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MoA WG Team Members: 2013-2014

— Dan Cordova — DuPont — Deputy Chair
— Andrew Crossthwaite — Syngenta

— Fergus Earley — Syngenta (Advisor)

— Danny Karmon - MAI

— David Kim — Vestergaard Frandsen

— Peter Luemmen - Bayer

— Ralf Nauen - Bayer

— Shigeru Saito — Sumitomo

— Vincent Salgado — BASF - Chair

— Tom Sparks — Dow

— Jerry Watson — Dow

— Excellent support from Alan Porter
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MoA WG Activities

2013 - 2014
— Jealott’s Hill, UK F2F — 20 Mar 2013 (8 participants and ~12 guests )

— Four conference calls
5Jun 2013 (7 participants)
19 Sep 2013 (10 participants)
16 Jan 2014 (9 participants)
27 Feb 2014 (9 participants)

— This week - face-to-face meeting
Session 3C (Research Triangle Park, NC, March 19t")

Company participation has been relatively constant for the past
6 years - eight (8) companies

— BASF, Bayer, Dow, DuPont, Makhteshim-Agan, Sumitomo, Syngenta,
Vestergaard Frandsen
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MoA Classification Objectives

The IRAC Mode of Action (MoA) classification provides
farmers, growers, advisors, extension staff, consultants and
crop protection professionals with a guide to the selection
of insecticides or acaricides for use in an effective and
sustainable insecticide or acaricide resistance management
(IRM) strategy.
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MoA WG Activities
 MoA Classification v. 7.3 issued February 2014

— New active flupyradifurone Group 4D - Butenolides
— Renamed Sub-group 8D — Borax to Borates

— Renamed Group 9 to Modulators of Chordotonal
Organs

— Simplified table notes and section 6.4 — notes regarding
sub-groups.

— New note: Actives in groups 8 (non-specific multi-site
inhibitors), 13 (uncouplers) and UN are thought not to
share a common target site and therefore may be freely
rotated with each other unless there is reason to expect
cross-resistance.
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MoA WG Activities

* Target site mutations Listings published 6/2013
— Includes references for each listing / mutation

— Will be reviewed annually

* Led by Dan Cordova
[iRAC MoA] Mutation C Field
0. . _ . u n Common - -
Target Site Mutation Subunit Affected Org. - Literature References
Group Name
- - amer N o trenie Nabeshima et al. (2003) Blochem Blophys Res Comm, 307; 15; Nauen et al. (2004) Pest Manag Sci,
scstyichotmestersse S431F, A302S MACE (S431F) Aphis gossypl, Myzus persicae Y28 b50:1051; Andrews et al, (2004) Insect Mol Blol, 13:555; Toda et al. (2004) Insect Mol Biol, 13:545;
1A (Carbamates)
G115, A201S, T250A, Tetranychus urticae, Tetranychus R IR P, 5 .
F3r1erI, G328A - Yes Khajehall et al. (2010) Pest Manag Sci, 66:220; Carvalho et al. (2012) Pest Blochem Physlol, 104:143
INauen et al. (2004) Pest Manag Scl, 50:1051; Andrews et al. (2004) Insect Mol Blol, 13:555; Toda et 3l
S431F, A302S MACE (S431F) Aphis gossypl, Myzus persicae ves = bt B)lol. e (2004)
Acstylicholinesterase .
18 {Organophosphates) A Bactrocers olsae Yes [<akani et al. (2008) Insect Blochem Mol Blol, 38:781
G118, A201S, T250A, urticae, . :
e = Yes [Khajehail et al. (2010) Pest Manag S¢i, 66:220; Carvalho et al. (2012) Pest Blochem Physiol, 104:143
A3025N i - Bemisia tabac!, Sogatelia furcifers, vee Anthony et al. (195) Pest Biochem Physiol, 51:220; Nakao et ai. (2010) Pest Blochem Phys, 97:262;
2 GABA-gated chioride - Laodeiphax striatellus INakao et 3L (2011) J Econ Entom, 104:645
channel . . .
A302S (A301G), T350M a ro Drosophiia me;:;.g:.::e.. Drosophita No Irench-Constant et ai. (1993) Nature, 363:44; Le Goff &t al. (2005) J Neurochemistry, 32:1235
VA10AIG 155 Helicoverpa zea Yes Hoking et al. (2010) Insect Blochem Mol Blol 40:385
vatoL 155 Cimex lectulanus Yes [Yoon et al. (2008) J Med Entomol 45, 1082-1101.
o o ” — — ‘nga e; al. (1397) Biochem Elophys Res Comm 239:683; Hokins et al. (2010) Insect Biochem Mol Blol
M1l 1154-56 Piutela xylostella ves  [sonoda et al. (2012) Pest Blochem Physiol 102:142.
Ma1sL I1S4-55 Aphis gossypl, Myzus persicae ves Fontaine et al. (2011) Pest Manag Scl 67:881.
Tmhge’“mxga%m”':“f hWillamson et al. (1996) Mol Gen Genet 252, S1-60. Nyoni et al. {2011) Pest Manag Scl 239:638.
Mo18T I154-56 T "’mw Yes leftherancs et al. (2008) Bull Entom Res 98:183. Toda and Morishita (2002) J Econ Entomol
e bl b e 102:2296. Haddl et al. (2012) Insect Blochem Mol 42:506
MI15V 11S4-56 Bemisa tabacl ves Morin et al. (2002) Insect Blochem Mol 32:1781.
— - Bemisa fabac), Cimex lectularius, vee Morin et al. (2002) Insect Blochem Mol 32:1781. Yoon et ai. (2008) J Med Entomol 45, 1092-1101.

