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ABSTRACT

Background and Objectives: The Beijing family of Mycobacterium tuberculosis has been identified as a severe pathogen
among this species and found in many clinical isolates during the last decade. Early identification of such genotype is import-
ant for better prevention and treatment of tuberculosis. The present study performed to compare the efficiency of Real-Time
PCR and IS6110-Based Inverse PCR methods to identify the Beijing family.

Materials and Methods: This study was carried out on 173 clinical isolates of Mycobacterium tuberculosis complex in
Golestan Province, northern Iran. DNA extraction performed by boiling and determining the Beijing and non-Beijing strains
carried out using Real-Time PCR and IS61/0-Based Inverse PCR.

Results: In both Real-Time PCR and IS61//0-Based Inverse PCR method, 24 specimens (13.9%) of the Beijing family were
identified and the result of the [S6//0-Based Inverse PCR method showed that all the Beijing strains in this region belonged
to the Ancient Beijing sub-lineage.

Conclusion: Although the efficacy of the two methods in the diagnosis of the Beijing family is similar, the IS67//0-Based

Inverse PCR is more applicable to the ability to detect new and old Beijing family.
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INTRODUCTION

Although the prevalence of tuberculosis has been
declined in the world in recent years, but is still
among the top 10 causes with a death toll of 1.3 mil-
lion worldwide, ranking above HIV/AIDS in 2016
(). There is 7 major M. tuberculosis lineage asso-
ciated with specific geographic regions, that genetic
differences between them affect the distribution and
prevalence in different regions (2, 3). In addition, the
pathogenicity, geographical distribution, antibiotic
resistance and lack of response to treatment are also
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different (4-6). Determination of these genotypes
can be an important method of understanding patho-
genicity and control of tuberculosis in each region.

Strains of the Beijing family are responsible for
many cases of tuberculosis epidemics and phyloge-
netically belong to second tuberculosis lineage (East-
Asian). Firstly, it was reported in the northwest of
China (7, 8). These strains have a higher virulence
(9), antibiotic resistance (10, 11), rapid transmission
ability (12) and relapse (13) than the other lineages
and more prevalence across Asia and countries such
as the Soviet Union and several other geographic re-
gions such as North America (14, 15).

Several studies have shown that the isolates of Bei-
jing family of Mycobacterium tuberculosis complex
(MTBC) also have genetic heterogeneity (16, 17).
Based on the presence or absence of IS61/0 insertion
sequences in the noise of transfer function (NTF)
area (18), this family is divided into old and modern
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sub-lineages. It has been shown that the severity and
progression of the disease, the rate of transmission,
antibiotic resistance and the geographical distribu-
tion of the new sub-lineage are greater than the old
ones (16, 19, 20).

It is anticipated that modern sub-lineage would
have a selective advantage over the old, which can
be evaluated by examining differences in the charac-
teristics of virulence. These sub-lineages, other than
Korea and Japan, are the most prevalent in many
other countries (17, 18, 20) and even in Japan are in-
creasing rapidly (21).

Therefore, the aim of this study was to compare the
efficiency of both Real-Time PCR and [S6//0-Based
Inverse PCR methods to identify the Beijing family.

MATERIALS AND METHODS

Sample collection of TB patients. Pure colonies
of 173 non-repetitive confirmed MTBC on Léwen-
stein—Jensen medium reconstituted. These MTBC
isolates collected from tuberculosis patients in Go-
lestan Province southeast of the Caspian Sea, during
2016 and diagnosed according to biochemical tests
as mentioned previously by Babai et al. (22). In ad-
dition, the pure culture of M. tuberculosis H37RV
and 14 Non-tuberculosis species of Mycobacteria
(23) also used as positive and negative controls, re-
spectively. This research has been approved by na-
tional committee for medical ethics (IR.GOUMS.
REC.1396.230).

Genomic DNA extraction. Genomic DNA ex-
tracted by the boiling method. In brief, 2-3 pure
colonies homogenized in sterile distilled water and
heated to 80°C for 20 minutes, after centrifugation,
the supernatant phase of solution used. For the quan-
titative evaluation of DNA, the OD values of the
specimens were measured by a Spectrophotometer
/ Fluorometer (Ds-11FX + Denovix) and the purity
was examined by electrophoresis (23).

