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Abstract: [ Aim] Based on the transcriptome data of the whitefly, Bemisia tabaci, this study aims to
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systematically analyze the expression profiles of genes encoding detoxification enzymes in thiamethoxam
resistant strain, and to focus on discussing the biological significance of developmental stage specific
differential expression of these genes. [ Methods] Thiamethoxam resistant (TH-R) and susceptible ( TH-
S) strains of B. tabaci were maintained in a greenhouse, and individuals at three developmental stages
(egg, the 4th instar nymph and 1 day-old unmated female adult) were collected from the TH-R and TH-
S strains. The array design was based on 8 394 ESTs from transcriptome of B. tabaci with putative
association with insecticide resistance. By using a custom made microarray, the gene expression in eggs,
nymphs and female adults of the TH-R strain of B. tabaci was compared. Nine ESTs were randomly
selected for quantitative real-time PCR (qRT-PCR) analysis to validate the microarray response between
the TH-R and TH-S strains at three different developmental stages. [ Results] In the TH-R strain, a total
of 3 424 ESTs were differentially expressed between the egg and 4th instar nymphal stages. Among them,
489 ESTs encode detoxification enzymes ( carboxylesterase, glutathione S-transferases, cytochrome P450
monooxygenases ). Fourteen ESTs (10 ESTs encoding P450s, and 4 ESTs encoding GSTs) were
overexpressed in the 4th instar nymphal stage. There were 1 273 ESTs which were differentially expressed
between the 4th instar nymphal and female adult stages. Among them, 193 genes encoding detoxification
enzymes and nine ESTs encoding P450s showed higher expression level (10-fold) in the female adult
stage rather than the 4th instar nymphal stage. The qRT-PCR results revealed that nine ESTs were up-
regulated in the TH-R strain at three developmental stages compared to those in the TH-S strain. The EST
p_06027 and the EST p_06013 encoding P450s were overexpressed in egg and the 4th instar nymphal
stage of the TH-R strain. The ESTs p_05885, p_07806 and the EST p_00988 encoding P450s were
highly overexpressed in the 4th instar nymphal stage of the TH-R strain. The ESTs p_05916 and p_00478
had low expression levels in the egg and 4th instar nymphal stages but overexpressed in the female adult
stage of the TH-R strain. The ESTs p_00059 and p_00428 were significantly up-regulated in the female
adult stage but had low expression level in the other two immature stages of TH-R strain, and the EST
p_00059 encoding CYP4C1 with the highest expression level ( ~ 15. 15-fold) was seen in the female
adult stage. [ Conclusion] The results suggest that the overexpression of CYP4Cl and CYP6B may
underlie the resistance to thiamethoxam in B. tabaci. According to the microarray data analyzed, the
detoxification enzyme genes are differentially expressed in different developmental stages of B. tabact,
which may be associated with the distribution and effective utilization of energy under the stress of
insecticides and also an adaptive mechanism under the environmental selection pressures.
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W3 B\ Bemisia tabaci j&—Fh it FApEH L, F %
E 3o R SEUREL 0 0t YL A% 0 A o 5 0 0 2 o
A5 S5 07 R T ARAEY) , S B AT s X
e b . & 2 K W5 VE Y ( Dinsdale et al., 2010,
Navas-Castillo et al., 2011; Pan et al., 2012) | J 5
EA MHRERRNEAR, HRiCHEm 2 0h
32 AR el , Heh o 3 dg™ E A2 B B Ry L
(BRI B A=y 20) F1 Q BUKH By B (B Q A4 5Y) (De
Barro et al., 2011; Boykin et al., 2013) , B RU4HK;
(20 fit22 90 AR IR TE R B R 20k (B R4E,
2002) ;Q B Ky mU7E Fe B 15 UK Kk B AE 2003 4F
(Chu et al., 2006) , i f5 754 0 N TF GG K&K,
FEBEUR T B Bk mL (IS A5, 2010)

