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Fig. 1. Nematode juvenile penetrance plant root tissue.
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SUMMARY

I. Title

Suppression of Meloidogyne spp. Using Pasteuria penetrans in Horticulture

II. Introduction

Root-knot nematodes, Meloidogyne spp., are frequently found in the warm and hot
climatic areas and the host range is extremely wide. M. incognita is the one of the
economically important nematodes, which is able to reproduce in more than 2,000 plant
species (Jung and Wyss, 1999). Root-knot nematodes invade plant roots at infective
second-stage juveniles (J2) and hatch eggs by Meloidogyne females, which retained in
the protective gelatinous egg sac. The J2 of root-knot nematodes have a less robust
stylet and hence, after root invasion, they migrate intercellularly between cortical cells,
first towards the root tip, where they turn round in order to reach the vascular cylinder
(Wyss et al.,, 1992; Jung and Wyss, 1999).

In the past, nematodes had been controlled in the field by treating nematicides, wide
crop rotation and growing resistant crops. However, recently treatment of nematicides
has been prohibited because of their highly toxic components(Jung and Wyss, 1999).

P. penetrans destroy nematodes by their parasitic behaviour while the non-parasitic
rhizobacteria reduce nematode populations by colonizing the rhizosphere of the host
plant. Previous work on P penetrans (Sayre and Starr, 1985), a hyperparasite of
root-knot nematodes, indicated that while a nematode resistant tomato prevent to
increase of root-knot nematode populations it would not favor the establishment of P
penetrans and the bacterium has to be applied before planting a susceptible crop to
maximize its effect(Oostendrop et al.,1991; Stirling, 1991; Tzorzakakis and Gowen, 1994;
Chen et al., 1996).

Therefore, the main objectives of this research work were to identify the Pasteuria



spp. and Meloidogyne spp., their classification, early diagnosis method for disease
symptoms, development, selection and establishment of optimum mass production
system of Pasteuria spp. for controlling the root-knot nematode. These research works

were performed in in vitro and in vivo tests during last three years.

Ill. Research scopes and perspectives

1. Classification of Pasteuria spp. and development of rapid identification techniques
a. Taxonomic position establishment by gene analysis
b. Taxonomic position establishment by protein analysis

c. Generation of Rapid identification and monitoring technique using DNA probe

2. Development of formulation for P. penetrans and safety evaluation
a. Suppression effect according formulations of P. penetrans
b. Viability of P. penetrans under physio-chemical conditions
c. Viability of P. penetrans according formulation type

d. Safety evaluation of P. penetrans

3. Analysis characteristic and mass production of P. penetrans
a. Analysis characteristic of P. penetrans with Meloidogyne spp.
b. Development of techniques for P. penetrans attachment with Meloidogyne spp.
c. Mass production of P. penetrans with tomato in vivo

d. Mass production of P. penetrans with hairy root of tomato in vitro

4. Classification of Meloidogyne spp. and development of rapid identification technique
a. Distribution of root-knot nematodes and their classification based on protein and
enzyme analyses
b. Development of DNA isolation method for root-knot nematode and molecular
diagnosis using RAPD and RFLP methods

c. Development of molecular diagnosis using PCR-RFLP



IV. Results and suggestions

1. Classification of Pasteuria spp. and development of rapid identification technique

a. Due to stagnancy in the horticultural cultivation areas, nematode accumulation in the
soils has occurred predominantly in the recent years. The biological control of nematodes
using Pasteuria spp. is an eco-friendly approach for their control. The method of their
classification and identification was established.

b. The genetic homology between two local Pasteuria spp. kw-1 and kw-2 was found to be
91%, where as that of two species deposited in GenBank, (P. penetrans, AF375881 and AF
077672) was found to be 99%. This implies that the local Pasteuria spp. KW-1 and KW-2 were
genetically heterogeneous to that of the previously deposited species.

c. In order to prepare specific probe from Pasteuria spp., the 16s rRNA gene was amplified
from chromosomal DNA of Pasteuria and 'Pas F-R' sequence was used as prospective probe
for its identification.

d. Identification of Pasteuria spp. directly from soil was attempted, but failed to obtain any
results. However, the detection of Pasteuria spp. using the probe is possible if there would be

an easy method for Pasteuria spp. isolation from soil samples.

2. Development of formulation for P. penetrans and Safety evaluation

a. P. penetrans can be successfully suppressed Meloidogyne spp. in the melon,
lettuce and tomato and this suppression effect will increase in the repeated cultivation.

b. P. penetrans was viable under wide range of pH levels and temperatures, and this
bacteria can be used for biological control of M. arenaria.

c. The suppression effect of P. penetrans KW-1 after formulation was above 77%, it
is similarly the suppression effect of P. penetrans KW-1 endospores.

d. When administration of 1.7x10° endospores P. penetrans KW-1 WP to rat (SD),
there were no residue in the small intestine, large intestine and paunch, no phenomena
of congestion, decoloration, bleeding around the rat's mouth, congestion, and no

discoloration near the anus and genital organ after 7, 14, 21 days.

_10_



e. After the administration of 1.7x10° endospores P. penetrans KW-1 to SD rat, above
92% bacteria were exhausted in the feces at the first day, and no bacteria were found
on the 7, 14, 21 day's feces. The LDso value of P. penetrans KW-1 in rat was above

1.7x10° endospores.

3. Analysis characteristic and mass production of P. penetrans

a. In order to mass produce P. penetrans with tomato in the field, firstly P.
penetrans was activited for 60 min at 50C mixed with Meloidogyne spp., and the
mixture of P. penetrans and root knot nematode was centrifuged (3000rpm, 5min), then
shaking at 140rpm for 12hrs, effective attachment was obtained.

b. Meloidogyne spp. attached with P. penetrans were mixed with soil, and injected
to 12-weeks-old tomato root at the level of 15,000 J2. After 40-50 days, mass P.
penetrans were harvested.

c. Tomato hairy root were obtained with the method of transformation by
Agrobacterium rhizogene (strain A4). After attachment by shaking at 140rpm for 12hrs,
P. penetrans and root knot nematode were sterilized with 0.5% sodium hypochlorites
solution, then injected into 12-weeks-old tomato root around, mass P. penetrans were
harvested.

d. Proliferation of P. penetrans in vitro by hairy-root needed 35 days, it is faster for
about 12 days than that proliferation in the field which needed 49 days.

e. Although it is possible to proliferate the P. penetrans with hairy root, there were
several demerits such as contamination of medium, deficiency of nutrition after the
decoloration of hairy root, and low re-appearance, high-cost, it is necessary to study

deeply in the future.

4. Development of techniques for rapid and precise identification of root-knot nematodes

a. Survey was conducted on the distribution of root-knot nematodes (Meloidogyne
spp.) in vegetable production areas in Korea. Soil samples were collected from
greenhouses in Sungju (Kyungpook), Pusan (Kyungnam), Yeoju and Pyeongtaek

(Kyungki), and Goheung (Chonnam) provinces. Using the female enzyme phenotypes of

_11_



MDH and EST, the four major root-knot nematodes, M. incognita (MI), M. arenaria (MA),
M. hapla (MH), and M. javanica (MJ) could be identified. The major species of root-knot
nematode found in Sungju area were MA, MI, and few unknown species of Meloidogyne
sp., and in Pusan area were M| and unknown species of Meloidogyne. In Goheung
area, MH and MJ were identified. MH and MA were detected in Yeoju and MJ and Ml
were found in Pyeongtak area.

b. Isozyme phenotype analysis was conducted for the identification of major
Meloidogyne species. Two to five fresh females of root-knot nematodes were isolated
from infected plant roots and used for isozyme phenotype analysis. Electrophoresis was
performed and esterase and malate dehydrogenase were stained. The phenotypic
characteristics of esterase and malate dehydrogenase could separate the 4 major
root-knot nematode species and unknown species of Meloidogyne isolates in Korea.

c. Partial mitochondrial DNA from single female or second stage juvenile (J2) of
root-knot nematodes was amplified by PCR (Polymerase chain reaction), and the further
analysis by RFLP (Restriction fragment length polymorphism) provided discriminatory
profiles useful for 4 major Meloidogyne species, MA, MI, MJ, and MH in Korea. The
sizes of PCR product (1.7 kb and 500 bp) and restriction patterns obtained from single
female nematodes were consistent with the results from single J2 within the same
species. MH was easily differentiated from the two other root-knot nematode species by
the size of the PCR products. A fragment of 500 bp was generated from MH, while
MA, MI, and MA produced an 1.7 kb fragment in PCR amplification. MA and MJ could
be distinguished from MI by analysis of restriction enzyme digestion by Hinf | or Alu I.
Hinf | had no digestion site in mitochondrial DNA of MA and MJ; however, it generated
1.3 kb and 400 bp fragments in MI. Alu | digestion resulted in 1 kb, 460 bp, and 250
bp fragments in MA and MJ, but showed different digestion patterns in Ml by generating
800 bp, 460 bp, 250 bp, and 150 bp fragments. MA and MJ could be separated by
Mse | digestion in that MJ produced the 85 bp while MA showed 160 bp in the biggest

size of band.

_12_
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Fig. 6. Pasteuria penetrans
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1) 32 +4= & FAA =Y
P. penerans KW-1, KW-24] 7 2] 16S rRNA FAX 4 o3 EF{

P. penerans KW-1, KW-2A4|12] sporeE 5 ®2lst7] $stel 719 Bacillus sp.
spore ] WS WSt NaBrs o83 dAEeHE |83ttt Pasteuriarltto] 3
slel e 2 vikE nematodeE spatulare} syringeE AH-&35te] E41skal 15,000rpm 10
o AAEE gth dojxl AFdd NaBrg 0.25g/mee] HFTF=E= 7hstar & AolErh
o] & Beckman Table-top ultracentrifuge©l] %= polycarbonate tube°l 0.5m¢(<] NaBr(1.0 g/

+

m! of DW.)E Y& 5 spore’} %£3E A& 05mS ZAAHA HoFH, oju] F Fo
2olx kA 3l =49 tube= Horizontal rotorE ©]-&3}o] 15000rpmo 2 10E7F 94
g o] M| spore bandE LETE o] FE A Lol spore bandE ol HirF /SOl
8|48k & thA] 15000rpmo. 2 104%3F YAl slo] HF:H oz 4w sporeE AT
Pasteuria®| i+ ©] DNAZ 2#|3a}7] 93] 1x10%ells/ml 5mlS 3 ate] 7] oz &
T spores @ SFATE olF 10E1F B T, dAEY o AR pelletl] lysozyme
200¢0 (25mg/me)E 7tk AE stk dAEAS 37TolA 307 wjdd & SDSE
2%= FH7bstel thA] 37TCelA 3017 RESAIAT. AAEE F Aozl pelleto] 33
washingS 3t ¢ RNase®} proteases *]2|3}o] 7}7z} 37T} 55T oA 303} 24 (et
WAl o AaliE F AolA pellets TE buffer 500001 &€ dto] a3 v] 73} LB
iAo =uft ate] & AR LARE dolEdth edde] e Ao ddd
sample®] glass bead®} phenol/chloroform/isoamyl alcohol (25:24:1)8 &% >3 %
Mini-Beadbeaters ©]&3}o] 30%7t 43] A sle] Aol sampled] FAH <= DNA
ek
9 Weog Aol Pasteuriadt©] DNAZFE 16S rRNA F%2te] 5% LS eubacteria
&  universal primer?l fD1(5- AGAGTTTGATCCTGGCTCAG -3")3 r1P2(5'-
ACGGCTACCTTGTTACGACT -3)%& co]&3to] PCREM R F3stsiom Wz
94T 15%, 50C 30%, 72C 1% 30&3F Whg-S 283] WHEslgith. %€ W=+ pGEM-T

easy vector A| =818 o] &3lo] F2Y3E T labeling sequencing ol F=3to] G744

il



S EA43A Y. 971 E B4 GenBankell 55 % Pasteuriad 2] 16S rRNA &7 #}<}
Hlx B3t e, vla #4 WHE cluster WHS o] 83131t}

P. penerans kw-1, kw-24] 7 9] interspace(ITS)F A& £4 o] 93 EF

HAA 7 A Pasteuriadl it 2] ITSA S AF7F o] Fo] X x| ¢kol A A2 primers ©]
S3tt. WA forward primer 5-GAAAGGCC(A/T)CGAAAGAGT-3'9} reverse primer
5'-CGGGTACTTAGATGTTTCA-3'E ©|&3te] 94T 15%, 50C30x, 72T 2%9¢] cycle=

28 WHESle] dojx Wi=ZE pGEM-T easy vector systemS ©o]-&3to] S22 313t

RAPD 9l 9|3t Pasteuria A9 £4
Operon technologies (Alameda, CA, U.S.A.)dA] do == OPB01~20 primerss ol A
Aukx o7 Atol] o] Zo] ALEE = 8702 PrimersE 4174 (data not shown)d}o] o] &

o GC o2 77t 50~60%78 =oltt.

primers DNA sequences (5'-3")
OPB-05 TGCGCCCTTC
OPB-06 TGCTCTGCCC
OPB-07 GGTGACGCAG
OPB-08 GTCCACACGG
OPB-10 CTGCTGGGAC
OPB-11 GTAGACCCGT
OPB-12 CCTTGACGCA
OPB-14 TCCGCTCTGG

PCRYF&-2 91T 15%, 42T 15%, 72T 1%10% 9] cycle® 38¥ HlE-3lo] ozl ub
$EF EA4Z¢ ME=ZE pGem Teasy vector systemo 2 FE2Y3 T 7 dS A3
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P. penetrans KW-1, KW-2 A ] &2 2] SDS PAGE £4.

= 28 ¥ P. penetrans KW-1, KW-22] spore= samplex}A| o] %42 3tAI= 2 H =
g ZAo]l Erbs stk Wi SR AREE= MI, MAE control® AF-8-3fo]
22 o] 9] samplest W dtuz}t dt¢ltt. P. penetrans KW-1, KW-2 1x10°cells/m¢ 4
A% s, pellete 1nlel PBS(pH7.0, 1mM PMSF)ll #| &€l skgich. o] 0.5
mnl 39| glass bead®} &3 3le] Mini-BeadbeatersE ©]-83to] 30x7t 43 Az 31
Zh A Abelol = 30%7F iceol XA sto] ol oF @A) EHAbS FHAs) stazt kSl
t}. o] % 15,000rpme & 10%1F A4l sha, s F 0.5mS 3kl 80%° *st:
2 ASP(Ammonium sulfate precipitation)d}o] =38}t Ao FHEES TS A &

gk, HE 20w PBS(pH7.0, 1mM PMSF)Z ¢ SDS-PAGE(poly acrylamide gel

My e
-

=
IS
o
(o

electroporesis)] sample® A}-&3} it}

A7) oz FE ek AA g AS 5xLaemmli sample buffere} 1:49] Fujvjz &
stsla, 12% =2 +£Hl" SDS PAGE geldl 4] Bio-Rad(Hercules, California, USA)A}<]
mini-protean I system3 ©]-&3lo], 100V ¢ Aoz 1A 5e A71d% 3kt A7)
9% 95 % Bio-RadAl¢] silver stain plus kit2 o]&3te] FA3E % protein band

pattern< 4] 3}Slth.
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3) DNA probeE ©]-&3% Al x7]54 % monitoring 7] 72

o] fFHAE o] &3 TAH& ML
P. penetrans KW-1, KW-22] 16S rRNA 3z EXoA ZdFy FEEE 59

=

sequences &<l & & QdAd, olE nHIWO=  Pasteuria 5°] primer=A

PasF(5-CTCCCCTTGGGGAGCGAG-3’), PasR(5-CGTCATTTCTTCTTCCCG-3)& A= 3}
At} o] primer sets ©]83l¢], Pasteuria penetrans KW-1, KW-2& 333 Bacillus %

Alicyclobacillus groups® #F& 5333

E %ol A9 P. penetrans 2 = monitoring 7] & 7|

Bl L& o] 9= Pasteuria®l AHEEE o] FAAE o] &dle] AHEr]
stol 2o WS AlEE Y. Pasteurias s =% sample 0.5 200mesh
sieveE Alg3le] A&t} o]F 0.2g2 0.5g glass beadet &3t3laL, 0.5me] TE buffers
7}gtr. olF  0.5mle  phenol/chloroform/isoamyl  alcohol  (25:24:1)%  7}&bar,
Mini-Beadbeaters ©]-&3}o] 30%7t 43] A sle] dolxl sampled] FIAH o2 DNAS &+

Z st
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1) §74 BAe B ERAA &9

P. penerans KW-1, KW-24] 7 2] 16S rRNA FAX 4 o3 EF{
Aol Ao 7|3k Pasteuria Mol S50 =g e ofEwo] dRem, o
Ho A ARES d7]e 27 W gy os

B ole] g AT pAssich B A
2 HERAS 2

2

Pasteuria®} A&=zx2 %
S T AAT(Fig 7).

spore &

-
15,000 rpm x 10min

15,000 rpm x 5 min
Fig. 7. Isolation of Pasteuria spore. using NaBr density gradient centrifugation

PCRE &3l 3%+
71 9all A EEE 7 AT (KW-1, KW-2)E AF8-31 T
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L Pasfereria penefravs kow-1
1 Panfeieria peretran bv-2

Fig. 8. PCR amplification of 16s rRNA gene using P. penetrans KW-1, KW-2 total DNA

A7 E4LS labeling sequencing ¥ o2 319 1L, NCBI2] Blast search program
S AbEsle] #45kt. 16s rRNA gene sequence®} ¥+ homologyEs HYo=, & 2
ol Al8¥ spore =-FEe W3, Pasteuria spore® F-El o] | DNAEZHol &3 %9
S ghel slith(Fig 8). ol F AlEx=o ZAL cluster WHS o]&3lo] GenBankdl] =¥

Pasteuria 16S rRNA 1 x}9} ] 54 3}9th(Fig. 9, 10).

