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Abstract: Host immune pressure and associated parasite immune evasion are key features of host-pathogen co-
evolution. A previous study showed that human T cell epitopes of Mycobacterium tuberculosis are evolutionarily 
hyperconserved and thus it was deduced that M. tuberculosis lacks antigenic variation and immune evasion. Here, 
we selected 151 clinical Mycobacterium tuberculosis isolates from China, amplified gene encoding Rv1977 and 
compared the sequences. The results showed that Rv1977, a conserved hypothetical protein, is not conserved in M. 
tuberculosis strains and there are polymorphisms existed in the protein. Some mutations, especially one frameshift 
mutation, occurred in the antigen Rv1977, which is uncommon in M.tb strains and may lead to the protein function 
altering. Mutations and deletion in the gene all affect one of three T cell epitopes and the changed T cell epitope 
contained more than one variable position, which may suggest ongoing immune evasion.
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Introduction

Host-pathogen coevolution is characterized by 
reciprocal adaptive changes in interacting spe-
cies [1]. Host immune pressure and associated 
parasite immune evasion are key features of 
this process, often referred to as an ‘evolution-
ary arms race’ [2, 3] M. tuberculosis is the most 
successful pathogen with multiple mecha-
nisms to subvert host immune response, result-
ing in insidious disease. Studies in human 
pathogenic viruses, bacteria and protozoa have 
revealed that genes encoding antigens tend  
to be highly variable as a consequence of diver-
sifying selection to evade host immunity [4-7]. 
In 2010, Inaki Comas et al. reported that 
human T cell epitopes of M. tuberculosis are 
evolutionarily hyperconserved by sequencing 
the genomes of 21 strains representative of 
the global diversity and six major lineages of 
the M. tuberculosis complex (MTBC) [8]. In their 
study, only five epitopes, contained in esxH, 

pstS1, and Rv1986, harbored more than one 
variable position. Among 78 proteins included 
in the study, there were eight proteins belong  
to conserved hypotheticals according to Tuber- 
culist (http://tuberculist.epfl.ch/), i.e. Rv1158c, 
Rv1461, Rv1977, Rv2182c, Rv3207c, Rv- 
3333c, Rv3378c and Rv3714c. We compared 
the sequences of these two 8 antigens among 
25 whole-genome-sequenced M. tuberculosis 
complex (MTBC) strains whose sequences were 
downloaded from NCBI website. We found that 
Rv1977 contained a number of polymorphisms 
and one strain even had frameshift, which are 
uncommon in M. tuberculosis strains. Also, 
some changes were located on T cell epitopes 
of the antigen. All these give us a hint that 
Rv1977 in M. tuberculosis strains might have 
antigenic variation and might be involved in 
ongoing immune evasion.

Rv1977 is a hypothetical protein in M. tubercu-
losis genome and its function is unknown and 
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rarely studied, while it harbors three T cell epit-
opes [9], which suggest it may play some roles 
in reaction between M. tuberculosis and human 
T cells. Here, we selected 151 clinical M. tuber-
culosis isolates in China; amplified genes of the 
antigen Rv1977 and compared the sequences. 
The results showed that some mutations, espe-
cially one frameshift mutation, occurred in the 
antigen Rv1977. In addition, mutations and 
deletion in the gene all affect one of three T cell 
epitopes and the changed T cell epitope con-
tained more than one variable position, which 
may suggest ongoing immune evasion.

Materials and methods

Ethics statement

The study obtained approval from the Ethics 
Committee of National Institute for Com- 
municable Disease Control and Prevention, 
Chinese Center for Disease Control and 

Prevention. The patients with TB included in the 
present research protocol were given a subject 
information sheet and they all gave written 
informed consent to participate in the study.

Strains and DNA preparation

Firstly, we compared the sequences of 8 con-
served hypothetical antigens (i.e. Rv1158c, Rv- 
1461, Rv1977, Rv2182c, Rv3207c, Rv3333c, 
Rv3378c and Rv3714c) among 25 whole-
genome-sequenced M. tuberculosis complex 
(MTBC) strains whose sequences were down-
loaded from NCBI website. We found that 
Rv1977, one of these 8 antigens, contained a 
number of polymorphisms, and one strain even 
had frameshift, (Table 1; Figure 1) which are 
uncommon in M. tuberculosis strains. Also, 
some changes were located on T cell epitopes 
of the antigen. All these give us a hint that 
Rv1977 in M. tuberculosis strains might have 
antigenic variation and might be involved in 
ongoing immune evasion.

