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|. Steinernematid nematodes and Xenorhabdus
bacteria isolated from Japan

Il. Application technology in Japan



Enotomopathogenic nematodes form mutualistic symbiosis with bacteria

Protection from environmental stress
Transfer to new insect hosts

—
Nematodes - Bacteria
Establishment of growth condition
Nutritional supply
Steinernema Xenorhabdus

Heterorhabditis Photorhabdus




Purpose: to elucidate the co-evolution and co-speci ation
between EPNs and EPBs

1. Phylogenetic analyses of entomopathogenic nematode S
and their symbiotic bacteria from Japan

2. Species-specificity of nematode-bacterium comple Xes



Eleven steinernematids have been isolated from Japan
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Phlogenetic relationship among Steinernema
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Phylogenetic analysis of 10 Steinernema species from Japan (ITS rDNA)

outgroup; Pratylenchus coffeae (AY561436), Mansonella ozzardi (AF228562)
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Phylogenetic analysis of Xenorhabdus bacteria from Japan

outgroup; Proteus vulgaris (X07652), Swine manure (AY167953)
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Differences in clustering of nematodes and bacteria

1. Steinernema sp. (MY7) and its symbiotic bacteria

2. Steinernema sp. MY5 and its symbiotic bacteria

possible reasons:

-> DNA markers used for phylogenetic analyses were not appropriate?

-»> Nematode/bacterium combination had changed during evolution?



Monoxenic culture

Surface-sterilization of eggs
\

Axenized J1 Xenorhabdus bacterium

Culture on nutrient lipid agar in 6cm Petri-dishes (4 weeks)

Nutrient lipid agar.Wouts, 1981)

If nematodes propagate and infective juveniles were obtained, following items were examined.

. Retention of bacteria in infective juveniles

. Pathogenicity of infective juveniles against Galleria mellonella larvae



Growth of nematodes in different nematode-bacterium combinations

Xenorhabdus bacteria

Nematode Sm|| SI MY3 MY5 MY6 Sf Sk MY7|[MY8 Sg| Sc
— O ....... OO ....... O ....... O ........ O ........ O ...... O O ....... O ...... O
Sltorale | 0.0.0.0.0.0.0.-.0.0.0.:
MY3 - O O OO0 O O - - 0 -

S. feltiae — O O O O O O — — O -
MY8 - O O O O O O —-— O OO

S. carpocapsae — —_ —_ —_ —_ O -_ - @ — 0O

O nematode propagated = . no nematode propagated

.S. monticolum and S. litolare were able to grow on different kinds of Xenorhabdus bacteria.
. S. carpocapsae did not grow on many bacteria.

. Xenorhabsu bacteria isolated from S. monticolum and Steinernema sp. (MY7) did not
support the growth of different kinds of nematodes.



Characters of S. monticolum obtained by different bacterial combinations

Xenorhabdus bacteria isolated from

S. monticolum sm|| SI MY3 MY5 MY6 Sf Sk MY7||[MY8 Sg | Sc

O OO O O0O0O0OO0O0O0

Growth and propagation

Production of 133

Retention of bacteria

O
Pathogenicity of 1J3* O — A A — A A — A A A
O

Propagation of nematodes
in insect cadaver

*against G. mellonella larvae .. Low pathogenicity and propagation of nematodes

S. monticolum was able to grow on different kinds of Xenorhabdus bacteria
but 1J3s were not able to retain different kinds of bacteria.



Characters of S. litorale obtained by different bacterial combinations

Xenorhabdus bacteria isolated from

S. Iitorale sm|| sl MY3 MY5 MYe Sf Sk My7|[MY8 Sg | Sc
Growth and propagation O O O O O O O - O O O
DO O3S s 0000000 -000.
Retention of bacteria O O O O O O O — O O O
Pathogenicity of 1J3* O O 00O OO0 —-—-000
nmeoicadaver 0 00O 00000 -000

*against G. mellonella larvae

S. litorale was able to grow on different kinds of Xenorhabdus bacteria.
1J3s were able to retain different kinds of bacteria and kill G. mellonella larvae.



Nematode
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Summary

1. Phylogenetic analyses of steinernematids and their symbiotic
Xenorhabdus bacteria from Japan

= 10 steinernematids from Japan were categorized into 5 groups.

= Xenorhabdus bacteria from 10 steinernematids from Japan were
categorized into 4 groups.

‘bovienil’, ‘poinarir’, ‘japonica’, ‘monticolum’
® Clusters of nematodes and bacteria were closely related.