AGTTTGATCCTGGCTCAGGACGAACGCTGGCGGCGTGCCTACTACATGCAAGTCGAGCA
CGCTCCCCTTGGGGAGCGGAGCGGCGGACGGGTGAGTAACACGTGGATAACCTGTCCA
GAAGTCGGGGGATTACCCCTGGAAACGGGGGTCAATACCGGATACGCTCTCTGGATCGC
ATGGTTCGGAGGGGAAAGGTACCTTCGGGTGTCGCTTTTGGGTGGATCCGCGGCGCATT
AGTTGGTGGAGGTAAGGGCTCACCAAGGCGACGATGCGTAGCCGGCTTGGGAGAGCGG
ACGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAA
TTTTCCGCAATGGGCGAAAGCCTGACGGAGCGACGCCGCGTGGGTGAAGACGGCCTTC
GGGTTGTAAAGCCCTGTTCATCGGGAAGAAGAAATGACGGTACCGGTGAAGAAAGCCCC
GGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGGGCGAGCGTTGTCCGGGATG
ATTGGGCGTAAAGGGCGTGTAGGCGGATGTATAGGTCGGGCGTGAAAGGCACGGGCTC
AACCCGTGTAAGCGTTCGAAACGGTGCATCTTGAGTGCGGTAGAGGGAAGCGGAATTTC
TGGTGTAGCGGTGGAATGCGTAGATATCAGAAGGAACACCGGTGGCGAAGGCGGCTTCC
TGGACTGTTACTGACGCTGAGGCGCGAAGGCGTGGGAGCAAACAGGATTAGATACCCTG
GTAGTCCACGCGGTAAACGATGAGTGCTAGGTGTAGGGATGCTCAGCATCTTTGTGCCG
AAGGAAACCCATTAAGCACTCCGCCTGGGGAGTACGGTCGCAAGGCTGAAACTCAAAGG
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AATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGATGCAACGCGAAG
AACCTTACCAAGGCTTGACATCCCGATGAAAGGCCACGAAAGAGTGCCGTGCCCCCTTC
GGGGGGAGCATTGGTGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTT
GGGTTCAGTCCGCCCCCTCGGGGGGAGCATTGGTGACGGGTGGTGCATGGTTGTCGTC
AGCTCGTGTCGTGAGATGTTGGGTTCAGTCCCGCAACGAGCGCAACCCTTATCTCCGGT
TGCCAGCACGTAAGGGTGGGCACTTTGGAGAGACAGCCGGCGAAAGCCGGCGGLCLCGGL
GGGGATGACGTCAAATCATCATGCCCCTTATGTCTTGGGCTACACACGTGCTACAATGGC
CGTTACAGCGGGAGGCGAAGTCGCGAGACGGAGCGAATCCCAGAAAAGCGGTCTCAGT
TCGGATCGCAGGCTGCAACTCGCCTGCGTGAAGTAGGAATCGCTAGTAATCGCGGATCA
GCATGCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCACGGGG
GTGGGTCACACCCGAAGTCGGTGAGGGAACCTGGTTCGCCAGGACCCAGCCGCCGAAG
GTGGGGCTCGCGACTGGGGTGAAGTCGTAACAAGGTATCCTA

Fig. 9. Pasteuria penetrans kw-1 16s rRNA gene

AGAGTTTGATCCTGGCTCAGGACGAACGCTGGCGGCGTGCCTACGTCATGCAAGTCGAG
CACGCTCCCCTTGGGGAGCGAGCGGCGGACGGGTGAGTAACACGTGGATAACCTGTCC
AGAAGTCGGGGATTACCCCTGGAAACGGGGGTCAATACCGGATACGCTCTCTGGATCGC
ATGGTTCGGAGGGGAAAGGTACCTTCGGGTGTCGCTTTTGGGTGGATCCGCGGCGCATT
AGCTAGTTGGTGAGGTAAGGGCTCACCAAGGCGACGATGCGTAGCCGGCTTGGGAGAG
CGGACGGCCACACTGGGACTGAGACAGGGCCCAGACTCCTACGGGAGGCAGCAGTAGG
GAATTTTCCGCAATGGGCGAAAGCCTGACGGAGCGACGCCGCGTGGGTGAAGACGGCC
TTAGGGTTGTAAAGCCCTGTTCATCGGGAAGAAGAAATGACGGTACCGGTGAAGAAAGC
CCCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGGGGCGAGCGTTGTCCGGG
ATGATTGGGCGTAAAGGGCGTGTAGGCGGATGTATAGGTCGGGCGTGAAAGGCACGGG
CTAACCCGTGTAAGCGTTCGAAACGGTGCATCTTGAGTGCGGTAGAGGGAAGCGGAATT
TCTGGTGTAGCGGTGGAATGCGTAGATATCAGAAGGAACACCGGTGGCGAAGGCGGCTT
CCTGGACTGTTACTGACGCTGAGGCGCGAAGGCGTGGGGAGCAAACAGGATTAGATACC
CTGGTAGTCCACGCGGTAAACGATGAGTGCTAGGTGTAGGGATGCTCAGCATCTTTGTG
CCGAAGGAAACCCATTAAGCACTCCGCCTGGGGAGTACGGTCGCAAGGCTGAAACTCAA
AGGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATACGATGCAACGCG
AAGAACCTTACCAAGGCTTGACATCCCGATGAAAGGCCTCGAAAGAGTGCCGTGCCCCC
TTCGGGGGGAGCATTGGTGACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGCT
GTTGGGTTCAGTCCCGCAACGAGCGCAACCCTTATCTCCGGTTGCCAGCACGTAAGGGT
GGGCACTTTGGAGAGACAGCCGGCGAAAGCCGGAGGAAGGCGGGGATGACGTCAAATC
ATCATGCCCCTTATGTCTTGGGCTACACACGTGCTACAATGGCCGTTACAGAGGGAGGC
GAAGTCGCGAGACGGAGCGAATCCCAGAAAAGCGGTCTCAGTTCGGATCGCAACTCGCC
TGCGTGAAGTAGGAATCGCTAGTAATCGCGGATCAGCATGCCGCGGTGAATACGTTCCC
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GGGCCTTGTACACACCGCCCGTCACACCACGGGAGTGGGTCACACCCGAAGTCGGTGA
GGGAACCTGGTTCGCCAGGACCCAGCCGCCGAAGGTGGGGCTCGCGACTGGGGTGAAG
TCGTAACAAGGTATCCTA

Fig. 10. Pasteuria penetrans kw-2 16s rRNA gene

b1

AFITIZE]

AF0TT672

AF25EY

34638

AXNEIZ59
Fig. 11. Phylogenic tree of Pasteuria spp. based on 16S rRNA gene sequences
98-35 : P. penetrans, 35, KW-1 : P. penetrans, A|5%, AF375881 : P. penetrans,
USA, AF077672 : P. penetrans, USA, AF134868 : Pasteuria sp., USA, AF254387 :
Pasteuria sp., USA, U34688 : P. ramosa, UK, AX083259 : unidentified organism.

16S rRNA F AR5 o] &3l Pasteuriasli<]
H 7 wEF(KW-1, KW-2)7tll= 91%9] Fd#AE YEHAIL, gene bankol| 5%
AF375881(P. penetrans, V|=)¥} AF077672(P. penetrans, V] =)7toll= 99%2] =& I3
AE YeErd ATH(Fig 11).

o

P. penerans KW-1, KW-24 i 2] interspace(ITS)fH A &4 93 &7

Pasteuria A3t 2] ITS regionol] thdt A= obz By vl gloh, wifo] & Ao A
© 16s rRNA gene 9] specific sequences} dntd o2 Al&3}= 23S primergs Al-&3}
o] 16s-23s rRNA ITS regionol| o3+ sequencings A% 3tAY. SE2Z23 F 5 EF
T 5, = large®} small o F ©@¥o] FZH Q)
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1 - penedrepis kwe ] 115
1P peneirems kw3 TR

Fig. 12. PCR of Pasteuria spp. ITS region

AGTCGTAACAAGGTATCCCTACCGGAAGGTGGGGATGGATCACCTCCTTTCTGGAGTTTT
GTCAGGCACTCTGCGCACAGATGTGATTCACTCTTCGGTTGTGAAGGAATACCCTAGCGG
GGGGTGGGGAGTATTTTCCTGTTCCCCCTTTGGTAGACTTCAATGTGGTATTTTTAGTGTC
GTATTTATGTAGTATATGGGGCCATAGCTCAGCTGGGAGAGCGCCTGCCTTGCACGCAG
GAGGTCAGCGGTTCGATCCCGCTTGGCTCCACCATGCGTACCTTGCCAACTACATTATGG
ATGAAAGAGCGTAGAGCTGTCCTCGTTTGGTTGGGTCAAACGAAGAAGGGCACACGGTG
GAGGCCTAGGAGCCAAGTGCCGATGAAGGACGGGGCAAGCGCCGATATGCCACGGGGA
GCTGCAGGCAAGCTGGGATCCGTGGATTTCCGAATGGGGAAACCCGCCTGTGTGGAGCA
CAGGTATCCGCAGGCTGAAGTGAGTAGGCCCGCGGAGGGTAATCAGGGGAAGTGAAAC
ATCTAAGTACCCG

Fig. 13. Pasteuria spp. KW-1 ITS(large fragment 518bp)

AGTCGTAACAAGGTATCCCTACCGGAAGGTGGGGATGGATCACCTCCTTTCTGGAGTTTC
ATTAGAGCACTCTTATGCATAGATAGCCATTACACTCTTCGGTTGTGAGGGAGCGAAGCA
GGCCGAAATCGGTTTTCTTCCCTCCCTTTTCGTACCTTGCCAACTACATTATGGATTGAGA
GAGCGTAGATCTGTTCCCGTTTGGTTGGGTCAAACAGAGAAGGGCGCACGGTGGAGGCC
TAGGAGCCAAGTGCCGATGAAGGACGGGGCAAGCGCCGATATGCCACGGGGAGCTGCA
GGCAAGCTGGGATCCGTGGATTTCCGAATGGGGAAACCCGCCTGTGTGGAGCACAGGTA
TCCGCAGGCCGAAGTGAGTAGGCCCGCGGAGGGTAATCAGGGGAAGTGAAACATCTAA
GTACCCG

Fig. 14. Pasteuria spp. KW-1 ITS(small fragment 407bp)
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AGTCGTAACAAGGTATCCCTACCGGAAAGGTGGGGATGGATCACCTCCTTTCTGGAGTTT
TATCAGGCACTCTGCGCACAGATGTGATTCACTCTTCGGTTGTGAAGGAATACCCTAGCG
GGGGGTGGGGAGTATTTTCCTGTTCCCCCTTTGGTAGACTTCAATGTGGTATTTTTAGTGT
CGTATTTATGTAGTATATGGGGCCATAGCTCAGCTGGGAGAGCGCCTGCCTTGCACGCA

GGAGGTCAGCGGTTCGATCCCGCTTGGCTCCACCATGCGTACCTTGCCAACTACATTATG
GATTGAGAGAGCGTAGATCTGTTCCCGTTTTGTTGGGTCAAACAGAGAAGGGCGCACGG

TGGAGGCCTAGGAGCCAAGTGCCGATGAAGGACGGGGCAAGCGCCGATATGCCACGGG
GAGCTGCAGGCAAGCTGGGATCCGTGGATTTCCGAATGGGGAAACCCGCCTGTGTGGA

GCACAGGTATCCGCAGGCCGAAGTGAGTAGGCCCGCGGAGGGTAATCAGGGGAAGTGA
AACATCTAAGTACCCG

Fig. 15. Pasteuria spp. KW-2 ITS(large fragment 516bp)

AGTCGTAACAAGGTATCCCTACCGGAAGGTGGGGATGGATCACCTCCTTTCTGGAGTTTC
ATTAGAGCACTCTTATGCATAGATAGCCATTACACTCTTCGGTTGTGAGGGAGCGAAGCA
GGCCGAAATCGGTTTTCTTCCCTCCCTTTTCGTACCTTGCCAACTACATTATGGATTGAGA
GAGCGTAGATCTGTTCCCGTTTTGTTGGGTCAAACAGAGAAGGGCGCACGGTGGAGGCC
TAGGAGCCAAGTGCCGATGAAGGACGGGGCAAGCGCCGATATGCCACGGGGAGCTGCA
GGCAAGCTGGGATCCGTGGATTTCCGAATGGGGAAACCCGCCTGTGTGGAGCACAGGTA
TCCGCAGGCCGAAGTGAGTAGGCCCGCGGAGGGTAATCAGGGGAAGTGAAACATCTAA
GTACCCG

Fig. 16. Pasteuria spp. KW-2 ITS(small fragment 407bp)
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165 | | | | 215

P. Pergtrans Kw-1

Sma A | [ng” Pl BeainH |

|
| |
1635 || | it ot F Fenetrans Fw-2

Fig. 17. comparison of restriction enzyme recognition site
A 2l % large fragmenti--oll tRNA® 2212
A o2 eyt T3 large fragment o i3k A& A4 BgllE A& st
I okw-20] A RE AGE g4 X 7F FRlE 1L, Small fragment®] 7 -9-oll= Bglll A|gF&E
AAE 55 7L 1o 1bprt #Fo]lE B Uh(Fig. 17).
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k> ru&

RAPD ol 9] 3t Pasteuria A2 ¥4

RAPDEX S 9l38l, P. penetrans KW-1 A DNAES F¥oz AL&3th. random
primer= Operon technologies (Alameda, CA, U.S.A.)¢] OPB-05, 06, 07, 08, 10, 11, 12,
145 AR&sto] thdd band patterns A ATH(Fig. 18). ©l5 0.5kbell A 3kb7h#] €] 203 9
®2 7}53%k bandE elutiondli pGEM Teasy vector system I o cloningdt & 7] A <E
= AA A HFig. 19).
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M 1

P2
Lad
.

il
=
-1

] o1 M

M size standard (1 kb ladder)

1 : BAPD product by primer OFB-D5

2 : RAPD product by primer OPB-D6

3 RAPT product by primer OFB-07

4 ; BAPD produst by primer OPB-03

5 : BAPD product by primer OPBE-10

6 1 RAPD product by primer OPE-11

T BAPD produst by primer OPB-12

4 : BAPD product by primer OFPBE-14

9 : Positive control {Fac s sp, IFO3336)
10 : Positive control ([S-prafechasterium ENT3)

Fig. 18. Pasteuria penetrans KW-1 RAPD band pattern

C1 2 3 45 & 7T 8 210C C 1112 13 14 153 16 17 1% 1920 C

O size marker {pGEM T-easy). 3.0 kb
120 - maniprep of recombimiant plasmids barbaring RAPD prodocis

Fig. 19. Cloning of lane 6 RAPD products (0.5~3.0 kb)
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A71M4d B4 T NCBI9] BLAST search program® 2

o] ol M GFIE matching® A FEethes AHE At} o|HnL

71E AT AR A flSo 2, RAPDO w3t FE AMES wud 4 = reference
7b 7] wiEo® FAH T
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P. penetrans KW-1, KW-2 A ] &2 2] SDS PAGE £4.

