomic G+C content, Transcriptional initiation region,

Transcriptional termination region, Prediction
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Table 1 BSRD-archived bacterial genomes contained more than 30 ncRNA genes

NCBI G+C ncRNA
No. Strains Accession No. G+C content (%) ncRNA gene number
1 Staphylococcus aureus subsp. aureus N315 NC 002745 33 57
2 Helicobacter pylori 26695 NC_ 018939 39 80
3 Synechocystis sp. PCC 6803 NC 000911 48 75
4 Escherichia coli K-12 MG1655 NC_000913 51 63
5 Salmonella enterica serovar Typhimurium SL1344 NC_016810 52 113
6 Salmonella enterica serovar Typhimurium LT2 NC 003197 52 68
7 Mycobacterium bovis BCG str. Pasteur 1173P2 NC_008769 66 36
8 Pseudomonas aeruginosa UCBPP-PA 14 NC_008463 66 66
9 Pseudomonas aeruginosa PAO1 NC 002516 67 117
(Staphylococcus aureus ncRNA

subsp. aureus N315  NCBI RefSeq

NC 002745 G+C 33%) sRNAPredict

(Helicobacter pylori 26695 NC 018939 PORTRAIT €))

G+C 39%) G+C (Positive dataset) BSRD 9
(Synechocystis sp. PCC 6803 ncRNA 70 nt
NC_000911 G+C 48%) 50 nt ncRNA
(Escherichia coli K-12 MG1655 NC_000913 2 (2) (Negative
G+C 51%) (Salmonella enterica  dataset) 9 700 nt
serovar Typhimurium SL1344 NC 016810 NCBI  Refseq
G+C 52% Salmonella enterica serovar  (Protein-coding sequences CDS)
Typhimurium LT2 NC_003197 G+C CDS 2 ncRNA
51%) G+C 40—-500 nt 70 nt 50 nt
(Pseudomonas aeruginosa UCBPP-PA14
NC 008463 G+C 66% 700nt  CDS ®)
Pseudomonas aeruginosa PAO1 NC_002516 (Sensitivity) (Specificity)

G+C 67%) (Positive prediction value PPV)
(Mycobacterium bovis BCG Pasteur 1173P2 sRNAPredict ~ PORTRAIT
NC_008769 G+C 66%) G+C TP

30 (True positive) TN (True negative) FP

ncRNA 9 (False positive)  FN (False
necRNA negative)™”’

STy o

G+C PPV=TP/(TP+FP) 3)
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Table 2 Prediction accuracy of SRNAPredict and PORTRAIT for bacterial ncRNA genes

(G+C Y[ 1 ] sRNAPredict PORTRAIT
Strain (G+C content) [Positive data][Negative data] Results ncRNA CDS ncRNA CDS
Staphylococcus aureus N315 (33%) ncRNA TP=5 FP=0 TP=41 FP=94
[57][2 486] CDS FN=52  TN=2486 FN=16 TN=2392
Sensitivity ~ 8.77% 71.03%
Specificity ~ 100% 96.22%
PPV 100% 30.37%
Helicobacter pylori 26695 (39%) ncRNA TP=2 FP=0 TP=71 FP=107
[80][1 504] CDS FN=78  TN=1504 FN=9 TN=1 397
Sensitivity ~ 2.50% 88.75%
Specificity ~ 100% 92.89%
PPV 100% 39.89%
Synechocystis sp. PCC 6803 (48%) ncRNA TP=0 FP=0 TP=60 FP=78
[75][2 981] CDS FN=75  TN=2981  FN=15  TN=2903
Sensitivity 0 80%
Specificity ~ 100% 97.38%
PPV 0 43.48%
Escherichia coli K-12 MG1655 (51%) ncRNA TP=32 FP=0 TP=48 FP=94
[63][3 925] CDS FN=31  TN=3925 FN=15  TN=3831
Sensitivity ~ 50.79% 76.19%
Specificity ~ 100% 97.61%
PPV 100% 33.80%
Salmonella enterica serovar Typhimurium SL1344 (52%) ncRNA TP=— FP=— TP=89 FP=100
[113][4 217] CDS FN=— TN=— FN=24  TN=4117
Sensitivity - 78.76%
Specificity - 97.63%
PPV = 47.09%
Salmonella enterica serovar Typhimurium LT2 (52%) ncRNA TP=51 FP=0 TP=52 FP=107
[68][4 227] CDS FN=17 TN=4227 FN=16 TN=4120
Sensitivity ~ 75.00% 76.47%
Specificity 100% 97.47%
PPV 100% 32.70%
Mycobacterium bovis BCG str. Pasteur 1173P2 (66%) ncRNA TP=13 FP=0 TP=33 FP=89
[36][3 719] CDS FN=23 TN=3719  FN=3 TN=3 630
Sensitivity ~ 36.11% 91.67%
Specificity ~ 100% 97.61%
PPV 100% 27.05%
Pseudomonas aeruginosa UCBPP-PA 14 (66%) ncRNA TP=8 FP=0 TP=38 FP=79
[66][5 551] CDS FN=58  TN=5551 FN=28  TN=5472
Sensitivity  12.12% 57.58%
Specificity ~ 100% 98.58%
PPV 100% 32.48%
Pseudomonas aeruginosa PAO1 (67%) ncRNA TP=20 FP=0 TP=77 FP=41
[117][5 253] CDS FN=97  TN=5253 FN=40 TN=5212
Sensitivity 17.09% 65.81%
Specificity ~ 100% 99.22%
PPV 100% 65.25%