Then we chose 151 clinical M. tuberculosis to 
clarify this hypothesis. 151 strains were select-
ed from 2346 MTBC strains isolated in Beijing 
Municipality and 12 provinces and autonomous 
regions, China, which were genotyped by 
Spoligotyping in a previous study [10]. Strains 
belonging to all major and rare spoligotypes in 
China were included. Considering the predomi-
nance of the Beijing family strains in China, we 
chose about half of the Beijing family strains 
(77 strains) and half non-Beijing family strains 
(74 strains). We randomly selected the 77 
Beijing family strains from 1738 Beijing strains 
among 2346 strains. The remaining 81 strains 
were selected from 608 non-Beijing family iso-
lates. Furthermore, we attempted to include 
strains representing different spoligotypes that 
were isolated from different places. Table 2 
shows the numbers of strains used in this study 
that were obtained from different provinces in 
China. The spoligotype patterns of 151 stains 
were showed in Table 3.

The strains were cultured using a standard 
Löwenstein-Jensen medium method, heat inac-
tivated and then used directly in polymerase 
chain reactions (PCRs).

Primers

The nucleotide sequences of the primers (from 
the 5’ to 3’ end) used in this study were 

Table 1. 25 MTBC strains whose data were ob-
tained from NCBI website
ID No. Strain name
01 Mycobacterium canettii CIPT 140070017
02 Mycobacterium canettii CIPT 140070010
03 Mycobacterium tuberculosis F11
04 Mycobacterium canettii CIPT 140010059
05 Mycobacterium tuberculosis CCDC5180
06 Mycobacterium canettii CIPT 140070008
07 Mycobacterium tuberculosis CCDC5079
08 Mycobacterium tuberculosis H37Ra
09 Mycobacterium tuberculosis KZN 4207
10 Mycobacterium tuberculosis RGTB423
11 Mycobacterium tuberculosis H37Rv uid170532
12 Mycobacterium tuberculosis H37Rv uid57777
13 Mycobacterium tuberculosis str. Erdman
14 Mycobacterium tuberculosis str. Beijing/NITR203
15 Mycobacterium tuberculosis CDC1551
16 Mycobacterium tuberculosis str. Haarlem
17 Mycobacterium tuberculosis CAS/NITR204
18 Mycobacterium canettii CIPT 140060008
19 Mycobacterium tuberculosis 7199-99
20 Mycobacterium tuberculosis KZN 1435
21 Mycobacterium tuberculosis KZN 605
22 Mycobacterium tuberculosis UT205
23 Mycobacterium tuberculosis CCDC5079
24 Mycobacterium tuberculosis CTRI-2
25 Mycobacterium tuberculosis RGTB327
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Figure 1. AA sequence alignment for antigen Rv1977 of 25 whole-genome-sequenced MTBC strains. AA changes were marked in red. Shading indicates T cell epit-
ope areas. Strain 10 had a frameshift.
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designed with DNASTAR software according to 
H37Rv genome sequence and were as follows: 
5’-CGCCGTATTCTGAAGACC-3’ and 5’-GTGTTC- 
GCAATGCTATGAG-3’.

PCR

The PCR were performed in a total volume of 
20 μl. The PCR mix contained 10 μl PCR buffer, 
100 nM each primer, 200 μM each of the four 
dNTPs and 0.5 U DNA Taq Polymerase (Takara). 
An initial denaturation of 5min at 94°C was fol-
lowed by 35 cycles of denaturation at 94°C for 
45 s, annealing at 55°C for 45 s and extension 
at 72°C for 1 min, followed by a final extension 
at 72°C for 10 min. Negative controls (reagents 
only, no DNA) were included each time when 
the PCR was performed. The positive control 

was 500 pg DNA from M. tuberculosis H37Rv. 
The presence and size of each PCR product 
were determined by electrophoresis on 2% aga-
rose gel in Tris-boric acid-EDTA buffer followed 
by staining with ethidium bromide. We per-
formed all of the PCRs at least twice to validate 
the reproducibility. The variants were confirmed 
by sequencing of the new PCR products.

