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Introduction: One of the mosthazardous infections for humans is still Mycobacterium
tuberculosis. Finding the connections between various clinical strains has been a top
focus in epidemiological research.

Methods: In this work, we created a very strong phylogeny of Mycobacterium TB
using multilocus sequence analysis, or MLSA. To identify polymorphic nucleotide
sites, five gene fragments from the Rpsl (302 bp), MprA (559 bp), LipR (322 bp), KatG
(488 bp), and Fgd1 (266 bp) regions were subjected to MLSA, a single nucleotide
polymorphism (SNP)-based technique. The Hunter-Gaston Index (HGI) was used to
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measure the discriminatory power of each locus for all genes.

Results: Each distinct allelic profile in this investigation was given a sequence
type (ST) number; nine sequence types from a total of twenty strains were found,
suggesting a significant degree of strain diversity in this region.

Conclusion: Our results showed that the presence of high genetic diversity among
clinical isolates of M. tuberculosis in Northeast of Iran. There is no evidence for recent
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Introduction

Approximately one-third of the global
population is infected with Mycobacterium
tuberculosis (M. tuberculosis), the causative
agent of tuberculosis (TB), which results in
approximately 11 million TB infections and 1.6
million deaths annually [1-2]. M. tuberculosis
is one of the most successful human pathogens.
The public’s health greatly benefits from the
identification of the connections between various
clinical strains of Mtb [3-4]. Although, 1S6110
RFLP is known as gold standard of molecular
epidemiology studies of tuberculosis; but this

technique has serious limitation such as time-
consuming, expensive and cannot differentiate
the totally Mtb strains (particularly Beijing
strains) [3-6]. Moreover; the spoligotyping and
MIRU-VNTR are standard methodologies for
M. tuberculosis genetic epidemiology, but these
methods have low-discriminatory powers in
various studies; recent studies suggest that
SNPs are advantageous in phylogenetics [5-7].
It is dependable and easy to understand when
the nucleotide sequences of many genes from
several strains are determined. SNP-based
multilocus sequence analysis (MLSA) proved
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a potent technique for phylogenetic analysis of
closely related strains [8]. Genetic diversity is
low in M. tuberculosis compared to several other
bacterial species [9-11].

In order to achieve the epidemiological
relationships of clinical strains in phylogenetic
studies, we studied five gene fragments from
the Rpsl (30S ribosomal subunit protein, 302
bp), MprA (Response regulator MprA4, 559bp),
LipR (Acetyl-hydrolase, 322bp), KatG (Catalase-
peroxidase, 488bp) and Fgdl (Oxidoreductase,
266 bp), as common genes in all M. tuberculosis
strains for the first time in the world.

Materials and Method
Bacterial isolates

In 2017, the Regional Reference Tuberculosis
Laboratory in northeastern Iran identified twenty
clinical isolates of Mycobacterium tuberculosis
from patients suffering from pulmonary
tuberculosis. This study also used H37RV
(ATCC27294) as a reference strain. The sputum
samples were inoculated on the Lowenstein-
Jensen media after being decontaminated using
the conventional Petroff’s procedure [12]. For the
purpose of confirming the species, the positive
cultures underwent niacin testing and PCR for
the 1S6110 insertion sequence. Using the CTAB
technique, DNA was isolated from M. tuberculosis
isolates [13].

Gene selection

During the gene selection phase, all M.
tuberculosis strains accessible in the NCBI's
genome sequences were aligned using MEGA
software [13-14] for each gene in order to
identify SNPs. Polymorphic nucleotide sites
were found using the genome sequence H37RV
(NC 000962.3) as a reference. The Hunter-
Gaston Index (HGI) was used to quantify the
discriminatory strength of each locus for all
isolates [15-16]. The genes must be a single copy
throughout the whole genome and cannot be
prone to horizontal gene transfer, according to

Table 1. Sequences of primers used in PCR and SNP analysis

the selection criterion [17]. Finally, the five genes
(rpsl, lipR, fgd1, mprA, katG) were chosen for this
study according to these criteria.

PCR amplification and sequencing of the genes

Primer3 [18] was used to generate primers
for amplifying these genes, which are given in
Table 1. With an initial denaturation at 95°C for 5
minutes, subsequent denaturation at 94°C for 45
seconds, annealing at 56°C-64°C for 45 seconds,
depending on the primers, elongation at 72°C for
45 seconds, and a final extension at 72°C for 5
minutes, thermal cycling was done in 35 cycles.
Next, the ABI 3730XL DNA Analyzer was used to
sequence DNA.

