ENTOMOKTONA

XHMEIA, APAZEI2, ENMIAPAZEIX
2TO NEPIBAAAON



loTopIKA avadpoun

« XpNon S amro apXaioug ZOUUEPIOUG TO
25001TX.

« XpNON EVTOUOKTOVWY ATTO BOoTOvVa Kl
AddIa a1Td apyaioug AlYUTTTIOUG Kl
Kivé{oug yia TNV TTPOCTACIO CTTOPWV.

* 3001X: CWOTOGC XPOVIOHOG TNS OTTOPAG
Yia aTTo@UY atTTWALIWYV. Avayvwpion
QPUOIKWYV EXOpWV: XpNonN MUPMNYKIWYV VIO
TNV QVTIMETWTTION KAMTTIWYV KAl
OKOPARaiwV OTIC AENOVIEG.



Mecaiwvag: Xpnon ocatrouviou,
EKXUAIOHATWY KOTTVOU Kal AAAWV BoTavwy,
OPOEVIKOU.

Mexpi To 1800: vEeEG OUCIEG ATTO VEEG XWPEG.
1880: 0 TTPWTOG EUTTOPIKOGC WEKAOTAPOG.
1920: xpnon agpOTTAAVWYV YIO YEKACTHOUG.

21a 1920 ka1 1930 Ta repioocoTEPA
EVTOMOKTOVA NTAV TTOAU OVOTTOTEAEOHATIKA
(ME Baon Ta onuePIVA OEOOUEVQ).



H eTTOXN TWV EVTOUOKTOVWYV

1939-1962: avakaAuyn “"Bauvpgatoupywv”
EVTOMOKTOVWYV.

DDT: mrpwTtn ouvBeon atrod Tov Mepuavo
MeETATTTUXIOKO Othmar Zeidler Trou dev KataAaBe
TNV EVTONOKTOVO dpdon Tou (1873).

1930: 0 EABeT6G XNMIKOG Paul Muller (Geigy Corp.)
aTTOKAAUWE T 6pdon Tou.

Eupeia xppon KAatda TnG EAovooiag Kal ToOU TUPOU
Katd Tov B' NMaykéouio NMoAegpo.

1948: Nobel oTtov Muller.

1962: Rachel Carson's Silent Spring
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Trophic M. Bird of Prey
level 4 0 .

Trophic
level 3

Trophic
level 2

Losses by respiration
and excretion

B Nonmetabolized
B pesticide

it Total weight of
.- living material

W Trophic
level 1

Figure 11.4 Graph showing the accumulating levels of nonmetabolized pesti-
cide residue as trophic levels are ascended. The size of the bars in the graph rep-
resents total biomass at a trophic level. Such is an example of biomagnification.




Pest management

 Mexpi to 1950: BavaTtwon eviopwy, ol
TTPOOCTACIA KAAAIEPYEIWV.

e Meta 10 1960:

— EAEYXOGC EVTOUWYV (pest control: use of
conventional pesticides [chemical
control]) — 100% Killing!!

— Olaxeipion eviopwy (pest management:
reduce pest impact).
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insecticide

Mrosmmsmmsmmnes
]

Numbers of pest
A\

-
Numbers of parasite

parasite

secondary pest

parasite

secondary pest
parasite

normal range of
population before
insecticide

range of population
after insecticide

Figure 14.4 Resurgence of pest population (solid curve) due to insecticide treatment (arrow) that severely reduces a key
parasite population (dashed curve). Insccts that are habitually below injurious levels (dotted curve) can become secondary pesis

when released from control by natural enemies eliminated by insecticides. Brackets indicate the characteristic abundance (normal
range) of the three populations.




CLASSIFICATION OF COMMON INSECTICIDE GROUPS

Stomach
paoisons

Fumigants

Crganic Inorganic Organic Inorganic

Systemics

Inorganic

Botanical

Chlorinated Organophosphates Carbamates Pyrethroids Cthers
hydrocarbons

Figure 11.2 Classification of common insecticide groups. Initial divisions are based on site of encounter.




