CHAPTER 3

MATERIALS AND METHODS

3.1 PCR of reference strains

3.1.1 Bacterial strains cultivation.
A. pleuropneumoniae 13 reference s&ains in lyophilized form (Table
3.1), provided by the Veterinary Diagnostic Center, Faculty of Veterinary Medicine,
Kasetsart University, Kampangsaen campus, were cultivated on brain heart infusion
(BHI) agar plate supplemented with 0.01% NAD (Merck®, NJ). Then, plates were
incubated in 5% CO, at 37°C for 18-24 hours. Two or three distinet colonies with
mucoid and smooth forms, which the characteristic of A. pleuropneumoniae colonies,

were harvested for biochemical tests (Quin et al., 1999, Reinier, 1999).

3.1.2 Biochemical tests for 4. pleuropneumoniae.

Two or three distinct colonies with 4. pleuropneumoniae-liked colony
characteristics on BHI agar plate were harvested for CAMP (Christie-A tkins-Munch-
Petersen test) by culture on BHI agar with 0.01% NAD (Merck®, NJ ) and streaking of
Staphylococcus aureus as a nurse strain. The small colonies surrounded by a zone of
co-hemolysis with S. aureus were positive for the CAMP test. The CAMP-positive

_colonies were then subjected to other biochemical tests for A. pleuropneumoniae.
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The biochemical profiles o f A. p leuropneumoniae (Table 3 .2) consisted o f positive
tests for CAMP test, urease activities and fermentation of glucose and maltose, and
non fermentation for SIM test, sorbitol, innositol and mannitol (Quin et al., 1999,
Reinier, 1999). | fe

- Table 3.1 The serotypes and strains of 4. pleuropneumoniae 13 reference strains.

Serotype Strain Source
- 1 Shope 4074 ATCC*
2 S1536 ATCC*
3 S1421 ATCC*
4 M62 ATCC*
S5a K17 ATCC*
5b L20 | ATCC*
6 Fem® ATCC*
7 WEF83 ATCC*
8 CCM3803 ATCC*
9 CVJ1326 _ ATCC*
10 D13039 ATCC*
11 56153 ATCC*
12 8329 ATCC*

* American Type Culture Collection, Rockville, MD, USA.
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Table 3.2 Biochemical tests for detection of A. pleuropneumoniae (Quin et al., 1999,

Reinier, 1999).

TEST MEDIUM INCUBATION PRODUCT TEST RESULT
(aerobic) TEST FOR REAGENT
NEGATIVE POSITIVE
CAMP NAD (Nicotinamide 18-24 hours at Hemolysis S. qureus for Hemolysis Very Strong
Adenine 3rc nurse strain hemolysis
Dinucleotide)
" Urease Urea broth base Up to 24 hours Urease: split Phenol red Yellow Red (atkaline)
Activity +2% urea at 37°C urea with
Christense +0.01% NAD. formation of
n media Use a heavy ammoenia
inoculum (alkaline}
Glucose Glucose 18-24 hours at | Fermentation of - Blue/Blue Yellow
37°C Glucose green
Maltose Mailtose 18-24 hours at | Fermentation of - Blue/Blue Yellow
37°C Maltose green
Indole SIM medium in 18-24 hours at Tryptophan Kovac’sreagent | Nochangein | Reagent dark
tubes 37°C split to indole (0.2 ml) to tube. reagent color red
Stand for 10
minutes
Sorbitol Sorbitol 18-24 hours at Fermentation of - Blue/Blue Yellow
37°C Sorbitol green
Innositet Innositol 18-24 hours at Fermentation of - Blue/Blue Yellow
37reC Innositol green
Mannitol Mannitol 18-24 hours at Fermentation of - Blue/Blue Yellow

37°C

Mannitol

green
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3.1.3. Serotyping of isolates.

A. pleuropneumoniae pure single colony, confirmed by biochemical
tests, were used for serotyping. Serological identification of strains and isolates were
carried out by the rapid shide agglutination test (SAT) (Sakpuaram, 1990). The
method was briefly described as followed. A r;ucoid colony growth from BHI agar
plates (Merck®, NI) supplemented with 0.01% NAD (Merck®, NJ) were homogenized

-with one drop of antiserum of each serotype strain on clean slide. Inoculating loop
was used for making a uniform suspension. A strong positive reaction can be
observed in the form of clumping or agglutination occurred v;fithin a few seconds

while stirring. The negative reaction is no agglutination.

3.1.4 DNA extraction from reference strains.

A single colony of each isolate was inoculated in BHI broth (Merck®,
NJ) with 0.01% NAD (Merck®, NJ) in 37°C ovemight. The extraction method was
described in Appendix C. Briefly, one hundred microliters of culture broth were
transferred to microcentrifuge tube containing 500 pl of solution D (4 M Guanidine
thiocyanate, 25 mM Sodium citrate (pH 7.0) and 0.5% N-lauroylsarcosine, Sambrook
et f;tl., 2001) and the DNA extraction was carried out by phenol-chloroform extraction
(Ausubel et al., 1999). DNA precipitate was diluted with 50 ul of 1xTE buffer and

kept at -20°C until tested.
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3.1.5 PCR typing system of reference strains.

In order to detect and serotyping of 4. pleuropneumoniae, PCR typing
system was performed with 2 steps. First step was the nested PCR, performed with
the APXIVA-1L, APXIVE-IR, APXIVANEST-1L and AI:XIVANEST—IR primers,
respectively, for the defection of the apxIVA gene of A. plez;’opneumoniae. Positive-
nested PCR samples derived from the first step were followed by the second step-
PCR serotyping step that was carried out by 2 PCR reaction. It comprised of the
multiplex PCR of the apxICA, apxIBD, apxIICA, apxIlICA and apxIIIBD genes,
performed with the AIF, AIR, XIBD-L, XIBD-R, AIIF, AIIR, AIIIF, AIIIR,-XIIIBD—
L and XIIIBD-R primers, respectively, and the PCR of the apx/VA gene. All of PCR
products derived from 2 reaction of the second steps were compared with the

expected PCR product patterns in Table 3.3.
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Table 3.3 The expected size and patterns of PCR products.

SEROTYPE | apxiCA' apx/BD' apxlICA' | apxlfICA' | apxIIiTBD' 1.6’

(826bp) | 4447 bp) (1069 b‘;}) (635 bp) (968 bp) apxIvA®

e

apxIVA?

5a

Sb

247

apxfyVA*

!adapted from Frey et al., 1995 (size of PCR product)

% adapted from Schaller et al., 2001

28’

apxIVA

* PCR products from the APXIVA-1R and APX4DWN-L primers of apx/VA gene

1.6, 2.0, 2.4 and 2.8 were abbreviated from 1,600, 2,000, 2,400 and 2,800 bp in size

of the apx/VA based PCR products, respectively
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3.1.5.1 The mested PCR detection. A primer set for the nested PCR
was shown in Table 3.4 and the sequences and annealing sites of the nested primers
were shown in Figure 3.1 and Figure 3.2. The nested PCR was performed in the
Thermocycler (Thermo Hybaid®, UK). The first reaction of the neé't'e& PCR was
performed with 1.0 U of the DyNAzyme™ II DNA Polymerase (Finzyme®, Finland)
per sample in a total volume of 100 pl in reaction buffer containing 10 ul of DNA
templates, 10 mM Tris-HCI pH 8.8 at 25°C, 50 mM KCl, 0.1% Tritoh X-100
(Finzyme®, Finland), 2.5 mM MgCl, (50 mM MgCl, solution, Finzyme®, Finland),
0.25 uM of each the APXIVA-1L and APXIVA-1R primers (Biobasic Inc.®, Canada),
and 0.25 mM of each dNTPs (SibEnzyme®, Russia). The PCR condition in'cluded an
initial denaturation at 94°C for 5 min, followed by 35 cycles of denaturation at 94°C
for 30 s, primer annealing temperature at 52°C for 30 s and primer extension step at
72°C for 30 s. The final éxtension step was performed at 72°C for 10 min. Using the
PCR products of the first réaction was used as the DNA templates performed the
second reaction. The PCR reaction and PCR condition was the same as the first
reaction except the primers were replaced w ith the primers APXIVANEST-1L and
APXIVANEST-IR with the same concentration. The PCR products was analyzed by
2.0 % agarose gel electrophoresis (Bio-rad™, CA) and stained with ethidium bromide
(10 pug/ml). The PCR products were visualized and photographed with Geldoc100®

(Bio-rad®, CA) under UV light.



42

Table 3.4 The sequences of primers for the nested PCR

: GENBANK POSITION | ANNEALING
NAME SEQUENCE ACCESSION Neo. TEMP.
- Co
APXIVA-11! "5 TGG CAC TGA CGG TGA TGA 3° AF021919 6018-6035 52
APXIVA-IR' 5' GGC CAT CGA CTC AAC CAT 3’ AF021919 6459-6442 52
APXIVANEST-1L' | 5' GGG GAC GTA ACT CGG TGA TT 3’ AF021919 6050-6069 52
APXIVANEST-1R’ | 5' GCT CAC CAA CGT TTG CTC AT 3’ AF021919 6427-6407 52

! from Schaller et al., 2001




43

Figure 3.1 Sequence of A. pleuropneumoniae MRP ATPase homolog (mrp) and RTX

protein (apxIVA) genes, complete codons; and beta-galactosidase {(/acZ) gene, partial

codons, Genbank accession number AF021919.

The annealing sites (bold and

underlined characters) of the APXIVA-1L (position number 6018-6035) and

APXIVA-1R (position number 6459-6442) primers for the nested PCR.

61
121
181
241
301
361
421
481
541
601
661
721
781
841
201
961

1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
ie681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881

atcgatatgce
accggtgegg
atttcaatgt
catatctgce
gtggcgaaga
caagatttgg
gcctatattg
ccgtctgaaa
acacaagcygyg
ttegetgttg
gttagtgaat
Ltgcgetgtt
aacagctgat
cgaagcaaga
catacgatgc
ttaaaaaact
aagattggga
gaaccttage
gcaatcectaa
ttaactatgc
agattggatg
gaatttatgg
ttttttaatg
caggaaaaaa
atgoctgggtt
acattaggct
accacaggat
tatattgaaa
ggcttttggt
ggtggaacgg
aggtttaaag
tacggcggtt
tatcaagata
agtaagattg
attgccaatce
tcggatatca
tcacaactta
tacactaaaa
gaacatgagg
gatacaattg
cctaaggcgyg
gaggttgaaa
acggcgactt
cgttatgaag
gagtttacag
gaaaaaagta
cctaatagcet
tatattgaac
aaagattggg

cgcecgggtac
tggtggtaac
tccaaaaaqt
aaaattgcgy
aatacggtac
atgcecggeac
aattagcgge
ttatgatteg
tagaatttgc
gactgctatt
tatttttatt
ggtcttaggt
gttaagcggt
actgattgat
ttatactgat
caatccaaat
tgttegtygtg
aaatagagaa
aagagcaagc
aagatgtgac
attcacttat
tggggccggy
ctgggaaatc
tcttggtegg
atacgaaagg
tttatgacga
ttaaaatgayg
actttggtat
ctaacttagt
taaaccttaa
€ggaagecggce
tagaccaaat
aagatacggg
aaggcactaa
agaaaattga
ttaaattgtt
tccagtcttt
atggegtggt
atttgtttct
aagacgcega
atcctaageg
aggggttatt
tecgectcatge
ttaaaggact
ctgatttatt
ttacggttaa
attattattt
gaaaaaacgg
gcgggaacgg

gggcgatatc
cactccgeaa
gtcggtacceg
tcaccacgaa
taaagtatta
accgaccgte
aaaagtcgcet
tgaagtaaaa
agaaaaattt
tgatttggtt
aatttgaaag
gtcgttatca
tattgtgaaa
agggcaatta
gaacctttag
tgttgtgaaa
gaaggtaagg
cctgaacgat
tacttatatt
caatttatat
ttctgaaata
acgttttgtg
acgcattatt
tttaaaaccy

¢ggagaagtg

tggcaaaggg
cgacaatgcc
tgaacctctt
gaatcgtggt
ctttaccggce
gaagaaaage
tattaaaaaa
caaattaaaa
aatcacccgt
aaaaggcgtg
gtttggagca
ttecgatage
ttatgtcacc
cggtggtgag
cggcaaaggt
ggtagagttt
aacttacgca
gactatgctt
aaaattgcecc
aactgttacg
aaattttaaa
ccttgaagge
tggcggogct
gecatggaaa

caacttactce
gatattgcgt
gtettaggta
gatattttcg
ggacaaatgc
gttgeggeac
teggaattat
taagttttaa
gcaaatccta
tgtcaggata
gaaacaaaat
gctatgcectg
aggacggaag
actatatgct
aaataaaacce
ttacctcatg
catataggta
gggaaactag
aattaaagag
ttatataaaa
ggaaaaggag
accgctgata
gcgccgcaag
ggcaaatatt
gtaaatggca
gatttactcg
ctettegtta
ggtaagcaag
ttggaaagta
gaggtggaaa
cattggagtt
ctatgggaca
ccgattattt
aggattgegg
ttagagaaat
ttgactccaa
ttggctaaac
ggcaaaggga
gggaatgata
aaagtctatt
agcgagtaca
gttttagaaa
aatgagecttt
gecegttaaaa
cctattgacyg
aatggtgatt
caagatacgyg
aaaaataact
caccgaaata

tttcgecaaca
tattagatgce
tcattgaaaa
gcaccggegyg
cgttgcatat
cggaacacyga
actggcaagg
taaccacgaa
ccgetttttt
ttatgttatt
gaaaataaaa
gtatcaaaat
ttattttgat
ggagcatcaa
atatttaaca
gccagcagat
tgtaatecgta
tattgteett
agaaatttat
cgaaaactct
atgatgatat
actttagcgt
tcecgectat
ccaaagcgea
tgtttgeegg
aacgcgecta
tagaagaatc
aagattttga
ttatcgacce
cctacacgtt
tagtgaatgc
gtggctcaat
acggeacggce
gtaaagaagt
tggggctgtc
ctttaaatag
ttgataatcce
atgatgtgcet
cttattatge
ttgtgagaga
taacgaaaga
attataattg
ttactgatta
agttaaaaag
aaaacggaaa
taggaataag
gtttttatgyg
cgtegggage
atgcocicega

aattccggtt
ggtgaaaggt
tatgagcgta
tgcggagaaa
tegettacgt
aaccagccga
ttcggttate
aacacaaaga
attagtacga
gtaatgaaat
aaacgttaca
tatcaatggg
gataggcata
tctaaaaaaa
atagaggaat
gcagttccac
aaatatttaa
gataattgcyg
tatgacaaaa
acctaaagat
tgatagaaaa
tgtaagagat
tcgttcacag
gatattggaa
tgaagtccag
tatctggaat
aggcaaacgc
ttttgtegge
atccggtatce
agacgaaaca
ggcgaaagta
taagcattta
cggcaacgac
tacgettgat
tgttagtggt
aatgttgcta
cttagccoeet
taaaggaact
gagagtaggc
aaaaggagta
agaaataaaa
ggaagagaaa
tactaattat
tccgttgatg
agcacttage
gttgttggat
tectgetttt
aggaaatagc
cctgaataaa