HT T R (I A 22 AR 24, A R by B 2 %)
R A T BTt . MR mURATT 24 PEHL R
A RZTTHN . H AT T mUR 47024 PE AL A BF
FEEBIA N R A0 (5 3R PASO 22 Ty i ST i
1458 7 ¢ ( Rauch and Nauen, 2003; Feng et al.,
2010; Yang ef al., 2013b) . {EMHMENTI P, B 2
A ARy EOGS Ak HRR A B A B CYPOCMI ik
K13 & £ 5 A % ( Karunker et al., 2008, 2009 ) ;
Karunker F1 Roditakis B} 5% % B0 AE KH ¥ BT HHE He pbk
UL A b, A (0 5 I PASO ZRIE Y BE A & 4%
TEXEEMIE M (Karunker et al., 2008, 2009;
Roditakis et al., 2011)
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ANAETE B R TR . U Nauen 55 (2008 ) & B, 4
oy B\ A BHURR T 28 P HRORT bt EE Ok 17 A 2 2
AL 4 ~ 10 A%, T7E H v & b B El 2.3 i
A R K 2 R B2 TR AFSARYE
H A R0 B A B 2045 B (Wang et al., 20105
Xie et al., 2012) , B33 1T B BUMHKY 5L 3 A&
B B BORE RN RS o FIRTZGE X AR
BBCIE A RIEANR KT W B 22 e R N T T
e , A — 222 R RIRIE P, X X SR PRI R A T T
qRT-PCR Bk, 0T 58 45 ROR AT Bl T IR AL 0 JH
T 24 P AL P JHRL AR , Lo T 5 7R v 3R L 2 591 144
TE LA K HE S | 22 v i M Ay O I HGR AR 470 25 1 A
A S A S R o

1 #HR5FHE

1.1 #iKEHR

JIt F AU 2000 47 2R AR E O BR7 BE i 21
AEF IR BT AL st g b 1) H Y 3 b, Horp— 3
Ay AE S A AL I U H W ( Brassica oleracea L.
var. capitata) e N UGB R 51 R ) R R I A
FALY i 4 UG &R TH-S 55— 0 ) 7 [A) 48
TE28 N HIVE HUBR AT P 22 IR I8 4, IG5 — P
HUBR R i R 4% 9 TH-R. S8UEG R L, %80
PR R TEE R BTvE EJE T 70 £y, RAEW T
mtCOT KL A 7 41] , M 49 2L (2010 ) Jy ik M5 HAE
Yy B A,

3 B B A mUE He BRI R R 4 i
o ANIRAL 1 d AYMERCR . BRAT 4 e A Ik
20.007 g, MISPIAE 1 d i ME L O e 2 400 =k 4
NRE B BCE S 3 K BREAR T 18 N E
OE T, HRARREE T - 80 C UM F % .
1.2 EREit

R Agilent 8 x 15 k( Agilent Technologies ,
Palo Alto, CA, USA) iyl Ak Fr, B g i
Z: W, Yang 55 (2013a) o & i BEHE ] eArray V-5
( https://earray. chem. agilent. com/earray/) , i
BE ] I, ArrayExpress ( GSE42337) . & RNA $#ZH
F IR TRIzol iR &5 3 #:4F (Invitrogen, Carlsbad,
CA, USA), J+ § Nanodrop ND1000 ( Nanodrop,
Thermo Scientific, Wilmington, DE, USA) # 17 &
RNA Gt A .

fFiFH T7 J3 875|491 Moloney Murine Leukemia
Virus (M-MLV) Jz %5550 ( Agilent Technologies ) 47

cDNA SR 8o BESS PAG BT XU cDNA s
M, T7 RNA B4 5 % cRNA (coding RNA) , 4k
J5 347 Cy3[ Cy3 N-hydroxysuccinimide (NHS) ester,
GE Healthcare, Pittsburgh, PA, USA#ric. # HIAY
cRNAs % If RNeasy Mini 1171 & ( Qiagen) #1744k
JaEA A DEPC /K, SRJG 20 i 4258 ,65°C 10 1/
min JRENF45E 17 b, FEBRERAE IR AR b b AT
&R UE W, B 5 TE Agilent 5 i 4L ( Agilent
Technologies ) FHFEFTFI4 , 73 HER N 5 wmol /L,
1.3 qRT-PCR Bif

