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ABSTRACT
Aphis gossypii Glover (Hemiptera: Aphididae) is one of the most important pests of cucumber and its
resistance to insecticides has caused many problems in controlling measures. Collecting fundamental data
by using bioassay and biochemical tests is essential for pest resistance management. In this study, the
susceptibility of the pest to the insecticides; spirotetramat and flonicamid was investigated for two
populations collected from Karaj (Alborz Province) and Birjand (South Khorasan Province), Iran.
Bioassay tests were conducted by leaf disk immersion method. Mortality was recorded after 72 hours.
The data analysis was performed by Polo-Plus software. Results showed that in Karaj and Birjand
populations, the LCsy values for spirotetramat were 52.81 and 33.35 mg. a.i /L, respectively, and for
flonicamid were 6.78 and 3.7 mg. a.i/L, respectively. The LCs, Ratio values for spirotetramat and
flonicamid were 1.633 and 1.829 for those populations, respectively which were significantly different.
Also results of biochemical tests showed higher resistance in Karaj population. Different enzymes
involved in resistance include carboxyl esterase (evaluated by a-naphthyl acetate and R-naphthyl acetate
substrate), glutathione S-transferase and monooxygenase. The activity ratios of above-mentioned
enzymes in Karaj population were 1.39¢ 1.29¢ 151 and 1.06 times higher than those in Birjand
population, respectively. The enzymatic results were parallel with the results obtained from the bioassay
tests. Therefore, it seems that all three enzymatic systems are involved in detoxifying of the tested
compounds.
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Tablel- Bioassay results of two insecticide for Karaj and Birjand populations of melon aphid. Different
letters showed significant difference among lethal concentrations.

Insecticides Population ~ Number LCso(mg.a.ill)’ LCso(mg.a.i/l) SlopexSE X2 LCso Ratio
of insects
Spirotetramat Karaj 360 25.67 52.815° 1.977+0.247 13.31(13) 1.633
(21.58-35.6) (43.02-65.53)
Spirotetramat  Birjand 360 15.049 32.35" 157820195  2.884(13)
(10.65-19.56) (25.29-41.88)
Flonicamid Karaj 360 4.421 6.782° 2.822+0.434 5.998(13) 1.829
(3.49-5.21) (5.8-8.05)
Flonicamid Birjand 360 2.355 3.707° 2.661+0.337 8.105(13)
(1.89-2.77) (3.17-4.36)
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Figure.1- Dose-response curve of spirotetramat in two populations. Birjand (1) and Karaj (2)

Response (%)

Dose
(M) 255 9 Nz o Comez 93 50 0alSgld a4y Connd Frasly— o (Giomie =Y S
Figure 2- Dose-response curve of flonicamid in two population. Birjand (1) and Karaj (2)

a5 9 755 Comez 50wl Vb i oaims U inSTgigo oo o 3T cudlad
By Cara & G Coma (] ey Cuogli Comez 90,0 LhanSlyise lane Bl cllad i
(¥ Jgaz) o9 (1997) Pragdon et al., g, 4 45 diz,m 9 7,5

ooz 0wl onl called e 08 L)

— ol 09l glS o 3T Cllad 5o (g puS'e Il 5 ey pScks p anly L YYE L 28
il i Pl 2 9xly LYYY wx  Camexyo

a3y = ol 05l mapl clld e Comaz y0 w3l ool ohig Culled 255 0g eign

Oygo Slpass Sl L (1974) Habig et al., Olid aS 09y diz o Care Sl i Bl VP 28



Pl Clld Gl 23,8 18 b5l 0)0e Sl
WT (gl ymgms 39 b 25 Comaz )0 ilyml o
5 T NDY i s il i Ly g il i
Sone> gl g Oefgn pS e p o a2ly /oYY
I L R A A e R
Ol a8 0ls las sl Cews 4 s L gy (g p
5 T Camar 5 il eSS il calld
w0 (A4 4122 ¢ p<0.01) wliwl s b 4 (df=4
5o f°")"] o cddled YL e cdims lis aS

