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Abstract

The sweet potato whiteflgemisia tabac(Gennadius) (Homoptera: Aleyrodidae) is
one of the most damaging pests world-wide. The itetinoid insecticides,
imidacloprid, acetamiprid, thiamethoxam, dinutefaraand the insect growth-
regulating insecticides (IGRs), buprofezin and jpokyfen were tested against
whitefly adults collected from seven Egyptian gowates. Buprofezin is
recommended over pyriproxyfen due to its lowsh €alues in all the tested strains.
Acetamiprid showed the higher potency to whiteflie8ehira, Gharbeia, Dakahleia,
and Menia governorates due to its lowsh®alues in comparison with the other
neonicotinoids. To detect insect response to ifgdettreatment, the mixed function
oxidase activity was measured in laboratory anid fiellected samples. CYP6 gene
was detected in all of the collected samples. Arfrant of (852 bp) was obtained
using CYP6 degenerate primer. PCR product yieldetgh P450 sequence with 99%
identity to B. tabaci CYP6CX1vl. Nucleotide variations were detected mgnthe
collected samples which may be one of the reasamstie insensitivity of
Cytochrome P450 to neonicotinoids application ims@overnorates.

1. Introduction

The sweet potato whiteflBemisia tabac{Gennadius) (Homoptera: Aleyrodidae)
is considered as one of the most damaging pesikingsin huge losses in numerous
crops world-wide. It is considered to be a hightyptic species complex, with 24
described biotypes (Perring, 2001). The biotypdferdin host range, host plant
adaptability, phytotoxicity, insecticide resistarmed virus-transmission capabilities
(Jones, 2003). It has been shown to trandddit virus species, some of which are of
high economiémportance (Roditakist al.2005).

In Egypt, various classes of insecticides are eskvefy used by growers to control
B. tabaci In field crops, residual insecticide concentnasiausually occur after the
initial insecticide application. These concentrasi@lepend on methods of insecticide
applications, degradation by environmental factsugh as rainfall, temperature and
sunlight (Desneuet al 2005, Biondiet al 2012, Vanaclochat al 2013) and, in the
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case of systemic products, how fast is the plaotvtir seem to be the only enzyme system responsible for
(Zzhanget al 2011, Heet al 2013). neonicotinoid resistance in B. tabaci Q- and B-sype

The neonicotinoid insecticides, imidacloprid, Pyriproxyfen is a juvenile hormone analog with
acetamiprid, thiamethoxam, dinutefuram and the dnserelatively low mammalian toxicity. The utility of
growth-regulating insecticides (IGRs), buprofezimda pyriproxyfen in whitefly management was based on
pyriproxyfen, play critical roles in controlling itbflies in  suppression of embryogenesis and adult formatio.in
variable regions of the world (Denholmt al. 1998). tabaci (Ishaaya and Horowitz, 1992) and Trialeusode
Buprofezin and pyriproxyfen have provided the foatimh vaporariorum (Westwood) (Ishaayaet al, 1994).
for successful resistance management, they weRuprofezin is a chitin synthesis inhibiting growsygulator
recommended to be used once per season againsflighit that has been effectively used to control B. talbactotton
in cotton for those strains that found to be rasisto them and other crops (Ishaagh al.,1988; Horowitz and Ishaaya,
under both laboratory and field exposure conditionsl1994).
Resistance to imidacloprid and cross-resistance to
thiamgthoxa_lm and acetamipriq was _first reportedhi@ 2  Materials and Methods
Almeria region of southern Spain (Catgtlal. 1996, Rauch
and Nauen 2003). Whiteflies with reduced suscdjijiib  2.1. Whiteflies
imidacloprid have subsequently been reported from ) o ) ] ) )
Australia, Brazil, Crete, Germany, Israel, Italyekico and Seven insecticide-resistant f|elld strains f. .tabac:|
Morocco, (Nauen and Denholm 2005). An up-to 82-foldGenn.) were collected from d|ffer.ent localities @t
resistance to imidacloprid was selected by Prabhekel, 90Vernorates in Egypt (table 1) covering the wedantry
(1997) in the laboratory. Whitefly resistance tptfezin 1" their distribution (Fig 1). Once a collecthmeshad b_een
and pyriproxyfen has been extensively characterized located, samples were collected for species ideatifn

Israel (Horowitzet al 2005) and has resulted in decrease iSiNg the key by Martiret al (2000). An insecticide-
use of these insecticides in some areas. susceptible strain (SUD-S) ,used as control, wdleated

Neonicotinoids are nicotinic acetylcholine receptof’®M Behira governorate in the year 2000 and wag-o

(NAChR) agonists that are characterized by havirgh h reared in laboratory of the Central Agriculturalsigdes
potency with low mammalian toxicity. It is used Laboratory, Agricultural Research Centre. It preddthe

extensively for both crop protection and animal lthea Pase-line data for establishing the resistanceusstaf
applications. It is a nicotinic acetylcholine retmp FE9YPtian samples. This strain was maintained ontpaly
(NAChR) agonist that combines high potency with low/ithout insecticide exposure underl6 fr light ppeteod
mammalian toxicity (Tomizawa and Casida, 2005)at 26C as described by Coudriet al (1985). For the
Resistance has been attributed to oxidative detagibn  toXicological tests, adult whiteflies were colletten the
by cytochrome P450 monooxygenases (P450s) (Rauth @arly morning hours using a mouth aspirator intgegots
Nauen, 2003). P450s (encoded by CYP genes) cdesitu with ventilated lids modified to fit the aspiratdnsects
multigenic superfamily of enzymes (Nelsenal., 1996) In  Were collected from at least ten different sampBpgts at
insects, CYP genes mostly belonging to microson¥é® each site. Whiteflies were transported to the latwwy in a