Organophosphates

Xapakrtnpiovtal A1ro TNV TTApOoUCia ATONWYV
avlpaka Kol puwo@opou

XnMUIKA €TIBAPUVON OIKOOUOTNMATWY KAl
ETIOPAOT OE OPYAVIOHOUG HN-CTOXOUG

TpotTog dpaong diapeEpel ota diagopa OP
["eVvIKA, MIKPR UTTOAEIMMATIKOTNTA KOl MIKPOG
XPOVOG NUICWNAG OTO TTEPIBAAAOV
AuoTUXWG, CUXVA EUpPEIa OpAON O& WPEAINA
EVTONO



Organophosphates

* [loAAa OP xpnoiyotroiouvTail yia
YEWPYIKOUG KOI ONUMOCUYEIOVOMIKOUG
OKOTTOUG

— Malthion (Malathion and Cythion)

— Acephate (Orthene)

— Methyl parathion (Methyl parathion)
— Diazinon (Diazinon and Spectracide)
— Chlorpyrifos (Dursban and Lorsban)
— Azinphos methyl (Guthion)



2UVOETIKA TTUPEBPOEION

TPOTTOTTOINMEVOI EOTEPEG XPUOAVOEUIKOU, EVOG
XNMIKOU TTOU TTPOCOMOoIAlEl TOU BaCIKOU
OUCTOTIKOU TWV XPUOAVOENWYV

AAANOYEG OTO OEIVA OCUOTATIKA TTPOCOId0OUV
MEYOAUTEPO XPOVO NMICWNG OE CUYKPION ME TIG
(PUCIKEG TTUPEDBPIVEC

2UXVA ETTITTPOOCBETEG TPOTTOTTOINCEIG
BEATIWVOUV TN OUVEPYIOTIKN Opaon

Aoocig gival ouxva 10% Twyv d6cewv Twv OPs



2UVOETIKA TTUPEBPOEION

* [ToAAdG £€xouv xpnoiyoTtroindei oTn
OaooAoyida, YEwpPYia Kal dOnuooia
UVEId
— Permethrin (Pounce, Ambush, Dragnet)
— Cypermethrin (Ammo)

— Esfenvalerate (Asana)
— Lamda cyhalothrin (Karate)



KapBauidika

NMNapdaywya Tou KapRBauIOIKOU OCEWGS

H TogIKOTNTO € NN-OCTOXOUG ECAPTATAI OTTO TN
XNMEIO TOU EVTOUOKTOVOU, KUMAIVOMEVN OTTO
XOMNARN € TTOAU YnAnR

"eVIKA, NIKPN UTTOAEIMMATIKOTNTO KOl
TTEPIOPICHEVOS XPOVOG NMICWNAG

2UXVA, UPNARN OPOOCTIKOTNTA EVAVTI WPEAINWYV
EVTOHWYV

MepIKa Kolvd ovouaTa

— Carbaryl (Sevin)

— Aldicarb (Temik)

— Methomyl (Lannate)



OpyavoxXAwpPIVveg

Xapakrtnpiovtal a1ro TNV TTapouUCia ATONWYV
XAWwpPiou Kal avBpaka

loxupa TOCIKA VEUPIKOU OCUCTAMATOG

Ta TePI00OTEPA EMIOPOUV OE HEYAAO QAT
OPYOAVICHWYV MN-OTOXWV

O BIOXNMIKOG TPOTTOG OPACNG TOUG Eival
OM@PIAEYOMEVOG

TpOTrog 6paoNg ESAPTATAI OTTO TN XNHIKNA Baon
TOU EVTOMOKTOVOU

MeydAn UTTOAEIMPJATIKOTNTO KAl HEYAAOG
XPOvog NHICwNg



OpyavoXAWwpPIVEG

* TMoAAd XpnoOIMOTTOIOUVTAV OTOV AYPO
— DDT
— Lindane
— Dicofol (Kelthane)
— Endosulfan (Thiodan)

 Ta repioocoTepa EXouv atrayopeuTei otig HINA
* MMoAU Aiya eE¢akoAouBouv va UTTAPYXOUV YIa
Xpnon

— Endosulfan is sometimes used on ornamentals and
in seed orchards

— Lindane is still registered for Southern Pine Beetle
control but no product is available in the marketplace



Mop@£g TOgIKNG dOpAong OoTA
EVTONO

duoik6 dnAnTRpio
[[eVIKO ONANTHAPIO TTPWTOTTAACHATOG
ANANTAPIO KUTTOPIKWYV EVCUMWYV
AnAnTNPIO VEUPIKOU OUCTAMATOG
PuOuioTnG avaTtrTu¢ng
NMapayovtag TTPOKANONG acBEveIag
ATTWONTIKO



TogIKOTNTA OTOUG AVOPWITTOUG
N O€ NN-OTOXOUG

 Ta TTEPICOOTEPA EVTOUOKTOVA £XOUV
Opdon o€ NN-OTOXOUG

* Opla TOCIKOTNTOG:
— Highly toxic — LD, 0 — 50 mg/kg
— Moderately toxic - LD, 50 — 500 mg/kg
— Low toxicity - LD, 500 — 5,000 mg/kg
— Nontoxic - LD, <5,000 mg/kg