(¥ Jguz) cosl iz ys Corax

P sk yaly [ FF g [PV S5 4 s
5 OM]CAMQA? @L.» Beb W Cawdy g
A S )5 Camez 50 mpl opl (09 YU saims
éym)uwdawmuﬂ)oﬁw

(¥ Jgo=)

3yl JounS 31,5 o0 31 cadlad gy
Lol i e slodurar il ol

s Ly 5 bl s WT (sl tamgun 31 03liid

Sz s T Semer 5950 195 pe slama il b e Y Jsur
Table2- Specicific activity rate of detoxifying enzemies in Karaj and Birjan populations

Enzyme Substrate Karaj Population Birjand Population Specific activity
Specific activity+SE Specific activity+SE ratio
Karaj/Birjand®
Carboxy! esterase o-Naphtyl acetate 0.0154+0.0002b 0.0110+0.00069a 1.395
B-Naphtyl acetate’ 0.023+0.00063b 0.018+0.0025a 129
Glutation S-transferase CDNB? 0.067+0.0003b 0.044+0.0056a 151
Monooxygenase T™MBZ* 0.0334+0.0064b 0.0322+0.0014a 1.066

Cewl do0) o ;o (5)ls g Dgld pae cams lis alie By,> @

(mol/mg/mg protein) cos » bl Jss by 5 Josss W 500 couled -
(umol/min/mg protein)cew.>,, CDNB gl g b 956ol5 Jlasl collas-¥
(p/mol/min/mg proteins) >, MFO aliwy TMBZ (jsodlsws—gl codlas-t

YIV g PIVA i 5 wealSiisld oS 5 sl s
Gong etal. ael cusss il o Sge oole p,5 Lo
Ok &S aSoly las ag5 S gy yy0 2016)
AW (oS ke 5y 5w Slel gl 36
L5l i Jo 201 o)l Sl 530 5 w28l oo
Jole e 5 S e czge 5 00 JLL J>e 95 2
am gs, Ve Y sl ade s bears AU
3 i JUL ol Sl g 09800 (SBloon
Olsxe (2009) Bruck etal. el vas 2l o
4 (S Olelmgrl Joo Sy a5 W3S
B Bl (Fr g Bus opie S do g
Sx 59, O IV oaiSe St (Sojg Sl 5 000

S5 omid 9 Sm
Aoyt g0 B L dl lp pole ragh o
Sle 09,5 @ o aS aelShgls g Olel g el
eyl Bl aelaS 9, S pay gt Sdg
L85 8 emyp oyee Olpl yo Rl Al (g,
Sglas 3924 ) S T e 3 Jol> =l
Sly asye b s clale flie o S
Comoz 90 (50 Slel g ponwl 5 aalSigld oS 5
Dy Xz 5 7,S
Glyp (LCsp) vy B+ oS cdale ol
G Xy g 7S Cerex 50 Slelybg sl CoS S
Sl yoyige oolo ,a)f GL..Q YYIYO 4 OYIAY 5 )5



Jiang et al., ) o)l bag,5:dl 9,¥ 5 Sj9aias &b
.(2020

Qilgd co (godaie J¥o oal S35 lse 4y axgi b
o9y —) ke 1ol Fge sdel Cawss @l o
5ol Cow Gl ok g colaiul 050 (e s
S 2SS Gy, 5l pol gy jo S (538,518
VY 5o oaS 55 50 5 sl gl cud 5 0 ool
il alox 5l LYs & Ly oS 085 & jpo sl
Ol o ools el delsl vals jo wsyo Vel i
L mls gog Sglite Jo¥s 5l (o 095 45 095 pdy
Jolge 5 (S0 sy o0 S 4 Y el (i ol
ailo 4 b ye Comez 90 50 WS (nl 590 (Lol
Comezr o5 Lz adl <8l ul ade y poans B pas
aile sogems U g ALBAS 0 75 slalls
Spae ail g 039 weg kS 63 9 W polSlacel
W glesie Coxer e p pw Do SYsb
g2 (shloons SOS HeS Comex (ul g Sl 352
2bo b B2l 5o 50 e Jeloe oo
Al 1o g dalllas 050 disS ,o Dglds Wlgh oo ke
2 Glegh 5o S wdl Glalel 00 (e
285 )18 Galesl 0,50 Sl Wb ol

sosesl 5l ol mls 4 axg b rizen
51K 1950 slapa 3l e 5o Dol abandipe:
Lol OS] 5l 590 50 JBo Lol Jlge