2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781
3841
3901
3961
4021
4081
4141
4201
4261
4321
4381
4441
4501
4561
4621
-4681
4741
4801
4861
4921
4981
5041
5101
5161
5221
5281
5341
5401
5461
5521
5581
5641
5701
5761
5821
5881
5941
6001
6061
6121
6181
6241
6301
6361
6421
6481
6541
6601
6661
6721

cocggacggaa
gtgaatgecgc
ttagatggag
catgaaggaa
gtgttagate
aatcaacttt
acaaaccaag
cgggatttaa
aatattaaat
atccttgcecte
ttaaatttca
caacaacgtc
gccgcacttt
caggcacaac
tatcaacatt
gtcgttagag
gttatgcaaa
ttaaatatcg
gtgaataata
cgtttgaaga
gattattctc
ttatatgatt
ctattactgt
gcggctactt
tcgacggatt
aacttatcgy
aaaggcagct
tatgaagata
gtgaattatg
catgatacgg
aaattggagt
ctatacggca
gaaggcggea
agcaaaggac
gatatcgaca
gataatgact
tacaaccatyg
gatgaactag
gactggggac
aatggcgatg
gocggacaccot
aatgataacc
gtgaaattcc
gtcacggtaa
gaccgeoagta
ggcaatgatg
aacgatattc
caggatateg
aaatttactg
ttattecggtt
tatcaatttyg
caaggtatqgg
tcggtgattg
ctcateggeg
tttagcaaag
agagatatecg
gaaaataacg
tggtattcac
gtgagcactc
ggagagatat
getttataac
gtgtaagaat
tataagttat
ttccattaag

ataatgggaa
caaataaccc
atgggcttga
aaggtattcg
gtaaccaaga
ccgacgygcag
atcagcgtat
atcaasaacag
ctttacatac
agcttgggaa
gttttaaccc
gcacaattaa
ctgaggagtt
gagaattatt
atgataaaac
tcacgeectte
actttgaaca
atcaacttta
tgtatcaaac
aatatgttta
gtactgaagc
taagcgaata
taagccgtta
ctaacttaac
taaaaggcga
gtagtgcagg
acggtgcaga
ccaataatga
cggaagtgaa

attcggteac

ttgctgaccg
ccgatggcaa
aaggcaacga
agggacagga
ccttaaaatt
taatgttatt
tagattatca
gtaaacaagg
gtaactcggt
acacceteat
atatctttag
gcgcaagaga
gacgagtaga
aatccttcta
taactcgega
atataaagga
taagaggtgg
tttatgaaga
atgtgaatta
atcatgatac
acaaattgga
cattatttgg
atgccoggtge
gcaaaggtaa
gacacggaca
acaccttaaa
atttgattat
accaagatca
aggtggagaa
ctettgtatce
atacgaaaga
atagcctgat
tgacggatgg
cgatat
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taaccaaaat

gggacgtaac

aaccgtgtcg

taccgcaacqg

cggeattatt

tatttectgeca

cgaccaaaat

ttttagtgaa

cgcctatgaa

gtatgaaaaa
gttttatagc
tctaaccggce

qgctgcttta
gcctgeeatt

attacttaaa
tcaattaagt

gagtaaggca

ttacacgacg

aaccgtagaa
tagcecgttaat

cttatttaac
cctttettte
tatagattat
tattgccecegt

tgaaaaaaat

tgatgatcta
cacctatate
taaccgegea
gtttcgacga
ggtaaaatcc
cagtataact

tgatgatata
tattctaaga
tatcgtttat
tactgatgtg
cggttatcat
atttgacaaa
tatggcatta
gattgatgce
cggoggcaaa
caaaggacac
tatcgacace
taatgactta
cagccatgta
tgaactgatt
tcatgcggat
ctacggtgacg
taccaataat
tgecggaagty
ggattcggtce
atttgctgac
cactgacggt
gggtaatgat
tgatattcta
ggatatcgtt
atttactgat
taaatcatta
taaaatagaa
gatggttgag
gcttgaagag
aatcggcaca
tttaagaaat
ttttatcaaa

aacggaagca
tatgatattt
atgaacgggc
ggctggcteg
aatgatataa
cacggttitg
gataagctgt
gegaatgage
gagegtaatg
acggacggta
cgatttaccg
aceggtogag
ttacaacagt
ttagataaat
acggtagaaa
agtatacgca
aaaattgcga
gataaagaca
cttgectace
gcgaaacaat
tctactttta
tttaacgatc
gctaaageac
ttaagagagg
aatattttgt
cttatcggeg
tttagcaaag
agagatatcg
gtagataatg
ttctacagce
cgegatgaac
aaggatcatyg
ggtggctacg
gaagatacca
aattatgcgg
gatacggatt
ttggaatttg
tttggcactg
ggtgcgggta
ggtaatgata
ggacaggata
ttaaaattta
atgttaticg
gattatcaat
aaagcagggc
tgggacagca
gacacctata
gataaccgag
aaattccgac
acgataaaat
cgcagtataa
gatgataata
acggttaatg
agaggtggct
tatgaagata
attaatttat
ttaagtgagg
aatattcgtte
tcgatggcecyg
gtaaaacaat
gtttttttga
ttactcttgg
tatgagatca

atcaagataa
acgatcecttt
gacaaggege
ctgcggatga
gcgagttatt
cgacattagc
tttctaaact
tgtttagette
attttctage
cttttgcaca
aagcgttaaa
ttcgggattt
acactaaggc
gggceggceaac
gtaccgatag
atgcaaagca
ctttaaatte
ttcgectatat
gttctttact
tcgaagggaa
aacaatecgec
ctacggaatyg
aaggatttta
ctggagtaat
taggtagccea
gagagggtaa
gacacggaca
acaccttaaa
acttaatgtt
atgtagatta
tgattaaagc
cggattggga
gtgcggacac
ataatgataa
aagtgaaatt
cggtcacgat
ctgaccgceag
acggtgatga
atgatacggt
ttetaagagg
tcgtttatga
ccgatgtgaa
gttatcatga
ttgacaaatt
ttcatctata
ttttggaagg
tctttagcaa
caagagatat
gagtagataa
ccttctacaa
ctecgtgatga
tcaacgactg
gcggtaatgg
acggtgcgga
ccaataatga
ccgaactttg
ataaagtcac
tatcgaatga
gectttgctea
atatcaatag
actgtgccga
ctaataacta
aatcttattt

tcatagcgat
agctttagat
gttattcgat
cggtttetta
tagtaataaa
cgatttggat
ccaaatttgg
agaaagtttyg
gggcaataat
aatgggcgat
tttaaccgag
gcatgaagec
ctecegatttt
ggatttacag
tagtgecttct
tgatcctace
gcktetacggy
tactgataaa.
tttacaaacqg
atgggtaacc
tgaaaatgca
gaaagaaggg
tgaaaactgy
ttttgcagaa
aaaagataat
tgatacgteta
ggatatcgtt
atttaccgat
atteggttat
tcaatttgac
agggctteat
cagcattttg
ctatatcttt
ccgegcaaga
ccgacgagta
aaaatccette
tataactegt
taatatcaac
taatggcggt
tggctacggt
agataccaat
ttatgcggaa
tacggattcg
ggagtttget
cggeaccgat
cggcaaaggce
aggacacgga
cgacacctta
tgacttaatg
ccatgtagat
actaggtaaa
gggacgtaac
cgatgacacc
cacctatatc
caaccgcgca
gtttagecga
ggttcaaaat
gcaaacgttg
gaagcacgga
cttaacagct
tttgatttta
tttccecattt
taaatteget
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Figure 3.2 Sequence of 4. pleuropneumoniae MRP ATPase homolog (mrp) and RTX

protein (apxIVA) genes, complete codons; and beta-galactosidase (lacZ) gene, partial

codons, Genbank accession number AF021919. The annealing sites (bold and

underlined characters) of the APXIVANEST-1L (position number 6050-6069) and

the APXIVANEST-1R (position number 6427-6407) primers for the nested PCR.
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541
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1021
1081
1141
1201
1261
1321
1381
14431
1501
1561
le21l
1681
1741
1801
1861
1921
1981
2041
2101
216l
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
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atcgatatge
accggtgegy
atttcaatgt
catatetgec
gtggcgaaga
caagatttgg
gcctatattg
ccgtctgaaa
acacaagcgg
ttegetgttyg
gttagtgaat
ttgegetgtt
aacagctgat
cgaagcaaga
catacgatgc
ttaaaaaact
aagattggga
gaaccttagc
gcaatcoctaa
ttaactatgc
agattggatg
gaatttatgg
ttttttaaty
caggaaaaaa
atgctgggtt
acattaggct
accacaggat
tatattgaaa
ggcttttggt
ggtggaacgg
aggtttaaag
tacggcggtt
tatcaagata
agtaagattg
attgccaate
tcggatatea
tcacaactta
tacactaaaa
gaacatgagg
gatacaattg
cctaaggegyg
gaggttgaaa
acggegactt
cgttatgaag
gagtttacag
gaaaaaagta
cctaatagct
tatattgaac
aaagattggg

cgccgggtac
tggtggtaac
tccaaaaagt
aaaattgegg
aatacggtac
atgcceggeac
aattagcggce
ttatgatteg
tagaatttgc
gactgctatt
tatttttatt
ggtcttaggt
gttaagcggt
actgattgat
ttatactgat
caatccaaat
tgttegtgtg
aaatagagaa
aagagcaagc
aagatgtgac
attcacttat
tggggcegag
ctgggaaatc
tettggtegy
atacgaaagyg
tttatgacga
ttaaaatgag
actttggtat
ctaacttagt
taaaccttaa
cggaagcgge
tagaccaaat
aagatacggyg
aaggcactaa
agaaaattga
ttaaattgtt
tccagtettt
atggcgtggt
attEgtttct
aagacgccga
atcctaagcey
aggggttatt
tcgctcatge
ttaaaggact
ctgatttatt
ttacggttaa
attattattt
gaaaaaacgg

gcgggaacgg

gggcgatatc
cactcegeaa
gtcggtaceg
tcaccacgaa
taaagtatta
accgaccgtc
aaaagtcgct
tgaagtaaaa
agaaaaattt
tgatttggtt
aatttgaaag
gtogttatca
tattgtgaaa
agggcaatta
gaacctttag
tattgtgaaa
gaaggtaagg
cctgaacgat
tacttatatt
caatttatat
ttctgaaata
acgttttgtg
acgecattatt
tttaaaaccg
cggagaagtg
tggcaaaggg
cgacaatgcc
tgaacctctt
gaatcgtggt
ctttaceggc
gaagaaaage
tattaaaaaa
caaattaaaa
aatcacccogt
aaaaggcgtg
gtttggagca
ttecgatage
ttatgtcacc
cggtggtgag
cggcaaaggt
ggtagagttt
aacttacgca
gactatgctt
aaaattgccc
aactgttacyg
aaattttaaa
¢cttgaaggc
tgacggegct
gcatggaaat

caacttactc
gatattgcgt
gtcttaggta
gatattttcg
ggacaaatgc
gttgceggceac
tcggaattat
taagttttaa
gcaaatccta
tgtcaggata
gaaacaaaat
gctatgeetg
aggacggaag
actatatgcet
aaataaaacc
ttacctcatg
catataggta
gggaaactag
aattaaagag
ttatataaaa
ggaaaaggag
accgctgata
gegeegcaag
ggcaaatatt
gtaaatggca
gacttactecg
cttttigtta
ggtaagcaag
ttggaaagta
gaggtggaaa
cattggagtt
ctatgggaca
ccgattattt
aggattgcgg
ttagagaaat
ttgactccaa
ttggctaaac
ggcaaaggga
gggaatgata
aaagtctatt
agecgagtaca
gttttagaaa
aatgagcettt
gccgttaaaa
cctattgacg
aatggtgatt
caagatacgg
aaaaataact
caccgaaata

tttcgcaaca
tattagatgc
tcattgaaaa
gcaccggegy
cgttgcatat
cggaacacga
actggcaagg
taaccacgaa
ccgettittt
ttatgttatt
gaaaataaaa
gtatcaaaat
ttattttgat
ggagcatcaa
atatttaaca
gccagcagat
tgtaatcgta
tattgttttt
agaaatttat
cgaaaactct
atgatgatat
actttagegt
tcccgectat
ccaaagcgca
tgtttgeccgg
aacgcgecta
tagaagaatc
aagattttga
ttatcgaccc
cetacacgtt
tagtgaatgce
gtggctcaat
acggcacggc
gtaaagaagt
tggggctgtce
ctttaaatag
ttgataatcc
atgatgtgct
cttattatgc
ttgtgagaga
taacgaaaga
attataattg
ttactgatta
agttaaaaag
aaaacggaaa
taggaataag
gtttttatgg
cgtegggage
atgeectceoga

aattccggtt
ggtgaaaggt
tatgagcgta
tgcggagaaa
tcgettacgt
aaccageocga
ttcggttate
aacacaaaga
attagtacga
gtaatgaaat
aaacgttaca
tatcaatggg
gataggcata
tctaaaaaaa
atagaggaat
gcagttccac
aaatatttaa
gataattgceg
tatgacaaaa
acctaaagat
tgatagaaaa
tgtaagagat
tegttcacag
gatattggaa
tgaagtccag
tatctggaat
aggcaaacgce
ttttgtegge
atccggtatce
agacgaaaca
gacgaaagta
taagcattta
cggeaacgac
tacgcttgat
tgttagtagt
aatgttgcta
cttagcccect
taaaggaact
gagagtaggce
aaaaggggta
agaaataaaa
ggaagagaaa
tactaattat
teccgttggtyg
agcacttagc
gttgttggat
tcoctgetttt
aggaaatagce
cctgaataaa



2941 cecggacggaa
3001 gtgaatgcgc
3061 ttagatggag
3121 catgaaggaa
3181 gtgttagatc

3241
3301
3361

aatcaacttt
acaaaccaag
cgggatttaa

3421 aatattaaat

3481

atccttgete

3541 ttaaatttca

3601
3661
3721
3781
3841
3901
3961
4021
4081
4141
4201
4261
4321
4381
4441
4501
4561
4621
4681
4741
4801
4861
4921
4981
5041
5101
5161
5221
5281
5341
5401
5461
5521
5581
5641
5701
5761
5821
5881
5941
6001
6061
6121
6181
6241
6301
6361
6421
6481
6541
6601
6661
6721

caacaacgtc
gccgcactet
caggcacaac
tatcaacatt
gtcogttagag
gttatgcaaa
ttaaatatcy
gtgaataata
cgtttgaaga
gattatectc
ttatatgatt
ctattactgt
geggetacte
tcgacggatt
aacttatcgg
aaaggcagct
tatgaagata
agtgaattatg
catgatacgyg
aaattggagt
ctatacggea
gaaggcyggca
agcaaaggac
gatatcgaca
gataatgact
tacaaccatg
gatgaactag
gactggggac
aatggcgatg
gcggacacct
aatgataacc
gtgaaattcc
atcacggtaa
gaccgcagta
ggcaatgatg
aacgatattc
caggatatcg
aaatttactg
ttatteggtt
tatcaatttg
caaggtatgg
teggtgattg
ctcatcggeg
tttagcaaag
agagatatcg
gaaaataacg
tggtattcac
gtgagcactc
ggagagatat
getcttataac
gtgtaagaat
tataagttat
ttccattaag

ataatgggaa
caaataacce
atgggcttga
aaggtattcyg
gtaaccaaga
ccgacggcag
atcagcgtat
atcaaaacgg
ctttacatac
agcttgggaa
gttttaaccc
gcacaattaa
ctgaggagtt
gagaattatt
atgataaaac
tcacgectte
actttgaaca
atcaacttta
tgtatcaaac
aatatgttta
gtactgaagc
taagcgaata
taagcecgtta
ctaacttaac
taaaaggcga
gtagtacagg
acggtgcaga
ccaataatga
cggaagtgaa
attcggtcac
ttgctgaccg
ccgatggeaa
aaggcaacga
acggacagga
ccttaaaatt
taatgttatt
tagattatca
gtaaacaagg
gtaactcggt
acaccctecat
atatctttag
gcgcaagaga
gacgagtaga
aatcctteta
taactecgega
atataaagga
taagaggtag
tttatgaaga
atgtgaatta
atcatgatac
acaaattgga
cattatttgg
atgcecggtge
gcaaaggtaa
gacacggaca
acaccttaaa
atttgattat
accaagatca
aggtggagaa
ctetigtgtce
atacgaaaga
atagcctgat
tgacggatgg
cgatat
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taaccaaaat
gagacgtaac
aaccgtgtcey
taccgcaacg
cggcattate
tatttctgea
cgaccaaaat
ttttagtgaa
cgcctatgaa
gtatgaaaaa
gttttatagc
tctaaccggce
ggctgcttta
gccetgececatt
attacttaaa
tcaattaagt
gagtaaggca
ttacacgacg
aaccgtagaa
tagcgttaat
cttatttaac
ccttecttte
tatagattat
tattgccegt
tgaaaaaaat
tgatgatcta
cacctatatc
taaccgogca
gtttegacga
ggtaaaatcc
cagtataact
tgatgatata
tattctaaga
tatcgtttat
tactgatgtg
cggttatcat
atttgacaaa
tatggcatta
gattgatgcc
cggecggcaaa
caaaggacac
tatcgacacc
taatgactta
cagccatgta
tgaactgatt
tcatgcggat
ctacggtgcg
taccaataat
tgcggaagtg
ggattcggtc
atttgctgac
cactgacggt
gggtaatgat
tgatattcta
ggatatcgtt
atttactgat
taaatcatta
taaaatagaa
gatggt tgag
gcttgaagag
aatcggcaca
tttaagaaat
ttttatcaaa

aacggaagca
tatgatattt
atgaacggge
ggctggcteg
aatgatataa
cacggttttg
gataagctgt
gcgaatgagc
gagcgtaaty
acggacggta
cgatttaccg
accggteggg
ttacaacagt
ttagataaat
acggtagaaa
agtatacgca
aaaattgcga
gataaagaca
cttgectace
gcgaaacaat
tctactetta
tttaacgatc
gctaaagcac
ttaagagagg
aatattttgt
cttatcggeq
tttagcaaag
agagatatcg
gtagataatg
ttctacageco
cgegatgaac
aaggatcatg
ggtggctacg
gaagatacca
aattatgcgg
gatacggatt
ttggaatttg
tttggcactg
ggtgegggta
ggtaatgata
ggacaggata
ttaaaattta
atgttatteg
gattatcaat
aaagcagggce
tgggacagca
gacacctata
gataaccgag
aaattccgac
acgataaaat
cgcagtataa
gatgataata
acggttaatg
agaggtggct
tatgaagata
attaatttat
ttaagtgagg
aatattegtt
tcgatggcecg
gtaaaacaat
gtttttttga
ttactcttgg
tatgagatca

atcaagataa
acgatcctte
gacaaggcge
ctgcggatga
gcgagttatt
cgacattagc
tttctaaact
tgtttagettr
attttctaac
cttttgcaca
aagcgttaaa
ttcgggattt
acactaaggc
gggcggcaac
gtaccgatag
atgcaaagca
ctttaaattc
ttcgcectatat
gttctttact
tcgaagggaa
aacaatcgcc
ctacggaatg
aaggatttta
ctggagtaat
taggtagcca
gagagggtaa
gacacggaca
acaccttaaa
acttaatgtt
atgtagatta
tgattaaagc
cggattggga
gtgcggacac
ataatgataa
aagtgaaatt
cggtcacgat
ctgaccgcag
acggtgatga
atgatacggt
ttctaagaqaqg
tcgtttatga
ccgatgtgaa
gttatcatga
ttgacaaatt
ttcatctata
ttttggaagg
tetttageaa
caagagatat
gagtagataa
ccttctacaa
ctcgtgatga
tcaacgactg
gcggtaatgg
acggtgcgga
ccaataatga
ccgaactttg
ataaagtcac
tatcgaatga
gctttgetca
atatcaatag
actgtgccga
ctaataacta
aatcttattt

