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ABSTRACT

The bacterial fruit blotch (BFB) caused by Acidovorax citrulli is a serious pathogen
for cucurbits seed production. This bacterium is a seed-borne and seed-transmitted
pathogen with long-term survival in seeds. Contaminated seeds are an important source of
primary inoculum for the spreading of BFB disease in seed beds. Detection technique for
the pathogen which is reliable, effective, sensitive and specic is an important tool for
controlling seed quality in both local and international seed trade. The Co-PCR was shown
to be effective in detecting A. citrulli in the artificially inoculated watermelon seeds by seed
soaking. The samples were prepared by filtering the seed soaking liquid using bacterial
filtration system then extracted the bacterium DNA from the filtered remain and used as
the target DNA. Results indicated that this procedure could detect A. citrulli presented at
the level of 10° CFU/seed in an artificially inoculated watermelon seed stocks which had
0.05% and 0.01% infestation rates. It could also detect the bacterium in naturally infected

watermelon seeds.
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UNARE
Tsawaniasunsiitinanidouuaiise
(Bacterial fruit blotch of cucurbits) {810
Ndauuafiss Acidovorax citrulli \uide
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v €
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asrar el Sefanudrdalunistdiiiu
Lﬂ'%'aaﬁa’[mzun%maoqmamﬁmmLuﬁmﬁuﬁ:
ieanunsagugiveside A citrulli ezl
wnwinszareluunssdgn wazliidulumn
NINTFIUNITRIBBN nsfnstieYsyiAu
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polymerase chain reaction (Co-PCR) Tunns
AN A citrulli Tuwndaiugungla
TaouIu LT LN EANINTOIR 2D LN UNT DY
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\Foduwmaila Co-PCR WU 813150052997
o A citrull Tumﬁﬂﬁ’uﬁfﬁﬁmsﬂgmﬁ'aﬁ
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subsp. citrulli) (Schaad et al, 2008) N"1AN
\Homefigunssremsndnuasluuasioaszga
uasialan vhliwandnanasfie 80-100%
(CABI, 2018) LiazfinnuaAABNINAALNAR
wusuasly tinsanidaildnemealuiuimdn

& A

wug J83alwadaiugldeniuiu (Walcott
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et al, 2003) luanwIAEaNATHUANMIN
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n3za"8léA (Schaad et al, 2008) WAAWLST
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Foillundn (seed treatment) wazlaiwuas
wusuaslafidumusiodo A citrulli Fae
(Giovanarid et al,, 2018) oty MInTI9TUTD9
qmamﬁwmmﬁmﬁuﬁj (seed health testing)
iinsusesinwdniufsmanideatinglsn
Soflamuadnlududu fevananudone
uasdlosiunsuninszaseadaisentuly
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finsfnwmudn waaiugualuiis
Safinde 001% nniunsafifideifio
10 mhelaladifiiaSaunas (colony forming
unit, CFU) f1anInmenanlsnaniudng s

v A

ndrivgnaneldianinglesdoulde 16.7%

(%
v o
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(zero tolerance) (Dutta et al., 2012) JaqTiu
ARasrandalagnisiwiznan (Sweat box
grow-out test, SGO) (Koenraadt et al.,, 2005)
Hudsnsildetounsvaty wazléiduds
W33 UlABVIENNY United State Department
of Agriculture, National Seed Health System

(USDA-NSHS) Tunsnsaavidiail (Walcott
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et al, 2006) IﬂﬂN’Wﬁg’M“ﬂﬂd The International
Seed Federation (ISHI-Veg, ISF) Iﬁéjm’m
NaLARLG (seed lot) BE WY 10,000 WA
Aenavludniug dmiunisnsiande
A. citrulli 9N Gitaitis and Walcott (2007)
wualilEnsgunsraudnie 30,000 wie/
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P
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nf
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(nAidlm Co-operational PCR
(Co-PCR) Warunfuaseusn Tag Olmos et al
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HARAUT PCR ALEUSN1unNNT1 PCR Uni
foN1 Caruso et al, (2003) U wadaiian
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¥
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pavlsalud w.A. 2539 anuvasygn
LUATINIBANY LAY LANAUAT AINAIGL
T fudasedenasgu Tdsuanueyane
nngueuineiinet nguiveliaii
NINIPIMTNEAT UAL 18 A, citrulli Seus
au 9 1§ anmafuTiurslud we. 2550
Wt WA 2559 91U 36 aWuf Lie
wuafiSeilddunssniBauauay (negative
control) 31w 8 1iia ldun WeuuaiiSausy
Tw5lwa (saprophytic bacteria) fuendioan
stausg « 2eounsly 5 ila 1F0 A cattleyae,
Burkholderia gladioli \\< Pseudomonas sp.

