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Why strain identification?

 Epidemiological investigations?
— Origin of the infection within a highly globalised industry
— Risk of transmission from non poultry avian species

 Development of prevention strategies?

 Regulatory and registration bodies - vaccine
companies



The ideal test

Reliable
Reproducible
Rapid

nexpensive
Easily interpreted

Amenable to conventional diagnostic
laboratories

Applicable for all countries




Methods

* Methods that require isolation and growing of
the organism

* PCR based methods



Temperature sensitivity phenotype

: 33 C - 39.5°C

Log10 difference of 3 2 means Ts+



Field isolates













AFLP

C. Marois et al./Veterinary Microbiology 79 (2001) 1-9
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Methods

RFLP of genomic DNA
ts phenotype (for ts vaccines only)
AFLP

PCR based techniques

— RAPD

— SSCP

— HRM

— Targeted sequencing including MLST

Whole genome sequencing




RAPD

Intraspecies heterogeneity of avian mycoplasmas 771
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Fig. 3. AP-PCR fingerprints of 12 M. iowae isolates generated by three arbitrary primers. Lanes 1 and 14 =
molecular size markers made from bacteriophage lambda DNA digested with HindIII and EcoRI. Numbers
at left are molecular size markers in kb. Lane 2 = I; Lane 3 = K3146; Lane 4 = K; Lane 5 = K3495A; Lane 6
= PPAV; Lane 7 = C1; Lane 8 = B50/92; Lane 9 = B76/92; Lane 10 = B65/92; Lane 11 = B10/80; Lane 12 =
m4/77/5T; Lane 13 = 90162.



Target for PCR based techniques
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vary between strains
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have conserved flanking regions
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not have homologue in other
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Direct sequencing
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Size difference after PCR
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Size difference after PCR
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HRM curve analysis

24 86079/7NS
MS-H ——
22 94011/V-18d
94027/19a
20 94027/6a
93148/23-22b ——
18, 94041/12a
T2/3X ———
16 F10-2A8 ——
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14 K1858 ——
1853m ——
12 K1968 —
K1723 ——

Temperature (°C)
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MG PCR-HRM curve analysis
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Ts-11 against field strains

ts-11

Non ts-11
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Consistency after passage in vivo
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Challenges

1. Lack of universally accepted test for MG and MS



m Oligonucleotides Sequence (5’-3’) PCR product size range (bp)

gapA-3F TTCTAGCGCTTTAGCCCTAAACCC 332 _
gapA-4R CTTGTGGAACAGCAACGTATTCGC _
mgc2-1F GCTTTGTGTTCTCGGGTGCTA 791-857 _



Differentiation power of different
targets
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Table 3. Comparisons of RFLP paunerns generated by restriction
digestion of PCR products of selected genes from different ILTV isolates.

PCR ORFB-

product gE G TK ICP4 ICP185 TK
Restoricoon
endonudease Fael prl MEPI Haelll Haelll Fokl
Isolawef Pattern
strain RFLP PATTERNS combination™ Class®
SA2 A A A A A A AAAAA 1
A20 A A A A A A AAAAA 1
CSW A B B C C B BBCCB 4
V1-99 A B B B B B BBBBB 2
V2-02 A B B B B B BBBEB 2
V3-02 A B B A C B BBACB 3
V1-03 A A A A A B AAAAB 5
V1-04 ND“ B B A C B BBACB 3
N1-03 A BE B B B B BBBEB 2
N1-04 A BE B B B B BBBEB 2
N2-04 ND B B B B B BBBEB 2
N3-04 ND B B B B B BBBEB 2
S1-04 A B B A C B BBACB 3
$2-04 ND B B A C B BBACB 3
$3-04 ND B B A C B BBACB 3
S4-04 ND B B A C B BBACB 3
Q1-95 A A A A A A AAAAA 1
Q1-96 ND A A A A A AAAAA |
Q1-00 ND A A A A A AAAAA 1
Q1-01 A B B B B B BBBEB 2




MLST - Cizelj et al (2015

Table 1.

Genotypes of M. synoviae usolales

Sequences of genes or loci

ulhA pseudogene

Genotype® Strain Year of isolaton  5-vlhA® nanf recA lonB MS_0036 Reference
1. WVU 1853 1955 A(114) STl ST1 ST1 ST1 Benéina ¢t al (2001)
F10-2AS 1970 El (57) ST1 ST1 ST1 Hong e al (2004)
2. ULB 02/T6 2002 El (57) ST2 ST2 ST2 ST2  Slavec e al (2011)
ULB 08/T3 2008 El (57) ST2 Dusanic et al (2009)
3 FMT 1979 D (69) ST3 Benéina e al (2001)
K2581 1988 E2 (57) ST3 ST3 Benéina e al (2001)
K3344 1992 E2 (57) ST3 ST3 ST3 ST3 Benéina e al (2001)
4. K2426D 1987 C2 (96) ST4  ST4 Benéina e al (2001)
K3009/37 1990 E3 (57) ST4 ST4 ST4 ST4 Benéina e al (2001)
5. ULB 9122 1991 C4 (96) ST5 STs STH ST5 Benéina ef al (2001)
ULB 07/P5 2007 C4 (96) ST5 Ber¢ic et al (2011)
6. PAA2 1994 C3 (96) ST6 ST Benéina ef al (2001)
K41638 1997 C3 (96) ST6 ST6 ST6 ST6 Benéina ef al (2001)
B27 /00 2000 C3 (96) ST6 Ramirez ef al. (2011)
7. K1968 1983 B (125) ST7 ST7 ST7 Hong ¢ al (2004)
8. ULB925 1993 C1 (96) ST8 ST8 Benéina et al (2001)
9 K1723 1983 C5 (96) ST9 ST9 Benéina et al (2001)
10. MS53 ? F (108) STI0 ST10 STS ST7 NC_007294.1