Note: TP: True positive; TN: True negative; FP: False positive; FN: False negative. PPV: Positive prediction value. Positive data: ncRNA
genes collected by BSRD; Negative data: All the annotated CDS in the size of less than 700 nt. —: No sRNAPredict-prediction results
found for Salmonella enterica serovar Typhimurium SL1344.
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Figure 2 Conserved bases in the promoter regions of the
bacterial ncRNA genes classified by genome G+C content
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(45%-60%); C: Genome with low G+C content (<45%); D:
Genome with high G+C content (>60%). Conserved sequence
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Table 3 ncRNA gene prediction results of sSRNAscannerl and sRNAscannerl|
ncRNA
(G+C ) ncRNA gene No.
o Oy T
sRNAscannerl sRNAscannerll BSRD sRNAscannerl and II
Staphylococcus aureus N315 (33%) 2.9 123[217* 349[29]° 57 83
Helicobacter pylori 26695 (39%) 1.7 71[0]° 201[22] 80 0
Synechocystis sp. PCC 6803 (48%) 3.6 26[071° 11[0]* 75 2
Escherichia coli K-12 MG1655 (51%) 4.7 83[15]* 48[91" 63 12
sl o 0
siorela e s O :
Il\/i);%olf);((:zzrol/tj)rn bovis BCG str. Pasteur 44 1[0]" 33[0]" 36 0
T e oo wrws o« |
Pseudomonas aeruginosa PAO1 (67%) 6.4 12[2]* 45[9]° 117 0
Note: *: Number of predicted ncRNA genes matching to the ncRNA genes collected by BSRD.
ncRNA sRNAscannerl 184% ncRNA 3 18%
183% G+C sRNAscannerll 48 ncRNA
3 200% 275% 340% 7 2 19% 63
G+C ncRNA 12 7
sRNAscannerll  sRNAscannerl G+C sRNAscannerl
58% 42% 18% 46% ncRNA 74 83 ncRNA 1
sRNAscanner BSRD ncRNA 15%
1% sRNAscannerll 60 45 ncRNA
G+C 15% 20% sRNAscannerl
ncRNA G+C
ncRNA sRNAscannerl = sRNAscannerll 26
11 ncRNA BSRD ncRNA
ncRNA BSRD ncRNA 0 G+C
ncRNA BSRD sRNAscannerl 71
BSRD ncRNA BSRD BSRD ncRNA
ncRNA ncRNA 0 sRNAscannerlIl
(  4) sRNAscannerl 201  ncRNA  BSRD
G+C 83 11 11%
ncRNA BSRD 12 G+C sRNAScannerl
71 ncRNA BSRD sRNAscannerIl 123 349
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