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Expression characteristics of trehalose-6-phosphate synthase genes and
their roles in the regulation of carbohydrate metabolism in Sogatella

furcifera (Hemiptera: Delphacidae)

ZHANG Dao-Wei', QIU Ling-Yu’, KANG Kui', YU Ya-Ya’, ZENG Bo-Ping', CHEN Jing’, TANG
Bin'** (1. College of Biology and Agriculture, Zunyi Normal University, Zunyi, Guizhou 563006,
China; 2. College of Life and Environmental Science, Hangzhou Normal University, Hangzhou 310036,
China; 3. College of Basic Medical Science, Zunyi Medical University, Zunyi, Guizhou 563006, China)
Abstract; [ Aim] Trehalose in insects is mainly synthesized in the fat body by trehalose-6-phosphate
synthase (TPS), which can induce trehalose accumulation and thus plays a protective role when insects
are under exireme environmental stress. This study aims to analyze the developmental and tissue
expression patterns of two TPS genes in Sogatella furcifera, and their roles in the regulation of
carbohydrate metabolism, so as to explore the specific roles of TPS genes in the growth and development
of S. furcifera. [ Methods] Based on the partial sequences of two trehalose synthase genes, SfTPS1 and
SfTPS2 ,obtained in the early stage of the laboratory, gene cloning and sequencing were also carried out
in this experiment. The two TPS gene sequences of the S. furcifera were determined by comparison. The
phylogenetic tree based on the amino acid sequences of SfTPS and TPS proteins from other insect species
was constructed by MEGA 7. 0 software. The expression profiles of these two TPS genes in different
developmental stages (from the day 1 4th instar nymph to 3 day-old adult) , and different adult tissues
(head, leg, wing, midgut, fat body, epidermis and Malpighian tubules) of S. furcifera were detected by
qRT-PCR. The double-stranded RNA (dsRNA) of the two genes were synthesized and injected into the
day 1 5th instar nymphs of S. furcifera for the RNAi. At 48 and 72 h after RNAi, the changes in
expression levels of trehalase genes TRE1-1, TRE1-2 and TRE2, the contents of trehalose, glucose and
total glycogen, and the trehalase activity were determined. [ Results] The ORFs of SfTPS1 and SfTPS2
are 2 424 and 2 115 bp in length, respectively, and the numbers of encoded amino acids are 807 and
704, respectively. The predicted protein molecular weights are 90.37 and 80. 56 kD, respectively, and
the isoelectric points are 6.08 and 6. 10, respectively. Moreover, the two TPS amino acid sequences of
S.  furcifera show the highest identities with Nilaparvata lugens TPS1 and TPS2. Developmental
expression profiles revealed that SfTPS1 and SfTPS2 were expressed from the 4th instar nymphal stage to
the adult stage, and tissue expression profiles revealed that the two genes showed significantly higher
expression levels in Malpighian tubules, midgut and epidermis of S. furcifera adults. After RNAi of
SfTPS1, the expression levels of TRE1-1 and TRE2 in the RNAi group increased slightly and
significantly, respectively, as compared with those of the control group (dsGFP injection group), and
the relative expression level of TRE1-2 increased significantly at 48 h and decreased significantly at 72 h
after RNAi. The soluble trehalase activity did not change significantly, and the membrane-bound
trehalase activity increased significantly, while the contents of trehalose, glucose and total glycogen in the
Sth instar nymphs of S. furcifera increased significantly. After RNAi of SfTPS2, the expression levels of
TRE1-2 and TRE2 in the RNAI group increased significantly at 48 h, while declined significantly at 72 h.
And the expression level of TRE1-1 increased significantly at 48 and 72 h as compared to those of the
control group. The soluble trehalase activity decreased significantly at 48 h and increased significantly at
72 h as compared to those of the control group after RNAi. The membrane-bound trehalase activity
increased significantly at 72 h after RNAi of SfTPS2. In addition, the glucose content reduced
significantly at 48 h after RNAi of SfTPS2, but the contents of trehalose, glucose and total glycogen in the
5th instar nymphs of S. furcifera increased significantly at 72 h after RNAi. [ Conclusion] The expression
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levels of TRE1-1, TRE1-2 and TRE2 are affected and thus the trehalose content is regulated by regulating

the expression of TPS genes in vivo in S. furcifera. The results provide a theoretical basis for later

