il A (2R )

_ Paenibacillus popilliae (FLALIH)

Bacillus

Bacillus thuringiensis (Xﬁfﬁjfﬁ)

* Clostridium bifermentans
 Lysinibacillus sphaericus
 Brevibacillus laterosporus
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BTHRANAR I & D FL1E L 7z Papilio polytes D %)) H

The Common Mormon (Papilio polytes) is found near gardens
and villages where Citrus (e.g. lime, lemon, kumquats) is grown.
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Table 1 Classification of Bacillus thuringiensss strains according to the H serotype

9

H antigen Serovar Abbreviation First mention and/or first valid description

1 thuringiensis THU Berliner 1915* ; Heimpel and Angus 1958

2 Sinitimus FIN Heimpel and Angus 1958

3a, 3c alests ALE Toumanoff and Vago 1951 ; Heimpel and Angus 1958
3a, 3b, 3¢ kurstaks KUR de Barjac and Lemille 1970

3a, 3d sumiyoshiensis SUM Ohba and Aizawa 1989

3a, 3d, 3¢ Subkuokaensis FUK Ohba and Aizawa 1989

4a, 4b sotto SOT Ishiwata 1905 ; Heimpel and Angus 1958

4a, 4c kenyae KEN Bonnefoi and de Barjac 1963

5a, 5b galleriae GAL Shvetsova 1959* ; de Barjac and Bonnefoi 1962
5a, 5¢ canadensis CAN de Barjac and Bonnefoi 1972

6 entomocidus ENT Heimpel and Angus 1958

7 aizawai AlZ Bonnefoi and de Barjac 1963

8a, 8b morrisons MOR Bonnefoi and de Barjac 1963

8a, 8¢ ostriniae OST Ren et al. 1975

8b, 8d nigeriensis NIG Weiser and Prasertphon 1984

tolworthi TOL Norris 1964 ; de Barjac and Bonnefoi 1968

62 zhaodongensis ZHA Li Rong Sen (in press)
63 bolivia BOL Ferré-Manzanero et al. (unpublished)
64 azorensis AZO Santiago-Alvarez et al. (unpublished)
65 pulsiensis PUL Khalique F. and Khalique A. (unpublished)
66 graciosensis GRA Santiago-Alvarez et al. (unpublished)
67 vazensis VAZ Santiago-Alvarez et al. (unpublished)
68 thailandensis THA Chanpaisaeng ef al. (unpublished)
69 pahangi PAH Seleena and Lee H. L. (unpublished)

* First mention or designation of the scrovar.
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Sequence similarity groups found among Cry and Cyt proteins

Bacillus thuringiensis Toxin Nomenclature:

The Bacillus thuringiensis delta-endotoxin nomenclature committee was set up in 1993 in order to update the
nomenclature originally devised in 1989 by Hofte and Whiteley (Microbiological Reviews 53:242-255) and
consists of the following



Action of Hacillus IHurinpansis yar. Karsiaky
on caterpillars

Bl crystalline loxin

Bl spore

1) Caterpillar consumes foliage treated with Bl (spores and crystalline toxin).

2) Within minutes, the toxin binds 1o specilic receplors in the gut wall, and the
calerpillar stops feeding.

3) Within hours, the gut wall breaks down, allowing spores and normal gut
bacteria to enter the body cavily, the toxin dissolves.

4) In 1-2 days, the caterpillar dies Irom seplicemia as spores and gut bacteria
proliferate in its blood.
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R.J.Morse et al.(2001)

J.Liet al. (1995)

P.Grochulski&M.Cygler(1995)
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A« NI HIZEWRIGPEZ 7133 Cry protein

Name Original Accession Reference Year  Coding Region
Cry2Aal cryllA M31738 Donovan et al 1989 156-2054
Cry4Aal cryIVA Y00423  Ward & Ellar 1987 1-3540
Cry4Bal cryIVB X07423 Chungjatpornchai etal 1988 157-3564
Cryl0Aal cryIVC M12662 Thorne et al 1986  941-2965
CryllAal cryIlVD M31737 Donovan et al 1988 41-1969
Cryll1Bal X86902 Delecluse et al 1995 1-2434
Cryl1Bbl AF017416 Orduz et al 1998 1-2349
Cryl6Aal cbm71 X94146 Barloy etal 1996 1-1839
Cryl7Aal cbm72 X99478 Barloy et al 1998 1-1854
Cryl9Aal Y07603 Rosso & Delecluse 1996  719-2665
Cryl9Bal D88381 Hwang et al 1998  626-2674
Cry20Aal U82518  Lee & Gill 1997 60-2321
Cry24Aal U88188  Kawalek and Gill 1998 1-2024
Cry25Aal U88189  Kawalek and Gill 1998 1-2028
Cry27Aal AB023293 Saitoh 1999  523-3003
Cry29Aal AJ251977 Delecluse et al 2000  642-2594
Cry30Aal AJ254978 Delecluse et al 2000  1467-3533
Cry30Bal BADO00052 Ikeya et al 2003 1-2052
Cry39Aal BAB72016 Ito et al 2001 1-1981
Cry40Aal BAB72018 Ito et al 2001 1-2002