tcatagegat
agcetttagat
gttattcgat
cggtttttta
tagtaataaa
cgatttggat
ccaaatttgg
agaaagtttg
gggcaataat
aatgggegat
tttaaccgag
gcgtgaagec
ctcegatttt
ggatttacag
tagtgcttet
tgatcctace
gctctacggg
tactgataaa
tttacaaacg
atgggtaacc
tgaaaatgca
gaaagaaggy
tgaaaactgg
ttttgcagaa
aaaagataat
tgatacgtta
ggatatcgtt
atttaccgat
attcgattat
tcaatttgac
agggecttcat
cagcattttg
ctatatcttt
cegegcaaga
ccgacgagta
aaaatcctte
tataactegt
taatatcaac
taatggcaggt
tggctacggt
agataccaat
ttatgcggaa
tacggattcg
ggagtttgct
cggeacecgat
cggcaaaggc
aggacacgga
cgacacctta
tgacttaatg
ccatgtagat
actaggtaaa
gggacgtaac
cgatgacacc
cacctatatc
taaccgcgea
gtttagccga
ggttcaaaat
gcaaacgtty
gaagcacgga
cttaacagct
tttgatttta
tttcecattt
taaattcget
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3.1.5.2 PCR serotyping of reference strains. The positive-nested
PCR samples were then subjected to the PCR serotyping. This step was carried out
with the two PCR reactions. This comprised of 1) the multiplex PCR of the apx/CA,
| apxIBD, apxIICA, aprICA and apxIIIBD genes and 2) the PCR of the apx/V4 gene.
The primers were shown in Table 3.5 and the sequences and annealing sites of these
primers were shown in Figure 3.3 to Figure 3.8.
The PCR serotyping of reference strains was performed using the
Thermocycler (Thermo Hybaid®, UK). The expected sizes of the PCR products were
shown in Table 6. For the detection of the apxICA, apxIBD, apxIICA, apxIIIC4, and
apxIIIBD genes, the multiplex PCR was performed with 2.0 U of the DyNAzyme™ II
DNA”Polj‘/inerase (Finzyme®, Finland) per sample in a total volume of 100 pl in the
reaction buffer containing 10 pl of DNA templates, 2.5 mM MgCl, (50 mM MgCl, -
solution, Finzyme®, Finland), 10 mM Tris-HCl pH 8.8, 50 mM KCl, 0.1% Triton X-
100 (Finzyme®, Finland), 0.25 mM of each dNTPs (SibEnzyme®, Russia), 0.25 pM of
the AIF, AIR, AIITF, AINIR, XINBD-L and XIIBD-R primers (Biobasic Inc.®,
Canada), 0.5 uM of the AIIF and AIR primers ( Biobasic Inc.®, Canada) and 0.75
mM of the XIBD-L and XIBD-R primers (Biobasic Inc.®, Canada). PCR conditions
included an initial denaturation step at 94°C for 5 min, followed by 30 cycles of the
denaturation step at 94°C for 30 s, annealing step at 58°C for 45 s, primer extension at
72°C for 2 min, and a final extension at 72°C for 10 min.
For the detection of apxIVA gene, PCR reaction was performed with
2.0 U of the DyNAzyme'™ II DNA Polymerase (Finzyme®, Finland) per sample in a
totai reaction volume of 100 pl in reaction buffer containing 10 pl qf DNA templates,

10 mM of Tris-FCI (pH 8.8 at 25°C), 50 mM KCl, 0.1% Triton X-100 (Finzyme®,
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Finland), 1.5 mM of MgCl, (50 mM MgCl, solution, Finzyme®, Finland), 0.25 mM of
each dNTPs (SibEnzyme®, Russia), and 0.25 pM of the APX4DWN-L and APXIVA-
1R primers (Biobasic Inc.®, Canada). PCR conditions included an initial denaturation
at 94°C for 5 min, followed by 35 cycles of denaturation at 94°C for 30 s, annealing
temperatures at 52°C for 30 s:primer extension step at 72°C for 3 min, and a final
extension at 72°C for 10 min.

The PCR products were analyzed by 2.0% agarose gel electrophoresis
(Bio-rad®, CA) and stained gel with ethidium bromide (10 pg/ml). The PCR products

were visualized and photographed by Gel Doc 100® (BioRad®, CA).
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Table 3.5 The sequences of primers for PCR typing.

GENBANK POSITION ANNEALING

NAME SEQUENCE ACCESSION | TEMP,

a ' No, ‘o
XIBD-L! 5' GTA (C/TYCG GCG GGA TTC CGT 3° X68595 4986-5003 58
XIBD-R' S’ATC CGC ATC GGC TCC CAA Y X68595 6433-6416 58
XilIBD-L' 5" TCC AAG CAT GTC TAT GGA ACG 3* L12145 5655-5675 58
XIIBD-R’ 5" AAC AGA ATC AAA ATC AGC TTG GTT 3’ L12145 6623-6600 58
AlF? 5"ATG GCT AACTCT CAGCTC G 3° X52899 59-77 58
AIR? S'CGC TTTACC GATATT GCCTA 3’ X5289¢ 904-885 58
AlIF? 5' TCA TTC TCT ACA GAA TGG GG 3° X61111 867-886 58
AlIR’ 5 CAA CGA GTA ACGCAACTGG 3’ X61111 1937-1918 58
AlIF? 5 ACG GAA GTG TTG GTA ACG G 3° X80055 915-933 58
AIIR? 5 AGC AGC AACTTT AGT GCTTG 3° X80055 1550-1530 58
APXaDWN-L! | 5 GCG AAA CAA TTC GAA GGG 3’ AF021919% 4111-4128 52
APXIVA-1R? 5'GGC CATCGA CTC AACCAT 3’ AF021919 6459-6442 52

" adapted from Frey et al. (1995)

? adapted from Gram et al. (2000)

i adapted from Schaller et al. (2001)
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Figure 3.3 Sequence of A. pleuropneumoniae MRP ATPase homolog (mrp) and RTX

protein (apxIVA) genes, complete codons; and beta-galactosidase (lacZ) gene, partial

codons, Genbank accession number AF021919. The annealing sites (bold and

underlined characters) of the APX4DWN-L (position nymber 4111-4’1'28) and

APXIVA-IR (position number 6459-6442) primers for the apx/VA4 based PCR.

61
121
181
241
301
361
421
481
541
601
661
721
781
841
201

961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881

atcgatatge
accggtgegg
atttcaatgt
catatctgcc
gtggcgaaga
caagatttgyg
geoctatattg
ccgtctgaaa
acacaagegyg
ttegetattg
gttagtgaat
ttgegetgte
aacagctgat
cgaagcaaga
catacgatgc
ttaaaaaact
aagattggga
gaaccttage
gcaatecctaa
ttaactatgc
agattggatg
gaatttatgg
ttttttaatg
caggaaaaaa
atgetgggtt
acattaggct
accacaggat
tatattgaaa
ggcttttaogt
ggtggaacygg
aggtttaaag
tacggeggtt
tatcaagata
agtaagattyg
attgccaatce
tcggatatca
tcacaactta
tacactaaaa
gaacatgagg
gatacaattg
c¢ctaaggeygy
gaggttgaaa
acggcgactt
cgttatgaag
gagtttacag
gaaaaaagta
cctaatagcect
tatattgaac
aaagattgag

cgcegggtac
tggtggtaac
tccaaaaagt
aaaattgeqg
aatacggtac
atgcecggeac
aattagegge
ttatgatteg
tagaatttge
gactgctatt
tatttttatt
ggtcttaggt
gttaagecggt
actgattgat
ttatactgat
caatccaaat
tgttcgtgtg
aaatagagaa
aagagcaagce
aagatgtgac
attcacttat
tggggccggg
ctgggaaatc
tettggtegy
atacgaaagg
tttatgacga
ttaaaatgag
actttggtat
ctaacttagt
taaaccttaa
cggaagcgge
tagaccaaat
aagatacggg
aaggcactaa
agaaaattga
ttaaattgtt
tccagtettt
atggcatggt
atttgtttet
aagacgcega
atcctaagcg
aggggttatt
tcgetoatge
ttaaaggact
ctgatttatt
ttacggttaa
attattattt
gaaaaaacgyg

gcgggaacgyg

gggcgatatc
cactccgcaa
gtecggtaceyg
tcaccacgaa
taaagtatta
accgacegtce
aaaagtcget
tgaagtaaaa
agaaaaattt
tgatttggtt
aatttgaaag
gtcgttatca
tattgtgaaa
agggcaatta
gaacctttag
tgttgtgaaa
gaaggtaagg
cctgaacgat
tacttatatt
caatttatat
ttctgaaata
acgttttgtg
acgcattatt
tttaaaaccq
cggagaagtg
tggcaaaggg
cgacaatgcec
tgaacctectt
gaatcgtggt
ctittaccggce
gaagaaaagc
tattaazaaaa
caaattaaaa
aatcaceccgt
aaaaggcegtg
gtttggagca
ttecgatage
ttatgtcacc
cggtggtgag
cggcaaaggt
ggtagagttt
aacttacgca
gactatgctt
aaaattgccce
aactgttacg
aaattttaaa
ccttgaaggce
tggecggogcet
gcatggaaat

caacttactc
gatattgcgt
gtcttaggta
gatatttteg
ggacaaatgce
gttgcggcac
tcggaattat
taagttttaa
gcaaatecta
tgtcaggata
gaaacaaaat
gctatgccty

aggacggaag

actatatgcet
aaataaaacc
ttacctcatg
catataggta
gggaaactag
aattaaagag
ttatataaaa
ggaaaaggag
accgctgata
gogecgcaag
ggcaaatatt
gtaaatggca
gatttactcg
ttttttgtta

ggtaagcaag

ttggaaagta
gaggtggaaa
cattagagtt
ctatgggaca
ccgattattt
aggattgegg
ttagagaaat
ttgactecaa
ttggctaaac
ggcaaaggga

gggaatgata
aaagtctatt

agecgagtaca
gttttagaaa
aatgageett
gccgttaaaa
cctattgacg
aatggtgatt
caagatacgy
aaaaataact
caccgaaata

tttcgeaaca
tattagatgc
tcattgaaaa
gcaccggegyg
cgttgcatat
cggaacacga
actggcaagg
taaccacgaa
ccgetttttet
ttatgttatt
gazaaatdaaa
gtatcaazat
ttattttgat
ggagcatcaa
atatttaaca
gccagcagat
tgtaatcgta
tattgtttet
agaaatttat
cgaaaactct
atgatgatat
actttagcgt
tccecgectat
ccaaagegcea
tgtttgeegg
aacgcgccta
tagaagaatc
aagattttga
ttatcgaccc
cctacacgtt
tagtgaatgc
gtggctcaat
acggcacggc
gtaaagaagt
tggggetgte
ctttaaatag
ttgataatcc
atgatgtgct
cttattatge
ttgtgagaga
taacgaaaga
attataattg
ttactgatta
agttaaaaag
aaaacggaaa
taggaataag
gtttttatgg
cgtcgggage
atgcctecga

aattcecggtt
ggtgaaaggt
tatgagecgta
tgcggagaaa
tcgcttacgt
aaccagcecga
ttecggttate
aacacaaaga
attagtacga
gtaatgaaat
aaacgttaca
tatcaatggg
gataggcata
tctaaaaaaa
atagaggaat
gcagttccac
aaatatttaa
gataattgcg
tatgacaaaa
acctaaagat
tgatagaaaa
tgtaagagat
tcgttcacag
gatattggaa
tgaagtccag
tatctggaat
aggcaaacdac
ttttgtecgac
atccggtatce
agacgaaaca-
ggcgaaagta
taagcattta
cggcaacgac
tacgcttgat
tgttagtggt
aatgttgcta
cttagcccct
taaaggaact
gagagtaggc
aaaaggggta
agaaataaaa
ggaagagaaa
tactaattat
tccgttggtg
agcacttagc
gttgttggat
tcctgettit
aggaaatagc
cctgaataaa



2941
3001
3061
3121
3181
3241
330
3361
3421
3481
3541
3601
3661
3721
3781
3841
3901
3961
4021
4081
4141
4201
4261
4321
4381
4441
4501
4561
4621
4681
4741
4801
4861
4921
4981
5041
5101
5161
5221,
5281
5341
5401
5461
5521
5581
5641
5701
5761
5821
5881
5941
6001
606l
6121
6181
6241
6301
6361
6421
6481
6541
6601
6661
6721

ccggacggaa
gtgaatgecgce
ttagatggag
catgaaggaa
gtgttagatc
aatcaacttt
acaaaccaag
cgggatttaa
aatattaaat
atecttgete
ttaaatttca
caacaacgte
gcegeacttt
caggcacaac
tatcaacatt
gtcgttagag
gttatgcaaa
ttaaatateg
gtgaataata
cgtttgaaga
gattattctc
ttatatgatt
ctattactgt
gcggctactt
tcgacggatt
aacttatcgy
aaaggeagcet
tatgaagata
gtgaattatg
catgatacgg
aaattggagt
ctatacggca
gaaggcggcea
agcaaaggac
gatatcgaca
gataatgact
tacaaccatg
gatgaactag
gactggggac
aatggegatyg
gcggacacct
aatgataacc
gtgaaattce
gtcacggtaa
gaccgcagta
ggcaatgaty
aacgatatte
caggatatcg
aaatttactg
ttattcagtt
tatcaatttg
caaggtatgg
teggtgattyg
ctcatcggcg
tttagcaaag
agagatatcg
gaaaataacg
tggtattecac
gtgagcactc
ggagagatat
gctttataac
gtgtaagaat
tataagttat
ttccattaag

ataatgggaa
caaataacec
atgggcettga
aaggtattcg
gtaaccaaga
ccgacggeag
atcagcgtat
atcaaaacgg
ctttacatac
agcttgggaa
gttttaacce
gcacaattaa
ctgaggagtt
gagaattatt
atgataaaacg
tcacgectte
actttgaaca
atcaacttta
tgtatcaaac
aatatgttta
gtactgaagc
taagcgaata
taagcegtta
ctaacttaac
taaaaggcga
gtagtgcagg
acggtgcaga
ceaataatga
cggaagtgaa
atteggteac
ttgctgaccg
ccgatggcaa
aaggcaacga
acggacagga
ccttaaaatt
taatgttatt
tagattatca
gtaaacaagg
gtaactcgat
acacccteat
atatctttag
gcgcaagaga
gacgagtaga
aatcctteta
taactcgega
atataaagga
taagaggtgg
tttatgaaga
atgtgaatta
atcatgatac
acaaattgga
cattatttgg
atgeeggtge
gcaaaggtaa
gacacggaca
acaccttaaa
atttgattat
accaagatca
aggtggagaa
ctettgtgte
atacgaaaga
atagecctgat
tgacggatgg
cgatat

51

taaccaaaat
gggacgtaac
aaccgtgteg
taccgcaacg
cggcattatt
tatttctgeca
cgaccaaaat
ttttagtgaa
cgcctatgaa
gta¥gaaaaa
gttttatagc
tctaaccgge
ggctgettta
gcctgecatt
attacttaaa
tcaattaagt
gagtaaggca
ttacacgacg
aaccgtagaa
tagcgttaat
cttatttaac
cctttettte
tatagattat
tattgececegt
tgaaaaaaat
tgatgatcta
cacctatate
taaccgegea
gkbtttcocgacga
ggtaaaatcce
cagtataact
tgatgatata
tattctaaga
tatcgtttat
tactgatgtg
cggttatcat
atttgacaaa
tatggcatta
gattgatgcc
cggcggcaaa
caaaggacac
tatcgacacce
taatgactta
cagccatgta
tgaactgatt
tcatgecggat
ctacggtygcyg
taccaataat
tgcggaagtg
ggattcggtc
atttgctgac
cactgacggt
ggataatgat
tgatattcta
ggatatcgtt
atttactgat
taaatcatta
taaaatagaa
gatggttgag
gcttgaagag
aatcggcaca
tttaagaaat
ttttatcaaa

aacggaagcea
tatgatattt
atgaacgggc
ggctggctceg
aatgatataa
cacggttttg
gataagctgt
gcgaatgagc
gagcgtaatg
acggacggta
cgatttaccg
accggtcgagg
ttacaacagt
ttagataaat
acggtagaaa
agtatacgca
aaaattgega,
gataaagaca
cttgectacc
gcgaaacaat
tctactttta
tttaacgatce
gctaaageac
ttaagagagg
aatattttgt
cttatcggeg
tttagcaaag
agagatatcg
gtagataatg
ttectacagee
cgegatgaac
aaggatcatg
ggtggctacg
gaagatacca
aattatgcgg
gatacggatt
ttggaatttg
tttggcactg
ggtgcgggta
ggtaatgata
ggacaggata
ttaaaattta
atgttattcg
gattatcaat
aaagcagggc
tgggacagca
gacacctata
gataaccgag
aaatteegac
acgataaaat
cgcagtataa
gatgataata
acggttaatg
agaggktgget
tatgaagata
attaatttat
ttaagtgagg
aatattegtt
tegatggecg
gtaaaacaat
gtttttttga
ttactcttgg
tatgagatca
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atcaagataa
acgatccettt
gacaaggcgce
ctgcggatga
gcgagttatt
cgacattagc
tttctaaact
tgtttagett
attttctage
cttttgcaca
aagcgttaaa
ttcgggattt
acactaaggc
gggcggceaac
gtaccgatayg
atgcaaagca
ctttaaatte
ttegetatat
gttctttact
tegaagggaa
aacaatcgec
ctacggaatg
aaggatttta
ctggagtaat
taggtagcca
gagagggtaa
gacacggaca
acaccttaaa
acttaatgtt
atgtagatta
tgattaaagce
cggattggga
gtgcggacac
ataatgataa
aagtgaaatt
cggtcacgat
ctgaccgcag
acggtgatga
atgatacggt
ttctaagagg
tocgtttatga
ccgatgtgaa
gttatcatga
ttgacaaatt
ttcatctata
ttttggaagg
tctttagcaa
caagagatat
gagtagataa
ccttctacaa
ctcgtgatga
tcaacgactg
gcggtaatgg
acggtgegga
ccaataatga
ccgaactttg
ataaagtcac
tatcgaatga
getttgetea
atatcaatag
actgtgcega
ctaataacta
aatcttattt

tcatagegat
agctttagat
gttattcgat
cggtttttta
tagtaataaa
cgatttggat
ccaaatttgg
agaaagtttyg
gggcaataat
aatgggcgat
tttaaccgag
gcgtgaagcece
ctcecgatttt
ggatttacag
tagtgcttcet
tgatectace
gctctacggyg
tactgataaa
tttacaaacg
atgggtaace
tgaaaatgca
gaaagaaggg
tgaaaactgg
ttttgcagaa
aaaagataat
tgatacgtta
ggatatcgtt
atttaccgat
attcggttat
tcaatttgac
agggcttcat
cagcattttyg
ctatatcttt
ccgcgceaaga
ccgacgagta
aaaatccttc
tataactcgt
taatatcaac
taaktggegat
tggctacgat’
agataccaat
ttatgcggaa
tacggattcg
ggagtttget
cggeaccgat
cggcaaagge
aggacacgga
cgacacctta
tgacttaatg
ccatgtagat
actaggtaaa
gggacgtaac
cgatgacacc
cacctatatc
taaccgegea
gtttagccga
ggttcaaaat
gcaaacgttg
gaagcacgga
cttaacagcet
tttgatttta
tttcececattt
taaattcgct
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Figure 3.4 Sequence of A. pleuropneumoniae genes apxIC, apxIA, apxIB and apxID
for hemolysin I operon, Genbank accession number X68595. The annealing sites