application of TPS as the target gene for pest control.
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[w) BV b5 842 ( Avonce et al., 2006) | TMAE R
Hurpr, HEROME ) =208 o TPS/TPP & jii& 4, Bl i
1 WS B ( trehalose-6-phosphate synthase, TPS)
vl W OMF B M 1k B ( trehalose-6-phosphate
phosphatase, TPP) 3L [&] 5¢ Jifi, ( Shukla et al., 2015;
Yang et al., 2017) , 1832 4, Wigger M Z&37 f) 22 ff
o BRI TR T R I BT e, B S TE &R &
A B A I, e ) TE B JURT A TE 6 ME 3h )
77 ( Richards et al., 2002 ; Chen and Haddad, 2004) .
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HA HRIE  (H I BE S R AR TE = 5 3h ) (L 3h
V) sCBHES P v i R & B (Asano, 20035 TR AT
8, 2008) o By HESERETE L uny Rl A NI
TR B A SR VE T, AR SY R B etk L rh
WEIS Y B I A W , T BRI BRI RE XS
AR AE Y KO il E R BRSO VR
(RALEE, 2016) o 40 M 7E R S El# A B PR 20
JHL PN 5 G R B (RS, A 38 5B Tt it
SIPIIRIHAE (Tabata et al., 2018) , AT #f i) 22 Fl /F
AT AHEHU i Y SO A R0 FREE R ) i AR A
(Tetreau et al., 2015; Sajid et al., 2018) , I\ TH{R I
AR JEA (TR 25 24 5 T A 2 B TR ) S B B 3t
Yt g B A KSR E Y B SR8 5 ORI (Shi e
al., 2016) , 75 LI EAT S0 K e Ml vl A 22 76
WERE 7K it 7 A= 46 25 0%, F T 32 fE BB & ( Arguelles,
2000) . VEEHAHEEE (trehalase, TRE) LI FME XAF7E
TEAURN 55 1 FhoZ vl 3 P s (TREL) | K
3 fifk B A P PN A7 T PR TS 5 5 2 AR BB 5 Y
TSR (TRE2) B 1 F2AE H M B rd i 5
WEHERT 7K A, AT A5 AL PR 0 v i 114 32 3l AT R A 5
JE B RE L)V ( Mitsumasu et al., 2005) , B A W5
UESE , 7 B B CAT FRE £ 75 R 16 3l v il b 4 g
ORYA, W 2 B AT I LA FLHAB A 2L 7 2, OF
AETERG iR N5 i ( Tang et al., 2008 ; Kern et al.,
2012; Gao et al., 2014 ; Shukla et al., 2015) .
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FifE 3L ], Un B2 i SR W Drosophila melanogaster | % 7%
Bombyx mori >R Wk Spodoptera exigua . 7% P43 U5
Tribolium castaneum . %5 W. K W& Locusta migratoria
manilensis 25 B, W (Tang et al., 2010; 7K i& {5 %5,
2012; B&E ¥ A0 9K 18 5, 2015; Xiong et al., 2016;
Chen et al., 2018) . HAWIFEFEMN WL RNAL FiAR
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TPS JEPH, 20 R H R RS i 4y H H A
EBIFET -2 (Chen et al., 2010; Tang et al., 2010)
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Y OtsA 1 OtsB AHXT I, H 2 5 90 ¥
IPRSFYE (Rt 2014, 2018) 78 SR dH s 1S
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R GRS A 7 MR R ZHSU T 5280, Rd st
BB 3 MY ER
1.2 5 RNA ##2 & cDNA G

KM Trizol g2 1.1 95 WO AR RO FE S B AT L
RNA $h#2 , HARSC 677 5% Transzol Up Plus RNA
Kit %5145

FRAER S UL 435 1 cDNA 25 1 5 . HUBEAR
L RNA(50 ng ~5 pg), 1 pL Anchored Olig(dT)
Primer(10.5 pg/pl) F 0.2 mL A9E5.0% H, RNA-
free Water #85F 10 wL, R 2], 7E 65C /KA 5 min; ¥
ELDAE O, VK B CE 2 ming FETAC T pl gDNA
Remover, 10 pL 2 x ES Reaction Mix, 1 pL
EasyScript ® RT/RI Enzyme Mix, J8%],42°C K5 15
min, 85CHYH 5 s, —-20CI-4E,
1.3 BE YR TPS EEF ST EMHL S

TR s 20 0 P 25 2R h 4R 3 TPS S
J 4, i 45 3 SATPS1 Fl STPS2 (4l By 41, NG

IS (R 1), LIPER 1.2 s KEl
4L cDNA gt 4T PCR 474, RO AR & : 10 x
Ex Taq Buffer 2.5 L, dNTPs (2.5 mmol/L) 2.0
wh, ETRUFESIY (10 pmol/L) 4% 1.0 pl, Ex Taq
0.2 pL, &tk ¢DNA 1.0 uL, 3 FHICHE K #b 2 & 25
wlo SIREAEAT: 95 C T 3 min; 95°C A5 30 s,
55CiR K 30 s, T2°CHEAH | min, 40 DMEH; fef5
72°CHEAH 10 min, FIJFH 1. 2% B B S 58 e i Tk G
I PCR 4y, [R1SCH A5 AT R TE A 45 (0 e , 1% 4%
Z pMD-19T FeREEUA AL AR, A, Pk ik
W& HEAT PCR %56 B ] BB TE B 1Y TR 7 1% 220 vl il
J7 B P 235 2R 55 5 s 2R B0 T vh M Hh Yy TPS ik
K Beif A7 e 41 X, 1 2 I A5 2 Sk 28 )7 9 T it I
T IREor e, 3T IE 0 By 5% sk 2 808 o
B KE TPS Z R 7 ¥ 7E GenBank H1ifE41T Blast [t
X, 36 [T = )P 81, D MEGA 7.0 f e R 4
HEAERY

