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INTRODUCTION

Tuberculosis (TB) is the most widespread respiratory infectious disease, and it has the largest incidence. The number of
active pulmonary TB patients is approximately 20 million worldwide. Each year, there are 8-10 million TB cases, and 2 million
people die from the disease 2. Although TB was largely eliminated in the 1950s, a recent survey showed a reemergence in the
incidence of TB during the past 20 years . The reemergence of TB is due to its multiple drug resistance, HIV infections, and
lower immunity in the elderly population . In addition, the early symptoms of TB patients are similar to the symptoms of asthma,
pneumonia, lung cancer, and other diseases, which can delay the diagnosis of TB and lead to mass infections ®. Therefore, to
control the spread of TB more effectively, determining rapid and accurate early diagnostic methods is of great importance.

Polymerase chain reaction (PCR) is a simple, rapid, sensitive, and specific gene diagnostic technology 1. However, there may
be problems in the process of DNA amplification if the specificity of the diagnostic target is weak. In these cases, false positive
and false negative results may occur [,

Modern computational biology and bioinformatics provide powerful tools to screen new diagnostic targets for Mycobacterium
tuberculosis 9, In this study, our goal was to compare all genes of M. tuberculosis H37Rv to all microbial genes that have been
sequenced by genome-wide high-throughput scanning technology to identify genes specific to M. tuberculosis. After identifying
targets for the early diagnosis of tuberculosis, we aimed to validate the specificity of the target genes on clinical M. tuberculosis
specimens using the PCR.
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METHODOLOGY

Data collection

The genome sequences of all microorganisms and the standard M. tuberculosis strains H37Rv, H37Ra, CDC1551, F11, and
KZN1435 (National Center for Biotechnology Information [NCBI] numbers NC_000962, NC_009525, NC_002755, NC_009565,
and NC_012943, respectively) were collected and downloaded from GenBank to a local disk.

Screening for genes specific to M. tuberculosis H37Rv using genome-wide high-throughput scanning technology

The latest version of the Basic Local Alignment Search Tool (BLAST) for Win-32 was downloaded (ftp://ftp.ncbi.nim.nih.gov/
blast/). The blast/bin directory was entered at the command line after decompression and installation. The makeblastdb was
produced and executed with the following command: -in D:\blast\DB\in.fasta; -dbtype nucl; -out. D:\blast\DB\in. D:\blast\DB\
in.fasta was the source file directory, and D:\blast\DB\in was the target database directory. Finally, the sequence comparison
was made to all microorganisms by entering each H37Rv gene. Only the results under 0.00001 were displayed and stored in D:\
blast\DB\out.txt.

Bacterial strains

The 15 bacterial strains were from The First Bethune Hospital of Jilin University. All of the strains were isolated from clinical
sputum and verified to be M. tuberculosis by bacterial culture and serological experiments.

Extraction of genomic DNA from clinical sputum samples

DNA was isolated from sputum samples. The sputum samples were decontaminated, and then the DNA was isolated
according to the previously published method ™%,

PCR primer design

Primers were designed based on gene sequence information from the GenBank database, and Primer Premier 5 was
adopted in software-aided design. The conserved sequences of the gene coding regions (CDS) were selected for primer design.
The pre-amplification fragments covered most of the main amino acids sites of the CDS. The synthesis process was completed by
Sangon Biotech, LLC.

PCR conditions

The following standard PCR conditions were used: 5 min at 94 °C for pre-denaturation, 30 s at 94 °C for denaturation, 30
s at 55°C for annealing, and 60 s at 72 °C for extending. The 30 cycles were followed by a final extension at 72°C for 10 min.

Ethical consideration

Ethical approval to conduct the study was obtained from institutional ethic review committee before the commencement of
the study. Patients were required to sign a written informed consent for the study and for tuberculosis testing.

RESULTS

Candidate diagnostic targets

We compared all genes of M. tuberculosis H37Rv to all other microbial (not include Mycobacterium species) genes that have
been sequenced using BLAST (E-value<e-5, sequence identity>95%). We screened out the genes that were only present in the
standard strain H37Ryv, but did not exist in other microorganisms. These 12 candidate genes have the potential to be diagnostic
targets for TB (Table 1).

Table 1. Candidate diagnostic target genes of H37Rv.