(bold and underlined characters) of XIBD-L (position number 4986-5003) and the

XIBD-R (position number 6433-6416) primers for the myltiplex PCR. - .
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taatttaceg
agcgatattg
aaataatcaa
acaaacggca
gaggttttag
ctttetttge
aagcgtgacg
attaaatacc
cgatggttta
cgagataact
gggaaaattt
caacaatatc
ttagtaaata
attgattcac
aatggtttgg
tatcaagcta
atcgaagtac
acggaaaaac
aagttactga
ggacaacgtt
gctattgogg
agtggttegg
gcaagtgcaa
tatctaacac
cttgrcaggac
attttaagta
actaaaatct
gcggcagget
gegattagec
gaacaatatt
ttctaccgtg
gegegttecyg
gctttagtta
atcttcgaac
ggtaaaaact
tttgaattgt
caacagegtt
acgaaaagceyg
ccggategtt
attaacaaaa
cgtgagcgta
gaaaaatggg
atccaattag
ggtgagaaaa
ggacatgatg
agtgcacaga
ttaaaagaag
gaatatcgtg
gaattacatt
cgctttacceg
cacgatatct

taattgaata
ttataaaatc
aaaacttact
atattgttat
gagaggtggc
tagcaattaa
gttttcctat
ttgatgatat
tagattggat
tceocgaatga
cagaatttca
actttgaatt
gctaaggaga
ttaatcaaca
gacaggtgaa
gtaccggcte
ategetcogga
tattaggttt
ataagaacca
taaataaaac
gtatggatct
aattagctaa
cgggtacggt
tegocttaag
ctgggtttga
ataaagatgce
taggcaatat
tatccacaac
cgctttegtt
cggagegcett
aaaccggtgce
caggtgttgg
gtgcaatcac
gagttgcaac
attttgazaa
tatcacaata
gggatgtcaa
gtaaagctta
ttgataaaaa
ccactctatt
agcaaaccgyg
tggtaaccgg
cgatagataa
atgatcgtat
tagcatatta
aagccggtga
tggttaaaac
attatgagtt
ctgttgaaga
atatttteea
tatacggaga

aaaaataccyg
ataatgtaaa
ctettttatt
aaatctgggy
atggttatgg
tgtgctacct
tgecattttgt
tgcctcgcta
agcaccgtte
gctgtttagy
tggaggaaaa
aatgagtgag
caacatggct
tacaaaaagt
gcaagcaggg
aagtcttaat
aaaaaacggt
ctcggaacga
aaaattaagt
gcaaacggca
tgatagccetg
agcaggtgtg
ggatgegttt
cggtttagca
tgccgtatca
cgaktgcaggt
cggtaaageg
tgeggcaacc
cttaaatgtt
taaaaagttc
gattgaageg
ggctgcetgca
cggtattatt
gaaattagcg
cggttatgac
caataaagag
tatcggtgaa
cgttgatttce
agtgtttgat
gaaatttgtt
taaataccaa
tgtgcagtca
aaaaggtgaa
atatctttca
cgataaaacc
atatattgtc
tcaggatact
aagcccattc
aattatcggt
tggtgcogaaa
cgacggtaat

tgaagcagtt
cctcatttgt
tttatecggta
ggatgaatga
gcaagttcte
gcgattgaga
agctgggcaa
gttgeggatyg
ggagacagtg
gctattcgag
attgataaga
ctaaaaaata
aactctcage
gcagctaaat
cagaaattaa
gatttagtga
accgcactag
ggcatcgeat
aaatcgectcg
ctttcagect
cttegtegece
gatctageeg
gccgaacaat
agtaagttaa
ggtatcttat
acaaaagcgg
gtttectcaat
ggtggtttaa
gcggataagt
ggttatgaag
gcattaacca
accggeteat
tcaggtattt
aataagattg
geecegeocatt
tattcggtag
cttgeoeoggea
tttgaagaag
cegettgaag
acgeeggtct
tatatgacecg
cataatgcga
aaacgtcaag
tecggttecat
gatacaggatt
actaaagaac
tcagttggaa
gaacttggga
agtaatcgta
ggcgatgatg
gatgtaatcc

tacaaaatac
aatgaattgg
agtatttaca
gtaaaaaaat
ctttacatcg
gtaatcaata
atttgaattt
attggacttc
ccgcattata
ttgatccgga
aactggcaag
aacaaaattt
tcgatagagt
caggtgccgg
ttttatatat
aagcggcgga
cgaaagaatt
tatttgcacc
geggttcatce
tacaaagttt
gtagaaacgg
ctcagttagt
taggtaaatt
ataaccttcc
ctgttgttte
cggcaggtat
atattattgc
tcggtteggt
ttgaacgtgce
gtgatagttt
cgattaacag
tagteggtge
tagatgcttc
acgaatggga
cegecattott
agcgtgtegt
ttactcgceaa
gaaaactttt
gtaaaatcga
ttaccgcagyg
aattattcgt
tttatgacta
tgaccattga
ctatcgtata
acttaacatt
ttaaagctga
aaacgtgcag
acggtatcag
aagacaaatt
aaatctacgg

atggeggtga

gagattaatg
taaattatat
atcaagtcag
taatggattt
aaagtggecy
tgttttgtta
ggaaaatgaa
cggcgatcgt
caaacatatg
ctctcgagta
taaaattett
taaattttca
caaaggattg
cgcattaaaa
tccgaaagat
ggctttaggg
attcggtaca
tcagtttgat
ggaagcatta
cttaggtacyg
tgaggacgtc
ggataacatt
ggcaatgect
agatttaagc
ggcttecattc
tgaaatctea
gcaacgtgtg
cgtagcatta
gaaacagctt
attagcttca
tgtgttaagt
gccggtagca
taaacaggca
gaaaaaacac
agaagatacc
tgctattacg
aggttctgat
agagaaagaa
cctttcttca
tgaagagatt
taaaggtaaa
tacgaatctt
atctcatttg
tgcgggtaac
tgacggacaa
tgtaaaagtt
tgaaaaatta
agctaaagat
ctttaggtagt
taatgacggc
cggtaacgac
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5161
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5641
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5761
5821
5881
5941
6001
6061
6121
6181
6241
6301
6361
6421
6481
6541
6601
6661
6721
6781
6841

catcttgttyg
aatggeggtyg
ggtggtgcgg
gtaggcaatg
tacggtegte
cttagtttta
atcggaggaa
tggttcaagg
ggagcttatg
tactttaatg
Cctcagaaaag
aaagtatctg
aattctttga
agcaatccta
atttttateg
atattgctgt
atctaaccgc
aagcgattga
aacattttat
aaacgcataa
tgattttagt
ggtttatace
tttttttgea
tcttggtaca
tgctgtttga
gtattgatgt
attttgaaaa
gtaacttett
tctttgeagt
cgttttatat
aattcgcacg
cgattaaage
gctatgtate

gtggtaacgyg
atggtgacga
gtaatgacat
acaaaatcta
atatcattat
aagatgtagg
cacktgtatta
aaggtaaaga
ttttaagcca
ggttagaaga
atattgaaca
taggctcagg
gttattcttt
tatatattag
ggaagaagac
aaatccggaa
ttggctatta
tcgtttggeg
tttgactaaa
tcctcogtatt
tgeatcaaga
ggcggtaatt
aattttcgea
ccgaggtett
aattgtgcta
ggagttggga
tecgtegagtce
aaccgggeayg
gatgtggtat
agggtggteg
tggtgcggac
grtggeggte
ggegggatte

aatttattca
caggcgattt
caccggtgat
cgegtttagy
cggaaattaa
cggtgattet
gacgttcagy
aaaacggtca
gtcgtcaagt
atattgcctt
ccggegeaca
aaggtgeggg
ataacccgaa
atattatcat
accgtttate
tggaacaagg
accaattaca
tttccaacge
gccggatcga
accggtgtca
attagttatt
gtttagcgac
tgtgcaagac
agccgatgcg
tcgttatgaa
aaaggatgaa
cgagcaattt
agaagcagaa
tgaaaatgaa
tgatgtcttyg
atcteggttg

aaaagtcegtyg
aagtatcgga
tegtttageg
tgatgtttta
aggcgatatte
aaatgatgtg
ctcagggaag
ggtattaata
cggggtggta
agcggatecg
tgaatttatt
gctatctggce
aatcttaatt
gegeaatatg
tacggtaaaa
taagcataaa
atcggaatag
tataaaacgy
gaaaaggatg
aaaaaaccga
tcaattgtca
cgtagcaaag
ggacaatttg
gatcaacaaa
attttattag
tttaaacatg
gaagcttgge
aaacaaacgyg
agattaaaag
actcaagaaa
aatgaagtgg
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aaacgaccga
tgagttgcag
tctgtatgge
cggtggttta
tgagaaaggc
atttatcaga
ccatgaagat
aggacaaaat
atatctgact
aaaattgtat
aatcatttca
cggaccgtta
agcacaagca
gtgtgtagga
tacggattat
gaactaaaac
gccgcaaaat
tttatcgeac
attgataatg
ttggaacaag
gcttccatcg
aagtatcgta
ctaattacac
tcaaccttaa
aacggtttac
gcaagattat
ggcgatacygy
gcacttactt
tacagcecta
atttttateca
aatcagtcat
acccctcaaa
cgtgtaacca
atggttatta
caattaatcg
caactttggc
aactctccga
accttccgta
aatttatcga
agcaccttaa
gatgggcatg
ttacaagata
ggtatgccaa
tctgaattge
cgggeaacgce
tttgatgaag
caccagartt
aatgccgacc
gagctgcettyg
gaggacttat
tttggacgga
aaaatgaatt
gattgatcgce
gtcacgtaga
aaattaagcc
ttgagaaaga
aaaccaaaag
aggcggttge
ctacggaaga
aaaagcaaaa
ttctagcetaa
atcttaaaaa
atcgtcatat
aaagtgactt

ttaatcggcg
gtctttgagg
agcgatggta
ggtaaggata
ggtgatgatg
atcggtgatg
tacaatggga
aataaaattg
gaactgacag
tatggagaag
tctacgggtg
gtctataata
gcttaagata
tbgetatitt
acgcactgac
ataaattcga
cattagaact
taccggeact
aagcaaaaaa
cggaattcga
taggtaagcect
agatttttat
cgotttette
atgtgattac
gtacctatat
tcagacattt
tggctcgtgt
cegtgttgga
aacttactct
gcectatttt
tettagtgga
tgactaatac
cattagctac
ccttatggct
catttaatat
aagatttcca
ccgagageta
atatacgett
ttcagcaagg
cgaaattaat
atttagcatt
acgtactatt
tggaaaaaat
gtgagggata
aacgtattge
cgaccagege
gtaaagggag
gtattattgt
ctgatccaaa
gaaaacatgg
gatctggaaa
tttacctgeca
ttatttaatt
aattgtggeyg
gattgaaaac
tcagttgctg
ttegttateg
ggcggatagy
agataaaacc
gtatcaaaaa
tattcgtaaa
attatttaat
cgaagcggta
acgtcaagee

gaaaaggtaa
gtcaatacaa
ctaacttatt
tttatcgeta
atacgttatt
atcttcttgt
atgcgctcac
aaaaaatcgt
ctcetggaagq
gatataatgc
catttaccgg
actcagctaa
gttattttta
atttatggag
gattttagee
ccttgaagga
taaagcaaaa
tgtatggcga
atatttaatt
gagcttatac
ggcaaagttt
tgaaacgtta
ccaagtcgtg
ggtggcatta
ttttgcgeat
attagcactc
acgagaactc
tttaatgttt
tgtgatttta
acgtecgceogt
atcggtgact
ctgggataag
tatcggacag
aggcgcacat
gttatccggt
acaagtggga
tcaaggaaaa
ccgetacaaa
tgaagtgate
tcaacgtttt
ggcggatccg
aaatcgtagt
tgtccatgeg
taacacgatt
gattgcacgc
attagattat
aacggtaatt
gatggaaaaa
cggettatat
ctaatgggtt
attcgteatce
cacttagagc
atgctgttcc
accgcaacgyg
gccttggtta
ttacacttga
ctgactaaat
ttgceocgetca
agaattcgct
gaattagett
tatgagggaa
tcgaaatcga
aatgagttgg
aaagaggaaa

taatttecctt
cgtattatta
tgacggtggt
cagtaaggag
gttateggat
gaataaaaga
gattaaagat
tgataaagat
aggtatcaat
acttecctcaa
tgatcacgga
caatgtagca
gatgataaat
gagcaaatqgg
cagtaccata
aaaggcttag
caagtaaaaa
gaagacggta
Lttgatttgg:
caaggaaaac
gacttcactt
attgtttcaa
atggataaag
gegategteg
agtaccagcc
ccaatctcett
gatcaaattc
tcectttatet
ggctegttac
ttagatgaaa
gcaatcaata
caattagcca
caaggtgtac
ttagtgattt
caagtgattyg
atttcggtaa
ttggegttac
ccggatgegoe
ggtatecgtag
tatattccgg
aactggcetac
attcgagata
gcaaaattag
gttggtgagc
gctttggtga
gaatccgage
atcattgcac
ggtcagattg
cactacttac
tatatgagtt
aattggatac
tgattgaaac
tatttttggc
gtaaattagc
aagaaatctt
ccgcattgag
tggaacgtta
ttgaactgac
atttgatcac
tgcaacgtag
tecagtcgagt
cttctaaaca
cggtgtataa
tacatttaat
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7081
7141
7201
7261
7321
7381
7441
7501
7561
7621
7681
7741
7801
7861
7921
7981
8041
8101
Blel
8221
8281

aactcagttg
acagettteg
gecocggtteeco
tgccgaaacce
tcaaaataag
tcttccttat
catcgaacat
tttatcegge
aattaaaact
ttcggagagt
tttgcaaaaa
taattttagc
cttgegggtt
ggcaagttce
cgtgaggata
gegtttggtte
tttagecaat
tEttttecttta
aattttattg
aagtaattta
attacgectat
cggcaataat
aaatggactc
cacagtcggc

tttagagccg
ctcgaattag
ggtacggttc
ttgatggtaa
gatatcggtt
actcgttacg
cogecaacteg
aaagacggca
ggagaacgta
ttaagagaac
acgtatgaaa
accgttagaa
tagaaatacg
geegtggitt
actttatcat
ttattttcaa
tcataaccga
gccgaaagag
ccttcagcett
atgtgtttca
atattgtcag
ctegactigg
ttcaccgagg

cg
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atattctgga
aaaaaaatga
agcaacttaa
ttgcteoegga
ttatcgaggt
gctatttaat
gtctagtttt
aagaaattga
gegttattag
gctaaageag
tatgaccget
aatacgatct
gecttgtgett
agcgttttaa
tgtaaacata
tactgtattt
aaaaacgtaa
gtgcattttt
gagcattaaa
taattcacct
atttacaggca
ctttcocgeey
tcgatataga

gaagttgaaa
gcagcgtcaa
aacccatacg
agatgatgtt
cggtcaggat
gagtaaagta
taactcgatt
acttggatca