IRPURRS 2 B B L 3 SR E B B R A
JFRET RT-PCR i, AHFEAR S RNA $2IGE IR
TRIzol 112X 7] 45 ok 48 1 , 3 4o Bo A5 W 568 J1C vl Dk 1
Nanodrop 2000 # Ml RNA & &, iz i SYBR
PrimesSeript JZ 5 3 Bt A 45 17 cDNA £ R
(TaKaRa, Kyoto, Japan) ., FEHLIHEH 9 =R FE
RBEDR, BT RS W (R 1), 64T qRT-PCR 56
iF. #)GE = PCR W AKZ N SYBR Green Real-
time PCR Master Mix (2 x ) 11.25 pL, PCR Forward
Primer (10 pmol/L)0.5 pL,PCR Reverse Primer (10
pmol/L)0.5 pl,cDNA #ifz 1.0 L, in A ddH,0 #p
JEZE 25 uL, Real-time PCR R FERE N :95°C s
P 3 min, $ F 3k 40 MEFR,95°C A5 30 s,55%C 3B
K30 s, 72°CHER 40 s (WHETILIE T ) o JEPIRIE
ST LABURG T 2R TH-S ALY 3 AN A& B B
PR BE, A X 238 MR F 2754 ik (Pfaffl,
2001) ,3% ] NADPH | EF-1a {fE NS 1K (Li e
al., 2013) ,
1.4 HIESH

B B Y A BEAE B Limma #2549, (Smyth,
2004 ) 47, =SNG T2 ¢ kg (M
AN ST SO G SRS L ER) | [RIB3E FDR (1
{E 9 0. 001, FEASEH v, 22 S ik AT A i 126 [ 1L ) A
N :log,Ratio< — 1 8{#& =1, H FDR<0.001,

2 #R

2.1 EMBREREALAEBLZEMBENERREE
E 5

XPPUBEH R B ALKy Bl R 2RI 0 R 4y
Mrigss  ZEONFN 4 I JUR B BB, B3 3 424 4
2E IR EE Hrh 5 IHAR L, 78 4 847 IERA
IR 1345 4> KB MR EE A 2 079 4>
(FDR<0.001, |log,Ratio|=1)(El1: A), 1778 4
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Table 1 Quantitative real-time PCR primers
HE[H e sk EmGI4Y(5-3") B 514 (5" -3") FEYIREE (bp)
Gene Gene description Forward primer Reverse primer Product size

p_06013  Cytochrome P450 GTCCGTTGTGGAGCCTAT TTGCCGAGAAGTGGGTAT 177
p_05916  Cytochrome P450 4G43 AGCAGGGCTCATAGACGA CTCCCATCATACAGAGGAAGAA 197
p_00478  Cytochrome P450 CYPm319 TCTCGGGCTATCCTTACTG TGCTGGTGTTGTGCTTTCG 145
p_00059  Cytochrome P450 CYP4Cl AGCAGGGCTCAAAGACGA CTCCCATCATACAAAGGAAGAA 197
p_07806  Glutathione-S-transferase-like protein ~ CCGTTAGACGAAGTCAAGT AGCAAGAACAGCATCAGC 120
p_00428  Cytochrome P450 CYP6KI GGCACCGATTACACTTTC CCTTTACCGCAGCCAATA 167
p_00988  Cytochrome P450 6B20 GTCTCAGTTTGTCCTTGC GTCTCAGTTTGTCCTTGC 131
p_05885  Glutathione S-transferase 3 GCCACCGAGGTCAAGTTA GTCCACGACGAGGAGTTA 136
p_06027  Glutathione-S-transferase AGGTGCTGGCGAAACAAT CGTAGAAGTCTGAGTGGC 166
EF-la EF-1a AGATGGACTCCACCGAACCAC CGGAAATTGGCACAAGGCT 121
NADPH  NADPH ATAGTTGGCTGTAGAACCAGAGTG ~ ACACGAAGGGAAGAGCACATA 96

FEIH (2 52% ) A5 PR B2 i 22 5 R RS OLE L
TE 4 W HORIME R R 4 7 Y
A 1273 2Rk N, b 5 4 iy iUl
FHEL, MERSR e 7 B BT 582 AR F ik [, 691
ANEERFGAE M (FDR<0.001,