= 28 %¥ P. penetrans KW-1, KW-2¢] sporet= sample#t#| o] 4% A= 233
N @l fA o] Brbs stk wol Bl diZFe] samples d& 7 Ae WHOE,
STAFA MA, MIo e ez Ay dx duwds d2 5 P penetrans’t 74
A e MA MIolAd A& AA A patternzt vl ste] 54 %<l P. penetrans

w2z patterns A3AF A

=

0 =ize marker
1 ¢ MA-F1min bodled
2 MI-Smin botled

3 Ppeastrans kbws | =5min boiled
A Fpenerrans bw-2-3min boiled
5 MA
£ Ml

| T Ppenefrans kw1
8! P penstrons low-1

a8 Fig. 20014 & 4= 9l%o], P. penetransE EI3t= wl=of
=2 vt EA A P. penetrans M A bandE <l o 5 ¢l

b =
prep. Al HHH, Pasteuria ¢t AFWE w58 £eat7] olg7] Weow gzdr
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3) DNA probeE ©]-&3% Al x7]54 % monitoring 7] 72

Eo] fAAE o] &3 FAHs MY

Pasteuria sp.oll tjgh 7]& A5 Ao FE3 2 AT RAPD datael tish +
A BI7F2 P. penetrans KW-1, KW-29| ] gt 5] probe Aoll= ofelgo] Wkttt 5o
probeol| thdt A=A =o]7] $15te] P. penetrans KW-1, KW-2 chromosomal DNA®] A]
etk Aol 45 E 16S rRNA #Fdate] ¢7] 4 49& 7]E database’del 47] A4
I oAl SFATHFig. 21). F 24709 el tigk 16S rRNA frdztel] djgh Aol A
Pasteuria spp.oll &l So]4< 5 72 sequenceE <l 319 il(data not shown), ©] 4
oo a4 specific probes A& st Bl TR ARSI E 22709 #F F B
o w g 8709 wFE AMESte] 5ol probed] WIZHEE <l aFSth. &3 16S
rRNA F325 ¢4 Hom FEste] z7 59 dA DNAS ol meE SEZAFE F

238} shazk &k
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AY123969. (0.0031)
AY123968 (0.0033)
AF375881 (-0.0111)
AY266367 (0.0236)
af077672 (-0.0031)

U34688 (0.0386)
ab042060 (0.0734)
ab042062 (0.0582)

ab059681 (0.0318)
4|:Lab060166 (0.0021)

aj493667 (0.0040)

af460985 (0.1121)

af072474 (0.0713)
af028349 (0.0483)
af028351 (0.0456)
af028350 (0.0903)
| ay631853 (0.1190)
m23927 (0.0937)
u88891 (0.0651)

m11212 (0.0696)
aj010962 (0.0899)

x60619 (0.0689)
726921 (0.0541)
aj243920 (0.0522)
— aj496807 (0.0535)
226939 (0.0509)

ab116123 (0.0417)

x55062 (0.0510)

d16291 (0.0606)

| ——e227 00187)
226926 (0.0234)

L
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ab042060 |Bacillus schlegelii gene for 16S ribosomal RNA, partial sequence

ab042062  |Bacillus tusciae gene for 16S ribosomal RNA, partial sequence

ab059681 |Alicyclobacillus cycloheptanicus gene for 16S rRNA, strain:DSM 4007
ab060166 |Alicyclobacillus acidocaldarius gene for 16S rRNA

abl116123  |Bacillus sphaericus gene for 16S ribosomal RNA, partial sequence, strain:S33

af028349  |Clostridium fusiformis 16S ribosomal RNA gene, complete sequence

af028350  |Clostridium cocleatum 16S ribosomal RNA gene, complete sequence

af028351  |Clostridium indolis 16S ribosomal RNA gene, complete sequence
af072474 | Clostridium difficile strain 79685 16S ribosomal RNA gene, partial sequence
af077672  |Pasteuria penetrans 16S ribosomal RNA gene, partial sequence p-20, p100

af375881  |Pasteuria penetrans 16S ribosomal RNA gene, partial sequence

af460985  |Uncultured Sulfobacillus sp. P3-5 16S ribosomal RNA gene, partial sequence

aj010962  |Clostridium quercicolum 16S rRNA gene, strain DSM 1736(T)

aj243920  |Bacillus halophilus 16S rRNA gene, strain DSM 4771T

aj493667  |Alicyclobacillus acidocaldarius subsp. rittmannii 16S rRNA gene

aj496807  |Amphibacillus xylanus 16S TRNA gene, strain DSM 6626

ay123968 |Pasteuria penetrans strain kw-1 16S ribosomal RNA gene, partial sequence; and tRNAM® gene, complete sequence

ay123969 |Pasteuria penetrans strain kw-2 16S ribosomal RNA gene, partial sequence; and tRNAM® gene, complete sequence

ay266367 |Pasteuria penetrans strain PpTH 16S ribosomal RNA gene, partial sequence

ay631853  |Bacillus subtilis 16S ribosomal RNA gene, partial sequence

d16291 Sporolactobacillus racemicus 16S TRNA gene

109227 Saccharococcus thermophilus 16S ribosomal RNA

116902 Thermoactinomyces dichotomicus 16S ribosomal RNA (16S rRNA) sequence
ml11212 Heliobacterium chlorum 16S ribosomal RNA

m23927 Clostridium barkeri 16S small subunit ribosomal RNA

u34688 Daphnia endosymbiotic bacterium 16S ribosomal RNA gene, partial sequence
u88891 Desulfotomaculum halophilum strain SEBR 3139 16S ribosomal RNA gene, partial sequence
x55062 Bacillus thuringensis 16S ribosomal RNA

x60619 Bacillus larvae 16S ribosomal RNA

726921 Bacillus thermoruber gene for 16S ribosomal RNA

726926 Bacillus thermocatenulatus gene for 16S ribosomal RNA

726939 Bacillus thermocloacae gene for 168 ribosomal RNA

Fig. 21. Phylogenic tree of Pasteuria sp. and various strains based on 16S rRNA gene

sequences
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P penefrans bow-1
1 P penetrans kw-1
s Aficyclobaciiie aodocaldariies KOCM 41045
s Alicyolobacillus aoideferrestriz KOCM 41046
s Affeyolobacillis croiohertanions KCCM 41047
: Beeillus subtliny KOTC1666
1 Bacillus ficheniformir KOCM 11378
1 Bacillus Hcheniformiz KOCM 41412
: Bacillus cereus
y f-profechacterim ENTA

()

LAt

= R P

Fig. 22. (A) PCR product of 16S rRNA gene. (B) PCR amplification of specific sequence

using Pasteuria specific probe. (C) Southern hybridization of (B).

Eo] probeE o] &3 Z HFFo I BAM o= P penetrans kw-1, kw-20] A=

380bpa 719l  Hol HrIMLde] FTEHHUSMW, Bacillus subtillus KCTC16663%
—-proteobacterium KNU30|A Eo] A7|EdH % & band®} Eo] A7|A<EHT} 50bAH =
2+e T Y band?t FE wHUTh T3 P penetrans kw-1o4 ¢ Eo] drME ZZ &
S probeE A3l southern blot analysisZ ¥ P. penetrans 5°] 971 A E Rt 50bpH =
Z+& bandoll A ¢F3F signale] AR}, P. penetrans E0] 97] A o] o]F Tl A% £
AHE7F 28 16S rRNA A zkel A frefistad 7] wZol Wi A7 Ll gk homology 7}

A Aoz d48H tH(Fig. 22).

E 44 A9 P. penetrans ¥ %= monitoring 7] & &

Pasteuria spp.9] Wxo]| w2 PCRyHSo9 kS sty ¢3te] 1x10°, 1x10%
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1x10%, 500, 100, 10 cells/mle] T =2 P. penetransE 3A3t1, U ZA 02 #4 DNA
2 2y Ak o)F Z7 9] samples P. penetrans £°] probe?l PasF-R& o] &3t &

.

e

b : size marker

1 - Ix1F cells'nf
* - ixii cellsind
F 2 1IN0 eellanf
4 - 50 cellsd
- 100 cella'ni

G 10 cellaied

Fig. 23. PCR amplification of specific sequence using various Pasteuria spore

concentration.

Fig. 239 Ao A RoF5o] 1x10°710 cells/mee] WMol A] A=A PCRYFSo] o]

FoFAE & F Ak 5 %7] F3 DNAQ P. chromosomal DNA <Fo] Z}olo] o]&f %
Hhe ZEZRo AAHE Zow Y A FuyAFoz 1x10710 cellsy/m FE

Pasteuria cell®] &S 9oz F3F & 5 vh & o vbgEo| F3HE 7§ plateau
phasedl 93 PCRe] Ao = Qlstd], A& PCRHECZS #H &8 /s & & o
B2 o]% competitive PCR¥Y % real time PCRY ol 93 HIWAw A% =2 5 IS

Ao HATH
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7}, P.penetransE ©]-&3t 2| &M F WA & $]sto] Pasteuriad it EFAAE &3t

e
a1, Pasteuriad o]l Z71 7w/ ks o)

. Aol AH&¥ P. penetrans kw-1, kw-2°] FA#AE A A3 sUloA e
H 5 TF(KW-1, KW-2)7tdl= 91%9 Fa3AE YHEWRlaL, GenBankel S5#
AF375881(P. penetrans, V| =r)2} AF077672(P. penetrans, V] =)7to] = 99%2] =& #A3
AE YeERlAT. AlsEiel o3 £423% & AFdA AR dFE 7S AelA
% ¥l Pasteuria spp.9t AtolE Holw, AR TS 7HA= Ao FRlss.

t}. Pasteuria® vl 544 PCRY 93] &3 A3 E9 4o oy o] AU
ol Eo] probeE AWdlr] 18t P. penetrans chromosomal DNACGA =Zd A&
A5 4 A+ 16S rRNA F AR A EoldQl dA7MES &1L, PasF-Re A%

ol
bt
32
Buigyi]

. AZE Eo] ProbeZ AFE3 PCRuFS-o| M Pasteuria spp.olA i Aegjs oz =&
Q7] IR Jd=Hgom, Eo] probeRE AR 7153 AL Tt}

N
L
olf
r

et = sampledl M) A3 A= 9lste] 5] probes A9 3 A, GO EY
o| A1 9] Pasteuria spp.2] EE=EA ol AlES F S o= Az HY
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el & X% (Meloidogyne spp.) 1850\t &=f2] &40
AA 6F°] HFEFHFol At Utk FEIAFTS AAXOR Fad A=A
o °F 2000 A1Fe] AES 7|FE ol&stal Stk e e g A§Ho] o}
A ol A T ‘3*01 7bsstel 1 E871 v
5, 1998). el A9, AAAMA A E AL F =
A el A &8k e EdFe] B A AAeltt 53] FUte] A5S S8 9
sto] AiE L v nAaE AaFEY g ESe] ¥
vk dAIRE g A < Aol gl A4 oe]th(Choo &
SYudtels PR S AS, SR SAE, A S Fe] SAFToR A
A

sheh A,

of rlr

4

A3, 2001).

Fig. 24. Attachment of Pasteuria penetrans on root-knot nematode juvenile cuticle
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2. As % AH

1) P. penetransE ©°]-8 3t Meloidogyne spp. Al &3 A4

P. penetrans& ©]£3 Meloidogyne spp. %A &3}

P. penetrans$} 3 S AFS Hd B FuF e 5 A7 750 mm, %0]
950 mm2] polyethylene potel 300 g¥ Wi 25CZz7io A WX s
& mEAT FECA, AY 5Y F potel Fe, AT
penetrans= ©]-&3 M. arenaria©] 3 WA ZIE= 1457 F HE S 83510 FAw ¥
=55 countingstol AT T3 A EAle] Azt wE WAlERE HAsH] fleke

el s

Azol BEnlEZ 277 Austgon, 105 To] waum

38
£y
o
>

o
o
f

stk AR AFS AT T MAE 3,000 J2/plant

'}l:
penetransZ 1x10° endospores/plant?} 2x10° endospores/plant 530 2 =83} 91t}

P. penetranse] =] W& WA &7

P. penetrans KW-1it 9 S35 d5S Edd Edol =15 42 F, 44 750
mm, =°] 950 mm<] polyethylene potell 300 g¥ Y3 25CZ7d Al WXttt Ao
AHEE EFE A JEL, EntEs AW FFozA A 59 F potd EviE
A2 359t P. penetrans KW-11F2] Wko] w& M. arenariaol| thdk WA &3}
145 Fo EntEe] Byg Foste] A FeSTE countingé}o:] AR W
Aay Age Adg+ F MAZ 500 J2/plant =02 HE3 5 P. penetrans KW-1=
3,000 endospores/plant2} 30,000 endospores/plant, 300,000 endospores/plant =2 2 A
gJsto] s

N

Wl

=
TH

rr
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P. penetrans® A Xy wE WA &3

P. penetrans KW-1¢} HIJHe|ZxFS Hyd Edd =31% H4e F, A4 750
mm, =°] 950 mm<] polyethylene potell 300 g% Y i1 25T A WA 33tk 2 E o
AgE BEge Ry dE, EvtEE ‘A3 FFoEMA AHY 54 F potdl] EviE
4785 A28t P. penetrans KW-1+9] ko] wE M. arenaria®ll gt WA &2}
= 145 Fo] EvtES] HyE F8sto JAHE e S5FE countingstel AR skl W
I Age AT T MAE 500 J2/plant T2

il 2 HF3 % 30,000 endospores/plant
FTo 2 P. penetrans KW-11 75 ESETsA et EGadryHos Helsto] 43

P. penetrans¥ Tt & A ZF Ao & WA T H
P. penetrans KW-13t=9} e S FS Htd
mm, =°] 950 mm<] polyethylene potell 300 g# %3 25 LA
AR Y B “‘blR7)” AEol1, EwlEE ‘A3 EFogM Ay 54 F potdl] EVIE
4555 A28 P. penetrans KW-27FF2] Ao w2 M. arenarial o3t WA &3}
= 145 Foll EvtE BuE FFste] P4 Y SFE countingstel HAstt W
Aay A9 A+ F MAE 500 J2/plant =52 “A %% (fosthiazate)”
509l 6 kg/10a, “T2Eg o}’ P. penetrans KW-21rF& dEA AE3E
“gtrEglo}’e] 3% w9l 3x10'? endospores/10a F=o 2 Egste] FassdTh.

@)
BN
o
=2
R
o%
B
ol
o
3R
)

2 JFW F
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2) P. penetrans| =] 4l FHEpE b E 7}

Temperatureo] WE P. penetrans KW-12] ¢tAA B 7}

P. penetrans KW-2< 15 m{ tube°| 300,000 endospores ¥ % 10C, 30T, 50C, 7
0Ce &% zHollA 60%7+ WAttt A el¥ P. penetrans KW-17} £l tubeol
M. arenariaZ 500 J2 HF3to] 1 me SF5ol 3FAeArt. 34 A4S 1247+ shakingdh
. 4000) dulAslo| A P. penetrans KW-12} M. arenaria 2] F&&& 235 5=
&2 o= 307tE] AFES AAs Rl o, Fa&dd 2ste] P. penetrans KW-2
o] 2o e tdd e s

pHol @& P. penetrans KW-2¢] <¢tAA 37}

P. penetrans KW-12 15 m{ tube°l| 300,000 endospores ¥ % pHE 4, 7, 10 2
Z70 A 6087 WXt Ag® P. penetrans KW-10] 9]l tubeol| M. arenaria
500 J2 HFstel 1 mle] Firel 3 Asqith. g A els 12431 shaking®t 5 4004
An) Z 3ol Xl P. penetrans KW-13} M. arenaria ¢ F2&& g3t} Fa&2 o=
30 vte] AdFs Aot Flstdon, FaEo] 9ste] P. penetrans KW-19] pHell o
g bdA HI7HE S %

e
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3) #|&a] P. penetrans2] & Fof n]x]i= o &k

P. penetrans®] REHAEAFAE AT AJAs AL

P. penetrans KW-1¢} B3 SH5S Hitd Edo] s 42 &, A4 750
mm, o] 950 mm<] polyethylene potel 300g% P i 25CxAoA WA &gt AH
AbEE B “‘blR7)” AEol1, EwlEE ‘A3 EFogx Ay 54 F potdl] EVIE
= A28tk P. penetrans KW-11 2] "o w2 M. arenaria®] gt A&7}
= 145 Fo] EntEe] Bus Fodto] JA4E
Aay A2 A5+ & MAE 500 J2/plant 5 HE3 5 Triton x-100, Skim
milk, Tween 20, NK-VN, NK-SLS, NK-D425 67}# AW AE 5% F+S=Z 30,000
endospores/plant®] P. penetrans KW-1i 52} &3}ste] #1dd WAgaxE HAAste] At

of AEA5A FAFE st

N
N
2l
i
2
>,

S ZE countingdte] gt W
=

A A A= P. penetransd] t3 HE=& H7}

Triton x-100, Skim milk, Tween 20, NK-VN, NK-SLS, NK-D425 6713 AW A=
5% G~=°. % 30,000 endospores/plan®] P. penetrans KW-11F9} &3}3te] 4T 2710 A
670, 1270147+ W3ttt P. penetrans KW-12 ZF A|@ A2 tubeol =7 3 1 me
SHFITE At e, M. arenariag 500 J29} Z3}3le] shaking (140rpm, 28°C)12A]3t
Sk & 4000 #Avw| At A P. penetrans KW-12+ M. arenaria 2] #2&%& A3} F
&2 o= 30 endosporesEs 47gste] gl own, Bz oste] P. penetrans

KW-19] AF A gl e 4Es B7bE A dsi

o

P. penetrans®] A|¥sle] & WYAEH HA

P. penetrans KW-1(15%) <3}#1<} P. penetrans KW-1-2- 300,000endospores/plant <~
FO & 500 J2 MASE 7 Hytd Ede] aF S F, 24 750 mm, #=°] 950 mme]
polyethylene potell 300g# @il 25T ZzlolA] WAttt A ALEH EGS ‘277
FElN, EntEE ‘A" FFoaM A 5Y F potdl] EvtE 4FHE A2 st P
penetrans KW-12] M. arenaria®l]l W3t WAl E3e 14F Fo] EntgEe By Z J=8slo]

G el S48 countingstel AW shel whE wAEIE 245

O

=
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4) P. penetrans KW-1 A& s}ol] w2 k7 d 7}

1. P. penetrans KW-12] #| & 3}

P. penetrans KW-15 thd o2 34 & o
KW-15 tid o2 A dg dxxs Adate] fad%9 A4
o g vt HEAlE Adete] BEAE o3 5A4S A
o] £& 7t s B FaT3 The A& AAste] A E o] &3t

FolA Y AxHgLe HA GAY AUSGA BEAE ST e, 14
mill 2 & 33te] Al ZskA gt o] uf air mille] &3]3 5-8 kgficm3o] ™ &2 9 =+ 10umeo] 5}
£ 7l o g} o]F A sto] Alx¥ Tl wokde At AA RS Fed e B
= S5t dA7E ol A AF & A RE AMRSHA HedH AP o] 32 18 WelE

F0o 2 3ta, 24 x = 325meshol] ) sto] 98% o] Ato] & i} x) o of sk},

’

Hﬂ
N
ok
o
fm
i
>
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>

)
e
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D
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o
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fox2
ol
o

K

)

gl

)

S
o)

3

IS

(/)

A

=
fo,
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2. P. penetrans KW-1 A @ 3}o) o} & F A 4

TIAGE O] AF 2 T R ALY Toll AR LR A A= A7

AT DA R FANHA AFA A hF AES A s
FokAS) AGP L AT FF BN Aol A mskel FAH olshatel W
82 gAstolof st AZA R Aokow BgHow wedAe] BrlHel SN o v

[
il
K
ro
2
T
i
o
v}
G2
1o,
o2l

A kA . a2 A H S P. penetrans KW-1 | & 31 ~
717keteh Ao B4 o) MElE BEete] AlFe] 52 5 71HS AsHA A

3. P. penetrans KW-1(15%) 53 #1¢] FAATE5A 2L HAAXANE

3

$EAEHTA A2004-35 VAR FoF] SHAE PN L FF APAF AE NF
of wel FAATEA % MY dAEER aSDAE)E AESAT. 2L 94
& F o5 72 5vhE A9 RARE, tA BES FEARY ARBT solA 79
A, RAE 2 A% AT F AU AAE Aaste] Aol o] g5l
o
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Table 1. Weeks and Weight of Rat(SD) in experiment

Rat Female Male
Weeks of first 6 weeks 7 weeks
Rat weight of fist (g) 170.7(165 - 179) 185.3(179 - 193)
Weeks when oral
o ) 7 weeks 8 weeks
administration
Rat weight when oral
223.3(215 - 229) 204.7(197 - 209)

administration (g)

Rate] A& Z@7lw o] E ARSAFAF (420%260x180mm)ol]l it 23 () etz
Hlol @ o}, =S Zol oF - & 77 2w AN RS % 21+1C, Al
5 5525%, T AIE 12A17H L7 8A] ~ 82| frAletAA ALE S S5 Hold)

B4 DHARRBAE(F),

2 %
gokel W@ F Af M ZTHTable 1).