Rhipicephaius microplus

6

[Rodltakis et 3l (2006) Pest Blochem Phys 85:156. Morgan et al. (2009) Int J Parasit 33:775.
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MoA WG Activities — NovaSource Counter Mat

Rotate Insecticides to Control Resistant Insects Effectively

Rotate insecticides with different modes of action. Use chart below to identify the modes

Main Group and
Pri te of

Group 1
Acetyicholinesterase (ACHE)
Nerve action

{strong evidence that action at
his protein i responsibie for
insecticidal effacts)

Chemical ub-group

Active Ingredients

Active Ingredient

Caanetes

Alanycarb, Aldicarb, Bendiocarb,

Triazamate,Trimethacarb, XMC, Xylylcarb

1
Organophosphates.

Acephate, Azamethiphos, Azinphos.
SO I
Chiorethoyfos, Chiorfem

Chiormephts, Chiorpyrifos, Chiorpyrifos-

phosphorylsalicylate, soxathion,
Malathion, Mec

Main Group and
Primary Site of
ction

Group 8*

Chemical Sub-group
or exem)
Rectos mprediont

8a
Alky halides

Active Ingredients

Methyl bromide and other alkyl halides

Main Group and
Primary Site of

Group 18

site) inhibitors

88
Chioropicrin

Chloropicrin

ac
Sulfuryl fluoride

Sulfuryl fluoride

)
Borates

Borax

Growth regulation

{strong evidence that action at thi
frihieciat it onectal

Chemical Sub-group
or exem)

Diacylhydrazines

Active Ingredients

Chromafenozide, Halofenozide,
Methoxyfenozide, Tebufenozide

sE
Tartar emetic

Tartar emetic

Group 9

Modulators of chordotonal organs

Nerve action
(arget protein responsible for
biological activity is unknown, of
uncharacterized)

%
Pymetrozine

Pymetrozine

oc
Flonicamid

Flonicamid

Group 19

Octopamine receptor agonists
Nerve action

(Good evidence that action at one
o more of this class of protein
Fesponsible for insecticiial effects)

Amitraz

Amitraz

Methidathion, Mevinp

Naled, Omethoate, Oxyciemet
methy, Parathion, Parathion mef i

Phenthoate, Phorate, Phosalone, Phosmet,

nos, Monocrctophos,

Group 10

Mite growth inhibitors

Profénofos, Propetamphos, Prothiofos,

Triazophos, Trichlorfon, Vamidothion

Group 2

28
Cyclodiene

antagonists
Nerve action
{Strong evidence that action at this

protein is responsible for insecticidal
effects)

Chlordane, Endosulfan

28
Fhenyipyrazoles
(Fiproles)

Ethiprole, Fipronil

Group 3
Sodium channel modulators
Nerve action

{5trong evidence that action at this
proteinisresponsibe for insectcidal
ts)

A
Pyrethroids
Pyrethrins

‘Acrinathrin, Allethrin, d-cis-trans
Allethrin, dtrans Allethrin, Bifenthrin,

I

Diflovidazin

Clofentezine, Hexythiazox, Diflovidazin

Group 20

208
Hyd:

Hydramethylnon

Wansport mhibiors

208
Acequinocyl

‘Acequinocyl

(EM%!E:!-&MMN::’I:
rotein com o
Tnsecicdar effects

20¢
Fluacrypyrim

Fluacrypyrim

for
biologica actiity s unknowin, o
uncharsctenized)

r 108
Etoxazole

Etorazole.