‘ttatttactc

ataaaataag
tgtcgtitgt
gacgagette
cttgcggtaa
gttatcttta
gtttaccgcce
aaagctaacc
cccgatactg
cgttactgat
cgctaaaaag
cgtaatgaga
cagttgcaat
caatgaaaat
tactgccttt

caaaatgttg
attgettegg
gtaggcggcg
ttagaggtaa
gcggtgatta
aaaaatatca
atttctattg
ggtatgagtg
agtccgttgg
cggcecatatt
aaaagactat
aaattgageg
gtctgaaacce
aaggtaacgg
cattgaacga
atcggctgcec
tcattaaatt
ttatgttcaa
aatgatgcta
gctaaaagcc
gaccgcecataa
cgettegeet
catcaccaat

aagcggagaa
tgattcgtgce
tcgtgacgac
cggcgttaat
aagtagaaac
cgctggaage
atagaaaaac
tgacggcgga
aagaatccgt
ttctractte
ttatttacaa
gagagctgtyg
ggtacgcaaa
gegeatettg
tacgaatatt
cttctttatt
gtttaaggcg
ccgteoggttg
ccgecgtgcet
gacttgatat
ccgtecgatt
tgttggagat
aagatacttg
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Figure 3.5 Sequence of A. pleuropneumoniae (serotype 2) RTX toxin HI (apx/IICABD
geﬁes) genes, complete codons, Genbank accession number 112145, The annealing

sites (bold and underlined characters) of XIIIBD-L (position number 5655-5675) and

the XIIIBD-R (position number 6623-6600) primers for the multiplex PCR. .~ |
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tcttgaataa
tctgagtgta
aaagatttct
acggttctta
agatgatttt
ggagtggtet
tattttactt
aactaatgaa
aggagaacga
tagatatatg
ttctacagaa
aaaattaata
tgtaagagga
tgaagaagcce
tggggtgagt
taataaatta
tgatttagta
attggaagtt
tggacttact
taacgtagtyg
tatttcagga
tattattagt
gctcgttagce
gaactttggg
gaatatttca
actttcagga
agttgctgct
aagctatatt
actaattgeg
taattttaat
tgacggcgat
tactacaatt
tgcattagtt
tattttagayg
aattgacgaa
tcataaagct
aactgaaaga
gggtattact
agaaggtaaa
taagggcgaa
attattaaca
cacgaagtta
tgeegtttat
tggtgaagaa
gttecttaget
tgataaaacc
ttattctgtt
tcaaaaatat
gcaatcaggt
aagtaatcag
tggtgatgat

tagttggttt
gatatgtage
atattttctt
aagtggataa
acaactttag
atctctttgt
atgcgagatg
gtgaagtatg
aaatggttga
cgtaaaaaat
gcgaaaatca
caacaatatc
taaaatatga
aaaagacaag
caagcaaaat
gttttagtta
aaagcagctg
gcccataaaa
ttatttgcac
ggcagttcta
attcaatctyg
ggcggttcag
aatattgcta
aaattagcgg
ggttctgcat
gtaactcgaa
ggctttgaac
cttgcacage
tctagtattt
cgttctaaag
aaactacttt
agtacagcac
ggcgcaccaa
ttctctaaac
tgggagaaaa
ttcttagaag
gctgttttaa
ggtaaaggtyg
ttattagaga
attgatattt
ccaggtacag
gttgtaaaag
gattatacta
taccgtgaag
gcgggttecg
gatacaggtc
acgegegaat
gctgttggta
aatagtaacc
agagacgaat
ctattaaatyg

tgtagatatt
attgtgtatt
tgtaagaaat
ataataaaat
ggcatatcge
ttactaagaa
agttccctgt
tacgtgatgt
tcgattggat
ttcctaatga
ttecatgttca
aggaagaact
gtacttggtc
ttaaaaaagg
tacaagcatt
ttccaaaaga
aggaattagg
gtttaggtac
cgcaactaga
ctggtgatgce
tattaggtac
agctcgaatt
aaggtacaac
aaaatgctaa
taagcaaaac
gttttgettt
tctcaaatca
gtttacgtgc
ctttagcaat
aaattggcga
cagagtttta
tttctgetat
ttactttgtt
aaccaatgtt
aatacggtaa
attcattctc
ttacacaaca
acaaactctc
aaaaacctga
caaatagcca
agtcacgtga
gtaaagataa
atttaattca
ttcgtttggt
cagaaattca
ttttagtaat
tgagtggtgc
aacgtgaaga
taaaagcaca
ttaaaggtag
gtaatgatgg

cttttaatat
tctttattta
tttgttaaaa
tatgagttat
ttggttgtgyg
tattttgcea
agegttttgt
gacgtecattyg
tgecgecattt
agtatteegg
aggaggacaa
tattcaagtt
aagcatgtta
ctacgatgta
agcagctggt
gtatgacgga
cattcaagtt
cgcagaccaa
tcagttctta
agtaagtaaa
tgtattagca
agctgaagct
aacaatagat
agggttaggt
tggattaggt
acggaataag
agtaattggt
tggtttatca
cagtccattg
atttgctgaa
tcacgaagct
cgcagetgga
ggttactggt
agatcatgtt
aaattacttc
attattgtet
acgttgggat
tagtggtaag
tgactttagc
aacgtcaacg
aagaactcaa
atgggttgtt
acatgcteat
atctecateta
cgctggtgaa
tgatggaacc
tacaaaaatc
aaccttggaa
tgatgaatta
taaattcaga
ggatgatatt

caaacaacta
caactctaat
tccgactaac
aaaaatgtta
gctaattete
gcecatteoaac
agttgggcaa
acttttgaag
ggggataaca
geecattcgag
attaataaat
cttaacaatc
gccgacttaa
actaaaaatg
aaagccgtte
agtgttggta
aaatatgtta
ttettgggtt
caaaaacatt
cttgetaaga
ggtattaatc
agtgtttett
actttcacta
ggtgttggee
ttggatatta
aatgcttcaa
ggtattacga
acgacaggtc
gegtttttac
cgtttcaaaa
ggtactattg
acggecgecg
atcacaggat
gcatcgaaaa
gagaatggct
agttttaata
gaatatattg
agcgtatgtag
aaagtagttt
ttgttaaaat
acaggtaaat
aatggcgtta
attagttcat
ggcaatggta
ggtcatgatg
aaagcgactg
ctgagagaag
tatcgtgatt
cattcagtag
gatattttcc
ctatacggtg

ttgttatttg
cttaatctaa
tatataatta
aaaatttaac
cgttacataa
atgatcaata
atttaacgtt
attggaattc
atacgcttta
tatatcctgg
ttacagctaa
acaaaaaaat
aaaaaaggge
gtttgcaata
aaaagtacgg
acggtttctt
accgtaatga
taacagaacyg
caaaaattte
gtcaaactat
ttaatgaagc
tagcctcotga
cacaaatcca
gccaattaca
tctecaagett
caagcactaa
aagcagtate
ctgctgcage
gtgtagctga
aattgggcta
atgcctcaat
cgagtgcagg
taatttctgg
ttggtaacaa
atgatgcteg
aacaataktga
gcgaacttge
attactttca
tcgatccaac
ttgttacgec
atgaatatat
aagataaagg
cagtagcacg
atgacaaagt
tggtttatta
aacaagggcy
taataaaaaa
atgaakttaac
aagaaattgg
atggtgccga
ataaaggtaa



3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781
3841
3901
3961
4021
4081
4141
4201
4261
4321
4381
4441
4501
4561
4621
4681
4741
4801
4861
4921
4981
5041
5101
5161
5221
5281
5341
5401
5461
5521
5581
5641
5701
5761
5821
5881
5941
6001
6061
6121
6181
6241
6301
6361
6421
6481
6541
6601
6661
6721
6781
6841

cgatgagtta
actattagga
agtattaggc
tagctcaggt
tggtagcgat
taaagctagc
taaaagggtt
tacgatcaag
tgataaaaat
acaagctagt
acttaaaact
aggtaatact
tgctaatacc
gaatgtaaat
caatagcaat
tttaacgaaa
gttgccgtaa
cttgttgett
agtattgagce
cacgttattt
gaacgaaacc
attcttatta
tttatceccyg
tttttgcagce
cttgtecatce
atctttgaaa
attgatgtag
ttcgaaaata
aattttttaa
tttgecagtga
tgttatatcg
tttgcteogta
atcaaggectce
tatgtatcag
cttatccaaa
ggggatctta
cctgtagtte
cgattgggag
gaaatctttg
atcattttag
cgttcaggtt
aatggccaag
cgtcaaattg
atecgcactcea
ggggcacatg
ggtgcaggcet
aaccctagga
atcattatgc
cgtectttcta
gagcaaggta
caactacaat
tttttcaacqg
ccoocagcaag
cacctatttc
ctattgtaat
tatttagtgg
ttgttaaaga
gctgcgatgc
accgatataa
accaagetga

agaggtgata
ggtaatggca
aatggtttta
tctgatttac
ttttatgttt
gattcagata
aacgataacc
gactggttca
ggtagaaaat
agtttactta
gaattaggta
ggaatcaata
tttgctactt
tcaatgatgc
cctatggtta
aaatagatta
accotgaaga
ggttattage
gtttaccatt
tgatgaaaat
ctaaagtact
cttcacgage
cagtaattaa
tttttgcact
gtggatttte
ttgtattaag
aacttggtgc
gacgtgtagg
caggtcaggce
tgtggtatta
catggtcaat
atgctgataa
ttgectgtaac
cagattttag
aaacagtaat
geattggaca
gtttagcaca
atgtcttaaa
gggatatcge
atgatgtaaa
caggtaaaag
tattgattga
gtgttgttte

-ctgatccaag

attttatite
tatctggtgg
ttttgatttt
aaaatatgca
cagtaaaaaa
aacataacca
czaattaagg
ttatcgtaat
acaaaaagat
aaaaaagcca
ttccattatt
acatagtaaa
tggacaattt
agacaaacaa
gtcattgtta
ttttgattct

ccgaacaatt
aacaagctga
ttgaaaagga
atgagttgtt

tgagacttgg
aaaacaaaca
gaaattaagt
agcacaagaa
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acggtaacga
ataattacct
atgtgectteg
ttgatggtgg
atcgttecac
agctatattt
ttgagtttag
aaggcggceaa
tgacagctgg
aaaatgttac
aaattattac
cagctgecett
cacaattggg
taggtaacct
ttctaggatt
cggattacat
ggtaaaacat
agcaaaatca
tattcatctt
tgacacccaa
aagtgcggcet
ttctattatg
ataccgtaaa
aattactcce

‘tacacttaat

cggtctacgyg
aaaattattt
tgacacagtt
acttacctct
cagcccaaaa
atttattagc
tcaatctttt
acctcaaatyg
agtgacagta

gataattaat

attaattact
attgtggcaa
ttecacctaca
atttaaacat
tttateggtt
tactctcact
tggtcacgat
acaagataat
catgtctatg
tgaattacgt
acaacgtcaa
tgatgaggcg
aaaaatctgc
tgcggatcgc
attactggaa
tgaaacaaca
atttggcgtg
gaaaacgaat
cggctgatceg
agtaaagtag
gaaataaagdc
gttgaaaaaq
aaaactaaag
tatagcattg
gttcaggaag
caaaaacaaa
gtattagcaa
gatttaaaaa
aatagatatg

ccaactttat
cagtggtggt
tggceggtaaa
agaaggtaat
ttcaggtaat
gtcagatctt
aagcaataat
tagttacaat
gaatttagga
acaagaacaa
taatgcaggt
gaacaatgaa
tggctcaggg
agctagagea
gctattttat
gcattqggtaa
aaatttgatc
ttagaattaa
cctgctttaa
actaaccgtt
gaatttcacg
gggcaattgg
atttttgtag
ttatttttee
gttatcacgg
acttatatat
cgtcacttgt
gctcgagtac
gtattagatc
ctaactattg
ccaatattac
ttagttgaat
acaaatattt
ttggcaacta
ttatggttag
tttaatatgce
gactttcaac
gaaaattatce
attcgctttc
aaacaggggg
aaattattac
cttgegettg
gtgttattaa
gaacgtgtta
gaaggttaca
cggattgcta
acaagtgcat
catggacgga
attattgtta
aatgaaaaktg
tgaagttatg
aaatatggaa
ttttgcecteyg
cttatttgat
aaattgttgce
ctattgagaa
gacaattatt
ratcgttagg
aacacaatag
aagataagac
aatatcagaa
atatcegtaa
aattatatga
ttgaagctag

ggtggtgaag
gatggcaatg
ggcgatgata
gattatctag
catactattt
tcttttgata
aacagtaata
cataaaattyg
aataacttce
aatgaaagca
aattttggtg
gtgaataaaa
atgggaacat
gcttaatcat
ttatggagtc
ttetegegea
ttgatggcaa
aagtcaaacg
tctggegaga
accttattet
aaattttteca
cgaagtttga
aaactattat
aagttgtgat
ttgecattatc
tttccecatag
tagcgttacc
gagaattgga
tcttattetce
tgattttacct
gtcgtogtct
ctgtetctge
gggataaaca
ttggacagca
gtgcacattt
tttcaggaca
aagtaggaat
aaggtaagct
gctataagce
aagttattgag
aacgttttta
ctgatcctaa
accgtagtat
tctatgcggce
atactattgt
ttgcacgagce
tagattatga
cagtaatcat
tggaaaaggg
gactctatta
gattctagga
aatccgcaaa
gcatttagag
aatgctattt
tagtgctaca
tgctttagta
attaaatctc
attggaaaga
attaccttta
tggcgeacgt
ggaattagcg
atatgaaagc
tgtaaagtct
taatgaattyg

gtgatgacaa
atgagcttca
aactttatgg
aaggaggcga
atgatcaagg
atattttagt
gtggtgtgcet
aacaaattgt
atgatactca
atttatctte
tggcaaaaca
tcatttette
taccatcaac
ctgcaataat
acaaatgcct
atatcacaat
aggattggat
agtaaaaaag
tgatggtcaa
tgacttagaa
aggtggtatg
tttcacttgg
tgtttctatt
ggataaagtt
tgtagtggtt
cactagccga
tatttcttat
tcaaatacge
ttttatttte
ttcattacct
agatgaaaaa
aatagacacg
gttagcaagt
aggtgtacaa
agtaatttca
agttattgca
ttctattaca
ttcactacca
cgatgctcca
gatagtagga
tattccggaa
ttggttacgt
tcgogataat
aaaattagca
aggagagctt
tttagtcaat
atctgaacat
tattgecccac
acatattgta
ttacctcaac
cttggggaat
caattagata
ttaattgaga
ctatttttag
ggtaagttgg
agagacattt
accgcactty
ttagatggtt
ttggatttta
catttaatta
tatcaacgta
actagtegta
atttctaage
tctgtttate



6901
6961
7021
7081
7141
7201
7261
7321%
7381
7441
7501
7561
7621
7681

aatctcatct
ttactcaatt
agcagctcac
cgecagtatc
ctgcagaaac
ttcaaaacaa
ctttteoecta
ctattgagea
cattaacaga
ttaaaacagg
ctgaaagtot
aaaaacgtta
atctectttga
atgaaactat

caaagaagta
atttaagagt
tttagaactt
aggcacagtc
cttaatggtc
agatgttggt
cacaagatat
ccctecagett
tggtgataaa
agaacgcagt
aagagaacgt
tttaaggaga
gctatktttta
ttgetgatcet
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gaaagtgact
gatattttgg
gagaaaaatyg
caacaattaa
attgctccetg
tttgttgaaa
ggttatctcete
ggtttagttt
gaaattcaat
gttatcagtt
taattatctc
gttgctaata
gctectttag
aatttaaaac

tgcttaaagc
aaaaactaca
aacaacgtca
aaactcatac
aggatgacgt
ttggacagga
atggaaaagt
tcaattctat
taggttctgg
toctacteag
ttctaaatta
gaagttaaaa
aagttagaga
taaaatctag

acaagaagat
gcaaaatata
attagcctct
taaaggtggc
gttggaagta
agcagttatt
aaaaactatt
tattgagatt
aatgagcgtt
tccattagaa
agcaaatata
tatctattag
tetttagata
a

ttaaagcttg
caacgcgaaa
atcattaggg
gtagtaacta
agtgctttaa
aaagtggaaa
actcttgatg
aacaagaaaa
attgcagaaa
gaatctatta
taacttttgt
caactatatt
ttcataatat
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Figure 3.6 Sequence of A. pleuropreumoniae hiyIA gene for hemolysin I, Genbank
accession number X52899. The annealing sites (bold and underlined characters) of

the AIF (position number 59-77) and AIR {position number 904-885) primers for the

multiplex PCR

61
i21
181
241
301
361
421
481
541
601
661
721
781
841
901
961

1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1581
2041
2i01
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
g0l
3061

tgagctaaaa
ggctaactct

aataaacaaa
cagctegata

aagtgcagcet
agggcagaaa
taatgattta
cggtaccgca
acgaggcatc
aagtaaatcg
ggcactttca
cctgettogt
tgtggatcta
gtttgecgaa
agcaagtaag
atcaggtatc
aggtacaaaa
agcggtttct
aaccggtggt
tgttgcggat
gtteggttat
agcggcatta
tgcaaccggc
tatttcaggt
agcgaataag
tgacgccege
agagtattecg
tgaacttgec
tttctttgaa
tgatcecgett
tgttacgeeg
ccaatatatg
gtcacataat
tgaaaaacgt
ttcateocggt
aaccgataca
tgtcactaaa
tatttecagtt
attcgaactt
cggtagtaat
gaaaggcgat
taatgatgta
ccgattaatc
gcaggtcttt
tggecagcgat
tttaggtaag
aggeggtgat
cagaatcggt
agattacaat
aaataataaa
gactgaactg
gtattatgga

ttcatctacg:

