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Abstract

Two main animal pathogenic subspecies of Mycobacterium avium are M. avium avium
(Maa) and M. avium paratuberculosis (Map). Their pathogenicity is host-specific, Maa causing
avian tuberculosis in poultry whereas Map commonly cross-infects to ruminant. Veterinary
diagnosis of M. avium infections is microscopic examination of acid-fast bacilli or culture in
Léwenstein—Jensen medium, which are time-consurming and low sensitivity. This present study
aimed to apply real-time PCR coupled with high-resolution melting (HRM) analysis for
differential detection of Maa in Thai dorestic ducks. Specific primer targeting host-expression
dependent (hed) region was designed, PCR product of Maa were amplified from duck’s tissue
lesions whereas Map were amplified from cow and deer. HRM real time PCR was performed
and analtyzed. Different HRM patterns were showed and melting temperature were analyzed
at 83.26+0.12°C for Maa and 84.04:+0.09°C for Map. This technique can detect as few as 107
DNA copies and present high specificity by neeative amplification of other pathogenic bacterial
species. This technigue is sensitive, specific, rapid and does not require fluorescent probes or
post-PCR electrophoresis. Our technique is a possible new tool for the detection of Maa and

Map infection in tissue specimens.

Keywords: duck; high resolution melting analysis; Mycobacterium avium; subspecies
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Mycobacterium aviurm was recognised as a cause of tuberculosis primarily in chickens,
ducks and other fowls, but can also infect to an extensive range of different animat species
[1]. At least 20 different types of M. avium have been identified which cause tuberculosis in
most avian species [2]. Avian tuberculosis generally is transmitted by direct contact with
infected birds and can susceptible to human and bovine after ingestion of contaminated feed
and water. All avian species are susceptible to infection by M. avium. Humans, most livestock
spedies, and other mammals can also become infected. The susceptibility is high in domestic
fomdl (Gallus  domesticus), pheasants, wild  birds, swine, rabbit and human  with
imrnunocompromised [3]. In human, there are many authenticated cases of M. avium infection
although humans are considered highly resistant to this pathogenic species. Infection is more
likely to occur in persons with pre-existent discases, especially those involving the lungs, and
in immune systems impaired-person [4],

Infection with M. avium causes serious problems in tropical  countries in Asia
particularly Thailand where a number of infected-poultry including chickens and ducks was
reported. There are two main pathogenic subspecies of M. avium were recognized as an
important problem are M. avium subsp. avium (Maa) and M. avium subsp. paratuberculosis
(Map).

Several regions in Thailand were presented the overlapping of these two subspecies
infections. Avian tuberculosis is one of the most important diseases that affect both domestic
and pet birds, the disease is most often caused by Mycobacterium avium belonging Maa
whereas Map is the etiologic agent of Johne’s disease causing chronic diarrhea, malnutrition,
and muscular wasting in ruminants [5-6). Maa and MAP are closely related and similar by
morphology or genetics information, and both can infect to the human in the term of M.
avium complex (MAC). Notably, MAC comprising M. avium subsp. avium, M. avium subsp.
paratuberculosis and M. avium subsp. Silvaticum or even M. intracellulare, may also infect
different animal species like cattle, deer, horses, swine, and exotic species besides causing
infection in immunocompromised human [7].

Microbiological methods based on microscopic examination of acid-fast bacilli (AFB)

presented the low sensitivity regarding to staining procedures and proficiency of technician,



Regularly, the bacterial culture in Lowenstein—Jensen medium is specific to M. avium but it’s

‘time consurning {(6-8 weeks). They are some definite weak points from routine detection

protocol, the stained AFB as well as culture colonies of Maa and Map cannot distinguish each
other. Furthermore, they have low sensitivity, especially in early or lightly infected cases,
High resolution melting (HRM) analysis of DNA is a simple solution for genotyping, scanning of
mutation and other aspects on sequence analysis. The melting profile of DNA, a product from
PCR amplification, depends on GC content, length, and which is monitored with saturating
dyes that fluorescent in the presence of double-stranded DNA [8-9]. In the field of veterinary
and animal science, HRM has been used for detection or differentiation of various pathogenic
microorganisms for example, in viruses, bacteria, or parasites [10-12]. For mycobacterial, HRM
analysis was applied in many aspects, for example, to differential identification at the species
level in clinical isolates or in laboratory standard strains from American Type Culture
Collection (ATCC) and the Culture Collection [13-14].