“Genotype, according to all sequenced genes.,
"Type of gene sequence and number of nucleotdes in the PRR.
‘ST, sequence type; the lengths of deletons (number of nucleotides) is presented in parentheses,



MLST - Dijkman et al (2016)

Nucleotide sequences

Aminoacid sequences

Parsim Parsim

Target  Single informative No. of Target  Single informative No. of dN/

Gene  size?  variants® Proportion® sitesd Proportione  allelesf size  variants9  Proportion® sites! Proportioni  allelesk  dN! dsm dsn
uvrA 391 20 5.1% 17 4.4% 23 130 4 3.1% 3 2.3% 5 0.589 3.352 0.176
ruvB 429 27 6.3% 17 4.0% 27 142 11 7.8% 7 4.9% 15 0.801 1.048 0.764
nanA 524 42 8.0% 33 6.3% 35 174 20 11.5% 14 8.1% 27 1974 3.017 0.654
ugpA 470 45 9.6% 30 6.4% 40 156 14 9.0% 6 3.9% 12 0.304 7.233 0.042
lepA 304 18 5.9% 11 3.6% 18 101 6 5.9% 3 3.0% 7 0123 1206 0.102
vlIhA  279-381 64 16.8%-22.9% 37 9.7%-13.3% 50 93-127 39 30.7%-41.9% 21 16.5%-22.6% 47 5.876 2.355 2.495
ST 2118 152 7.2% 108 5.1% 76 703 55 7.8% 33 4.7% 55 8.771 10.371 0.846




Challenges

1. Lack of universally accepted test for MG and MS
2. Variations in targeted nucleotides
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Research Note—

Revised Mycoplasma synoviae vIhA PCRs
Amy N. Werzel, Kristina M. Lefevre, and Ziv Raviv®

Department Of Veterinary Preventive Medicine, Cnllege of Veterinary Medicine, The Ohio State University, Columbus, OH 43210
Received 31 March 2010; Accepted and puhlished ahead of print 10 June 2010

SUMMARY. Mycoplasma synoviae (MS) is an important pathogen of chickens and rurkeys. In recent years sequence analysis of
the pa.rr_ial MS variable lipoprotein and hemagglutinin A (2/h4) gene PCR product has been utilized routinely for MS strain
genﬂt}rpmg Several PCR assays have been proposed for the amplification of the conserved upstream region of the MS v/hA gene;
however, in several clinical instances the published assays failed to generate vlhA PCR products from confirmed MS-positive cases.
These occurrences hindered our capability o genotype those cases. [n silico analysis of the published MS vIhA PCRs raised
concerns, which were addressed by the design of revised MS vlhA PCRs. The published and revised assays were tested for their
relative sensitivity and specificity with laboratory and clinical MS-positive samples. One of the revised MS vlhA PCRs (revised
Hong) was demonstrated to be more sensitive and speciﬁc, and a_mpliﬁed all clinical sa_mples analyzed in this study.

Table 2. Summary of MS vlhA PCR assays primer sequences and annealing nempemlures.ﬁ

Annealing u:ir'nptmtum Am pllmn size

Assay Forward primer sequence 5'—3" (T,,) Reverse primer sequence 5'—3" (T, () fbp)
Hong e al (4) GATGCGTAAAATAAAAGGAT (52.2 C) GUTTCTGTTGTAGTTGCTTC (58.3 C) 55 367
Revised Hong CCATTGCTCCTGCTGTTAT (58.0 C) ETECTGTTGTAGTTGCTTWD (58.0 C) 55 295
Hammond & af (3) ATTAGCAGCTAGTGCAGTGGCC (64.5 C) AGTAACCGATCCOGCTTAATGC (60.6 C) 52 388

Revised Hammond GGCCATTGCTCCTRCTGTTAT (61.5 C) AGTAACCGATCCGCTTAATGC (60.6 C) 56 3




Challenges

1. Lack of universally accepted test for MG and MS
2. \Variations in targeted nucleotides
3. Usefulness of the test depending on geographical location
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Challenges

Lack of universally accepted test for MG and MS

Variations in targeted nucleotides

Usefulness of the test depending on geographical location
Required equipment and reagents do not exist in all laboratories