CYP6. CYP9 and mitochondria CYP12 families. haves©0! box and used within a few hours after coltectfor
frequently been associated with detoxification psses € toxicological tests. Samples comprised at |ezt
giving tolerance to insecticides (Scott, 1999; Feigen individuals and were stored at *@0for molecular analysis.

_1999) or plant '_toxms (Berenba_um’ 2002) There _hreet Table 1. Origin of the collected B. tabaci strains from Eggp
independent evidences for linking enhanced P45QicCt Govermnorates.

with resistance to neonicotinoids in B. tabacisty; pre-
exposure to P450 inhibitors such as piperonyl Hd®x Strain Symbol Governorate Latitude  Longitude
increased the toxicity of imidacloprid against agtiy

resistant strain (Naueret al., 2002). Secondly, close B EE I DR Sl
correlation was found between degree of re5|stanc_e G Gharbia 30.875 31.033
several strains and elevated monooxygenase activ
Thirdly, in vivo metabolism studies of"’p] imidacloprid K Qalyubia 30.329 31.216
showed the main metabolite in imidacloprid-resistat _
strains to be 5-hydroxyimidacloprid, a product afdative Dl SEE kRl
degradation that_was b_elow the detection limit in , Menoufia 30.597 30.987
reference susceptible strain (Rauch and Nauen,)2003

Monooxygenase activity increased 5-6-fold in highl F Fayoum 29.417 30.712
resistant strains (RFL,000). Only monooxygenase activity _

Mn Menia 30.712 29.974

correlated  with  imidacloprid, thiamethoxam anc
acetamiprid resistance and, therefore, monooxygsnas
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Figure 1. Egyptian map showing the distribution of the goweeates; the whitefly collection sites are Behiréha®bia, Qalyubia, Dakahlia, Menoufia,
Fayoum and Menia governorates.

2.2. Insecticides estimated within 1 hr. Mortality was recorded afte hr
) o o ) and was corrected according to Abbott's formula28)9
Six comme_rC|a_I |_nsect|c_|de formulations were usedpats were analyzed for L determination using Probit
namely: Neonicotinoids: Dinotefuran (MTI, 446, 4%5G anaiysis according to Finney (1971). Resistandes4RR)
Imidacloprid (Confidor, 20%SL), Acetamiprid (Mosfl, o the collected strains were obtained by dividingir
20% SP), Thiamethoxam (Actara, 25% WP).Insect dlowteq e jated LG, values by that of the susceptible laboratory
regulators  (IGR):  Buprofezin - (Applaud, 25% SC),reterence population. Resistance factors calculatetthis
Pyriproxyfen (Admiral, 100g/L). way can represent both natural variations in tolezaas
well as genetically determined resistance mechas)isis
is because of the spatial distribution of the wste
Bioassay methods for obtaining concentration-mibytal governorate populations.
response lines were followed using a leaf-dip metho .
according to Prabhakeret al. (1985) with some 2-4- Enzymatic Assay
modifications. Cotton leave discs were dipped f@eb. in 2 4 4. Preparation of Tissue Homogenates
100 ml of the desired concentration of each insetiused Control and treated insects from all the goverrewat
and were air dried. Treated leaves were placed Wit \\ore subjected to measure the mixed function oridas
abaxial surface downwards onto a bed of thin layeZ % (\r0) activity. The insects were homogenized irtis
agar in small Petri dish placed in a small cagent® \\5ter (50mg/ml) using chilled glass Teflon homogeni
groups were performed using diluents of insectiidaly. (ST-2 Mechanic- Preczyina, Poland). Homogenatese wer

Twenty adults were placed onto each leaf disc. Sigentrifuged at 8000rpm for 15 min. atCSin a cooling
concentrations were tested for each insecticide thede centrifuge. The supernatant was kept at Q@ill use.

were five replicates per treatment. The dishes wererted

for the insects to orientate normally and placed ilarge 2.4.2. Oxidase Activity

controlled environment room at 25€1 50-60%RH and P-nitroanisole oxidative demethylation was assatged
16:8 hr light: dark, photoperiod.. Handling mortylivas  determine the mixed function oxidase activity adaog to

2.3. Bioassays
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the method of Hansen and Hodgson (1971) with sligldt 72C (1 min) and (5) final extension at °Z2 (10min).
modification. The standard incubation mixture coméd 1 PCR products were analyzed on 1% agarose gel ifrigx
ml sodium phosphate buffer (0.1 M, pH 7.6), 1.5 mborate EDTA (TBE) buffer (178 mM Tris base, 178 mM
enzyme solution. 0.2 ml NADPH (1 mM final boric acid and 1 mM EDTA). PCR results were analylzg
concentration), 0.2 ml glucose-6-phosphate (G.6Rgl  Alphainnotech gel documentation system.