) P. penetrans KW-1 $=3}H|(15%) Fof oFaF =474 2L ofA] Fof
P. penetrans KW-1 F=3tM Fojofake Al E o] FHFo dAEsIgoH, AdE=
o] A= 20mle] Teflon Cap VialS o] &3dto] I s & S/HTE 7Feto] &l 31 A

A ZAste] 1.7x10% endospores 02 A I 57 ratd] Folale] A FL FHEA
=

P. penetrans KW-1 ==3tH| Fof7fA] oF 12413 HEH AAS A7l 5 ratd 44 F
A7l (Zonde)S o] &3ke] Al @ 1.7x10% endosporesS A T= o] AAFe] 3o
o] 3 - 4A7F T AR E ARSI

sttt

& 24
AT 9 FR UL GzTA Aobgls AAE olsEa
A

t}) P. penetrans KW-12] U] zHFof A9 & of F
P. penetrans KW-12] U] ZH{gHEE sletslr] 98 iz o3 4 HF 21+

of =AM A%, HA, #AF, v, 9%, 2% 2 dEe AEste]l AN 7, 14, 21
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=

Axke] rat(SD) WA Pasteuria 3415 Foidk Ael ¢} tfxTolA AU P. penetrans
KW-1 Eof 25 slstlon 2k Aels 423 #3o 8 vyo e At
P. penetrans KW-12] A& wl& &S metslr] & 1, 7, 14, 2134 2tz &9

o

o

o =

X

3 3lko] rat(SD) 7HA¥ P. penetrans KW-1 F3}AE Fol3lt Az e 24 EW9

°] P. penetrans KW-1¢] HjZol 5 Flstqlon 7; A2l d3ld SRR ol

=] At

=
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2. 23 92 n%F

1) P. penetransE ©]-&3t Meloidogyne spp. WAl a3 #HA

P. penetransZ ©| €3t Meloidogyne spp.o| tf ¥ WA &z

]2 o] &8 P. penetrans KW-1°] M. incognitad] ot WAl g7 d oA 1x10°
endospores/g medium AT 34.5%, 2x10° endospores/g medium A ¥ FE 60.2%9
WA &3S UehHItHTable 2). A5E o] &3 WAl g3 3= 1x10° endospores/g
medium & 7 3.0%, 2x10° endospores/g medium ] 7= 38.9%°] WA EFH}E }E
o] P. penetrans KW-15 o] &3}o] wF gl 5432 M. incognitas AT 4+ g A
ox ATHATt wed  AFES A3 H 1x10° endospores/g medium A TE=
54.4%, 2x10° endospores/g medium A 7= 77.2%¢ WA EHE ER o] Al7te] A
5 YAZA7E 05 =4 dErst(Table 3).

Table 2. Suppression effect of Pasteuria penetrans KW-1 (PP) on reproduction of
Meloidogyne incognita in melon croppinga)

Treatments No. of galls/root Suppression effect (%)

MA J2 5,000 80.7 -
J2+PP 1x10° endospores/g

, 52.9 345 a
medium
J2+PP 2x10° endospores/g

. 32.1 60.2 a
medium
Control 0 -

? Data are means of 6 replicates. Means within a column followed by the same letter are not

different according to Duncan's multiple-range test (P< 0.05).
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Table 3. Suppression effect of Pasteuria Pasteuria penetrans KW-1 (PP) on reproduction of

Meloidogyne incognita in lettuce continuos croppinga)

First cropping Second cropping
Treatments Suppression No. of Suppression
No. galls/root
effect (%) galls/root effect (%)

MA J2 5,000/plant (N) 150 - 330 a -
N + PP 100,000
endospores / g 147 3.0a 150 b 54.4
medium (T1)
N + PP 100,000
endospores / g 92 38.9a 75¢c 77.2
medium (T2)
Control 0 - 0d -

2 Data are means of 6 replicates. Means within a column followed by the same letter are not

different according to Duncan's multiple-range test (P< 0.05).

9 S o] &3 P. penetrans KW-22] 38330 gk LAlgda3del A 1x10°
endospores/g medium 2] 7= 26.7%, 2x10° endospores/g medium AT 62.9%°]
HAEHE el tHTable 4). EvEES o] &3 MAIEFAPAME 1x10°
endospores/g medium AT 55.9%, 2x10° endospores/g medium A TE 92.1%]
WA g 2E YERU o] P. penetrans KW-25 o] -&3te] BFH =450 M. arenarias "3l
3 £ e Aow AT I EntEES A% 4$ 1x10° endospores/g medium
A2 7= 85.1%, 2x10° endospores/g medium & 7= 93.2%9] WA &S e o] Al
rol AdrE WAl Z 97 6 A dElwti(Table 5).

P. penetransS ©]&3to] Meloidogyne spp. "3 A7} 7153k 1o =2 ety
g gy oz #AFE ATt o]y gt YA Alxro] Azl 7| B3ste] v=F &
P. penetrans7t E &l ZHFate] thg Al eSSl oS Wol AT S glv]

3 Ao g FokE) o]k P. penetransg ©

s i 2
e PARNE AT 5 gov], BAZA FE SN PA B4 PHel vt
_]

oo
o
j=
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Table 4. Suppression effect of Pasteuria penetrans KW-2 (PP) on reproduction of
Meloidogyne arenaria in melon cropping®

No. of Suppression No. of egg Suppression
Treatments
galls/root effect (%) mass/root effect (%)

MA J2 5,000 87.5 - 243 b -
J2+PP 1x10°

i 64.1 26.7 b 40 a 83.5 b
endospores/g medium
J2+PP 2x10°

i 325 62.9 a 3.0 a 87.7 a
endospores/g medium
Control 0 - 0a -

2 Data are means of 6 replicates. Means within a column followed by the same letter are not

different according to Duncan's multiple-range test (P< 0.05).

Table 5. Suppression effect of Pasteuria penetrans KW-2 (PP) on reproduction of Meloidogyne

arenaria in tomato continuos croppinga)

First cropping Second cropping
Treatments Persentage of  Suppression No. of Suppression
root galled effect (%) galls/root effect (%)

MA J2 5,000/plant (N) 85.0 - 460.6 a -
N + PP 100,000 37.5 55.9b 68.8 b 85.1
endospores / g
medium (T1)
N + PP 100,000 6.7 92.1a 314c 93.2
endospores / g
medium (T2)
Control 0 - 0 -

3 Data are means of 6 replicates. Means within a column followed by the same letter are not

different according to Duncan's multiple-range test (P< 0.05).
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P. penetrans®] Yo W& WA &

M. arenaria 500 J25 FHE3 3 P. penetrans KW-1 o] T WA A3 oA 30,000
endospores @ Tol A 71.7%, 300,000 endospores Aol 80.8%, 3,000,000
endospores Aol A 91.2%¢] WAlEIE YEble], P. penetrans® CWE7F ESTH
0 =2 MAEZHRE 7S & don, F7gtel] A e SdSo] 7dste] dFsA

A
o] 7beste] drHor WAL 5 Jd& AeR e i(Table 6).

Table 6. Suppression effect of Pasteuria penetrans KW-1 (PP) on reproduction of Meloidogyne

arenaria (MA) in tomato®

No. of Suppression  Height of plants Wht. of plant Root wt.
Treatments
gall/root effect (%) (cm) (g/plant)  (g/plant)
MA J2 500/plant (N) 1117 - 171 a 1749 a 294 a
N + PP 30,000 334 71.7 a 170 a 1729 a 272 a
endospores / plant
N + PP 300,000 226 80.8 a 176 a 173.8a 28.0a
endospores / plant
N + PP 3,000,000 103 91.2a 178 a 176.7 a 256 a
endospores / plant
Control 0 - 179 a 175.6 a 26.6 a

? Data are means of 6 replicates. Root galls, leaves weight, root weight, and Height of total
leaves were examined 12 weeks after planting. Means within a column followed by the same

letter are not different according to Duncan's multiple-range test (P< 0.05).
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P. penetrans® A Xy wE WA &3
M. arenaria 500 J2Z % %3 % P. penetrans KW-1 (PP) 300,000 endosporesZ 4t
W] whel e A AP EFHe] 54 Aol 80.8%, EFxW A
& Ag oA 53.4% WAERE HERRAT EGEst A TelA xHAe TR £
A QA ELS BAERE UERE 5 9l <& P. penetrans’} £ zlo] 10~50 cm
5

Aol AEsh= Fel ST fGA F2E 5 7] "Ioleha ddEti(Table 7).

e

&

rr
o
[-'O

Table 7. Suppression effect of Pasteuria penetrans KW-1 (PP) by different treatments to soil

on reproduction of Meloidogyne arenaria in tomato®

Suppression Height of plants Wt. of plant Root wt.

Treatments No. of gall/root
effect (%) (cm) (g/plant)  (g/plant)
MA J2 500/plant (N) 1117 - 171 a 1749 a 294 a
Intimate mixture with 226 80.8 a 176 a 173.8 a 279 a

soil (N + PP 300,000

endospores / plant
Spray at soil surface 549 53.4b 177 a 1719a 215a

(N + PP 300,000
endospores / plant)

Control 0 - 179 a 175.6 a 26.6 a

? Data are means of 6 replicates. Root galls, leaves weight, root weight, and Height of total
leaves were examined 12 weeks after planting. Means within a column followed by the same

letter are not different according to Duncan's multiple-range test (P< 0.05).
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P. penetrans®} T}E A X Z Ao & WA|&3 vl

M. arenaria 500 J2Z %3 5 P. penetrans KW-1 2] 7%= 80.8%, U H oA A|¥E3}
H grEFol A F= 28.9%, wHldl T 5¥ A FE(fosthiazate) A 2] -+ 93.8%<] Al
EHE YeErAT. P. penetrans KW-1x1 2] -7} U 2o A AFstE st~Egol AT
Hlale] & UAERE Yebd ¢
e e s e o] o] HY] wiigolw, e HYEHF YAAR s5H s
& (fosthiazate) A 2] ol Hlgte] WA EI7F b2 2 WA R A3 o] potoll A X 8 &}

=
B ZAFe] olF 5ol 2 vste] AFHRUY] woleta FAkElth(Table 8).

Table 8. Suppression effect of Pasteuria penetrans KW-1 (PP) and nematicides on

reproduction of Meloidogyne arenaria in tomato®

Suppression Height of plants Wt. of plant Root wt.

Treatments No. of gall/root
effect (%) (cm) (g/plant)  (g/plant)

MA J2 500/plant (N) 1117 - 171 a 1749 a 294 a
N + PP(Korea) 226 80.8b 176 a 173.8 a 28.0a
300,000 endospores /
plant
N + 6ppm 73 93.8a 182 a 170.2 a 26.5a
Fosthiazate / plant
N + PP(Japan)300,000 837 289c 178 a 179.8 a 274 a
endospores / plant
Control 0 - 179 a 175.6 a 26.6 a

? Data are means of 6 replicates. Root galls, leaves weight, root weight, and Height of total
leaves were examined 12 weeks after planting. Means within a column followed by the same

letter are not different according to Duncan's multiple-range test (P< 0.05).
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2) #|&e| P. penetranst] S| W 2}ElH qt#HMdef o]zl 8l

Temperatureo] W& P. penetrans KW-12] ¢tAA H71

P. penetrans KW-12 T}t &= F o 60&3+ *8]d & M. arenarias}te] F-2H4
oA 70T, 50C, 30T, 10C9 2=z stollA Z+Zt 96.7%, 96.7%, 98.9%, 96.7%<]
F2AES YEAT, metA] 25 96%01d e F2&S el o] P. penetrans KW-1 ©]

%)
SExAsA s =T ¢ S Aoew dddn. =3 FoF AAA

10~70TC =
<527 BHE 60C A=dS st u P. penetrans KW-1S o] 8-31o] | 3l= 8o
APsE = S Ao 7 AR ETH(Table 9).

Table 9. Attachment rate of Pasteuria penetrans KW-1 with Meloidogyne arenaria under
different temperature

Temperature Times of treatment Attachment rate
(C) (min) (%)
70 96.7 a
50 96.7 a
60
30 98.9 a
10 96.7 a

P. penetrans KW-13 T}oF3k Az 7oA 60%-3F 223 3 M. arenaria$}e] -2+
goll A pH7F 10, 7, 4704 Z}7} 82.2%, 90.0%, 86.7%<] F2&S YeEbUldT), kA
2%0°] o] F-z28-8 Ueldo] P. penetrans KW-10] pH 10~4 Z A3}l A <tA 1A
it 5 9e AeR wudEnh $YUe BE%e] 4S, BEE pH 55-6.09 WS 7
= e ueE@ W P penetrans®] pH 4~10¢1A4 ¢ AE Thed e g EF

pHOl X = P. penetransol] thst W7} 71ss Aoz dvkdc(Table 10).

Nl

%
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Table 10. Attachment rate of Pasteuria penetrans KW-1 with Meloidogyne arenaria

under different pH

Times of treatment Attachment rate
P (min) (%)
10 822 c
7 60 90.0 a
4 86.7 b
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3) #H|& o] P. penetrans2] & &of n|i|i= o &k

P. penetrans®] A EAEZFAE AT AFASE AF

M. arenaria 500 J2& HZE 3 & ¥ AW AE P. penetrans KW-19} &35l 4=
3w WA A ol A Triton x-1004 2] 1= 79.6%, Skim milkx] 2] 7= 78.9%, Tween 203 2]
T 79.5%, NK-VNA 2] 7= 80.4%, NK-SLSHZ] 7% 78.0%, NK-D4253 2= 77.5%,
aEal FAYE 79.8%0 WAEINE YEATh ot AWdgAete] EskA gt
FAE A FARE Al ERE Vel thddt AW A7 P. penetransell thato] A=
& Ao dkEti(Table 11).

=)
&%

[
]

e A

Table 11. Suppression effect of Pasteuria penetrans KW-1 (PP) mixed with different surfactant

on reproduction of Meloidogyne arenaria in tomato®

, Height of
Suppression WH. of plant  Root wt.
Treatments No. of gall/root plants
effect (%) (g/plant) (g/plant)
(cm)
MA J2 500/plant (N) 1117 - 171 a 1749 a 294 a
N + PP 300,000 226 79.8 a 176 a 173.8 a 28.0a
endospores / plant (T)
T+5% Triton x-100 240 79.6 a 181 a 174.6 a 27.3a
T+5% Skim milk 236 789 a 185 a 191.7 a 28.2a
T+5% Tween 20 242 79.5a 184 a 180.2 a 29.1a
T+ 5% NK-VN 219 80.4 a 167 a 176.4 a 29.7 a
T+5% NK-SLS 246 78.0 a 181 a 197.1a 304 a
T+5% NK-D425 251 775a 172 a 182.0 a 28.6 a
Control 0 - 179 a 175.6 a 26.6 a

? Data are means of 6 replicates. Root galls, leaves weight, root weight, and Height of total
leaves were examined 12 weeks after planting. Means within a column followed by the same

letter are not different according to Duncan's multiple-range test (P< 0.05).
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AP A &2 P. penetranse] td AEE Ft
thFet Al e A S P. penetrans KW-1 (PP)} &3}ste] 6702 WA & M. arenaria <2
F-22 3o Triton x-1004 2] 1= 89.2%, Skim milk* 2]+ 86.3, Tween 20A 2]+
82.9%, NK-VN# 2] 7= 91.6%, NK-SLS* 2] 7" 86.8%, NK-D425%] 2] 7"+= 90.4%, 12|l
FAE = 88.7%% F-&AES UBEUWAT e AW Aete] &3k FA 2 g

FAFEE B&Z8S el o] vkt AW A A7 P. penetransol thete] BEo = J S F
2] 9= Ao AdE ti(Table 12).

