R R A 2025, 47 (1): 66-75 http : //hjkexb. alljournals. net A
Journal of Environmental Entomology doi:10.3969/j. issn. 1674 — 0858. 2025. 01.8 LEige

B, AR, g, BRI, REESR, M T AR MR S T v i R 2 AHE TR SR RIE B R B ARIAIRIE 1) | R R R
i, 2025, 47 (1): 66-75. LIAO Gang, ZHOU Zhong-Lin, XIANG Ting-Ting, CHEN Ya-Ping, GUI Fu-Rong, SUN Zhong-Xiang. Identification of
the gustatory receptor gene family of Tuta absoluta and its expression analysis at different developmental stages [ J |. Journal of Environmental

Entomology, 2025, 47 (1): 66-75.

ETHYERFHENBEMHRKEZEERE
KIRFFHER X B RIZRR

B, BEH, mige, RIEF, EER, IMPE

(B AR AR AP A 2 v A SR O S AT R S0, AW 650201)

FE: RS2 AR — O b2t Bz a8, BRUSERIN AN IABE R, JEXT R A 27 ke . a3l
RFZBRAEAT Ry AR o AT ST DL R AR RO T 0k Tuta absoluta (Meyrick) SHWFFEXT S, Sy B A 25 i 75
Ik 5 7 AR IE R Z % (Gustatory Receptor, GR) 4FAF AT T ARVE M-8k AN W] & B W B GR FRIL R A F A5 O,
FIH A5 B TR B Al i GR SE R AT 2 . iR . REKR B A Rt ik b 25 R %W,
Y8 ATk GR B 624, H 3 A T 19 Skt tadk b, gmfth i 1 BT Y A B Ry 318~2 034 bp, IS T
(Exon) REHENSA, BA IMTAMERX . RELKEFHIRY, TSk GRERET 0 4 M50, s
Mz (354y) . Ak (14 HEZIK (51 F1Grd3a-like 20K (74%), HAFLHNWANZE, RREE
W B3k AR, it ik GR BRI E AR & B B B i A AEE W 3 22 5% o ISR A5 AL it — 20 W1 o 3 i v
Ik R 5 7 AR SE R T AR, 7R 5 2 AR A P [R) i A DG R 280 T SR, 328 R Ik R T R AR A e 4 o 7 i vk
SRR L TR, I AR SE 32 UK A 8 R T 1 35 R B s R B Jk il

K T WA RRRE; REET; EWER¥ES

FESES: 963 XEARIRAE . A XERS: 1674-0858 (2025) 01-0066-10

Identification of the gustatory receptor gene family of 7Tuta absoluta and

its expression analysis at different developmental stages

LIAO Gang, ZHOU Zhong-Lin, XIANG Ting-Ting, CHEN Ya-Ping, GUI Fu-Rong, SUN Zhong-Xiang"
(College of Plant Protection, Yunnan Agricultural University/State Key Laboratory for Conservation and
Utilization of Bio-Resources in Yunnan, Kunming 650201, China)

Abstract: Insect gustatory receptors are a crucial class of chemoreceptors that can detect external
environmental stimuli and influence insect behaviors such as host selection, feeding, mating, and
oviposition. This study focused on the invasive pest Tuta absoluta (Meyrick) that affected tomatoes. To
elucidate the characteristics of the gustatory receptor (GR) gene family in T. absoluta and investigate the
expression patterns of GR genes across different developmental stages, we employed bioinformatics
approaches to identify, chromosomally locate, conduct phylogenetic analysis, and analyze age-stage
expression profiles of the GR genes in T. absoluta. The results indicated that 62 GR genes of the T.
absoluta moth were identified and distributed on 19 chromosomes. The length of the encoded protein

sequence ranged from 318 to 2034 bp, with an average of 5 exon fragments and 1 to 7 transmembrane
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regions. Phylogenetic analysis revealed that the GR genes of the T. absoluta could be categorized into four

distinct subfamilies: bitter taste receptors (35 genes), carbon dioxide receptors (1 gene), sugar receptors (5

genes), and Grd3a-like receptors (7 genes). The remaining genes have not been classified yet. Expression

analysis across different developmental stages revealed that the GR genes of the T. absoluta exhibited

significant variation in expression levels throughout its life cycle. The research results provided a solid

foundation for further elucidating the functions of gustatory receptor genes in the T. absoluta and

uncovering its co-evolutionary relationship with host plants. These findings offered scientific evidence for

controlling the T. absoluta by functional plants and lay the foundation for developing novel pest control

technologies from a gustatory receptor perspective.
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Table 1 Identification and characteristics of GR gene in Tuta absoluta

v /5 Locus

HEH AR Genome identifier s 4 Ah 4
Chr. Starting Ending
TabsGRO1 Tabs002346.1 chrl 22655407 22658432 339 4 1
TabsGRO2 Tabs001142.1 chr2 5890375 5904939 1134 8 5
TabsGRO3 Tabs017612.1 chr2 5906509 5925510 1512 12 5
TabsGRO4 Tabs018616.1 chr2 5929192 5932337 420 4 2
TabsGROS Tabs010406.1 chr2 5957298 5962114 1032 9 5
TabsGRO6 Tabs002878.1 chr2 5992912 6007955 1320 10 6
TabsGRO7 Tabs001360.1 chr2 6016068 6033446 1647 12 10
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4532 1 Continued table 1