Gene Function
Rv1512 nucleotide-sugar epimerase epiA
Rv1513 hypothetical protein
Rv1516¢ sugar transferase
Rv1973 MCE associated membrane protein
Rv1974 hypothetical protein
Rv2646 Integrase
Rv2655c¢ phiRv2 prophage protein
Rv2659c phiRv2 prophage integrase
Rv3119 molybdenum cofactor biosynthesis protein E
Rv3120 hypothetical protein
Rv3617 epoxide hydrolase
Rv3738c PPE family protein
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Screening by bibliometric method

The candidate diagnostic genes may have been identified previously by other methods, so we performed searches using the
bibliometric method 2. We found that Rv1512, Rv1516, Rv1973, Rv2646, and Rv3617 have previously been used as diagnostic
targets (Table 2). Therefore, we excluded these five genes from further analysis.

Table 2. Genes that have been previously used as diagnostic targets.

Gene Function Reference
Rv1512 nucleotide-sugar epimerase epiA [15]
Rv1516¢ sugar transferase [16]
Rv1973 MCE associated membrane protein [17]
Rv2646 Integrase [18]
Rv3617 epoxide hydrolase [19]

Screening for genetic stability

The stability of a diagnostic target is an important factor, and one criterion for stability is whether the flanking sequences
contain transposons, integrons, or other movable genetic elements. Therefore, we analyzed the transposons, integrons, and
other movable genetic elements in the flanking sequences within 1500 bp of the candidate diagnostic targets. Many transposons
were present within 1500 bp of Rv2655 and Rv2659c, so these genes were very unstable for use as diagnostic targets. There
were anomalous regions and labile regions within 1500 bp of Rv3119, Rv312, and Rv3617, so these genes were not suitable
as diagnostic targets. Table 3 shows details about the flanking sequences around the candidate diagnostic genes. From this
analysis, Rv1513, Rv1974, and Rv3738 had conservative flanking sequences.

Table 3. Flanking sequences of candidate diagnostic targets in H37Rv.

G 1500 bp flanking region

ene tRNA Transposase phage
Rv1513
Rv1974
Rv3738c
Rv2655¢
Rv2659c¢
Rv3119
Rv3120

+ + 4+ o+

Homology screening

Because we only scanned the genome of M. tuberculosis H37Ryv, there remained questions about whether these diagnostic
genes were also specific for other M. tuberculosis strains. We compared the diagnostic genes to the genomes of four other strains
of M. tuberculosis (H37Ra, CDC1551, F11, and KZN1435), and the results showed that the genes were highly conservative
(Figure 1). The names of the three conserved genes in the five M. tuberculosis standard strains are shown in Table 4.

H37Rve i
H3T7Ra+
CDC1551 «=
Fll«
KZN1435¢ -
Figure 1. Comparison of the genomic sequences of five M. tuberculosis strains (In the standard color scheme, the region of sequence covered

by a colored block is entirely collinear and homologous among the genomes).
Table 4. Comparison of genes name of five M. tuberculosis strains.

H37Rv H37Ra CDC1551 F11 KZN1435
Rv1513 MRA_1523 MT1561 TBFG_11545 TBMG_02464
Rv1973 MRA_1981 MT2022 TBFG_12001 TBMG_02018

Rv3738c MRA_3778 MT3848 TBFG_13772 TBMG_03785

PCR validation of the diagnostic targets in clinical strains of M. tuberculosis

We screened the three candidate diagnostic targets: Rv1513, Rv1973, and Rv3738, by using BLAST, the bibliometrics
method, and the stability filter method. The three genes were specific and stable for use as new diagnostic targets, but still needed

RRJMB | Volume 4 | Issue 4 | October-December, 2015 11



e-ISSN:2320-3528
p-ISSN:2347-2286

to be verified by PCR. We extracted DNA from 15 clinical M. tuberculosis strains and performed PCR using the primers shown
in Table 5 for the three candidate diagnostic targets. The PCR results shown in Figure 2 demonstrate that the positive rate of
detecting the three genes in clinical isolates was 100%, and there was good sensitivity and accuracy.

Table 5. PCR primer sequences.