Fauaadll Table 1

2. AN UWIETBIINALA Co-PCR Tun1s
ATIAMTRRUTIURBELED A, citrull
Rendouuaiise (Table 1) Tusms
nutrient broth figaumgfl 30°s.  waan
48 T3, W3BNTAKLIILADITELLATIS Y
Wnilszinde Twdan optical density (OD)
fiANEIAALLEY 600 U lWNAT WD 0.1
(Anuddudatse i 10'CFU/mI) Baang
asuuasuus L 10 wh udnihoed
wruapudafia dusy 107 Usuias 200
Talasans Winludden 5 widl wasldifu

w5iae5 Ac-ORF12F (5-GCATCTTGTTCAG-
CCACGAC-3’), Ac-ORF13R (5’-ATTGG-
CAATCACCAAGACGC-3’) iar Ac-ORF21R
(5°-TTATTCTGGGCGTCACCGTC-3’)
(Kim et al, 2015) lagip3onansavmiulizen
6“1'\‘1‘17: 1x Phire plant direct PCR master mix
(Thermo Scientic, USA) 5 pl, Twswas
Ac-ORF12F 0.2 puM , Ac-ORF13R &g
Ac-ORF21R atwaz 0.1 UM uazfdue 2 pl

aaa

Yaamsraudu 10wl Aeufizen Tusunsw

1% .
[

W31 PCR avil duil 1 gaungdl 98°w.

a

Wuian 5 unit dufl 2 fgungfl 98°s.
Juaan 10 3undl wazgumgd 72°. duian
30 3unfl $1u9u 35 300 uazduil 3 7 arung
72°%. 1Juan 1wl asedaundndud
Co-PCR fewnaflalaadianlasluida uas
fousheansazaedinualusludanudadu
0.5 pg/ml asrvguaviduienislduay
ganilalaan Huduainugndeslesauoy
fdutaludiasizviarduilindlolndved
Wandus Co-PCR (First BaselLaboratories
Sdn.Bhd.,Selangor, Malaysia) LazLATIZH
wazasaduiiandlelndrondedldfugu
Hoyafiolusunsn BLAST wWuLa3ez1eng
dumasiin (https:/blast.ncbi.nim.nih.gov/

Aduefutuulunsviyjisen Co-PCR i Blast.cgi)

Table 1 Bacterial strains used in this study
No. Bacterial strain Host Location Year
1. Acidovorax citrulli  Ac-1228 Watermelon Nakhon Ratchasima Province 1996
2. Acidovorax citrulli  Ac-1246 Watermelon Nakon Nakhon Province 1996
3. Acidovorax citrulli  Ac-BF1-1 Watermelon Khon Kaen Province 2007
4. Acidovorax citrulli  Ac-BF2-1 Watermelon Khon Kaen Province 2007
5. Acidovorax citrulli  Ac-BF4-2 Watermelon Khon Kaen Province 2007
6. Acidovorax citrulli  Ac-BF7-1 Watermelon Khon Kaen Province 2007
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Table 1 : (continue)

