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Molecular characterisation of Mycoplasma gallisepticum genotypes

Molecular characterisation of Mycoplasma
gallisepticum genotypes from chickens in
Zimbabwe and South Africa
Mycoplasma gallisepticum is an economically important pathogen of poultry worldwide. Yet the characteri
sation of M. gallisepticum field strains present in southern Africa has not previously been reported. We
characterised various M. gallisepticum genotypes within the region and highlight the unique differences
between two genotypes found in South Africa and Zimbabwe. PCR targeting a partial region of the mgc2
gene was used to screen various poultry farms in South Africa and Zimbabwe for M. gallisepticum. Samples
were characterised using multilocus gene-targeted sequencing. Portions of the surface protein encoding
pvpA, gapA and mgc2 genes and the uncharacterised surface lipoprotein gene designated MGA_0319 were
sequenced and analysed. Nucleotide sequences were compared to vaccine and reference strains as well
as to strains from different countries. The South African genotype contained unique mgc2 and pvpA gene
regions, while the Zimbabwean genotype proved to be even more distinct with unique gapA, mgc2 and pvpA
gene regions. In addition, BLAST results showed high similarities in the partial mgc2 gene region between
the South African and Zimbabwean genotypes and the ‘atypical’ Israeli RV-2 strain, suggesting a link in its
epidemiology. These results also allow for improved control strategies for southern Africa, and the use of
more effective vaccine strains.

Introduction
Mycoplasma gallisepticum (MG) causes chronic respiratory disease in chickens and infectious sinusitis in
turkeys.1 In breeders and layers, the disease causes a drop in egg production and an increase in embryo mortality2
with symptoms resulting in considerable economic losses. MG is transmitted vertically through infected eggs and
horizontally by inhalation of contaminated dust, airborne droplets and feathers.3 In recent years, a re-emergence
of MG infection has been observed in poultry, possibly as a result of the concentration of large poultry populations
in small geographic areas and under poor biosecurity.4 The Southern African Poultry Association5 announced that
the gross poultry farm income for 2010 was R22 940 billion – the largest segment of South African agriculture
at 23% of all agriculture production. With an already large and continually expanding poultry industry in southern
Africa, efficient methods of biosecurity are required for the control of possible diseases, like chronic respiratory
disease, caused by MG.
Control of MG has largely been based on the eradication of the organism from breeder flocks and their progeny,
with confirmation of Mycoplasma-free status of the flocks by periodic serological monitoring, following culture
and/or PCR monitoring.6 In some countries where complete eradication is implausible, live vaccines have been
utilised as an alternative control strategy.7,8 Because of the increased use of vaccination, methods with greater
discriminatory power are needed to differentiate vaccine strains from circulating field isolates. The most widely
used method for the differentiation of strains and to track epidemiology-related isolates in the field has been random
amplified polymorphic DNA (RAPD). However, this technique has intrinsic problems with reproducibility and has
not allowed for inter-laboratory comparisons.9 In addition, RAPD analysis is only feasible for laboratories which
specialise in Mycoplasma research and diagnosis because the assay relies on the fastidious cultivation of sample
strains together with that of a wide array of control isolates.
More recently, a multi-locus sequence typing method referred to as gene-targeted sequencing (GTS) has been
used to identify and differentiate MG strains.10 GTS is believed to be a better method than RAPD because of its
improved reproducibility and because it allows rapid global comparisons among laboratories. In this study, GTS
was used to target three surface protein genes – gapA, mgc2 and pvpA – and a predicted surface lipoprotein
designated MGA_0319. A total of 67 MG field genotypes from the USA, Israel and Australia, and 10 reference
strains were characterised in the study.10 The analysis of these four surface-protein genes combined showed
a better discriminatory power than RAPD analysis, thus providing an improved typing method for MG strains
available to a wider range of laboratories.
Although MG has been well characterised in some countries, very little information has been documented on the
southern African genotypes. This deficiency in information has led to poor biosecurity in the poultry industry. Based
on the characterisation of the various MG genotypes, we aim to highlight the differences between the genotypes
found in South Africa and Zimbabwe. This report is believed to be the first on the use of GTS on strains from South
Africa and Zimbabwe.

