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Abstract; The small brown planthopper, Laodelphax striatellus ( Fallén), is an important piercing-
sucking pest of many economic Poaceae plants. Salivary glands play a key role in plant feeding for
piercing-sucking pests because the secreted saliva help them pierce and digest plants and detoxify
secondary metabolites. The detoxification system of insects is mainly composed of cytochrome P450
monooxygenase (P450), glutathione S-transferase (GST), and carboxylesterase (CarE). In order to
clarify the expression profiles of detoxification enzyme genes in salivary glands of Laodelphax striatellus ,
the transcriptome of adult salivary glands was sequenced, de novo assembled and annotated, and
phylogenetic analysis of the three detoxification enzyme families among L. striatellus, Acyrthosiphon
pisum, and Apis mellifera was conducted in this study. The results showed that 9 glutathione S-
transferases ( GST ) genes, 22 carboxylesterases ( CarE ) genes, and 39 cytochrome P450
monooxygenases ( P450) genes were found expressed in salivary glands. Phylogenetic analysis showed

that most of CarEs take part in dietary/detoxification and hormone/semiochemical processing while few
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CarEs are related to neuro/development in L. striatellus salivary glands. The number of P450 genes

expressed in L. striatellus salivary glands is fewer than that in the genomes of A. pisum and A. mellifera

and only CYP6 and CYP4 genes were expressed in L. striatellus salivary glands. GSTs were the most

conserved in the three insects. These results underpin the researches of adaptation to host plants and

insecticides of L. striatellus.

Key words: Laodelphax striatellus; salivary gland; glutathione S-transferase; carboxylesterase;

cytochrome P450 monooxygenase; phylogeny
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Fig. 1 Distribution of detoxification enzyme gene length
A: GST; B, CarE; C: P450.

*1 3HERABHK S-HBE(GST)EEFN X
Table 1 Classification of glutathione S-transferase ( GST)

genes of three insects

eS| [Lipig: 3 L] JRKE
Class  Apis mellifera  Acyrthosiphon pisum Laodelphas striatellus
Delta 1 10 2
Epsilon 0 0 0
Omega 1 0 1
Sigma 4 6 2
Theta 1 2 1
Zeta 1 0 0
Microsomal 2 2 3
Ji it Total 10 20 9

2.3 IKYEERRWN CaE EENSHGRESE
B E Y CarE EER#HLXFR

B R PR R B T BB T 0 AL/ R L M5
BER/BMERG MM L/ K E =K (Ranson et al.,
2001) , 7EK REMER RS KA A 22 5 CarE £
R g4, HYgmig X (CDS) K41 125 ~
1 863 bp, K#4rFFIHKETE 1 500 bp AR, Fifd
HAEAFS (B 1: B), @it 5757 %% 24 4>
CarE & R F19 & 0% 29 4> CarE ZE A HU X i@ E 4L %
S3Hr (B 3), K CEVER AR R K 10 4> CarE B [H
Z5HAMEESRE, A7 A EEETEZESMNE
PEACIEG (A) JSEEH, Horp 5 N5 [ A g & 8 [R5
TR AL B R, 24 35 R R VG O 2 0 ) TR R B A
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Fig. 2 The phylogeny of glutathione S-transferase genes of
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Laodelphax striatellus, Apis mellifera and

Acyrthosiphon pisum based on amino acid sequence

RERFIK A GST, SEMRRBIEYF GST, L EHRVY 7 E K
GST, L. striatellus GSTs are in black, A. pisum GSTs are in green,

while A. mellifera GSTs are in red.

MHRER . 3N EEBET o-BiEE(B) KERH, 5
PE BN o iR E AR EMREE. A 8
MEEZSHEERMEE ML, #8E T 2w -
BElG (E) KER (R 2), K CAMERR T A 4 4
CarE EEFZ 5MAEME BT LR, A2 1 1(ThEk
ARH) . 1 A neurotactin (M) F1 1 4> Z Mt JIE 5% s i
(F 2), HIK CE KM Z B H B E R
(Unigene21477 ) A 5 9 G405 FIPG J5 26 6 (1) Z Bt AE
WPEEE () A RE &, MEHET ELKER,
JK R E ) neurotactin FE K] 5 75 J7 % 14 ) 7] Y 5 R AH
WIERE (E 3), B S M B E4A 6
11 4~ CarE B S5MEFMAE TR, K CEHER AR
H A R B R B RS (D) . X3 H R 40 R R
(F) Fs# B IR GIMER TR (G) REREK, BN
D, F #1 G 2§ CarE EXU# H 44 1 ( Ramsey et al.,

*2 3MEHREREE(CarE)EESE
Table 2 Classification of carboxylesterase ( CarE)

genes of three insects

el iy AL KKE
Class  Apis mellifera Acyrthosiphon pisum Laodelphax striatellus
AL/ s
Dietary/ detoxification
A S 5] i
B 3 0 3
C 0 0 0
WMER/EER
Hormone/semiochemical processing
D 1 0 0
E 2 17 8
F 2 0 0
G 0 0 0
e/ KE
Neuro/ development
H 1 0 0
I 1 1 2
J 2 2 1
K 1 1 0
L 5 3 0
M 1 0 1
St Total 24 29 22
2010) ,
2.4 ZREEERIRE PSSO BRSO RESEE
T 4T P450 R FHL KR

