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 Mycoplasma gallisepticum (MG) is economically important pathogen of poultry causes 
airsacculitis and frequently infraorbital sinusitis in turkeys. Infections may remain without 
clinical signs, but they can make birds susceptible to secondary infections. This study was 
carried out for molecular detection and phylogenetic analysis of MG infections in commercial 
and backyard turkey flocks in some parts of Iran. A total number of 600 swab samples were 
collected from 18 commercial and 31 backyard turkey flocks. The PCR technique was 
performed for detecting 16S rRNA gene in the samples. Positive sample were subjected for 
sequencing of mgc2 gene. The results showed that 48.38% of backyard and 16.66% of 
commercial farms were positive for MG. These findings suggested the presence of MG in the 
commercial and backyard turkeys’ farms of Iran. The molecular analysis indicated high 
sequence similarity between some Iranian turkeys isolates with Indian and Pakistanian MG 
isolates. Furthermore, substitutions of MG nucleic acids and correlated amino acids sequences 
may lead to some antigenic modifications. 

© 2017 Urmia University. All rights reserved. 

 Key words:  
 
 Iran 
 Molecular detection 
 Mycoplasma gallisepticum 
 Phylogenetic 
 Turkey 
 

 

 

 از بوقلمونهای تجاری و سنتی ایران مایکوپلاسما گالی سپتیکوم یکیلوژنتیف زینالآتشخیص مولکولی و 

 چکیده 

ی هوایی و سینوس های زیر چشمی بوقلمون می شود. عفونت ممکن است بدون علامت باشد، از نظر اقتصادی  بوده و سبب عفونت کیسه عامل بیماری زای مهم طیور مایکوپلاسما گالی سپتیکوم

در گله های بوقلمون صنعتی و سنتی در برخی از نقاط ایران انجام  مایکوپلاسما گالی سپتیکوم یکیلوژنتیفرا به عفونت های ثانویه حساس می کند. این مطالعه به منظور ردیابی مولکولی و آنالیز  اما پرنده

بر روی نمونه های  mgc2 ژن توالی روی نمونه های بدست آمده انجام شد. سپس تعیین 16S rRNAژن  برای ردیابی PCRگله بومی گرفته شد. آزمایش  31گله تجارتی و  18سواب از  600گردید. 

نعتی در گله های سنتی و ص مایکوپلاسما گالی سپتیکومدرصد از گله های تجاری مثبت بودند. این نتایج حضور مولکولی  66/16درصد از گله های سنتی و  38/48نتایج نشان داد  .مثبت انجام گرفت

به وجود آمده در توالی اسیدهای نوکلئیک و  جایگزینیشباهت بالا بین نمونه های جدا شده از ایران با نمونه های هند و پاکستان را نشان داد، همچنین  بوقلمون ها را نشان داد. تجزیه و تحلیل مولکولی

 اسید های آمینه مربوطه می تواند منجر به برخی تغییرات آنتی ژنی گردد. 

   مایکوپلاسما گالی سپتیکوم ،کیلوژنتیف، بوقلمون، تشخیص مولکولی،  ایران واژه های کلیدی:
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Introduction 
 

There are four species of Mycoplasma as pathogens in 
poultry. Mycoplasma meleagridis and Mycoplasma iowae 
are turkey specific pathogens and they cause airsacculitis, 
skeletal abnormalities and reduction in hatchability. 
Mycoplasma synoviae cause subclinical upper respiratory 
tract infection and infectious synovitis in turkey.1,2  

Mycoplasma gallisepticum (MG) is an important 
pathogen of poultry that is responsible for elimination or 
downgrading of carcasses, increase in feed conversion 
ratio and economical loss of vaccination or drug 
prevention. MG is also commonly known as airsacculitis 
and often infra-orbital sinusitis causes in turkeys and 
chronic respiratory disease (CRD) in chickens with a wide 
variety of clinical signs.3,4 There are some reports of turkey 
neurological symptoms caused by MG.5 

Infections caused by MG sometimes stay with no 
clinical signs, but make birds susceptible to secondary 
infections with bacteria such as E.coli and respiratory 
viruses like Newcastle disease virus in turkeys.6,7 

Serological procedures are useful for flocks monitoring 
control programs but nonspecific reactors occur in some 
flocks which may cause false positive results.8,9 Moreover, 
the culture method for isolation of micro-organism is a 
time-consuming and non-accurate technique which may 
also be contaminated by environmental organisms.10 