S aelradile o oo anlia
Siloe andyd asllhae 9550 Slaluser ;> SLS P
A ald 9, w0 mub-cble sl s o9
M| g T, bglas o a5 col o] 5 S
Solite e 5l (250 4z STl pal ls s
Oy Sy o s sswlbd Cens Sl gl
Locdale jo yess ooly p Codlad )0 posd \lung
Gled 4 axgil cplpln a8 o 0yl |, clale
s ool 41,1 (1961) Koperman et al. lawgs oS
@05 o 50 5550 ST CekS g, b
Silge bshs 8y (nlple Sleoe atis |
sledosez 0 a5 Cul ol caisS aseie asil
Ll aiies S aS Ll 4 b o3l aslllas 5,00

SeelSigld (A0 gy 0 w3l 095 Hle
Gdx5 oyl aS Dglaie MalS L3 egow L s
54)&&:?;):&&0%5)@“}9.05““‘0)‘“}
Sl 5l am celu o Sga> 0 0gd 0 S S
Chenet 5,135 oo ,3b oasSee Ol (59, 50 0,5
Sy S hgy yo A Wl ol (2018) al.
A8 1y oS e o5 &0 W omd polSighs
T ey Sl yug, 3l colal a5 Jl> o WS
S po oSy s JolS Syt b e Ysb i
B3 86 Cos e, Ve ek o 1) we ) A0 e g
oS o0 a8 o ol aelSiiald 4y cons 18 )5
Omizmed ol gy £ vl Caxez 50 Glie ol
ol iy, 45 wisls las (2020) Jiang et al.
-0 cl o pio ade p aelSsgld 5l eolaul 0,90
> 9 abl Oglaie Kiaea b g)ls gme jokay Wlgs
o2l rmb pleds 5, 2 5 Of xSl
ooy, ol eolaiwl A ek el Gglaie MlS
SYsb g e 36 (6l oyl (Lol b olyan Silians
ssb g LBl (T Gl By A Cod (S
) b Oleds 9, Sl Glie 2y KB
RESPRTLY
aS sl adly goaxie Yo wilgie yel oy
S9> ol (She ) 05 Ll ) s)lee 4 ol
@ g el Saltnns 15 0,00 S5 4 welSoigld
> Ccond ).sl.w o9 03D u..\.> aly, 4.1.~w5.: LS“>‘)
5l eolatul b leass gands 40355 -V 098 o Jalin
5 BT il 58 o)l ol a5 Sl ol
SV el oad colal lag Olgim GQLS 0 s (S
Ol 5 ot 9 5 Ol sl Sp o (segee ol
Ol azl 0 9 Wl gy olge  Jlaul
-f w‘w&&f&‘)OOMubM&u#
2L sl 8l 550 50wl i 55k
il (S Syl 4 by po OMSUEG oS ccly oS
o LS g 4 5 Gy A sl
30 2elSisls puzen (Farha et al., 2016)s4
G9y 3 s Gyl pae oy (gl o)kad )
Slri> 69 p Bl Sl BSome b leds