Gene Sequence (5'-3') Expected length (bp)
s TOGGCCTECAGCATIC 360
o GacaTIGacGAAGTTAT 7
S

2000bp
1000bp
S00b

1888R

2000bp
1000BD

2888p

100bp

2000k
1000 bR

L 1 2 1 4 5 & 7 & ©9 10 11 12 13 14 15

Figure 2. PCR results for Rv1513 (top), Rv1974 (middle), and Rv3738 (bottom) in 15 clinical M. tuberculosis strains.
Validation that PCR for TB diagnostic targets are negative in asthma, pneumonia, and lung cancer samples

Early signs of asthma, pneumonia, and lung cancer are similar to TB. Patients with these disorders present coughs and lung
shadows in computed tomography scans, making it difficult to differentiate TB from these other diseases. To test the specificity of
the three diagnostic genes, we performed PCR to detect the diagnostic targets in asthma, pneumonia, and lung cancer samples.
The PCR results in the asthma, pneumonia, and lung cancer samples were all negative.

DISCUSSION

In this study, we compared all genes of M. tuberculosis H37Rv to all microbial genes that been sequenced by genome-
wide high-throughput scanning technology, and identified 12 genes that are only present in M. tuberculosis. Three of these
genes, Rv1513, Rv1976, and Rv3738, can be used for early diagnostic screening. The specificity of using these three genes for
diagnostic screening was validated on clinical M. tuberculosis specimens using the PCR method. Additionally, when these genes
were used as diagnostic targets for asthma, pneumonia, and lung cancer, which have symptoms similar to TB symptoms, the
results were negative, indicating that the genes are specific for TB. Therefore, these three genes have a high potential for use as
early diagnostic targets of TB.

Of the 12 genes we identified by genome-wide high-throughput scanning technology, five have already been used in PCR
diagnostic methods. These genes account for 42% of the genes identified in our screen, indicating that genome-wide high-
throughput scanning filters out diagnostic targets. These five genes have been used as tuberculosis diagnostic targets only on a
small scale and are not gold standards. Although the genes are specific for M. tuberculosis, the stability of these genes was not
screened, and this omission may lead to a certain amount of false positives in PCR assays for M. tuberculosis detection.

We verified that there was a 100% positive rate of detecting the three candidate target genes by PCR in some M. tuberculosis
clinical strains. The PCR results showed good sensitivity and accuracy, indicating that the genes may be used as early diagnostic
targets of M. tuberculosis following validation and clinical testing in large scale samples. We also verified that there was a 100%
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negative rate of detecting the three candidate target genes by PCR in asthma, pneumonia, and lung cancer samples because
these disease have similar symptoms to TB. This result demonstrated that the genes we identified by high-throughput screening
exist only in M. tuberculosis, and do not exist in other pathogens or non-tuberculosis pathogens.

Diagnostic targets must have two characteristics: strong specificity and stability. The genes filtered out by genome-wide high-
throughput scanning technology have very strong specificity. Besides screening for specificity, we also screened for the stability of
the diagnostic targets in this study. To some extent, this screening may eliminate false positives when detecting M. tuberculosis.
We screened the flanking sequences of the genes for transposons, integrons, and other movable genetic elements to determine
the stability of the three target genes. Rv1513, Rv1973, and Rv3738 have conservative flanking sequences, and thus can be used
as diagnostic targets.

Rv3738 belongs to the Pro-Pro-Glu (PPE)/Pro-Glu (PE) family, which is a specific protein family of Mycobacterium that is
involved in the pathogenicity and infection of M. tuberculosis*®*4. Genes of the PE/PPE family were once used as diagnostic
targets, but because these genes were screened only for specificity and not for stability, these targets are prone to false positive
or false negative results®. In this study, the Rv3738 gene was screened for specificity by whole genome scanning technology and
for stability, so it can be used appropriately as a diagnostic target. The genic functions of Rv1513 and Rv1973 are unknown. We
speculate that they may be specific and necessary genes in the M. tuberculosis family.

CONCLUSION

In this study, 12 candidate diagnostic genes were filtered out using bioinformatics. Following data mining and screening for
stability, we identified Rv1513, Rv1973, and Rv3738 as new, highly specific diagnostic targets for M. tuberculosis. According to
PCR testing, these three diagnostic targets are only present in M. tuberculosis and are not present in other organisms or non-
tuberculosis diseases, so the genes can be used as diagnostic targets for TB. This simple and rapid diagnostic method can be
applied in the early diagnosis of TB and to prevent large-scale transmission of the disease.
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