For the studies in mycobacterium avium such as HRM was applied for identifying the
polymorphisms in Map types |, I, and Il [15], for sub-typine Map by analysis of short sequence
repeats (SSR) loci [16], differentiating Map cattle- and sheep-type [17], and genotyping the
members of M. avium-intracellutare (MAl) complex f18]. However, real-time Polymerase Chain
Reaction (real-time PCR) with HRM for differentiation of Maa and Map in animal lesion
specimens has not been reported yet, In the present study, we developed a real-time PCR
coupled with HRM to differential detection of Maa and Map in animal lesion specimens
including poultry {ducks) and ruminant (cow and deer) hosts. In addition, we also validate the

diagnostic specificity and sensitivity of this approach.
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Sample collection and research ethic

The animal experiments and related-protocols in this study were approved, the
authors were certified by the Institutional Animal Care and Use Committee (Thai-IACUC)
cooperated with the Institute of Animal for Scientific Purposes Development (IAD) of Thailand
(permit number. U1-05294-2559) and Ethical Principle for the Use and Care of Animals in
Scientific Research (ACUC 5/2560), based on the Fthics of Animal Experimentation of the
National Research Council of Thailand.

Forty-one DNA samples of M. avium infected-domestic ducks were obtained from
Veterinary Research and Development Centre (VRDC)-Lower Northernt Region, Phitsanulok,
Thailand which they were portions of the leftover specimens received from routine laboratory
diagnosis. Ameng 41 DNA samples frorm ducks, they were isolated from lesions including wings
(n=19), lungs {n=9), intestines (n=11) and kidneys (n=2). Two DNA samples of M. avium infected
cow and deer were kindly provided from National Institute of Animal Health of Thailand which
were recorded as isolated from the lesions at lunes of both infected animals. DNA samples of
Pseudomonas aeruginosa, Enterococcus faecalis, Escherichia coli, Staphylococcus aureus,
Pasteurella multocida type a, Salmonella Group B {derived from microbiology laboratory of
VRDC-Lower Northern Region). For negative control, three DNA samples from non-infected
ducks and two DNA samples from non-infected cow were used. All DNA samples were stored

at -80°C until used.

DNA amplification by Polymerase Chain Reaction {PCR)

For specific DNA amplification, a pair of specific primers were designed to targeting the
host-expression dependent (hed) recion of Maa (GenBank accession number: AJO11837) and
Map (GenBank accession number: AJ011838). For the PCR amplification, forward primer was
Mav100-F (5'- ATG AAA GCC ATA CCC GAC GTC CCT -3) and reverse primer was Mav100-R {5
TGC GGT ACT CGA TCATGC TGT CCT -3). Platinum® Taq DNA Polymerase (Invitrogen, Carlsbad,
CA, USA) was used for PCR amplification by the conventional PCR. The total reaction volume
was 25 pl with 10x PCR buffer, 50 mM MgCi,, 10 miM dNTP mix, 10 uM of forward and reverse
primers, and Platinum® Taqg DNA Polymerase. Using the PCR conditions of 1 cycle for pre-
incubation at 95°C for 5 min, 30 cycles of amplification step at 95°C for 30 sec, 57°C for 30

sec, and 72°C for 30 sec,
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For DNA cloning, sequencing and construction of control plasmids, Positive control
plasmids of Maa and Map were constructed by cloning of the relevant PCR products into the
pCR®2.1-TOPO® vector (Invitrogen, Carlsbad, CA, USA), according to the manufacturer’s
instructions and were subsequently propagated in fscherichia coli DH5-alpha strain (Real
Biotech Corp., Taipei, Taiwan). After amplification and agarose gel electrophoresis, the bands
of PCR product were purified by HiYield™ Gel/PCR DNA Mini Kit, (Real Biotech Corp., Taipei,
Taiwan) and the nucleotide sequence were determined by 3500 Genetic Analyzer (Applied

Biosystems, Inc. [Hitachi Ltd], Tokyo, Japan).