Gk 3l 9 9980 Jos 3)ly Slpia oy ayeud oy
sloddplio b oad zooye wile banlp (Sp
SlaS 5 Oad o € by &80 rge Jol al>ye
OFSE a8 S 150 glo ) p )0 Ded e (ol
o pf 30 3hadly ol sllS eyl s
5 el odi gle adlhe oy BlaS5 58S
Cuaglio 59,0 50 b 5l onl G255 4 (slo,Lal 48
0926 b o iSeyde pla b g oS opie ol @
ok Lol el o ) LS 5 ol 4 a0 Shee
B OS5 (505 (sem 50 a3l pl S
OO (oo 5O il i jgla g a3l S
yol> gl jo e 5o oud o lil Ol S 5
A VDY &5 Camez o w3l ol b (i
Ailgd oo 0ad dlml Cgle aSog Wiy Cosex
0y Ay S (85 18 (Bye yo adle ) S50
Cogldo g, 40 M)'.;T ol s 50 Vb 0 ealls o, L]

oo S ole Iy ©laS 5 cnl &

35S 193 g0 Paso 09 55 giems o2 331
Ol 5l (S lajlinSTsige 4 atuly Cueglie
Ll S i pedglie 4l Cwglie gl
ol (ol gl Paso sloyy Gl YL e
o (Pan , 2009) el polie o3l L5 iyl o
oles (2018) Pan et al. lawgs ai8 )5 & g0 Slalllae
W&a ) |) L,;La‘ M Pso P5)55""‘”’ FLERWIRRIRY
Cewoglie 39, ,0 CYPBC slayy 5l saliswe slo
Ored dilid o wSeyis ool A Ced
Olym wlSge Jbgn b & Wb glas
Copas Wlgi o0 )10 s sk w3l al 0uiS e
ol sl ad polie agw jo 1) Slel g e
4o CYP380C6E (45 45 wio,S ly cpoizred a2
D55 g dgdse Gl a5l i Slel gyl
G Cad ol lpl cel 5 ol

bug ool plonil (qwyp 0 Dadge Slol gyl

Solita 195 o ol sl (i (o5 Ll 4
5 Sasn 225 5 Jolo logel 4 azgil oS it
ol v Sl s 5l Jel mls Geizes
modls 5l ol gl (raizmed g Cunl pasiiia £9540
2 ly yeku 1) (oS Dgld (nl i (oleendion lo
olid owss plas g wiS oo Gble Comex g0
005 o w0 xSy il Glagien
(Hosseininaveh and ol solaiwl 5,90 SluS 5

.ghadamyari, 2013)

195 s 1 o2 531
o Sl Gl s aberdsn sloseslse
5 Syl yi- ol (95BlS L gagos (slajl il ) 135
gl @l b 4S5 Puso s, s
Sl Bl cdld (e a5 ol las olandign
bl Jutis Lo g LT (gl jtmngms U 5l il JonS 30,8
@ g Cerex 5o Puso g bajliansls - ol (5bsls
B ea FAVRY S PSR VN PR VA S PR VA 1 RSV I
Olyee ) )10 (Sme gl 5 090 iz o Cumo
S92y Comezgd (105 e Slampl collad

ORI

il = ol 3Gl 5T
(2007) Lietal. o ,elsloas] 4y Cooglio gy 4o
Corez 90,0 sl -l eslelS cdlas ol
ARVY 5 e a4l Gl al polie 5 el
55 5 Biem slampl cwyp o 0SS
Kooetal,) .ok 5,155 «IVY asbsls codled &5
Somez 3 9bals Slld e 0lRl Cgi
4o [Seyedebrahimi et al., 2015) o 5,058
4 S £ Sumez 3 e (nl gy Gt aslllas
e 2Pl iz Ll - el sl
Sl 5 59,5 (oo i p9d Al ye )0 &5 350 e



Sdlad (al8 b el (e Slal 159 sl 4 Ced
2GS eyt (SIplie w5l S s S
S 0 Sl b Gl Wl leas
OByl 4 pglie (sladygu 4y gy po Dlalllas
L .(Vanpottelberg et al., 2009) ¢l ool sonliw
5 SllSgppal 30 og cald a4 azrg
O35 (o gl e Sy (o0 S5y (53585109
vy 35 olelgd 5 il azsls plis
Orized 09 gew yb (il ad lag ]
Slol g ol (gns ) 430 a5 Cowl 00l cnaline
09,5 3l &l oy abwg Wl oo Ghlwliy o
Jol — el =gyl Al Cdglio 4 yiul S S
b Sy —dol 05,5 (ol zoope alws
“Obel gl A o g el S S5
(Gong et al., 2016) ,.5 & ,50 sl Sy ,S5lS
JeeS9S mpl clad Glre g, G adlllae o
bl e Ly g W s oo b5l
Cel a5 0 Wi Coumex Sl S 25 Coxex
SlaSF 4 Cowd Cowles Gl jo Sl ol