Cry44Aal AB161456 Itoetal 2006 1-2061
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(A) Cry30Bal (BADO00052) Ikeya et al.(2003) entomocidus INA288
(B) Cry44Aal (BADO08532) Ikeya et al.(2004) entomocidus INA288

(C) Cry39Aal (BAB72016) Ito et al.2001)  aizawai BUN1-14
(D) Cry40Aal (BAB72018) Ito et al.(2001)  aizawai BUN1-14
(E) Cry40Bal (BAC77648) Ito et al .(2003)  aizawai BUN1-14
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(pg/ml)
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Cry4A | 0.46(0.34-1.56) | 0.09(0.035-0.17) | 0.35(0.087-0.89)
(israelesis)

Cry39A 2.58(1.81-3.41) | 0.32(0.26-0.39) >1
(BUNI1-14)

Cry44A 0.01 > 0.012(0.008-0.017)

(INA288)
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http://eco.nikkeibp.co.jp/style/eco/report/081209_kansensyo/
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P8 H I WETE 2 9 % B. thuringiensis

B. thuringiensis serovar tenebrionis (Krieg et al., 1983)
Toxic to the larvae of Colorado potato beetle,
(Leptinotarsa decimlineata)
B. thuringiensis serovar morrisoni (Donovan et al., 1988)
Toxic to the larvae of Colorado potato beetle
B. thuringiensis serovar tolworthi (Sick et al., 1989)
Toxic to the larvae of Colorado potato beetle

B. thuringiensis serovar japonensis strain Buibui
(Ohba et al., 1992)
Toxic to the larvae of Cupreous chafer (Anor
B. thuringiensis serovar galleriae strain SDS-502
(Asano et al., 2003)
Toxic to the larvae of Cupreous chafer (Anomala cuprea)
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cry3Aal M22472  Herrnstadt et al 1987  Gene 57 37-46 25-1956
cry3Aa2 J02978 Sekar et al 1987 PNAS 84 7036-7040 241-2175
cry3Bal X17123 Sick et al 1990 NAR 18 1305-1305  25-1977
cry3Ba2 A07234 Peferoen et al 1990 EP 0382990 342-2297

« cry3Bbl M89794  Donovan et al 1992 AEM 58 3921-3927  202-2157
cry3Bb2 U31633  Donovan et al 1995 USP 5378625 144-2099

cry3Cal X59797 Lambertetal 1992 Gene 110 131-132 232-2178
cry7Aal M64478 Lambert et al 1992 AEM 58 2536-2542  184-3597

cry7Abl U04367 Payne & Fu 1994 USP 5286486 1-3414
cry8Aal U04364 Foncerrada et al 1992 EP 0498537 1-3471
. cry8Bal U04365 Michaels et al 1993 WO 93/15206 1-3507

cry8Cal U04366 Ogiwara et al. 1995  Curr Micro 30 227-235 1-3447
cry8Dal AB089299 Asano et al 2003 Biological Control 1-3435
cry9Dal D85560 Asanoetal 1997 47-3553
cryl8Aal X99049 Zhangetal 1997  J. Bacteriol. 179 4336-4341 743-2863

cry43Aa2 AB176668 Nozawa et al 2004
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s IZHEMEZ 9 5 B t WitkZ & NZCry protein

B.t. 1solate PS33F2 Cryl2Aal L07027 Narva et al 1991

B.t. 1solate PS63B Cryl3Aal LO07023 Narva et al 1992

B.t. 1solate PS52A1 Cry6Aal L07022 Narva et al 1993

B.t. 1solate PS69D1 Cry6Bal 107024 Narva et al 1991

B.t. darmstadiensis PS17 Cry5SAal L07025 Narva et al 1994

B.t. darmstadiensis PS17 Cry5Abl L07026 Narva et al 1991
Cry5Acl 134543 Payne et al 1997

B.t. PS86Q3 Cry5Bal U19725 Foncerrada &Narva 1997

B.t. roskildiensis Cry21Bal AB088406 Sato & Asano 2002
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KMonsantotl: & KDivergencetl:1320084E3H6H ., # 4 A2/ T 5 2 2 Mt

(SCN : soybean cyst nematode) D5 % TTHRDTBREDGFGT /) LECHI % F
£, Z0EYDT ) LB LTE, RENICHHTEL N7 7 Mtk 2%, 1
X B ZDFHEIX, ZOEYWERICBEHT 20787 — 925, KREERL -
ZEZ/RL TS,

Figure 2. Rows of stunted, chlorotic soybean plants damaged by

soybean cyst nematode are slow to fill in with foliage.