~2fEZIE (AL B) o

X,AL;\

| C)

| log, Ratio | =1) (&l

A1 936 LN (2 74% ) FE PRSP ) 22 57
FIREBAE L ~2 52 (K 1: D),

B 4 e 1R

KH B BU 22 5 AR N B 2 T 4 W HUMUME A%
HURH BB 22 R IR

A 2500 B 1400
Al)
o 2079 1200 - 12
¢ 2000F E 2;3
z 1000 | >
1
4 1500 1345 800
0z 600
j"];i g 1000 | 455, 498 529
= 400} S
T s00r 230
g 200
g
z 0 L 0
121 Up-regulated T8 Down-regulated _-1J& Up-regulated Kl Down-regulated
2 vs B Nymph versus egg 15%%% Fold change
cC o, 800 D 600
= —1-2
% 691 =123 505
—E 500 >3 ]
z 600 582 431
& £ 400 -
:
¥E 400 300 -
gl
% & 200}
£ 200f
5] 23 113
z 100 - 3o 73
E
z 0 L 0
=74 Up-regulated T Down-regulated 12 Up-regulated T Down-regulated
e L vs 25 Hi ) Female adult versus nymph 1%%% Fold change
Bl 1 MRS RA R G B B 1 22 5 R s s
Fig. 1 Developmental stage specific expression patterns of genes in the thiamethoxam resistant strain of Bemisia tabaci
8- P 2€ Sp! P p 2

U(‘)UJED

female adult stages.

s FEIRTE S SO 4 4 B9 5 3R IKFE K Genes differentially expressed between the egg and 4th instar nymphal stages in microarray analysis ;
- TEGRFN 4 ] ) 22 S5 Feak FE DA% 500 4 Fold change distribution of differentially expressed genes between the egg and 4th instar nymphal stages ;
FEIRTES B R 4 WA B AT R 22 55 TR FE TR Gene expressed between the 4th instar nymphal and female adult stages in microarray analysis;
o TE 4 P HRNME B 25 S ek B IS B4 A Fold change distribution of differentially expressed genes between the 4th instar nymphal and
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FENLYE R RO 4 W75 s 5 7 I B, 7 489 F 2!
2RI R S AR (i N S
% PISO ZRAMMRIN RIS M 55 | AT 0% 2
WP RERBEREIEDD) ok PASO KM REA 2 | oy oFor in3
351 4, GST FIEFFA 59 4>, CarE FG i 3L K §~§ 6 ’ 373 \%,) 05903
HT9(E2) . A 14 MERTE 4 Bl B E S BN I\
ST B 32 4% (log,Ratio > 5, FDR<0. 001) , X = 2 8% /.IP Oﬁ'xp o P07
SEEEFH 433 10 4~ P450 3EFH (p_06013, p_00051, =, , POE poos  pooost
p_05903, p_06267, p_07785, p_06056, p_00443 , p o . JJ;) - 455:.:; e

00398, p_03733 Fl p_08318) Fil 4 4 I H Jik-S-4%
T L A (p_07806, p_01115, p_06027 i p_
08162) ([ 3) .

400
— T HUY vs B Nymph vs egg
2 B A U vs 5 U
Q:’b 300 - Female adult vs nymph
g
E 200f
z
&
&
100 -
0
P450 CarE
Hith 4 Enc ‘oding pmdu( 1
B2 RIBTEES e i A I i A oG 35 PR A o L

POkl B AR A B BOh B9 A
Fig. 2 Expression profiles of expressed sequence tags encoding
detoxification-related proteins in the thiamethoxam resistant

strain of Bemisia tabaci at different developmental stages
P450 . Zifi(0 R L2 DI RESA LS Cytochrome P450; GST: 43 bt fik-S-
¥R Glutathione S-transferase; CarE: ¥REZHE i Carboxylesterase.