Sequence

The sequences of the PCR products were deter-
mined by ABI 3730xl DNA Analyzer.

Data analysis

The sequences were first aligned by ClustalW 
[11] software with the Rv1977 gene sequence 
from M. tuberculosis H37Rv genome to deter-
mine the Rv1977 region, and then this region 
was split out by a personalized Perl script. The 
sequence compare and translate were carried 
out by Bioedit software. The mutated protein 
structures were predicted by Phyre2 software 
online (http://www.sbg.bio.ic.ac.uk/phyre2). Va- 
lues of dN were calculated by MEGA5.

Results

Mutations and deletion in gene sequences

All 151 clinical strains we chose presented rela-
tive PCR products of antigen Rv1977. Among 
the 151 M. tuberculosis strains, five isolates 
presented polymorphism in the gene sequence 
of this protein (Figure 2; Table 4). There were 
three nonsynonymous mutations and one sin-
gle base deletion. GX06187, HuN06099 and 
GS05113 all had a different nonsynonymous 
mutation. Two strains, FJ05406 and FJ06051, 
presented same one single base deletion at 
position 204.

Changes in protein level

Table 5 showed the AA change and position in 
antigen Rv1977 among 151 strains. All chang-
es resulted in AA change. Three nonsynony-
mous mutations led to AA change of the pro-
tein. The deletion in FJ05406 and FJ06051 
resulted in premature termination, located at 
position 68 of the AA (Figure 2; Table 4).

After we predicted protein structures by Phyre2 
software online, we found that AA64-251 con-
stitute the domain (Figure 3). The deletion in 

Table 2. No. of strains in different provinces of 
China
Places No. of isolates
Anhui Province 10
Shannxi Province 15
Beijing Municipality 9
Fujian Province 28
Gansu Province 10
Guangxi Zhuang Autonomous Region 22
Sichuan Province 1
Henan Province 12
Hunan Province 5
Xizang (Tibet) Autonomous Region 11
Xinjiang Uygur Autonomous Region 9
Jilin Province 10
Zhejiang Province 9

Table 3. No. of strains of each Spoligotype 
pattern
Spoligotypes No. of strains
Beijing 77
T 12
U 24
MANU 6
Haarlem 5
EAI 1
LAM 2
S 1
CAS 4
H37Rv family 1
new 18
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Figure 2. Sequence alignment for antigen Rv1977 of 151 M. 
tuberculosis strains; five strains of M. tuberculosis changed 
in gene level; other 146 strains of M. tuberculosis were same 
with the H37Rv strain, and the T cell epitope areas were boxed 
in H37Rv.

Table 4. Changes in antigen Rv1977 among 151 clinical 
strains*
Isolates Base change AA change Spoligotypes
FJ05406 Delete a G at position 204 Frameshift EAI
FJ06051 New
GX06187 C397A H133N New
HuN06099 G444A M148I U
GS05113 C487T P163S Beijing
*: Use the CDS of Rv1977 of M. tuberculosis H37Rv strain as the refer-
ence sequence.

FJ05406 and FJ06051 led to dramat-
ic change in the protein structure. 
Three nonsynonymous mutations 
were all located on the domain region. 
Two of three mutations, i.e. H133N in 
GX06187 and M148I in HuN06099 
were changed between same nature 
AA, while P163S in GS05113 were 
changed between amino acids with 
different properties.



Genetic diversity of Rv1977 in M.tb

6897	 Int J Clin Exp Pathol 2015;8(6):6891-6900

Table 5. AA changes of the T cell epitopes included in antigen Rv1977*,#

IEDB_ID Peptide sequence AA changes
21306 GMLRERQHRLLYLASA No change
23584 HAVYRTMMMHLLRLARSFGVLPV ATG (M)-ATA (I); CCG(P)-TCG (S); Frameshift
2867 ALRRLKGFDQILKLMSGMLR No change
*: Use the CDS of Rv1977 of M. tuberculosis H37Rv strain as the reference sequence; #: Underlined AA indicates locations of 
amino acid changes.