High-resolution melting analysis

For Real-time PCR and HRM analysis, LightCycler ®@ 96 Real-Time PCR System for
detection and analysis were used for amplification and quantification, A LightCycler® 480 High
Resolution Melting Master (Roche Applied Science, Mannheim, Germany) was used as
recommended by the manufacturer, including Master Mix (FastStart Tag DNA Polymerase,
reaction buffer, dNTP mix and HRM dye), MeCl, and H,O PCRerade. The PCR mixture was
prepared to contain 1x HRM Master, 2.2 mM MgCl,, 0.8 pM of each 2 primers (Mav100-F and
Mav100-R). The total reaction volume was 20 pl. The PCR eycling for HRM curve acquisition
was run under the following conditions: 1 cycle for pre-incubation at 95°C for 10 min, 45 cycles
of amplification step at 95°C for 10 sec, 57°C for 8 sec, and 72°C for 15 sec. Alter amplification,
the PCR products were melted by raising the temperature from 60°C to 95°C, with an
increment of 0.1°C/sec. After, the amplification curve was monitored real-time, the melting

temperatures (Tm) and melting curve were determined and analyzed.

Evaluation of sensitivity and specificity of detection

For determination of analytical sensitivity, the ten-folded sesial dilution from 10° to 1
copies of Maa and Map positive control plasmids were prepared. For determination of
analytical specificity, DNA samples of P. aeruginosa, E. faecalis, Fscherichia coli,
Staphylococcus awreus, Pasteurella multocida type a, Salmonella Group B were used. They
were subseguently analysed by Real-time PCR and HRM analyﬁis as described above. The

diagnostic values were calculated using standard methods [19).
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Specific amplification of Maa and Map DNA
For PCR amplification and sequencing analysis of M. avium DNA, Using the primer
targeting the region that described in material and methods, we successfully amplified a
predicted 76 bp and 100 bp product specific from DNA of Maa and Map, respectively (Figure
1).
M N P1 P2 R1 R2

500 bp -
400 bp -
300 bp -
200 bp -
. 100 b
100 bp - 178 bg

Figure 1: PCR amplification of Maa and Map DNA. The 1.5% agarose gel electrophoresis
presents 76 bp and 100 bp PCR products indicating Maa and Map DNA, respectively. For each
land, M: 100 bp DNA ladder; N: Negative control (no DNA template); P1 and P2: DNA samples
from Maa infected ducks; R1 and R2: DNA samples from Map infected cow and deer,

respectively.

After purification and DNA sequencing, the obtained sequences were matched to the
sequences of genes from which the primers were designed. There are some deletions occur
in the region of Maa DNA that amplified from duck’s infected-tissue cormpared with 100 bp of
Map DNA from infected tissue of the cow and the deer (Figure 2).

HavForuard
BUCK_P1 A

! NN . BEHUGOLATGLDORTIN G 3
DUCK_P2 o R LCA AT e e e CCATGEGAC-RTGGARCAG-~~~- -~~~ CRAGGGGACR-A

SEBGTTBR VNG EIGLLGUR

COHR_RE Hiuﬂnﬁuﬁtuinttﬁﬁnuu!ffizGGGCHHTTEBﬂHGCtTﬂﬂGGCCGﬂCﬁﬁtCEEGnHCHECCTTCﬂRGanBGIH HOUIEHHE LA TH LG
BEER_RZ  (HLBIHILCHIHLLLGIEE G 0 1GEGCANT TEGARGCEL TAAGGECGACGGCL CLBRACACECT TEANGRRAGGIR TR R TN
HavReverse BT RRCHGIBRE I Lt

Figure 2: Primer design and alignment with Maa and Map sequences obtained from DNA
sequencing. Alignment of Mav100 forward and reverse primers with the sequence obtained

from sequencing of ampitification products frorm DNA samptes of Maa infected ducks (P1 and



P2), Map infected cow (R1) and Map infected deer (R2). The arrows indicate the direction of

each pnmerfor PCR .a.h{pliﬁcation.

For HRM real-time PCR for differential detection of Maa and Map, the methed yielded
the positive results for all 41 Maa-infected and 2 Map-infected DNA samples. After
amplification, the melting temperatures (7m) and melting curve were analysed. Representative
melting temperatures were 83,26+0.12°C for Maa and 84.04+0.09°C for Map (Figure 3A-C). DNA
from Maa and Map could be obviously distinguished by the specific melting temperatures
determined by the difference plots (Figure 3A), the normalized melting curves (Figure 3B), and
the melting peaks (Figure 3C).