Table 12. Attachment rate of Pasteuria penetrans KW-1 trated by different surfactant with

Meloidogyne arenaria

Times of treatment

Surfactant (month) Attachment rate (%)
Triton x-100 89.2a
Skim milk 86.3 a
Tween 20 829a
NK-VN 6 91.6a
NK-SLS 86.8 a
T+5% NK-D425 904 a
Control 88.7 a
P. penetrans®] A 3@ 3o W A& AA

M. arenaria 500 J25 HZ3 F P. penetrans KW-1 43#|(15%)2} P. penetrans
KW-1< 300,000 endospores/plant =5 2 A gld WAl gZadd o)A z+2zt 77.5%, 78.7%
WAEZNE HeEbd oy, 194 Aol 7t yEbbA] e¥kth. wEkAl P. penetrans KW-15
Al Gz AGstE AAstel = P. penetrans KW-1¢] 2] 54 5o et &4dS 78
1 gon, Aygste] AAR & F7F RET 5 US oz dgEti(Table 13).
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Table 13. Suppression effect of Pasteuria penetrans KW-1 (PP) and Pasteuria penetrans

KW-1 WP (PP-WP) on reproduction of Meloidogyne arenaria in tomato®

Suppression Height of plants  Wt. of plant Root wt.
Treatments No. of gall/root

effect (%) (cm) (g/plant)  (g/plant)
MA J2 500/plant (N) 1238 - 154 a 163.2 a 293 a
N + PP 300,000 264 78.7 a 156 a 163.8 a 28.0a
endospores / plant
N + PP-WP 300,000 279 775 a 158 a 159.8 a 274 a
endospores / plant
Control 0 - 158 a 165.4 a 26.3a

3 Data are means of 6 replicates. Root galls, leaves weight, root weight, and Height of total
leaves were examined 12 weeks after planting. Means within a column followed by the same

letter are not different according to Duncan's multiple-range test (P< 0.05).

_73_



4) P. penetrans KW-1 A& s}ol] w2 k7 d 7}

P. penetrans KW-12] #| & 3}
P. penetrans KW-12] ¢, a5 Ao & st= A5 AATA RN 7teds S7F
Az ol &t AMBGA = F& 2 B0l FH A 2% dg HEES A AT B4
o2 85 = Hlo]2 Al Al polyoxyethylene alkylaryl ether / polyoxyethylene alkyl
ethere} o]24 A& A lalkyl sulfate, lignosulfonate, naphthalene sulphonate
formaldehyde condensates 5 g o2 AES AAsle] A BAS Hole 2FS A
et i AEFeke] hAd B FaFIE g REAEE F7] F=4 < silicon dioxideE
Anrste] Aol &85t 156% 3] 3415 A5kl th(Table 14). o] #
olste] Al xH F3A Alme FoFHE U AAL S i dsts et BEeE SA% 4
I, A7)l F-gtete] e

453l tH(Table 15).
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Table 14. The selected prescription for Pasteuria penetrans WP

ltem Subsidiary material Contant (%)
Active ingredient Pasteuria penetrans 15
wet/dispersible agent Nonionic SA 3
Supplemental agent Silicone dioxide 2
Carrier Kaolin 80
Total 100

Table 15. The physico-chemistry property of Pasteuria penetrans WP

Item Condition
Appearance Light gray powder
Size 6.9 um
Wetting property Good
Pulverization Good
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P. penetrans KW-1 A @ 3}ol| w & Z A& A FAA

FoA A 85 A2 Bae v, dAHA Ao g2 ARE 7AWl o]steA 54
HES A3, BAAASE Alg7F st HuA et st o (& 15) P. penetrans
KW-19] &4dS AES A3 FAUA ZFel7F vebbA] gof 50T oA 28U B
aho] = 9k gt = Wk o]y e A= Aol A 3l Ae Aol e sow
A F e Al 359k A% Ao = A ti(Table 16).
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Table 16. The store safety property of Pasteuria penetrans WP

Times® (days)

physico-chemistry property

0 14 28
Color Light gray Gray Light brown
Size 6.9 um 7.4 ym 8.1 im
Wetting property Good Good Good
Pulverization Good Good Good

2 Times under 50 C condition.

P. penetrans KW-1 523 71(15%)2] A2 754 2 HYAAE

>,
nd
it
N
[-'O
E
173
D
c
3
Q
X
EU
o
Lot
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2l 1.7x10%ndosporeso] ] A & 7]
R XA AZE A s A sk, ek oAl A7 AFHH AlE A 7|1kl
AA Bold FEFA4S RFEA ol AFEA WHEAALFEH(LDs)S > 1.7x10°

endospores® 2ol = St}
L) A st

Ao o] g® TE AFMA 0, 7, 14, 21L4 =] MAE AF72L Fusl )
o] A2 Hol AT FAE gz vluste] {227k $lth(Table 17).
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Table 17. Weight of rat after oral administration of Pasteuria penetrans KW-1

Weight of Rat £+ SD

0 DAT 7 DAT 14 DAT 21 DAT
Male 2255 + 495 284.0 + 424 352.0 + 8.49 395.0 + 7.07
Treatment®
Female 207.0 + 2.83 2195 + 3.54 2280 + 566 236.5 + 2.12
Male 217.5 + 6.36 274.5 + 6.36 311.0 + 28.28 367.0 + 1.41
Control

Female 202.0 + 1.41 220.5 + 6.36 229.0 + 7.07 241.0 + 9.90

4+

a) Oral administration of Pasteuria penetrans KW-1(1.7><108endospores);

b) Days after treatment.

th) P. penetrans KW-12] AW zHE o H-9} 9] wj& of -
AFMNA 7, 14, 2192} rat(SD) 71 A¥ P. penetrans KW-1 34| & Fofst A 2] <}
el ez AglelAe] A FRo R vUFe o, 2%, i, 9, AH,
2, #A4, B Ao A 25 P. penetrans KW-1 Alito] WA % %] ekgku},
Al NAl 1,7, 14, 2142} rat(SD) 7§21 P. penetrans KW-1 314 E Fo
o x4 EWolAM e Pasteuria WiZ=ol -5 1o zt A dAI FAOE U
Ho] 2Tt P. penetrans KW-1 3tA|S |3 rat(SD) <A
oA o]kl 92% o]l 1.6x10° endosporesE 18 4 9glon,

o] rat(SD) ¢AH I FH e BWolA BF P penetrans KW-1 A& 3H7381%] %3},

2}) P. penetrans KW-1 Al $38}A4] FJo| m& F4407
Algel X 7 DAT, 14 DAT, 21 DATol A<= F73 47lel diste] 310& A
Alstglom BE JRACA A%, tA, 9, A, 2, #J, vl tixatel Hlste] =3
ot} WAlo] WA eFgkow, rate] YFolol oy, FFZF, Frolyt AT F9,
A =

do wae] WA erskeh AAHOoR FHd W7
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4. A% Q%

ol ol A3 EvwlE P. penetransE ©]&3}lo] Meloidogyne spp.ol U

& AP Ay 25 AT BARIdE YEhlen, o] WA &=

L. P. penetrans KW-12 10~70TC ¢ &% W pH 4~109 B9 oA <t alA
AES = s Aoz AFH Ak 29 pH A HAsA AET = Lo

2]
OFd Bz A FEEe] B sdss AT + de AoR AR

¢
il

th. P. penetrans KW-1 F3tAlE o] &3l HElSHdFo HAads H
78% ©]’d JEtwon, APdsE st PHSHFY A4S S of AT
Ao Atz T

o
(o
)
i

+
o,
o

2t P. penetrans KW-1 $3A15 o522 rat(SD)ol ZA7FUAez 1.7x10°
endospores®] P. penetrans KW-1 A 7, 14, 219 & AW 2%, A&, 9 5 A7)d =
T oREESHA] gkston, Edolut AW FAdo]l YEhA Rk, rate] gl &,
&

A7Z, PR A7) F9, Dol wAle] WAHA et

1.7x10° endospores P. penetrans KW-1
HEEE AS gesioy, 7, 14, 214 &4
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Fig. 25. The picture of Pasteuria penetrans endospores
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Fig. 26. Life cycle of the root-knot Nematode and Pasteuria penetrans

a8y P. penetrans< ©]-&3dto] B Fel tigte] WA ZAIE gkt o Al
o] B Z Al ik Hfri B o m sto Aol wlg oy AAFelth o]yt
Aoz @2 YgldAM P. penetranse] S AF ek WA gdE G Qo) st
sto] BE ST WAAR AFEEHA] Stk v=e] Fg, 70d o= AR P. penetrans
b EAeE Aol EYS ol &sto] AL AEANAY S HdE WAAE AFEEHT] =
EIs

i B Ao eE XA EvlEE o|fste] adAHoE P penetransEs W
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2. As % AH

1) P. penetrans¥} Meloidogyne spp.7+e] =34 EAEA

jubd
(o
jubad
M

Meloidogyne spp.= R P. penetranse %713t & AR E Wt
T 5e v 4 (x400)3 ol A Qo2 30WtEle] MES AuEle P, penetranse] Aol
g FRER A=t SAEAS dgsidv. 4P P. penetrans KW-13} KW-22
100,000 endospores 4~ % M. incognita, M. arenaria, M. hapla Z}Z} 500 J2<9} &3}3}
o 1 mee] Saoll 24 sko] A4 E2](4000rpm, 4%)E %18 36t3l

_I.z

ol

2) P. penetrans®] Meloidogyne spp.7+2] & }2 ¢l F2H7] <)

P. penetrans KW-17} 29 M. arenaria A%< EvIE 45159 HgFwd zFe
gom, A& A= polyethylene pot (217 750 mm, =°] 950 mm)ol| “H}ZA” 4 E 300g
A ga EvtEES AAste]l 26TCTx7A FA s A3 ErnfEs AR 555 ]
L5l en, Bagde 75 o EviEe I E £330 P, penetrans KW-12] 7| A4~
£ countingste] AAstAth. A FAA7=S g2lstr] fste] MAE 500 J2/plant <+
o2 #H#F3 % 300,000 endosporese| P. penetrans KW-1i59} &3}3}o] 1) shaker
(140rpm, 24hrs); 2) Centrifuge (5000rpm, 5+%); 3) Shaker (140rpm, 24hrs) after
centrifuge (5000rpm, 5+); 4) Shaker (140rpm, 24hrs) after centrifuge (3000rpm, 5&) &
W o R FAste] EviEES o] &3 tEFTAZES It HA o FRV|ES Ads

A
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3) EntEE o]&3t P. penetranse] tl=Ful 7=

P. penetrans KW-13} KW-22] M. arenarias ©| &3 F2 a3}

P. penetrans KW-13} KW-29| M. arenaria 3,000 J2& #H7}5to 28C 7ol A
shaking(140rpm, 12hrs)3t & 2 &35 #2319}t P. penetrans’} F2% M. arenaria
AFe EvtE 85 Ho| HeFwd HFsidloen, oAM= polyethylene pot (473
750 mm, =°] 950 mm)ell “HFE=A” FE 300g¥% Hi EntEE G2ste] 25Tx7 A
FASAT Ao EntEE A3 FF5 ol&sidlen, SR 7F Fo EvtE]

oS sgsto] P. penetrans®| 7§ A4 E countingsto] A7 8}tk

P. penetrans®] XMW 3l W& F23F3

P. penetrans KW-17} F2¥ M. arenaria A%< EvlE 87X 9 5w HFE3)
Ao, Ago= polyethylene pot (217 750 mm, ¥=°] 950 mm)oll “HIZ7]” HE
300g¥ Wi EntEE AAste] 25T A fFAstth. AP EnfEE A3 #F
TE o] 839 , A EYNE T Fo EntES] B E Fgste] P. penetrans KW-1
o] A <E countingste]l A4t 28-S P. penetrans KW-1 300,000 endorspores=
10T, 30T, 50C, 70T =z°l4 60 A2l§ 5 M. arenaria 3,000 J2&5 #7Feto] 1 ml
o] ZHSol 3 Asle] 28T F71olA shaking (140rpm, 12hrs) dto] RFA 7 3 Entg

o HEHA
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P. penetrans®] pH W 3ld] o & F4 33
P. penetrans KW-17} #-2t¥l M. arenaria A%< EvlE 8FH. o Hu]Fwd HFs)
gom, Ag s polyethylene pot (217 750 mm, =°] 950 mm)ol| “B}27” A&
300g% ¥ EntEES AAste] 26T FAsIAT. APAA EvlEs “AM3 3+
TZ ol&sten, SAENdE 75 Fol EviES WS F848to] P. penetrans KW-1
ARt A¥e P. penetrans KW-2 305+ vt2]E pH 4, 7,
8 7oA 60% A2 & M. arenaria 3,000 J2& H7}8to] 1
Farol B4 ete] 28C 7 olAl shaking (140rpm, 12hrs) 3fo] H-ZA7l & Eu}

1o
N
==
24
5
il
Q
@]
c
=1
=
«
ol
o
S )

P. penetrans®] EntE S A Ko WE FAHEH

P. penetrans KW-1i+57} B2l M. arenaria A%< EvtE Mg Fdo HEs9 o
o, A3l A= polyethylene pot (217 750 mm, *=°] 950 mm)ol “H}Z7” 4= 300g%
il BEvtEE AAste] 26T FAGAT. AFddA EnfEs A3 F55 ol &
st om, SAGNe= 77 Fo| EntES B E FIsto] P penetrans KW-1i52] 7l
A5 countingste] ZAstA . 2¥-2> P. penetrans KW-1 100,000 ppE M. arenaria
1,000 J29} §7 1 meel SFol g Aste] 28T FA oA shaking (140rpm, 12hrs) &}
FZAIZl & EvlE 45H, 8 12552 JFste] EntEe 5o W FHaHRE
el
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P. penetrans®] B S ZF 9 4o & HF FHaH

P. penetrans KW-1°| M. arenariaE *7}slo] 28C Z7oA F-Z3sle FHa3E
st P. penetrans KW-171 ¥-28l M. arenaria A%< EvtE 8519 ¥ el 510

HAEsR o, Aglo = polyethylene pot (217 750 mm, =°] 950 mm)ol| “v}=7” 4
E 30094 Wi EnfEE AG2Aste] 25T xAA FASHATE AFAA EnfEE “AQ”
EFETS ol&stdon, FARIAE 7F Fo EnES BElE Fsto] P. penetrans
KW-12] 7HA& countingdlel A Attt A8 P. penetrans KW-12 M. arenaria J2
S H7hste] 28C Z7 oA shaking (140rpm, 12hrs) 3to] F-ZA171 & 85 T EnlE|
1,000, 3,000, 8,000, 15,000 J2& HFstol 179 HZA S P. penetranss =2 + 3
= 21s stk

P. penetrans® HZ FAzAd @& FA&H

P. penetrans KW-1¢] tigk52 HA x| me} SHEREAES APssiet. dA
50CzAd A P. penetrans KW-15 60%7F 2] 3t Az} o] A4E](3000rpm, 5
)t 28C =AM shaking(140rpm, 12A17H)3ate]  @xpxow  RAAZIT P
penetrans KW-1 2% M. arenaria 15,000 J2/plant ++o 2 EvtE 125759 Mg FQ
of FU3 T 125 F =] P. penetrans KW-1 F2 &322 #&&ch. gz +2E P
penetrans KW-15 MA3¥} o] 28C Zz71olA shaking(140rpm, 12A17H)3te] F-2ste] P.
arenaria 15,000 J2/plant o2 EvwlE 125349 B F2

= M.
F sAaE B

D\L
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<

N

penetrans KW-1 -z}

o F9)
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4) EntEe] RS o] &3 P. penetrans®| ol @u| 7= sh

EvlEY A2 F &

el 7oA EvtE AEAE 7197 fdte] T4 Ul 2dYS 5% sodium
hypochlorites solutions ©]-8-3te] 533t A2 gk 7 1/2 B5 agar =l A7
FAeA wigstAT. AE"E TR Aol yar AEAZE FAHW ojdd
agrobacterium rhizogene (strain A4)S FAHHFE sdow, HTH EnE AHIS
Cefotaxime(250)°] %71 1/2 B5 A Aol A Alchu]Fate] el A
Lotk oy 1/2 B5 agar iAo XSt 25°C wj Aol A Alh =gt
A8

EvlE S RAZE ©o] &3 P. penetrans 7] W vl &

P. penetrans KW-18} MAZS 28C %704 shaking(140rpm, 5%)& & 3lo] F2A|
1tk P. penetrans KW-17} F2d MAE i3 500mesh sieveol T34l & 0.5%
sodium hypochlorites solutionS ©]&3}o] 5%
stoh, Hir® P. penetrans KW-171 H#-2HE MA
B-3le] 28C ZANA P. penetrans KW-12] 52
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3. 23}

)
K

1) P. penetrans®} 2| FdZ 2] Agis 5454

M

P. penetrans KW-1°] - Ful¥a]3 X% M. incognita (Ml), ZF¥e|EAZ= M
arenaria (MA), B8 2] & 4% M. hapla (MH)ol 25 95%0°]4}o] =& 285 el o]
B B4 ~g9EHS el dH, Uw A 4714 P. penetransi= 3% HEZAF T

15579 Agelw $Aus A4S vehle] WwARde] AL e web

Ul % P. penetrans KW-15 o] &3tH theket £ FASS AT F e
Ao w dAekEti(Table 18).

Table 18. Attachment of Pasteuria penetrans isolates on Meloidogyne spp.