Materials and methods
© 2013. The Authors.
Published under a Creative
Commons Attribution Licence.
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Samples were taken during July 2010 to October 2011 from chicken farms in South Africa and Zimbabwe where
MG infection was suspected based on serology and clinical signs. Swabs were taken from the choanal cleft,
oropharynx, oesophagus or trachea of the chickens and were analysed individually (i.e. not pooled). Samples
collected from Zimbabwe were taken from live chickens, while those collected from South Africa were isolated
from layers post mortem. The Zimbabwean flock had been formerly vaccinated with an inactive vaccine produced
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from the MG Rlow strain (AE015450.2). Despite vaccination, the flock
succumbed to clinical symptoms of MG infection shortly after and was
treated with the antibiotics tylosin and tiamulin (Denagard®) a week prior
to sampling. The South African flock showed symptoms of head shaking
and cyanosis before death.

From this sequence, identity was reported. So as not to exclude any
similar strains not included in the comparative analysis, sequence
similarities from the Zimbabwean and South African genotypes were
also detected using nucleotide-nucleotide BLAST.14
Sequences of the two genotypes of interest (those from South Africa
and Zimbabwe) were submitted to GenBank under the following
accession numbers: MGA_0319, KC130902, KC130906, gapA,
KC130901, KC130905, mgc2, KC130903, KC130907, pvpA, KC130904
and KC130908.

Genomic DNA was extracted from individual swabs using the QIAamp
DNA Mini Kit (QIAGEN, Düsseldorf, Germany) according to the
manufacturer’s recommendations. Samples were screened for MG
using PCR targeting a partial region (~300 bp) of the mgc2 gene11
previously described to be highly sensitive and specific.12 Each PCR
reaction consisted of 5 μL DNA template, 10 mM dNTPs, 0.5 μM of each
appropriate primer pair (as listed in Table 1), 1.5 units of Taq polymerase
(New England Biolabs, Ipswich, MA, USA), 1x Thermopol buffer (New
England Biolabs) and sterile nanopure water to the volume of 50 μL. All
amplifications were performed in an Applied Biosystems Thermal Cycler
2720 (Life Technologies Corporation, Carlsbad, CA, USA). Amplification
products were separated by electrophoresis at 4.5 V/cm on a 1% (w/v)
agarose (Lonza, Basel, Switzerland) gel in TAE buffer with 0.2 µg/mL
ethidium bromide (Sigma-Aldrich chemie GmbH, Steinheim, Germany)
and visualised under UV light.

Results
Poultry flocks were screened for MG by using DNA extracted directly from
individual swab samples for PCR of mgc2. Visualisation of 237–303-bp
amplicons on an agarose gel confirmed the presence of MG. Of the 30
swabs taken from the Zimbabwean poultry farm, 11 were positive for
MG, while 5 samples taken from the South African poultry farm were
positive for MG. The samples were further genetically characterised
by targeting and sequencing a larger region of the above-mentioned
mgc2 gene together with the gapA, lipoprotein (MGA_0319) and pvpA
genes. CLUSTAL V alignments of these individual genes were carried
out against reference genotypes and genotypes from various countries,
representing all the RAPD groups previously described.10 The results are
tabulated in Table 2.

MG-positive samples were further characterised by targeting the gapA,
lipoprotein (MGA_0319), mgc2 and pvpA partial gene sequences as
previously described.10 PCR products were excised with a sterile scalpel
and cleaned by means of the illustra GFXTM PCR DNA and Gel Band
Purification Kit (GE Healthcare, Buckinghamshire, UK). Each purified
amplification product was sequenced in both directions using the BigDye
Terminator V3.1 Cycle Sequencing Kit (Applied Biosystems). Sequencing
was performed with the capillary sequencer 3130xl ABI Genetic Analyser
(Applied Biosystems) at the University of the Free State, Department of
Microbial, Biochemical and Food Biotechnology. Complete overlapping
of complementary sequences, editing and consensus construction
was performed using Geneious Pro v5.4.4.13 All consensus sequences
were trimmed so as to start and end at an equivalent coding sequence
position as determined by sequences previously submitted.10
Table 1:

Nucleotide sequence of the primer pairs of the targeted genes
together with the predicted amplicon sizes based on the
Mycoplasma gallisepticum Rlow genome coding sequence
(AE15450)

Target

Primer

Nucleotide sequence (5’–3’)

Partial region
mgc2 gene

mgc2-2F

CGCAATTTGGTCCTAATCCCCAACA

mgc2-2R

TAAACCCACCTCCAGCTTTATTTCC

Lipoprotein (lp)

lp-1F

CCAGGCATTTAAAAATCCCAAAGACC

MGA_0319

lp-1R

GGATCCCATCTCGACCACGAGAAAA

gapA-3F

TTCTAGCGCTTTAGCCCTAAACCC

gapA-4R

CTTGTGGAACAGCAACGTATTCGC

pvpA-3F

GCCAMTCCAACTCAACAAGCTGA

pvpA-4R

GGACGTSGTCCTGGCTGGTTAGC

mgc2-1F

GCTTTGTGTTCTCGGGTGCTA

mgc2-1R

CGGTGGAAAACCAGCTCTTG

gapA gene

pvpA gene

mgc2 gene

The discriminatory power hierarchy, from lowest to highest, for
GTS analysis of the individual genes is ranked as: gapA, lipoprotein
MGA_0319, mgc2 and pvpA.10 This hierarchy is evident in the matched
identity of the gapA sequence of the South African genotype to numerous
MG genotypes, including the ts-11 and 6/85 vaccine strains and some
among those from the USA and Australia. On the contrary, the South
African lipoprotein portion (MGA_0319) diverged from the previous
vaccine strains and showed sequence identity to those among the
genotypes from the USA and Australia. The mgc2 gene region further
discriminated the South African genotype, showing closest identity at
only 96% to an Australian MG strain.
The sequence data for the South African and the Zimbabwean genotypes
differed from each other, as already seen with the partial mgc2 gene
region in Figure 1. The pvpA gene region is known to be the most
discriminatory of the targeted genes and showed 95% identity between
these two genotypes. Nonetheless, in terms of the mgc2 gene region
(ranked second with highest discriminatory power), the Zimbabwean
genotype remained unique and showed the highest identity percentage
(96%) to the 6/85 vaccine strain. In addition, the gapA gene was unique
for the Zimbabwean genotype. This finding was unexpected because
this gene is known to show the least sequence variation of the targeted
genes. On the contrary, the lipoprotein (MGA_0319) region where the
Zimbabwean genotype showed 100% identity to both the 6/85 and
K5111ATK01 US strains, belonged to the RAPD type group M.

Amplicon
size (bp)

300

590

Other genotypes showing high sequence similarity using nucleotidenucleotide BLAST, but not included in the analysis, were the RV-2 and
TLS-2 Israeli strains. Their exclusion from this study was based on
inadequate sequence data in GenBank for the various target genes, and
also because their discovery succeeded the RAPD type classification.10
The partial region of the mgc2 gene of both the South African and
Zimbabwean genotypes showed 100% BLAST identity to that of the
atypical Israeli RV-2 genotype (EU939449.1); however, the Zimbabwean
genotype included an additional in-frame insert of 18 nucleotide base
pairs. The partial mgc2 gene regions of the genotypes were aligned
using CLUSTAL15 and the reference MG R (AE015450.2) sequence
was included for comparison (Figure 1). The Zimbabwean genotype
continued to show high similarity between the available sequence data of
the MGA_319 lipoprotein and gapA gene regions. In addition, both South
African and Zimbabwean genotypes showed high sequence similarities
in the pvpA gene region, with the exception of a unique and significant
nucleotide region deletion present within the RV-2 strain. Thus, the
pvpA gene regions of the Zimbabwean and South African genotypes
remained unique.