To standardization of the HRM real-time PCR, there is no fluorescent signal were
detected when evaluated with the no DNA control of each experiments, especially in 3 DNA
samples from non-infected ducks and 2 DNA samples from non infected cow. For analytical
specificity of HRM real-time PCR, there are no positive result from amplicon al specific melting
temperatures was perceived when various DNAs from other pathogenic bacterial species were
analysed which demonstrates the specificity of this method (Figure 3D). in addition, the
anatytical sensitivity was determined using ten-fold serial dilutions (10 - 1 copies) of the Maa
and Map positive control plasmids. The sensitivity was illustrated by DNA of both Maa and
Map could be detected at the lowest concentration used (10 copies) when considering 45

cycles as the cut-off detection limit (Figure 3E-F).
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Figure 3: HRM analyses of amplification products for differentiation, and standardization of
HRM real-time PCR for detection of Maa and Map. The difference plots (A), normalized melting
curves (B) and melting peaks (C) show the different melting temperatures of Maa and Map
DNA amplified. Melting peak analyses shows the specificity for differential detection of Maa
and Map from the other tested bacterial species as described in the Materials and Methods
section (D) and the amplification curves presents the analytical sensitivity for detecting the

10-folded serial ditution plasmids (from 10° to 10? copies) of Maa (£) and Map (F).
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This is the report of HRM real-time PCR to distinguish between Maa and Map in DNA
samples extracted from tissue lesion specimens of infected animals in a single assay, We' -
present the application for homogenpus genotyping of M. avium subspecies without
fluorescent labelled-probe  and post-PCR  electrophoresis.  Therefore, the method
conseguently reducing the expense on a cost per sample and the time consuming.
Simplification of interpretation is obtained by different sequences from different subspecies
represent a change in the temperature in analysed-rmelting peak. The HRM real-time PCR offers
a new alternative for rapid, sensitive and subspecies specific for differentiation and detection
of two main pathogenic M. avium subspecies in poultry and ruminant hosts. The high
sensitivity and specificity suggest the present test will be of diagnostic value. The analytical
sensitivity in this stucy was only 100 copies of Maa and Map DNA. Moreover, real-time PCR
with HRM produced no cross reaction between Maa and Map or various DNAs from other
bacterial species that usually infected duck and cow indicating high specificity.

There are several studies mention the application of HRM real-time PCR for
mycobacterial. Recently in 2017, the researchers defined comparison of melting curves of
different non-tuberculosis mycobacteria and presented the melting curves corresponding to
the 6 Qnique—speciﬁc HRM groups (M. fuberculosis complex, M. kansasii, M. simice, M.
fortuitum, M. abscessus-M. chelonae group, and M. avium complex) for the mycobacterial
rpoBC locus in several collected clinical specimens [13].

Previously, the standardization of HRM real-time PCR were verified by \aboratory
standard of Mycobacterial strains [14]. In that study the DNA were armplified by primer targeting
165 rRBNA gene, the ’fm values for M. tuberculosis and M. bovis of the were 86.00+0.00°C. M.
smegmatis, M. ulcerans and M. xenopi, the Tm values were 86.1010.00°C, 86.20+0.00°C and
86.60x0.00°C, respectively. The Tm values for M. avium, M. avium subspecies paratuberculosis
and M. intracellutare of the M. avium complex (MAC) were 86.20+0.00°C, 86.60+0.00°C and
86.80+0.00°C, respectively.‘ In our present study, we use the primer targeting at hed region and
the Tm values at 83.26:+0.12°C for Maa and 84.04::0.09°C for Map were obtained. We presented
practically almost 1°C for distinguish of Maa and Map whereas previous study is only 0.4°C. In
addition, DNA samples of the related pathogenic bacterial species in this group of animals, the
test did not give rise to an identifiable Tm or melting peak of Maa and Map, indicating the

specificity of this method.



Regarding to the samples those sent from local farmers were infected animals with

the lesions were é;“)p.e.é.red.,. .th.é. technlque opt|m|zed f.or. &etéctioh of .the infection by tesion
sarnples should be appropriated. However, even this study attempted to apply the techniques
for detection of Mycobacteriurm avium infection in lesion specimens, but further verifying by
blood or another animal specimen was very challenged. In addition, because the primer was
designed to target the sequence of Maa and Map directly. Therefore, the technigue can be
applied to detect these Mycobacterium avium subspecies infection in other animals or even
in human.

