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Clone and expression analysis of three glutathione-S-transferase
genes in different host-specific types of Aphis gossypii Glover
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Abstract [Objectives] To determine the profiles of three high expression glutathione-S-transferase (GST) genes in various
developmental stages of Aphis. gossypii Glover, and compare the expression of these genes in different host-races of this pest.
[Methods] Full-length cDNA sequences of GSTS genes were cloned based on transcriptome data of A. gossypii specimens
collected from seedling and mid-summer growth stages of cotton. The relative expression levels in different developmental
stages (nymph and adult) and host-races (cucumber and cotton host-races) were investigated with real-time quantitative PCR.
[Results] Three high expression GSTS were identified and named AgoGST-sl (GenBank accession no.: MN688789),
AgoGST-d1 (GenBank accession no.: MN688790) and AgQoGST-d2 (GenBank accession no.: MN688791). These 3 genes were
expressed in all development stages and their temporal expression profiles all tended to increase over time. The relative
expression of AgOGST-sl gene was less in all developmental stages, whereas that of AQoGST-d1 and AgoGST-d2 was more
variable. Expression of these 3 GSTS in the cucumber host-race was higher than in the cotton host-race for most age-classes.
[Conclusion] Expression of the AgoGST-sl, AgoGST-d1 and AgoGST-d2 genes is significantly associated with the

developmental stage of A. gossypii. The expression patterns of these 3 GST genes in two host-races differed, which may reflect
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adaptation to different host plants.

Key words  Aphis gossypii; glutathione-S-transferase (GST); host specialization; development stage; expression profile
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Table 1 Primers used for real-time quantitative PCR

A Bk PIRCE (%) HERE (R
Gene Primer sequence ( 5’-3") Amplification efficiency Correlation coefficient
AgoGST-s1 F-TGATAATGGCACTTAACTACTA 90 0.994
R-AACCACTATCCGAACAAC
AgoGST-d1 F-ACAGTCAGTCGTCATACAC 91 0.997
R-TTCTGAATCGGTCGGTTC
AgoGST-d2 F-GTGATTGGCTTCGTTGTAAT 94 0.995
R-ATCTGACCAGTTATCCTAATGT
AgoGAPDH F-ATCATTCCAGCATCTACT 90 0.999

R-TCCTTAACCTTATCCTTGA
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Fig. 1 Amino acid sequence alignment of AGQOGST-s1 from Aphis gossypii with Sigma-class homologues from other insects

AgoGST-s1: H##f Aphis gossypii, XP_027840459.1; BmGST-s2: At Bombyx mori, NP_001036994.1;
DVGST-sl: %% MR4 1% Daktulosphaira vitifoliae, AUN35386.1; AmGST-s1: Pl J7 %1% Apis mellifera, NP_001153742.1;
LmGST-s4: KU Locusta migratoria, AEB91976.1, &/ HEN AgoGST-s1 N s ihall; 416 7 HEA AgoGST-s1 C
U2 A PO GSH 45 &0 5 ( G-site ) FRIISE G075 (H-site ) SHlAnid ML AMSE, Sigma ZKIGEFEA A
e m ke “Ys” HEBEOF kIR,
Black box region is the N-terminal domain of AQOGST-s1; Red box region is the C-terminal domain of AQOGST-s1; Predicted