———Cry21A -:- —— Acrobeloides sp. PS1146
100 s 100
100 ry 84 Meloidogyne incognita
———Cry14A s
100 Panagrellus redivivus
56 =——Cry13A
CrysAa ND 190 pistolabrellus veechi
487 78
00 Cry12A ND ‘ Pristionchus pacificus
S — 77
94 Ciylaa ——Nippostrongylus brasiliensis
‘fm—CrySAa 100
—— Caenorhabditi
CrydAa aenorhabditis elegans
Cry6A RinE | . Onchocerca volvulus
CryéB "D e Drosophila melanogaster
sy ~~""100 changes
2o chenges .Susceptible [:INot susceptible
, The plant parasitic nematode Meloidogyne incognita

The distantly related animal parasite, Onchocerca volvulus
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Parasporin : 7" /i

The parasporin, a functional protein group defined as the Bacillus thuringiensis and
related bacterial parasporal proteins that are non-hemolytic but capable of

preferentially killing cancer cells.
Mizuki et al.(2000) Clin. Diagn. Lab. Immunol., 7, 625-634

B. thuringiensis A1190F&

15kDa
2w — @
parasporin R EH O
7a7 77— KU  S6kDa
A i ety L B B
AL GERAR) FEPEREL

Parasporin-1 : Cry31A BEFEDCry F ¥ v EFEEMNIZEITWL 5
B protein:Cry4dl1A 7B A MY T LREDELET bemnr LT3
Parasporin-2 : Cry46A 7 & b — 3 R IR I/ A
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Phyllom BioProducts “Target the Pest, A e e
h R n . -u . .

Not the Rest” New bio-insecticides : N Latin N "

grubGONEI®, beetleGONEI® and Japanese beetle Popillia joponica odult & grub

boreGONE!® protect the beauty, health

A o po £ forasts farr):\s —— Oriental beetle Anomala orientalis adult & grub

L T e beetle’ e | Asiatic Garden Beetle | Moladera Castenea adult & grub

grub atfa S ha"'n e ) European Chafer Rhizotrogus majalis odult & grub

non-targets Phyll om'’s sulte of bio- Cupreous Chafer Anomala cuprea adult & grub

insecticides are protected by issued and N. Masked Chafer Cyclocephalo borealis | adult & grub

pending patents S. Masked Chafer Cyclocephala lurida adult & grub
June beetle Cotinis nitida adult & grub

Phyllom BioProducts Corp. LAlfsifo Weevil _} Hypera brunneipennis | lorva

484 Lake Park Ave # 23 Rice Water Weevil Sitophilus oryzae larva

Oakland. CA 94610 Rice Leaf Beetle Oulema oryzae adult

lnfoephyllom.com Alder leaf beetle Agelastica alni adult

tel. 916-719-6176 Darkling beetle Alphitobius diaperinus | adult & grub |
Emerald Ash Borer Agrilus planipennis adult
Goldspotted Oak Borer | Agrilus curoguttatus | adult

‘.(:,"\J, v v N 111 1 L Ly ot - . PO NT ')M'-hi
Dt e beetleGONE! is a registered trademark of Phyllom BioProducts, Corp; Azera, Tersus and Veratran D are a registered trademarks of McLaughlin 3 Iii§
- L %, Gormley King Company; Danitol Is a registered trademark of Sumitomo Chemical Company, Lid.; Nufilm is 3 registered trade mark of Miller
% Chemical Company, TRI-FOL is a registered trademark of Wilbur-Ellis Company.