In conclusion, this study highlights a HRM real-time PCR for the differentiation of the 2
main pathogenic subspecies of M. avium, Maa and Map. We successfully developed the rapid
method for this approach, especially appropriates for the DNA samples extracted from M.
avium infected lesion tissues from animal. This HRM real-time PCR can potentially be used for
subspecies-specific epidemiological surveys of M. avium in domestic livestock, especially in

Thailand where M. avium infections are usual informed.
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ABSTRACT

Two main animal pathogenic subspedes of Mycobacterium avium are M. avium avium {Maa) and M. avium paratuberculosis (Map).
Their pathogenicily is host-specific, Maa causing avian luberculosis in poudlry whereas Map commonly cross-infects to ruminant.
Veterinary diagnosls of M. avium infections is microscopic examination of acid-fast bacilli or culture in Léwenstein-Jensen medium,
which are time-consuming and lovs sensitivity. This present study almed to apply real-time PCR coupled vith High-Resolution Melting
(HRM} analysis for differential detection of Maa in Thai domestic ducks. Specific piimer targeting host-expression dependent {had) region
v/as designed, PCR product of Maa were amplified from duck’s tissue lesions whereas Map were amplified from cow and deer, HRM
real-ime PCR wras performed and analyzed. Different HRM patterns were showed and melting temperature were analyzed at 83.26 +
0.12°C for Maa and 84,04 + 0.00°C for Map. This technigue can detect as few as 10? DNA copies and present high spedificity by negative
amplification of other pathegenic bacterial species. This technique is sensitive, spadific, rapid and does not require fluorescent probes or
post-PCR electrophoresis, Out technique is a possibie nev tool for the detection of Maa and Map infection in tissue specimens.

Keywords: Duck; High resolution melting analysis; Mycobacterium Avium; Subspesies

INTRODUCTION

Mycobacteritm avium was recognised as a cause of tuberculosis
primarily in chickens, ducks and other fowls, but can also infect to an
extensive range of different animal species {1]. At least 20 different
types of M. avir have been identified which cause tuberculosis in
most avian specics {2]. Avian tuberculosis generally is transmitted
by direct confact with infected birds and can susceptible to hunan
and hovine after ingestion of cantaminated feed and water. All avian
species are susceptible to infeclion by AL avium. Humans, most
livestack species, and other mammals can also beceme infected. The
susceplibility is high in domeslic fowt (Gallus domesticts), pheasants,
wild birds, swine, rabbil and human with immunocompromised [3].
T human, there are many authenticated cases of M. avium infection
although humans are considered highly resistant to this pathogenic
species. Infection is more likely to occur in persons with pre-existent
diseases, especially those involving the lungs, and in immune systems
impaired-person [41.

Infection with M. avinm couses serious problems in tropical
countries in Asia particularly Thziland where a number of infected-
poultry including chickens and ducks was reported. There are two
main pathogenic subspecies of M. avium were recognized as an
important problem are M. avitn subsp. avium (Maa) and M, avium
subsp. paratuberculosis (Map).

Several regions in Thailand were presented the overlapping
of these lwo subspecies infections. Avian tuberculosis is one of the
maost important diseases that affect both domestic and pet birds, the
disease is most often caused by Mycobocterium avium helanging
Maa whereas Map is the etiologic agent of Johne's disease cauging
chronic diarrhe, malnutrition, and muscutar wasting in ruminants
[5.6]. Maa and MAP arc closcly related and similar by morphology or
genetics information, and bath can infect to the human in the term
of M. Avium Complex (MAC). Notably, MAC comprising M. avism
subsp, aviunt, M. aviant subsp. paratuberculosis and M. avium subsp.
Silvaticum or even M. intracellulure, may also infect different animal
species like cattle, deer, horses, swine, and exotic species besides
causing infection in immunocompromised human (7).

Microbiological methods based on microscopic examination
of Acid-Fast Badilli {AFB} presented the low sensitivity regarding
ta staining procedures and proficiency of technician. Regularly, the
bacterial culture in Lowenstcin-Jensen medium is specific to M.
avium but i’s time consuming (6-8 weeks). They are some definite
weak points from routine detection protocol, the stained AFB as well
as culture colonies of Maa and Map cannot distinguish each other.
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Furthermore, they have low sensitivity, especially in early or lightly
infected cases.

High Resolution Melting (HRM) analysis of DNA is a simple
solution for genotyping, scanning of mutation and other aspects
on sequence analysis. The melting profile of DNA, a product frem
PCR amplification, depends on GC content, length, and which is
monitored with saturating dyes that fluorescent in the presence of
douhle-stranded DNA [2,9]. In the field of veterinary and animal
science, HREM has been used for detection or differentiation of
variows pathogenic micreorganisms for example, in vituses, bacteria,
or parasiles [10-12]. For mycobacterial, TIRM analysis was applicd
in many aspeels, lor example, W differential identification st the
species level in dinical isolates or in laboratory standard strains
frorn American Type Culture Collection {ATCC) and the Culture
Collection [13,14].