x1 3|1¥%F75

Table 1 Primer sequences
519 SIS -3") TS -3") PP EE (bp) JHiE
Primer Forward primer Reverse primer Product length Purpose
SITPS1 ATGATTGATAATCCTGACACTG TTATCGTTTGGTATCTGACGG 2 424 cDNA 2K [
SITPS2 ATGCCTGACAGAGCAGTGTTC CTAATATTTAGCCATAACTGG 2115 Cloning of full-length ¢cDNA
dsSfTPS1 CCCGTTGTGGTGAGAAATA CAAGGTGGGAATGGAATG 473
dsSfTPS1-T7 T7-CCCGTTGTGGTGAGAAATA T7-CAAGGTGGGAATGGAATG 523
dsSfTPS2 CGCATAGACCGCAACAAC TCGCAACGGAGTAACCAG 459 RNA;
dsSfTPS2-T7 T7-CGCATAGACCGCAACAAC T7-TCGCAACGGAGTAACCAG 509
dsGFP AAGGGCGAGGAGCTGTTCACCG CAGCAGGACCATGTGATCGCGC 688
dsGFP-T7 T7-AAGGGCGAGGAGCTGTTCACCG T7-CAGCAGGACCATGTGATCGCGC 738
Q-S{TPS1 CCGATTCGCTACATCTACG GACAAACTCTTTCGCCACTAA 123
Q-STPS2 GATGCTGAGGGCAAAGAC TGCTGGAAGCCGACAAAGT 226
Q-SfTRE1-1 CTGAGAACTCCCAACATAACA AAATCATCAACGGGCACA 184
Q-SfTRE1-2 GGGCAGCAATGACTTTGTC GCCGTACTTGTAGAGCGTGT 112 aRT-PCR
Q-SfTRE2 TCTTCCACCAACCTGTCA CAGTCTTGAGGCTCGTAGTC 258
Q-18S rRNA GCCCCGTAATCGGAATGAGT GACAAGACGTCCCGCAAAAC 205

T7 J¥%1 T7 sequence: GGATCCTAATACGACTCACTATAGG.

1.4 qRT-PCR &UEE ¢&E TPS EEFRIE

FIHH SYBR PrimeScriptvl‘“ RT Master Mix X7 &
(TaKaRa) X} TPS 3 N7E 8 CEUK A K & B B Al
A U i 3R 38 64T gRT-PCR K, LA 188
rRNAVER NS B, 51 P ) DLk 1. OB AR &
(20 wL): SYBR Green I 10 pL, F FiEaI#(10
pwmol /L) 41 pL, 1.2 5& HM cDNA itz 2 L,
ddH,0 6 L. PCR 33 4 f: 95°C HiE f4 30 s
95CAEMES s, 60°C ZEfH 20 s, 40 AMEFF ; I Hh k.,

95°C15 s, 60°C 1 min; 40°C 30 s, HFIRI G2
WA 4 RAETC AR R S R 8, & AR AT 3 I
FOREZNE

1.5 RNA F#BE XE TPS EF

1.5.1  dsRNA (&SR LA 1. 3 19 5o il 45
RIE B 09 ¥ 31 B9 kL DNA S B2 i, #1248 T7
RiboMAX™Express RNAi System 257 & 19 5. 0] 4
Ji H FREE R FT GFP JE K (6F IR ) A9 XUsE RNA 1)
1. 2% B3 R0 BE e B DK A T dsRNA- (%) 56 B 4, Jf:
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A o R R A% TR £ 1 e B2 T 7 43 ( NanoDrop 2000)
M 7E G UL , dsRNA 77T - 80°C &l BA S IR %
1 KA HOARE: FH H, SR A Oil-type Microinjector IM-
31 7 A S (NARISHIGE A 5], HA) T2 2k
TIHE T Z 18] 4 B R T S dsRINA, T a5 141 24 5
50 ng/3k dsRNA (dsGFP, dsSfTPS1 F1 dsSfTPS2) , T
TESY)E 48 172 h BURE, BN TE A3 3 DAY
HA MR EGE RS A7 T - 80°CUkAf 25 o
1.5.2 [ QUi bl il 56 R Rk AN - DA S
AEBRJE Y S AR 1 R HON LR X R, #E 4T qRT-
PCR #:0M TRE1-1, TRE1-2 }; TRE2 FH M FR L=,
SLEITIERE 14T S IE R R L,