concentration, 1 mM) and 50 ug glucose-6-phosphate . .

dehydrogenase (G-6PD). Reaction was initiated kg th2-2- 3- Purification and Cloning of PCR

addition of p-nitroanisole in 10 ul aceton to gigefinal Product

concentration of 0.8 mM and was incubated for 30.rat

37 C. Incubation_ period was determined by additiori of agarose gel with Wizard® Plus SV DNA purificationda
ml HCI (1N). P-nitrophenol was extracted with CH_@IBd clean up system (Promega, U.S.A., cat#, A9281).plity
0.5 N NaOH and absorbance of NaOH solution wagnq jntegrity of the PCR product was verified aéeiraction

measured at 405 nm using Double_ beam UV/ visiblgq purified by agarose gel electrophoresis. Thefigul
spectrophotometer (spectronic1201, Milton Roy ©BA).  pNA fragments were subcloned into pGEM-T easy wecto
An extinction coefficient of 14.28 mM-1cm-1 was s gygtem, according to the manufacturer’s instrustithen

calculate 4-nitrophenol concentratlon_. .The a_lctlvms the(P450/pGEM-T) construct was introduced into the
expressed as nanomoles substrate oxidized/minfotgip.  pachi™- T1® E. coli chemically competent cells
There were three replicates per treatment. Means We(nvitrogen, cat. No. ATCC#9637). Screening andctin
analyzed by student's t-test0.05). of white/blue colonies was performed. The plasmids
2.5. RT-PCR and Direct Sequencing of co_ntaining (P450/pGEM-T) c_onstruct were mini p_remr
Partial P450 Gene Transcript using Wizard® Plus SV Mini Preps DNA _Pur|f|cat|0n
System (Promega, cat #A1340), according to the
2.5.1. RNA Extraction and cDNA Synthesis manufacturer’s instructions.
Total RNA of the control, laboratory susceptibledan
treated insects from field collected resistantistraof B.
tabaci was extracted using Wizard® Plus SV Total RNA

isolation System. Fresh or frozen fissue (0was  gequencing was done using ready reaction Kit (&gpli
ground into a fine powder in liquid.Nbefore the extraction Bio-systems, USA) in conjunction with ABI-PRISM and
buffer was added (1 mL of buffer to 1 g tissue)isTh Ag|.priSM big dye terminator cycler model 310 DNA
method was rapid and produced a large amount df higyismated sequencer. The sequences were provided by
quality and intact RNA. To judge the integrity aoderall  \1ACROGEN Company. The obtained sequences were
quality of a total RNA preparation, the total RN&mcted  4n4y764 for similarities to other known sequerfoemd in
was examined on native agarose gel electropho(@$ts o GenBank database using the BLAST program of the
agarose gel) and on denaturing formaldehyde/agagebe national Center for Biotechnology Information (NGB
(1.2% agarose in MOPS buffer) (Lehraafel, 1977). First - yatapase  (http://Aww.ncbi.nim.nih.gov/) (Altschet al.,
strand cDNA was synthesized using Revertidi Minus 1997y phylogenetic analysis was conducted usingavie
First Strand cDNA synthesis kit (Fermentas, cat¥682).  goftware in order to investigate evolutionary riefaships
First strand cDNA was synthesized using random @rim 4mong the putative P450 proteins identifiedirtabaciand

and 1pg of total RNA. other selected sequences (table 2) Multiple aligrinu#

2.5.2. Isolation of P450 Gene from the CYP6 seduences was performed using the multiple alighmen
Family using Degenerate Primers program CLUSTAL X (1.81) (Thompsoet al, 1997).Tree
PCR-Strategy construction was performed by the neighbor-joinimgthod,

using PAUP* 4.0b10 (Swofford, 2002). The relialyilaf the
rees was tested by the bootstrap procedure wih0 10

The PCR product was extracted and purified from the

2.6. DNA Sequencing and Phylogenetic
Analyses

cDNA region corresponding to P450 gene was amglifie
by PCR using two degenerate primers based on i > 0
conserved amino acid sequences of CYP4 and CypgPlications.
families of P450 genes. (CYP4: Forward, 5-TTY ATG
TTY GAR GGl YAY GAY-3’; reverse 5-AA YTT YTG 3. Results
ICC DAT RCA RTT-3', CYP6: forward 5'-TTY RCE YTI .
TAY GAR YTI GC-3’; reverse, 5-RCA RTT YCK BGG 3-1- Bioassay

IC,C lT_C ICC RAA-3', Bioneer). One step PCR, kit The sevenB. tabaci strains from Behira, Gharbia,
(Biobasic, cat # 705, Canada) was used as the B&dRon Dakahlia, Menofia, Kalyobia, Fayoum, and Menia

mixture. The amplification reaction was (.:arried osing  yoverorates were tested for insecticide suscéptibgainst
the following PCR reaction C.OI’l.dItIOI’IS. (1) an @it 5 |aporatory susceptible strain using neonicotisioid
denaturation step at 95 (3min);, (2) 35 cycles of jnigacioprid, dinotefuran, acetamiprid, thiamethoxansect

denaturation step at 95 (30 sec); (3) primer-specific growth regulators (IGR): buprofezin and pyriproxyfe
annealing temperature at-@5(1 min); (4) primer extension  ,r4,gh calculating their respective @alues (table 2).
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Table 2. Susceptibility of Laboratory and Field strains afudt Whitefly, B. tabaci to tested insecticides.