Gene-specific DNA probe is developed as an accurate 
molecular solution for the problems.11-13 Previous studies 
have shown that molecular methods are very useful to 
detect actual rate of MG in avian flocks, therefore, PCR 
technique is used during this study.14 

Epidemiological investigations of MG in avian 
populations has focused mainly on the poultry farms. To 
our knowledge, there is not enough study regarding the 
prevalence and characterization of MG derived from 
backyard and industrial turkeys in Iran. Epidemiological 
studies according to phylogenetic of turkeys MG field 
isolates may indicate infection origin and relationship 
between different MG strains in other avian species, as 
the first step of control programs. Therefore, the aim of 
this study was to clarify the presence and genetic 
diversity of MG in turkeys in some provinces of Iran 
during the period from February to August 2016.  

 
Materials and Methods  
 

Sample collection. A total number of 600 tracheal, 
choanal cleft or/and infra orbital sinus swab samples were 
taken from 49 farms (31 backyard turkey farms and 18 
commercial turkey farms). Swab samples were collected 
randomly from Tehran, Semnan, Isfahan, Qazvin, Zanjan, 
East Azerbaijan, Gilan, Mazandaran, and Golestan 
provinces in Iran during the period from February to 
August 2016 (All birds from each backyard farm and 20 
 

 birds from each house of commercial farms). Samples 
were transported immediately to the laboratory.  

DNA extraction. DNA was extracted from swab 
samples suspended in 1 ml of PCR-grade PBS. The 
suspensions were centrifuged for 30 min at 14,000 g at 
4 ˚C. The supernatant was carefully removed and the 
pellets were suspended in 25 μL PCR-grade water. The 
tube and the contents were boiled for 10 min and then 
placed on ice for 10 min before centrifugation at 14,000 
g for 5 min. The supernatant was used as DNA temples 
for PCR reactions.  

Detection of MG 16s ribosomal RNA gene by PCR. 
The PCR assay for detection of MG 16s ribosomal RNA 
gene carried out on all swab samples. The PCR reaction 
was performed in 50 μL reaction volume consisting of 5 
μL 10X PCR buffer, 1.00 μL 10 mM dNTP, 0.50 μL of each 
primer (20 μM) MG-14F (5’-GAG CTA ATC TGTAAA GTT 
GGT C-3’) and MG-13R (5’-GCT TCC TTG CGG TTA GCA 
AC-3’), 0.25 μL Taq DNA polymerase, 2 μL 50 mM MgCl2 
(Sinaclon, Tehran, Iran), 39.75 μL of deionized distilled 
water and 1 μL of template DNA.15 The thermal cycle 
included three steps as follow: Primary denaturation was 
performed at 94 ˚C for 3 min as the first step. In the 
second step, 40 cycles each included three sections as 
denaturation at 94 ˚C for 30 sec, annealing at 55 ˚C for 30 
sec and extension at 72 ˚C for 60 sec were performed. 
Eventually, final extension was conducted at 72 ˚C for 5 
min as the third step.15 The PCR products were 
electrophoresed on 1.50% agarose gel for 1 hr at 100 V 
and visualized by staining with ethidium bromide. The S6 
strain (Liverpool, UK) and ts-11 (Bioproperties, 
Ringwood, Australia) were used as positive control and 
distilled water as negative control in all PCR reactions. 

Detection of mgc2 gene by PCR. The second specific 
MG primers (Sinaclon), mgc2-2F (5'- CGC AAT TTG GTC 
CTA ATC CCC AAC A-3') and mgc2-2R (5'-TAA ACC CAC 
CTC CAG CTT TAT TTC C-3') were used for amplifying 
mgc2 gene (300bp).16,17 The mgc2-PCR was performed in 
a mixture with total volume of 25 μL, containing 2.5 μL of 
10X PCR buffer, 2 μL of MgCl2 (50 mM), 0.20 μL of 10 mM 
dNTPs, 0.10 μL of each primer (50 pmol µL-1), 0.10 μL of 
Taq DNA polymerase (Sinaclon), 19 µL of deionized 
distilled water and 1 μL of extracted DNA as template. 
After denaturation at 95 ˚C for 1 min the reaction was 
performed in 40 cycles including denaturation (95 ˚C for 
20 sec), annealing (60 ˚C for 40 sec), primary extension 
(72 ˚C for 10 sec) and a final extension at 72 ˚C for 5 min. 
All amplification reactions were performed in a thermal 
cycler (T100™; Bio-Rad Laboratories, Redmond, USA). 
Ethidium bromide-stained gel electrophoresis (1% 
agarose gel in 1X Tris-acetic acid-EDTA buffer) was 
visualized by UV transillumination system (Vilber 
Lourmat, Paris, France).  