GSH binding sites (G-sites) and substrate binding sites (H-sites) are shaded red and green, respectively.
The typical catalytic site residue “Y8” of Sigma-class is indicated in black arrow.
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BmGST-dI .MTIDLYYVP PCRAVLLTAKALNLNLNLKLVDLHHGEQLKPEYLKLNP TLVDDGLSI AIITYLVN| Al 93
DvGST-dI .MAT| PCRTVRLLAKSLNLKLNLIPTKPGNGDTLTPDYKKMNP! TIVDDGFAL AICKYLIEKYGDKNKGHFTKEQLYPTDIKRRYV| 100
AmGST-d1 .MPTI| PCRAVALTAAALDIEMNFKQVNLMNGEHLKPEFLKINPCESEEP T I DDNGFRLSERAIMTYLADOYG. . . .. .. Al 93
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BmGST-dI ILVDQRLYFD AGAPADKAKNEKVQEALQLLDKFLEGQKYVAGPNLTVADLSLIA EASD...IDFKKYANVKRWYETVKST| 191
DvGST-dI TIDQRMDF} ISGQYGTAALPKLNSALEILELYLAKTKWVAGPDVTLADFTLV EILS...FDLTSYPNIIRWFTLAKNT| 197
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LmGST-dl R 194
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AgoGST-dI 216
AgoGST-d2 221
BmGST-d1 216
DvGST-dl  |LPGYDEASHQGVL 222
AmGST-dl |IPKYEEYNNAGLK 217
ImGST-dl  |CPLETKYDQIAEK 218
Comsensus f

2 #8%F AgoGST-d1l. AgoGST-d2 5H 2 1 Delta 3¢ GSTs AR FHIL EELR
Fig. 2 Amino acid sequence alignment of AQoGST-d1, AQoGST-d2 from Aphis gossypii
with Delta-class homologues from other insects

AgoGST-d1: i Aphisgossypii, AFM78644.1; AgoGST-d2: #34F Aphis gossypii, XP_027847501.1;
BmGST-d2: ZZ#t Bombyx mori, NP_001036974.1; DvGST-sl: #ijZijtR % Daktulosphaira vitifoliae, AUN35382.1;
AMGST-d1: P77 % Apis mellifera, NP_001171499.1; LmGST-d1: K% Locusta migratoria, AHC08057.1,
HBEITHEN AQOGST-s1 N SisZftal; £L ()7 HE N AgoGST-sl C sin&4ithkl; iy GSH 45 A5 ( G-site )
FUEWZE A (H-site) HIARE L ERSGEE, Delta FIEFA FMAFY] “T*AD” FRAH Kb
Black box region is the N-terminal domain of AgoGST-d1, AQoGST-d2; Red box region is the C-terminal domain of
AgoGST-d1, AgoGST-d2; Predicted GSH binding sites (G-sites) and substrate binding sites (H-sites) are shaded red and green,

respectively. The typical sequence “T*AD” of Delta-class is marked by black arrow.

KX 3 A GST 3 PRI HA RS He i) GST 4
BT 5 AR H A it 1 A (&1 3 ),
A 3 H AT LUE A GST 5 HAb ¥ H GST
SRS 5 200, AN Sigma F %) AgoGST-s1
IR T D. vitifoliae 1) DVGST-s3 2 Jy [] —
i, AgoGST-d1 5 5ii &7 F ApiGST-d5 %
] — Nk 37, AQoGST-d2 Al A i ZnGST-d7
REE—T,

22 34 GST ERERBIEL B M BRIRIX

2.2.1 R GST EEMRIL A%
JEE B PCR H AR T 3 4~ GST FEHTEH LAY
AR M S U A [ 4 S R S AN [i) % 140 R X 2 3
i, 5B 0LK 4, AgoGST-sl. AgoGST-d1 il
AgOGST-d2 iX 3 /> K AN [ iif ] i e Tk i e AR —
B, BRAWF 3 IRETARXT R IR B AN, R R
IS AR B = A2 f % AQoGST-s1 BE I 7E#
AR H By BOAE X 3R 5K Y AR fbE B RN, T
AgoGST-d1 il AQoGST-d2 (178 fL iR B A ; Horpr
AgoGST-d1, AgoGST-d2 Fil AgoGST-sl ik F

SR I 143531 R BRAE S 3 H IR R 7 H i
435I AQOGST-sl /& 31 fi5F1 27 1%, 25 St/ M}
RIS BRAE A0 2 8%, [R5 5] Lt AgoGST-s1
w14 %