gttagtctat

aaatcaggtyg
ttaattttat
gtgaaagcgg
ctagcgaaag
gcattatttg
ctcggeggtt
gccttacaaa
‘cgcegtagaa
geccgetecagt
caattaggta
ttaaataacc
ttatctgttg
geggeggeag
caatatatta
ttaatcggtt
aagtiicgaac
gaaggtgata
accacgatta
tcattagtcyg
attttagatg
attgacgaat
catteccgeat
gtagagcgtg
ggcattacte
gaaggaaaac
gaaggtaaaa
gtctttaceyg
accgaattat
gcgatttatg
caagtgacca
tcatctatcg
ggttacttaa
gaacttaaag
ggaaaaacgt
gggaacggta
cgtaaagaca
gatgaaatct
atccatggeg
ggcggaaaag

gagggtcaat
ggtactaact

gatatttate
gatgatacgt
gatgatctte
gggaatgcge
attgaaaaaa
acagctecctg
gaaggatata
ggtgcattta
aataactcag

acttttaaatt
gagtcaaagg
ceggegeatt
atattccgaa
cggaggcttt
aattattcgyg
cacctcagtt
catcggaagc
gtttcttagg
acggtgagga
tagtggataa
aattggcaat
ttccagattt
tttcggotte
gtattgaaat
ttgecgeaacy
cggtegtagce
gtgcgaaaca
gtttattage
acagtgtgtt
gtgcgeeggt
cttctaaaca
gggagaaaaa
tcttagaaga
tcgttgctat
gcaaaggttc
ttttagagaa
tcgaccttte
caggtgaaga
tegttaaagg
actatacgaa
ttgaatctca
tatatgeggg
catttgacgg
ctgatgtaaa
gcagtgaaaa
tcagagctaa
aattctttgg
acggtaatga
gtgacggtaa
gtaataattt
acaacgtatt
tatttgacgg
gctacagtaa
tattgttatc
ttgtgaataa
tcacgattaa
tcgttgataa
gaagaggtat
atgcacttce
ccggtgatca
ctaacaatgt

ttcattagta
attgattgat
aaaaaatggt
agattatcaa
agggatcgaa
tacaacggaa
tgataagtta
attaggacaa
tacggctatt
cgtcagtggt
cattgcaagt
gccttatcta
aagccttgea
attcatttta
ctcaactaaa
tgtggcggea
attagcgatt
gecttgaacaa
ttcattctac
aagtgcgcogt
agcagcttta
ggcaaktctte
acacggtaaa
tacctttgaa
tacgcaacag
tgatacgaaa
agaaccggat
ttcaattaac
gattcgtgag
taaagaaaaa
tcocttatccaa
tttgggtgag
taacggacat
acaaagtgca
agttttaaaa
attagaatat
agatgaatta
tagtcgecttt
cggeccacgat
cgaccateott
cecttaatgge
attaggtagt
tggtgtaggc
ggagtacggt
gagatcttagt
aagaatcgga
agattggtte
agatggagct
caattacttt
tcaactcaga
cggaaaagta
agcaaattct

aatagctaag
tcacttaatce
ttgggacagg
gctagtaceg
gtacatecget
aaactattag
ctgaataaga
cgtttaaata
gcgggtatgg
tcggaattag
gcaacgggta
acactcgcat

ggacctgggt
agtaataaag

atcttaggca
ggcttatcca
agceegettt
tattcggagc
cgtgaaaccyg
tccgecaggty
gttagtgcaa
gaacgagttg
aactattttg
ttgttatcac
cgttgggatg
agcggtaaag
cgttttgata
aaaaccactt
cgtaagcaaa
tgggtggtaa
ttagcgatag
aaaaatgatc
gatgtagcat
cagaaagccg
gaagtggtta
cgtgattatyg
cattectgttg
accgatattt
atcttatacg
gttggtggta
ggtgatggtg
gegggtaatg
aatgacaaaa
cgteatatcea
tttaaagatg
ggaacactgt
aaggaaggta
tatgttttaa
aatgggttag
daagatattg
tetgtagget
ttgagttatt

gagacaacat
aacatacaaa
tgaagcaagc
gctcaagtct
cggaaaaaaa
gtttctcecgga
accaaaaatt
aaacgcaaac
atcttgatag
ctaaagcagg
cggtggatgc
taagcggttt
ttgatgccgt
atgccgatgce
atatcggtaa
caactgcggc
cgttcttaaa
gctttaaaaa
gtgcgattga
ttggggcetgce
tcaccggtat
caacgaaatt
aaaacggtta
aatacaataa
tcaatatcgg
cttacgttga
aaaaagtgtt
tattgaaatt
ccggtaaata
ccggtgtgea
ataaaaaagg
gtatatatct
attacgataa
gtgaatatat
aaactcagga
agttaagccc
aagaaattat
tccatggtge
gagacgacgg
acggaaacga
acgatgagtt
acattctygta
tctacggtgy
ttattgagaa
taggatttat
attaccatga
aagaaggaca
gccaatatct
aagaaaaatt
aacaaatcat
caggcggacc
ctttagcaca
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3121 agcagcttaa gatagttatt tttagatgat aaatagcaat cctatatata ttaggtgtgt
3181 aggattgcta ttttatttat ggaggagcaa atggattttt atcgggaaga agactacgga
3241 ttatac

i
Ny



60

'Figure 3.7 Sequence of Actinobaillus pleuropneumoniae the clylIC, clyll4, and
clylIB genes, Genbank accession number X61111. The annealing sites (bold and

underlined characters) of the AIIF (position number 867-886) and AIIR (position

number 1937-1918) primers for the multiplex PCR.
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301
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421
481
541
601
661
721
781
841
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961

1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1821
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
3001

cttaaccatt
acaaaaatta
aagaacaaac
ttttatttag
aaatgatttt
aaattggtca
tttgttacta
agagagtgag
aggagatcgt
taaacatatg
caaaaaagat
tgaaaagaca
aatgatcaat
tcgtecttac
ctgaagaatg
ttatatatte
gctgctaatg
aaaactagct
tttgecacctc
agtgctteta
tctattttag
cctaatcaat
attgctaget
catttacaga
ctaggaaaag
ggtctcatte
tttgetaace
cgagtegete
gcactagctg
ttaatcaaat
gctgatttte
ttagcagcta
gttgegttac

acagaacgtt
atgttttate
agatcatgac
aataaattat
aacgtattgg
gtttcactgt
gttgatgatg
getcgcectatg
atatggatca
agacaacgtt
actggaaaaa
tttecttecagt
tatataaagg
aacaaggatt
gtttaactca
ctcaaggceta
atttaggtat
ttgatacaac
agctagataa
gcatctcaca
gatotgttte
tagaacttgoe
cggtgcaaac
atgtgaaagg
caagtttagg
tagcagataa
aaattatagg
caggtttgtce
ttagcectet
catattctga
accgtgagac
tctceggtgg
tegttgetgg

caagccatgt
aaacataata
gacaatatga
attacccaac
gataaaattt
tacgattcat
agaaagacac
gaacgtattc
agttggactg
cgaatcgety
atcgcaaatt
gatggcgggg
attgatgcta
agtaaagcat
aaaattgaat
ctcaaatcag
tttgatgatyg
gatcatttat

ttgaacatgt
aaaactattt
agtttcttat
aaagatggga
ccagtggaaa
ccgtacaget
aaagtgtttt
aggaaggtaa
taacagatgg
tgaaatttga
taggtgctgg
acggacatga
cagccgagac
tacatgaaac
atcgtcgtga
ttgaagagat
tgttccatgy
ttggtggege

ggtacaaaaa
tcctataaaa
aaacgtttge
ctatattcat
gacaaattgc
taatgaagaa
gttttectat
taaaggacac
ttgattggat
ttccatacga
tcatatattt
atgagcaaga
agactctttt
gaaaaatggg
aactggtcat

attttacagg
catcegacca
cttgttttee
tttttaggga
ttggttatgy
tgttattcet
tgcatattgc
caattcatta
tgcecceattc
tattggaagg
aaaaggagga
gttaataaca
atgtcaaaaa
aaaaacaagt
tctctacaga

tgattcgggt
tgaagtatgg
tcagaaaatt
tttattaaag
aaatataggt
atctggagta
aaaagcaggy
tgtagatgca
attaggagga
tttggacatt
agaggcttca
taatgtaaca
ttcaactggt
ttcattctta
acgettccaa
aggaactatt
agttggagct
tgttacggga
tgcaaataag
tgagcaaggt
caatttaaat
taaccaaatt
agcttatgtyg
agataacazaa
attcagaact
aaattcttat
tgatgctagc
tgatgcaggt
taacgataat
togagttcac
agaaaaaggc
aattgccace
agatgatcgt
cattggttca
tggtaatggt
aggcgatgat

caaggaaatg
cgagaagaac
ctaggtttta
aagaatccta
aaagccaata
aatctgaatg
ctagaactga
tttgcagaac
ttgagtaata
atctetggte
acagaaaaga
aaagcgatct
cctgtegetg
aatgtagctg
aaattaggat
gatgcttctg
graagcgcgy
cttattacaa
gttcatgaca
tatgattctc
aaagaacttc
ggagacctag
gatgcttetyg
aacggtatta
ccattactaa
attacaaaat
tcaagcgtag
aacattatag
gtatttgttg
tacagtagay
tcatattcag
caccaaacaa
tttcatactyg
caatttaatg
gtagacacta
gttategatg

aaaatgatgg
gtattattte
ttcacaaaaa
atgggaggga
gcaaattcte
gcaattgaaa
agttgggcca
aaaatagatg
ggggattcat
gcaattagaa
aaaataacaa
gctcotacaat
tcactttgte
taaatcaagce
atggggctaa
gagttcaaga
gcagcaattt
ctgatagagg
aaattggcaa
ctgtattagg
aattacttca
ctaatgaatt
aaatatctaa
aattacaaaa
tactttctgg
aagctgcegce
catcttacat
cattaatecge
ataagtttaa
atgatggaga
taacaacaat
gttctctagt
ctattctaga
gaatagttga
gteatttage
aggctgaacy
cggcaattag
aggaggggca
ttaatattag
ctccaggtga
tacatataca
atttcactaa
aatctaaaga
ggtcaagtac
gagaatatag
taaaacgcta
atgttggtaa
gttatactgt
atattttcaa
ttgatggtaa
gaggaaacgg

atagtcctta
tgattaaaaa
tattatggtt
tgatgctaaa
caatgcaccg
atgaccaata
aattaactct
attggaatgc
ctctattagta
tctatcctag
aaaaagtagc
aatatcttta
atcattaaaa
aggtacaaca
aaaattaatc
tttagttaaa
ggacattgca
aattgtatta
tacattagga
tggtattcaa
aaataaagat
agttggtaat
actaggttca
tctaccagat
agcatctgea
aggtgtagaa
tcttgcccaa
atctacagtt
acaagctgat
tegtttatta
taacactgcet
cggagctecca
atattctaaa
atgggagaaa
tgatttacaa
cgtagtaget
ccgtagaacg
acaccagtcco
taatacaaat
agagaatcgyg
aagagttgac
cgtagtacaa
tactaaaatt
taccgttatct
cgeattagtt
tgtcggagac
tcgtgaagaa
gacggactca
aggaagccaa
cgatggtgac
taacaatttce



3061
3121
318l
3241
3301
3361
3421
3481
3541
3601
366l
3721
3781
3841
3901
3961
4021
4081
4141
4201
4261
4321
4381
4441
4501
4561
4621
4681

cttgttggag
cataaaacag
tttteoggatg
attaatcaaa
agcacagttg
ggaggagaac
atctectgeag
aacgtatcta
gactttagga
caattagcta
ttgttatttt
tgtagaaaat
atttgagctt
tgttctgeca
aaatcagctt
aattcttgta
actttegttt
tecactttge
tgggcttcaa
ttcattgtgt
taaatgecgtc
cccoggatgag
gcttggactt
tttaaacgct
gctgaaacaa
ggaaaatcta
atattecggta
tgttgatagc

gaaccggtaa
gcgatggaaa
taaatcttaa
aaggagaaaa
ctaactataa
gtattacatc
aagcattatc
atagettage
ataatttagg
gageecactta
tttaaaggag
caaacctaat
aaattctttt
cagcacactt
gtaatgtcgc
agatagtctt
tagtatgcte
cacaatatte
agaacggeaq
agagctttgc
caacaccttt
cggtttcaat
gactttecatt
gtttaaagtt
acacaccttg
qgagcaaattt
cccgacgagt
gatagaatgt
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tgatattatc
tgattectatt
agacctcacc
agttcgtatt
agctacgaat
agaacaagtt
caaagttgtg
aaaattgatt
aacatatgtt
atattcaaat
aagttatgga
ctgacagttc
ctgcccaaat
ttccttgatyg
taaatccgta
atgaaaacgt
tatgtcattt
actgccacgg
tactttatga
aaaagcaacc
taaattacct
ttctccacte
tagaataatg
agtaagatta
cttgcgaagt
tacaacagct
ttgcttaagt
atctecggcetc

tcgggaggta
acagactctg
tttaagaaag
gggaattggt
gaccgaaaaa
gataaactga
aatgattaca
tcttcagtcg
ccttecatcaa
catagcaatc
acccaataaa
ccgtttaaaa
cegtttteca
tgttcgatgg
tatattttct
tcacagatac
atcgctaaat
tcggtgagaa
ttgagecatat
ttactataag
acataaaagyg
gatatatcat
cctttectcag
tgacgtagcc
tegttactea
tgectcaatgt
aatgcttcaa
attcccatcg

aagataatga
gcggacaaga
tagattcttc
tcttagaaga
ttgaggaaat
ttaaggaggg
atacgagtaa
ggagctttac
tagatgtctec
ctatggtgta
aataaggate
ttaccgtgte
tcaagtaaty
tgattataat
tcctaaatge
cattcgtctg
aaagctcata
tacgcaacat
ctgcagcggc
tatcaacaaa
tatcttgtga
cctetttett
ccacttcttt
aaatggaacg
ctcgaacttyg
getcgtctac
caccgecttg
ctttacaage

tatttatgte
taaactggca
tctegaaate
tgatttggcet
tattggtaaa
taacaatcaa
agatagacag
gtctteoctea
gaataatatt
aattatagga
ttggtttage
tgtcagatta
ttgececategg
acattcatct
gacttggtaa
tggatgcette
atcgtgattt
cggtaatcct
aattgcggtt
tgtttgctga
acctaaatag
acgttctagg
ctctagtgcea
aacaccaccg
tcegtaaget
tcgattittg
cactacgget
t
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Figure 3.8 Sequence of Actinobaillus pleuropneumoniae apxIIICABD gene, Genbank
accession number X80055. The annealing sites (bold and underlined characters) of
the AIIIF (position number 915-933) and AIIIR (position number 1550-1530) primers

for the multiplex PCR.
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121
181
241
301
361
421
481
541
601
661
721
781
841
801
961

1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2lel
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
3001

gtagatattc
ttgtgtattt
gtaagaaatt
taataaaatt
gcatategek
tactaagaat
gttcocetgta
acgtgatgtg
cgactggatt
tcctaatgaa
tcatgttcaa
gagaagaactt
tacttggtca
caaaaaaggc
acaagcatta
tccaaaagag
goaattaggc
tttaggtace
gcaactagat
tggtgatgca
attaggtact
gctcgaatta
aggtacaaca
aaatgctaaa
aagcaaaact
tttegettta
ctcaaatcaa
tttagctget
tttagcaatc
aattggcgaa
agagttttat
ttctgctate
tactttgttg
accaatgtta
atacggtaaa
ttcattctca
tacacaacaa
caaactctct
aaaacctgat
aaatagccaa
gtcacgtgaa
taaagataaa
tttaattcaa
tegtttggta
agaaattcac
tttagtaatt
gagtggtgct
acgtgaagaa
aaaagcacat
atttaaaggt
tggtaatgat

ttttaatate
ctttatetac
ttgttaaaat
atgagttata
tggttgtgag
attetgcecag
gcgttttgta
acgtecattga
gcgecatttg
gtatteccggg
ggaggacaaa
attcaagttc
agcatgttag
tacgatgtaa
gcagctggta
tatgacggaa
attcaagtta
gcagaccaat
cagttecttac
gtaagtaaac
gtattagcag
gctgaagctg
acaatagatg
gggttaggtg
ggattaggtt
gcgaataaga
gtaattggtg
gagtttatcaa
agtccattgyg
tttgctgaac
cacgaagctg
gcagctggaa
gttactggta
gatcatgttg
aattactteg
ttattgtcta
cgttgggatyg
agtggtaagg
gactttagca
acgtcaacgt
agaactcaaa
tgggttgtta
catgctcata
tctcatctag
gctggtgaag
gatggaacca
acaaaaatcc
accttggaat
gatgaattac
agtaaattca
ggggatgata

aaacaactat
aactctaatc
ccgactaact
aaaatgttaa
ctaattctec
ceattcaaca
gttgggcaaa
cttttgaaga
gggataacaa
ccattcgagt
ttaataaatt
ttaacaatca
ccgacttaaa
ctaaaaatgg
aagccgttca
gtgttggtaa
aatatgttaa
tetkgggttit
aaaaacattc
ttgctaagag
gtattaatct
gtgcttettt
ctttcactac
gtgttggecyg
tggatattat
atgcttcaac
gtattacgaa
cgacaggtcc
cgtttttacyg
gtttcaaaaa
gtactattga
cggeccgecge
tcacaggatt
catcgaaaat
agaatggcta
gttttaataa
aatatattgg
cgtatgtaga
aagtagtttt
tgttaaaatt
caggtaaata
atggcgttaa
ttagttcatc
gcaatggtaa
gtcatgatgt
aagcgactga
tgagagaagt
atcgtgatta
attcagtaga
gagatatttt
ttctatacgg