Determination of Beijing and non-Beijing fam-
ilies. Beijing and non-Beijing families were deter-
mined according to the Hillemann method (24) using
BJ and nBJ primers (for RV2820 and RV2819), in Re-
al-Time PCR assay (Table 1). The Real-Time PCR re-
action performed in 25 pl volume containing 12.5 uL
ABI TagMan Universal PCR Master Mix (Applied
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Biosystems, USA), 1 pL of each primer, 0.5 pL of
the specific probe, 8.5 pL of distilled water, and 1.5
pL of the DNA template (15). After 15 minutes initial
denaturation at 95°C, the Real-Time PCR reaction
performed with 40 cycles and 35 cycles for Beijing
and non-Beijing detection, respectively, by ABI 7300
Real-time PCR system (Foster City, CA, USA).

Identification of the Beijing family by 1S6110-
based inverse PCR. Identification of the Beijing
family by IS6//0-Based Inverse PCR was performed
with Ris 1 and Ris 2 primers (Table 2) located out-
wardly at the 3' and 5' termini of IS6//0 according to
the methods described by Mokrousov (25). The Tm
values for these primers were 54 and 55°C, respec-
tively, purified DNA sample (2 ul) was added to the
PCR mixture (final volume, 30 pl) that contained 30
pmol of each primer, 4.6 mM MgCl,, 0.3 ul of Tag
DNA polymerase and 0.6 pl concentrations of each
dNTPs. The reaction performed in Eppendorf Mas-
tercycler DNA Engine Thermal Cycler PCR under
the following conditions: an initial denaturation at
96°C for 3 min, 30 cycles of denaturation 95°C for 1
min, annealing 56°C for 1 min, and elongation 72°C
for 1 min and a final elongation 72°C for 4 min. The
amplified fragments electrophoresed in 1.5% agarose
gels and visualized under UV light. A control con-
tamination with previously amplified amplicon was
performed by including a negative control sample
(distilled water) in each PCR run, no contamination
was detected.

Beijing strains of M. tuberculosis were detected by
analysis of the NTF region for the presence, number
and orientation of IS6/10 insertions with two bundles
(290, 470 bp) were designated as the “old” sub-lin-
eage or three bundles (260, 290, 470 bp) were des-
ignated as “modern” sub-lineage within the Beijing
genotype. The single bundle of 470 bp regarded as
non-Beijing (26).

Statistical methods. Statistical analysis performed
to compare the frequency of Beijing and non-Beijing
families based on demographic factors using analy-
sis of variance in SPSS-22 software.

RESULTS

Identification of Beijing family by two methods.
The frequency of Beijing family among 173 MTB
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Table 1. TagMan primers and probe used to detect Beijing from non-Beijing Using Real-Time PCR

Primer (Name) Sequence (Sto 3) Product Specific  Reference
Size (bp) fragment

Beijing forward (BjF) CTCGGCAGCTTCCTCGAT 129 bp RV2820 24

Beijing reverse (BjR) CGAACTCGAGGCTGCCTACTAC

Fluorogenic probe (BjTM)

YAK-AACGCCAGAGACCAGCCGCCGGCT-DB
Non-Beijing forward (nBjF) AAGCATTCCCTTGACAGTCGAA

95bp  RV2819

Non-Beijing reverse (nBjR) GGCGCATGACTCGAAAGAAG

Table 2. Primers used to differentiate between old and new Beijing and non-Beijing family by IS6//0-Based Inverse PCR

1S6110-Based Inverse PCR primers are locared on outer side at the the end of IS6710 3' and 5'

Primers Sequence

Beijing

Ris1 (forward) 5-GGCTGAGGTCTCAGATCAG-3' 260
Ris2 (reverse) 5-ACCCCATCCTTTCCAAGAAC-3' 290
470

isolates in both Real-Time PCR and 1S6//0-Based
Inverse PCR methods was 24 (13.9%). In addition,
both methods have consistency in the determination
of 14 non-tuberculosis isolates. Table 3 showed the
frequency of Beijing and non-Beijing sub-lineages
according to demographic criteria. Among them,
only the mean age of patients (P = 0.002) between
two group showed a statistically significant differ-
ence.

As shown in Fig. 1, Beijing sub-lineage does not
have uniform distribution in different parts of the
Golestan Province, as its incidence in regions on the
margin of the Caspian Sea and the margin of the for-
est are higher than other parts.