Phyllom BioProducts

Protecting Forests, Farms and Landscapes®

e . & RS L o o T -, O WY




DuPont
I

Dow Chemical
I

(20%) (1997) |

Pioneer Hi-Bred <---> Dow AgroSciences

(6%) (1995) (1996) (52%)

Mycogen

|_
|_
|_
|_ Verneuil (19%) (1996)

Agrigenetics  (1993)
United Agriseeds (1996)
Morgan Seeds (1996)

Monsanto

_ Dekalb (43%) (1996)
_ Ecogen (12%) (1996)
Calgene (1997)

|_ Stoneville Pedigreed Seed (cotton)

Agracetus (1996)

Asgrow Agronomics (soybean) (1996)
Holden's Foundation Seeds (corn) (1997)
AgriPro s wheat seed business  (1996)
Monsoy (soybean) (1996)




EAR A2 REY DR XGit3oft Pz (BIFEMSE) e fTbh T % 4

HEBbDRW = b 7 AV A (Calgene) KE, AFy. EE, HA
BRIFUVERLIT L 7 A1) A (Zeneca) KE,
BREROFELZ T RIS, R 7 XY 7 (Monsanto) KEl, EU, HA

F VLA VBEEESA R 7 A1) % (Dupont) K
BRERlOFEELZ TRV ERaY 7 X% (AgrEvo) KE, HA
BREAOFEZZIT R YER Y 7 XY 7 (DeKalb) KEL HA
BREAIOFELZ TRV ER Y 7 AV % (Monsanto) KE, HA

Tl (HOMR) I rYyER2 Y 7 XY A (Novartis) KE, HA

FHlt (Fofl]) KiEw ey 7 A YA (Ciba Seeds) XKE, A4, EU, HA
Tl (HOMR) I rYyER2 Y 7 XY % (Monsanto) KE, HA

Tt (DO 1I28EOE X OBRYAOMELZZ TR EyER2Y 7 A YA (Monsanto) K

Ut (O 1I28EOE X OBRYAOMEZZ TR EyER2Y 7 AY A (DeKalb) K

wl (HHED) IEv»y v 4 € (286) 7 A Y% (Monsanto) KE, HA
TANVAIFITIH A A7 7 v > a2 f) (7Y BHEFR) 7 AU A (Asgrow) KE

BREADOFE L Z T\ T VYA 7T AV A (Asgrow) pNES|

BREAIDFEEZZ TR\ T YA 7 A Y 74 (Monsanto, Novartis) K[

BRERIOFELZ TRV & % 717 %" (Monsanto) A+ & KE, HA

RERI DR 2 Z T 7\ F ¥ % (3FH) 715 %" (AgrEvo) A FF. KE, A
BRERIOMELZ TRy % (7H) 715 %" (Plant Genetic Systems;PGS) 71+ %, KE., HA
bREA DO EZZ T I F % A1+ % (Phone-Poulenc) 71+ %, KE., HA

77 VIBEAEE T F % 7 XY A (Calgene) KE, Ary
BREFIOFEEZ T T ¥ (2fF) 7 A YA (Calgene) KE, A—2FF VU7, HA
BREAOHELZ T ¥ 7 A1V 7 (Monsanto) KE, A=A FZ2Y 7, HER
HH (HOMEH) w7 ¥ 7 XA Y% (Monsanto) KE, A=A 797, HA
BREAIDOFEZZ T\ T YA 7 XY 7 (AgrEvo) KE., EU, HA
tEbYh—F—>a v A=A+ 7 U7 (Florigene) A—ZF7Y 7, Hip

AT a2 ) ~)LF— (PGS) EU. HA




A3y 2Bt —

————

Nt cryigfcf | BHIER | RHES
Agrisure 3000GT | cry1Ab, cry3A ECB,CRW | Syngenta +
Mycogen/Dow
Herculex XTRA | cry1F, ECB,CRW. | Mycogen/Dow +
cry34Ab1, AW BCW Dupont/Pioneer
cry35Ab1
Yieldgard VT3 cry1Ab, cry3Bb ECB,CRW | Monsanto
Genuity VT2P cry1A, cry2Ab ECB, AW, Monsanto +
EW Mycogen/Dow

ECB - European corn borer; (%) [ /.
CRW - Corn rootworm; (B &) £
AW — Fall armyworm; (%)
BCW — black cutworm; ()

EW — earworm; () ECB CRW BCW
43
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http://www.idemitsu.co.jp/agri/biseibutsu/botokira/index.html
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Plant Cell Reports
January 2014, Volume 33, Issue 1, pp 99-110

Transcriptional profile of tomato roots exhibiting Bacillus
thuringiensis-induced resistance to Ralstonia solanacearum

Hideki Takahashi, Kazuhiro Nakaho, Takeaki Ishihara, Sugihiro Ando, Takumi Wada, Yoshinori
Kanayama, Shinichiro Asano, Shigenobu Yoshida, Seiya Tsushima, Mitsuro Hyakumachi

Key message

Activation of SA-dependent signaling pathway and suppression of JA-dependent signaling
pathway seem to play key roles in B. thuringiensis -induced resistance to R. solanacearum
in tomato plants.
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