2.3 FHMENBRAXEMREFRIEIER
TEDUPE AR 2R 4 Wy SR RIHE s HU, A7 193 A
7 SRR IR i i = K 7 AU i (FDR < 0. 001,
| log, Ratio | =1) o CSLHEH 7EME R 91255 118 11
A 104 4>, KX T IHAA 89 1~ A 9 4-gtt PAS0

FIGHE H AR (p_00813, p_00059, p_06556, p_
05916, p_07120, p_00478, p_00988, p_00498 Fll p_

00316 ) £ M S HL AR P 1A 2k el o 45 ST Y 10 4%
(FDR<0.001, log,Ratio=3) ([&14) ., £ 135 /|~
(25 70% ) 76 PR LS P G 22 52 3R AR BPE 1 ~

245 M) Horp L gh 24 SRR IR TR B L N, 29 4%
I H JIk-S-H B Mg 2 N R 140 A~ P4SO 52 ik 2
(E2)

Mean expression level at the nymphal stage

B3 ARy TR A AR BN 4 % A R A
TERH G HE IR 14 22 S 20k
Fig. 3 Differential expression of detoxification enzyme genes in
the thiamethoxam resistant strain of Bemisia tabaci between
the egg and 4th instar nymphal stages
AR = A BU R R IR IR B 200K 4 i Ul R
ISR RCTE 32 FFLL L (¢ K2, P < 0.001),

Expression level at the nymphal stage/expression level at the egg stage.

Expression ratio =

Red pots indicate a 32-fold up-regulation in the 4th instar nymphal stage
(t-test, P <0.001).

—
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= ° 3
<
% ERR o | ‘e
£ W ® 00988
f}\ g 6 c‘ ‘.. ‘M ®®) 06556
3% 8_ o0 00059
§ w p_05916
74 ~& L4 00’1'&‘ 00813
g 3o
! 0@, 07120 p_00478
g | ‘ P 0049}5)
= 2 ) ) . .
2 4 6 ] 10 B 4

R M B L TR 3R
Mean expression level at the female adult stage
B4 MR EHTE L R 4 W7 HORTBE R o 0 A o
FRIGHEAH G IE [H 1) 25 5 3236
Fig. 4 Differential expression of detoxification enzyme genes in
the thiamethoxam resistant strain of Bemisia tabaci between

the 4th instar nymphal and female adult stages

AT = IRk A I i 21 AR MR HUYI A A
ﬁ[f 10 £5 R4 (¢ /358, P <0.001) , Expression ratio = Expression level at
the adult stage/expression level at the nymphal stage. Red pots indicate a
10-fold up-regulation in female adult stage (i-test, P <0.001).

2.4 qRT-PCR WHE 9 MEEEEBE 3 M AEL
BEMENRIEE

MFRIR TG R B EEALPRER T 9 /\;E&EH%‘E&
PR R 3 MR L E W EBEH#HIT T qRT-PCR
Bk, Z5RFW, SHURG RA L, L9/\¥Elﬂn
PEMR BV 3 SIS R TE R R E . A6
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FEP (p_06027, p_00988, p_05916, p_06013, p_
07806 FiI p_05885 ) FEHLIEM: & 3 4> HAR MR IA Y
T RURE AR 2 DL B R p_06027 e AR
4 e HUIUT A 2 Tk i M () B A EORR O R R
19. 214, p_00059 TEHTHE il 2 B R 401 42 3% 2 )
— RS RUR A AR [ 15,15 4, AR PIAE BT il &R
() el ot AR R SRS IR R 2 ~ 5 75 A 3 A4
FEH (p_05916, p_00478 I p_00428 ) {L#E 1 /4~ 2
ISP IS R S TR R (5) .

25
mm [jj) Egg
20k =3 %7 1 Nymph
E = i i Female adult
it
X E st
w2
B &
=) -
< 10
W3
¥
[2'=1 5+

FL[A Genes

K5 Ot PCRAGIN 9 A5 PITERE A U0 |
4 T HURIME R R FP ) Bk

Fig. 5 Expression level of nine genes in eggs, the 4th instar

nymphs and female adults of Bemisia tabaci detected
by real-time quantitative PCR
LA EF-la il NADPH g A, LUBUR L AR 0d B8 T 27249 97
ERTI RIS R Y Co (8o R T2 {H = FRMEDR . The Ct values
normalized to EF-1a and NADPH are calculated relative to a calibrator
using the formula 2 =24 compared with that in the susceptible strain.