1.5.3 PPN E LS. 1 BAEST RS
MIET CEUIA PBS 58700 B 22/ NRORL IS , 647
e, 4°C 3 000 g B0 20 min, B 350 pl I3
4°C 20 800 g #E.0> 60 min, # .0 T0HEH 300 pL
PBS Bif. HE.O B OBE.OUUE PBS BT AT
T E A W . S W N S mg/mL A3
PR sty i 86 A O A5 50 T 22 ol s o it 2k 4K B
BCA 3 15 1500 & Ul W] -5 2047 2 3 ok BE I 5
0 8 SR P R B T T e A B e
L2 R R PRI

1.5.4 R mEs e E . LS. 1 BARREST
FAFHI TS RESNA PBS FE40 0185 2= /NFUkL IS , #F
TR, 4°C 3 000 g 5.0 20 min, HL 350 pl |
15 4°C 20 800 g j# .L» 60 min, 73 1] U B0 13
(BILVE PBS BIFHK ) 40 mmol/L 1 S K L PBS
LL4:5: 11 B HB (v/v) 41, 37°C kA 1 h s ik
Biokity 5 ming BiJS T 1 mg/mL 543 28 BRI
JER e s AR E T 265 B SO WL K ¥ 5 AR5 19 L i
WOFN 2 AR A A 1 23 il RN IR 20, 37 °C L7 30
min, 2 N BRARES 11 SOV 7R 540 nm A A6 I 1K Y 2
(Yang et al., 2017) . Hrp BE.C BB T &
VAR S R TG 1 0 TR A DT A 1 U]
T R HRE G T T 1, T T R A )
1.5.5 gl o & E - A B % (Tang et al.,
2017; Yang et al., 2017 ; Zhang et al., 2017) ¥4 40
mmol/ L AR5 ME 788 Y047 A 2 A R LA o s v it
2oL 5.1 BATEST RA 0 1 REUN A PBS
FEOT WIS 2 /NBURL S , BEAT B PR R . 4°C 3 000 g
B30 20 min, 10wl B3 ORE ol BOPR TR A A
1% BRI G ,90°C /KA 10 min, PRI 3 min; FEJI
10 wL 30% S8 ALH 1 W, 90°C /K I 10 min, 7K 3
min; B [a] EP & HATA 200 WL 525, 90°C /K i

S 10 min, K 144, K501 630 nm LIS
1.5.6 5 25 % o 1 F1EOME R & 50 42 (Zhang et
al., 2017) 1. 5.1 75 A AR AS 0 1 R aEUn
A PBS Fu 50 B5 28 /NURL 5, E AT M 7S R, 4°C
3000 gB5.0> 20 min, B 100 WL b 35K F1 20 L
0.1 U/L JE M 5% A A B ) J5 /K 15 (40°C ) 4 b
W 1 mg/mL 1R AR E RS BE AR RS A 96 £L
BRAARAER L, FEINA 50 WL /KT8 J5 BRAF BURE A
e JE B 2 A5 35 A 43 AT 50), 37°C 2 30 min; ]
2 NERFRZE 1N J5 Kl 540 nm ZbIRSEIE , 73513k
PR AR R R I i
1.6 HBHH

SCE MR RELRE S 3 AR ER, B
i [T HEAT 3 N RORE S RO 9 AN E A 5 4K
i qRT-PCR A& i 45 S R F 2747 % (Livak and
Schmittgen, 2001 ) THEFLHAHXT K ik hE ., iz H IBM
SPSS Statistics 20 3PFHEAT 22 SPE ST, B AR 2
Rt R IR R Ty 225007, I 4T Turkey [ 10 351
K, 5 Ji KL SigmaPlot 10. 0 3K 4 Fl Excel 43 i
HE

2 #R

2.1 BECE TPS SEEBFMHL S

SEREAR TS FE R E STPS1 1 STPS2, ORF 43
S 2 424 F12 115 bp, gt s FER A H 43 %1k 807
H1704 A~ 0N A (505553024 90. 37 i1 80. 56
kD, S5 25405k 6.08 A1 6. 10, #E4L 3 bral R e
ARCELD), FE KR SITPST 24 B R 7 41 5 4 K E
TPS1 B)—3 Pk 1 (96.03% ) , KGR S5 i 0 K&
Wt Acyrthosiphon pisum TPS1 (81.18% ) Fi1 A 4 Ll
Bemisia tabaci TPS1 (77.96% )., H7¥ K@\ STPS2
MY F 5 CE TPS2 ¥ 3 — B0t i
(98.04% ), H. Ik & 5 X W %% Halyomorpha halys
TPS2 (81.90% ) FliEH R B Cimex lectularius TPS2
(81.05% ), X2k T TPS F ¥ 5 A JLFP R HL[H]
RGN R ILIT
2.2 SfTPS1 1 SfTPS2 EFR#EBHE CAARAE
MR R IE

qRT-PCR %% 5 i 75, SFTPS1 il SfTPS2 K[ A
FICE 4 08 2R B b pl B B i) 3R 3k 8 AR
oL, AR R IA ST R [ e 4 1855 2 Rag iR 2 |
0 B He ) IR AR T B (1 2) o Hirp §/TPST
FEDITE 4 505 2 A5 UM 2 H i i e v 08 1 o
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Fig. 1 Phylogenetic tree of SITPS of Sogatella furcifera and
TPS proteins from other insect species based on the amino
acid sequence ( neighbor-joining method, 1 000 replicates)