No. Bacterial strain Host Location Year
7. Acidovorax citrulli  Ac-NKK1 Watermelon Khon Kaen Province 2007
8. Acidovorax citrulli  Ac-NKK3 Watermelon Khon Kaen Province 2007
9. Acidovorax citrulli  Ac-NKK4 Watermelon Khon Kaen Province 2007
10. Acidovorax citrulli  Ac-NKK6 Watermelon Khon Kaen Province 2007
11.  Acidovorax citrulli  Ac-NKK9 Watermelon Khon Kaen Province 2007
12.  Acidovorax citrulli ~ Ac-NKK13 Watermelon Khon Kaen Province 2007
13. Acidovorax citrulli  Ac-LA Watermelon Nakhon Pathom Province 2007
14. Acidovorax citrulli  Ac-LAA-k Watermelon Nakhon Pathom Province 2007
15. Acidovorax citrulli ~ Ac-LAA-S Watermelon Nakhon Pathom Province 2007
16. Acidovorax citrulli  Ac-CA Watermelon Ratchaburi Province 2007
17. Acidovorax citrulli ~ Ac-CU Watermelon Ratchaburi Province 2007
18. Acidovorax citrulli ~ Ac-WA Watermelon Unrecorded 2007
19. Acidovorax citrulli  Ac-WR Watermelon Unrecorded 2007
20. Acidovorax citrulli  Ac-WS Watermelon Unrecorded 2007
21. Acidovorax citrulli  Ac-KB3-2 Watermelon Kanchanaburi Province 2016
22. Acidovorax citrulli  Ac-KB6-1 Watermelon Kanchanaburi Province 2016
23. Acidovorax citrulli  Ac-KB6-2 Watermelon Kanchanaburi Province 2016
24.  Acidovorax citrulli  Ac-KB7 Watermelon Kanchanaburi Province 2016
25. Acidovorax citrulli  Ac-AT1/1-1 Watermelon Ang Thong Province 2016
26. Acidovorax citrulli  Ac-AT4/2-1 Watermelon Ang Thong Province 2016
27. Acidovorax citrulli  Ac-AT5/2 Watermelon Ang Thong Province 2016
28. Acidovorax citrulli  Ac-AT4/1-2 Watermelon Ang Thong Province 2016
29. Acidovorax citrulli  Ac-AT5/1 Watermelon Ang Thong Province 2016
30. Acidovorax citrulli  Ac-AT2/1 Watermelon Ang Thong Province 2016
31. Acidovorax citrulli  Ac-AT4/1-1 Watermelon Ang Thong Province 2016
32. Acidovorax citrulli  Ac- KKML1/2 Watermelon Khon Kaen Province 2016
33. Acidovorax citrulli  Ac-KKML3/1 ~ Watermelon Khon Kaen Province 2016
34. Acidovorax citrulli  Ac-KKML3/2 ~ Watermelon Khon Kaen Province 2016
35. Acidovorax citrulli  Ac-KKMF5/1 ~ Watermelon Khon Kaen Province 2016
36. Acidovorax citrulli  Ac-KKMF5/2 ~ Watermelon Khon Kaen Province 2016
37. SAP1 (saprophyte) Watermelon Nakhon Pathom Province 2016
38. SAP2 (saprophyte) Watermelon Nakhon Pathom Province 2016
39. SAP3 (saprophyte) Watermelon Nakhon Pathom Province 2016
40. SAP4 (saprophyte) Watermelon Nakhon Pathom Province 2016
41. SAP5 (saprophyte) Watermelon Nakhon Pathom Province 2016
42. Acidovorax cattleyae Orchid Department of Agriculture 2016
43. Burkholderia gladioli Rice Wanwisa(2559) 2016
44. Pseudomonas sp. Sugarcane Ofce of Cane and 2016
soils Sugar, Ministry of Industry
Sugar, Ministry ofAS% Industry
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3. msm‘%smmﬁmmﬂuﬁﬂgmﬁa A. citrulli
waldlunsmastey

whRauadly 1 nn. Tuansazaie
20% HCI Y3uau 15 a. $awdumsléiiuga
grnadunar 1 an 90ty dangedn
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wuzin wazldidusdueduuoulunisyiy
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4. UszanBnmaaanaiin Co-PCR Tun1s
mswml,f'i'a'luﬁ’aaaham&ﬂﬁ’uﬁ:

inFuadatoimdanusinitelaonas
waausiudiowds 1 wan adlunssindn
WusUasadaLiadnansfawnosudaiinn
\Holusnsn 0.05% (1/2,000) waz 0.01%
(1/10,000) losuAasfi0t190898R3IN15AN
Lﬂ‘f?mzmaauahmu 3 °§’1 (replicate) N150579
yige lufneaAniugauau 10,000 win
zulvfmagwanunatounasas 2,000
WRA 93U 5 vty UFIRENNAATUS
Aoieluualy nutrient broth (NB) finguan3
benomyl 1.5 NN./NA. War ampicillin 15
Talasn3a/as. weniirnussey 150 sau/unil
Hurian 1 2w, nssawdnsenuaziiinges
wialwindafigungiieaduia 5 o,
WauinUSinads nspshugiudadionszas
nsee wazaafduemuisnsiude 3 i
AdulefiannliuinsagouguamiI8n13
MUHA3e1 PCR sadudu 16s rDNA ¢e
TwSwas fd2 (5CCGAATTCGT CGACAACA
GAGTTTGATCATGGCTCAG 3') uay rpi
(5’°CCCGGGATCCAAGCTTACGGTTACC
TTGTTACG ACTT3’) (Weisburg et al,, 1991)
TnelHiUfASn&oil 1x Phire Plant Direct PCR
Master Mix (Thermo Scientic, USA)
TwSiues fd2 uae rpt wilaaz 0.2 uM, Mibule
2 pl (10-50 ng) Yinrmssamdu 10 i
ApUAN5eN uazvihuiisendelysunsunisrin