S oad Lialejl 8,90

Corez 90 Cambes e &5 o> Glagh )0
Coxo> u_,&)f )‘)5 oy 0)9.4 ).»JL‘> sl i
350 SLaS 5l )0 W o Camez 4 i 25
ailo yol ol BYs 51 (o a8 05 5 pglie Liale]
3y | LQ:VWS.JT O S OO uo).sm 5
S S Coslie 35, 50 Lo 6105 e slap s
ojlonl  fSe,S  cdld YL e
Comoz 50 5laudl 3 -l (55645 g o35S Tgige
o 7,5 Comex oy Cuglie 0 Jge Jalge |
S5 Sl og 4 azgi Loy diz e Cuxex @
m0 B0 oz 8L piwgn p a5 Olelyg el
A ) g 2y Flegm O Pzl cel 5 5,138
dgwgd CS > oy Guizes § 0gd 0 0k Sy
090° 50 b Gae a4 alS gl b (49,0 50

a5l s ole a5 wisls las (2016) Peng et al.
Canglie 5 Slol g yopmsl  Cesslia L CYPBA2
Syl blLil sl al pglie agge yo bl
sl S5y Jiig SU 45 WS ol raizasn
Soew GRBl Coee Wlgee )l
olBl aS W ST Glo (eizen 39 Dlal g
Cooglin  coge wilgi co Olel gyl 4 Cuaglie
Sl 5 el T & s VU o ol
slees 3l s 75 (2014) Koo et al. .ogi 5
b plie 5 elax Cumex 93 30 lajl5STyige
St 5 riman isged BSTIAS 1) sl
bsgi sl axd Cumez 90 50 i5eaSToise 03l
sl oals 5,138 Y/ Seyedebrahimi et al.(2015)
59 Paso pgS g Sdlad 55 (e polo b o
A VP oS Samex )0 llr ad Comen g0
b3 Slllas o g Wz Camexr i
Ole Gl 5 (nedione plo bawgs 435 ©)90
3oyl 4 jo UaSlgse mpl cullad
Ly ol oo ab ulle a2 (gl Cnglio (glopmuslSio
Somaz 53 w3l (nl Coled e (99 YL 4 4z
Slapailio 5 (ol 5 (S dy o0 5 4 @5
borye Conoz 93 ) BB (ol 590 50 5550

il SB5nSlsige slapa 3 ol o sl 4

3ol JsS 9255" o0 531
5 de3e Slmpl piete 3 SR (S bl
30 Aliwd B 1S 0,is 4 Cawd Olpis Coaglie
(2009) Vanpottelberg et lawgs oo ploxil o)
30 Gl cdled maldl &S el eal Lo al
el Sige BelSGlg il A 5L A8 Caeglie
aS Wo,S lee (2016) Gong et al. yixes
A Ay by 4l [0 Cuglie o 15 0 ol punilSs
S 9,5 cdled G..J)).gl.gLef"l Sl ol il codled
e o Sl JeuS 52,505 Ol rizeen g 5l
s a5 wsls las Slel gl 4 by o
Ol 9 wbioe (Rl (2e2ly okl il oS 92,5
Jood 45 W) plgie Orizmed wloo 1B 0



LS il gy 0 Suw GYsb 5Bk
sl s ade o glie 0 (15 0 pde (Sl esliial
Sge il oo S sies wiile suiSe BT L
O e Jedoy aealSisld golatdl way L5l Lol waly
0,55 g S0 lp sl Cuglel jo o 8 0 @
Comlo e g 5l 2 59, 2 pyem 0l
Comoz (S5 p adlhe asbl il gl Conox
o drog S8l pglie ML 5 wles LIS sl