Attachment rates (%)

Isolation

M. incognita M. arenatria M. hapla
KW-1 100 100 95
KW-2 5 100 10
KW-3 5 50 0
KW-4 0 0 100
KW-5 0 0 100
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2) P. penetrans2| H2}#Hql =N a2y 7y

P. penetrans KW-1E5 M. arenaria J2°| 423l EwlE 8FHo HFsle F23
Az, attach 1, 2, 3, 4xg el 1,000 HAZHFS A2 A 24z 1.3x107
endospores/plant, 1.1x10" cells/plant, 3.3x10" endospores/plant, 4.1x10" endospores/plant
o FAEAE  Yehhden. 3,000 #HIZHAFE AY A A7 46x10
endospores/plant, 3.4x10’ cells/plant, 5.2x10’ endospores/plant, 7.6x10" endospores/plant
o TAEHNE Yedd. 2 5 attach. 4 Wyoz F23 H gl 1,000vH] 9
3,000 wl&]9] MA A% Al Z+7Zt 4.1x10” endospores/plant, 7.6x10" endospores/plant= 7}
F E=e TAaHNE el o]y 3 A 2R P. penetrans®t MAES ¥z Al
gt shaking®lY centrifuge (5000 rpm, 5 minutes)® . th= 171& Z3¥elo]  centrifuge
(5000 rpm, 5 minutes)® dAapH o2 FZA|Zl £ shaking (140 rpm, 12 hrs)S A A &}o
FEFAES Eojof & Aoz AlRHTh i dAREYVE ol &8t FZ Al 3000
rpmzAato| Al a2 o7 FHA|7]3 shaking (140 rpm, 12 hrs)S A Ajetd oL &3

o2 P. penetrans KW-15 S48 + A& Aoz dAddri(Fig. 27).

80.0 [
—e— 1000 MA

E’ 60.0 - | —=—3000 MA
©
5
® 400
(@]
©
O
S 20,0 |

0.0

Attach. 1 Attach. 2 Attach. 3 Attach. 4
Attachment methods

Fig. 27. Mass production of Pasteuria penetrans KW-2 on
Meloidogyne arenaria according different attachment methods on 8
weeks old tomato. Attach. 1 is shaking (140 rpm, 12 hrs); Attach. 2
is centrifuge (5000 rpm, 5 minutes); Attach. 3 is shaking (140 rpm,
12 hrs) after centrifuge (5000 rpm, 5 minutes); Attach. 4 is shaking
(140 rpm, 12 hrs) after centrifuge (3000 rpm, 5 minutes) at 28C.
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3) EolEE o| &%} P. penetrans2] cf#} wffarr]=7lg

P. penetrans KW-13 KW-2¢] M. arenariaE o] &% ZF2 &3

M. arenaria J2& ©]&3to] P. penetrans KW-17} KW-2 &2 AT+ 7z+zF 3.2x10°
endospores/plant, 30 C, 4.6x10" endospores/plante] Z24 &2 Jeuydct 1 F P.
penetrans KW-2 %2 A& oA 4.6x10" endospores/plant® KW-1 Z24 @ FHt} =&
2 &2 Jedlo] F4 o] g$ gol3k Ao g FelHith w3k P. penetrans KW-1=
g AFel e 78RV KW-28t 95 bo] wlle] 49 P. penetrans KW-1&
g Sate] e Sadse] WAl o] &3 = s Ao R AR EUH(Fig. 28).

800 r
2 600 F
X
© T
2 400 | -
9] T
3 T
S 200 f
=2

00

Kw—1 kw—2

Species of Pasteuria penetrans

Fig. 28. Mass production of Pasteuria penetrans KW-1 and
KW-2 on Meloidogyne arenaria 3,000 on 8 weeks old tomato.
The attachment method is shaking (140rpm) it 12hrs at 28T
temperature.

P. penetrans®] 2x='3lo] W& F2 g3

theksl XA A 60%37F P. penetrans KW-1= 2] 3 M. arenaria J2 3,000
vhgle] R-Fslo] EwlE 8Fmol HEFstel FAF Az, 10C ATl 55x107
endospores/plant, 30C & - A= 4.6x10" endospores/plant, 50C & ol A 6.1x10’
endospores/plant, 70°C A2 oA 4.6x10" endospores/plant®] 2 Z = eEbATH
1% 50C HE] T4 6.1x10" endospores/plant® 7} =& ZFA &GS R oM,
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A% 30T A Fol Hlake] 10T 50T Al FollHes =& SHa3E el
SO}, 70C Az FolA = zbolE YERWA Ut ol# g A<l P. penetrans KW-12]

cuticlezo] A =9 WelAM A& vetdo]l FoSdFa oS agddes 7%

Ho] W2 49l P. penetrans KW-15 S23 A7 =2 dhekEo(Fig. 29, 30).

Fig. 29. The picture of mass production of Pasteuria penetrans KW-1 on Meloidogyne

arenaria 3.000 after treated 60 minutes under different temperature on 8 weeks old
tomato. The attachment method is shaking (140rpm) 12hrs at 28C.
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Fig. 30. Mass production of Pasteuria penetrans KW-1 on
Meloidogyne arenaria 3.000 after treated 60 minutes under different
temperature on 8 weeks old tomato. The attachment method is
shaking (140rpm) 12hrs at 28C.

P. penetrans?] pH W3l & F 353

theke pHEA S A 6041t P. penetrans KW-15 A2 % M. arenaria J2 3,000 v}
gol ¥Aste] EvlE g mel HFstel FTAF A, pH 4 HTelA 4.3x107
endospores/plant, pH 7 A& Tl 4] 3.3x10" endospores/plant, pH 10 %] 2] ol A 3.4x10’
endospores/plant, UBFE<k pH 5.8 A T4 4.6x10" endospores/plante] Z2 & 7E
UEFSTE 2 % pH 5.8 HE] o4 4.6x10" endospores/plant® 71d E& A g s
el e, pH 4, 7, 10 A2 FellA = B5F pH 58Kt v T4 awE YeRW o]
213k 91¢1-& P. penetrans KW-10] A& ko] pHSl 5804 744 ¢tdslA a5 H 3t
RL25)o] P. penetrans KW-12 543 5 gl Aoz s th(Fig. 31, 32).

_91_



Fig. 31. The picture of mass production of Pasteuria penetrans KW-1 on Meloidogyne
arenaria 3.000 after treated 60 minutes under different pH on 8 weeks old tomato. The
attachment method is shaking (140rpm) 12hrs at 28C.
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Fig. 32. Mass production of Pasteuria penetrans KW-1 on
Meloidogyne arenaria 3.000 after treated 60 minutes under different
pH on 8 weeks old tomato. The attachment method is shaking
(140rpm) 12hrs at 28C.

P. penetrans®] EvlE S A 5o wg FAHEH

EunlE 43 H A T4 2.2x10" endospores/plant, 8FH @] FelA  1.3x107
endospores/plant, 1255 A g T4 1.6x10" endospores/plant®] &2 &32 R LT},
1 F 478 AT 2.2x10" endospores/plant® 7Y ES FAFEHE Ve o] E
utE b o E HJA st dS =& FHEAE YEE F e 3eE dd
ot =3 EvE 1258 AT 8FH AR FAHEH} e e BysA
ol BEyRe] HAYPL ofHeu AAT F A= Y Fol Tkt ARHoR g &

o] P. penetrans KW-1& 213 A= A5 EthFig. 33, 34).
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Fig. 33. The picture of mass production of Pasteuria penetrans KW-1 on
Meloidogyne arenaria 1.000 on different old tomato. The attachment method is
shaking (140rpm) 12hrs at 28C.
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Fig. 34. Mass production of Pasteuria penetrans KW-1 on
Meloidogyne arenaria 1.000 on different old tomato. The attachment
method is shaking (140rpm) 12hrs at 28T.

P. penetrans®] A% 3o W& HAF FH 53

P. penetrans KW-17} ¥-2+¥ M. arenaria J25 F#3&lo] S243 ZA, 1,000v}
2] ol A 1.3x10" endospores/plant, 3,0007}2] 2o A 3.6x10" endospores/plant,
8,0007}2] A2 FellA  7.5x10" endospores/plant, 15,0007}z A FellA 1.1x10°

endospores/plant, 30,0007} A2 oA 1.0x10° endospores/plante] =2 &2 e
otk 1 % 15,000 A el A 1.1x10% endospores/plant® 714 =& Z=A g2 LERY
o] potoll A EWlEZE o] &3}o] P. penetrans 2 A 15,000 J2 FFo2 HgsH 713

2 S4a%e vepdta ddech(Fig. 35).
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Fig. 35. Mass production of Pasteuria penetrans KW-1 on
Meloidogyne arenaria according No. of nematode on 8 weeks
old tomato. The attachment method is shaking (140 rpm) 12
hrs at 28T.

P. penetrans®] A ZF2ZAd w& 457

P. penetrans KW-19] t&F32 HAx7d wef A e ddS xasd
A A P. penetrans KW-1 2123 A3} 1.3x10° endospores/plante] %2 &7 =
%72 9.8x10" endospores/plante] =2 & 7to] Hsle] 31.4% =S IS

t}(Fig. 36).
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Fig. 36. Mass production of Pasteuria penetrans KW-1 on
Meloidogyne arenaria in optimum condition. The optimum condition is
15,000 J2 MA attachment with Pasteuria penetrans on 12 weeks old
tomato. The attachment method is shaking (140 rpm, 12 hrs) after
centrifuge (3000 rpm, 5 minutes) at 28°C after treated 60 minutes
507C.
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4) EntEe] BAZS o83 P. penetrans® =l s shak

EntE BT § =
EntE 2 Y 299S 5% sodium hypochlorites solutiong ©]83le] 527 A
oA E SHE ol&ste] Fid AsTE AU Hud EnE F4E 12 BS

agar Wj#ol  Agate]l 25T wiFHlAM wjdete] EwkEe] o]ddlel agrobacterium

o
rot

rhizogene (strain A4)S 3 F &} t}. agrobacterium rhizogene (strain Ad4)o] HZH
oA YS Cefotaxime(250)0] H71d 1/2 B5 FAA| v x|ol A Alth wFste] defol A

TS festglen a9 373 2
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Fig. 38. Mass production of Pasteuria penetrans kw-1 on Meloidogyne arenaria in Ri-T
DNA transformed tomato hairy-root

ZIWell A el P. penetrans KW-1 o #3212 &2 , Bl
AN JIFEFol e A4S YeElE 5 AdAel e FAEYN v gol
ol A&skaL 9leol P. penetrans®] 783 wFE 913 ATE WPstr] fgtolA= oS

al
HEQE A7t Wad Ao And

_99_



Table 19. Comparision of pasteuria penetrans growth between in vitro and in vivo condition in

tomato
Growth stages after inoculation (days)
Treatment

14 21 35 42 49

in vitro Vegetative Vegetative Form

(Transfomed root) growth growth endospore
in vivo Vegetative Vegetative Vegetative Vegetative Form
(Normal root) growth growth growth growth endospore
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7b. £FZA EnEZS o] &3to] P. penetransE
Meloidogyne spp.& 50C Z=719A P. penetrans< 60 w37+ &/d3}st t}S, P. penetrans
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F A Q) R

=2 A, WA P. penetrans<}

o

[e) Sk 2=
FES 5 gk,
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sto] AT OF EnfES R4S 9

Tl A oS wigs % agrobacterium
=

At} P. penetrans3} Y3 &A%

)
of

% sodium hypochlorites solutiong ©]

Ydstol Fe] P. penetranss S

-lN

e olg3to] P penetranse 4T oy wiAZE HA L H
i
T =

- 101 -



or
o]
,_lryl
el

- 102 -



=13
-

Alell Sl

=
T

1
R

5

°©

88% =

ok

A S7}

&
T

9] (9,365ha), £°] (5,722ha), &

1

=

A A 5 o)

1980t ©]

R
i

b gieh elel A

A

[e)
(19,189ha),

. A
ahogleh S AR A A o)

=13
=1

=
T

Z7] AL v 8
=l

=
5

46,488ha=

(Ministry of Agr. & For., 1999).

H

=

I 7

(3,271 ha), EvlE (3,833ha), Ei3 (4,808ha), 7}# (300ha)

-

Ju

of wel zkE ARt LA
A v A o)

XLEQ

i}
1=

ol

Al ol A A ul =

[e)
RLn

=

i

]

2
T

7}

<
T

7]

=
=

g AFel o

ol

)

o
23!
il
Ao

X

~

M

O

3
"

o
o
7!

~

)

o
Ao
T

_Eﬁ

ol
ol

w

2ol

N

ol
S
el
°

B
l
il
o
T
o)
Ao
~X

_Eﬁ

(M. hapla)<]

=
3

A
fad

_‘|

o) 5

g

of we olel g

e

o

Fuli e 59 2 (M. incognita)

o] Holubi EGAF ulgol
slom e

}

X

A ]
o] wrobA 3 e,
SEu) A A A A of) A

17F i ®BiEo

3]

1

]

Z.O
%)

~

_Eﬂ
of

Mo
5o

)l
Ao

%)

~

;.Ofv

HH‘:L‘I

H 37 =] v
A=

5

1 M. cruciani¢t 7]

ol

(M. javanica) €]l <t FExE7}

ol

arenaria), Ad}*

fo] 2 AR AuaelA 74

9

=z
T

o] maLslo] gtk e} ofAw Al A

=

63
A 77}

o
}

=
9

pul

Aol t%

9

%2 M. hispanica
=3

or
o]

=
]

@A d®2 oy

"

o
o
Ko
7A

ol

ol

B

H
A 2o A= esterase, malate dehydrogenase

| esterase”’} F+8 &

S

-

No
X

_1_1

ol
E=t

o
i
-

B
o

olo

—_—

0

- 103 -



[€)

—

)
o
2}
i

£

9

©

o

o

(0]

=
g .
o5
9 oOBR
S
Boa
= X5
oo w
7 F
K My
iy w A
M oy el
X o
=
g ﬁw B
o
HM.M HE _#OL
o o
WoE 8
my [0]
o OE »
~ B o
"W R
Z.o o) N
v &
¥ o5 T
N B
2 @
=T W
- Mo TH
™ Mm_ W

Mo T
e

—_

jang

;Orl

el

- 104 -



H

=0

H

2. Ay 4

Fol a7 Al =] ol A

3|

AR AEE S

AE A% ANz

iy

=
K3

A

d

pe) =

E=t

)

ATl A

!

olo

el
o

0

N

7K

ol

Al A,

Bl
22

o

0
o
L

~

B
i)

s
i)

o] A uf eh<] of

S7PE R 3§92 500cce] E

s A

=}
=

et & AR HFTe

<9

A

3|

pe) =

=t

= AL A A

o

A4

oro.
o]:a

BL
o
il
o

TAR E

4C Yoo Ba

5
T

Tm

K

o] g3

=
=

w22 Combined sieving & centrifugation method

i) g sl A A A ekt

93]

e

()

Z]

H

o thgw ek EgelA AWE Ao

—_
o

%% 8 H(20% sucrose, 2% Triton

al

15}
<

B

R EL

=
=

=770l whel 2-5vte]

NS

o

X-100)

Abg-skol 4Tl A

KeN
=

& 7.5% Tris-Glycerin gel (12 wells, 10 X10 cm, 7 1 mm)

100V, 20mA<2]

ol
N

ok
=

S &7
2 A

gel

}o] Esterase (EST) 94-& 35T A=27] WolA <k 45

] =]
X o

e Ay
5 =

- 105 -



2) B =459 DNA +%7]% /1Y 2 RAPD, RFLP #4& 53 fd4t
kA Al o] A

DNA &3 ¢ AA

DNA 8 & daiA e e =dF 4ze] 45 NASBA(Nucleic Acid Sequence Based
Amplification)®} phenol/ chloroform/ isoamyl alcohol (25:24:1) WH, %< 7% DNeasy
(QIAGEN) kitE 77t o] &3F%itt.