Changes in T cell epitopes

There are three human T cell epitopes in the 
antigen Rv1977 according to the Immune 
Epitopes Database (IEDB) [9]. Three mutations 
and deletion all affect one of three T cell epit-
opes in antigen Rv1977, i.e. IEDB ID numbers 
23584. The changed epitope contained more 
than one variable position (Table 5).

Table 6 showed the distribution nonsynony-
mous SNPs in Rv1977. As there are no synony-
mous SNPs in the gene, we only calculated dN 
values of epitope regions, non-epitope regions 
and the whole gene. The dN value of epitope 
region was higher than non-epitope region, 
which means the former has accumulated sig-
nificantly more amino acid changes than the 
latter. In addition, deletion are strong indicators 
of immune selection, which affected both epit-
ope region and non-epitope region.

Discussion

In this study, we chose 151 clinical M. tubercu-
losis strains in China which originated from a 
very large geographical area and had different 
spoligotyping patterns; the data provided by 
them could therefore be representative of 
genetic diversity that might be present within 
China, at least to some extent.

Rv1977 is a conserved hypothetical protein in 
M. tuberculosis genome and its function is 
unknown and rarely studied, while it harbors 
three T cell epitopes [9], which suggest it may 
play some roles in reaction between M. tuber-
culosis and human T cells. Among 151 M. 
tuberculosis strains, five strains presented 
polymorphism in gene level and showed AA 
change of the protein. Especially, one frame-
shift occurred in it, which led to premature ter-
mination of the protein code. This means 
Rv1977, a conserved hypothetical protein, is 
not conserved in M. tuberculosis strains and 

there are polymorphisms existed in the 
protein.

It is reported that T cell epitopes of M. tubercu-
losis are evolutionarily hyperconserved and 
thus it was deduced that M. tuberculosis lacks 
of antigenic variation and immune evasion [8]. 
However, our previous studies showed that 
PstS1 [12], MPT64 [13], Rv3878 [14], Rv3878 
[15], Rv2945c and Rv0309 [16] also harbored 
higher polymorphisms of T cell epitopes, which 
suggesting their role in diversifying selection to 
evade host immunity. In this study, there were 
polymorphisms existed in Rv1977 which might 
show variable as a consequence of diversifying 
selection to evade host immunity. One of three 
T cell epitopes in antigen Rv1977 contained 
more than one variable position and presented 
AA changes. Two of three nonsynonymous 
mutations and one single base deletion caused 
alterations on the corresponding T cell epit-
opes. Initial comparative sequencing of M. 
tuberculosis revealed very low sequence diver-
sity compared with other bacteria. Insertion 
and deletion is uncommon in genes of the 
pathogen and usually a strong indicator of 
selection, as they intrigue alteration of amino 
acid code which could affect the structure and 
even function of the protein. This gives us a hint 
that protein Rv1977 may be a specific antigen 
that undergo antigenic variation in response to 
host immune pressure and that it may be 
involved in diversifying selection to evade host 
immunity. The dN value of epitope region was 
higher than non-epitope region, which means 
the former has accumulated significantly more 
amino acid changes than the latter. In addition, 
deletion are strong indicators of immune selec-
tion, which affected both epitope region and 
non-epitope region. However, further investiga-
tions are needed to determine whether the 
observed changes are due to immune pres-
sure, other selection pressure(s) and mere ran-
dom genetic drift.
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Figure 3. Tertiary structures of reference strain 
H37Rv and mutant strains of Rv1977.
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Although the function of Rv1977 is currently 
unclear, we propose that the two strains with G 
deletion interact differently with human T cells 
and may represent a special type of MTBC 
strain that merits further investigation. More- 
over, strains from other countries and areas 
should be collected to prove whether sequence 
variants in Rv1977 are ubiquitous.

In conclusion, there are polymorphisms existed 
in antigen Rv1977 and one of three T cell epit-
opes changed, which may reflect that the anti-
gen are involved in diversifying selection to 
evade host immunity.
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