3

a

A9l Tu 1 Ngaungil 98 o uian
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a o =
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9 Y
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U
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91U 25 381 Uax Fuil 5 ihugAsenTigungh
72 %%, Junan 1 ud wazshdSueiiaiale
Snauniisluasiavide A citrulli Frowaila
Co-PCR mui3n1sludea 2 asrandndousd
fiwaiawmailnadidalasindda Handoe
f1sazarsasifonlusludanaududu 0.5
Tulasndw/ua. uarnsrvquaviidutenisls
ussganilaloan

5. nsAsevmMsUuiiowdia A. citrulli 199
winuaslafivgnlusnmsssumi

T wdawuguavlanaadea (open
pollinated seeds) Afin15vuid sulds
A citrulli naawuasgnlusssumaded
fansfinue 5% (Wstiiulaggunsiaviide
A. citrulli #a8wmatla Co-PCR x1nau) 1w
NARUNIATIINLED Judetnaudeiug
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1. AnusTwizeaemaiia Co-PCR Tums
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NIINAFDUAIMNINNIETDILNALA
Co-PCR Giar‘f?aumﬁﬁ'ﬂmﬂﬁuﬁmo 91 (Table 1)
FnlwSwasisumedade A citrulli wui
o A citrulli Yo 36 aewus TinauUFATen
Co-PCR fhuun uasliwaiduay Wonsade

A. cattleyae, Burkholderia gladioli,

Pseudomonas sp. WaziiouuaiiGouauluSlug
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Iwfafild@nmriddaidananyn
TwSwasiiseeuley Kim et al (2015) Tuns
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Fooonuvuandoyailunwesdo A citrulli
KACC10651 lnuiRanlwsines 3 fuivisnsas
nlwSweSienn 4 @ lwimeSieaudu
(Ac-OFR12F, Ac-ORF13R ez Ac-ORF21R)
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Ac-OFR12F uaz Ac-ORF13R (569 bp) Uax
HARAUT A nlwsines Ac-ORF12F uas
Ac-ORF21R fiflulwsinesiasn (additional
primer) AifaunAsuNIA (357 bp) Mufitvius
1§ (Figure 1 and 2) :NMFAATEHEGTY
fnRlalnduansusinldng 2 wanfu fanw
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A. citrulli  accession CP00512.1 fis1e8nu
Tugudeya NCBI launansusifidouis
357 bp WAY 569 bp ATYAUAIWAUT
3609332-3609689 LLN::G?’]LLWLi\‘]‘ﬁ 3609121-
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ANNgNFHBITaINARA TR LA 91N fAZ N
Co-PCR Tlwiluasuailfianusuiwizivide
A. citrulli Mdwdmanslunsnge
MInsRmEe A citrull Tunsfnend
THgoungfizesyjisen Co-PCR lavldgumpd
98 °a1. Uu 5 w1t lumsLENUAASeN (hot start)
AN TURDY denaturing step 7 98 °.
11U 10 Aunf wazld annealing way extension
step figungitieaiu Ao 72°. 1w
30 AU 91UIU 35 38U LAY final extension
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step figaungil 72°7. 1w 1 wi Fevan
THgoungi annealing madiauuziinwoainan
Iﬂﬂ‘[ﬁﬁqmﬁgﬁ melting temperature, Tm +
3%, (lunsdifl 63-65°%.) Tun1sAsIATRN
@ [ 4 ! v A o 6 1
Tuwiawug wud axlvininsiousi PCR nnni
2 woy erhsauianilalndzaclnsimesly
asadaslusunan BLAST fugudaysdlun
289 A. citrulli accession CP00512.1 lainy
vinuduuudlusiilwiinesiazdugld usnn
ildldnsengie A citrulli v3gnsluss
& [ 2 &) A o ¥
wpauapuide Seadlinaduldanfidmual’
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WlAnandust PCR fiflaunadu q Asunin
Avualy (Nlduansna) waliasnssau

a

und annealing wWingulyanan Tm + 3°%.