D NASBAH & ©o]&3 A% DNA =
DNA & e 4 s A5 47@B-5 vie)es A& & J
{

O, SHTE 2 - 33 Ao F=okh ARl Ao X HFE °F 5 uld SRV A
%l microcentrifuge tubeol] &A% ths ot B2 £5 T2 v FIAEE ol &

Zol =tk npdE A 3E sampleol 300 ul®] lysis buffers % 7}sle] thA] 7

=, 14,000 xgellA 123 dAFEgste] A vk A2 tubedl &tk &AL AR
vortex3l silica, 50 ulE % 7}sle] 30 Coll4 10 ¥#3F incubationd}il, vortex$ thA] 10,000
xgoll Al 307t Alde gk AAEES Aede i JHE Alsel] 1mle] wash
bufferg % 7}3Fo] vortexst th& 10,000 xgoll Al 30x7+ YA &8 3t=dl, o]z 3 washing
step2 & 33 WrE3th. 2% th2 70 % ethanol, 1mIE % 7}3Fe] DNA precipitation 3%
23] ¥kE35l31, 1 mle] acetoneo = DNAES 1143t} sample2 56 C, water batholl A
0 #7F incubation ¢ v, viX|EFo 2 elution buffer 50 ulE %3 10,000 xgoll A 2&3t
HAAEe et DNAZE 285 ASsds = Fga ).

o

—_

@ PIC/l (25:24:1)Z o] &3 AF H
DNA Z2l& flaixe ¢4 g5 A% 4AGB-5 vtal)s A A g8 @ o
o, TR 2 - 33 o] Frh Aol Aol X HFE °F 5 ule] FHRTF AR

= oA vE gy s o] &at] & 7

ful

{
s
o

microcentrifuge tube°ll &% tha oF
o &=t} vhl®l d3 sampleo 150 ul¢] lysis buffer (100mM NaCl, 50 mM EDTA,
250mM Tris-HCI, 5 % SDS)¢} PBS &3 (2:1), 18] 3L proteinase K (100ug/ml)E 7}
skl Al S Zols The, -20 ColA 10 &3t incubation ST A4 F sample
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gata, 1 FE90] 150 ule]l P/C/l (25:24:1)2 7 7}3ke] 8,000 rpmeoll 4] 57 A 2
stk dAEYS ATt 2 Zeste] AR FHO &3 os 3M, Sodium
acetate 5ul®} isopropanol 350 ulZ §7 % 71ske] thA] 15,000 rpmell Al 20 #37F A&
Z st ARG FFde 25 HEa JdEo] 70% ethanolS H7beto] whA| 9
© % 15,000 rpmell A, 20 &3t 44E At DNAZ A =S A3z A5 30 ul®
TE buffere] o F3lot.

o2 45 Lol Fshd 3-5 upgle J25 o] &3] DNAS #E8tth. 43 A%

I AR oA RetE §FE SFTE 2 - 33 AR FFo] £o ¥ v

180 ul®] ATL buffers} proteinase K= #H7}3ste], 55 C

water bathell 4] overnightA] Z1th. Tt &, sampleol] 200 ul buffer ALS 3 7}3}o] vortex

% 70 ColAl 10 &%t incubation ¥t} Incubation$, 100 %<] ethanol 200 ulE #H7}sh

S DNeasy spin columnell %7 6,000 xgollA 1 &3+ 9428 3o}, 94

Se Wi, columnel] 500 ul®] AW1 buffere} AW2 bufferE % 7}sho],

Z+ZF 6,000 xgollA 1 w3+ YA R stk mpx|E o2 200 ul®] AE buffers 3 7)s)a,
6,000 xgoll A 1 &3+ A4&e sto] =53 DNAE 23] it
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Table 20. Major crops cultivated in surveyed protected cultivation area

Locations Crops
Sungju, Sunnam Oriental melon
Sungju, Chojun Oriental melon
Chunchun Oriental melon, cucumber
Yeoju Oriental melon
Jinju Cucumber, Pepper, Watermelon
Goryung Watermelon, Oriental melon

fuj
)
Ho
o
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k1
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ot
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rob
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o

ARANEAEE B EAF ] 7h

|
97/ 7t F 5770 w7bAlA BESAFe] HEHAY. o] 2AE a8l Adl Fa AA
A F AA Bk F 58% ool HEEAFed HdE o] glo] MeSHdF] o At
g3 7 Az Aow FAHAT. RYSAHAF §F5 dEE w7 B Al upe Hi
120~6847}2]/300cc Edo]l AZEHATE.  F7kel mebA= 2,800vtE] o] ®E HEEol A

- 108 -



243 o

Table 21. Density

cultivation areas

Faaslo By Aow Yey

and

infestation of

(Table 21).

root-knot nematode

in major protected

No. of farms

No. of farms with

Dentity/300cc soil

Locations surveyed Melo{dogy ne spp. AVG(min.~max.)
infected
Sungju, Sunnam 12 8 (80 32?844)
Sungju, Chojun 10 6 (80 f?(,5984)
Chunchun 15 10 (8 123(230)
Yeoju 31 15 (48 3‘:,8488)
Jinju 15 10 (80 52,8644)
Goryung 14 8 (64 3’2,2960)
Total 97 o7

B AZe] 4RSS o8& AHASS T AA NES f8 dedF A F
A, T2 T ST 4TS o] 83t AN 9% M=EEAdS BES A=
2 399 Zth. #7|9%F T Malate dehydrogenase (MDH) ¢S 2 A]3 & Esterase
(EST)= dAstd ngvirelEdE, SRy SAs, 93PS ds, Ay sds 5
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GAET. GTRATHF (MAS MH 0= ofelze] 270e] W=7t 94w = Mol A
45 309 WES Marker? o 8% Z% B FHF @ vhelw Ageteln Fujol
A FaMATAS 4F0] U S BT BAe) sbsah o] AL AE

o2 sl A Al AT FFAle] W= 545 vkl vh(Fig. 40).

O

MA MH MI M]J

o
WY

"L

Fig. 39. Malate dehydrogenase and estrase phenotypes detected in 4 major root-knot
nematode species of Meloidogyne arenaria (MA), M. hapla (MH), M. incognita (MI), and
M. javanica (MJ)

1 5 6 7 8 9
S O
-2 o -

Fig. 40. Malate dehydrogenase and estrase phenotypes detected in populations
collected from Sungju province. Lanes 3, 4, 5, 7, and 8 : Meloidogyne incognita,
Lanes 3 and 6 : M. arenaria, Lane 1 : Mixed Meloidogyne species. Lane 9 : Marker
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RS
M. hapla
11

No. of populations identified
12

M. arenaria M. incognita

Total
14
15
10

}o] EST, MDH

©

H &
Locations
Sunnam, Sungju
Chojun, Sungju
Yipo, Yeoju
Chunchun
Jinju
Goryung

22).

Table 22. Identification of root-knot nematodes by esterase and malate dehydrogenase

pattern analysis.
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2) W] F 4% DNA %714 71 2 RAPD, RFLP H4& E& #74
AgAA e A

Ao A Hed HEZ AFe] DNAE 1% agarose gel electrophoresisE 5 3l A
bandE &<0d 4 3A2Arh. NASBA % P/C/IE o] &3 A 529 DNALE FHA 3 vhg]d
A FEg F9 DNAZE AEHAeH, 59 49 9A 3ukglelA PCR 7Fsdh ¢
DNAZ} 25 21t}h. DNeasy kits ©]-&3% fFZFol ] Z23 DNAT Fiid o=z o] #7]

to] Al S sl th(Table 23).

ofy

i

O

uj 5] nucleic acid spectrophotometerZ ©o]-&

Table 23. Spectrophotometery of DNA amounts from 3 larvae of root-knot nematodes

Sample Sample Sample Sample Sample Sample Sample Sample Sample
No.1 No.2 No.3 No.4 No.5 No.6 No.7 No.8 No.9

A260nm 0.012 0.024 0.013 0.018 0.01 0.021  0.013 0.017 0.015

Total
DNA 0.587 1198 0.629 0.887 0.488 1.085 0629 0.854 0.752
(ug/m)
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Fig. 41. DNA extraction by NASBA method from root-knot nematode
female (0.8 % agarose gel)

M: Molecular marker

Lane 1 : DNA from 5 females of root-knot nematode (5 ul/ 30 ul)

Lanes 2-3: DNA from 3 females of root-knot nematode (5 ul/ 30 ul)

NASBAR & o] &dte] Hej5idFe] ghAlo=iH DNA £e& A= A3
407} 2k W EAFe FRORNE 1.7 R 13 kb 27] 9 DNAZF EElHlon o

71 9=r el Ky e SadEe] DNA Apo]=ef edAstal 9lth. NASBA
< o] &3 He5d35 DNA gozn no e ¥ DNAE &M
gah= Aol 7hsstAl |l

webA oleld Wem FEI DNAE HF FSaFe F4d AHgHE 5ol
primer 2! RFLP W& Apg3te] PCR A3tE 9f=¢] 7]Ha ¥ DNA e s}s} wluls
A gt

rir

A

rlo
PO |}

Mr of
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Fig. 42. DNA extracted by PCl method from root-knot nematode female (0.8 % agarose

gel)
M: Molecular marker, ¥: DNA from 10 females of root-knot nematode (5ul/20ul)
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, 1% ¥ viE| =5 E PCRO

H= T ful
4 a3k template DNAS 25 5 A%tk 4AH} %59 PCR product= #2 PCR %73t
A FLT 2719 1.7 kbE FHIN oM, FEHF] A9 bando] Aol & & %
o] frZHT} 7l sample=F-H Fr5ol Hl3l UL we o] DNAZF 5S4 + AU
tHFig. 43).

Fig. 43. PCR of mitochondrial DNA (COII/LrRNA) from root-knot nematode. Left : DNA
from J2 of root knot-nematode, size 1.7 kb. Right : DNA from female of root

knot-nematode, size 1.7 kb. MA : Meloidogyne arenaria, M| : M. incognita

PCR 2 A#arBA
58°C annealing temperature z=713tel 4 53 % mitochondrial DNA®] Z7]= %

FRATAF} PR FHES] S 17 kb, FTRAZTNE] AS oF 500 bp 1

Byt wed geRegaEe RAA AREaRARES AXA @i, PCR 2
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MA MA Ml MI MH MH

1.7 kb

500 bp

Fig. 44. Comparison of PCR amplified mitochondrial DNA (COII/LrRNA) of root-knot
nematodes. MA : Meloidogyne arenaria, M|l : M. incognita, MH : M. hapla

recognition siteZ 7}
9] recognition site:= §l& Aoz e, A9 1.
o 4 Atk (Fig. 45A). Alu IS S4A g stAS A5, B3PS AF 45 1 kb, 480
bp, 200 bp Z7]°] bandE uYERNA|RE, aFuEEEZdF9] %9 800 bp, 480 bp, 200
bp, Z&]3 150 bp =719 bandES Yeldozx F F& FHT 4 Qv (Fig. 45B).
W 241 EcoR 12} Hind IS AgstdS 4F F T4 vEE= banding patterne 5
A3dle] F F7re] HolE & 4= glrh (Fig. 46A, B).
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Un MA MA M M Uih MVA MA M M

520 bp

Fig. 45. Restricted enzyme analysis of root-knot nematode mitochondrial DNA by EcoR

I and Hind Ill. A. EcoR I, B. Hind Il. MA : Meloidogyne arenaria, Ml : M.

incognita, UN: untreated.

Uh MA MA M M th MVA MA Ml MI

—
L

1.0 kb :

820 bp L - 1.3 kb
460 bp

250 bp 400 bp
150 bp

Fig. 46. Restricted enzyme analysis of root-knot nematode mitochondrial DNA by

EcoR | and Hind Ill. A. Alu I, B. Hinf I. MA : Meloidogyne arenaria, M| : M.
incognita, UN: untreated.
DNA sequence analysis

v B EAST ARy EAE, Ly vkt A F(race 13} race 4)2 =5 H A
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<Atup#t 2] &4 5-Florida>

TCCACCAGTAACGGCCGCCAGTGTGCTGGAATTCGCCCTTGGTCAATGTTCAGAAATTTG
TGGTATTAATCATTCATTTATGCCAATTTTGGTTGAAATTACTTTATTTGATTTTTTTAAGTT
AAATTTATTAACTAATTGATTATTTTATTTTTGTTGAAGCAAGAGAAAATATTAGTCGTTTAA
ATTTTTTTTATTAGTTTTAAAAATAATAAAAAATGTTTTTAAGTGATTAGGGATTAGATTAAC

GATTGTATTATTTATTATTATAAGTTTTTTGAATATTATTTTGATTTTTTGTTGTTTAATTTCTT
TTTTTTGTATTAAATTATTTTTATATTTTTTGTTAATTTTAATTTTTTATATTTGTAATTTTATCT
ATAATAATTTGTTAAAATTTTTTTCTAATTTGGGTGAATTAAAATTAGAGATGAATTGATTAG

ATTTTTTTTTATTATTAATATCATTTTTATTTATTATTAGGATATTTTCAATTGGTTGTGTTAAT
CATTCTTTATTAGATCGGGGTTTAATAATGGGTTCTTTATTGTGTTAATTATTAAAATATTAT
TTTGGTTTTTTAGTGAAATTTTTTATTTAATTTATTTTTATACGAAAAATTATTAGGGAGAAG
ATTTTGATTTTTTGTTATTTAGAGTTTAAGTTCTTTATAGAACAAAATTTTTTATCTTTTTAGT
ATTCTATTGAAATAGAAGAATTATAAATTAGTTAATTCTAATTTTATTTATTTTATATGAATTA
TATAAAATTTTAAATTTTTTGATTTTAGTTTATTTACGTATTTAGTTGATTTTTTTAATAGATTT
AGTTCATCTGTTGATGTAACACAGAGTGGCTCTTTAGTTAATTTACCTGAAGTTAAAAATG
GTCAATTATATGATATAACTTTTGGTTATCATCAAGAATATTTCAAGGAAATTAAGGTGCTC
ATCCTGATAAAGATCGTAATTTTTATAGTTGTGATATTGTTATATGTCAATCACAAGCTTTA
GAAGAATATCATAATGAATTAAATCAATCTGTTAGTGAAAAAATAGTTAITTTTATTAATAGA
GATATAAGGAGATTTAATTTTTAAGTTAAATCCAATTCGTAATGTTTGGAATTTACCAAGGT
AGAATTATACGTTAAATTTAGAAGAATTGTTGAAAAGAATGAATTC-TTAATGGAAACAGTA
AGGATATTTTTTATATAATTATTTTTAATAATATTAAAAATAAAGCTATTAATTTCAATTGAAT
TTTTTATTGTGATTAAAAAaGTTTTTGGCTAAATTATTTTTTTAGATTATTTTTTATTGTTGAA
AAAATTAAAAACAAATTGTTTTTTACAATAATTAAAATTTATAATATTTCAATTTTTAATTTTI

AGTTTTAAATAAAAATTACAAATATGAAAAATAAAAAAATTTTGTTATAAATTAAATTAATTTA
TTTATATTAAAAATATTTTTTATAATTTTTATTTTTTTTTATTTTTTTAAAAAAAAAATAATTTAA
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TTATAATTATTTATTTAAATTTAATAATTAAATATAAAATTTTTTATTAAATAAATTTAATAATA
AATGTTTTTTAAATTCTTTGAGGTTTTGATTTTTGATTTTTTGTTTCTGCTCATTGTTAAAGA
AAAGCACTTTTAGCGTGATTGGTCAAAGGTAAAGGGCGAATTCTGCAGATATCCATCACA
CTGGCGGCCGCTCGAGCATGCATCTAGAGGGCCCAATTCCCCCTATA

<31 -upE e 4 F race-1, Florida>

GATCCACCTAGTAACGGCCGCCAGTGTGCTGGAATTCGCCCTTGGTCAATGTTCAGAAAT
TTGTGGTATTAATCATTCATTTATACCAATTTTGGTTGAAATTACTTTATTTGATTTTTTTAA
GTTAAATTTATTAACTAATTGATTATTTTATTTTTGTTGAAGCAAGAGAAAATACTAGCTGTT
TAAATTTTTTTTATTAGTTTTAAAAATAATAAAAAATGTTTTTAAGTGATTAGGGATTAAATTA
ACAATTGTATTATTTATTATTATAAGTTTTTTGAATATTATTTTGATTTTTTGTTGTTTAATTTC
TTTTTTTTGTATTAAATTATTTTTATATTTTTTGTTAATTTTAATTTTTTATATTTGTAATTTTAT
CTATAATAATTTGTTAAAATTTTTTTCTAATTTGGGTGAATTAAAATTAGAGATGAATTGATT
AGATTTTTTTTTGTATTATTAATATCATTTTTATTTATTATTAGGATATTTTCAATTGGTTGTG
TTAATCATTCTTTATTAGATCGGGGTTTAATAACGGGTTCTTTATTGTGTTAATTATTAAAAT

ATTATTTTGGTTTTTTAGTGAAATTTTTTATTTAATTTATTTTTATACG-AAAAATTATTAGGG
AAAATATTTTGATTTTTTGTTATTTAGAGTTTAAGTTCTTTATAGAACAAAATTTTTTATCTTT

TTAGTATTCTATTGAAATAGAAGAATTATAAATTAGTTAATTCTAATTTTATTTATTTTATATG
GATTATATAAAATTTTAAATTTTTTGATTTTAGTTTATTTACGTATTTAGTTGATTTTTTAATA

GATTTAGTTCATCTGTTGATGTAACACAGAGTGGCTCTTTAGTTAATTTACCTGAAGTTAAA
AATGGCCAATTATATGATATAACTTTTGGTTATCATCAAGAATATTTTAAGGAAATTATGGT
GCCCATCCTGATAAAGATCGTAATTTTTATAGTTGTGATATTGTTATACGTCAATCACAAGC
TTTAGAAGAATATCATAATGAATTAAATCMATCTGITAGTGAAAAAATAGTTATTTTTATTAA
TAGAGATATAAGGAGATTTAATTTTTAAGTTAAATCCAATTCGTAATGTTGGGAATTTACCA
AGGTAGAATTACACGTCAAATTTAGAAGAATTGTGGAAAAGAATGAATTCTTAATGGAAAC
AGTAAGGATATTTTTTATATAATTATTTTTAATAATATTAAAAATAAAGCTATTAATTTCAATT
GAATTTTTTATTGTGATTAAAAAAGTTTTTGGCTAAATTATTTTTTTAGATTCTTTTTATTGTT
GAAAAAATTAAAAACAAATTGTTTTTTACAATAATTAAAATTTATAATATTTCAATTTTTAATT
TTTAGTTTTAAATAAAAATTACAAATATGAAAAATAAAAAAATTTTGTTATAAATTAAATTAAT
TTATTTATATTAAAAATATTTTTTATAATTTTTATTTTTTTTATTTTTTTAAAAAAAAAATAATTT
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AATTATAATTATTTATTTAAATTTAATAATTAAATATAAAATTTTTTATTAAATAAATTTAATAA
TAAATGTTTTTTAAATTCTTTGAGGTTTTGATTTTTGATTTTTTGTTTCTGCTCATTGTTAAA
GAAAAGCACTTTTAGCGTGATTGGTCAAAGGTAAAGGGCGAATTCTGCAGATATCCATCA
CACTGGCGGCCGCTCGAGCATGCATCTAGAGGGCCCAATTCGCCCTATAGGGGAGCC