Group 21

lelectron

21A
MET! acaricides and
insecticides

enazaquin, Fenpyroximate, Pyrimidifen,
Fiidaban, Tebutenparad. ToHsnpyrad

Group 11

Microbial disruptors of insect
midgut membranes

(includes transgenic crops

rotation of modes of action)

1A
Bacillus thuringiensis
and the insecticidal

proteins they produce

Bacillus thuringiensis subsp. sraelensis
Bacillus thuringiensis subsp. aizawal
Bacillus thuringiensis subsp. Kurstaki

Energy metabolism

Bacillus p. tenebrionis
. crop proteins: (+Please see footnote)
A B e Gy Tes: Gy A 105, CoyaAb,
B hR G L Cry3anbl/

Abl

hat action at this
protein complex s responsible for
insecticidal effects}

o

Rotenone (Derris)

Group 22

24
Indoxacarb.

Indoxacarb

18
Bacillus sphaericus

Bacillus sphaericus

Group 12

127
Diafenthiuron

Diafenthiuron

blockers
Nerve action
{Good evidence that action at this

Inhibitors

Bioallethrin,
Bioresmethrin, Cycloprothrin,

Cyfluthrin, beta-Cyfiuthrin, Cyhalothrin,

lambda-Gyhalothrin, gamma-Cyhalothrin,
v )

synthase

128
Organotin miticides

‘Azocyclotin, Cyhexatin, Fenbutatin oxide.

Insecticidal effects})

228
Metaflumizone

Metaflumizone

oy

(c s affect the function

ta-Cypermethrin, Cyphenothrin, (1R).

Tewramethrin (1) Somers],
Tralomethrin, Transfiuthri

poT
Methoxychlor

Methoxychlor

Group 4

Nicotinic acetylcholine receptor
(RAChR) agonists.

Nerve action

{Strong evidence that action at one.
‘or more of this class of protein is

A
Neonicotinoids

‘Acetamiprid, Clothianidin, Dinotefuran,
imidacloprid,Nitenpyram. Thiacloprid,

)
Nicotine

Nicotine

ac
Sulfoxaflor

Sulfoxaflor

P

4D
Butenolides

Flupyraditurone.

but itis not clear

protein,
that this is what leads to biological

activity)

12
Propargite

Propargite

120
Tetradifon

Tetradifon

Group 13*

Uncouplersofcxdative

ioton wa diruption f
e gradient &

fhe proton'
Energy metabolism

‘Chlorfenapyr
DNOC
Sulfluramid

Chiorfenapyr
DbNOC
Sulfluramid

Group 23

Inhibitors of acetyl CoA
carboxylase.

Lipid synthesis, growth regulation
{Good evidence that action at this
protein is responsible for insecticidal
effects}

Tetronic and Tetramic
acid derivatives

spirodiclofen, Spiromesifen, Spirotetramat

Group 24

208
Phosphine

“Aluminium phosphide, Calcium phosphide,
Phnsnhlnt.v = PR
Zine phosphide

Group 14

Nicotinic acetylcholine receptor
(RACHR) channel blockers
Nerve action

it inds affect the function
of i proteln ut it 15 not clear
that this is

activity

Nereistoxin analogues.

what leads to biological

Bensultap, Cartap hydrochloride,
Thiocyclam, Thiosultap-sodium

Energy metabolism
{Good evidence that action at this
protein complex is responsible for
insecticidal effects})

28
Cyanide

Cyanide

Group 15

Benzoylureas

Inhibitors of chitin biosynthesis,

Growth regulation

Group 5

Nicotinic acetylcholine MED(or
(nAChR) allosteric activators

Nerve action

{5trong evdence thatacton atone
or more of this lass of protein
Fesponsibl for nsecticdal effects)

Spinosyns

‘Spinetoram, Spinosad

uncha

ical activity is unl or
Bological actvty s unknown.

Group 25

Mitochondrial complex Il electron
transport inhibitors

Bistriflure
Flucycioxuron, Fufenoxuro
Hexaflumuron, Lufenuron, Novaluron,

Noviflumuron, Tefiubenzuron, Triflumuron

9

(Good evidenc thataction t i
i ke

nsecticidal sttects)

derivatives.

Group 16

Buprofezin

Inhibitors of chitin biosynthesis,
P

Growth regulation

Group 6

Chioride channel activators

Nerve and muscle action

{strong vidence that action at one
o more of this lass of protein
Tesponsibl for nsecticdal effects)

‘Avermectins,
Milbemycins

‘Abamectin, Emamectin benzoate,
Lepimectin, Milbemectin

Group 7

Hydroprene, Kinoprene, Methoprene.

for
Biologial actvity s unknown, o
uncharacteriz

Buprofezin

Group 28

Ryanodine receptor modulators
Nerve and muscle action

{Good evidence that action at this

protein complex is responsible for
insecticidal effects)

Diamides

Chloranranilprole, Cyantranilprole
Flubendia

Group UN*

unknown or

‘Azadirachtin

‘Azadirachtin

‘Benzoximate

‘Benzoximate

uncertain MoA®

Bifenazate

Bifenazate

Group 17

Moulting disruptor, Dipteran
Growth regulation

{Target protein responsible for
biological activity s unknown, o
uncharacterized)

Cyromazine

Cyromazine

C responsible for

biological is unknown,

Chinomethionat

Chinomethionat

Cryolite

Cryolite

Dicofol

Dicofol

Pyridalyl

Pyridalyl

Pyrifiuquinazon

Pyrifiuquinazon

‘Growth regulation

Fenoxycarb.