YW

Sl ol
Sl ool )5 asl (Ll b el ey Cnl
olKisls ‘Sx.yJa @L“ 9 6)')51.‘.‘;}5 OOy O as ol
S Oiso e il Jb coles b ol
29 (o0 ST alpwgios 45

Lix 1) 355 (L85 000 Cools 5 ooy (LS 4L,
Slp cwle (Rl S Glgin Wlg e 0S5 (e
bl aoglia gl b 5 lie 35 052 L pyas
595980 50 el LS Lol adly (S0, 4 s
L1, o] 5 ol S5 ol & s Caoglia
S e el (oS5 S e olan Ll
oS s ol Sl oS ] olats] aSars
Sglsm Jele Logase oaiSe 12 Slpio 65 2
09 oaiSe DBl LS sl o (rred 4 g 000
3 Slges Sielsn Jelge polo B 556 cos
ABh ool aliS o)lge 4y axgi b 0,50 18 ool
Lalyd 5o weligls oS5l eolatul aw) oo
Jelse 695 2 05 sl (e Sl Qo Al
S5 4 azg b eizmes Bl ceslie Suiolen

9 2LS sle c8b 9,0 j0 el gl 4rgugo

REFERENCES

1.

10.

11.

12.

13.

14.

Almasi, A; Rasekh, A; Esfandiari, M; Askari, M & Ziaei, M. (2016) Evaluation on toxicity of Imidacloprid and
Primicarb insecticides on different developmental stages of melon aphid Aphis gossypii Glover (Hemiptera:
Aphididae), Plant Protection, 39(2). 71-83 pp. (in Farsi)

Alptekin, S., Bass, C., Nicholls, C., Paine, M. J., Clark, S. J., Field, L., & Moores, G. D. (2016). Induced
thiacloprid insensitivity in honeybees (Apis mellifera L.) is associated with up- regulation of detoxification
genes. Insect Molecular Biology, 25(2), 171-180.

Asperen, K. V. (1962). A study of housefly esterases by means of a sensitive colorimetric method. Journal of
Insect Physiology, 8(4), 401-414.

Bass, C., Puinean, A. M., Andrews, M., Cutler, P., Daniels, M., Elias, J., & Foster, S. P. (2011). Mutation of a
nicotinic acetylcholine receptor B subunit is associated with resistance to neonicotinoid insecticides in the aphid
Myzus persicae. Bmc Neuroscience, 12(1), 51.

Berenbaum, M. R., & Johnson, R. M. (2015). Xenobiotic detoxification pathways in honey bees. Current Opinion
in Insect Science, 10, 51-58.

Board, P. G., & Menon, D. (2013). Glutathione transferases, regulators of cellular metabolism and
physiology. Biochimica et Biophysica Acta (bba)-General Subjects, 1830(5), 3267-3288.

Bock, K. W. (2016). The UDP-glycosyltransferase (UGT) superfamily expressed in humans, insects and plants:
Animal plant arms-race and co-evolution. Biochemical pharmacology, 99, 11-17.

Bradford, Marion M. "A rapid and sensitive method for the quantitation of microgram quantities of protein
utilizing the principle of protein-dye binding." Analytical Biochemistry, 72.1-2 (1976): 248-254.

Brick, E., Elbert, A., Fischer, R., Krueger, S., Kihnhold, J., Klueken, A. M., ... & Steffens, R. (2009).
Movento®, an innovative ambimobile insecticide for sucking insect pest control in agriculture: biological profile
and field performance. Crop Protection, 28(10), 838-844.

Chen, J. C., Wang, Z. H., Cao, L. J,, Gong, Y. J., Hoffmann, A. A., & Wei, S. J. (2018). Toxicity of seven
insecticides to different developmental stages of the whitefly Bemisia tabaci MED (Hemiptera: Aleyrodidae) in
multiple field populations of China. Ecotoxicology, 27(6), 742-751.