IR CEME R R L SR 4L A 39 4% P4S0 L[, A
A CDS K BE/3 7 7E 250 ~1 632 bp Z[A] (] 1: C),
T/ F o T WF (83 AN) R % % (46 M) 1
PAS0 ZLR%Y, dETAE PASO W L T, Y
BT WF P450 e[ LT R E R A (B 4) , KR
AMEVR IR IK 1) P450 G 23 /N & F CYP6 Kk, 16
NEF CYP4 FKjk(F£ 3) ., #E CYP6 Kk A 13 4
CYP6CW, 3 /> CYP6CS, XHiKT F i H Mo 5
IF CYP6 W5 HEHL H RIVE HEARAR ., K RE CYP4 X
R EE R G & CYP380(3 4~) Fl CYPAC(9 A4) %
A, K KE S B S5 A CYP380 A 4R 1L 1 %%
15, T CYPAC 5[ fAH UM BEAR . K 6 EU R VAR
A KIL CYP2 i . Mitochondrial ZZJ&F1 CYP9
FIGRMEFERIE,
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Fig. 3 The phylogeny of carboxylesterase genes of
Laodelphax striatellus, Apis mellifera and

Acyrthosiphon pisum based on amino acid sequence

BEARK KA Cak, GONRIEY CaE, L AREZI T EBER
CarE, L. striatellus CarEs are in black, A. pisum CarEs are in green,

while A. mellifera CarEs are in red.
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Table 3 Classification of cytochrome P450 genes

25 [iipE: AL KRE
Class  Apis mellifera  Acyrthosiphon pisum Laodelphax striatellus

CYP2 8 10 0
CYP9 7 0 0
CYP6 21 33 23
CYP4 4 32 16
Mitochondrial 6 8 0
St Total 46 83 39

FREFEEEEEMN. B THFENREVRWFE
S, BEARFFHEYNERELRERRSKE
R, XS e R T, WRRR
HOENAMNEYIA EERE L o AAPFFER X K G E
I P R e SR AA M e, R BUAE KRR R R A
M=K RE R 3L 70 A, 25000 9 MABH K
S-FEREREREA | 22 MR BREREGEE K A1 39 M6
R P450 B, SHEEERTE ML, KR
VYRR IR #2359 GST 71 PASO0 2 R %% B 2 91 5. 1 —
2, 157G 07 B 1Y) GST 1 PASO LK %k H A 8o
WFFEIA R PG 7 B 0 R e 7 B R R B A o R D, 2
HATESE L R, HL AT BE i B AL MR BR 1 T A0
AMIE Y J B4 firk ( Claudianos et al., 2006) , T K %
BRI IR RA WA ERNRE D, TRl T
HERH RS B, K REGE R 4 AR E
HEWELERRRANREBERNESZ, AT
R IR QKL (R 2 A T J X i A R R R R T — 2P
Vi

GST RE M ANEZEMNWIEZ —, HIAEME
1AL A JR R A B H BK (reduced glutathione, GSH) 5
FHAEYR MBI, £FBENSS5E
BEA ISR, XPANEAL & R REEZEE
FH (Terriere, 1984) , {H GSTs 7£ B HU X Ik A 9 AR
R ERIEAR T ERE . ZERK CEMER R
FAMIE] 9 4% GST ZEHFKE, HALH Ltk H RTiIE K
HAhE B GST BEFMRZE , 5RREEGA P450 K
AR LG, GST ZCHRAE 3 FhE IR ~F R . A BT
FEARIK CEH) GSTel 57K & EXT 2 Ff A% Hi 5
YitEA 3£ (Zhou et al., 2012) ,

CarE REHIAN—-REEWWETR, EMHENL
ZUmnEs, CarE 7EXF SMEAL-& W 0 i s AR A X
ABEFRAEE R EEERZEM. BH CaE
BERAS [l )37 EAEY) P75 5 ( Bratsten et al., 1977),
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ACYPIG104407 CYP6CY4
ACYPIG285874 CYP6CY4
ACYPIG241829 CYP6CYS
ACYPIG811627 CYP6CY2
ACYPIG390396 CYP6CY6
ACYPIG775004 CYP6CY2
ACYPIG184883 CYP6CY 18
ACYPIG343134 CYP6CY4
ACYPIG712509 CYP6CY8
ACYPIG385878 CYP6CY9
ACYPIG618921 CYP6CY 12
ACYPIG658700 CYP6CY 12
ACYPIG211742 CYP6CY 13
ACYPIG423841 CYP6CY 14
ACYPIG476505 CYP6CY 15
ACYPIG5477 CYP6CY 17
ACYPIG637288 CYP6CY 16
ACYPIG195989 CYP6CY 15
ACYPIG680505 CYP6CY15
ACYPIG750160 CYP6CZI
Unigene22064 CYP6AX1
ACYPIG461693 CYP6DA2
ACYPIG916135 CYP6DA1
Unigene22925 CYP6BK11
Unigenel1264 CYP347A4
Unigene844 CYP6BK4
Unigenel0883 CYP6DB1
ACYPIG897436 CYP6DD1
Unigene6316 CYP6CW 1
CL477.Contig5 CYP6CW 1
CLA477.Contig8 CYP6CW 1
CL477.Contig3 CYP6CW 1
CL477.Contigd CYP6CW 1
CL477.Contig7 CYP6CW 1
CLA477.Contigl0 CYP6CW 1
CLA477.Contigll CYP6CW 1
CL477.Contigl CYP6CW 1
CLA477.Contig2 CYP6CW 1
CL477.Contig6 CYP6CW 1
CL477.Contigd CYP6CW 1

