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Table 3. Homology of 24 housekeeping genes between M. bovis and M. agalactiae

Gene 
Name

Search 
Sequence

Query 
Sequence

Identity Size Diff erent E Value
Total 
Score

adh-1 CP023663.1:430952-432001 CU179680.1 84 1050 168 0 1137

adk CP023663.1:c751508-750858 CU179680.1 82.642 651 113 0 665

atpA CP023663.1:c528856-527270 CU179680.1 85.381 1587 232 0 1817

dnaA CP023663.1:1000-2400 CU179680.1 85.796 1401 199 0 1630

dnaN CP023663.1:2535-3644 CU179680.1 84.054 1110 177 0 1205

efp CP023663.1:592716-593279 CU179680.1 88.652 564 64 0 729

fusA CP023663.1:c840005-837912 CU179680.1 92.311 2094 161 0 3051

gltX CP023663.1:820782-822173 CU179680.1 86.135 1392 193 0 1641

gmk CP023663.1:272425-273012 CU179680.1 84.014 588 94 0 637

gpsA CP023663.1:c69556-68558 CU179680.1 80.08 999 199 0 905

gyrB CP023663.1:1005729-1007696 CU179680.1 85.018 1969 293 0 2214

dnaK CP023663.1:185269-187065 CU179680.1 90.095 1797 178 0 2439

lepA CP023663.1:698096-699889 CU179680.1 87.786 1793 219 0 2247

metG CP023663.1:c268839-267289 CU179680.1 84.521 1544 239 0 1708

polC CP023663.1:83679-88055 CU179680.1 81.536 4387 791 0 4223

pta_1 CP023663.1:173625-174581 CU179680.1 88.506 957 110 0 1231

recA CP023663.1:783965-784948 CU179680.1 86.154 975 135 0 1150

rpoB CP023663.1:c873691-870056 CU179680.1 89.741 3636 373 0 4876

rpoD CP023663.1:c365396-363867 CU179680.1 88.374 1531 176 0 1952

tdk CP023663.1:c957009-956437 CU179680.1 83.877 552 89 4.94E-171 595

tkt CP023663.1:256009-257955 CU179680.1 93.066 1947 135 0 2903

tpiA CP023663.1:c743511-742729 CU179680.1 87.101 783 100 0 954

tuf CP023663.1:c578649-577459 CU179680.1 96.725 1191 39 0 1973

uvrC CP023663.1:725657-727372 CU179680.1 82.761 1717 294 0 1755

Fig 4. Analysis of 24 housekeeping 
genes is to define the essential genes 
in M. bovis strain Ningxia-1 compared 
to PG45 isolate, to prevent cross 
reaction during identification. 24 
selected protein sequences were 
put into the STRING database to 
generate potential protein-protein 
interactions, using the type strain of 
M. bovis PG45 as the database default 
reference. Different colored lines 
show diff erent types of interactions. 
Diff erent colored lines show diff erent 
types of interactions e.g., textm ining 
(emerald green), experiments (violet), 
databases (sapphire), neighborhood 
(green), gene fusion (red), co-occurrence 
(purple), co-expression (black) and 
etc. In evidence view, all possible 
interactions are shown
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Transmembrane Analysis of Housekeeping Genes of  
M. bovis Ningxia-1

To determine transmembrane probability for each house-
keeping gene, their protein sequences were pasted into 
TMHMM. TMHMM v 2.0 is the most popular software in 
the field [28], with the ability to distinguish cytoplasmic 
membrane and outer domains in a hidden Markov model [29]. 
Our results demonstrate that metG is very likely to be a 
transmembrane protein and the total probability that 
the N-term is on the cytoplasmic side of the membrane. 
The rest of 23 housekeeping genes are outer membrane-
associated protein in M. bovis.

Motif Analysis of Housekeeping Genes

Table 4 lists the top common motifs in the housekeeping 
gene proteins of M. bovis Ningxia-1 strain. The 50S ribosome-
binding GTPase family motif PF01926 is present in 4 house-
keeping gene proteins (dnaA, fusA, lepA and tuf) and is 
the most common motif among all housekeeping genes. 
Concurrent with the high frequency motif of elongation 
factor Tu domain 2 and elongation factor Tu GTP binding 
domain are also found in fusA, lepA and tuf. ABC transporter 
and ATPase family associated with various cellular activities 
(AAA) motifs are found in adk, dnaA and recA. Additionally, 
AAA domain is found in proteins encoded by atpA, dnaA 
and recA of M. bovis Ningxia-1. Finally, we analyzed a less 
frequent but equally interesting set of genes linked by two 
genes for example the 3-hydroxyacyl-CoA dehydrogenase 
(NAD binding domain), AAA ATPase domain and UDP-
glucose/GDP-mannose dehydrogenase family (NAD binding 
domain), are three motifs found in many proteins of M 
bovis (adh-1, gpsA, dnaA and recA). tRNA synthetases 
class I (C) catalytic domain is only shown to have less 
impact on metG. 