TOCIKOTNTA OTOUG (PUOIKOUC
EXOPOUC TWV EVTONWYV

 Ta TTEPICOOTEPO EVTOUOKTOVA £TTIOPOUV
o€ TTANOUOHOUGC WPEAIMWY EVTONWYV



TOoCIKOTNTA OTOUG (PUOIKOUC
EXOPOUC TWV EVTONWYV

Highly toxic — O1 TTAnOucpoi TwV TTapACiTWYV
OQVOKAMTITOUV TTOAU YPNYOPOTEPA ATTO TOUG TTANOUCOUG
TWV £X0pwV TOUG

Moderately toxic — O1 TTAnBuopuoi TwWV TTaPACITWYV
OVOKAMTITOUV OXETIKA YPNYOPOTEPO OATTO TOUG
TTANBUOHOUG TWV EXOpWYV TOUG

Low toxicity — O1 ouoikoi ex0poi emifiwvouv o€ éva Babuo
Kal ETTITIOEVTAI ATTOTEAECUATIKA OTOUS OVAKAMTTITOVTEG
TTANBUOHOUC TWV TTAPATCITWYV

Nontoxic — AlIaTAPNON @UOIOAOYIKWYV ETTITTEOWYV QPUOIKWYV
EXOpWYV TTOU ETITIOEVTAI ATTOTEAECUATIKA OTOUG
OVOKAMTITOVTEG TTANBUOHOUG TWV TTAPACITWYV



[MepIBAAAOVTIKOG KivOUVOG

* O ePIBAAAOVTIKOG KiVOUVOG EKTIMATAI
WS oUVAPTNON TNG UTTOAEINMATIKOTNTAG
TOU EVTOMOKTOVOU OTO TrEPIBAAAOV Kl
OUXVA CUYKPIVETOI ME TNV
OTTOTEAECHATIKN OpAC TOU



[MepIBAAAOVTIKOG KivOUVOG

High — NMepiBaAAOVTIKH) UTTOAEIMMATIKOTNTO
TTOAU HEYOAUTEPN ATTO TNV TTEPIOOO
ATTOTEAECMATIKNG dpdong (> 5 ufveg Kai
ouUXVva > £va £T0G)

Intermediate — Persists beyond effectiveness
(3-5 month half-life)

Low — Persists about the period of
effectiveness (up to about 3 months) and then
degrades completely over several months

Very low — Persists for short periods (>45
days) and degrades completely



Persistencc? and ﬁg
Degradation

* YmroAsiguaTikOTnTa — The resistance of a
herbicide to metabolic or environmental
degradation or removal; a measure of the
duration of retention of activity by a
pesticide Iin the environment

Atrodounon — The breakdown of a
substance into simpler molecular or
atomic components through chemical
reaction(s) either in a plant or animal
(metabolic degradation) or in the
environment (environmental degradation)



\")
Persistence/Degradation: i&z
Process Drivers

 OeppoKpOTia

* 2XETIKAN uypoaoia / Bpoxotmrtwon
. pH

* 'EkBeon oTov RAIO (insolation)

« XAwpida / TTavida edA@oug 1 vepou
— Macrophytes

— Mikpoiakoi TTAnOuouoi

— 2KWANKEG Kal MIKpO-TTaVvidd



Xpovog nuiIwng

The time required for half the amount of a
substance (such as a herbicide) present in
or introduced into a system (living or
ecological) to be eliminated, whether by
excretion, metabolic degradation, off-site
transport, or other natural process



Resistance/Resurgence
Hazard

 The hazard of populations developing
resistance and resurging is evaluated
for most insecticides



Resistance/Resurgence
Hazard

High — Strong potential to develop
resistance and resurge

Intermediate — Moderate potential to
develop resistance in treated
environments

Low — Minimal potential to develop
resistance

None — No resistance developed, no
resurgence after many treatments



IPM Attributes

* IPM is especially important when
discussing the use of insecticides due
to the potential for the development of
resistance and subsequent resurgence
of pest populations repeatedly treated
with a single insecticide

 Repeated treatment with a single
pesticide imposes artificial genetic
selection on insect populations



IPM Attributes

 However, IPM must be effective and so
there are several criteria to evaluate

— Effectiveness in controlling pest
populations

— Cost of treatment
— Human and nontarget-animal toxicity
— Environmental persistence



AvaTrTuSn
OVOEKTIKOTNTAG



Mepkot opropuol

® AvlOextikoTnTo opileTon ®C ‘U0 KANPOVOUNGIUN aAAAYT) GTNV
evaroOncio evoc TAnbvopod emPraPov eviopmy Tov
OVTIKOTOTTPILETOL OTNV KAT ETAVAANYN ATOTUYIN EVOG
EVTOUOKTOVOL GKEVAGUATOC VO EMITVYEL TO OVOUEVOUEVO
EMITEDO EAEYYOV, OTOV YPNOIUOTOLEITOL GOUPDVOL LUE TIC
0ONYIEC TOV KATAUOKEVAGTN Y10 TO GLYKEKPIUEVO €100C .

o AMwactavpovusvy avlesktikoTyta couPaivel otav n
avOEKTIKOTNTO OC TPOC VO EVIOUOKTOVO GKEVAGLLOL EXEL GOV
aToTEAEGUO TNV AVOEKTIKOTNTA KOl OC TPOC EVO AAAO, KON
Kot OTaV TO EVTOUO 0eV €YEL €kTeEDEL GTO OLPOPETIKO AVLTO
TPOIOV.