Mgc2 gene sequencing and phylogenetic analysis. 
Samples obtained from turkey flocks were first confirmed 
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by PCR assays for detection of 16s rRNA. Then 11 
purified PCR products of mgc2 gene were sequenced. 
The bidirectional sequencing (with the forward and 
reverse PCR primers) of PCR products was performed 
by Bioneer Inc. (Daejeon, South Korea). Homologies 
between nucleotide and amino acid sequences searched 
using BLAST and PSI-BLAST, respectively.18 Nucleotide 
and predicted amino acid sequences were aligned with 
ClustalW alignment and DNASIS protean software.19,20 
Finally, the phylogenetic tree was constructed using 
MEGA MEGA software (version 6; Biodesign. Institute, 
Tempe, USA).21  

 
Results 
 

Samples from 18 farms (three from commercial farms 
and 15 from backyard turkey farms) were positive for MG. 
In the other words, the 16s rRNA gene of MG was 
successfully amplified by PCR reactions in 36.73% of 
turkey farms (the amplicon size was 185 bp). The 
percentage of positive commercial and backyard turkey 
farms were 16.66% and 48.38%, respectively (Table 1). 
MG positive samples obtained from commercial farms 
were significantly lower than those found in backyard 
farms (p < 0.05, test of proportions). 

The PCR results for mgc2 gene are shown in Figure 1. 
Based on the nucleotide phylogenetic tree of mgc2 gene, 
11 positive samples were arranged in three main groups. 
We found that two Iranian turkey isolates; (RH1376.58/16 
and RH1376.61/16) were quite similar to Indian strains 
and two strains (RH1376.60/16 and RH1376.62/16) were 
grouped with Pakistani strains showing more similarity. 
Also, we detected three isolates (RH1376.5/16, RH1376. 
49/16 and RH1376.74/16) arranged in one group with 
99.00% homogeneity in comparison to ts-11 vaccinal 
strain (Fig. 2).  

We identified substitutions in amino acid sequence of 
our isolates in comparison with each other. The position 
10 was changed from methionine to isoleucine and in 
position 21 the leucine substituted by proline in seven 
isolates. Moreover, we found change of polar Methionine 
to nonpolar isoleucine and proline to leucine in five isolates 
 
 
 

 in positions 62 and 90, respectively (Fig. 3). The partial 
mgc2 gene sequences were submitted to the GenBank data 
base under accession numbers KY651217– KY651227. 

 
 
 
 
 
 
 
 
 
 
 

Fig. 1. Mgc2 PCR result of 11 positive MG samples performed by 
electrophoresis. Lane M: 100 bp marker, Lanes 1: Positive control 
(PC) ts-11, Lanes 2: Negative control (NC), Lanes 3-13: Positive 
samples with 300 bp bands. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 

Fig. 2. Phylogenetic tree of mgc2 gene based on the nucleotide 
sequences. A total number of 11 mgc2 genes were detected from 
turkey flocks of nine provinces of Iran and 12 mgc2 sequences 
obtained from GenBank.  

 Table 1. Presence of Mycoplasma gallisepticum in backyard and commercial turkey farms in several provinces of Iran. 

Province 

Number of 
commercial 

turkey farms 

Number of 
backyard 

turkey farms 

Total number 
of turkey 

farms 

Number of positive 
commercial turkey 

farms 

Number of 
positive backyard 

turkey farms 

Total number of 
positive turkey 

farms 

Qazvin 1 6 7 1 3 4 
Gilan 2 3 5 - 1 1 
Isfahan 5 1 6 2 1 3 
Golestan 1 8 9 - 4 4 
Mazandaran 1 6 7 - 4 4 
Semnan 1 2 3 - 1 1 
East Azerbaijan 2 - 2 - - - 
Zanjan 3 4 7 - 1 1 
Tehran 2 1 3 - - - 
Total 18 31 49 3 15 18 
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Discussion 
 

Mycoplasma gallisepticum is an important infectious 
disease that impresses commercial poultry production 
globally.22 It has been detected in many studies from 
poultry farms, but there is not enough data about presence 
of MG in turkey farms in Iran. Rezaie reported 2 (4.80%) 
commercial turkey flocks were positive via agglutination 
test with specific MG antiserum in East Azerbaijan 
province.23 