For the studies in mycobacierivm avium such as HRM was applied
for identitying the polymorphisims in Map types I, 11, and I [15], for
sub-typing Map by analysis of Short Sequence Repeats (SSR) loci [16],
differentiating Map cattle- and sheep-type [17], and genotyping the
members of M. Aviuns-Intracellulare (MAT) complex [18]. However,
real-time Polymerase Chain Reaction {real-time P'CR) with HRM
for differentiation of Maa and Map in animal lesion specimens has
not been reported yet, In the present study, we developed a real-time
PCR coupled with HRM to differential detection of Maa and Map
in animal lesion specimens including poultry (ducks) and ruminant
{cow and deer) hosts. In addition, we also validate the diagnostic
specificity and sensitivity of this approach.

MATERIALS AND METHODS
Sample collection and research ethic

‘The animal experiments and related-protocols in this study were
approved, the authors were certified by the Institutional Animal Care
and Use Committee (Thai-TACUC) cooperated with the Institute
of Animal for Scientific Purposes Development (TADY) of Thailand
{permit number. UL-05294-2559) and Ethical Principle for the Use
and Care of Animals in Scientific Research (ACUC 5/2560), based
on the Ethics of Animal Experimentation of the National Research
Coundil of Thailand.

Forty-one DNA samples of M. qvium infected-domestic ducks
were obtained from Veterinary Research and Development Centre
(VRDC)-Tower Northern Region, Phitsanulok, Thailand which
they werc portions of the lefiover specimens received from routine
laboratory diagnosis. Among 41 DNA samples from ducks, they were
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_isolated from lesions including wings (n = 19), lungs (n = 9), intestines
{n=11) and kidneys {n = 2). Two DNA samples of M. aviem infected
cow and deer were kindly provided from National Institute of Anirmal
Health of Thatland which were recorded as isolated from the lesions
al lungs of both infected animnals, DNA samples of Psendomonas
neruginosa, Enferococcus Jaecalis, Escherichia coli, Staphylococcus
aureus, Pasteurella multocida type 2, Salmonella Group B {derived
from microbiology laboratory of VRDC-Lower Northern Region),
For negative control, three DNA samples from non-infected ducks
and e TINA samples from non-infected cow were used, All DNA
samples were stored at -80°C until usedDNA amplification by
Polymerase Chain Reaction (PCR)

Yor specific DNA amplification, a pair of specific primers were
designed to targeting the host-expression dependent {red} region of
Maa {GenBank accession number: AJ011837) and Map (GenBank
accession number: AJ(11838). For the PCR amplification, forward
primer was Mav100-F (5~ ATG AAA GCC ATA CCC GAC GIC
CCT -3’} and reverse primer was Mavi00-R {5- TGC GGT ACT
CGA TCA TGC TGT CCT -3). Platinum’ Tag DNA Polymerase
(Invitragen, Carlsbad, CA, USA) was used for PCR amplification by
the conventional PCR. The total reaction volume was 25 1l with 10x
PCR buffer, 50 mM MgClz, 10 mM dNTP mix, 10 M of forward and
Teverse primers, and Platinum’ Tzq DNA Polymerase. Using the PCR
conditions of 1 cycle for pre-incubation at 95°C for 5 min, 30 cycles
of amplification step at 95°C for 30 scc, 57°C for 30 sec, auwd 72°C for
30 sec.

Cloning and sequencing of control DNA

For DNA cloning, sequencing and construction of control
plasmids, Positive control plasmids of Maz and Map were
constrcted by cloning of the relevant PCR products into the
pCR2I-TOPO vector (Invitrogen, Carlsbad, CA, USA), according
to the rnanufacturer’s instructions and were subsequenily propagated
in Bscherichin coli DHS-alpha strain (Real Biotech Corp., Taipei,
Taiwan). After amplification and agarose gel eleatrophoresis, the
baruds of PCR product were purificd by HiYield™ Gel/PCR DNA Mini
Kil, (Real Bivtech Corp,, Taipei, Taiwan) and the nucleotide seqgiwnce
were determined by 3500 Genetic Analyzer {Applied Biosystems, Inc.
[Hitachi 1td], Tokyo, Japan).