® Some differences were found in clusters between nematodes and bacteria
Steinernema sp. MY7 (‘intermedium’ group) — Xenorhabdus sp. MY7 (‘bovienii’)

Steinernema sp. MY5 (‘monticolum’ group) —  X. bovienii



Summary

2. Species-specificity  of nematode-bacterium complexes

= Some nematode species were able to grow on different Xenorhabdus species
¢ S. monticolum and S. litorale grew on different Xenorhabdus bacteria.

® S. carpocapsae grew on few different Xenorhabdus bacteria.

= Retention of bacteria in infective juveniles

e S. monticolum was not able to retain other Xenorhabdus species

Nematode-bacteria combination can not be changed

e S litorale was able to retain other Xenorhabdus species

Species-specificity of nematode-bacterium appears t 0 be low.

Nematode-bacteria combination can be changed



Phylogenetic analyses of Heterorhabditis nematodes
and Photorhabdus bacteria isolated from Japan



Phylogenetic analyses of Heterorhabditis nematodes
and Photorhabdus bacteria from Japan

Nematodes 'I: Fslw43 ‘ [ |WkSs43 :I' Bacteria
mt DNA COl oTe129 .5 ——T: 16S rDNA
TS
Q = -
IOnKnZ 2 §§ KcTs129 | =
- >
IOnIr40\ * | LN2 =
LN2 - HB1.3 =
©
= u
— ICbKj163 N £ TTO1 =
T
_— HB1.3 \ o N HDO =
o A
TT01 5 o |On|r40 -
O
— HDO ) ©S [cokj63] =
ks n
n h .
FkN] T ¢ NLH-A97 =
NLH-A97 P O UK211 =
= < I
=) [}
K211 D
U £ % TyKb40
—— [TyKb40 - o FkNj| ——
’ \

*Japanese isolates were boxed.



Photorhabdus bacteria isolated from H. inidica cluster with P. asymbiotica.

gyrB gene, NJ
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Co-speciation between Heterorhabditis nematodes
and Photorhabdus bacteria?

Bacteria Nematodes

P. luminescens subsp. laumondii )

subsp. luminescens
subsp. kayaii
subsp. thracensis

H. bacteriophora

subsp. akhurstii ——— H.indica

P. temperata —— H. meqidis

P. asymbiotica (human pathogenic)
m has only been isolated from human clinical specimens from the USA and Australia.

® No information was available about the natural habitat.



Il. Application technology in Japan

SDS biotech K.K.

Tsukuba Research & Technology Center Biology Group



EPN products
IN

Japanese pesticide market




Million dollar

Market size of Chemical pesticides in Japan
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Million dollar

40

50
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Market size of biopesticides in Japan

growth rate of 22.3% (1.5 million dollar)

4._

Biopesticides

2007 2005 2004



Million dollar

Market sizes of Chemicals and Biopesticides
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EPN products in Japan is only 1.9% of the total biopesticide market.
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Stesrnernemao »
» g0t 0
g/l aser:

%20//9% u/?g [0 7

| Wettable powder

] 75
m 0N
/S pack 10 package / Box




Product specification

ROF (KREG)  ArkEEEEE21503

o/ 0 S s e O [ I

Cruiser

Ambusher

gothn

ﬂ)fﬁﬁbﬁéd%domeecwﬂUmderwoodnC@(UK>

> o Keep cool (<5.) for delivery and storage
e Shelf life 1s >3months after formulation



Million dollar
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Changes In sales of EPN products in Japan.

Million dollar
|_\
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—e— S.carpocapsa
EPN

1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004

1) Decrease of turf pests
2) Use of thiamethoxam
3) Economic crisis in Japan




Target pests
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Application




How to apply EPN to the
cryptic habitats?

Spray? Spread? Injection ?




Turf field
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<Efficacy of post irngation on Turf>
Application: 0.25 mil. /sg.meter / 2liter

. =

post irrigation area 2liter / square meter

E—_— o
Vg out Geen 124 P @m
.. t >)\/ ﬁ 0 / 2 C U f 7 o A A\ A ) o @l (1]
% / } semdeP Jrouwh 46 %@
Washed out from the leaves

Post irrigation is efficient to apply nematodes in soill.