tgttatttgt
ttaatctaaa
atataattaa
aaatttaaca
gttacataag
tgatcaatat
tttaacgtta
ttggaattca
tacgetttat
atatocctggt
tacagctaaa
caaaaaaatt
aaaacgggct
tttgcaatat
aaagtacggt
eggtttettt
ccgtaatgaa
aacagaacgt
aaaaatttct
tcaaactatt
taatgaagct
agcctctgag
acaaatccag
ccaattacag
ctcaagctta
aagcactaaa
agcagtatca
tgctgcagea
tgtagctgat
attgggctat
tgcctcaatt
gagtgcaggt
aatttctggt
tggtaacaaa
tgatgetegt
acaatatgaa
cgaacttgcg
ttactttcaa
¢cgatccaact
tgttacgcca
tgaatatatc
agataaaggt
agtagcacgt
tgacaaagtg
ggtttattat
acaagggcegt
aataaaaaat
tgaattaacg
agaaattatt
ccatggtgec
tgataaaggt

ctgagtgtag
aagatttcta
cggttcttaa
gatgatttta
gagtggtcta
attttactta
actaatgaag
ggagaacgaa
agatatatgc
tctacagaag
aaattaatac
gtaagaggat
gaagaagcca
ggggtgagte
aataaattag
gatttagtaa
ttggaagttg
ggacttactt
aacgtagtgg
atttcaggaa
attattagtg
ctcgttagta
aactttggga
aatatttcag
ctttcaggag
gttgctgetg
agctatatte
ctaattgegt
aattttaatc
gacggcgata
actacaatta
gcattagttg
attttagagt
attgacgaat
cataaagcekt
actgaaagag
ggtattactyg
gaaggtaaat
aagggcgaaa
ttattaacac
acgaagttag
gcegtttatg
ggtgaagaat
ttcttagetg
gataaaaccyg
tattctgtta
caaaaatctg
caatcaggta
ggaagtaatc
gaktggtgatg
aacgatgagt

atatgtagca
tattttettt
agtggataaa
caactttagg
tetcetttgtt
tgegagatga
tgaagtatgt
aatgattgat
gtaaaaaatt
cgaaaatcat
aacaatatca
aaaatatgag
aaagacaagc
aagcaaaatt
ttttagttat
aagcagectga
cecataaaag
tatttgcacc
gcagttctac
ttcaatectgt
gecggttcaga
atattgctaa
aattagtgga
gttectgcatt
taactgcaag
gctttgaact
ttgcacageyg
ctagtatttc
gttctaaaga
aactactttc
gtacagcact
gcgcaccaat
tctctaaaca
gggagaaaaa
tcttagaaga
ctgttttaat
gcaaaggtga
tattagagaa
ttgatatttc
caggtacaga
ttgtaaaagd
attatactaa
accgtgaagt
cgggttcege
atacaggtct
cgcgcgaatt
ctgttggtaa
atagtaacct
agagagacga
atctattaaa
taagaggtga



3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781
3841
3801
3%61
4021
4081
4141
4201
4261
4321
4381
4441
4501
4561
4621
4681
4741
4801
4861
4921
4981
5041
5101
S5lel
5221
5281
5341
5401
5461
5521
5581
5641
5701
5761
5821
5881
5941
6001
6061
6121
6181
6241
6301
6361
6421
6481
6541
6601
6661
6721
6781
6841

taatggtaac
caataattac
taatgtgcett
acttgatggt
ttatcgttec
taaactatat
cckttgtactt
gtttaaagaa
aaaattgaca
gcttaattat
attaagtaaa
aatcaataca
tgctacttca
aatgatgcta
tatggctatt
aaaatagatt
aaccctgaag
tggttattag
cgtttaccat
ttgacgaaaa
cctaaagtac
adttcacgag
gcagtaatta
ctttttgcac
cgtggatttt
attgtattaa
gaacttggtyg
agacgktgtag
acaggtcagg
atgtggtatt
gcatggtcaa
aatgctgata
cttgctgtaa
gcagatttta
aaaacagtaa
agcattggac
cgtttagcac
gatgtcttaa
ggggatatcg
gatgatgtaa
tcaggtaaaa
gtattgattg
ggtgttgtet
actgatccaa
gattttattt
ttatctggtg
attttgattt
caaaatatgc
acagtaaaaa
aaacataacc
tcaaattaag
gttatcgtaa
gacaaaaaga
caaaaaagcc
tttccattat
gacatagtaa
atggacaatt
cagacaaaca
agtcattgtt
attttgattce
ttgagacttyg
aaaaacaaac
agaaattaag
tagcacaaga

gaccaacttt
ctcagtggtyg
cgtggeggta
ggagaaggta
acttcaggta
ttgtctgatt
agaagtaatg
gggaataaat
gcagagaatt
gcaactaaag
attattacta
gectgecttga
caattgggtg
ggtaacctag
ctaggattgce
acggattaca
aggtaaaaca
cagcaaaatc
ttattecatct
ttgacaccca
taagtgcgge
cttctataat
aataccgtaa
taattactece
ctacacttaa
acggtctacyg
caaaattatt
gtgacacagt
cacttaccte
acagcccaaa
tatttattag
atcaatcttt
cacctcaaat
gagtgacagt
tgataattaa
aattaattge
aattgtggca
attcacctac
catttaaaca
acttateggt
gtactctcac
atggtcacga
tacaagataa
gcatgtctat
ctgaattacg
gacaacgtca
ttgatgagge
aaaaaatctg
atgcggatcg
aattactgga
gtgaaacaac
tatttggcgt
tgaaaacgaa
acggctgatc
tagtaaagta
agaaataaag
tgttgaaaaa
aaaaactaaa
atatagcatt
tgttcaggaa
gcaaaaacaa
agtattagca
tgatttaaaa
aaatagatat
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atggtggtga
gtgatggcaa
aaggcgatga
atgattatct
atcatactat
tttecttega
aaagtagtca
ataaccataa
taggaactta
aagatcagaa
atgcaggtaa
acaatgaagt
gctcagggat
ctagagcagc
tactatttta
tgcattggta
taaatttgat
attagaatta
tectgettta
aactaaccgt
tgaatttecac
ggggcaattyg
aatttttgta
cttattttte
tgttatcacyg

gacttatata

tcgtcacttg
tgcteogagta
tgtattagat
actaactatt
cccaatatta
tttagttgaa
gacaaatatt
attggcaact
tttatggtta
ttttaatatg
agactttcaa
agaaaattat
tattcgettt
taaacagggg
taaattatta
tcttgogett
tgtgttatta
ggaacgtgtt
tgaaggttac
acggattgct
gacaagagca
ccatggacgyg
cattattgtct
aaatgaaaat
atgaagttat
gqaaatatgga
tttttgectg
gcttatttga
gaaattgttg
cctattgaga
ggacaattat
gtatcgttag
gaacacaata
gaagataaga
aaatatcaga
aatatccgta
aaattatatg
gttgaagcta

aggtaatgac
tgatgagctt
taaactttat
agaaggaggc
ttatgatcaa
tcgtettett
taataatgga
aattgaacaa
tttcaaaaat
tgaaagcaat
ttttggtgty
gaataaaatce
gggaacatta
ttaatcatct
tttatggagt
attctcgege
cttgatggea
aaagccaaac
atctggcgag
taccttattt
gaaatttttc
gegaagtttyg
gaaactatta
caagttgtga
gttgcattat
tttteccata
ttagcgttac
cgagaattgg
cttttattct
gtgattttac
cgtegtegte
tctgtttetg
tgggataaac
attggacage
ggtgcacatt
ctttcaggac
caagtaggaa
caaggtaage
cgctataage
gaagttattyg
caacgttttt
gctgatccta
aaccgtagta
atctatgcgg
aatactattyg
attgcacgag
ttagattatg
acagtaatca
atggaaaagg
ggactetatt
ggattctagg
aaatccgcaa
cgcatttaga
taatgctatt
ctagtgetac
atgctttagt
tattaaatct
gattggaaag
gattaccttt
ctaacacacg
aggaattagc
aatatgaaagq
atgtaaagtce
gtaatgaatt

aaactattag
caagtcttag
ggtagctcag
gatggtagcg
ggtaaatcta
gttgagaaag
gtactcacaa
attgttgata
gctccaaaag
ttatcttcac
gcaaaacaag
atttettetg
ccatcaacga
gcaataatca
cacaaatgcc
aatatcacaa
aaggattgga
gagtaaaaaa
atgatggtca
ttgacttaga
aaggtgatgt
atttcacttyg
ttgtttctat
tggataaagt
ctgtagtggt
gcactageog
ctatttctta
atcaaatacg
cttttatttt
tttecattacc
tagatgaaaa
caatagacac
agttagcaag
aaggtgtaca
tagtaattte
aagttattgc
tttctattac
tttcactacc
ccgatgetce
ggatagtagg
atattcecgga
attggttacg
ttcgcgataa
caaaattagc
taggagagca
ctttagtcaa
aatctgaaca
ttattgccca
gacatattgt
attacctcaa
acttggggaa
acaattagat
gttaattgag
tctattttta
aggtaagttyg
aaaagacatt
cacegeactt
attagatggt
attggatttt
tcatttaatt
gtatcaacgt
cgctagtegt
tatttctaay
gtctgtttat

gaggtaatgg
gcaatggttt

gttectgatte
atttttatgt
gtgatttaga
ttgatgataa
tcaaagactyg
aaaatggtag
ctgacaattt
ttaadgctga
gtaatactgg
ctaatacctt
atgtaaattc
atagcaatcec
ttttaacgaa
tgttgcecgta
tcttgttget
gagtattgag
acacgttatt
agaacgaaac
gattcttatt
gtttatccece
ttttttgeag
tcttgtceat
tatctttgaa
aattgatgta
tttcgaaaat
caatttttta
ctttgcagtg
ttgttatatc
atttgctcgt
gatcaaggct
ttatgtatca
acttatccaa
aggggatctt
acctgtagtt
acgattggga
agaaatcaaa
aatcatttta
acgtteaggt
aaatggtcaa
tcgtcaaatt
tatcgeacte
aggagcacat
aggtgcaggc
taaccctagg
tatcattatg
ccgtetttet
agagcaaggt
ccaactacaa
tttettcaac
accccagcaa
acacctattt
actattgtaa
gtatttagtg
tttgttaaag
ggtgcegatg
taccgatata
aaccaagctg
accgaacaat
aaacaagetyg
attgaaaagg
catgagttgt
caatetcate



6901
6961
7021
7081
7141
7201
7261
7321
7381
7441
7501
7561
7621
7681
7741
7801
7861
7921
7981
8041
8101
8161
8221
8281
8341
8401
8461
8521
8581
8641
8701
8761
8821
8881
8941
2001
9061
9121
9181
9241
9301
9361
9421
9481
9541
9601
9661
9721
9781
9841
9901
9961
10021
10081
. 10141
10201
10261
10321
10381
10441
10501
10561
10621
10681

tcaaagaagt
tatttaagag
ctttagaact
caggcacagt
ccttaatggt
aagatattgg
acacaagata
accctcagct
atggtgataa
gagaacgcadg
taagagaacyg
atttaaggag
agctattttt
tttgctgate
attgatgtca
tactgcaatc
atacgcggta
tagatatgta
ctatatttte
taaagtggat
ttacaacttt
ctatctottt
ttatgcgaga
aagtgaagta
gaaaatggtt
tgcgtaaaaa
aagcgaaaat
tacaacaata
gataaaatat
¢caaaagaca
gtcaagcaaa
tagttttagt
taaaagcagc
ttgcecataa
ctttatttge
tgggcagtte
gaattcaatc
gtggcagttce
gtaatattgc
ggaaattagt
caggttctgce
gagtaactgc
ctggctttga
ttcttgecaca
cgtctagtat
atcgttctaa
ataaactact
ttagtacagc
ttggcgcacc
agttctctaa
aatgggagaa
ctttcttaga
gagctgtttt
ctggcaaagg
aattattaga
aaattgatat
caccaggtac
tagttgtaaa
atgattatac
aataccgtga
ctgecgggttc
ccgatacagg
ttacgcgcga
ctgetgttgg

agaaagtgac
tgatattttyg
tgagaaaaat
ccaacaatta
cattgctect
ttttgttgaa
tggttatctc
tggtttagtt
agaaattcaa
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ctgcttaaag
gaaaaactac
gaacaacgtc
aaaactcata
gaggatgacg
attggacagg
tatggaaaag
ttcaattcta
ttaggtteceg

tgttatcagt®ttcctactca

ttaattatct
agttgctaat
agcttcttta
taatttaaaa
tcaaatagcet
caaattcace
agggtagata
gcattgtgta
tttgtaagaa
aaataataaa
agggeatatc
gtttactaag
tgagttecct
tgtacgtgat
gatcgactgg
atttocctaat
cattcatgtt
tcaggaagaa
gagtacttgg
agccaaaaaa
attacaagca
tattcocaaaa
tgaggaatta
aagtttaggt
accgcaacta
tactggtgat
tgtattaggt
agagcetcegaa
taaaggtaca
ggaaaatgct
attaagcaaa
aagttttgct
actctcaaat
geghttaget
ttecttagea
agaaattggc
ttcagagttt
actttctget
aattactttg
acaaccaatg
aaaatacggt
agattcattc
aattacacaa
tgacaaactc
gaaaaaacct
ttcaaatagc
agagtcacgt
aggtaaagat
taatttaatt
agttcgtttg
cgcagaaatt
tettttagta
attgagtggt
taaacgtgaa

cttctaaatt
agaagttaaa
gaagttagag
ctaaaatcta
aactttaaca
ttgaggtttt
ttecttetaat
tttetttatt
attttgttaa
attatgagtt
gettggttgt
aatattttge
gtagcgtett
gtgacgtcat
attgegcecat
gaagtattcc
caaggaggac
cttattcaag
tcaagcatgt
ggctacgatg
ttagcagctg
gagtatgacyg
ggeattcaag
accgcagacc
gatcagttet
gcagtaagta
actgtattag
ttagctgaag
acaacaatag
aaagggttag
actggattag
ttagcgaata
caagtaattg
gctggtttat
atcagtccat
gaatttgctg
catcacgaag
atcgcagctg
ttggttactg
ttagatcatg
aaaaattact
tcatcattgt
caacgttggg
tctagtggta
gatgacttta
caaacgtcaa
gaaagaactc
aaatgggttg
caacatgcte
gtatctcatc
cacgctggtg
attgatggaa
gctacaaaaa
gaaaccttgg

cacaagaaga
agcaaaatat
aattagectc
ctaaaggtgg
tgttggaagt
aagcagttat
taaaaactat
ttattgagat
gaatgagcgt
gtccattaga
aagcaaatat
atatctatta
atttttagat
gagecacgaaa
aaattttcag
gtaatagcta
atcaaagaac
tacaactcta
aatccgacta
ataaaaatgt
gggctaattc
cageccattca
gtagttgggce
tgacttttga
ttggggataa
gggccatteg
aaattaataa
ttettaacaa
tageccgactt
taactaaaaa
gtaaagcegt
gaagtgttgg
ttaaatatgt
aattcttggg
tacaaaaaca
aacttgctaa
caggtattaa
ctggtgttec
atgctttcac
gtggtgttag
gtttggatat
agaatgettc
gtggtattac
caacgacagg
tggegttttt
aacgtttcaa
ctggtactat
gaacggceege
gtatcacagg
ttgcatcgaa
tcgagaatgyg
ctagttttaa
atgaatatat
aggcgtatgt
gcaaagtagt
cgttgttaaa
aaacaggtaa
ttaatggcgt
atattagttc
taggcaatgg
aaggtcatga
ccaaagcgac
tcectgagaga
aatatcgtga

tttaaagctt
acaacgcgaa
tatcattagg
cgtagtaact
aagtgcttta
taaagtggaa
tactcttgat
taataagaaa
tattgcagaa
agaatctatt
ataacttttg
gcaactatat
attcataata
agacagttca
tgttaaagac
tataaaggat
tattgttatt
atcttaatct
actatataat
taaaaattta
tccgttacat
acatgatcaa
aaatttaacg
agattggaat
caatacgctt
agtatatcct
atttacagct
tcacaaaaaa
aaaaaaacgg
tggtttgcaa
tcaaaagtac
taacggtttc
taaccgtaat
tttaacagaa
ttcaaaaatt
gagtcaaact
tecttaatgaa
tttagectet
tacacaaatc
ccgccaatta
tatcteaagc
aacaagcact
gaaagcagta
teoctgetgea
acgtgtagcect
aaaattgggce
tgatgcctca
cgcgagtgca
attaatttcet
aattggtaac
ctatgatgct
taaacaatat
tggcgaactt
agattacttt
tttcgatcca
atttgttacg
atatgaatat
taaagataaa
atcagtagca
taatgacaaa
tgtggtttat
tgaacaaggg
agtaataaaa

tatgaatta

gttactcaat
aagcagctca
gcgecagtat
actgcagaaa
attcaaaaca
acttttccct
gctattgage
acattaacag
attaaaacag
actgaaagtc
taaaaacgtt
tatctetttg
tatgaaacta
aataaaatag
ataaaaatta
actttagcaa
tgtctgagtg
aaaaagattt
taacggttet
acagatgatt
aaggagtggt
tatattttac
ttaactaatg
tcaggagaac
tatagatata
agttctacag
aaaaaattaa
attgtaagag
gctgaagaag
tatggggtga
ggtaataaat
tttgatttag
gaattggaag
cgtggactta
tctaacgtag
attatttcag
gctattatta
gagctegtta
cagaactttg
cagaatattt
ttactttcag
aaagttgctg
tcaagectata
gcactaattg
gataatttta
tatgacggcyg
attactacaa
ggtgcattag
ggtattttag
aaaattgacg
cgtcataaag
gaaactgaaa
gcgggtatta
caagaadagta
actaagggcg
ccattattaa
atcacgaagt
ggtgcegtkt
cgtggtgaag
gtgttcttag
tatgataaaa
cgttattctg
aatcaaaaat
acgcaatcag
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10801
10861
10921
10981
11041
11101
11161
11221
11281
11341
11401
11461
11521
11581
11641
11701
11781
11821
11881
11941
12001
12061
12121
12181
12241
12301
12361
12421
12481
12541
12601
12661
12721
12781
12841
12901
12961
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13081
13141
13201
13261
“13321
13381
13441
13501
13561
13621
13681
13741
13801
13861
13921
13981
14041
14101
14161
14221