<a et ] 34 3 race 4, Florida(1)>

ACTATAGGGCGAATTGGGCCCTCTAGATGCATGCTCGAGCGGCCGCCAGTGTGATGGAT
ATCTGCAGAATTCGCCCTTGGTCAATGTTCAGAAATTTGTGGTATTAATCATTCATTTATAC
CAATTTTGGTTGAAATTACTTTATTTGATTTTTTTAAGTTAAATTTATTAACTAATTGATTATT
TTATTTTTGTTGAAGCAAGAGAAAATATTAGCTGTTTAAATTTTTTTTATTAGTTTTAAAAAT
AATAAAAAATGTTTTTAAGTGATTAGGGATTAAATTAACAATTGTATTATTTATTATTATAAG
TTTTTTGAATATTATTTTGATTTTTTGTTGTTTAATTTCTTTTTTTTGTATTAAATTATTTTTAT
ATTTTTTGTTAATTTTAATTTTTTATATTTGTAATTTTATCTATAATAATTTGTTAAAATTTTTT
TCTAATTTGGGTGAATTAAAATTAGAGATGAATTGATTAGATTTTTTTTTGTATTATTAATAT
CATTTTTATTTATTATTAGGATATTTTCAATTGGTTGTGTTAATCATTCTTTATTAGATCGGG

GTTTAATAATGGGTTCTTTATTGTGTTAATTATTAAAATATTATTTTGGTTTTTTAGTGAAATT
TTTTATTTAATTTATTTTTATACGAAAAATTATTAGGGAAAATATTTTGATTTTTTGTTATTTA
GAGTTTAAGTTCTTTATAGAACAAAATTTTTTATCTTTTTAGTATTCTATTGAAATAGAAGAA
TTATAAATTAGTTAATTCTAATTTTATTTATTTTATATGGATTATATAAAATTTTAAATTTTTTG

ATTTTAGTTTATTTACGTATTTAGTTGATTTTTTAATAGATTTAGTTCATCTGTTGATGTAAC
ACAGAGTGGCTCTTTAGTTAATTTACCTGAAGTTAAAAATGGTCAATTATATGATATAACTT
TTGGTTATCATCAAGAATATTTTAAGGAAATTATGGTGCTCATCCTGATAAAGATCGTAATT
TTTATACGTCAATCACAAGCTTTAGAAGAATATCATAATGAATTAAATCAATCTGTTAGTGA
AAAAATAGTTATTTTTATTAATAGAGATATAAGGAGATTTAATTTTTAAGTTAAATCCAATTC
GTAATGTTTGGAATTTACCAAGGTAGAATTACATGTTAAATTTAGAAGAATTGTTGAAAAGA
ATGAATTCTTAATGGAAACAGTAAGGATATTTTTTATATAATTATTTTTAATAATATTAAAAAT
AAAGCTATTAATTTCAATTGAATTTTTTATTGTGATTAAAAAaGTTTTTTGGCTAAATTATTTT
TTTAGATTCTTTTTTATTGTTGAAAAAATTAAAAACAAATTGTTTTTTACAATAATTAAAATTT
ATAATATTTCAATTTTTAATTTTTAGTTTTAAATAAAAATTACAAATATGAAAAATAAAAAAAT
TTTGTTATAAATTAAATTAATTTATTTATATTAAAAATATTTTTTATAATTTTTATTTTTTTTATT
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TTTTTAAAAAAAAAATAATTTAATTATAATTATTTATTTAAATTTAATAATTAAATATAAAATTT
TTTATTAAATAAATTTAATAATAAATGTTTTTTAAATTCTTTGAGGTTTTGATTTTTGATTTTT
TGTTTCTGCTCATTGTTAAAGAAAAGCACTTTTAGCGTGATTGGTCAAAGGTAAAGGGCGA
ATTCCAGCACACTGGCGGCCGTTACTA

<3 FubilE] &4 % race 4, Florida(2)>

GCGGCCAGTGAATTGGAATCGACTCACTATAGGGCGAATTGGGCCCTCTAGATGCATGC
TCGAGCGGCCGCCAGTGTGATGGATATCTGCAGAATTCGCCCTTGGTCAATGTTCAGAAA
TTTGTGGTATTAATCATTCATTTATACCAATTTTGGTTGAAATTACTTTATTTGATTTTTTTAA
GTTAAATTTATTAACTAATTGATTATTTTATTTTTGTTGAAGCAAGAGAAAATATTAGCTGTT
TAAATTTTTTTTATTAGTTTTAAAAATAATAAAAAATGTTTTTAAGTGATTAGGGATTAAATTA
ACAATTGTATTATTTATTATTATAAGTTTTTTGAATATTATTTTGATTTTTTGTTGTTTAATTTC
TTTTTTTTGTATTAAATTATTTTTATATTTTTTGTTAATTTTAATTTTTTATATTTGTAATTTTAT
CTATAATAATTTGTTAAAATTTTTTTCTAATTTGGGTGAATTAAAATTAGAGATGAATTGATT
AGATTTTTTTTTGTATTATTAATATCATTTTTATTTATTATTAGGATATTTTCAATTGGTTGTG
TTAATCATTCTTTATTAGATCGGGGTTTAATAATGGGTTCTTTATTGTGTTAATTATTAAAAT

ATTATTTTGGTTTTTTAGTGAAATTTTTTATTTAATTTATTTTTATACGAAAAATTATTAGGGA
AAATATTTTGATTTTTTGTTATTTAGAGTTTAAGTTCTTTATAGAACAAAATTTTTTATCTTTT
TAGTATTCTATTGAAATAGAAGAATTATAAATTAGTTAATTCTAATTTTATTTATTTTATATGG
ATTATATAAAATTTTAAATTTTTTGATTTTAGTTTATTTACGTATTTAGTTGATTTTTTAATAG

ATTTAGTTCATCTGTTGATGTAACACAGAGTGGCTCTTTAGTTAATTTACCTGAAGTTAAAA
ATGGTCAATTATATGATATAACTTTTGGTTATCATCAAGAATATTTTAAGGAAATTATGGTG
CTCATCCTGATAAAGATCGTAATTTTTATACGTCAATCACAAGCTTTAGAAGAATATCATAA
TGAATTAAATCAATCTGTTAGTGAAAAAATAGTTATTTTTATTAATAGAGATATAAGGAGATT
TAATTTTTAAGTTAAATCCAATTCGTAATGTTTGGAATTTGCCAAGGTAGAATTACATGTTA
AATTTAGAAGAATTGTTGAAAAGAATGAATTCTTAATGGAAACAGTAAGGATATTTTTTATA
TAATTATTTTTAATAATATTAAAAATAAAGCTATTAATTTCAATTGAATTTTTTATTGTGATTA
AAAAAGTTTTTGGCTAAATTATTTTTTTAGATTCTTTTTTATTGTTGAAAAAATTAAAAACAAA
TTGTTTTTTACAATAATTAAAATTTATAATATTTCAATTTTTAATTTTTAGTTTTAAATAAAAAT
TACAAATATGAAAAATAAAAAAATTTTGTTATAAATTAAATTAATTTATTTATATTAAAAATAT

- 122 -



TTTTTATAATTTTTATTTTTTTTATTTTTTTAAAAAAAAAATAATTTAATTATAATTATTTATTTA
AATTTAATAATTAAATATAAAATTTTTTATTAAATAAATTTAATAATAAATGTTTTTTAAATTCT
TTGAGGTTTTGATTTTTGATTTTTTGTTTCTGCTCATTGTTAAAGAAAAGCACTTTTAGCGT
GATTGGTC

<arwtit 2] 54 F-Korea>
TTTTAAGTTAAATCCAATTCGTAATGTTTGGAATTTACCAAGGTAGAATTACACGTTAAATT
TAGAAGAATTGTTGAAAAGAATGAATTCTTAATGGAAACAGTAAGGATATTTTTTATATAAT
TATTTTTAATAATATTAAAAATAAAGCTATTAATTTCAATTGAATTTTTTATTGTGATTAAAAA
AGTTTTTGGCTAAATTATTTTTTTAGATTCTTTTTTATTGTTGAAAAAATTAAAAACAAATTGT
TTTTTACAATAATTAAAATTTATAATATTTCAATTTTTAATTTTTAGTTTTAAATAAAAATTACA
AATATGAAAAATAAAAAAATTTTGTTATAAATTAAATTAATTTATTTATATTAAAAATATTTTTT
ATAATTTTTATTTTTTTTATTTTTTTAAAAAAAAAATAATTTAATTATAATTATTTATTTAAATTT
AATAATTAAATATAAAATTTTTTATTAAATAAATTTAATAATAAATGTTTTTTAAATTCTTTGA
GGTTTGATTTTTGATTTTTTGTTTCTGCTCATTGTTAAAGAAAAGCACTTTTAGCGTGATTG
GTCATAGGTAAAGGGCGAATTCCAGCACACTGGCGGCCGTTACTAGTGGATCCGAGCTC
GGACCAAGCTGCG

< F 2] 524 5-Korea(1)>

ATCATAATGGATTAAATCCATCTGTTAGTGAAAAAATAGTTATTTTTATTAATAGAGATATAA
GGAGATTTAATTTTTAAGTTAAATCCAATTCGTAATGTTTGGAATTTACCAAGGTAGAATTA
CACGTTAAATTTAGAAGAATTGTTGAAAAGAATGAATTCTTAATGGAAACAGTAAGGATATT
TTTTATATAATTATTTTTAATAATATTAAAAATAAAGCTATTAATTTCAATTGAATTTTTTATTG
TGATTAAAAAAGTTTTTGGCTAAATTATTTTTTTTAGATTATTTTTTATTGTTGAAAAAATTAA
AAACAAATTGTTTTTTACAATAATTAAAATTTATAATATTTCAATTTTTAATTTTTAGTTTTAAA
TAAAAATTACAAATATGAAAAATAAAAAAATTTTGTTATAAATTAAATTAATTTATTTATATTA
AAAATATTTTTTATAATTTTTATTTTTTTATTTTTTTAAAAAAAAAATAATTTAATTATAATTAT
TTATTTAAATTTAATAATTAAATATAAAATTTTTTATTAAATAAATTTAATAATAAATGTTTTTT
AAATTCTTTGAGGTTTTGATTTTTGATTTTTTGTTTCTGCTCATTGTTAAAGAAAAGCACTTT
TAGCGTGATTGGTCAAAGGTAAAGGGCGAATTCCAGCACACTGGCGGCCGTTACTGGTG
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GATCCGAGCTCGGACCAAGCTG

<38l =4 5-Korea(2)>

CAGCTTAGAAGAATATCATAATGAATTAAATCCATCTGTTAGTGAAAAAATAGTTATTTTTATTA
ATAGAGATATAAGGAGATTTAATTTTTAAGTTAAATCCAATTCGTAATGTTTGGAATTTACCAA
GGTAGAAATACACGTTAAATTTAGAAGAATTGTTGAAAAGAATGAATTCTTAATGGAANCAGT
AAGGATATTTTTTATATAATTATTTTTAATAATATTAAAAATAAAGCTATTAATTTCAATTGAATTT
TTTATTGTGATTAAAAAAGTTTTTGGCTAAATTATTTTTTTTAGATTATTTTTTATTGTTGAAAAA
ATTAAAAACAAATTGTTTTTTACAATAATTAAAATTTATAATATTTCAATTTTTAATTTTTAGTTTT
AAATAAAAATTACAAATATGAAAAATAAAAAAATTTTGTTATAAATTAAATTAATTTATTTATATTA

AAAATATTTTTTATAATTTTTATTTTTTTATTTTTTTAAAAAAAAAATAATTTAATTATAATTATTTA
TTTAAATTTAATAATTAAATATAAAATTTTTTATTAAATAAATTTAATAATAAATGTTTTTTAAATTC
TTTGAGGTTTTGATATTTGATTTTTTGTTTCTGCTCATTGTTAAAGAAAAGCACTTTTAGCGT

GATTGGTCAAAGGTAAAGGGCGAATTCCAGCACACTGGCGGCCGTTACTAGTGGATCCGA
GCTCGGACCAAGCTGCGA

<®F 2] 51 5-Korea(3)>
GCGGCCAGTGGATTGTAATACGACTCACTATAGGGCGAATTGGGCCCTCTAGATGCACGC
TCGAGCGGCCGCCAGTGTGATGGATATCTGCAGAATTCGCCCTTTACCTTTGACCAATCAC
GCTAAAAGTGCTTTTCTTTAACAATGAGCAGAAACAAAAAATCAAAAATCAAAACCTCAAAG
AATTTAAAAGACATTTATTATTAAATTTATTTAATAAAAAAT TTTATATTTAATTATTAAATTTAAAT
AAATAATTATAATTAAATTATTTTTTTTTTAAAAAAATAAAAAAATAAAAAT TATAAAAAATATTTT
TAATATAAATAAATTAATTTAATTTATAACAAAATTTTTTTATTTTTCATATTTGTAATTTTTATTTA
AAACTAAAAATTAAAAATTGAAATATTATAAATTTTAATTATTGTAAAAAACAATTTGTTTTTAAT
TTTTTCAACAATAAAAAATAATCTAAAAAAAATAATTTAGCCAAAAACTTTTTTAATCACAATAA
AAAATTCAATTGAAATTAATAGCTTTATTTTTAATATTATTAAAAATAATTATATAAAAAATATCCT
TACTGTTTCCATTAAGAATTCATTCTTTTCAACAATTCTTCTAAATTTAACGTGTAATTCTACC
TTGGTAAATTCCAAACATTACGAATTGGATTTAACTTAAAAATTAAATCTCCTTATATCTCTATT
AATAAAAATACCTATTTTTCACTAACAGAT
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<352 =4 F-Korea(4)>
ATCACAAGCTTAGAAGAATATCATAATGAATTAAATCCATCTGTTAGGGAAAAAATAGTTATTT
TTATTAATAGAGATATAAGGAGATTTAATTTTTAAGTTAAATCCAATTCGTAATGTTTGGAATTT
ACCAAGGTAGAATTACACGTTAAATTTAGAAGAATTGTTGAAAAGAATGAATTCTTAATGGAA
ACAGTAAGGATATTTTTTATAAAATTATTTTTAATAATATTAAAAATAAAGCTATTAATTTCAATT
GAATTTTTTATTGTGATTAAAAAAGTTTTTGGCTAAATTATTTTTTTTAGATTATTTTTTATTGTT
GAAAAAATTAAAAACAAATTGTTTTTTACAATAATTAAAATTTATAATATTTCAATTTTTAATTTT
TAGTTTTAAATAAAAATTACAAATATGAAAAATAAAAAAATTTTGTTATAAATTAAATTAATTTATT
TATATTAAAAATATTTTTTATAATTTTTATTTTTTTATTTTTTTAAAAAAAAAATAATTTAATTATAAT
TATTTATTTAAATTTAATAATTAAATATAAAATTTTTTATTAAATAAATTTAATAATAAATGTTTTTT
AAATTCTTTGAGGTTTTGATTTTTGATTTTTTATTTCTGCTCATTGTTAAAGAAAAGCACTTTT
AGCGTGATTGGTCAAAGGTAAAGGGCGAATTCCAGCACACTGGCGGCCGTTACTAGTGGT
CCGAGCTCGGACCAAGCTGGC

<Informative site-=ru] v}l =4 52| race 4>

1756 1770
ApupitE] &4 Z-Florida TTCTGCAGATATCCA
TulitE] 54 % race-1, Florida TTCTGCAGATATCCA
TulitE] 54 % race-4, Florida TT-m - CCA
I upiE] 59 F Korea TT---mmemmme- CCA
Fo] 7 sequence datauol A E uf FuUlFe] BFEYZHST FU WHole #zH
A ko, nuttY S FH o] Jhed RS e o AddTh @, v=FE T
e ] 5 race-13} race-42] sequence %= F races THIE F IdE
informative siteE <91& 4 ATh o] 3 sequenced ] 5AHS FalA Bul, & AT
5

Al

=2
oA o] &¥ Tl AP ZMFLE race-4® Aol HATh WA raced ©idh wd
AAl A3t samplee] R 9} sequence datad] THAR7E AAEGYH 7 HoRE
ST
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M 4 2 sx2MdE 3 A 20ke| 7|0k
1. A A7 Eae U8 2 eds
o ] ©
S Fauus 2 W9 o)
016S rRNAe°] 9]gt Ajste] 748« 100
OITS® 93 Mo EFAALH 100
OF 8 HAF Auix] EF IS HAFo ahvd 24 100
12 = HEs ] gwd 9 gARA o3t EFAASY 100
(2001-2002) OHHJJr WM B Ere] B B4R 100
OEvE By & °1 sk Al o] o el 7] =0 100
OAlie]l AEAELFAE f3 AFAE A 100
OMTe AP (AA/E3A)A w2 W] g 2n| w g7 100
owM ARG o Aol EwAALY 100
ORAPD 9 RFLPZ o] &3 Ao EFAALY 100
ORAPD ¥ RFLPE o] &3 HgsdZFe BFA4 &1 100
i OETIE MYZE o] &3 Ao tizFudr| &) 100
AR o e EaS e ARIE 544 100
(20022003 | o gm0 mgee ol ga Aol ohgules) 2 100
OAMTrel AG(A/EgA)o] Matol] 3t &2 3tehx g + 100
st
OHALAE f13F AW H(RANL/EYGAY 5) /M 100
OProteins 2 DNAS o] &3 Alite] AP 27547 %M 188
ODNA probesE ©] &3 =YW Pasteuria 8% monitoring
7] = 70 100
OProteins ¥ unique isozyme pattern probesZE o] &3+ X% 9
2714 7= 100
3FdE |OAlre] &9 ARl AFHAT7E/Md(dA S, I7HS) 100
(2003-2004) |O A8 E o] &3t M ulgkulr]Ea
O AR BrS o] 83 Al wfFatr] s 100
OAFE(F3HA /A A) Altol gk =2, 3184 JF+
_ . 100
oAFel AT} 100
OAY (A /Z3A, F3A/EA)o] Mo AEL VX o 100

601:
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P. penetransE t= 4 A, WA P. penetrans$} Meloidogyne spp.= 50C Z7iel
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