TPS % H & P54 #p M H GenBank % 5% 5 Source species of TPS

proteins and their GenBank accession numbers: AeTPS1-2: 1] i lig

Acromyrmex echinatior, EGI63676; AmTPS1. P4 J5 % ¥ Apis

mellifera, XM 003249185; ApTPS1. Wi & K & %F Acyrthosiphon

pisum, XM001945488; ApTPS2. i & K & ¥Ff A pisum,

XMO001943581 ; BgTPS1 ; ff[E /N Blattella germanica, KR052014 ;

BeTPS2 . 78 [& /N B. germanica, KR052013; BtTPS1 . 4 45 &l

Bemisia tabaci, XMO019060419; BtTPS2: #H ¥y @\ B. tabaci,

XM019042711; CcTPSL: M v ¥ SZ M8 Ceratitis  capitata,

XM004536149; CITPS2: & #Hf & H Cimex lectularius, XM _

014406509 ; CmTPS3; &I Clunio marinus, CRK87178; CsTPS2.

W Callinectes sapidus, EU679406; DmTPS1 . PS4 Drosophila

melanogaster, NM134983 ; DnTPS2 . {f % #iff & ¥ Diuraphis noxia,

XMO015509558; FcTPS2, i [E X} #F Fenneropenaeus chinensis,

EU555435; HaTPS1; #4841 Helicoverpa armigera, XM021345571 ;

HaxTPS1: (45 K Harmonia axyridis, FJ501960 ; HaTPS2-1 . V;m;E

11 Hyalella azteca, XM018152306; HaTPS2-2. i & H H. azteca,

XMO018152305; HhTPS2: %% ¥ %%  Halyomorpha  halys,

XM014424102; HsTPS1. EJ J& Bk 0 Harpegnathos saltator,

XMO011140877 ; LmmTPS1; ZRiV. K42 Locusta migratoria manilensis

EU131894; NITPS1: # & @\ Nilaparvata lugens, GQ397450;

NITPS2: #5 K&\ N. lugens, KU556826; NITPS3. # K @l N.

lugens, KU556827; RzTPS1: Rhagoletis zephyria, XMO017623324;

SeTPS1 ;. FH=ER{ Mk Spodoptera exigua, EF051258; SITPS1. HIF &

@ S. furcifera, JQ743627; SfTPS2. H ¥ K @&l S. furcifera,

MN179278 ; TcTPS1: 7 $L4 ¥ Tribolium castaneum, XM970683 ;

TcTPS1-2: FRINAHE T. castaneum , EFA02222 ; ZnTPS2 . AT

P Zootermopsis nevadensis, KDR19655.

1R, MAE 4 #8505 3 R4 KU 3 H e il e v 3258 1 i
lR(EI2: A) o STPS2 FERINITE 5 55 3 K dirp
Tk, MTE 4 W5 3 Kag mirh JLFJe 3Rk (1
2.B).
2.3 SfTPS1 %0 SfTPS2 EEAEHE CAEAMHAE
HAFIFRIX

Rl % B0 SFTPS1 F1 SFTPS2 EHiAEFIML)E 7 d
P R R B N IR Rk . STPST
705 A R AR 58 B e ey, HOROBTE T A vh 78
e A e B v B A6 SRR A AR, 763k
HR A RN AR (K 3: A) o T STPS2 FEHTE
4H ,/\EPE‘J%%M%EEE SfTPS1 A i ASTR) , HAe 2 je vp
ik e, KR T AR AL T R
IR, JEH A T L P ARIE (B 3: B)
2.4 SfTPS1 #0 STPS2 # RNAi E % €& 5 #%
& RiEREEERE mRNA KERIXT