The results of the study using 1S6//0-Based In-
verse PCR gel electrophoresis showed that all strains
of Beijing in Golestan province were related to the
ancient sub-lineage, with two bundles of 470 and 290
bp, and no case of new sub-lineage was found (Fig.
2). Modern Beijing sub-lineage strains create three
bundles of 260, 290, 470 bp on the gel that has not
been observed in Beijing isolates of Golestan Prov-
ince.

The old Beijing Sub-lineage has two bundles, 470
and 290 bp (lane 2-4 and 6-9 and 11). Lane 5 negative
control (non-tuberculosis strain) and lane 1 and 10
include M. tuberculosis H37Rv (from Tuberculosis
Reference Laboratory of Golestan Province, Gorgan,
Iran) in culture and a non-Beijing strain, Lane M is

http://ijm.tums.ac.ir

Size of product (bp)
Modern sub-family Ancient sub-family Non Beijing Non tuberculosis
Beijing isolates species
290 - -
470 470 -
the DNA marker 50 bp.
DISCUSSION

In this study, two methods of Real-Time PCR and
IS6110-Based Inverse PCR used to study the preva-
lence of Beijing family in Golestan Province, north-
eastern Iran, which had the same results. Based on
the present comparative study, both methods are ac-
curate enough to determine the frequency of Beijing
strains, but the IS6//0-Based Inverse PCR method is
easy to perform and does not require complex equip-
ment and techniques. Moreover, low cost, time-con-
suming and the possibility of differentiation between
old and new Beijing sub-lineages made it a good
technique for rapid epidemiological studies.

Several studies conducted to determine the prev-
alence of Beijing in Iran and the world. The Beijing
family of MTBC has its origin in China where it is
the dominant type of M. tuberculosis but it has also
shown to have a global distribution (14). It comprises
about 50% of the TB species in East Asia and 13% of
global isolates (27). In Iran, the frequency of Beijing
family in different areas varies from 3.2% to 20.5%
with average of 6.8% (15, 26, 28-34). In the north-
western and western Provinces of the country, prev-
alence has been estimated at 9-10% (28, 31, 35) in the
Khorasan Province, located in the east of Iran, 7.1%
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Table 3. Frequency of Beijing and non-Beijing sub-lineages based on demographic factors in tuberculosis patients in Golestan

Province 2016
Characteristic Total Beijing Non-Beijing P- value
No. of patients (%) 173 (100) 24 (13.9) 149 (86.1) 0.408
Ethnicity Fars 95 (54.92) 12 (12.6) 83 (87.4)
Baluch and Sistani 50 (28.91) 10 (20) 40 (80)
Torkman 25 (14.45) 2(8) 25(92)
Other 3(1.74) 0(0) 3 (100)
Habitat Rural 93 (53.76) 16 (17.2) 77 (82.8) 0.125
Urban 80 (46.24) 8 (10) 72 (90)
Sex Male 85 (49.13) 14 (16.5) 71 (83.5) 0.226
Female 88 (50.87) 10 (11.4) 78 (88.6)
Mean Age(year) 49.6 +£20.71 36.5+20.61 51.7+£20.00 0.002*

*The numerator shows the number of cases of Beijing and denominator the number of positive culture M. tuberculosis in each

city.

Fig. 1. Geographical distribution of Beijing sub-lineage M. tuberculosis in Golestan Province, north of Iran
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Fig. 2. Results of gel electrophoresis with a concentration of
1.5% for the product of IS61/0-based inverse PCR.

(31), and in Tehran, the capital of Iran, 5.0% (29) and
13.9% in Golestan Province (15). On the other hand,
these data confirm that the Beijing family abundance
in Golestan province has remained unchanged for 5
years (2011-2016).

All strains of the Beijing genotype isolated in Go-
lestan Province belong to old Beijing sub-lineage,
which is consistent with the results of Mirbagheri et
al. (26) in north-east of Iran in 2016, but in the most
countries, apart from Japan, modern Beijing strains
are more prevalent than the old strains (20, 21).

Old and modern Beijing strains are genetically
closely related (36) but have been reported to possess
some significant pathogenic properties such as dif-
ferences in drug resistance, and the ability to cause
disease and spread (12).

CONCLUSION

Beijing family is an important sub-lineage of tu-
berculosis in the southeast of the Caspian Sea, es-
pecially in younger tuberculosis patients that can
be similarly diagnosed by both Real-Time PCR and
IS6110-Based Inverse PCR method. 1S6//0-Based
Inverse PCR method is a preferred method because
of its ability to the differentiation between new and
old Beijing isolates.
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