® Eivou EekdBapo 0tL Ady® Tov peydAov peyebovg tmv
TANOLGUOV TOV EVIOU®V Kl TNG YPNYOPNS OVATTLENG TOVG,
VTAPYEL TAVTO O KIVOLVOC ELPAVIOTS avVOEKTIKOTNTAC,
101UTEPO OTAV TOL EVTOUOKTOVA PN OO TOI00VTOL Le AdBoC N
VTEPPOAKO TPOTO.



AvbekTikotnta 1 avoolia;

AvBOekTikotnTa Avoola
['evvieoat avOexkTikog ATIOKTAG avoola
AvVArtvooeTal o€ AvArtvooeTal OTo
mAntoopo dTOHO
Metapipadetatl otoo .
P C > AEN petapipaletar
AII0YOVOUG



Alyn woTopilo

® Aiyo UETA TNV EIGAY®OYN TOV GLVOETIKOV OPYOVIKDV
eviopoktovav 1o 1940, 6mwg to DDT, eugpaviotkay
TOL TPOTA, OETYLOTO OVOEKTIKOTNTOG.

o Mcyptto 1947 iye kataypogel avOEKTIKOTNTO TNC
owktakne poyog oto DDT.

® >.T1 GUVEYELN, 1] EIGAYMYT) OTOLOVONTOTE EVIOUOKTOVOL
véov okevaouatog (cyclodienes, organophosphates,
carbamates, formamidines, pyrethroids, Baci/lus
thuringiensis, spinosyns Kol neonicotinoids)
GLVOOELOTOV ATO TNV EUPAVIOT AVOEKTIKOTNTOC LEGT
o€ 2 €0¢ 20 ypovia 6e Evav apliuo Pactk®v EVIOU®V
GTOYMV.
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H aovdnon tov apdpoo tov etldov
EVTOP®V IOV £XOLV epPavioet
avOeKTIKOTNTA O¢ VA TOLAJYLOTOV

evtopoktovo (Georghiou and Mellon,
1940 1950 1960 1970 1980 1983)
Year




FIGURE 22.12 Evolution of
insecticide resistance in insect
populations.
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‘Eva¢ mANBUONOC KOUVOUTIWY TOU TEPIEXEI TOOO avBEeKTIKG (R)
000 Kal euaiodnTa (S) dtoua, wpIv awd TN XPHON EVTOUOKTOVOU.
H avaloyia Tou avBekTikou R atopou gival 1/12 = 0.0883.




MeTA TN XpPrONn TOU EVTOUOKTOVOU Ba miILOO0OUV TA AVOEKTIKA
aropa (R) kai pepikd amd 1a euaiobnTa (S).




H avaloyia Twv avBekTikwy (R) atépwy gival Twpa 1/3 = 0.333.



Av 10 avBekTIKO R Adtopo avarapayetal 0Twe Kal To S, oTnv
eTOMEVN YEVIA N avaloyia Twv R atéuwyv Ba gival 6on kai 0Toug

emI(NOAVTEC TNG TPONYOUNEVNG YevIag, dnAadn 0.333.




EravaAauBavopevn, otabepr emAoyr) avOEKTIKOTNTAG
EXEl OaV amTOTEAEONA TANBUO O ATOKAEIOTIKA
avOekTIKWV (R) atouwv.




* ALTO OV PAenovpe elval eva
[IAPAOELYHA (POOIKI)G EMNOYIG, TIOV
001 yel otV €§€AE evog IAnBvopov.

* QLOWKT] EMAOYT) €LVAL 1] OLAPOPETIKI)
emPioon (1) OlaPOPETIKT)
aAvVanapay®ylkn Kavotntd) ToV
ATOP®V, TIOL 00N Yel 08 AAAAYEG TOD
KAJOPATOG EVOG OLYKEKPLHIEVOD
YEVETIKODL TOHOL O¢ eva TANBooo.