Data are mean + SE.

3 g

H BGUEDLER AT 0 T B2 1 e I AN BTG
B BB AR BRI T R SRR A B X,
VFZ2 T 3l Wy %k 2% H50] Bt o 19 77 AR AR B P450s,
GSTs 1 COEs a4 & (Li et al., 2007 ),
X 3 JEBE LR M i A B HUR A Y 25 P A Rl . 3
B 0 3 S R R A4 G i e R AR A AR
TR V3% P 1 5, AT BT 7 AR (JouBen et al.,
2012 Zimmer et al., 2014 ), U Puinean £ (2010)
FGE 2 BUMRIE Myzus persicac xFib Hy ik e 11 W S5 41
B A HUR) P A P B HAR N CYPOCY3 Sk [H 4

MR S8 48 KA Nilaparvata lugens P CYP6AY1
PR A ok 3k 5 HORT bk H M A DG ( Ding et all.,
2013) ;B AUFN Q AUKEA B CYP6CMT FE A (14 57t 3%
IRIE BT RS nb H b ™ A= it 1 118 E 2 ] ( Karunker
et al., 2008, 2009) , Ifif CYP4v2 3R H)F ik M)
55 B B by OGS HE R A BT A G (Xie et al,
2012) . MEHb, TEFR 733 HUAR P, GST S5 Ak B 1
) TR RE R BUE AT TR R BRI A 77 A2 (Syvanen
et al., 1996; Stumpf et al., 2002; Vontas et al.,
2002; Lumjuan et al., 2005 ) ,BkiF 2 — UG FIHE &
TR\ TR T il 5 PR 2ok e K U 3 1 L 3k 26 Tl G A
BILBE 245 791 | 2 ik P T 5 21 245 7] DA B e 2R I 2 2451
BP9 (Ono et al., 1999 ; Hemingway et al.,
2000; Small et al., 2000) , fEAHFFE S, FA1HE T
FARTE AT, T T BUE AU B BLIE A EL A
FRAEOP A R S A BE P B T 00, B TR
B IX = S A A I S 1) B T M i &R
14 3 A HUES PR USRI A B A B B

SR, A BIFFE s AR W], MR EURE BT AR 4
HUR PR RS HAR N4 (R P450 £ )
AE AU AT A 15 PR 1 98 47 OC (Rauch and Nauen, 2003 ;
Feng et al., 2010; Yang et al., 2013a) , ;X LEEF A 15
PERARZ CYP6 Fl CYPA F ik 11 %k Rl 8 4% ( Puinean
et al., 2010; Karatolos et al., 2012; Yang et al.,
2013a) , A5, FATHE L I P450 56 4 F2H
6 FRIR AL FEHTE UBR i R 1Y 3 AR & 7 BB
Bk eik , Hrp CYP6B SEPRT ey B Berb i 235
RS R 4 A, CYPACT R Ji e B B
FEENE LR R 15 22, FIRi1 L
TNBHEN , ZEZPUPE L R, CYP4 Fl CYP6 G2 e
PRI %) b 38 8 35 T BE A 3 B0 1 0T g8 R v 110
Ao BN, RATBFFE R KL, A — A4t GST 11y
PR (p_06027 ) 7E4H Ay BT it R ORI LR H
W Bt e ikt i 3 e T R] HUS I RO &R, 25 5
FIRMEROT RS T 15. 38 45 A1 19. 21 4%, (HHAE
BB ) 2k SRS R B 25
T GST fER SR T2 5 e AU, © A Y iiE
IR 7t HC 5 Ry R RTAR B A% He R et
F(Yang et al., 2013a) , R FRATHEN , p_06027 FE
RITEIZBUIE il &R B3R5 EIR ] RE S HAK 9 i B 1
SR K

T BO IR BRI BT 7 A s BE R R 45, X s 5
PUPEAH G HE PR 14 238 S5 73 i b ) A= B 3 5 DDA
Ko Prabhaker 2 (1989 ) R FL a4 i, M4 TN A HL
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AR NALAER K R I 28 245 790 77 A el BROFC U 0 A 5
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