715 Locus
FEIN 4R Genome identifier RSV ANRT SIS
Gene iii SR AT REE  ERERT ALERT ﬁc; }I;xon ’ ilv?st,j '
Chr. Starting Ending
TabsGROS Tabs020814.1 chr2 6056500 6062092 543 6 3
TabsGR0O9 Tabs004095.1 chr2 6066515 6074806 909 9 3
TabsGRI10 Tabs020096.1 chr2 6079715 6086070 1140 9 6
TabsGRI1 Tabs017382.1 chr2 6087457 6109441 1473 13 6
TabsGRI2 Tabs012476.1 chr2 6168027 6174014 1302 10 6
TabsGRI3 Tabs020011.1 chr3 16981222 16987128 450 4 2
TabsGR14 Tabs018571.1 chr3 17043455 17045089 399 3 2
TabsGR1S Tabs021529.1 chr3 17049227 17050824 468 3 2
TabsGRI16 Tabs000373.1 chr3 17055241 17057990 426 3 2
TabsGR17 Tabs010444.1 chr3 18428243 18431744 477 3 2
TabsGRIS Tabs018810.1 chr3 18441376 18442328 384 3 1
TabsGR19 Tabs021233.1 chr3 18445867 18449403 474 3 2
TabsGR20 Tabs021514.1 chr3 18455804 18456770 384 3 1
TabsGR21 Tabs005139.1 chr3 23210309 23214276 423 4 3
TabsGR22 Tabs001647.1 chr3 23227631 23228972 624 4 3
TabsGR23 Tabs005698.1 chrd 23038039 23046419 1080 7 4
TabsGR24 Tabs000259.1 chr7 3633385 3640114 1002 7 4
TabsGR25 Tabs000477.1 chr7 9374966 9375965 399 3 3
TabsGR26 Tabs009612.1 chr7 15353642 15368583 1335 6 6
TabsGR27 Tabs008560.1 chr7 15762268 15775771 1335 6 7
TabsGR28 Tabs015886.1 chr8 10379669 10385014 426 3 3
TabsGR29 Tabs014906.1 chr8 13734115 13737414 597 4 3
TabsGR30 Tabs013320.1 chr9 10943142 10945636 1248 4 7
TabsGR31 Tabs000613.1 chrll 6509121 6510365 963 4 6
TabsGR32 Tabs016197.1 chrll 10332138 10333292 621 4 3
TabsGR33 Tabs001132.1 chr12 7671860 7673633 624 4 1
TabsGR34 Tabs000530.1 chrl2 7677911 7680483 936 3 5
TabsGR35 Tabs020977.1 chrl3 3856497 3857037 318 3 2
TabsGR36 Tabs010199.1 chrl3 3868012 3870127 324 3 2
TabsGR37 Tabs007832.1 chrl3 3884317 3888389 633 5 3

TabsGR38 Tabhs002604.1 chrl3 3891930 3893562 366 3 2
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4532 1 Continued table 1

WHABE  Genome identifier  — Lt s P R Y E T
Gene name FRH 51 ROE  RIRERT  AEERT CDS Exon TMSs
Chr. Starting Ending

TabsGR39 Tabs014101.1 chrl3 18066370 18106480 1149 7 7
TabsGR40 Tabs010519.1 chrl4 16730354 16731306 369 3 2
TabsGR41 Tabs012159.1 chrl5 5050799 5052927 510 3 3
TabsGR42 Tabs020501.1 chrl5 8390664 8391899 1236 1 3
TabsGR43 Tabs010879.1 chrl6 69874 720 3 2
TabsGR44 Tabs010768.1 chrl7 3503237 3505012 438 3 2
TabsGR45 Tabs005621.1 chrl7 8658227 8660818 372 3 2
TabsGR46 Tabs010372.1 chrl7 9325903 9347198 1335 8 7
TabsGR47 Tabs017582.1 chrl7 9571225 9575771 1311 3 5
TabsGR48 Tabs015253.1 chrl7 9576940 9583251 777 4 5
TabsGR49 Tabs008050.1 chrl7 15044821 15057677 450 5 1
TabsGR50 Tabs000416.1 chr19 8907405 8907806 330 2 1
TabsGR51 Tabs005919.1 chr19 8913615 8914509 507 3 1
TabsGR52 Tabs016519.1 chrl19 8951919 8952320 330 2 1
TabsGR53 Tabs004711.1 chr19 9014170 9014571 330 2 1
TabsGR54 Tabs007001.1 chr20 13925267 13929439 1284 4 6
TabsGR55 Tabs007333.1 chr21 8452047 8455206 318 3 2
TabsGR56 Tabs010567.1 chr21 12260762 12285335 1401 11 7
TabsGR57 Tabs020134.1 chr21 12317416 12324780 789 6 4
TabsGR58 Tabs009247.1 chr21 12326113 12332145 1017 7 4
TabsGR59 Tabs007625.1 chr21 12333774 12348225 1296 9 8
TabsGR60 Tabs017020.1 chr21 12375805 12402034 1395 11 5
TabsGR61 Tabs020565.1 chr22 3335639 3358897 2034 3 1
TabsGR62 Tabs018655.1 chr24 10573930 10625505 1599 4 7
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Fig. 1 Chromosome localization of GR genes in Tuta absoluta genome