SEHGLE R & B, 55 dsGFP X IR AH L,
T4 STPS1 JLH 48 h J5, (175 K@l TRE12 A
TRE2 J A AR Rk K- i 2% EIH (P <0.05) ([
4: B, C),fif TRE1-1 JEH B AT 257K JC B %4
(P >0.05) (4. A); 48 STPS1 KK 72 h 5,
TRE2 B RIR AP A B3 EH (P <0.05) (&
4. C),TRE1-1 FEPH 5] BRZH AH HEmg Ry b FHE TG 2 3%
25 (P>0.05) (& 4: A), T TRE1-2 FEPH B AHXT R
KA ST HRZAH L B TR (P <0.05) (Bl 4: B),
T4 SFTPS2 JL[H 48 h J5 , (7Y K\ TRE1-1, TRE1-2
S TRE2 FEH AN 3R 8 1 A8 A 1% L — 2, 5 % IR
AL B TP <0.05) (Bl 4) ;72 h 5 TRE1-2
HI TRE2 B PR () AH X 3% 36 1 B2 2% F B (P <0.05)
(El4: B, C) i TREL-1 JER AR Rk 57T
SFTPS2 72 h J547 B2 - FH(P <0.05) ([ 4: A),
2.5 SfTPS1 #1 SfTPS2 EFE# RNAi SEHLE €A S

whE RIS RREREE N T

MBS (A) ] LUA Y, 5 S dsGFP By Xt I8
AL, T STPST 2 48 h 5% 72 h J5, [ KAl
A PR T AV T il PR TG B AR (P > 0.05) 5
M4 S/TPS2 JER J5 (175 QB Py AT 75 P Vfg e Al
s PESeRE e, FE T 48 h W E TR (P <
0.05), T# 72 h Je X B3 EF+H(P <0.05), L4
A B SR E AE T48 S/TPST JE[H 48 h 5% 72 h J5 il
T IR 22 ETH(P <0.05) 4 STPS2 JE[H 48
h 5 B4 B T i SO I 0 0 1 K I AR L
(P>0.05) ,7ET#t STPS2 BEH 72 h J5 B LK
B3 EFH(P<0.05) (Kl 5: B),
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F ig 2 Relative expression levels of SfTPS1 (A) and SfTPS2 (B) in different developmental stages of Sogatella furcifera
4L-1 =3 535k 4 ﬂr'\’éﬁ 1 -3 K& 1 Day 1 -3 4th instar nymph, respectively; 5L-1 =3 435/ 5 #2451 =3 K51 Day 1 —3 5th instar nymph,
respectively; A1 =3 73509 1 -3 HEAUR 1 -3-day old adult, respectively. FI/F i Jo-F-3IME + bl , AR & F BB BN FIB R A H G
42 d EEMW\]E‘J%’%LQ;%J%{E;EJ:A\ Al /NG TR R AN R R B B B R 3R ik 22 5 i 35 (P < 0. 05, Duncan [GZ # LB ) o
Data in the figure are mean + SE. The relative expression levels of genes in different developmental stages are normalized to that in the day 2 4th instar
nymph. Different lowercase letters above bars indicate significant differences in gene expression level among different developmental stages (P <0. 05,

Duncan’ s multiple range test).
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Fig. 3 Relative expression levels of SfTPS1 (A) and SfTPS2 (B) in different adult tissues
of Sogatella furcifera within 7 d after emergence

H: 3k Head; L: /& Leg; W: # Wing; Mg: Fli Midgut; Fb: gHi{& Fat body; Ep: 3% Epidermis; Mt: 5 [G4% Malpighian tubules. & W54 K
SEAE = bR, N RSN STPS1 FE K 3k B LA 1 [ P Y 3k i S JE0fE , STPS2 6 DR ) 30k AR R 3 g i ) 36 g ol s A
FAREING FhEFR RS AR A g 2 a) R Tk 22 R B 2 (P <0. 05, Duncan [C L H A ) . Data in the figure are mean + SE. The relative
expression levels of SfTPS1 in different issues are normalized to that in adult Malpighian tubules, and the relative expression levels of SfTPS2 in different
tissues are normalized to that in adult epidermis. Different lowercase letters above bars indicate significant differences in gene expression level among

different tissues (P <0.05, Duncan’ s multiple range test).

2.6 SfTPS1 71 SfTPS2 EFE# RNAi FEEE XEAS 5L SRS =R LI (P <0.05) (K
RE B AR IEENSETL 6: A, B); T4 §TPS2 2 48 h R4t & 5
SRR (TEST dsGFP) AHLL, S 14 STPST X IRZHAH L REFRIR (P <0.05) , 7EH4 72 h J5 47
BE[R 48 h 5L 72 h J5 A REVR NS O ROV EIH(P <0.05) (K 6: C),
JRE R a R SR 2 ETH(P <0.05) (K 3 Wi
6) . T STPS2 H[H 48 h J5 g bl | EObl Il &
S IR AR ELIC B AL (P > 0.05) , T +4E 72 h R ME AT B L OB 2B, e 4 fp A= i R IE
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Fig. 4 Relative expression levels of trehalase genes in the 5th instar nymphs of Sogatella furcifera after RNAi of SfTPS1 and SfTPS2
A: TRE1-1; B: TRE1-2; C: TRE2. EWEHENFIIME + AREIR, DL dsGFP {3 S0 B985 i 36 s B R TRI/ING 7033 7 AN [R) b B4 ] 3 (X

RixEZEFEE(P<0.05, Duncan [CELH [LEAKE:) . Data in the figure are mean + SE. The relative expression levels of genes are normalized to

that of the dsGFP injection group. Different lowercase letters above bars indicate significant difference in gene expression level among different treatment

groups (P <0.05, Duncan’s multiple range test).