222 FENEEEF GST EEMIFTIE 3 1 GST
S DA 0 IR AR B AS ) 7 I 401 A A X 3Rk 1
LE 4, AgoGST-sl, AgoGST-d1 Fll AgoGST-d2
FERTE RN AN R & B B Beh 343k, HER
BUF 3 HATS Hily, FRFRIN Ny 21k 2 phis 13 m
M T+ AgoGST-d1 1 AgoGST-d2 7 &t JIN U A if
255 8 T AgoGST-s1; ' AgoGST-
d1, AgoGST-d2 Fil AQoGST-s1 ik 2% S f5 K
IR H AR RF S H %, 433l AgoGST-sl
138 151 284 1, 22 5 fe/ NS 301 43l ) IRAE 4 057
3 WEAEF 7 By, (A5 AgoGST-sl &
23 1%, AQOGST-s1 & ik fie ik Al i e 4 S AE il
If s B, BIF 7 Bk, B REGES 20 £5,

AgoGST-d1 J [K 3% ik it i AR R 5 /5 B 393 4 51 o
PUAERLF 3 Hiy . Wl 7 B, WA 2200
20 fi5 . AQOGST-d2 3 [K 2 iA 2 e fK Al i 5 At 20



- 828 - R B H1 244 Chinese Journal of Applied Entomology 57 %

Ts-LsOwd

BmGST-s2
ApeGST.s1

DvGsty

BmGsT_“

CsGST.ez

BmG:
ST-e5 BmGST-03

Omega

P; "~
*GSTeel LmGST-o0l

SIGST-e2 0.60 ZnGST-01
el 0.
DpGST 4 s ZnGsTa
X )
ppGST2 BiGsr.;

pmGSTeS

080

LsGST-d1

3 MPSHMAERHR GSTs RG#H L S
Fig. 3 Phylogenetic analysis of GSTs of Aphis gossypii and other insects
HEAEA 4B A i, 4500 SCE AR 48 B 1 000 IK Bootstrap K%, HplF GST & AT 4 F IR 3R
So: K%; Bg: FHE/NSE; Lm: AW KEE; Cs: T LIE; Px: MIGRUE; Aga: XN Dv: FAARIELT;
Dm: @%ﬁ, Dp: %ﬂﬂ(ﬁ‘z\ﬁf%, Tm: #HH; Bm: K7&E; Pa: j%d”j(%, Zn: 7@*5@2; Api: %EM,
SI: RIS Mk; Ls: MIRIH; Bt: MIMIE; Ape: #FE#x; Ago: Hillf.
The tree is constructed by using neighbor-joining method. Bootstrap support values are based on 1 000 replicates.

The GSTS of cotton aphid is marked with the red.

So: Sitophilus oryzae; Bg: Blattella germanica; Lm: Locusta migratoria; Cs: Chilo suppressalis; Px: Papilio xuthus; Aga:
Anopheles gambiae; Dv: Daktulosphaira vitifoliae; Dm: Drosophila melanogaster; Dp: Danaus plexippus; Tm: Tenebrio
molitor; Bm: Bombyx mori; Pa: Periplaneta americana; Zn: Zootermopsis nevadensis, Api: Acyrthosiphon pisum; Sl:
Spodoptera littoralis; Ls: Lasioderma serricorne; Bt: Bemisia tabaci; Ape: Antheraea pernyi: Ago: Aphis gossypii.
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= 2 S AR K, AgoGST-s1 7 B I AR I ) 2
Bt S AR R P kR 2 15 34,

#E— 44> BT AgoGST-sl . AgoGST-dl FiI  AgOGST-d1 ik Ml AR AL IR Y 5 1%, 7
AQOGST-d2 7 i F 2F = 4 Ak AR [l il 11 1 2 3 1, AQOGST-d2 Fe 3k & /3 Sl JE A AL BURR A 1) 5 4% |
UL LR B (B 4), 3 AEEMHxTREEZE 21
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Fig. 4 Relative expression levels of AQOGST-s1, AgoGST-d1, AgoGST-d2 in
cotton specialized and cucumber specialized aphids

2L: 28FWF; 3L 3R 4L 4¥Ef; 1D: 1 HiIBWW; 3D: 3 HIRWRW; 5D: 5 Higmds;
7D: 7 HEEWEF, B EFRAARFE/NEFRMURIER KRB E 227 8% (ANOVA, P<0.05),
2 L: 2nd instar nymph; 3 L: 3rd instar nymph; 4 L: 4th instar nymph; 1 D: Ist adult; 3 D: 3rd adult;

5 D: 5th adult; 7 D: 7th adult. Different lowercase letters above histograms indicate significant
difference among various genes (ANOVA, P<0.05).