23 BEMBHBCRERELXR

R 32 AR PR G AR AR, 78 - HR0 AU 1
Bl i A g 5 T B R L, AR RO T i
T gk 5 A S AP R B (JRME SR | T T A
R, EHMEMMA ) CREFNRENRGE LT
KFZ (K2)., R EEW YR, Tk GR
FERTEA A R durh A AH LR 2 A v, e 1
XSE L AR b AR i T Be b . Hirp, R
ZRIER R R Z, SR 2R354, N
KBRS TR ) CO,ZIRRE R /b, Y
L5 14 CO,ZREE A (TabsGROT) (& 1 Fhi5 2R fr

N5 BESZARHN Grd3a-like Z KB SR iE T, 2
WA S A ZIKEHE (TabsGRO2. TabsGROS .
TabsGRO8. TabsGRI11 F1 TabsGRI12) (&1 BT
A ) M T A Grd3a-like Z AR 3 A (TabsGR23 .
TabsGR24. TabsGR56. TabsGR57. TabsGRS5S.,
TabsGR59 1 TabsGR60) (&l 1 LT Lk i), AN
L HUR) GR JE PRAE S A A 1 522 3 A sk A 2R S
X, ATRUITER Rt #, Wt 52 43
KGR RARSF Oy, WRAET —EREN
AN



72 Wb B 243 Journal of Environmental Entomology

474

" yau600%0ud

Bmor010489

K2 SR J GREEF KRN R G LB LR
Fig. 2 Phylogenetic relationships of the GR gene family in six insect species
i Bm, Z8ér; Dm, JRJESE; Ta, FMEMHE; Ha, MM Pr, SOBME; SO, REHUSTMME, W] B R 3 AT AH ]
H) i F7~ . Note: Bm, Bombyx mori; Dm, Drosophila melanogaster; Ta, Tuta absoluta; Ha, Helicoverpa armigera; Pr, Pieris rapae; Sf,

Spodoptera frugiperda. Genes from the same insect were represented by the same colors.
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Fig. 3 Heatmap of the expression levels of the TabsGR gene at different developmental stages of Tuta absoluta
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second, third, and fourth instar larvae, respectively. The heat map was the expression after Z-transformation.
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Wk B 37 R B TRUIE A A 32 4 SURR 3UE 47
H 22 &y e R ) A K B B ) A A 2R 0 T
K2R (Ozaki et al., 2011; Zhang, 2022). U
By Bk i 32 AR 5 PN AR L B SR B T R Uy
B, R 2K S BT B HEK R (Chen,
2022; Ma and Meslin, 2022), #7585 32 R 1E %
TR I e A A3 I A AR O AV

FER B AR T, 2R Ve i i 5 A A
WZBIE R T 222 RS SE R o o T 3 N AF
A W 0 A 2 B RN 40 T L R AR DA T A R YRR
R SZ AR IE I RIS 7 T 3E kb . 9k 22 1k
FE R B B 22 0] BB SR O T U RRE 3k A A A
M)A B R A A = 8, DOk e B A A
(Kasubuchi, 2018); sz A3 K WA Bl F HORS i
SENL IR &8 IR (i) BEwskiE,
TR, LI REAERKREEMEET R (Liu and
Yan, 2019). 3035 K 5% (1) 2 FEE FL ) g o ik
BT A R S A A A AR A R
W R 5 PR AR, AR AR B e RS
B P AAEFI ARG (Negin, 2023). MMiAS[A] R 26
GR JE P 7E AL A I g SRR, D)3 I A i A7 1
SE R K AE R AL R A R (Suzuki,
2018), PRSI MG R K Wbt frp, 3¢
SRR BRI T BB LR A B, X SE DI REXT TR R
AR BT R OCEE FED M o el 1 B
H Ay 3 AN () A 25 PR R R AR A ek,
Bl B AR R AE S h i A AR A7, 3 3[R
A T R R R RO R S 5 A A
(Chen, 2024).

Gy )L, T v R v A7 A S R AE N
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FEULiE A& 161 an DN A H 35 A0 R 20 2 74 084 ik v
Z 5, 38 i oA G a5 2 # R R R AT Rk
Xof R B A7 AR 3 PRI 7 S v ME R AT RS A 4%, (R R
HRE 5 AR Y5 PR 55 AR b e s R S R i B BE Sy, 3
SRXF IR IE I E N E (Warren, 2017) . XFP£ )2
(1) 53 - 8 AL e O T 2% A 0 i ke AN TR R B
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AT RN, DA A G SR

Zr LTIk, A Dl 4 R T L S e i
H R T2 A 5 Ay R TR T Y OGS R 0 A7 IR
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