332

702

824

A total of 39 MG genotypes was used for comparative analysis; all of the
RAPD types previously described were included.10 The total number of
genotypes included 23 from the USA, 8 from Israel, 4 from Australia, 3
vaccine strains (6/85, ts-11 and F-CK58) and the reference R genotype.
All sequence data was taken from GenBank.10 Alignments of individual
gene sequences were constructed by the CLUSTAL V method with a gap
penalty of 10 using the MEGALIGN program (in LASERGENE; DNASTAR).
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Similarity (percentage identity) of South African and Zimbabwean sequences in comparison with vaccine and reference genotypes and genotypes
from other countries
SA-gapA

ZM-gapA

SA-LP

ZM-LP

SA-mgc2

ZM-mgc2

SA-pvpA

ZM-pvpA

(%)

(%)

(%)

(%)

(%)

(%)

(%)

(%)

F strain

97.3

95.9

96.9

97.3

88.0

86.2

98.8

97.1

Ts-11

100

97.6

97.3

97.9

94.5

90.7

99.8

95.2

6/85

100

97.6

97.7

100

95.3

95.7

92.9

94.2

R strain

98.6

96.9

97.9

98.2

88.2

89.1

99.3

95.2

USA

96.9-100

95.6-97.6

94.3-100

94.0-100

87.5-95.7

85.7-91.2

81.8- 99.6

82.4- 97.1

AUS

97.6-100

95.9-97.6

97.9-100

97.7-97.9

94.5-96.0

90.7-95.3

93.9- 95.8

93.9- 95.8

ISR

96.9-97.6

95.9-99.3

95.5-95.7

96.3-96.5

94.5-94.9

90.7-91.0

86.2- 86.5

86.8- 87.1

SA, South Africa; ZM, Zimbabwe; AUS, Australia; ISR, Israel; LP, lipoprotein

Figure 1:

CLUSTAL W alignment of the partial mgc2 cytadhesin gene from the South African (SA) and Zimbabwean (ZM) field genotypes of interest compared
with that of the RV-2 genotype (EU939449) showing closet percentage identity from nucleotide-nucleotide BLAST searches. The reference R genotype
was also included.

Discussion

the gapA, lipoprotein MGA_0319, mgc2 and pvpA gene regions. Of the
39 MG genotypes included in this study, spanning all of the RAPD types
previously described,10 the South African genotype contained unique
mgc2 and pvpA gene regions. The Zimbabwean genotype was shown
to be even more divergent with unique gapA, mgcA and pvpA regions
representing a distinct genotype.

Few studies have reported on the characterisation of MG field strains
present in southern Africa. Poultry farms from two geographical
regions – Zimbabwe and South Africa – suspected of MG infection were
screened for novel MG genotypes using molecular techniques. MGpositive samples were genetically characterised according to analysis of
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The Israeli RV-2 strain was not included in this comparative study
but showed high similarity to the partial regions of the mgc2 gene of
the South African strain. The RV-2 strain was originally isolated from
two outbreaks in broiler breeders in 2007 in Israel.16 It was noted as
being distinct from the ‘Israeli’-type strain previously described10 and
suggested to be a new MG strain introduced to Israel. In addition, the
strain also showed susceptibility to enrofloxacin (0.05 µg/µL), unlike
other strains isolated in Israel at the time.17 The mgc2 gene region of the
Zimbabwean genotype also showed high similarity to the RV-2 strain;
however, the Zimbabwean genotype contained an additional insert of 18
nucleotide bases. Nevertheless, a link between the atypical strain found
in Israel and those prevalent in southern Africa has been established.
It is also important to note the possibility of multiple MG genotypes or
species causing infection in the same poultry flock or even the same
bird.18 This possibility could pose a foreseeable predicament for GTS
when analysing various target regions of a sample. Although cloning
of the PCR fragments would eliminate mixed sequencing data, the
various targeted regions would not be able to be correlated to a specific
genotype, especially when dealing with novel genotypes. With this in
mind, pooling of samples from the same poultry farms should be avoided
as a precautionary measure. Fortunately, no mixed sequencing data was
seen for the gapA, lipoprotein MGA_0319, mgc2 and pvpA gene regions
for the two genotypes of interest. In addition, different samples collected
from the respective poultry farms also showed identical sequence data
for the various regions.
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