. 14281

14341
14401
14461
14521

gtaatagtaa
atcagagaga
atgatctatt
agttaagagg
taggaggtaa
taggcaatgg
caggttctga
gegattttia
ctagtgattt
aagttgatga
caatcaaaga
ataaaaatag
aagctgacaa
cacttaaaac
aaggtaatac
ctgctaatac
cgaatgtaaa
tcaatagcaa
gecttttaac
caatgttgoce
ggatcttgtt
aaagagtatt
tcaacacgtt
agaagaacga
tgtgattctt
ttggtttatc
tatttttttg
agttcttgte
ggttatcttt
cocgaattgat
ttatttcgaa
acgcaatttt
tttctttgea
accttgttat
aaaatttget
cacgatcaag
aagttatgta
acaacttatc
ttcaggggat
tgcacctgta
tacacgattg
accagaaatc
tccaatcatt
aggacgttca
ggaaaatggt
acgtcgteaa
taatatcgceca
agcaggagca
gcaaggtgca
caataaccct
acatatcatt
ceaccgtett
tgtagagcaa
caaccaacta
gaatttttte
gataccccag
gagacaccta
ttagctattg
ttggtattta
atttttgtta
cttggtgeeyg
ggttaccgat
tttaaccaag
attaccgaac

cctaaaagca
cgaatttaaa
aaatggtaat
tgataatagt
tggcaataat
ttttaatgtg
tttacttgat
tgtttatcgt
agataaacta
taaccttgta
ctggtttaaa
tagaaaattqg
tttgcttaat
tgaattaagt
tggaatcaat
c¢tttgectact
ttcaatgatg
tcectatgget
gaaaaaatag
gtaaaccctyg
gcttggttat
gagcgtttac
attttgacga
aaccctaaag
attacttecac
ccecgcagtaa
cagetttttg
catcgtggat
gaaattgtat
gtagaacttg
aatagacgtg
ttaacaggtc
gtgatgtggt
atcgcatggt
cgtaatgctyg
gcteottgetg
tcagcagatt
Caaaaaacag
cttagcattg
gttcgtttag
agagatgtct
aaaggggata
ttagatgatg
ggttcaggta
caagtattga
attggtgttyg
ctcactgatc
catgatttta
ggcttatctg
aggattttga
atgcaaaata
tctacagtaa
ggtaaacata
caatcaaatt
aacgttatcg
cazgacaaaa
tttcaaaaaa
taatttccat
gtggacatag
aagatggaca
atgcagacaa
ataagtecatt
ctgattttga
aatttgagac
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catgatgaat
ggtagtaaat
gatgaggatg
aacgaccaac
tacctcagtyg
cttegtggeg
ggtggagaag
tccacttcag
tatttgtetg
cttagaagta
gaagggaata
acagcagaga
tatgcaacta
adaattatta
acagctgect
tcacaattgg
ctaggtaacc
attctaggat
attacggatt
aagaggtaaa
tagcagcaaa
catttattca
aaattgacac
tactaagtgce
gagcttetat
ttaaataccg
cactaattac
tttctacact
taaacggtct
gtgcaaaatt
taggtgacac
aggcacttac
attacagccc
caatatttat
ataatcaate
taacacctca
ttagagtgac
taatgataat
gacaattaat
cacaattgtg
taaattcaca
tcgecatttaa
taaatttate
aaagtactct
ttgatggtea
ttttacaaga
caagcatgtc
tttctgaatt
gtggacaacg
tttttgataa
tgcaaaaaat
aaaatgcgga
accaattact
aaggtgaaac
taatatttgg
agatgaaaac
gcecacggcetg
tattagtaaa
taaagaaata
atttgttgaa
acaaaaaact
gttatatagc
ttctgttcag
ttggcaaaaa

tacattcagt
tcagagatat
atattctata
tttatggtgg
gtggtgatqgg
gtaaaggcga
gtaatgatta
gtaatcatac
atttttcete
atgaaagtag
aatataacca
atttaggaac
aagaagatca
ctaatgcagg
tgaacaatga
gtggctcagg
tagctagage
tgctactate
acatgcattg
acataaattt
atcattagaa
tcttoctget
ccaaactaac
ggctgaattt
aatggggcaa
taaaattttt
teccettattt
taatgttatce
acggacttat
atttegtcac
agttgctcga
ctctgtatta
aaaactaact
tagcccaata
ttttttagtt
aatgacaaat
agtattggca
taatttatgg
tgcttttaat
gcaagacttt
tacagaaaat
acatattegce
ggttaaacag
cactaaatta
cgatcttgeg
taatgtgtta
tatggaacgt
acgtgaaggt
tcaacggatt
ggcgacaaga
ctgcecatgga
tcgeattatt
ggaaaatgaa
aacatgaagt
cgtgaaatat
gaatttttgce
atcgcttatt
gtagaaattg
aagcctattg
aaaggacaat
aaagtatcgt
attgaacaca
‘gaagaagata
¢gaaaatatce

agaagaaatt attggaagta
tttceoatggt gecegatggtg
cggtgataaa ggtaacgatg
tgaaggtaat gacaaactat
caatgatgag cttcaagtct
tgataaactt tatggtagct
tctagaagga ggcgatggta
tatttatgat caaggtaaat
cgategtett cttgttgaga
teataataat Hgagtactca
taaaattgaa caaattgttg
ttatttcaaa aatgctccaa
gaatgaaage aatttatctt
taattttggt gtggcaaaac
agtgaataaa atcatttctt
gatgggaaca ttaccatcaa
agcttaatca tctgcaataa
ttatttatgyg agtcacaaat
gtaattctcg cgcaatatca
gatcttgatg gcaaaggatt
ttaaaagcca aacgagtaaa
ttaatctgge gagatgatgg
cgttacctta tttttgactt
cacgaaattt ttcaaggtga
ttggcgaagt ttgatttcac
gtagaaacta ttattgtttce
ttccaagtty tgatggataa
acggttgcat tatctgtagt
atattttece atagcactag
tegttagcgt tacctatttce
gtacgagaat tggatcaaat
gatcttttat tctettttat
attgtgattt tacttteatt
ttacgtegtc gtctagatga
gaatctgttt ctgcaataga
atttgggata aacagttage
actattggac agcaaggtgt
ttaggtgcac atttagtaat
atgcttteag gacaagttat
caacaagtag gaatttctat
tatcaaggta agctttcact
tttegetata ageccgatge
ggggaagtta ttgggatagt
ttacaacgtt tttatattec
cttgctgatc ctaattggtt
ttaaaccgta gtattcgoga
gttatctatg cggcaaaatt
tacaatacta ttgtaggaga
gctattgcac gagetttagt
gecattagatt atgaatctga
¢ggacagtaa tcattattgc
gttatggaaa agggacatat
aatggactcet attattacct
tatggattct aggacttggg
ggaaaatccg caaacaatta
ctgcgcecattt agagttaatt
tgataatgct atttctattt
ttgctagtge tacaggtaag
agaatgcttt agtaaaagac
tattattaaa tctcaccgca
taggattgga aagattagat
atagattacc tttattggat
agactaacac acgtcattta
agaaggaatt agcgtatcaa
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14641
14701
14761
14821
14881
149541
15001
15061
15121
15181
15241
15301
15361
15421
15481
15541
15601
15661
15721

cgtaaacaag
cgtattgaaa
aagcatgagt
tatcaatctc
cttgttactc
gaaaagcagc
agggcgecay
actactgcag
ttaattcaaa
gaaacttttce
gatgctattg
aaaacattaa
gaaattaaaa
attactgaaa
ttgtaaaaac
tattatctct
atatatgagaa
tcaaataaaa
gacataaaaa
gatactttag

ctgaaaaaca
aggagaaatt
tgttageaca
atctcaaaga
aattatttaa
tcactttaga
tatcaggcac
aaaccttaat
acaaagatat
cctacacaag
agcaccctca
cagatggtga
caggagaacyg
gtctaagaga
gttatttaag
ttgagctatt
ctatttgetg
tagattgatg
ttatactgca
caaatacgceg
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aacagtatta
aagtgattta
agaaaataga
agtagaaagt
gagtgatatt
acttgagaaa
agtccaacaa
ggtcattget
tggttttgtt
atatggttat
gcttggttta
taaagaaatt
cagtgttatc
acgttaatta
gagagttget
tttagettet
atctaattta
tcatcaaata
atccaaatte

gtaagg

gcaaatatce
aaaaaattat
tatgttgaag
gacttgctta
ttggaaaaac
aatgaacaac
ttaaaaactc
cetgaggaty
gaaattggac
ctctatggaa
gttttcaatt
caattaggtt
agtttectac
tctcttctaa
aatagaagtt
ttagaagtta
aaactaaaat
gctaacttta
accttgaggt

gtaaatatga
atgatgtaaa
ctagtaatga
aagcacaaga
tacagcaaaa
gtcaattagc
atactaaagg
acgtgttgga
aggaagcagt
aagtaaaaac
ctattattga
ccggaatgag
tcagtceatt
attaagcaaa
aaaatatcta
gagattttta
ctagagcacy
acaaaatttt
tttgtaatag

aagcgctagt
gtctatttct
attgtctgtt
agatttaaag
tatacaacgc
ctectatcatt
tggcgtagta
agtaagtgct
tattaaagtyg
tattactctt
gattaataag
cgttattgea
agaagaatet
tatataactt
ttagcaacta
gatattcata
aaaagacagt
cagtgttaaa
ctatataaag
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3.2 PCR of field isolates.

3.2.1 Bacterial strains confimation.

Forty-seven field isolates of A. pleuropneumoniae were isolated from
clinical samples with the swine pleuropneumonic lesion and also confirmed serotype
with the rapid slide agglutination test. These isolates kept in lyophilized form and
freezed at -20°C before tested. Bacterial cultivation and serotyping of these isolates

were done as previously described (see 3.1.1, 3.1.2 and 3.1.3).

3.2.2 DNA extraction of field isolates.
The DNA extraction method was done as previously described (see

3.1.4).

3.2.3 PCR typing system of field isolates.
The PCR typing system of field isolates was done and concluded as

previously described (see 3.1.5).
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3.3 PCR of swine pleuropneumonic lungs.

3.3.1 Swine pleuropneumonic lung samples cultivation, biochemical tests
and serotyping of isolates. Ten swine pleuropﬁeumonic lung samples were collected
from pigs submitted to the Veférinary Diagnostic Laboratory, Kamphaengsaen
campus, Kasetsart University during June to S eptember 2002. Lung samples w ere
kept in refrigerated box and directly transferred to the laboratory immediately.
Subsequently, each sample was divided into 2 parts, one for bacterial isolation and
another for DNA extraction. Swine pleuropneumonic lung samples were cultivated
on BHI agar plate supplemented with 0.01% NAD (Merck®, NIJ) and plates were then
incubated in 5% CQO; at 37°C for 18-24 h. Two or three distinct colonies with mucoid
and smooth forms A4. pleuropneumoniae colony characteristics were harvested for
biochemical tests (Quin et al, 1999, Reinier, 1999). The biochemical tests and

serotyping of isolates were done as previously described (see 3.1.2 and 3.1.3).

3.3.2 DNA extraction from swine pleuropreumonic Iungs.
Twenty-five grams of pig lung samples were collected from the edge
of each pleuropneumonic lungs. Lung tissues were mechanically homogenized with

sterile glass rod. Subsequently, DNA e xtraction used the QIAamp® DNA mini kit

(QIAGEN®, CA) following manufacture recommendation and kept at -20°C.

3.3.3 PCR typing system of swine pleuropneumonic lungs.
The PCR typing system of swine pleuropneumonic lungs was done and

concluded as previously described (see 3.1.5).
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3.4 Detectability level evaluation of the PCR method in lung tissue.

Our PCR assay was performed to determine the minimum bacterial

concentration (CFUs/ml).and DNA conf.éﬁt (ug) in each serially dilution that could be

detected from the fresh swine pleuropneumonic lungs. The bacterial suspension with

known concentration (CFUs/ml) was prepared as the serially ten-fold dilution (107" to

10™*) and used the colony plate count technique to determine the exact concentration

(Reiner, 1999, Quin et al., 1999). Moreover, DNA content derived from each dilution

were measured after the DNA extraction step by the UV 2401 PC® spectrophotometer

(Shimazu®, Japan) with wave length 260 nm.

1. Plate count procedure:

Serotype 2 strain S1536 of A. pleuropneumoniae were
cultured in BHI broth (Merck®, NJI) with 0.01% NAD
(Merck®, NJ) in 5% CO; at 37°C for 18-24 h. This tube act
as the initially dilution.

Take 4 dilution tubes, each containing 9.0-ml of sterile
saline. Aseptically dilute 1.0 ml of the initially dilution of
A. pleuropneumoniae into the first dilution tube. Mixing
the tube thoroughly.

Using the same procedure, aseptically withdraw 1.0 ml
from the first dilution tube and dispense into the second
dilution tube, vortex briefly. Continue doing this from tube

to tube until all the dilutions were completed. Discard the
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pipettes after used in each dilution transferring. In
conclusion, there were 4 dilution tubes with concentration
107, 102, 10" and 10 CFUs/ml, respectively.

- Usingapew 1.0 ml-sizéd pipette, transferred 0.1 ml of each
dilution tubes onto the BHI agar (Merck®, NJ) with 0.01%
NAD (Merck®, NJ). Using a triangle and sterile bent glass
rod immediately spread the Solution over the surface of the
plates. Then, plates were incubated in 5% CO, at 37°% for
18-24 h.

- Choose a plate that appeared to have between 30 and 300
colonies.

- Count the exact number of colonies on that plate using
colony counter.

- Calculate the number of CFU/m] of original sample as

followed:

Number of CFUs perml = Number of colonies (30-300 plate)

in inoculate samples x (the dilution factor of the plate counted)

- Record the results

2. Inoculum — just has shown in Table 3.6, inoculated 100 ul of each
dilution in 25 g of lung tissue.

3. PCR was carried out for each samples as described previously.
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Table 3.6 The experiment for evaluating the detectability level of the method.

Group Character(s) Number of
sample(s)
Positive confrol | 1. A. pleurc;}meumoniae suspension dilution No.10™". 1
2. A. pleuropneumoniae suspension dilution No.10™ 1
3. A. pleuropneumoniae suspension dilution No.107. 1
4. A. pleuropneumoniae suspension dilution No.10™. 1
Negative control | 1. The non-lesion lung sample that confirmed with . 1

bacterial isolation for no respiratory bacterial

contamination act as a source of DNA template.

Experiment 1. 107! dilution was injected into non-lesion lungs 2
(duplicated samples).
2. 107 dilution was injected into non-lesion lungs 2
{duplicated samples).
3. 107 dilution was injected into non-lesion lungs 2
(duplicated samples).
4. 10 dilution was injected into non-lesion lungs 2
(duplicated samples}).

Total 13
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3.5 Accuracy evaluation of the PCR method in lung tissue.

Several swine respiratory bacterial infected lungs, such as Pasteurella
spp., Haemophilus parasuis, Mycoplasma hyopneumoniae‘ and Streptﬁgcoccussuis-—"- .'
iﬁfécted lung samples. The method was similar to the detectability level assay except
that lung infected with other bacterial organism was used as negative control. The

experimental groups were described in Table 3.7.



Table 3.7 The experiment for evaluating the accuracy of the PCR method.
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Group Character(s) Number of
sample(s)
Positive A. pleuropneumoniae suspension dilutid-r;fNo.lo". 1
control A. pleuropneumoniae suspension dilution No. 102, 1
A. pleuropneumoniae suspension dilution No. 107, 1
A. pleuropneumoniae suspension dilution No.10™, v 1
Negative The non-lesion lung sample that confirmed with bacterial i
control isolation for no respiratory bacterial contamination act as a
source of DNA template.
Experiment A. pleuropneumoniae suspension dilution No.10™ to 10™
were injected in (duplicated samples for each dilution) ;
- Haemophilus parasuis infected lungs 8
- Streptococcus suis infected lungs 8
- Mycoplasma hyopneumoniae infected lungs 8
- Pasteurella spp. infected lungs 8
Others lung samples were confirmed with bacterial isolation
and no 4. pleuropneumoniae contamination (duplicated
samples) and were used to evaluate with PCR.
- Haemophilus parasuis infected lungs 2
- Streptococcus suis infected lungs 2
- Mycoplasma hyopneumoniae infected lungs 2
- Pasteurella spp. infected lungs 2
Total a5