- . Governorates
Insecticide Toxicity Lab B G D v K F Mn
LCse 0.8 2.1 11 1.4 0.9 13 1.8 0.7
Imidacloprid Slope 0.5 0.2 0.1 0.1 0.3 0.1 0.1 0.2
(S.E.) (0.1) (1.3) (1.6) 1.4) (1.6) (1.5) (1.6) (1.9)
R.R. = 2.65 1.38 1.75 1.1 1.59 2.24 0.83
LCso 1.0 24 11 0.9 1.0 2.0 0.8 2.1
Dinotefuran Slope 0.7 0.4 0.2 0.2 0.2 0.1 0.2 0.2
(S.E) (0.3) 1.5) (1.6) (1.4) (1.6) 2.7) (1.4) (1.3)
R.R. - 2.36 11 0.9 1.0 2.0 0.8 2.1
LCso 0.7 1.3 0.7 0.8 1.0 15 1.1 0.5
Acetamiprid Slope 0.5 0.3 0.2 0.2 0.1 0.1 0.2 0.3
(S.E.) (0.9) 1.4) (1.3) (1.5) (1.5) (1.3) (1.3) (1.3)
R.R. - 1.9 1.0 1.1 1.4 2.1 1.6 0.7
LCse 14 4.0 2.3 2.0 1.9 4.1 3.8 11
Thiamethoxam Slope 14 0.2 0.3 0.1 0.3 0.2 0.3 0.2
(S.E.) (0.5) (1.5) (1.4) 1.4) (1.3) (1.3) 1.2) (1.4)
R.R. = 2.9 1.6 1.4 1.4 2.9 2.7 0.8
LCso 315 10.0 8.5 12 6.7 16 15 12
Buprofezin Slope 11 0.3 0.2 0.2 0.1 0.2 0.3 0.3
(S.E) (0.3) 1.3) (1.3) 1.3) 1.2) (1.1) (1.4) (1.3)
R.R. - 2.9 2.4 3.4 1.9 4.6 4.3 3.4
LCso 4.0 122 102 66 87 77.5 56.1 42
Pyreproxyfen Slope 0.5 0.1 0.3 0.2 0.2 0.1 0.4 0.2
(S.E.) (0.1) 1.4) 1.2) 1.4) 1.2) 1.2) (1.3) (1.3)
R.R. - 30.5 25.5 16.5 21.8 19.4 14.0 10.5

R.R. (Resistance Ratio) =k&of field strair{LCso of lab strain.

Concerning susceptibility to the tested neonicatino showed significantly higher values in insects azitte from
insecticides and pyriproxyfen (IGR), the strainnfr@ehira  Behira, Menia, and Dakahlia<{B.05).
showed the highest resistance ratio in comparismn t
susceptible laboratory strain. The strain from Kakga
showed the highest resistance ratio using bupnoi¢@R).

The strain from Menia was more susceptible to
imidacloprid, acetamiprid, and thiamethoxam thdotatory
strain. It was also more susceptible than the attiams but
still higher than the control laboratory group whesing
pyriproxyfen insecticides. The strains from Fayowamd
Dakahlia were also more susceptible to dinotefutzam
laboratory strain.

Generally, when using IGRs in controlling the white
B. tabaci in the previously mentioned governorates,
buprofezin is recommended over pyriproxyfen duet$o Figure 2. Mixed function oxidase activity in Laboratory anild strains
low LCs, values in all the tested strains. On the othedhan ©f B- tabaci.
when using neonicotinoids, acetamiprid showed fgadr , .
potency to whiteflies in Behira, Gharbia, Dakahland 3.3. g:;‘l’ec.ﬁ:::cfie(:uencmg of Partial P450
Menia governorates due to its low §gCvalues in P

comparison with the other neonicotinoids. A fragment of (852 bp) was obtained using CYP4 and
CYP6 degenerate primer. Sequencing and blastintpeof
cloned fragment was inserted against non-redundant
The activity of mixed function oxidase enzyme waghucleotide database of NCBI
assayed in laboratory and field strains collecteomf (http://blast.ncbi.nlm.nih.gov/blast/Blast.cgi?CMDeb&P
different localities at 7 governorates as an initicaof ~AGE_TYPE=BlastHome), which showed that the ampdifie
resistance towards the insecticides applied atettgsas Sequence is corresponding to CYP6 family. PCR prbdu
that were falling into the category of neonicotiimi The Yielded partial P450 sequence with 99% identity Bto
insects collected from Menofia, Gharbia, and Fayourtbaci CYP6CX1vl cytochrome P450 sequence on the
showed enzyme activity lower than that of suscéptibb ~ Genbank (accession number, D8V034).The product was
strain (Fig. 2). On the other hand, the enzymevigti oObtained from both laboratory susceptible and felins