H xatavonorn tng avlektikotntag ota EVIOPOKTOVA AIIAalTEl
TNV aAnAenidpacn NoA@V mmeploywv tn¢ roloyiag, amo )
poplaki) ProAoyiag otnv okoAoyia

ESeAwtikr) Oewpia

, IIAnBoopiaxi «— Oukoloyia
eafpITsy YEVETIKN

Compluters

f
/ \ Mabnpatika

Owovopia levetiky)

(Tovpropog) / ™~

dvoroloyia
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Mnyaviopot avBektikotntag

External
insecticide

Penetration
Internal

insecticide

Meta bolism

Inactive
metabolite

Excreted
products

H avBektikotnta propet va givatl anoteAeopa:
1. Mewopevng 01€100001)G TOV EVIOPOKTOVOD
2. Mewwpevrg evatclnoiag too otoyoo
3. Avinpevoo petafoAoOpoD TOL EVIOPOKTOVOD

4. Tpommonoinong tTrg CUPIEPLPOPAG TOD EVIOHOV



TABLE 1. A rational classification of commercial insecticides, acaricides, and nematicides. Target sites with well-
established insensitivity resistance are highlighted. Chemical classes that share a common target site are
separated by thin lines.

Functional
MOA? group

Biochemical
MOA class

Target/effect

Chemical Class

Products

MNeuroactive
Agents

VDICE
modulators

prolong sodium
channel opening

pyrethroids

deltamethrin, fenvalerate (Asana®)

diphenylethanes

DDT, methoxychlor

ionotropic receptor
channel blockers

block GABAd-activated
chloride channel

cyclodienes

dieldrin, endosulfan

polychlorocycloalkanes

lindane

phenylpyrazoles

fipronil

ionotropic receptor
agonists

nicotinic agonists

various classes

nicotine, cartap, pyrantel, levamisole

chloronicotinyls

imidacloprid (Gaucho®)

ionotropic receptor
maodulators

iGIURf modulators

avermecting

ivermectin, abamectin, emamectin

milbemycins

moxidectin

nACHR2 modulators

spinosyns

spinosad (Tracer)

metabotropic
receptor agonists

octopamine receptor
agonists

formamidines

chlordimeform
amitraz

serine esterase
inhibitors

acetylcholinesterase
inhibitors

organophosphates

chlorpyrifos, diazinon

carbamates

carbofuran, carbaryl, methomyl

Respiration
Disruptors

mitochondrial
electron transport
inhibitors

MET" site |
inhibitors

quinolines/quinazolines

fenazaqguin

rotenocids

rotenone

MET site Il inhibitors

amidinohydrazones

hydramethylnon (Amdro)

uncouplers

transport protons into
mitochondria

pyrroles

chlorfenapyr (Pirate’)

phenols

dinocap, DNOCI, pentachlorophenal

Insect
Growth
Regulators

hormone receptor
agonists

ecdysone receptor agonists

hisacylhydrazines

tebufenozide {Confirm), Intrepid®

juvenile harmone agonists

various classes

methoprene, fenoxycarb, pyriproxyfen

chitin synthesis
inhibitors

unknown mechanism

benzoylphenylureas

diflubenzuron (Dimilin'), hexaflumuron

Gut Disruptors

ionophore proteins

form ion-pores in
gut endothelium

B.t d-endotoxins™

B.t aizawa, B.t. kurstaki, Bollgard",
MNatureGard®
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IRAG

Insecticide Resistance Action Committee

Introduction

IRAC promotes the use of a2 Mode of Action (Mod) classification of
insecticides as the basis for effective and sustainable insecticide resisiance
management (IRM). Inseciicides are dlocated to specific groups based on
their target site. Reviewed and re-issued periodically, the [RAC Mo&
clagsification list provides farmers, growers, advisors, extension staff,
consultants and crop protection professionals with a guide to the selection of
insecticides or acaricides in IRM programs. Effective [RM of this type
preserves the utility and diversity of available insecticides and acaricides. A
sedection of Mod groups is shown below.

Metabolic Processes

Group 13 Uncouplers of oxidative phosphorylation via disruption of H
proton gradient Chiorfenapyr (pymole analogus)

Cuticle synthesis
Group 15 Inhibitors of Chitin biosynthesis, Type 0, Lepidopteran
Benzoylureas {e.g. Flufenoxuron) inhibit new cuticle synthesis

Moulting and Metamorphosis

Group 7 Juvenile haormone mimics

7B Juvenile hormone analogues (e.g9. Fenooycarb)

Group 18 Ecdysone agonists /moulting disruptors

18 Diacylhydrazines (e.g. Methoxyfenozide, Tebufenozide)

Midgut

Group 11 Microbial disruptors of insect midgut membranes

Toxins preduced by the bacterium Baciiluz thunngienaiz

Bt sprays =.g. Bt subsp. kurstaki and individual Bt Cry proteins expressed in
transgenic crop varieties {specific cross-resistance sub-groups)