Fig. 5 Enzyme activities of soluble trehalase (A) and membrane-bound trehalase (B) in the 5th instar nymphs of
Sogatella furcifera after RNAi of SfTPS1 and SfTPS2
&1 R Ry TS = Bt s B BN R/ ING SRR R AN ) Ab BLEH 8] B 1 22 57 . 2 (P <0.05, Duncan [QZ H G S ) o Data in the figure

are mean + SE. Different lowercase letters above bars indicate significant difference in enzyme activity among different treatment groups (P <0. 05,
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e D =RANIN] e NpERANIN]
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G 0.8 mumm dsGFP
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07 = as§TPS2 N
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Hours after injection

K16 STPS1 I SfTPS2 RNAi J5 175 KE\ 5 #4 HAKPIHE S (A) SRR (B) FIAZg8E (C) & Rty 21k
Fig. 6 Changes in contents of trehalose (A), total glycogen (B) and glucose (C) in the 5th instar nymphs of
Sogatella furcifera after RNAi of SfTPS1 and SfTPS2
P B A T ME + Rtz A LR TR NG SRR R AN R b BHL2H DR 75 5 25 55 .35 (P <0.05, Duncan [CZ 8 WAL ) o Data in the figure

are mean + SE. Different lowercase letters above bars indicate significant differences in carbohydrate content among different treatment groups (P <0.05,

Duncan’ s multiple range test).

YA BTG B K Re A A B R T
BEA R B % 30 1 g B ok 5, 78 B e i3 & Y
R B, TR R BRI T e i W BT,
11 RFRLURA B W BOAS 52 AR R BE S (452 1
— EAE T TRR s & s m s TG T B, AR
N IEH 7K (Guo et al., 2015; Lin and Xu, 2016)
TR G N 2 5 1 B S IU CBE R, TPS
PR 308 ok 7 ) 0 o ok 9 428 A P Y AR 5 e (R
85, 2014) , HE RECH MR RS ER I A5
R SfTPST FEdii jz pif#eik i T B, Wi je Je ik & |
THCE2: A) ;M0 STPS2 BP IR AE 5 47 1
) B M IS 8 e i Rk e B, W SRk
BEETH(EI 2: B) o X EEg IR, T R mUSE e Hif
TPS R B FR 5 R AL, — A 4 W20 2 0%
Huf ALY 2 5k B AR, IR AT BB SR S/TPST il
SITPS2 R N REAFAE 2 5 0 X T SfTPST, Hi iR
INELIYIG AR R T R4 22 0 T b, BRI 7 I 0] it

BT 1 d BRI B RA 5 T RS W5 3 KA JUE S
PUEHETIH , SFTPS2 7riZ I} 6] N 1Y) 2% 35 3k 3 45 K
{8, S BRTE LI AR R 2, 1 T 34k R 7E
W58 B2 Ao R e ST T A R 1) M, TR B 5
JSCART A T L T 3 SR R AR, ) T R ok AR v Y BB
T THAE , AR AR A TR 5 P, A O B
g Callinectes sapidus IMRE Y TPS FE i fz
$0 R i Bz AT IR A A ARG A 1, R A SR e v
R Ay W B A B A v R R O B, TE T
U i B Vi S W 5 B 3K 3 i vy, L A O B TR [
(Matsuda et al., 2015) , 3 4b, 4423504 K I vh &
B, TPS BATE AT CE g R D A h Rk
B (K 3)  Ho §TPST BEPITE S [ A i rh iy
FIBEEG (B13: A) s STPS2 FEITER A iz
AR (1813 B) AW K BLIE dUi TPS Bk
PITER T 9 2R3k 1AL (Cui and Xia, 2009) , 7E78
E/NgE R TPS2 5 E KU Ostrinia furnacalis ' TPS
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SEPRFERR D (A b i e 3k fi i, LU R v i 2
IRAKF (BRER KB £, 2015) , 3k S 25 SR 3R W] ifg i
BT REAE X Se L ZUh B B, FE RIS I T, TPS AN
AXHENR DGR §irh 335 (Tang e al., 2010) , i H.
IAE i Il Ik T R R AL PR 2R 5K (Chen et al.,
2010) o XLLLEIRYLH] STPS1 Fl STPS2 K&K 1) 1)
RERT BEANIA] 5 SATPS2 FERIXT T LT G 2 A 45
YEHT, A AL R A 58 R B, 4 R EL 1y TPS1 Fil TPS2
FEPRFR R ot R LT BACERAESI LT BT A
T4 il . CEX e, 2014) .

