


?NnIT'Ny 'Nn

7'TN NUOI7DIXR 7W NIY'AN] NT'YN
7'V' 0TI N'NY ,NNATN NINY
J7'TA NUOI7DIN NNIN NNATNA




?0'7'Tn NNATHA [17WUD D'YST7 W' nnY

plYy" »

NnITNny »



TAIY NT I'N

??




Directional selection - N> P70

Distribution Before Selection e Lethal dose
ct:? LDso
g
4 * Dose at which 50% of the
- test insects are killed
Distribution MI
& | After
§ Selection 100%
-
E b
L. dead
50%

Trait Value

o 1 100

Insecticide Concentration (ppm)




?NITNY U'YD DI An

N'NIANINN NITNY *

ANNIND NITNY *
¥ DOINd NINTNN
N'YONN

MTIYN 1IN NN

g

NIVNN NN MINMY
NYIOVMN NRIIND

l

T°91 AN MDY MN

l

NHIYOYNI NN
5y " »WN
YOIYOIND

™~

OTNIIIN P1729) 7312010

|

J0)2 T°9N ANN O
5V NPVININRN MOYN
NYTIIYN

l

709N PTY
YNID IN WNNVYNY
DY INIVON
D901 DY PYON



D'OKRDOIDNANINR

nT (TNAVON '"71D 7'VXN) NLVNN ANNA '1'YI NAY) DAY DNY'YON
NITMY NI'CI7INT? N'¥P707 DNAW nn

NIVT7 O7IX NIAIV NIXRXINT XPA NHLA '2IX X'AN DR'NAN N7TaN
.0'9'7Y 07171 ,NPTN NI QX707 YN

Acetylcholine signaling at synapse | ACh Esterase STOPS signaling process OP's inhibit ACh Esterase
re-symaptic re-synaptic R pre-synaptic
neurB J nnnnn \ ::MB
(. @ (
. e 5 B
.y B o i 4\;
' N I D227 NI'YVIN
| D'TTINN
I | | h 1 I, 5 1 I,
nnnnnnnn plic neuron PMl{i}'namlt mullm,n post-synaptic neuron I I 3 UX N
or musche cell or muscle cell of muscle cell
W Acetyicholine (ACh) B ACh W Ach TN-‘ U O N
fa AChReceptor I AChReceptor | AchReceptor
J,- Signal transmission 4—- Signal transmission Jrru Signal transmission
ACh Estera 58 ACh Esterase
B Organophosphate pesticide (OF)




npX 7¥x VGSC hnan n7yn jaa L925V anxouimn nip'n
D'T'RINNNO97 NIT'MY "INy axrNln

1 v
OUTSIDE
6 11 21 314]5| |6 1213 6
§ U O GRS COOH
> = =
463 F 2526_R 3220 F 5298 R
= = = <=
2434 F 4533 R 4978 F 6122_R
2, 980 2, 990 3. 000 | 3, 010 3, 020
_A-A“AAIA-AIA-A—AA—A—
| § I M BEWm K T S 2 L BETNT L F e
........................... G . e e e e e e e e e e e e e e e e
- - - - - - - - - - - - - L] - -




D'T'XINNN97 NITNY7 VGSC 22 nxuinn Nninny

UK1
UK2
UK3
uK4
UK5
AH1
AH2
AH3
AH4

UK1
UK2
UK3
UK4
UK5
AH1
AH2
AH3
AH4

UK1
UK2
UK3
UK4
UK5

AH1

AH2
AH3

AH4

Y220 17X

AGCCAAGTCATGGCCAACGTTGAATCTACTGATATCTATC
AGCCAAGTCATGGCCAACGTTGAATCTACTGATATCTATC
AGCCAARGTCATGGCCAACGTTGAATCTACTGATATCTATC
AGCCAAGTCATGGCCAACGTTGAATCTACTGATATCTATC
AGCCAAGTCATGGCCAACGTTGAATCTACTGATATCTATC
AGCCAARGTCATGGCCAACGTTGAATCTACTGATATCTATC
AGCCAAGTCATGGCCAACGTTGAATCTACTGATATCTATC
AGCCAAGTCATGGCCAACGTTGAATCTACTGATATCTATC
AGCCAARGTCATGGCCAACGTTGAATCTACTGATATCTATC

ATGGGCARGACGATAGGAGCTCTGGGTAACCTGACCTTTG
ATGGGCARGRCGATAGGAGCTGTGGETAACCTGRACCTITTIG
ATGGGCARGACGATAGGAGCTGTGGETAACCTGACCTITIG
ATGGGCARGRCGATAGGAGCTGTGGETAACCTGACCTITIG
ATGGGCARGRCGATAGGAGCTGTGGETAACCTGACCTITIG
ATGGGCARGRCGATGGGAGCTCTGGETAACCTGACCTITIG
ATGGGCARGRCGATAGGAGCTCTGGGTAACCTGACCTITIG
ATGGGCARGRCGATAGGAGCTCTGGGTAACCTGACCTTITIG
ATGGGCAARGACGATAGGAGCTGTGGGTAACCTGACCTITIG