Nervous System

Stimulatory Mervous System Targets

Group 1 Acetylcholinesterase (AChE] inhibitors

1A Carbamates (e.g. Thicdicark), 1B Organophesphates (e.g. Chlorpyrifos)
Group 3 Sodium channel modulators

3A Pyrethrins, Pyrethroids (=.g. Cypermethrin, h-cyhalothring

Group 5 nAChR agonists (Allesferic) ,Spinosyns (e.g. Spinosad)
Group 22 Voltage dependant sodium channel Blockers

22A Indoxacark, 228 Metaflumizone

Group 28 Ryanodine receptor modulators

Diamides (2.g. Flubendiamide, Chiorantraniliprol=)

Inhibitory Mervous System Targets

Group 2 GABA-gated chioride channel antagonists

2A Cyclodiene Organochlorines (e.g. Endosuffan),

2B Phenylpyrazoles (eg. Fipronil)

Group & Chioride channel activators Avermectins (2.9, Abamectin,
Emamectin benzoate)

Insecticide Mode of Action Classification:
A key to effective insecticide resistance management

www.irac-online.org

Effective IRM strategies: Sequences or alternations of MoA

All effective inseeticide resistance management {IRM) sirategies seek to minimise the seleclion of resistance to any one fype of - | MoA x m‘l" | MoAz -
-
=

insecticide. In practice, afternations, sequences or rotations of compounds from different Mo& groups provide sustainable and
effective IRM for pest Lepidoptera.  This ensures that selection from compounds in the same MoA group is minimised, and Sequence of insecticides through season
resistance is less kely to evolve.

Applications are often amanged info MoA spray windows or blocks that are defined by the stage of crop development and the biclogy of the pest species of concern.  Local expert advice should
always be followed with regard to spray windows and timings. Several sprays may be possible within each spray window but it iz generally essenfial to ensurs that successive gensrations of the
pest are not treated with compounds from the same MoA group. Metabolic resistance mechanizms may give cross-resistance betwesn MoA groups, and where this is known to occur, the above
advica must be maodified accordingly. IRAC also provides general recommendations for resistance management tactics regarding specific Mo& groups, e.g. neonicatinoids (Group 44).

Feeding Blockers

Group 3 Compounds of non-specific mode of action
{selective feeding blockers)

98 Pymetrozine

SC Flonicamid

Nervous System
Group 44 Acetylcholine receptor (nAChR) agonists
Heonicotinoids

Growth Inhibitors
Group 10 Mite growth inhibitors,
104 Clofentezine, Hexythiazox
10E Etoxazole

Metabolic processes

Group 20 Mitochondrial complex Il electron transpart
inhibitors

204 Hydramethylnon,

208 Acequinocyl

20C Fluacrypyrim

Group 21 Mitochondrial complex | electron fransport
inhibitors

21A METI acaricides

21B Rotenone,

Group 23 Inhibitors of acetyl CoA carboxylase
Tetronic & Tetramic acid derivatives (e.g. Spirodiclofen)
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1. Evtopoktova mov opovy 610
dCoV0 TOV VELPLKOV KVTTUPOV
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AVOEKTIKOTNTO Kdr: ETIPPAOVVGT] KAELGIUATOS
KovoAilov Na

- E.D lipyrethroids g

h_‘#

Intracellular potential, mV
|
(4]
T T

44— Direction of travel

————gtttt R+

—— bttt

++++++ R4
K efflux

Normal axon

Resting Active Inactive (refractory) Resting
K" permeability | Low Increasing High Low

Na" permeability | Very low Very high Decreasing Very low

DDT/pyrethroid

Na' influx Eath Na influx and K" efflux MNa' influx
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(b) Pore structure. Two of the four subunits of a voltage-gated
potassium channel are shown here. The pore forms in the middle.
The inactivating particle (when present) causes channel
inactivation by extending over the mouth of the channel to block
the passage of ions.

(a) Domain structure of an individual subunit. Each subunit ar
domain contains six transmembrane helices, labeled $1-56. The
fourth transmembrane helix, 54, is a good candidate for a voltage
sensor and part of the gating mechanism. For voltage-gated
sodium channels and some types of potassium channels, a region
near the N-terminus protrudes into the cytosol and forms an
inactivating particle.