High-resolution melting analysis

Faor Real-time PCRand HRM analysis, LightCycler * 96 Real-Time
PCR Systern for detection and analysis were used for amplification
and quantification. A LightCycler 430 High Reselution Melting
Master (Roche Applied Science, Mannheim, Germany)} was used as
recommended by the manufacturer, including Master Mix (FastStart
Ty DNA Polymerase, reaction buffer, dNTP mix and HRM dye),
MgCl, and H,0 PCR-grade, The PCR mmixture was prepared to
contain {x HRM Master, 2.2 mM MgCl, 0.8 pM of each 2 primers
(Mav106-F and Mav100-R). The total reaction volume was 20 ul. The
PCR cycling for HRM curve acquisition was run under the following
conditiens: 1 cycle for pre-incubztion at 85°C for 10 min, 45 cycles
of amplification step at 95°C for 10 sec, 57°C for 8 sec, and 72°C for
15 sec. Atter amplification, the PCR products were melted by raising
the temperature from 60°C to 95°C, with an increment of 0.1°C/sec.
After, the amplification curve was monitored real-time, the meliing
temperatures (Tw) and melting curve were determined and analyzed.

Evaluation of sensitivity and specificity of detection

For detenmination of analytical sensitivity, the ten-folded serial
dilution from 10°to | copies of Maa and Map positive control plasmids
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were prepared.” For determisation” of ‘aiialytical §pecificity, DNA
samples of P. weruginosa, E. fuecalis, Escherichia coli, Staphylococcus
aureus, Pasteurella nutocida \ype a, Sulmonella Group B were
used They were subsequently anabysed by Real-lime PCR and HRM
analysis as described above. The diagnostic values were catculated
using standard methoeds [19].

RESULTS
Specific amplification of Maa and Map DNA

For PCR amplification and sequencing analysis of M. avium
DINA, Using the primer targeting the region that described in material
and methaeds, we successfubly amplified 2 predicted 74 bp and 100 bp
product specific from DNA of Maa and Map, respectively (Figure 1).

After purification and TYNA sequencing, the ohtained sequerices
were malched to the sequences of genes from which the primers were
designed. There are some deletions eccur in the region of Maa DNA
that amplified from duck’s infected-tissue compared with 100 bp of
Map DNA from infected tssue of the cow and the deer (Vigure 2).

For HRM real-time PCR for differential detection of Maa and
Map, the method yielded the positive results for all 41 Maa-infected
aud 2 Map-infected DNA samples, After amplification, the melting
temperatures (Tm) and melting curve were analysed. Representative
meliing temperatures were 83.26 + 0.12°C for Maa and 84.04 2 0.09°C
for Map (Figure 3A-C). DNA from Maa and Map could be obviously
distinguished by the specific melting temperatures determined by the
difference plots (Figure 3A), the normalized melting curves (Figure
3B}, and the melting peaks (Figure 3C).

To standardization of the HRM rteal-time PCR, there is no
fluorescent signal were detected when evaluated with the no DNA
control of each experiments, especially in 3 DINA samples from
non-nfected ducks and 2 DNA samiples from non-infected cow. For
analytical specificity of TIRM real-time PCR, there are no positive

_M ; P1_ P277R1-_R2W

30085

300 bp
200bp -§
100bp -§ 100 be

Figure 1: PCR amplification of Maa and Hap DNA. The 1.5% agarose e
i electrophoresis presents 76 bp and 100 bp PCR producils indicating Maa °
i and Map DNA, respactively. For sach jand, M: 100 bp DNA ladder; N; !
i Negative control {(no DNA template); P1 and P2: DNA samples from Maa [
infected ducks; R1 and R2: DNA samples from Map infected cow and deer,
| respectively.
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i Figure 2: Primer design and alignment vith Maa and Map sequences |
i obtained from DNA sequencing. AZgnment of Mavi00 forward and reverse
: pamers vith the sequence oblained from sequencing of amplification |
i products from DMA sampies of Maa Infected ducks (P1 and P2), Map infected
! cow (R1} and Map infected deer (R2). The amows indicate the direction of :
i each primer for PGR ampfification. :
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| Figure 3: HRM analyses of amplification products for differentiation, and ;
: standardization of HRM realime PCR for detestion of 4laz and &fap, The |
i difference plots {A), nommalized mefling curves (B) and meling peaks ()
i show the different meling temperaiures of Maa and Map DNA amplified.
. Melling peak analyses shows the specificily for differential deteclion of flaa |
and Map from the othertestad bactesisl species as described in the Materials j
and Methods section (D) and the amplification curves presents the anafylical :
! sensitivity for defecting the 10-folded serial difution plasmids (frorm 10910 102
! copies) of Maa {E) and Map (F). [