S

Pyriproxyfen

Source: IRAC MoA Classif

on Scheme v

7.3, February 2014,

with permission

Further information is

Sevin is a Group 1A insecticide.

Carbaryl Insecticide

lable from www

irac-online.org

Table N

f action of commonly used insecticides.
Tips for Preventing

Insecticide Resistance

Use Integrated Pest Management (IPM)
practices by monitoring pest pressure an
choosing the correct insecticide.

Identify the insect pest.

Monitor pest populations and apply only
when economic thresholds are reached.
Rotate insecticides with different modes
of action (MOA).

Consider incorporating various management
strategies of which insecticides may be only
one method of control.

Follow the application techniques stated
on the label.

Do not overuse insecticides.

Do not apply insecticides in sub-lethal doses.
Consider the presence of pollinators when
planning spray timing. Follow pollinator
precautions on product labels.

Keep accurate records.

Consider using Sevin® carbaryl insecticide
(Group 1A) in your pest control program.
Visit www.novasource.com for a copy of
the SEVIN label and for more information.

Always read and follow label directions.

SEVIN and NOVASOURCE are registered trademarks of
Tessenderlo Kerley, Inc. All other brands and trade names listed
are the trademarks of their respective companies.

©2014 Tessenderlo Kerley Inc., All rights reserved.

oSOUrce WWWw.novasource.com

Tessenderlo Group




MoA WG Activities

* Projects in the works
— Add v. 7.3 updates to MoA Classification Booklet
— Add v. 7.3 updates to e-classification
— Simplify and update MoA Structures poster

— Mode of Action Presentation

* On-hold pending outcome of UNL project
— New Posters

e Resistance Mechanisms

* Coleoptera MoA poster

— List of Key MoA References

IRAC



MoA WG Activities

e New Issue — DIY “IRAC”
classifications.
— Group 8A —alkyl halides —is

grossly incorrect. We would
propose group UN.

— |RAC must act to prevent DIY
classifications immediately.

POISON

KEEP OUT OF REACH OF CHILDREN
READ SAFETY DIRECTIONS BEFORE OPENING OR USING

ACTIVE CONSTITUENT 166.7g/Kg ETHYL
FORMATE

| GROUP N INSECTICIDE|

VAPORMATE fumigant is a post harvest fumigant for
the control of certain insect pests in stored
cereal grains, oilseeds, grain storage premises and
equipment and horticultural produce.

Only to be used by licensed fumigators as specified in
the
Directions for Use table

NET CONTENTS: 6-31 Kg

JV¥BOC
BOC Limited ABN 95 000 029 729
10 Julius Avenue,
North Ryde NSW 2113 Australia
Phone: 61 2 8874 4400
28110 #Z1913




MoA WG Activities

* Other larger issues under discussion
— Sub-Groups — should they exist?
— Classification of microbials, soaps and oils.

* Regulators are asking for a classification on all insect
control products.

10
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MoA WG - Web Usage

Numbers shown are unique page views as distinct from total page views

MoA Team page — page views
— 2011:9484
- 2012:12,376
— 2013: 15,892

Most Popular IRAC Pages

ﬂ

1 IRAC Home 35K
2 MoA Team 16K
3 Pests 7K
4 About Resistance 5K

Data from Alan Porter

11
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Phone/Tablet App

e Launched in March 2013 - 1330 downloads as of Feb 2014

* Some improvements in April 2013 but no change since then.

* Needs to be updated to replace blanks for some of the sub-groups

* Needs to be updated with the changes in the latest classification version (7.3)

Groups

Acetylcholine esterase

inhibitors About IRAC About MoA
[EE
GABA-gated chloride - . .
channel antagonists The Insecticide Resistance Action

Actives

sodium channel Committee (IRAC) was formed in

modulators 1984 and is now part of the

Nicotinic Acetylcholine Stewardship Steering Committee
receptor agonists of CropLife International. IRAC

5. A
allosteric activators

Nicotinic Acetylcholine provides a coordinated crop
receptor allosteric
activators

protection industry response to 6. Chioride channel activators

prevent or delay the development T o
Chloride channel .

SRR of resistance in insect and mite

pests.

v IRAC