 Our findings demonstrated that the prevalence of MG 
 

 
 
 
 
 

  
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
in backyard turkey farms (48.38%) was significantly 
higher than commercial turkey farms (16.66%). It seems 
eradication programs in European breeder flocks as a 
main supplier of commercial poults24 and mandatory 
control programs of Iranian veterinary organization for 
import of free pathogen poults are two reasons of lower 
prevalence of Iranian industrial farms. Michiels et al.24 
showed all of the swab samples collected from turkey 
meat type in Belgium were negative by PCR. As well as in 
the Netherlands, there has been a decrease in positive 
flocks because of official surveillance program.25 It seems 
 
 
 
 
 

Fig. 3. Amino acid sequence alignment of mgc2 gene. The alignment was done using ClustalW software. The sequences with Iran/RH in 
their names were isolated at present study. The other sequences were retrieved from GenBank database. 
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another reason of lower prevalence (36.73%) of MG in 
industrial farms in this condition is the role of principles of 
biosecurity during the breeding period. Although we know 
after placing poults in a polluted environment, they are 
infected and remain carriers.22  

There were nine positive backyard flocks in the 
north of Iran including (Mazandaran, Golestan and Gilan 
provinces), which might be due to extensive backyard 
turkey rearing condition. It is well known that aerosol, 
temperature, atmospheric ammonia, dust and flock 
density all have important role in producing respiratory 
disease like mycoplasma.7,26 Some potential reservoirs 
of MG (carrier birds) are backyard flocks and there is 
increasing evidence that small backyard poultry flocks 
may be subclinicaly infected and transfer infection to 
commercial flocks.27-29 A high prevalence of MG 
infection in broiler has been reported by Seifi and 
Shirzad in this area.30  

There were only two positive commercial farms 
(11.11%) in central parts of Iran (Isfahan province) 
which is probably due to proximity of multiage layer MG 
positive farms to turkey flocks. Prevalence of MG in layer 
flocks in central part of Iran has been reported. Haghighi-
khoshkhoo et al. showed that 4 of 40 (10.00%) flocks 
were MG positive in this area.31 Also, the presence of MG 
in turkeys in central part of Iran may be due to the dry 
climate of Isfahan province. Dry weather increases 
transmission distance of aerosols, leading to increased 
susceptibility to infections.32 In the same way, the MG 
seroprevalence was slightly higher in the foothills 
(9.40%) than in coastal area (7.20%) in which humidity 
was greater.30 

The results showed that two positive commercial 
farms (belonged to Isfahan and Tehran provinces), were 
suffering from respiratory distress, decreased feed intake, 
weight loss and increased mortality at the same time. 
Roussan et al.33 reported that all MG positive flocks were 
suffering from other respiratory disease(s) such as APV, 
MPV or NDV at the same time. According to higher number 
of positive backyard farms there were only one farm with 
respiratory distress and weight loss.  

Eleven positive samples for MG were grouped in five 
main cluster based phylogenetic of mgc2 gene. The high 
ratio of sequence similarity was observed between Iranian 
isolates with Pakestanian and Indian isolates, indicating 
the geographical distribution of MG strains between 
neighbor countries due to weak biosecurity strategies.  

The substitutions on positions 10 and 21 in seven of 
our turkeys isolates bring the new amino acids to the 
protein sequence making them more similar to a known 
pathogen strain S6 but more divergent to vaccine strain ts-
11. We also recognized particular substitutions on few 
positions an exchange from polar methionine to nonpolar 
isoleucine and a change from proline to leucine in five 
isolates on positions 62 and 90, respectively. These 
 

 variations demonstrated specific changes in this region of 
the mgc2 gene. The mgc2 gene is a well-protected gene 
and stimulant mucosal attachment process with encodes a 
cytadhesin protein.34,35 Antigenic membrane proteins were 
created by mgc2 gene can evolved fast and consequently 
allow MG to evade host immune system.36,14 Therefore, the 
low nucleotide difference between the targeted regions in 
this study may demonstrate mutagenesis in MG, a survival 
response from the pathogen for adaptation to new 
conditions in hosts body and immune system reactions.  