H A, Bk 82 B2 ZIF i k58 TPS 3 5
TGS B N R WESE R IAE TR ST TPST Fil TPS2
(1) dsRNA J5 72 h, JRU A SR G si B E T
W, A A & B WS AG HS 0 ( Chen et al., 2018) ,3X 4
SE UL SR AG K SCME TPS 2 [H 2235 1 45 S AH L,
FHAG RS g 1Y TPS JE K F8 R A0 il I, 15 e bl i 3%
Wl /b, A A R E BN (Xiong et al., 2016) , 7EFRAT]
MR s, (1 CEVR R STPST JE K B RNAI
Je VA AR O S B R S A B
F(EL6) , [FIFE R A58 23 0 T 44 R EL TPST Al
TPS2 NG, vk &=l ( Yang et al., 2017)
XL RAF A —BL, AT e S AR R L TPS
FERA S BR W T e A 06, ISR se L trp
AL —A> TPS e, IR 4z HE I Rk TR 5
VPR RE A A, D UL i B0 7 B F B (Xiong et al.,
2016; Chen et al., 2018) ;1M & A 2> TPS R:H 1Y)
Ffrep e — A~ TPS Bk g TR G , AL A7
FEAMETIIRE , R I T S5 0 ST A T R . I AndE
TPS Z MR P FIXT e ip &3, (3 KEl TPS J¥51 5
5 KEA TPS Fe 4l —Eit e, e —S2 (1),
AR T fig b T el 2 AR LAY . T30 STPS2 S A
48 h JEIfF BN A E A LT A S E R ET
B#,72 h 5 3 FiflE SR B TR 6) , X segh IR
FULEANE TPS JEH FIK G, 8 T ERFAR B & =
)T ST A SR P R A 38 2o B8R AT VA R 0 i
IR AR R AR NV PR ) B i, SR SRR
B, Y TS IR 28 (lipopolysaccharide,, LPS)
RV (g S A B e i, 3 ) Bl AR TPS 3R
IR TPS TG4, VT 4 AE LPS ST i A B/
AR KT ST 3 8 A R 1 V6 B 5 X0 R L 3
22 F+( Chung, 2008)

57 4) dsGFP [ X} BZLAH Ee, T4 TPS1 FEH
Ja, F QAL S A HUA P BRSSP S TR
BEFF(ES: B), 5 TRE2 FLH )ik A —3

(4 C) AT i 1 T A e % PR A T 40 S/TPS1
48 h (72 h Js R &M (5. A),TREL-1 [AH
XFRAKF TR F S (K 4: A) B TRE1-2 1)
XS RIRACFET A8 h e & BT, 7E72 h 5
SRR (& 4: B), TRE1-1, TRE12 % TRE2 {48
XFRBOKAE ST dsSTPS2 48 h J5 b Jtal 3% 1
FE,TRE1-1 75 72 h J5 AR 387K FATS 3 i T4
MR (K 4: A),{HJE TRE1-2 FI TRE2 JE[A (1 A T
FIRATH B ENCT A B (B 4: B, C) 5 AWM
VR EE BTG PETE TR S/TPS2 48 h J5 .2 TR, MifE
72 h J5RE IR S A) TS G A SRR B 1
TETHE $/TPS2 48 h J5 o i #4846, 7E 72 h J5 3%
ETHCES: B) o XEEEER IR TREL-1 X 0] 1t
PO TG M P 1 RS AR A, AN [ R T
WERGHE R Z [P TE A K8 22 5, 7T BB L AH =2 [H] 77
TEAE AMERUN 35 Bt o AL CREBE e, 2014) ,
BARHURITE i — 00198 . B Kald, 405 T4k
TPS1 1 TPS2 FEPR S, AT P T W T 0% F s 45
R BEE RS L TR (Yang et al., 2017) . HEj, B
ZTE T N . R LA R OK R T AR Ll
Aphelenchoides besseyi H1 %A 2 1~ TPS £:[H ( Goyal
et al., 2005; Kormish et al., 2005 ; [ FlgkiE 4,
2015; 4, 2019) , 7648 & TR K Wi By Ascaris
suum PRI 3 A4~ TPS FE[H (Tang et al., 2018) T F
MWt kI E T REPA 2 A TPS JE A, 255051 94
RNAI J5 % v WA AR DG I DR N il 1% P 1) 52 el 5%
5, WIVFIRAATERE HABRY TPS HePR R4 A48 o

AR E BBkl MR RIRGREH AT L
FURPIXPIAS TPS R AT BEAT A (4 D REAS [] , ThF 35
WG L A T AR S ot i v i ) SC BV E T, 1 5
dsSTPS1 H1 dsSfTPS2 J& , BE 518 i 15 B Al 42 1
BRI, 52 ma A P g A O B, X S RO BT
TPS BT BbE& G R T D Re S it 1K HiE
IR 5E FLJR A A O 3 R B 3 S s 4 At i als
A
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