180 ~
160 -

nmole substrate oxidized/min/mg plolcill

R T T T
‘oo@

>
Sample he

3.2. Oxidase Assay
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collected from the previously mentioned severrepresents samples collected from Dakahleia, Fayoum
governorates in Egypt. Behira and Kalyobeia that showed differences irusage
from that of the control group. There were 25 nivght
charged proteins (Asp, Gly) and 43 positively clarg
proteins in amino acid sequence composition of A&

the second control group in comparison with 26 &ad

A PCR amplification approach using degenerate msme "€SPectively for the first group.

derived from conserved domains of insect P450 genesConcerning those strains that showed differences in
permitted cloning of the isolated 852 bp partialNgD ~Seduence from that of control, based on the higteotide

sequence for laboratory susceptible B. tabaci CY#8 similarity between thg sequences from field rests&trains
encodes a deduced 281-aa peptide with a molecaiss of and_ that of control, it is likely that these fouegsience
approximately 31.817KDa and an estimated pl valtie d/ariants may represent allele of the same geneetetess,
9.75. The complete nucleotide sequenc@ofabaciP450 (e fragments clearly represent portions of CYP6ege
messenger RNA which is 2187 bp nucleotide long arB€cause of the amino acid sequence identity to reesvaf
deposited in GenBank, EMBL, DDBJ, PDB sequenced!® Same gene family in other insects (Table 3), tueir
database under accession number (EF675190.1). placement in the phylogenetic analysis within theP6
Blastx comparisons and ClustalW alignment with othef@mily (Fig. 4). _
insect P450 further confirmed its identity which aiso '€ Phylogenetic analysis placed four of the fragise
supported by the protein molecular mass and isilec N Oné identical monophyletic group (Fayoum, Qalgub
point calculations. Dakahlia, Behira) and the other three fragmentsa(Gih,
The whole collected strains from the seven goverlesr Menoufia, Menia) together with control laboratoryam
were divided into two groups. First, the straindlamed With CYPBCX1V1. Hence, the eight genes may be
from Menofeia, Gharbeia and Menia shared the sanf8€Mbers of two different CYP6 subfamilies (Fig.3).
sequence with laboratory susceptible strains thast used ~ Homology analysis of amino acid sequence revedlat t
as control group (Fig. 3). All of these samplesretiahe (e Protein encoded by B. tabaci CYP6 has the kighe
same identity and sequence withtabaciCYP6CX1V1 on @mino acid identity with CYP6 from the Formosan
the Genbank. On the other hand, the second grodbPterranean termite (36%), table (3).

3.4. Characterization of B. Tabaci CYP450
Partial cDNA and its Position in a
Molecular Phylogeny

Table 3. Result of homology search of insect Cytochrome Pd&@cule revealed by Genbank database. Sequemteshosen for multiple alignments
with B. tabacitranslated PCR amplified fragment.

Entry organism Length 1d% Score E-value
R4UNB5_COPFO Coptotermes formosanus (Formosan subterraneartégrmi 234 36 399 3.00E-43
A9QUS5_LIPBO Liposcelis bostrychophila (Booklouse) 527 30 373 2.00E-37
N6SZ03_9CUCU Dendroctonus ponderosae (mountain pine beetle) 530 29 371 5.00E-37
BOWVFO_CULQU Culex quinquefasciatus (Southern house mosquitale§Cpungens) 495 33 369 7.00E-37
Q16LY9_AEDAE Aedes aegypti (Yellowfever mosquito) (Culex aegypti 504 31 363 5.00E-36
F5CAR2_FRAOC Frankliniella occidentalis (Western flower thrips) 509 32 359 2.00E-35
C6H0J3_NILLU Nilaparvata lugens (Brown planthopper) 560 29 351 2.00E-34
E7CGB1_MYZPE Myzus persicae (Green peach aphid) (Aphis persicae) 511 34 394 3.00E-40
D8V034_BEMTA Bemisia tabaci Cytochrome P450 CYP6CX1v1 518 99 1436 0