Results & Discussion

BLAST  (http://blast.ncbi.nlm.nih.gov/Blast.
cgi) and multiple alignments with the reference
sequence H37Rv, which is accessible in the NCBI
(GenBank: NC 000962.3), were used to compare
the sequencing findings [18-19]. With the
use of Mega software, the SNPs for every gene
were identified; Table 2 displays the findings.
Ultimately, two models—one character-based
and the other distance-based—were compared
in the analysis of the phylogeny and sequencing
data. Following many alignments for each gene,
separate alleles were found using the character-
based technique, and the combination of the
five MLSA allelic numbers was recognized as
a distinct multilocus sequence type (ST). The
distance matrix calculates the “genetic distance”
for each gene between the sequences. Originally
applied to phenetic data, this approach was
employed in phylogeny as a non-parametric
distance method that required an MSA (multiple
sequence alignment) as an input. It used a matrix
of pairwise distances. Using the sequence query
set, distance techniques try to create an all-to-
all matrix that describes the separation between
each pair of sequences [19]. Finally, the Vector
NTI program was used to examine SNP data,
including sSNPs (synonymous) and nsSNPs

Genes

Primers sequences Annealing (C) Size (bp)

F:5’- TCGGGACAAGATCAGTAAGG-3’

Rpsl (30s ribosomal protien S12) R:5'- GCCTGTTTGCGGTTCTTG-3' 47 390
MprA (Mycobacterial persistence regulator MprA) RIS:'SG'I(‘: :ég:g ((}}'II} ggg ((:::(?'I(‘:C%gy 48 188
LipR (Putative acetyl hydrolase LipR) FR55G ggé&%&%%%ﬁ?f 48 246
KatG (Catalase-peroxidase-peroxynitritase) RFS?-,(-;g gégggggggﬁgg GT’?XXQ;?:;’ 49 599
Fgd1 (F420-dependent glucose-6-phosphate dehydrogenase) F:5 AGCTGGCATTGAACAACACC-3 49 549

R:5’- CAGGTCCGACTGGAAGAGC-3’
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Table 2. Allelic diversity and HGI indexes of each locus

Genename HGI Variable allele Numb.e gt
strains

Rpsl 0.94 (G) 128 3

LipR 0.98 (C) 43,72 10

Fgd1 0.95 (€) 960

katG 095 (G)1280,1212 4

MprA 0.99 (T) 399,621

(non-synonymous). SNP data analysis shows 31
variable SNP sites among these strains.

A sequence type (ST) number was assigned to
each unique allelic profile and finally nine STs
were identified from 20 strains (Table 3).

For each gene, distance matrix was determined
as the distances of each strain in the total number
of strains, and the final distance-based for 5 genes
obtained, by taking the average of total distance
matrix (Figure 1). These results provide the most
accurate evolutionary distance.

Following character-based phylogeny, the ST
dendrogram was computed and compared to the
evolutionary distance matrix.

When two strains are placed in one ST type,
they have a minimum difference, and their
associated distance matrix is also zero, showing
that two phylogenic methods are changing in the
same direction.

There are 31 variable SNP sites among 20
isolates, these polymorphisms comprised of 6
nsSNPs, 25 sSNPs. In Rpsl, three nsSNP, in KatG
three nsSNP and 1 sSNP, in MprA five sSNP, in LipR
ten sSNP and in Fgd, nine sSNP were found. In
our study, sSSNPs were much more abundant than
nsSNPs. The mutation in codon 128 of rpsl led to
changes of lysine to arginine, and the mutation in
codon 1280 of katG led to changes of alanine to
glycine.

D1 102 D3 105 D6 07 D8 D3 1010

DL 0

D2 0.0006 0

D3 0 0.0006 0

D5 0 0.0006 o 1

D6 0.0022 0.0028 00022 0.0022 o

07 0 0.0006 0 0 0.0022 0

D8 0.0032 0.0036 00032 0.0022 00018 0.0032 1]

[[a:] 0.004 0.0044 0.004 0.004 0.0018 0.004 0.0008 o

D10 0.0014 0.002 0.0014 0.0014 0.0008 0.0014 0.0026 0.0026 ]
D11  0.0008 0.0014 0.0008 0.0008 0.0014 0.0008 0.0024 0.0032 0.0024
iDiz  0.0018 0.0024 00012 0.0018 0.0004 00018 00014 0.0022 0.0012
D13 0 0.0006 o 0 0.0024 0 0.0032 0,004 0.0014
014 0 0.0006 0 0 0.0024 0 0.0032 0,004 0.0014
D15 0.0032 0.0036 0.0032 00032 0.0014 0.0036 0 0.0008 0.003
D16 0.0024 0.0028 0.0024 0.0024 0 0.0024 0.0018 0.0018 0.0008
D17 0.0018 0.0024 0.0018 0.0018 0.0004 0.0013 0.0014 0.0022 0.0012
D18 0 0.0006 o 0 0.0024 0 0.0032 0.004 0.0014
D19 0 0.0006 0 0 0.0024 0 0.0032 0.004 0.0014
D21 0.0012 0.0024 0.0018 00018 0.0004 00018 00014 0.0022 0.0012
D23 0 0.0006 0 0 0.0024 00,0032 0.004 0.0014