ITGTITGGGAATTATCATCTTCATTTTCGCCGTTATGGGCAT
ITGTITGGGAATTATCATCTTCATTTTCGCCGTTATGGGCAT
ITGTITGGGAATTATCATCTTCATTTTCGCCGTTATGGGCAT
ITGTITGGGAATTATCATCTTCATTTTCGCCGTTATGGGCAT
ITGTTGGGAATTATCATCTTCATTITTCGCCGTTATGGGCAT
ITGTITGGGAATTATCATCTTCATTTTCGCCGTTATGGGCAT
ITGTITGGGAATTATCATCTTCATTTTCGCCGTTATGGGCAT
IGTTGGGAATTATCATCTTCATITICGCCGTTATGGGCAT
ITGTITGGGAATTATCATCTTCATTTTCGCCGTTATGGGCAT

2580
2536
2538
2533
2532
54z
564
S64
Se5

2600
2578
2578
2573
2572
S82
604
604
605

UK1
UK2
UK3
UK4
UK5
KR1
KR2
KR3

KR4

UK1
UK2
UK3
UK4
UK5
KR1
KR2
KR3

KR4

UK1
UK2
UK3
UK4
UK5
KR1
KR2
KR3
KR4

=
ji=]
[y}
=]
=]
[y}
|
i
i
[y}
[y}
fd
=]
o

=
ji=]
[y}
=]
=]
[y}
|
i
i
[y}
[y}
fd
=]
o

,_,
ji=]
o
=]
=]
7}
H
=]
ur}
7}
7]
i
=]
7]

,_,
ji=]
o
=]
=]
7}
H
=]
ur}
7}
7]
i
=]
7]

,_,
ji=]
o
=]
=]
7}
H
=]
ur}
7}
7]
i
=]
7]

,_,
ji=]
o
=]
=]
7}
H
=]
ur}
7}
7]
i
=]
7]

,_,
ji=]
o
=]
=]
7}
H
=]
ur}
7}
7]
7]

]
ji=]
[y ]
OO Oo00000
fd
=]

NnoOOoOoOOn0o0onD
i i
[ [
L O A O T T O B I
[y} [y}

,_,
ji=]

]
0y 0y 0O
i i

[ [

] ]

H H
oooooOoo0oonn
[ [

H H

] ]

7] 7]
0y Oy 0y O3 Oy

=]
=
[y}
[y}
[y}
=]
=]
[}
=]
[}
=]
|
ji=]
[y}
[}
=]
[y}

il
ur|
[y}
[y}
[y}
il
el
[}
e
[}
e
ur|
e
[y}
[}
e
[y}
)

il
ur|
[y}
[y}
[y}
il
el
[}
e
[}
e
ur|
e
[y}
[}
e
[y}
)

il
ur|
[y}
[y}
[y}
il
el
[}
e
[}
e
ur
o
[y}
[}
o
[y}
Iy

il
ur|
[y}
[y}
[y}
il
el
[}
e
[}
e
ur
o
[y}
[}
o
[y}
Iy

=]
=
[y}
[y}
[y}
=]
=]
[}
=]
[}
=]
|
ji=]
[y}
[}
=]
[y}

=]
=
[y}
[y}
[y}
=]
=]
[}
=]
[}
=]
|
ji=]
[y}
[}
=]
[y}

C C C
C C C
C C C
C C C
CATGGGCARGACGATAGGAGC
C C C
C C C
C C C
C C C

=]
=
[y}
[y}
[y}
=]
=]
[}
=]
[}
=]
|
ji=]
[y}
[}
=]
[y}

GIGTTGGGAATTATCATCTICATTITTCGCCGTTATGG
GIGTTGGGAATTATCATCTICATTITTCGCCGTTATGG
GIGTTGGGAATTATCATCTICATTITTCGCCGTTATGG
GIGTTGGGAATTATCATCTICATTITTCGCCGTTATGG
GIGTTGGGAATTATCATCTICATTITTCGCCGTTATGG
GIGTTGGGAATTATCATCTICATTITTCGCCGTTATGG
GIGTTGGGAATTATCATCTICATTITTCGCCGTTATGG
GIGTTGGGAATTATCATCTICATTITTCGCCGTTAT