Subunits

Plasma
memhbrane
Plasma
]' membrane
Inactivating ‘
particle o

Inactivating -
particle
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O petarhacerg avOeKTIKOTNTOS

DDT Deltamethrin Fenfluthrin
Docking predictions for DDT, deltamethrin and fenfluthrin with the voltage-gated sodium channel
(insecticide structures shown in stick format). The S4-S5 linkers, S5 helices, pore helices and S6
helices are shown in cartoon (yellow, cyan, brown and blue, respectively). Residues implicated in
pyrethroid binding in various pest species (housefly residues M918, L925, T929 and L932) are shown
in green stick format. Predicted distances of H-bonding interactions from the T929 threonine oxygen
(donor) to each pyrethroid’s carbonyl oxygen (acceptor) is 3.03 A (deltamethrin) and 2.73 A (fenfluthrin)
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3. Mnyoviecuot

O TOTOSIVOOTNG
3.1. Eotepaoeg
- YTEPEKQPAOCT YOVIOLOV
® MeTaAAACELS GTOV VTOKLIVITI] TOV YOVIOLOV
® Metarrdlerg oty emelepyaocioa Tov mRNA mov
001 YOUV GE GLENUEVY] HETAPPUOT
- I'oviowokn gvioyvon: avénon Tov aptduov
aVTLYPAOOV
— ITowoTIKEG GALOYES YOVIOL®V: NETAALOC] TOV
UETUTPETEL TNV €0TEPAON 6€ VOpPoLdon OP
EVTOUOKTOVQV



3.2. Glutathione S-transferases (GSTs) katalbovv v TpocO K
YAOVTUOELOVIIC ONULOVPYOVTES TEPLGGOTEPO VOPOPIAL KL
AyoTEPO TOEIKA TPOIOVTA

- Avijkovv og owkoyévera > 100 GST-like proteins

- Avénuévn opaon GST £xel ovvoehsi pe avOeKTIKOTNTO 6E OLES TIG
TAEES TOV EVTOUOKTOVOV

- H avOektikoOTnTO £)1€1 010000l 0TV GOENON TS TOGOTNTOG EVOS N
Teprocotipov GST pnéoom e avénong Tov pvOpod ™G peToypoenis

3.3. P450s. To cOumAoKO T®V povo-0EVYEVAGOV 1] 0EELOAGAOV
nektig Asrrovpyiog (MFO), cvpmepriappaver o
PEOOVKTAGT] KOl £va 1] TEPLOGOTEPA HOPLO KVTOYPORaTOS P450

- Avénon ot opactikotTnTta MFO givor amd tovg mAéov ouvijBeig
UNYOVIGROVS OVOEKTIKOTNTOS

- H avOektikoOTnTo 00T £X€1 00T0000El 6TV VTEP-EKPPAGT TOV
Kvtoypopotos P450

- To xkutoypope P450s avikel o€ pa peyain vrep-owkoyévera. 'Eyeu
oy tel 0TL vePEKPpaon Tov P450 propel va Tpokindel amd tnv
évBeon evog peTpopetadeTov otovyciov (Accord) oto yovidro cypégl, évo,
am6 Ta 90 yovidwa oto yovidiope g D. melanogaster Tov K®OIKOTOLEL
otaopeTika P450 évlona,



H avOekTIKOTNTO TOV 00KOV
GTO OPYUVOPOOPOPLKA
EVTOUOKTOVO,



MEZOTEIAKEZ XQPEX
MEDITERRANEAN COUNTRIES

Mepiroxég
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OIKOVOUIKN onHacia

* 98% TNG TTAYKOOMIOG TTAPAYWYNRS EANIOKAPTTOU
BpiokeTal otn Meoodyeio

* Mavw atrd 1 81 KaAAiepyoupeva dEvTpa
* Mavw atrd 15 ek ekTAPIa KAAAIEPYOUVTOI TTOYKOOHIWG

« 2,240 ek TTapaywyoi otnv Eupwtraikn ‘Evwon (780 XIA
otnv EAAGOa

* 1,9 ek TOévoI n TTapaywyn TnG EupwTtraikng 'Evwong
(14,7% otnv EAAGOQ)
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TPOTTOI AVTIMETWTTIONG TOU

OAdKoU
 EvTopokKkTOva
— OPs
— MupeBpiveg
— Spinosad

* MNayideg /' |

— Yellow sticky panel trap

— McPhail type —_—
 Sterile Insect Technique




(59)
57 (62) (58) (37)
e G3) Uo oo

(60) (38) 55
* (62) 33} 57y
* e * e

Renmaining AChE activity (%)
(Specific activities, in parenthesis)

5 6 7 & 9 10 11 12 13 14 15 16 17 18
+— 5§ —» 4+— R ——» <+— Amiki —»

Individual B. oleae adults

Location LR (#) Auntiki (1)
Bo (Tc)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

214 (129) NMe  Tle Tl Tle Il Tl Ihe  Te  Te Tle Tk Tl  Val Val Val Val WVal Val

[ATA] (ATA) JATA} [(ATA) (ATA} (ATA) (ATA} [ATA] (ATA) {ATA} (ATA}  (ATA) (OTA)  qOTA  (GTA)  G0TAY  JGTAR (GTA)