1011

o
0.001
0.0008
0.0008
0.0028
0.0014
0.001
0.0008
0.0008
0.001
0.0008

Table 3. Results of sequencing and allele counts of different
STs in clinically isolates of M. tuberculosis

Code rpsl katG lipR mprA Fgd Sequence
type
1 1 2 1 1 1 ST1
2 1 1 2 2 2 ST2
3 1 1 2 2 2 ST2
4 1 2 2 3 2 ST3
5 1 1 1 2 2 ST4
6 1 1 2 1 2 ST5
7 1 1 2 1 2 ST5
8 1 1 2 1 2 ST5
9 1 1 2 1 1 ST6
10 2 2 3 1 2 ST7
11 2 2 2 1 2 ST8
12 1 1 1 1 1 ST9
13 1 1 1 1 1 ST9
14 1 1 1 1 1 ST9
15 1 1 1 1 1 ST9
16 1 1 1 1 1 ST9
17 1 1 1 1 1 ST9
18 1 1 1 1 1 ST9
19 1 1 1 1 1 ST9
20 1 1 1 1 1 ST9

Thousands of SNPs have been found in clinical
isolates of Mycobacterium TB as a result of
recent improvements in DNA sequencing. Our
knowledge of the distinctions and evolutionary
links across strains has been altered by this
genetic diversity. A comprehensive database
including SNP data is still lacking, despite the
significance of SNPs for our comprehension
of the variety of M. tuberculosis populations.
We identified 31 variable SNP locations in this
investigation. This result is consistent with the
Gagneux study’s outcome, which demonstrated
that SNPs are reliable markers for strain
categorization and phylogeny inference [20-
21]. The majority of SNPs in M. tuberculosis are

D12 1013 1D14 D15 D16 D17 D18 D13 D21 1023
L]
0.0018 o
0.0018 0 0
0.0014 0.0032 0.0032 ]
0.0004 0.0024 0.0024 0.0018 0
0 0.0018 0.0018 0.0014 0.0004 o
0.0018 o 0 0.0032 0.0022 0.0013 0
0.0018 o 0 00032 0.0022 0.0018 o 1]
0 0.0018 0.0018 0.0014 0.0004 0 0.0018 0.0018 0
0.0018 0 0 00032 0.0024 0.0018 0 0 0.0018 L

Figure 1. Pairwise genetic distances based on the five genes nucleotide polymorphism among M. tuberculosis strains
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found in genomic regions that code for proteins.
sSNP and nsSNP are two further classifications
for coding SNPs based on whether or not they
alter the sequence of amino acids [22-23].
There were six nsSNPs and twenty-five sSNPs
in the polymorphisms in this study. Our strains
were categorized into nine sequence types (ST)
using a distance matrix and a character-based
phylogenetic dendrogram. This suggests that
there are a large variety of strains in this region
of the nation. Between strain 9 (containing
Mtb1,2,3,5,7,11,1,19) and strain 8 (containing
Mtb2,3,7,14), the greatest evolutionary gap was
found. Additionally, if a mutation rate is known,
SNPs may be used to calculate the evolutionary
distances between strains and, if genetic
distance is known, to estimate the period of
strain divergence [24]. Non-sequence-based
technologies like spoligotyping and VNTR-based
approaches have established the gold standard
for regular genotyping of these species because
typical sequence-based genotyping like MLST
is not suitable for these bacteria [25]. But given
the intrinsic phylogenetic constraints of these
techniques and the results shown here, it is not
recommended to utilize them for evolutionary
research. Instead, the final phylogeny should be
based on more reliable markers, such as SNPs
for DNA sequence data. However, several models
of molecular evolution have been created from
empirical data, and a strong statistical framework
has been established to assess these models’
suitability for phylogenetic connection inference
[26]. M. tuberculosis strains were shown to have
a reduced rpsl phylogenetic capacity than other
strains based on partial gene sequence analysis
of rps], lipR, katG, fgd1, and mprA. Based on the
SNP data shown in table 3, 10 strains belonged to
ST9, 3 strains belonged to ST5, 2 strains belonged
to ST2 and only one isolate belonged to other
sequence types. In Bing et al. study, 11 sequence
types (STs) among 44 M. tuberculosis strains were
discovered [25]. In their 108 strains of 89 genes,
Hershberg et al. found 488 SNPs in total. These
genes included those encoding a novel bacterial
secretion mechanism, DNA repair genes, novel
antigens, and housekeeping genes and antigens
[26]. They were also genes of interest as potential
new therapeutic targets.

Conclusion

There is serious challenging with molecular
epidemiology of M. tuberculosis strains; However,
SNPsanalysis can reliable technique for molecular
epidemiology studies of circulating strains within
the geographic regions and can be applied in the
regional control disease plans.
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