GIGTTGGGAATTATCATCTICATTITTCGCCGTTAT

2599
2575
2577
2572
2571
602
603
602
602



N
<
s
=




7200 WY NNn1d
2003 -n

China
MEDQL[A, C, FH, R, P, W]
MEAM1 [C, H, R, P]
Asial[A, P]
|

Asiall1[A,C, P, W]
Asia 113 [A,C,R, W]
ME| Asia 116 [A C, W] South Korea

Grgeee

tia MED ;W] Asiall7 [A,C.R, P, W] MED [A,C, HW]
MR [R, H, W, C] MEANMIH, R] gii_a II?[[:-’]P W MEAML [H, R]
ina L, FLW, TR
France VEW1[HWI
MED [P, A, C,H W] . R, P]

Asiall 6 [P, W]

Montenegro
MED [R, H, A, W]
MEAM1 [R, H]

Tai

MED

xi

Morocco -
Asi
MED [C, H, W] .' ; $ Asiall + R, PLW]
Asiall
Combodia
; MED [A]
New World 2 [A]
lia
MEAM1 [ L P] I Australia [W]
Mew Wol C] .
Burkina
South Africa MED [A, H, R, W]
SubsSaharan [R, P] R .
eunoin
. . MEAML [C, H, R]
Tanzania
Sub-Saharan [A,R, W, C]
an
wi Tullisia ™ . H, R]
Sub-Sah a?[ﬁ, R, W] Hl
- . . MEA) ,R]
@ Nigeria Ivo“ast

Sub-Saharan [a,rR,w] Uganda U y %EEII;I'I[SLOMOUI]'I
Sub-Saharan [A,R, W] METE, H] m o



THIAMETHOXAM nLUPX7 NIvIN

(2010) - pavn Wy Nnnd -

+ Ssc
RR50 ~ 1000
95 A1
w0 F
< O 3
- 70 |
= S &) SO ° 4
(=
= 3 - v 6
10 - s O 7
5 |- , |
,;f"’” ’ : 8
1 L1 Ll gl 1
0.01 0.1 1 10 100 1000 10000 100000

(ppm) TID"



1
~
=
= .
-0
S a
On
=\
O3
I -
S
i
Dqll
—a
o —
a3
S
<
LLl
@)
<

o, Alljelaow

1000

100

10

(ppm) concentration



Q -1 B 7¥ DIn? niTny

100
mB mQ

80
a
= 60
[
X 40

20

o |
25 37 40

mvanw (° C)

Mahadav et al. 2009



YX2 Q -1 B 7 ninHwv

A 3 biotype ® () biotype B

100 i
90
H
? ‘
Gl
3
4
30
20
10
;)

56 78 9I10111213141516171820212

= = = = =

B+Q (%)

=

e |
Lt
|
=
B0 (%)
—_— bd el o LA S ] Se =
= = = [ — = e T = =
] ] ] ] ] ] ] ] 1

I‘-.F

Population ID Biotype B Biotype Q



YIX2 Q -1 B 7¥ agmNarTh

B biotype B O biotype
A 100
I I | I |

90
80
70
60
50
40
30
20

B+ (%)

10

78 9 10 11 12 14 19 29 30 31 32 33 35 36 37 38 39 40 41 45 47 50 52 53 54 55 56 57 58 59 60
Population [D

C

100 100 —
90 90
80 80
70 70
60 =60
. 50
40 40
30 30
20 20
10 10

0
49

0
6 13 34 42 43 4 46

B+ (%)
B+ (%)

Protected Open
Population 1D












100 .

M Ssc

80 -

M2
W4
60 i 3 - W13
w42
! | W43
40 - - w44
w46
51

W S7
20 T 163

il

%) ) NNINN

Calipso Mospilan Talstar Confidor Evisect Pegasus Totach






29NN D'NYO9AN 09" N

Tomato spotted wilt virus

5356805



7¥20 09" N




<lllﬁ?§== |

(7¥an 09"N) 10"V TA1 NINIAA TINN NITMY NN

rl'able 3. Response parameters and LCsy values (mg Al L") of reference and field-collected populations to several insecticides in a series of
concentrations

Population ID Insecticide tested LCso (mg Al L= Slope RFsq
5-1 Carbosulfan 11.0(3.0-19.3) 0.262 £ 1.531 1
E. benzoate 2.7(1.9-3.6) 0.298 L 1.616 1
Spinosad 0.3 (0.1-0.5) 0.466 £ 3.084 1
C-1 Carbosulfan 405.2 (288.8-756.5) 0.723 £ 2.339 37
E. benzoate 098.1(71.9-124.8) 0.312 £ 1.875
Spinosad 1771.4(709.2-2911.6) 0.840 & 1.239 5905
C-2 Carbosulfan 601.8 (461.0-762.6) 0.245 + 1.481 54
E. benzoate 65.8(33.5-106.0) 0.286 = 2.108
Spinosad 7701.4(1780.2-302804.3) 0.099 £ 0.378 21393