CYP6

ACYPIG432008 CYP380C1
ACYPIG460563 CYP380C2
ACYPIG532064 CYP380C2
ACYPIG872178 CYP380A2P
ACYPIG621579 CYP380C5v1
ACYPIG732194 CYP380C5v1
ACYPIG374624 CYP380C8
ACYPIG664772 CYP380C8
ACYPIG474619 CYP380C8
ACYPIG230907 CYP380C9
ACYPIG355270 CYP380C6
ACYPIG936966 CYP380B1
ACYPIG983770 CYP380A1
Unigene14438 CYP380C6
Unigene14439 CYP380A2P
Unigene5329 CYP380C3
Unigene782 CYP4CA1
Unigenel0690 CYP4AB23
ACYPIG187131 CYP4CHI
ACYPIG662062 CYP4CH3
ACYPIG977325 CYP4CHI

ACYPIG230806 CYP4CH2
ACYPIG844709 CYP4C61
Unigene10251 CYP4CDI
ACYPIG493199 CYP4CK1
ACYPIG691543 CYP4CK
ACYPIG638057 CYP4CK 1
ACYPIG904994 CYP4CKI
Unigene3509 CYP4C61
E Unigene7291 CYPA4C62

Unigene4739 CYP4C61

Unigene6063 CYP4C62
Unigenel7446 CYP4C62
Unigene4515 CYP4C62
Unigene8206 CYP4C1

1
100

Unigene2847 CYP4U3

ACYPIG381455 CYP4CDI1
ACYPIG989781 CYP4CJ3
ACYPIG214120 CYP4CJ2

658Ii|:
L
96— Unigene18684 CYP4G29
% Unigene3982 CYP357B1
00) ACYPIG177627 CYP4CK1
100

ACYPIG278510 CYP380C4

CYP4

CL1367.Contigl CYP6CW 1
100| ECL1367.Contig5 CYP6CS1
77-CL1367.Contig6 CYP6CS]1

CL1698.Contigl CYP6CSI
Unigene18554 CYP6A27 -

B4 BETERERFIIEENK CAMP LT MM ER PAS0 ERNRERETRR
Fig. 4 The phylogeny of cytochrome P450 genes of Laodelphax striatellus and Acyrthosiphon pisum based on amino acid sequence

MK E PAS0, SRR BIGIF R PAS0, L. striatellus PASOs are in black, while A. pisum P450s are in green.

T EHAS [F] A7 3 AW % A 5] g i 1 15 2 2 B AN [
o AF EAEYIXIAREE Aphis gossypii HIFRER TR B
BARGESER, XFE 2R R BRI
BRI KRR (R AR, 1992) o [RIFME ) A R
AN R A S PR AR RN R, AT BB B TR R A
TS RAEY R PR S BA R SRR . BEH
YLK AE 50 J5 48 KL Nilaparvata lugens 4 #4727 B )
RIRBEREE S Z B, BRI R 5K M
P K P EA (BB, 1993) . BHFRIAHTE
FEFLMHTME K RE, RIREEES-1 S BRX, MH
ZTRENEDRBEEE-1 (#) Phed39His ZABFIK K HL X REFE

W ) UK R IR 2K ( Zhang et al., 2013)

P450 R B HIA NS 5 & 27K BUR R B H Ath A
BRI S AR FER IR, K KR
HEVR AR N 39 4~ PASO EER7ER K, | T CYP6 Fl
CYP4 Kk, ¥ &I CYP2, Mitochondrial 1 CYP9
KIGFEHEMFRIL . SH I K PAS0 41 A, HF
VEHEARIR(E 4) , SRS R iR e D)
REERRE T ok, A CER P450 Sk AEH Bk A
EWHF W ESE, X CEGEM KM EAEE
Thee(FASCEK, 2013) . #5 KEH 1 4> CYP6 11 4
CYP4 BREE CAM BN AEEREEEAR
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(B ZMARDEAE, 2006) o, A 5T R BIK KR BE
R Ptk S5 CYP6CW1 A 5% (Zhang et al., 2012)
ABFFRIRER T = KAFFE BEHE I 5 R A KR
BRI RGO, FHdfT TR RN, X
W VR AR 3K P B K R O BT AR . BT
A BRI IR 55 5 T PR FIE A e T — 2B 0F5R .
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