Eid, A. E., El-Heneidy, A. H., Hafez, A. A., Shalaby, F. F., & Adly, D. (2018). On the control of the cotton aphid,
Aphis gossypii Glov.(Hemiptera: Aphididae), on cucumber in greenhouses. Egyptian Journal of Biological Pest
Control, 28(1), 64.

Emami, K and Valizadegan, O. (2015) Evaluation of toxisity of two insecticides Movento and Proteus against
adult of Aphis faba scop (hom: Aphididae), 4" National Conference on Sustainable Agriculture and Natural
Resources, Tehran, Mehr Arvand Higher Education Institute - Environmental Lovers Extension Group, 6pp. (in
Farsi).

Emami, K & Karimpour, Y. (2019) Evaluation of toxisity of two insecticides Movento and Proteus against Green
peach aphid Mysus persicae S. (Hom: Aphididae), 5" International Conference on Agricultural and
Environmental Engineering with Sustainable Development Approach, Shiraz, Center for Strategies for Achieving
Sustainable Development, 5pp.(in Farsi).

Farha, W., Abd El-Aty, A. M., Rahman, M. M., Shin, H. C., & Shim, J. H. (2016). An overview on common
aspects influencing the dissipation pattern of pesticides: a review. Environmental Monitoring and



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

Assessment, 188(12), 693.

Gong, Y., Shi, X., Desneux, N., & Gao, X. (2016). Effects of spirotetramat treatments on fecundity and
carboxylesterase expression of Aphis gossypii Glover. Ecotoxicology, 25(4), 655-663.

Gonzalez, D., Fraichard, S., Grassein, P., Delarue, P., Senet, P., Nicolai, A., ... & Heydel, J. M. (2018).
Characterization of a Drosophila glutathione transferase involved in isothiocyanate detoxification. Insect
Biochemistry and Molecular Biology, 95, 33-43.

Habig, William H., Michael J. Pabst, and William B. Jakoby. "Glutathione S-transferases the first enzymatic step
in mercapturic acid formation." Journal of Biological Chemistry, 249.22 (1974).

Hosseininaveh, V and Ghadmiari, M. (2013). Fundamentals and concepts of laboratory methods in biochemistry,
physiology and toxicology of insects. University of Tehran Press. 577pp.

Jiang, H., Tian, Y., Yan, W., Chen, J., Zhang, Z., & Xu, H. (2020). Drip chemigation of flonicamid effectively
controls cotton aphid (Aphis gossypii) and is benign to lady beetle (Coccinella septempunctata) and lacewing larva
(Chrysoperla sinica). Crop Protection, 129, 105039.

Khan, S., Uddin, M. N., Rizwan, M., Khan, W., Faroog, M., Shah, A. S., ... & Ali, S. (2020). Mechanism of
Insecticide Resistance in Insects/Pests. Polish Journal of Environmental Studies, 29(3).

Koo, H. N., An, J. J,, Park, S. E., Kim, J. I., & Kim, G. H. (2014). Regional susceptibilities to 12 insecticides of
melon and cotton aphid, Aphis gossypii (Hemiptera: Aphididae) and a point mutation associated with
imidacloprid resistance. Crop Protection, 55, 91-97.

Li, X., Schuler, M. A., & Berenbaum, M. R. (2007). Molecular mechanisms of metabolic resistance to synthetic
and natural xenobiotics. Annual Review of Entomology, 52, 231-253.

Margaritopoulos, J. T., Kati, A. N., Voudouris, C. C., Skouras, P. J., & Tsitsipis, J. A. (2020). Long-term studies
on the evolution of resistance of Myzus persicae (Hemiptera: Aphididae) to insecticides in Greece. Bulletin of
Entomological Research, 1-16.

Morita, M., Ueda, T., Yoneda, T., Koyanagi, T., & Haga, T. (2007). Flonicamid, a novel insecticide with a rapid
inhibitory effect on aphid feeding. Pest Management Science: formerly Pesticide Science, 63(10), 969-973.