Jugaungdl 72°0. wihiugaumpiiivanzas

9 U

D =

299 extension step AATIBAVNIHE1ITUH
UfAsenweaduled Taq polymerase L&
AuanAly Juwalildwandugd PCR s1uau
2 wou Wuluaaiinvualy dedu Tunms@nen
asavda A citrulli Selddunauluufizen

¥
a

Co-PCR AYMAUATNAUARDANITANET

Figure 1 Co-PCR technique for specificity detection evaluation of Acidovorax citrulli cell

suspension. M: 100 bp DNA size ladder (New England Biolabs); lane 1,18 and 35: positive

control (A. citrulli Ac-1228); lane 2,19 and 36: negative control (A. cattleyae); lane 3, 20 and

37: water as negative control; lane 4-17, 21 -34 and 38-44: strains of A. citrulli; lane 45:

Burkholderia gladioli; lane 46: Pseudomonas sp.; and lane 47-51: saprophytic bacteria
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Ac-ORF12F — —
A
I L
GCATCTTGTTCAGCCACGACTCGGAGTTCTCATTTATTCTGTATAAGCCCTGTTTICGTGTTTTCTGGCAAG
GATTTTAATGCTGATATGACTCTTGATTTTATTTGGTATTGTTCATCAGCATAATTCAAGCCTGCGCCGACCA
GGAATGCAAAAAATGCCATGGTGACAAGTGGTGCTACCGCCACTGCCGTGAAGCTGCCAACGGCAACAC
CCATACCATAAGCCACAAGCCCACCTAATCCTCCCTTGACAGCCTCGACCCCGATGCCTCCTACGAGATCATA
+«——— Ac-ORF21R

CATTGTCTTTTCATTATTGAAAATGAAATCCATGACCTCGATTCCGGTCGA(}:ACGGTGACGCCCAGAATA.—\
AGCCGCCGATTGCAATGCCCTTCAGGCTTITGAACTCCAAGGCCAAATTTCAACATCAAGGGATTGGTGGC
AAGGTATCTTGTCCCAGTCAATGCACCACTGCGGTGAGCAGCATATCCTTTGATAATAATATACGAGCCGCTA

«—— Ac-ORFI3R

L
GCCGTGTTTTTGACGTAGCTTGTTATCCCCGCAATTCCAATGGCATTCAGCGTCTTGGTGATTGCCAAT @

Co-operational action
| First Amplification | of the amplicons

DNA template 1

P Forward strand
4 Revere strand

e ——
DNA template 1 G- 5

R E— >

- g |a \ >— 1

i / 1

<€- (I'

|
- (-T €~ 2 Additional target
< —<e- 8
Ac-ORF13R

B E— ———————————— DNA template 2
Ac-ORF21R DNA template 2 —_>— 9
—_— 3

—Ge 10

DNA template 2
] [2]

Figure 2 Co-PCR technique for Acidovorax citrulli detection. (A) Positions of Co-PCR
primers, Ac-ORF12F, Ac-ORF13R and additional primer Ac-ORF21R for Acidovorax citrulli
detection; (B). Diagram of the Co-operational amplification (Co-PCR), (1) Annealing positions
of the three different primers; (2) first cycle of the reaction; (3) synthesis of amplicons by

co-operational polymerase chain reaction
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2. YszAndnwvasmaiian Co-PCR Tun1s
ATRBUAANUSARLYD
@ v [ g ‘3‘1

n13nsrasuNiaiugUuLd aude
0.05% Tusnatanaswaaiuizung 2,000 Win
fremAila Co-PCR Tmﬂmsm’maauqmmw

a & @ & &a o ' y

ypafiuadiulnsnesiimwizdadu 16s
rDNA 28943ipuuailiss wudl NnfetNLuEn
Wugmianesamde Wnaujisenduuan
TasUsnguanuuudibuefidzsuia 1,500 bp
(Figure 3A) NSA19FBULED A. citrulli Tunag
wiawusivuowds 005% dwlniiues
Ac-ORF12F, Ac-ORF13R iaz Ac-ORF21R
Thwansravdis A citrulli 1§Tussduns

MIfAEnLsEa 104 uaz 103 CFU/ANER
NI 3 TIMIMAREY wARTIaldwy
Woandetwiifsysunsindeiisind 103
CFU/NRR

fui oude 0.01% ap9no9IndaWus

[

(Figure 3B) NNSATIILNAANUS

o

o

U9 10,000 i Autaidusatenastas
2,000 LWAA U 5 NBY WU §1N15ANT9
widafiszdunsiade 10° CFU Tu 3 et
2DINSNARDILEUNL (Figure 4B) wazlving
Ugiseuindniunisnsaaauljisen PCR
LazAUNWTDIRLEUTDINFIBE9TYINS