Lebedev et al., 2013
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% ]P:Epulation Mortality (%) £ SEM
et
g Spinosad Emamectin benzoate Carbosulfan
v (homv) (n7;71n9) (7w7n)
(375 mg a.i. L) (1,820 mg a.i. L) (38 mg a.i. L1)
S 100 100 100
K-1 322 824 84 + 8
K-2 50+ 3 28+ 2 826
K-3 725 527 786
K-4 7415 31+12 56 + 11
N 16 +7 28 + 2 22 + 2
K-5 100 40+ 6 83+ 10
K-6 100 75+6 100+ 9
T-1 10+ 6 382 7+3
R-1 756 173 53+ 7
A-1 97 £ 3 90 +4 037
E-1 48 + 8 107 68 + 8
E-2 0 0 317
R-2 90+ 6 30+ 6 100

R-3 85+ 6 47+ 3 03+ 3 Lebedev et al., 2013




nvINX adults % + SEM

Control 10+6a
201 5 1ANXT Sparta+Metronom 30 93+3d

|]'“9|'7|-’ 09" \N Pirat+Vertimac 30 97+3d
Pirat+Talstar 30 97+3d
Rufast+Proclaim 31 48+9c
Movento+Metronom 30 17+9b
Dicarzol 50+11c

adults % + SEM
Control Oa

Sparta+Metronom 30 97+3d
Pirat+Vertimac 30 100d
Pirat+Talstar 30 100d
Rufast+Proclaim 32 78%8c
Movento+Metronom 32 72t2c
Dicarzol 18+9b

adults % + SEM

Control 3+3a
Sparta+Metronom 30 97+3d
Pirat+Vertimac 33 86x7d
Pirat+Talstar 30 97+3d
Rufast+Proclaim 32 77+12cd
Movento+Metronom 32 60+0c
Dicarzol 32 37+3b
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Alternative 2. Repeated
use of the insecticide

Alternative 2. Alternating
the insecticide

Resistance development ——>

Number of generations exposed to the insecticide =—>

Ghanim and Ishaaya, 2010
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THE RISE OF RESISTANCE
The number of pests (Including Insect and plant species) resistant to at least D'T'n” D'l-r]n ']'n 586

one form of synthetic pesticide has been steadlly on the rise for decades, as has

the cost of developing such chemicals. NniTny NIMUO I 235

Arthropods (such as
500 - Insects and mites)

s Woods
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WHEN THE

PESTICIDES
RUN OUT

Resistanceis exhausting the
agricultural arsenal against insects,
weeds and disease. New biological

approaches could help.
| sv aasoxe someL |
392 BATURE YyorL 543 1€ NMARCH J02Y

2 Nirst thing Broc Zoller does every A cop duster spasys
mormning s check e wezther oroad.  hurpode on s bavers
For the past Mve years, Caliorna (rm- plastation in the

ers Uike 2m have struggied through  Philppees.

histonc droughtl. Now ey face the opposite

probizm. In the Bt months of 2017, 2 has Siready ratned more than
A3 2T oflast yoar in Kelscyvilke, whern Zolicr grows wine grapes and
walneds, and leaases oul fand 10 pear growers. The muddy condfions
Tave siowad pruning efforts and deizyed &e pplication of sprays esed
1o control kry insect spocies over the winter. M Uhe ratns contime 25
speing arrives, the combiration of warmih and weiness could spark
fungal and baciertal infections. To protoct Ris crops, Zoller sspedts he
will 2ave 1o use several comventional pesticides.

Sut S sclection & getiing simmaer, thanks o resistance. Fire dight,
atacioris disease thal an Cause woCping Camiters on pear-troe trenks,
generaily responds jo aitheotics, bul the drugs can stop working if oser
tsod. And pear scad — 2 fanges that icaves ungghlly beown lesions on
the freil — calis for metipie PznEacias throughot the srowing sason
Zoiler, wino 2lso works 25 3o agri cultery] pesl-contol advises, Lses same
of ose chermocals just onoe defore they start 10 jose effectivenass. “The
Tostsamce comes 50 Quickly” he says. "Yoo hope @ere arem oo many
T2 S0 S what you Rave In your 2rsentl can gt you tsoough.”

Resislance Lo comamtioral pesticdes — amoag insacls, woods of
microbial pathogens — s common on farms worldwide. Croplife
Internatiomal, an indusiry assodation based in Hrussels, sepporls
efforts Lt have counted 586 arthropod spocies, 235 fungt and 252
weods with reststance to xt least one symithetic pesticide (soe “The rise

€507 Nacevlley Ndfdder Uirad see! of Spemger Naues Al gt revarvad
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