3 g

B e IR R il 5L GST # k] 43 R
Delta, Epsilon, Omega. Sigma. Theta Fl Zeta 6
MNEIGI 1A “R32” WG (Ketterman et al.,
2011; JufE#4:, 2013; Livetal., 2017 ). AHf
5 AR I 1 2 SR AL B0 2 v 3R A5 3 i 63k GST
L AgoGST-d1. AgoGST-d2 #il AgoGST-s1, i
T AT A K R RS B L R P 8 RIS R S &
BN, IR 3 EE 5358 T Delta Fl
Sigma F %, Delta j& 2 HUEFA 1% ( Enayati
etal., 2005), Ranson %5 (2002 ) i1t DyRELIE
K I Delta ZGEXTHMEY) T fF R CHEE EER
YEH, REAE IS 58 B OO PRI Y38 B . Sigma 28
W ZAEE TR T, Ranson 45 (2001)
A e X AMNIE Y BT DDT A 401 8 X B Fi 5
A.gambiae ', Sigma FKJEIEK mRNA B97KF- L
HUga R E i 5 A, AEREERA R Delta,
Epsilon Z I &4 Y IRHA A SN GST
, FEPVIR RN MG AL G P A Qi a5 Jy T B e 4 o 22
YER . AWFFE R 3 4> GSTs JEFH 7 J@ A [F 1Y
KR, TEPIFN 5 =LA BRI 2 R B BB i
AR, IF AR IR EAEA [R5 1 22 16 B
B, TMiH Delta ZKiEFIPHAFER AgoGST-d1 Fl
AgoGST-d2 ik izt T Sigma % 1Y) AgoGST-

s1, HEMITEASTR) 75 FRIA AL Kk B i,
AgoGST-d1, AgoGST-d2 Fll AgoGST-s1 7EA[r] 2
& 25T P AMNER AP 50 A
VAR YRS GSTs HEY), Mt
LA GSTs 2 5 X g i A& rp il 2 A Ak A
Y 5 AR ( Wadleigh and Yu, 1987 ), [A]i GSTs
T P22 B R U AR ) S R ORI R ( Lee,
1991; Yu, 1999; %7745, 2005 ; 4 HEHE4E, 2018 ),
GSTs IHMER AR, —FhRAE R RN
A A DT IR -S e R il — Fh sl 2 A [W] T8 |
R, MG U E LR, B2
AR ST 2 IH L B GSTs I35 P A0 389 in 2 32 PR At o
k5| Ay (Hayaoka and Dauterman, 1983;
Reidy et al., 1990 ), 7EAHF 57 HH AR 1% AgoGST-s1.,
AgoGST-d1 FI AgoGST-d2 J:H7EWifhar £ L1k
TR AF e (10 R X 3 3K o AR R S B O T A 3
INFRIE R AR BRENBIAREF 3 H i
5 HibHg h AgoGST-s1 ik Sk oh , B 1]
3 AN BE DA R OA e T A I R
(2019) WFFEREL, 7EAR HM29 Z& KA
Stobion avenae HY A T AaREH 43518 ik B A
0.04% & TS, SaGST3 4k H fl SaGST4
SR P FRIR B R AL 2.0 f5F1 1.4 £,
WINHR R R 0.03% 2 & RIS, SaGST3 A
F1 SaGST4 H: A R 5 &4 L XT FRALAY 1.4 £
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F1 1.2 A%, RIS 430 A 2] GSTs 16 HE3E . Yang
5 (2017 ) HOBEFEN TR 2 pg/mL BT
BRI M4 KIS, NIGSTD1 HE[H 33k 8 2 Xt
WA 1.3 £, NIGSTEL K A A B e X B2
B 2.5 £i5, [AIEE GSTs 1 PR in . FRdF bt A= 4
KB AT R B B KR B R B A RE
J1EGR, i SRy R R E, thEE
FEY) T AR P AR A= W AR 3 £, i
PLiE T GST JERF A EHET:, B A b H K
SERL BTG R, LA R AR X SN IR ) B 1) i 75 B
SRR, R SRR A AE AT AR L
EEWARS