DISCUSSION

Mycoplasma. bovis is one of actively evolving myco- 
plasmas [30]. M. bovis PG45 strain was identified in the  
USA six decades ago, whereas the Hubei-1 and HB0801 
strains were detected in China during 2008. An inversion 
has been found in the two strains isolated in China. It is 
assumed that a long interval and the geographical 
variation may be a cause for this inversion [30]. In contrast 

with the M. bovis genome, housekeeping genes are stable 
and perform basic fundamental functions and evolve 
more slowly in terms of both coding and core promoter 
sequences [17]. 

Many efforts have been made to identify and characterize 
the surface proteins in M. bovis [31]. However, little is 
known regarding hierarchy among experimentally proven 
housekeeping genes, or the distribution and the number 
of motifs within these genes in M. bovis. To date, there is  
no consensus among the current databases for M. bovis 
and from our understanding many of these predicted 
surface membrane proteins  are yet to be definitively 
identified and the functions of most of them have not been 
determined [32]. Despite this though, several membrane 
proteins and lipoproteins are used in diagnostic assays for 
detection of antibodies specific for M. bovis [32].

16S rRNA gene is a small subunit within prokaryotic 
ribosomes, commonly used for bacterial identification [33]

[Yang, 2016 #1128][Yang, 2016 #1128]. M. bovis infections 
are typically diagnosed by isolation and identification of 
causative agent and confirmed by the presence of the 
16S rRNA gene using PCR [5]. Despite the 16s rRNA gene-
based PCR possessing great specificity, cross-amplification 
of M. agalactiae can still occur [34]. A highly stable gene, 
uvrC, encodes an enzyme essential for replication and 
involved in DNA repair, known as deoxyribodipyrimidine 
photolyase [35]. The uvrC gene has no cross amplification 
with non-M. bovis species including M. agalactiae, proving 
it is a well conserved and much more specific target gene 
than 16S rRNA gene [36,37]. However, point mutations  
in the M. bovis uvrC gene have been identified in recent 
studies, making false negative PCR results identify M. 
bovis strains [38]. Meantime, many novel genes such as 
fusA (encodes for elongation factor G and require in the 
translation process of mRNA into proteins) genes were 
also developed to use as detection markers [39]. RpoB 
(encoding the β-subunit of RNA polymerase), is another 
core gene candidate for phylogenetic analyses and 
identification of bacteria, especially of closely related 
isolates [40]. But from our BLAST results, fusA has 92.3% 
and rpoB has 89.7% identity with M. agalactiae, may not 
contribute as a diagnosis marker to differentiate M. bovis 
and M. agalactiae. Our findings on the 24 housekeeping 
genes show adk, gpsA, polC also could be used as potential 

Complete Genome Sequencing of ...

Table 4. Most frequent Motifs among M. bovis Ningxia-1 strain housekeeping genes

Motif Genes Description

MMR_HSR1 dnaA, fusA, lepA, tuf PF01926, 50S ribosome-binding GTPase

GTP_EFTU_D2 fusA, lepA, tuf PF03144, Elongation factor Tu domain 2

GTP_EFTU fusA, lepA, tuf PF00009, Elongation factor Tu GTP binding domain

ABC_tran adk, dnaA, recA PF00005, ABC transporter

AAA_14 atpA, dnaA, recA PF13173, AAA domain

AAA adk, dnaA, recA PF00004, ATPase family associated with various cellular activities (AAA)
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detection genes to differentiate between M. bovis species 
and M. agalactiae. 

STRING is more liberal with assigning interactions, as it uses 
data from homologous protein interactions in different 
schemas. These interactions suggest that these proteins 
might function together, and thus, based on bioinformatics 
methods, we can have a further analysis for these genes. 
A homology comparison feature is incorporated into 
STRING, which makes it easier to determine the function of 
un-identified M. bovis genes. In addition to these features 
which we used in this study, STRING also has other useful 
features, including a feature that allows for homology 
comparisons in a phylogenetic context, and protein family 
analysis. TMHMM utilizes a hidden Markov model to 
determine transmembrane domains on proteins, with the 
ability to distinguish cytoplasmic and outer domains and 
is currently one of the most accurate membrane protein 
topology prediction methods [29]. Motif analysis could 
provide us the path to determining the motifs present in 
the housekeeping genes. 

Identification of the essential specific genes and their motifs 
in the host could benefit us to develop drugs and vaccines 
against M. bovis infection [41,42]. Therefore, future work 
should focus on identifying these housekeeping genes, 
especially for the adk, gpsA and polC, which have great 
potential to benefit the insight of M. bovis, and be used 
as an improved detection tool for clinical diagnosis, metG 
gene could be an important virulence gene based on in 
silico prediction as a trans-membrane gene and adk, dnaA, 
fusA, lepA and recA would extend the treatment method.
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