The amino acid substitutions found between laboyato neonicotinoids application which is revealed frdm high
susceptible strain, used as control, and that ef fibkld resistance ratios (Table 1). The same situatiéousd with
collected insecticide resistant strain (Behira) eaversimilar sequence from strains of Dakahlia, Fayoum,
presented in table (4). These substitutions maythee Qalyubia.
reason for the insensitivity of Cytochrome P450 to
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40 S0 60 T0 g0 a0 100
E IGCAACCCCA ACTGAGCTAC TGGCGCCOGE GCGETIGIGCC CTACATCICG CCOOICAAGT GITTTIICCTIT
B TGCAACCCCA ACTGAGCTAC TGGCGCCCGE GCGGTGTIGCC CTACATCTCG CCOOTCAAGT GITTTTCCTT
LA L R TR T T e e e e e s mmn AR CROOTELA ST P
o TGCAACCCCA ACTGAGCTAC TGGCGCCCGE GCGGTGTGCC CTACATCTCG CCOOTCAAGT GITTTITCCTIT
D TGCAACCCCA ACTGAGCTAC TGGECGCCOGE GCGGTIGIGCC CTACATCICG CCGOICAAGT GITTTIICCTIT
CYP6CX1 GCALGACCA ACTGAGCTAC TGGCGC C GCGGTGIGCC CTACATCICG CC CARAGT G cC
CYPECK TECALEACCL LOTGAGCTAC TEGCGCARSE GCGGETETGEEC CTACATCTCS COTATCALAGT GTTTTTCCTT
CONTROL TGCAAGACCA ACTGAGCTAC TGGCGCAAGC GCGGTGTIGCC CTACATCTCG CCTATCAAGT GITTTTCCTT
2} GCAAGACCA ACTGAGCTAC TGGCGCAAGC GCGGTGIGCC CTACATCICG CCTATCARGT GITTITTICCIT
G IGCAAGACCAR ACTGAGCTAC TGGCGCAAGC GCGGTIGIGCC CTACATCICG CCTATCAAGT GITTIICCIT
Mn TGCAAGACCA ACTGAGCTAC TGGCGCAAGC GCGGTIGIGCC CTACATCICG CCTATCAAGT GITTIICCIT
1 C. CC. = CTAC CGC C GC CC CTACATCICG CC = cC
110 120 130 140 150 160 170
F CRCGAGGGCC CAAACACTCC GGACGRARCC AGTGTTGEAG CGACGATAGR ARTGTACGAS CTCCIGEAS
= CACGAGGGCC CARACACTCC GGACGAAACC AGTGTTGGAG CGACGATAGA AATGTACGAG CICCTGGAG
c CACGAGGGCC CAAACACTCC GGACGAAMCC AGTGTTGGEAG CGACGATAGA ARTGTACGAG CTCCTGGEAS
D CRCGAGGGCC CAAACACTCC GGACGRAMCC AGTGTTGGAS CGACGATAGA ARTGTACGAS CTCCIGEAS
CYP&CXL CACGATGGECC CARACACTCC GGACGRRAATC AGTGTTGGAG CGACGRANGA AATGTACGAG CTCCTGERG
CONIROL CACGAIGGCC C. CACTICC GGACG C AGTIGTITGGAG CGACG. LE? GTACGAG CICCIGGAG
CNIERD ACGAT ARACACT ACGARRTC AGTGTITGGA LCGRRAGH RATGTRCGRG G
I CACGATGGCC CRAACACTCC GGACGRAMTC AGTGTTGGAG CGACGARRGA ARTGTACGAG CTCCTIGGEAS
G CRCGATGGCC CAAACACTCC GGACGRALTC AGTGTTGEAG CGACGARAGA ARTGSTACGAS CTCCIGEAS
Mn CACGATGGCC CAAACACTCC GGACGAARTC AGTGTTGGAG CGACGARAGA AATGTACGAG CICCTGGEAG
180
130
E CGACGARTRGR
o FELCALTLAL
B CGRCGRTRGR
COACAATACD
] CGACGATAGA
D CGACGRTRGR
CYP6CHIV1 CGACGARAGA
CERCGRRERGR
CGACGRRRGR
CGACGRRERGR
CGACGRRERGR
540 550 560 570 580 580 610
GGAGGEEGEGETIGE CCTTGEGTAT CCAGTIGCTIC GCCATCARAG ATCCGGATAA CTGCCAGATG TGCAGCAGAT
GGAGGGGGTIG CCTTGGGTAT CCAGTGCTIC GCCATCARAG ATCCGGATAA CTGCCAGATG TGCAGCAGAT
GBAGGGGGTG CCTTGGGTAT CCAGTGCTIC GCCATCRAAG ATCCGGATAA CTGCCAGATG TGCAGCAGAT
GGAGGSGGTG CCTTGGGTAT CCAGTGCTIC GCCATCRAAAG ATCCGGATAR CTGCCAGATS TGCAGCAGAT
GGAGCTIGIG CCTTGGGTAT CCAGIGCRAC GCCATCAARG ATCCGGRAAR CTGICAGATG TGCAGCAGAT
GGAGCTITGIG CCTTGGGTAT CCAGTGCAAC GCCATCAAAG ATCCGGARRAA CTGICAGATG TGCAGCAGAT
GGAGCTTGTG CCTTGGGTAT CCAGTGCARC GCCATCRAAG ATCCGGARAA CTGTCAGATG TGCAGCAGAT
GGAGCTTGTG CCTTGGGTAT CCAGTGCARC GCCATCRAAG ATCCGGARAR CTGTCAGATS TGCAGCAGAT
GGAGCTTIGIG CCTTGGGTAT CCAGTGCARC GCCATCRARG ATCCGGRARL CTGICAGATG TGCAGCAGAT
620 630 640 650 660 670 680
TTTTAGGCCC AATTGGAGET TCTCCCTIGCA GATCCTACTG GCAGCGATTC ATCCGAAGCT GGCTTITIGCTIC
ccC CTCCC ccC CAGC C CC C e =
TITTAGGCCC RATTGGAGET TCTCCCTGCA GATCCTACTG GCAGCGATTC ATCCGAAGCT GGCTTITGCTIC
ITTITAGGCCC ARATTGGAGET TCTCCCIGCA GATCCIACTG GCAGCGATTIC ATCCGAAGCT GGCTTIIGCIC
TTTTAGGCCC AATTGGAGGET TCTCCCTGCA GATCCTACTG GCAGCGATTC ATCCGAAGCT GGCTTTIGCTC
TTTTAGGATC AATTGGAGST TCTCCCTGCA GATCCTACTG TCAGCGATTC ATCCGAMGCT GGCTTTIGCTIC
TITTAGGATC AATTGGAGGT TCTCCCTGCA GATCCTACTG TCAGCGATTC ATCCGARGCT GGCTTITGCTIC
ITTITAGGAIC AATTGGAGET TCTCCCIGCA GATCCTIACTG TCAGCGATTIC ATCCGAAGCT GGCTTIIGCIC
G ITTITAGGATC AATTGGAGET TCTCCCTIGCA GATCCTACTG TCAGCGATTC ATCCGAAGCT GGCTTIIGCIC
Mo TTTTAGGATC AATTGGAGET TCTCCCTIGCA GATCCTACTG TCAGCGATTC ATCCGAAGCT GGCTTTIGCTIC
690 TOO T10 T20 T30 T40 T50
E CCCAGCTTIGR GCAGAGGGAC TAGIGRAGIC RCARARTTCC TGACTICAGT AACCARAGRER GCARTGGERIG
B CCCAGCTTGA GCAGAGGGAC TAGTGARGTC ACARRATTCC TGACTTCAGT AACCARAGAR GCAATGGATS
o] CCCAGCTTGR GCAGRGGGEAC TAGTGARGIC RCARAATTCC TGACTTCAGT ARCCAARGAL GCARTGGATG
D CCCAGCTTIGR GCAGAGGGAC TAGIGRAGIC RCARALTTCC TGACTTICAGT ARCCARAGRL GCARTGGERIG
TICAGCITGA GCAGAGGGAC TAGTGARGIG ACARRATTCC TGACTTCAGT AACTARAGAR GCAATGGATS
CONTROL TTCAGCTTGA GCAGAGGGAC TAGTGARGTG ACARRATTCC TGACTTCAGT AACTARAGAR GCAATGGATS
5} TTCAGCTTGA GCRAGAGGGAC TAGTGARGTG ACARRATTCC TGACTTCAGT AACTARAGAR GCAATGGATS
G TICAGCITGA GCAGAGGGAC TAGTGARGIG ACARAATTCC TGACTTCAGT AACTARAGAR GCARTGGATG
Mn ITICAGCTITIGA GCAGAGGGAC TAGTGAAGIG ACARRATTCC TGACTTCAGT AACTARAGAR GCAATGGATS
T60 770 780 780 800 810 820
E TTARGARGAR AGCTGGATCGT GCCAGGARA GATTITICCIGC ARACTATGAT GAGIGCIGGT GATACCGAGR
B TTARGARGAR AGCTGGATCGT GCCAGGRAA GATTTCCTIGC ARAACTATGAT GAGTGCTGGT GATACCGAGR
o TTARGARGAR AGCTGGATCGT GCCAGGRRA GATTTCCTIGC ARACTATGAT GAGTGCTGGT GATACCGAGR
D TTARGARGAR AGCTGGATCGT GCCAGGRRA GATTTCCIGC AAACTATGAT GAGTGCTGGT GATACCGAGR
CYPeCX1l ITARGAAGRA AGCTGGATCGT —-CCAGGRAAD GATTITCCITIC ARATTATGAT GAGIGCTIGGET GATACCGAGH
CONTROL TTARGARGAR AGCTGGATCGT —-CCAGGRRAA GATTTCCTITIC AAATTATGAT GAGTGCTGGT GATACCGAGR
5} TTARGARGAR AGCTGGATCGT -CCAGGRARA GATTTCCITIC ARATTATGAT GAGTGCTGGT GATACCGAGR
G TTAARGRAGAD AGCTGGATCGT —CCAGGARRD GATTTCCITIC ARATTATGAT GAGTGCTGGT GATRCCGRGR
ko TTANGARGAR AGCTGGATCGT —CCAGGRAR GATTICCIIC AARTTATGAT GAGIGCTGGET GATACCGRGH
830
830
F TTGLGRAGRG C
B TIGRGRRGRG C
o TIGAGRAGRG
D TTGAGRAGAES C
CYP6CH1 LAGLG G
CCNTROL GhG G
158 GRG G
G GRG G
Mn GRG G