In conclusion, these findings suggested the molecular 
presence of MG in the commercial and backyard turkey 
farms, which might be due to extensive backyard turkey 
rearing condition without considering principles of 
biosecurity and/or supplying poults from local infected 
source. Based on the phylogenetic results and their 
distribution, some of the identified strains had close 
genetic relationship with Indian and Pakestanian MG 
strains, implicating the epidemio-geographical relation-
ship between these isolates.  

 
References  

 
1. Ferguson-Noel N, Noormohammadi AH. Mycoplasma 

synoviae Infection. In: Swayne DE (Ed). Diseases of 
poultry. 13th ed. Hoboken, USA: Wiley-Blackwell 2013; 
875-907. 

2. Feberwee A, De Wit JJ, Landman WJ. Induction of 
eggshell apex abnormalities by Mycoplasma synoviae: 
field and experimental studies. Avian Pathol 2009; 
38(1):77-85. 

3. Levisohn S, Kleven SH. Avian mycoplasmosis 
(Mycoplasma gallisepticum). Rev Sci Tech 2000; 19(2): 
425-442.  

4. Ley DH, Berkhoff JE, Levisohn S. Molecular 
epidemiologic investigations of Mycoplasma 
gallisepticum conjunctivitis in songbirds by random 
amplified polymorphic DNA analyses. Emerging Infect 
Dis 1997; 3(3):375-380. 

5. Wyrzykowski B, Albaric O, Moreau S, et al. 
Retrospective study of Mycoplasma gallisepticum 
meningoencephalitis in six turkey flocks in western 
France. J Comp Pathol 2013; 148(2): 173-177. 

6. Gross WB. Factors affecting the development of 
respiratory disease complex in chickens. Avian Dis 
1990; 1:607-610. 

7. Kleven SH. Mycoplasmas in the etiology of 
multifactorial respiratory disease. Poult Sci 1998; 
77(8): 1146-1149. 

8. Bradley LD, Snyder DB, Van Deusen RA. Identification 
of species-specific and interspecies-specific poly-
peptides of Mycoplasma gallisepticum and Mycoplasma 
synoviae. Am J Vet Res 1988; 49(4): 511-515. 

9. Ferguson-Noel N, Laibinis VA, Farrar M. Influence of 
swab material on the detection of Mycoplasma 

 



298 

 
S. Rasoulinezhad et al. Veterinary Research Forum. 2017; 8 (4) 293 - 298 

 

gallisepticum and Mycoplasma synoviae by real-time 
PCR. Avian Dis 2012; 56(2): 310-314. 

10. Zhao S, Yamamoto R. Detection of Mycoplasma synoviae 
by polymerase chain reaction. Avian Pathol 1993; 
22(3): 533-542. 

11. Khan MI. Multiplex PCR of avian pathogenic 
mycoplasmas. In: Saches K, Frey J (Eds). PCR detect of 
microbial pathogens. New York, USA: Humana Press 
2003; 223-230. 

12. Santha MI, Burg KO, Rasko IS, et al. A species-specific 
DNA probe for the detection of Mycoplasma 
gallisepticum. Infect Immun 1987; 55(11): 2857-2859. 

13. Hyman HC, Levisohn S, Yogev D, et al. DNA probes for 
Mycoplasma gallisepticum and Mycoplasma synoviae: 
Application in experimentally infected chickens. Vet 
Mic 1989; 20(4): 323-337.  

14. Nascimento ER, Pereira VL, Nascimento MG, et al. 
Avian mycoplasmosis update. Rev Bras Cienc Avic 
2005; 7(1): 1-9. 

15. Kleven SH, Fulton RM, Garcia M, et al. Molecular 
characterization of Mycoplasma gallisepticum isolates 
from turkeys. Avian Dis. 2004; 48(3): 562-269. 

16. Lysnyansky I, Garcia M, Levisohn S. Use of mgc2-
polymerase chain reaction–restriction fragment length 
polymorphism for rapid differentiation between field 
isolates and vaccine strains of Mycoplasma 
gallisepticum in Israel. Avian Dis 2005; 49(2): 238-245. 

17. Garcia M, Ikuta N, Levisohn S, et al. Evaluation and 
comparison of various PCR methods for detection of 
Mycoplasma gallisepticum infection in chickens. Avian 
Dis 2005; 49(1): 125-132. 

18. Altschul SF, Madden TL, Schäffer AA, et al. Gapped 
BLAST and PSI-BLAST: A new generation of protein 
database search programs. Nucleic Acids Res 1997; 
25(17): 3389-3402. 