A3398DY (Figure 4A)

Figure 3 Detection of A. citrulli with Co-PCR technique in seed samples (2,000) and spiked

with artificially inoculated seeds at the rate of 0.05 % in difference amount of bacterial

CFU/seed in 3 replications. (A) Amplification of 16s rDNA and, (B) Amplification with

A. citrulli primer set. M: 100 bp DNA size ladder; Positive: genomic DNA of A. citrulli

Negative: genomic DNA of A. cattleyae; NTC: non-template; S+Ac: artificially inoculated

seeds with A. citrulli S+SAc: clean seed stock spiked with cell suspension of A. citrulli

S+Acat: clean seed stock spiked with cell suspension of A. cattleyae; NI: Non template,

water; S+NB: clean seed stock spiked with nutrient broth; and white arrow is indicated an

ambiguous band of target
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Figure 4 Detection of A. citrulli with Co-PCR technique in seed samples (10,000) and spiked

with artificially inoculated seeds at the rate of 0.01 % with 10° CFU/seed. Sample seeds,

contained 1 infected seed in 10,000 seeds, were randomly devised into 5 sub-sample for

testing. (A) Amplification of 16s rDNA and, (B) Amplication with A. citrulli primer set. M: 100

bp DNA size ladder; Positive: genomic DNA of A. citrulli Negative: genomic DNA of

A. cattleyae; NTC: non-template; S+Ac: artificially inoculated seeds with A. citrulli; S+SAc:

clean seed stock spiked with cell suspension of A. citrulli; S+Acat: clean seed stock spiked

with cell suspension of A. cattleyae; NI: Non template, water; S+NB: clean seed stock spiked

with nutrient broth; and white arrow is indicated an ambiguous band of target

A8n1safadesnnannindainaim
s lunisiingsc@ninmeeeisniIngia
sou Tun1sfnunilFusimgaluavs nutrient
broth sanfun1segnduial 1 8. nsad
wWaneen dugwallmgselioLis
Ussnande uran 5 ou. Aeun1snIeedae
wHUNIBILUATISE wastiluadafdule wudn
fisz&nsnmlunsnseidoanwdn 21n
HANITNARBININIIANTIAED A, citrulli Tu
AIDENNDINAARUENIATFIU (10,000 LWAR)
fifinsfatie 0.01% AdUSnaudesgnai 10°
cFU Tun1snana 3 21l 100% (3/3) (Figure 4B)

wazilaluiun1InTIadiemaia SGO 1
aaNsaATRseLNBINAATLARRALEE 0.01%
Tisngm 10* CFU Tapsnansansialifidies 15%
(1/8) (Walcott et al, 2006) waAdliLAiu7N
BnsatadeesnanwaaTivaNTus AU
asmidaemada Co-PCR Tsz@ndnm
Tunsnsesaude A citruli TuspgawEn
WuifivsrAnsnmiiniunadia SGO Tusuzes
AMNTILEY THuseeud uaclinanisnsa
widafideiald sansmhluldansosiioosi
iiensaTagreudbEnTL AT fRnoufiay
ATANaUiuuseIEAuU Grow-out testing
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3. nMInTRsaUNARRUENLULaULYD
A. citrulli TUSNTWEIINBIA
N5USLLHUAITNTINITODDINATIA
Co-PCR lun1snsiasaul®a A. citrulli
Y 1 @ v s't:i' 4
Tusmpgenaamdaiugivuid ouluann

Ao

593YA (naturally infected seed) NN
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Table 2 Co-PCR technique results for Acidovorax citrulli detection from naturally infected

seed samples. The Co-PCR was carried out with the primer set, Ac-ORF 12F, Ac-ORF13R,

and Ac-ORF21R

A. citrulli natural seed

Detection frequency (%)

infection (%)

16s rDNA detection

A. citrulli detection®

0 100 (3/3)
5 100 (3/3)

0 (0/3)
100 (3/3)

1 Detection frequency values represent the means of three replicates

2 Each replicate, which sampling according to the International Seed Federation (ISHI-Veg, ISF), 10,000

seeds from seed lot and sub-sampling into 5 sub-samples for testing

ATBLAN
mu"‘;%ﬁﬂﬁ%’nm‘mﬂfuagua'mquﬁ
walulRETINWINEAT I AnendunERTANERS
WMy NBATIUNILEY wazAudAduLEa
sumaluladfinminens duinwauTude
Anmuazitedruinemansuazinalulad

AINIUAMENTINNTNTRANANSN NN
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