A B R AL AR B B A W R SR X
FE YRS BB A5 A A KRN — [ g fE (X1 )
RE, 2004 ), BEEXFRFER E I R, RE
FEAE 22 oAb AN [ 1) 27 32 & A Bk 5 Ny 2 32
K353 4k ( Wadleigh and Yu, 1988), iXfhif
TP ) A A R 1, G T B ] RS2 > A
PR MR S RN S SR S 2 R I R
M, I fe AT REAE Gl 2R A IR U™ 4% 1 25
LA (ETARAE, 2008 ), B X AR ik
51 2R R A TR AR 0 0 IR A A () o) 7R 4
2003 ), FBE (2015 ) SR (3% - AT 1] 5
5B F 1 ( Gas chromatography time-of-flight
mass spectrometry, GC-TOF/MS ) #—HHf 5
JI L R AE BV v S R A Y A R AR
A YA A R AR T fig 5 4 07 25 32 L AL P 1
AKX,

AR ERIEREY (Ml ). B
&Y (MR, ZFT . JLAE ). BTk
G (TR ) JEMAER % H AR EF A. gossypii
R4 HL Helicoverpa armigera F =2 R A=) i
(Hedinetal., 1992; 718K, 1999; R TIH%,
2000; Mao et.al., 2007; Gao etal., 2008; XI¥%
WESE, 2008 ), EFEIRMEY . BTRAEEY.
P 2RI A J5T 2R DU 8 A bk T A S R A
A EAHY) N E W AR B A P Rl LG R
0 A R ) R A 0 S5 R R S 1 e B AR R
55 W) RH B2 0 FIGE 0, 1 T3 ) B PR 2 R 3 1
PEo WS A B, K B B Al Bemisia tabaci M

JE 08 T AT AR AR I e BN E AR UL
Ja, GST7 EFMFREE LA T 2 %, RABE
FEFE (%, 2017), BEIBEEF Myzus
persicae Mif B A BN R BN BLAF £ A
ZEJE, R GSTd4 LAY A K P TH 60%
(R& =, 2017). Yu (1982) 5T & B3 I HL
BITARMAK G AR TF FAY G, S 2R,
Spodoptera frugiperda {4 PN (973 BE H k-S54 5% il
TEPEAHZE 10 £ HHCE AN TR X RRZE AR L,
B B R RO P FR 25 AR ), o b 5 1 ik
S frugiperda {4 PN A B TH IR -S54 78 g ) 3 1 53
BT 39 F5A 19 £i5 (Yu, 1984 ), A5 &I
AH RIS PR b 27 32 B AL BUAR T GSTs JE R ik i
)2 S G, ORI AT rh o R B, Ane
FUF Ay F 1 B R 7 R, IR
FRF b AQOGST-s1 AH XT3 1k 1 43 il 2 Al 46 FRU A
WERY 2 4%, 2 4%, 3 ff; AgoGST-dl AHXf Kk
G3 BRI BIAR AT Y 3 4% .5 A% .7 5 ; AQoGST-d2
AAXT Tk B2 i INAIAR A Y 2 1%, 5%, 2 5.
FRACFN B I =AY A W AN (], A 0 3 )
RS AR A AR L PR ) e 3k, ik AN [ 27
FHIE N RE T o ABIEFE B TR A AR A
JRAIAR I 3k 3 4> GST He K 2 35 & A Al B i 22
S, EN S HAF LA o6 (HEE R AL
i 2 AR IR Y A B AR GST JE R
WRE EFEM, DB H K-S
Z AR P IS A WELE AT S 5 XA T
AR LA HE— 255 ) 27 2 AR TR BT A, 3 B[]
RIUTY 5 B AE— 2 A 5T G IE .
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