19. Larkin MA, Blackshields G, Brown NP, et al. Clustal W 
and Clustal X version 2.0. Bioinformatics 2007; 23(21): 
2947-2948. 

20. Burland TG. DNASTAR’s Lasergene sequence analysis 
software. Bioinformatics methods and protocols. 
Madison, USA: Humana Press 1999; 71-91. 

21. Tamura K, Stecher G, Peterson D, et al. MEGA 6: 
Molecular evolutionary genetics analysis version 6.0. 
Mol Biol Evol 2013; 30(12): 2725-2729. 

22. Swayne DE, Glisson RJ, McDougald LR, et al. 
Mycoplasma gallisepticum infection. In: Swayne DE 
(Ed). Diseases of poultry. 13th ed. Ames, USA: Blackwell 
Publishing Professional 2013; 877-893. 

23. Rezaie, M. Isolation and molecular identification of 
mycoplasma pathogen from turkeys of Eastern 
Azarbaijan provinces. DVSc thesis. Science and Research 
Branch, Islamic Azad University. Tehran, Iran: 2008. 

24. Michiels T, Welby S, Vanrobaeys M, et al. Prevalence of 
Mycoplasma gallisepticum and Mycoplasma synoviae in 
commercial poultry, racing pigeons and wild birds in 
 

 Belgium. Avian Pathol 2016; 45(2): 244-252. 
25. Feberwee A, Landman WJ. The successful 

implementation of Mycoplasma gallisepticum 
monitoring and control programmes in Dutch 
commercial poultry: A declining sero-incidence during 
an eleven year period. In proceedings: 19th Congress of 
the international organization for mycoplasmology. 
Toulouse, France. 2012; 153. 

26. Chandiramani NK, Roekel H, Olesiuk OM. Viability 
studies with Mycoplasma gallisepticum under different 
environmental conditions. Poult Sci 1966; 45(5): 1029-
1044. 

27. McBride MD, Hird DW, Carpenter TE, et al. Health 
survey of backyard poultry and other avian species 
located within one mile of commercial California meat-
turkey flocks. Avian Dis 1991; 1: 403-407. 

28. Nagai S, Kazama S, Yagihashi T. Ribotyping of 
Mycoplasma gallisepticum strains with a 16S ribosomal 
RNA gene probe. Avian Pathol 1995; 24(4): 633-642. 

29. Ewing ML, Kleven SH, Brown MB. Comparison of 
enzyme-linked immunosorbent assay and 
hemagglutination-inhibition for detection of antibody 
to Mycoplasma gallisepticum in commercial broiler, fair 
and exhibition, and experimentally infected birds. 
Avian Dis 1996; 40 (1): 13-22. 

30. Seifi S, Shirzad MR. Risk factors and seroprevalence of 
Mycoplasma gallisepticum infection in broiler breeder 
farms in Mazandaran province, north of Iran. Revue 
Med Vet 2012; 163(5): 215-218. 

31. Haghighi-Khoshkhoo P, Akbariazad G, Roohi M, et al. 
Seroprevalence of Mycoplasma gallisepticum and 
Mycoplasma synoviae infection in the commercial layer 
flocks of the centernorth of Iran. Afr J Microbiol Res 

2011; 5(18): 2834-2837. 
32. Bradbury JM, Levisohn S. Experimental infections in 

poultry. In: Tully JG (Ed). Molecular and diagnostic 
procedures in mycoplasmology. San Diego, USA: 
Academic Press 1996; 361-370. 

33. Roussan DA, Haddad R, Khawaldeh G. Molecular 
survey of avian respiratory pathogens in commercial 
broiler chicken flocks with respiratory diseases in 
Jordan. Poult Sci 2008; 87(3): 444-448. 

34. Hnatow LL, Keeler CL, Tessmer LL, et al. 
Characterization of MGC2, a Mycoplasma gallisepticum 
cytadhesin with homology to the Mycoplasma 
pneumoniae 30-kilodalton protein P30 and 
Mycoplasma genitalium P32. Infect Immun 1998; 
66(7): 3436-3442. 

35. Winner F, Rosengarten R, Citti C. In vitro cell invasion 
of Mycoplasma gallisepticum. Infect Immun 2000; 
68(7): 4238-4244. 

36. Delaney NF, Balenger S, Bonneaud C, et al. Ultrafast 
evolution and loss of CRISPRs following a host shift in a 
novel wildlife pathogen, Mycoplasma gallisepticum. 
PLoS Gen 2012; 8(2): e1002511. 

 