488(396) Gly Gly Gly Gly Gly Gly Ser Ser Ser Ser Ser Ser Ser Ser Ser Ser Ser Ser
IGG0) (G0 GECh  IGG0) pBECH GGC) (AT (&G (AGD)  (AGCY  (AGC) Ao AT (AGTp (A (DD (Gl A

Vontas, Hejazi, Hawkes, Cosmidis, Loukas, Hemingway (2002)



f‘\ - G368 (G365)

¢ G436 (G48S)

Vontas, Hejazi, Hawkes, Cosmidis, Loukas, Hemingway (2002)



2 3
lle214Val SS S5 RS S5 RS RR

3 4 5 6
Gly488Ser S5 RS RS RR RR RR

Hawkes, Janes, Hemingway, Vontas (2005)
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2UpTrEpaAcuaTa |
Etritreda avBekTikOTNTAS OTA OP: 8X £W¢G 63X

Ta emireda avlekTikOTNTAG OTA OP gival ouvapTnon
NG XPNong Toug

O1 yVwoTEG NETAAAAEEIS OTO YOVIOIO TNG ace gival TTOAU
O100edopéveg TOOO o€ EAAGOa 600 kKal Kutrpo

H Trapoucia Twv YVWOTWV HETAAAASEWY TOU EVEPYOU
KEvTpou TNG AChE AEN gival cuvaptnon Twv ETITTEOWV
avOekTikOTNTAG OTO OP

|

T1 CUVEIO@EPEI OTA UYPNAOTEPO

ETITTEON AVOEKTIKOTNTAG?
o AAAEG pETAAAGEEIG?
« AAAOI UnXavIOUOI?
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ClC[G|C
ClC[G|C
ClC[E|C
ClC[E|C
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(] [
Qe ]
L] L
L] L

ClA
ClA
ClA

ClA
ClA
ClA
ClA

ClA

GlE[C|G
glefc|G
=] =] =3 e
G|G|C|G
G|G[C|G
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g L]
ClG
C|G
cC|G
C|G
C|G
ClG
Cle

7

ClA[A|A|C|C|A
ClA[A|A|C|CA
ClA[A|A|C|CA
ClA[A|A|C|CA
ClAlAA|IC|IC|A
ClAlAlAICICA
ClAlAAICICA
ClA[AAC|CA

GlA[A|G
GlA[A|G
GlA[A|G
GlA[A|G
GlA[A|G
GlA|AIG
GlA[A|G
GlA[A|G

&il

AlA[CIAIALAIG|G|A|G|CA
AlAICIAIAIAIG|GA |G| G| A
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AlAICIAIAIAIG|G|A|G(C|A
AlAICIATAIAIGIG)A|G|CA
AlAICIAIAIAIGIGIA|GICA

124Ex10
125Exi 0
126Ex10
127Ex10
130Ex1 0
ateExl0

LabEx10
plzei 0

aceExil ||A[A[CIAJAA|G|G)A|G|C| A

124Exi 0
125Ex1 0
126Ex10
127E40
130Ex10
LabEx! 0
pAcell

a0
MIL|A|L
MIL|A|L
ML AL
MiL|A|L
MiL| AL
MIL{AL
MIL{AL
ML AL

A

VA
VA
VA
VA
VA
YA
v

YA

= 1 S S

Translation of 1 24Ex10 ||
Translation of 125EX10
Translation of 1 26EX10
Translation of 127EX10
Translation of 130E410

Translation of aceEx1 0

B

Translation of LahEx10
Translation of pAceid




100 bp

‘ 80 bp




2UXVOTNTO METAAAACEWV
QVOEKTIKOTNTAG

R allele 1214V G488S A642-644
4-9 0.895 0.908 0.006
19-37 0.928 0.914 0.036

ng per insect

75-150 0.853 0.853 0.085
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2opnepaocparta-2

Emitreda avlekTikoTnTag ota OP: 8x £wg 63x

Ta emitreda avOekTikOTNTAG 0T OP €ival ouvapTnon
NG XPNong Toug

O1 YVWOTEG HETAAAGEEIG OTO YOVidlo TNG ace gival TTOAU
O100edopéveg TOOO 0 EAAGOa 600 kail Kutrpo

H Trapoucia Twv yvwWoTwyV HETAAAASEWV TOU EVEPYOU
KEvTpou TG AChE AEN gival ouvapTtnon Twv €mITTEOWV
avOekTikdéTNTOG OTO OP

Mia véa peTaAAagn oto KapBoguteAiko akpo TnGg AChE
OUVEIC@EPEI OTA UPNAQA £TTiITTEdOA AVOEKTIKOTNTAG OTA
OP
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Error bars: +/- 1.00 8D
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