Figure 3. Multiple sequence alignment to neucleotide sequefidaboratory and field strains of B. tabaci Cytoeme P450 isolated fragment with
sequence from genbank. Nucleotide variation sitdg were shown and highlighted.
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Figure 4. Neighbour-joining phylogeny of B. tabaci (Bt) P45fisduced amino acid sequences and selected P4560tstiap values next to nodes
represent the percentage of 1000 replicate treasgreserved the corresponding clade. GenBank atmesiumbers of CYP450s are listed in Table 3.

Table 4. Amino acid substitution in resistant and susceptiBl tabaci In Menia and Beheira, the Iarge;t area n _the tmlec
strains. governorates, the lowest and highest resistance was

Amino acid position Control(susceptible)  Collected(resistant) exhibited against neonicotinoids by the populaggiR =

0.7, 2.9, respectively). The latter resistance llewas

ﬁ, -}? E approximately 4 times higher than that of the other
20 S R population, indicating a strong selection against
28 L R neonicotinoids when moving towards Upper Egypt.

isg ‘Iiv g No major problems with efficacy of neonicotinoids
187 T S against B. tabaci since most of the samples were
193 K | susceptible to slightly resistant (RR5) which doesn’t
195 v A impair field performance against whiteflies. Sugitslity
207,228 S P of field collected whiteflies to the used neoniooids
2411; E \év remained high and unchanged along the whole tested
058 P A Egyptian governorates.