Nem abdes e et
S podiabn 1490 315
s nggn 158 401
S. @ podiain 2780 20
605102 _

nggn 1817 507




Orchard #1
-fruit moth-



Orchard

Peach fruit moth
Carposina sasakii

- PN




Escape

Invasion



Life cycle of Peach

fruit moth
@ Occurrence of
o \ 1st generation
Ovipositign \Jl.LLx-Septe ber
on fruit .

%

7

Oviposition
Occurrence | :
. . on fruit
overwintering adult - :
JunasAugust _/ /

.C{ctober-November

/3
D1
Larvae in overwinterir

<lstgeneration larvae> \ Hibernacula in the soll
Pupation in summer coc

Near soil surface <Overwintering larvae>
July-August Pupation in summer coco

Near soil surface
May-July JUNE







Field efficacy in Miyagi prefecture (2003)

(% infestation in 2002)

Apple orchard 278 540 719
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40
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Nicotine Imidacroprid chlorpyrifos Tralomethrin
Chlorpyrifos DMTP
Aphid

e et/ e

b
5/251-/7/0/6/
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Orchard #2
-longicorn beetle-



Infestation of the yellow spotted
longicorn beetle

Oviposition mark

Oviposition: Main branch, Feeding: Cambium

: B

Severe damage to fig trees



Typical damages to main branch

How aqgnd
where (o

pr
N A



Oviposition mark on branch

No. of oviposition mark

location trunk Mai

upper side bottom
0 74 0
( 75% ) (25

0 105
(80%) (20%

*Total number of marks on 10 trees




Spread

S. carpocapsae solution (10,0001Js/ml,100ml/tree)
spread to the main branches




Spray to the branch

S. carpocapsae solution (10,0001Js/ml, 100ml/tree)
spray to the main branches



Both treatments were efficient.

oviposition x Yomortality Correcting
treatments  no. of tree mark(A) death (B) ((BIA)X100) rate*

Spread 10 67 61 91.0 90.0
Spray 8 20 20 100.0 100.0
No treatment 11 43 5 11.1 0.0

* death or alive were judged by the discharged feces from invaded hol
* Culculated by Abott's formula.



- For Next Registration -

Red palm weevill
Striped flea beetle



Red palm weevilRhabdocemis fissicauda)

Females oviposit to the tree top

g

Larvae feed the inside of trunk

Damage toﬂthe growth point

Exotic iInvaded insect

Chemical pesticides are not effectiy

)

e.




Biosafe Is sprayed to the top of trees



S. carpocapsaes effective to control the weeuvil.

1007

80|

60|

401

20§

2003 2004
100 100 100
80
26 [death/2p larvae 21/ 26 4/ 4 4/ 4
Mortality Infectivity Mortality Infectivity

3,000 1Js /ml, 10 liter/tree
Treatment date 15t July, 2003
Evaluation date 10" July, 2003
10 days after treatment

3,000 1Js /ml, 10 liter/tree
Treatment date 16th June, 2004
Evaluation date 13" July, 2004
27 days after treatment



Striped flea beetle Phyllotreta striolata)

EPN

Japanese mustard spinach/radish

Cultivation period : about 20 days
Chemical controb> pesticide residue




Further revising registration to include new targes

Invaded insects

Newly emerged insect pests

- Control methods has not established.
- No natural enemies

Development of technology for using EPN products as
one of the integrated pest management (IPM) tools

Establishment of a new control methods

Modification of conventional control methods to include EPNSs



Japan Society for the Promotion of Science

http://www.jsps.go.jp/english/index.html

JSPS Postdoctoral Fellowship for Foreign Researchers
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Lacewing

Syrphidae

Lady beetle



Hrstorircal changes ofFf
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Statistical data of Japanese MAFF (2005)
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Srake the twig

Mulberry borer
Oviposit to
you branch

Egg

Yellow spotted
Longicorn beetle
Oviposit to main branch

Oviposition mark

Bark  Xylem

cadm | \ U




Feld efficacy of Biotopic™ (S, g /o s e r/ ) against
Anomaola orientiagl/ss and

Nematode: S. g /a s e r/  application date 50t June, 2000
S. kwuwshidar application date 39 July & 22t

July, 2000

Dosage:  0.25mil. /m? /Tliter and post irmgation Thter /m?

- ® - S.glaseri’ Hunting billbug

80.0 —@®— S.glaseri’ White grub
70.0 | - A = S.kushidai’ Hunting billbug
60.0 —&— S.kushidai’ White grub
20.0 1L /
30.0 ..
2000 A
10.0 Y. ~ o
0]

Noalhgnseas/0lm
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