Pan, Y., Guo, H., & Gao, X. (2009). Carboxylesterase activity, cDNA sequence, and gene expression in
Malathion susceptible and resistant strains of the cotton aphid, Aphis gossypii. Comparative Biochemistry and
Physiology Part B: Biochemistry and Molecular Biology, 152(3), 266-270.

Pan, Y., Zhu, E., Gao, X., Nauen, R., Xi, J., Peng, T., ... & Shang, Q. (2017). Novel mutations and expression
changes of acetyl- coenzyme A carboxylase are associated with spirotetramat resistance in Aphis gossypii
Glover. Insect molecular biology, 26(4), 383-391.

Pan, Y., Chai, P., Zheng, C., Xu, H., Wu, Y., Gao, X., ... & Shang, Q. (2018). Contribution of cytochrome P 459
monooxygenase CYP380C6 to spirotetramat resistance in Aphis gossypii Glover. Pesticide Biochemistry and
Physiology, 148, 182-189.

Pan, Y., Wen, S., Chen, X., Gao, X., Zeng, X., Liu, X, ... & Shang, Q. (2020). UDP-glycosyltransferases
contribute to spirotetramat resistance in Aphis gossypii Glover. Pesticide Biochemistry and Physiology, 104565.
Peng, T., Pan, Y., Yang, C., Gao, X., Xi, J., Wu, Y., ... & Shang, Q. (2016). Over-expression of CYP6A2 is
associated with spirotetramat resistance and cross-resistance in the resistant strain of Aphis gossypii Glover.
Pesticide Biochemistry and Physiology, 126, 64-69.

Rane, R. V., Walsh, T. K., Pearce, S. L., Jermiin, L. S., Gordon, K. H., Richards, S., & Oakeshott, J. G. (2016).
Are feeding preferences and insecticide resistance associated with the size of detoxifying enzyme families in
insect herbivores?. Current Opinion in Insect Science, 13, 70-76.

Seyedebrahimi, S. S., Jahromi, K. T., Imani, S., Naveh, V. H., & Hesami, S. (2016). Resistance to imidacloprid in
different field populations of Aphis gossypii Glover (Hem.: Aphididae) in South of Iran. Journal of
Entomological and Acarological Research, 48(1), 6-10.

Shojaei, A., Talebi Jahromi, K., Hosseininaveh, V., & Sabahi, G. (2018). Synergistic Effects of Amitraz on
Imidacloprid and Malathion against cotton aphid, Aphis gossypii (Hem: Aphididae). Journal of Agricultural
Science and Technology, 20(2), 299-308.

Taylor-Wells, J., Gross, A. D., Jiang, S., Demares, F., Clements, J. S., Carlier, P. R., & Bloomquist, J. R. (2018).
Toxicity, mode of action, and synergist potential of flonicamid against mosquitoes. Pesticide Biochemistry and
Physiology, 151, 3-9.

Van Pottelberge, S., Van Leeuwen, T., Nauen, R., & Tirry, L. (2009). Resistance mechanisms to mitochondrial
electron transport inhibitors in a field-collected strain of Tetranychus urticae Koch (Acari: Tetranychidae).
Bulletin of Entomological Research, 99(1), 23-31.

William, G. B., & Janet, C. (1997). Heme peroxidase activity measured in single mosquitoes identifies
individuals expressing an elevated oxidase for insecticide resistance. Journal of the American Mosquito Control
Association, 13(3), 233-237.

Wang, J. J., Cheng, W. X,, Ding, W., & Zhao, Z. M. (2004). The effect of the insecticide dichlorvos on esterase
activity extracted from the psocids, Liposcelis bostrychophila and L. entomophila. Journal of Insect Science, 4(1).
Zhu, Y. C., & Luttrell, R. (2015). Altered gene regulation and potential association with metabolic resistance
development to imidacloprid in the tarnished plant bug, Lygus lineolaris. Pest Management Science, 71(1), 40-
57.