resull from amplicon at specific meliing temperatures was perceived
when various DNAs from other pathogenic bacterial species were
analysed which demonstrates the specificity of this method (Figure
3D). In addition, the analytical sensitivily was determined using
ten-fold serial dilutions (1P - | copies) of the Maa and Map positive
control plasmids, The sensilivity was illusirated by DNA of both
Maz and Map could be detected at the lowest concentration used
{107 copics) when considering 45 cycles as the cut-off detection limit
(Figure 35-F).

DISCUSSION

This is the report of HIRM real-time PCR to distiuguish heiween
Maa and Map in DNA samples extracted from tissue lesion specimens
of infected animals in a single assay. We present the application for
homogenous genotyping of M. avium subspecies without flucrescent
Iabelled-probe and post-PCR electrophoresis. Therefore, the method
consequently reducing the expense ov a vost per sample and the
time cousuming. Simplification of interpretation is ohtained by
different sequences from different subspecics represent a change in
the temperature in analysed-melting peak. The IIRM real-ime PCR
offers & new alternative for rapid, sensitive and subspecies specific
for differentiation and detection of two main pathogenic M. avium
subspecies in poullry and ruminant kosts. The high sensilivity and
specilicity suggest the present test will be of diagnostic value. The
analyiical sensitivily in this study was only 100 copies of Maa and
Map DNA. Morcover, real-time PCR with HRM produced no cross
reaction between Maa and Map or various DN As from other bacterial
species that usnally infected duck and cow indicating high specificity.
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o There_are several studies mention the application. of HRM ...
real-time PCR for mycobaeterial. Recently in 2017, the researchers

defined comparison of melting curves of different non-tuberculosis
mycobacteria and presented the melting curves corresponding to
the 6 unique-specific HRM groups (M. tuberculosis comples, M.
kansasil, M. simiue, M. fortuitum, M. abscessus-M. chelonae group,
and M. avium complex) for the mycobacterial rpaBC locus in several
collected clinical specimens [13].

Previously, the standardization of HRM real-time PCR were
verified by laboratory standard of Mycobucterial strains [14]. In that
study the IINA were amplified by primer targeting 165 tRNA gene,
the Tm values for M. tuberculosis and M. bovis of the were 86.00 +
0.60°C. M. smegmatis, M. ulcerans and M. xenapi, the T values were
B6.48 + 0.00°C, 86.20  0.00°C and 86.60 = 0.00°C, respectively. The
Tra values for M. avinm, M. avitan subspecics paratuberculosis and
M. intracellilare of the M. Avium Complex (MACG) were 86.20 +
0.06°C, 86.60 + 0.00°C and 86.80 + 0.00°C, respectively. In our present
study, we use the primer targeting at hed region and the Tim values at
83.26 £ 0.12°C for Maa and 84,04 + 0.09°C for Map were abtained.
We presented praciically almost 1°C for distinguish of Mag and Map
whereas previous study is only 0.4°C, In addition, DNA samples of
the related pathogenic bacterial species in this group of animals, the
lest did not give rise to an identifiable Tm or melting peak of Maa and
Map, indicating the specilicity of this method.

Regarding to the samples those sent from local farmers were
infected animals with the lesions were appeared, the technigue
optimized for detection of the infection by lesion samples should
be appropriated. Towever, even this study attempted to apply the
techniques for detection of Mycobacterium avium infection in
lesion specimens, but further verifying by bleod or another animal
specimen was very challenged. In addition, becanse the primer was -
designed fo target the sequence of Maa and Map directly. Therefore,
the technique can be applicd to detect these Mycobacterinm avium
stibspecies infection in other animals or even in hwman.

In conclusion, this study highlights a HRM real-time PCR for
the differentiation of the 2 main pathogenic subspecies of M. avium,
Maa and Map. We successfully developed the rapid method for this
approach, especiallyappropriztes for the DNA samples extracted from
M. wvienn infecled lesion tisstes from aninzal. This HRM real-ime
PCR can potentially be used for subspecies-specific epidemiological
surveys of AL avimr in domestic livestock, especially in Thailand
where M. avitn infections are usual informed.
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