259 G R Concerning use of insect growth regulators, buiofes
261,271 [ D recommended over pyreproxyfen in controlling whiest

262 S F This is attributed to the high resistance ratichef whole
263 - L collected populations towards the latter.

264 K Q : . X _

265 L T B. tabaci colonizes a wide range of wild host plant
268 v S species (Calvitti and Remotti, 1998, Attige¢ al. 2003)
269 L A and gene flow betweetreated and untreated populations
270 \ G may be the origin of discrepancies between inseetiase
2 ' . and level ofresistance. Insecticide resistance is mainly
gg ; E based on mutation®f the target gene decreasing the
274 L | affinity to the respective insecticide and on irsed
275 R E detoxification by acetylcholine esterases, cytootgo
276 R K P450-dependant monooxygenases or glutathioge
20 © = transferases .

280 E \%

In B. tabacj resistance to neonicotinoids involves, in
addition to the insensitivity of the synapse
4. Discussion acetylcholinesterase (Byrne and Devonshire, 1997

) o ) Anthony et al. 1998) the enhanced detoxification of the

This study showed thd. tabacibiotype B is prevalent insecticides by non-specific esterases and cytochro

@n aII_o_f the s_urveyeq sites a_nd there was variatio P450-dependant monooxygenases (Dittrich et al. 1990
insecticide resistance iB. tabacicollected in Egypt. The Bloch and Wool, 1994)

population collected from Menia governorate wasriuest

susceptlble aglalr_lst almﬁst allk_lnsectflcmrl]es amolhg tmonooxygenases was also found to be responsiblehéor
Egypt&a_m pOpE ations. The ranking _g the popu EEtIOnresistance oB. tabacito neonicotinoids (Rauch and Nauen,
according to the exposure to insecticides was #mesas 2003). Detoxification by esterases and cytochromBOoP

that obsEr\_/ed In thel Ie_vel of res_|st§;_nce with “}?C_zadkij' dependant monooxygenases has also been implicated i
"_1 Beheira popudatlor;]s, a S|gn|d|cant corre "_m 'dt pyrethroid resistance iB tabaci (Byrne et al 200Q
resistance towar the teste neonicotinoids  angy,.hukin and Wool, 1994).

pyreproxyfen, but not buprofezin was found.

Overexpression of cytochrome  P450-dependant
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Resistance against the insecticide, imidaclopid, leen References

reported by Rauch and Nauen, 2003 for populationﬁ
collected from Spain, Germany and Israel. ]

The current status ofB. tabaci resistance to
neonicotinoid insecticides requires urgent attentiBest [2]
management in the greenhouse crops heavily relies o
chemical control, and particularly on neonicotirsidAn
average of 30 insecticide applications per crop@eaoes
not allow the design of a rational insecticide tiota
scheme. The presence of highly susceptihl¢abacipool
in wild host plants could possibly be a major adage
regarding the implementation of insecticide resista
management in the area.

Development of resistance depends in part on tHél
occurrence of ‘refugia’ for susceptible populations
(Georghiou, 1994) and on gene flow among population
colonizing different habitats in a given area. Thietype
status as well as genetic exchanges betwBertabaci [5]
populations collected on different plant speciesl @m
greenhouse or outdoor crops are currently beemined
using microsatellite markers. 40 Studies the genetic
structure of theB. tabaci population together with the
identification of resistance genewill allow a better
understanding of the evolutionof resistance. The [7]
development of a resistanoganagement scheme is being
considerate throughthe area-wide implementation of
integrated pesnanagement.

The impact of metabolizing enzymes such as esteras¢s]
glutathione  S-transferases, and cytochrome P450-
dependent monooxygenases in neonicotinoid resistanc
was studied biochemically with artificial substsate
Monooxygenase activity was increased 2-3-fold
moderately resistant strains (RB0) and even 5-6-fold in
highly resistant strains (R+1,000). Only monooxygenase
activity correlated with imidacloprid, thiamethoxaand
acetamiprid resistance and, therefore, monooxy@snag10]
seem to be the only enzyme system responsible for
neonicotinoid resistance in B. tabaci Q- and B-$ype
(Rauch and Nein, 2003).

These results are encouraging for the farmers’tpain

(3]

(6]

ing]

view in the sense that they can use all these ticftes to  [11]
control the pest. But despite of these, the sofeddency
on neonicotinoids should be strictly avoided beealsth
imidacloprid and acetamiprid have similar mode ciicn
and possess strong cross resistance. Diafenthiigom [12]

relatively newer entry in the market and presentists

indicate absence of its cross resistance with wetinbids

and endosulfan. Therefore it may successfully bed un

the whitefly spray program in order to reduce ttegjfiency

of neonicotinoids application. [13]
Overall, our results show a direct causal relatigms

between the nucleotide variations detected in CYRgEne

of this species and qualitative alterations of ale@vity of

MFO enzymes as the basis for variation in resi:iatanc[14

between the collected samples. Our results alsvigeaa ]

basis for further comparisons of insecticide resise

phenomena seen in other species and differentdaety
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