Current techniques are not necessarily related to virulence or tissue
tropism

DIVA doesn’t detect reversion to virulence?
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Temperature-Sensitivity Phenotype

Muhammad A. Shahid'", Philip F. Markham?, John F. Markham®, Marc S. Marenda’,
Amir H. Noormohammadi’

1Fa0dy of YWudmy Sdande, The Ushvirsty of Maboume, Wesltee, Viaah, Acaialia 2 AlaPaific Gt T Avimal Halth, Faody of Veumay Sdawe, The
Univessity of Mabouns, Paiedie, Viaoda, Acivada, 3 Natond ICT Acseann INCTA) Vicoda Reser o Laboaioey, Depantmant of Ebarical and Ebcuonic Engeacding,
School of Engovndog The Undweity of Meiboure, Mol asng Vicoda Aczala

Abstract

Mycoplasma synovice Stain MSH, developed by chemical mutagenesis of the Australian field strain BG7Y7NS, & a live
femperature-sengtive (157) vacdne used for control of M synovige Infection In poultry workdwide. Generic basis of
temperature senstivity and attenuation of MSH has not been revealed thus far. Comparison of the complets genome
sequence of MS-H, s parent strain 86079/TNS and two nontemperature sendtive (1) relsolates of MSH revealed a
mutation in a highly conserved domain of GIP binding protein Obg of M5H, with revesion in 17 MS-H reisolates
Nudleotide change from G to A at position 369 of the obg gene resulted In an alteration of glycine 10 arginine at position
123 In Oby fold. Further analysis of the complete obg gene sequence In several MEH resolates svealed that a Gly123Arg
substitution was assodiated with alteration in temperature sensitivity phenotype of MS-H. A second mutation, Cto T a1
position 629, In obyg gene was found in some of the MSH reisolates and appearad 1o suppréss the effects of the Gly123Arg
substitution. It siico analysic of point mutations revealed that Gy 123Arg has highly destabilizing effect on the MS-H Obg
structure that can potentially abolish its biological functions in vivo egpecially at nonpermissive temperature. Findings of
this study implicate Obg alteration {Gly123Arg) as one of the possible causes of MS-H attenuation/temperature sensitivity
and varrant further investigations into exploring the role of Obgdike proteins an evolutionarlly consarved protein from
human to bacteria, in the biology of mycoplasmas.
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Figure 2. Comparison of partial obg nucleotide sequences (corresponding to nt 288-671 of MS53 obg; GenBank accession number
no. AE017245) from selected M. synoviae strains/isolates. Nucleotide differences are highlighted keeping MS53 as reference. Location of
primers used in obg PCRs as well as SNP G367A discovered in MS-H genome are highlighted with amows and bar above the sequence, respectively.
Location of SNP C629T, observed only in 93198/6-1a, 93198/1-24b, 94036/9-2a and 94036/2-1a [18], is also highlighted with a dot.
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PCR-HRM for determination of ts

phenotype
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Obg HRM and agarose gel based MAMA
(Kreizinger et al 2015)

Table 4. Matrix showing the SNP states, melt-MAMA melting temperatures (T,,,) and agarose-MAMA PCR fragment sizes in the ts* MS-H vaccine
strain genotype, ts” MS-H re-isolate genotype and wild-type M. synoviae strain genotype.

Strain nt367 SNP nt629SNP MS-H1 melt- MS-H2 melt- MS-H1 agarose-MAMA PCR  MS-H2 agarose-MAMA PCR
genotypes state state MAMATm(°C) MAMATm(°C)  fragment size (bp) fragment size (bp)

ts* MS-H vaccine A C 801 76.8 91 96

strain

ts” MS-H re- A T 80 70.9 a1 77

isolate®

wildtype strain® G C 75.0 76.8 71 a6

Amglificoticn Ples Melt Curvo
- gk A
TP TaET——

gkl

96 bpr
77 bp

91btp

—5 ~ - 71bp

MS-H1 MS-H2



Probe based technique using obg gene

0.20 4

e
-
o

Norm. Fluoro.,

o
pE,
o

005 J Threshold /

0.00

35 40

DNA Extraction and Real-Time PCR Detection Kit

for differentiation of Mycop/ssma synovise
live vaccine strain MS-H from field strains




A new DIVA test target
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Challenges

Lack of universally accepted test for MG and MS

Variations in targeted nucleotides

Usefulness of the test depending on geographical location
Required equipment and reagents do not exist in all laboratories

Current techniques are not necessarily related to virulence or tissue
tropism

DIVA doesn’t detect reversion to virulence?
Current techniques are not be suitable for all vaccines



Future




Why DIVA?

Are other avian vaccines (eg ILTV, IBV) subjected to the same
level of scrutiny?

Is there any evidence that mycoplasma vaccines failed to
provide protective immunity against field challenge — if
vaccination is done “by the book” and applied to mycoplasma
free flocks?

Are we expecting too much from mycoplasma vaccines? Is
there a “perfect vaccine”?

Should we be concerned if a field strain is detected in a
“single” bird or flock?
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