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Abstract: Trehalose transporter ( Tret) transport trehalose-the “blood sugar” of insects from fat body to

hemolymph and is an important transporter to maintain trehalose balance in insects. In this study

bioinformatics analysis was conducted on two sugar transporter sequences ( NlTretl and NITretl X1) of

Nilaparvata lugens and NIlTret]l and NlTretl X1 genes were silencing by RNAi technology to explore their

function on regulation of trehalose metabolism. Bioinformatics analysis showed that NlTret! and NiTretl

X1 had an open reading frame of 1 353 bp and 1 488 bp and encoded 450 and 495 amino acid residues

respectively. The molecular weights of the proteins were 49.984 kDa and 53.059 kDa

theoretical isoelectric point was 6. 53 and 7. 46

and the

respectively. Conserved domain analysis showed that

NITretl and NITretl X1 contained 10 and 12 transmembrane domains respectively which belonged to

the MFS superfamily. Secondary and tertiary structure prediction showed that NlTretl and NlTretl X1

mainly contained coils and helix structures. The phylogenetic tree analysis showed that both NITretl and

NITretl X1 were closely related to Tretl proteins of Hemiptera. Compared with dsGFP injection RNAi

significantly inhibited the expression of the target gene. QRT-PCR detection of trehalose metabolic
pathway TRE and TPS genes showed that the expression levels of NITREI-H and NITPS2 were
significantly down-regulated at 48 h after dsNITret! injection and the expression levels of NITREI-=2
NITRE2 NITPSI and NITPS3 increased significantly. However the expression levels of NITREI-

NITRE2  NITPSI and NITPS2 were significantly decreased after injecting dsNITretl X1

and the

expression levels of NITREI-2 and NITPS3 were extremely significantly increased. Trehalase activity was

significantly decreased after dsNITretl and dsNIlTretl X1 injection. Meanwhile

significantly decreased glycogen and trehalose content

silencing of NlTretl
while silencing of NlTret! X1 only significantly

increased glucose content. To sum up two trehalose transporters were identified as trehalose transporters

by preliminary analysis. These two trehalose transporters played different roles in the sugars transport

among which NlTret]l X1 might be involved in glucose transport while NITretl was more likely to be

involved in transporting trehalose specifically. These results were conducive to exploring the mechanism of

Tret regulating trehalose metabolism and provided a theoretical basis for pest management such as brown

planthopper by regulating trehalose metabolism balance in the future.
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Table 1 Primers sequences used for dsRNA synthesis and fluorogenic quantitative PCR

Primer name

(5°-3) Forward primer

(5°-3") Reverse primer

dsNITretl

dsNITret1 17
dsNITretl XI
dsNITretl XI

CGCAACCAGAATCACCAC
T7-CGCAACCAGAATCACCAC
CTGGCAAAACCTCAAACC

17 T7- CTGGCAAAACCTCAAACC

ACAGCAGGCAGCCACTTA

T7- ACAGCAGGCAGCCACTTA
TAGAAGCATAGCAAGACCCT
T7-TAGAAGCATAGCAAGACCCT

dsGFP AAGGGCGAGGAGCTGTTCACCG CAGCAGGACCATGTGATCGCGC
dsGFP-T7 T7- AAGGGCGAGGAGCTGTTCACCG ;l]vj\_(}CAGGACCATGTGATCGCGC
QNITretl TCAGCGAGATAGCCTCAGTG CAGCAGAATGCCCAAGTACC
QNITretl X1 CGTAGGCTCTCTACTGGCAT CCCTTGGGCGATCAGATAGT
QNITRE1H GCCATTGTGGACAGGGTG CGGTATGAACGAATAGAGCC
QNITRE12 GATCGCACGGATGTTTA AATGGCGTTCAAGTCAA
QNITRE2 TCACGGTTGTCCAAGTCT TGTTTCGTTTCGGCTGT
QNITPS1 AAGACTGAGGCGAATGGT AAGGTGGAAATGGAATGTG
QNITPS2 AGAGTGGACCGCAACAACA TCAACGCCGAGAATGACTT
QNITPS3 GTGATGCGTCGGTGGCTAT CCGTTCATCATTGGGCATAGT
QNlactin CCCCATCGAGCACGGTATCATA TCTGGGTCATCTTCTCACGGTTGG
T7 GGATCCTAATACGACTCACTATAGG, Note: T7 sequences was GGATCCTAATACGACTCACTATAGG.
1.4 20
5 1 o
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1 000 pah 48 h
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EZ4 40 . 3
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. 1.6 . \
. 3
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1 NITretl  NITretl X1
Fig. 1  Bioinformatics analysis of NLTRET1 and NLTRET1 X1
A NITretl NlTretl X1 : B NITretl NlTretl X1 o C
NITretl ~ NITretl X1 o Note: A NITretl and NlTretl X1 transmembrane domain prediction and conservative
domain prediction; B Prediction of the secondary domains of NlTretl and NITretl X1; C NITretl and NITretl XI tertiary

structure prediction.
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2 NITretl ( XP_ 022187716.2) NITretl X1 ( XP_ 022188572. 1) Tret
Fig.2  Evolution and development tree constructed by NITretl ( XP_022187716.2) and NITretl X1 ( XP_022188572. 1)

based on amino acid sequence and other insect Trets

. Tret : Aphis gossypii  AgTret1 X1 ( XP_027838003. 1) ; Rhopalosiphum maidis
RmTretl dikeX1 ( XP_026808273.1) . RmTretldike ( XP_026819645. 1) ; Melanaphis sacchari  MsTretldikeX1 ( XP
_025205476. 1) . MsTretldike ( XP_025208158.1) ; Myzus persicae  MpTretl 2X1 ( XP_022182394. 1) ;

Sipha flava  SfTretldikeX1 ( XP_025417238.1) ; Thrips palmi TpTretl2X1 ( XP_034240573. 1) ;

Agrilus planipennis  ApTretldikeX1 ( XP_018333082.1) ; Athalia rosae  ArTretl 2X1 ( XP_012255542. 1) ;
Nasonia vitripennis  NvTret12X1 ( XP_008207267. 1) ; Osmia bicornis  ObTretl2 ( XP_029042530. 1) .

ObTretldike ( XP_029049346.1) ; Bradysia coprophila  BcTretl 2 ( XP_037026138.1) ;

Bactrocera oleae  BoTretl X1 ( XP_014096828. 1) ; Bactrocera tryoni  BiTretl1 X1 ( XP_039957802. 1) ;

Bactrocera dorsalis  BdTret1 X1 ( XP _ 011202667.1) ; Bombyx mori  BmTretl ( XP _004932337.1);

Trichoplusia ni  TnTretldike ( XP_026731345.1) ; Pieris rapae  PrTretl dike ( XP_022117370. 1) ; Danaus

plexippus  DpTretldike ( XP_032527054.1) ; Maniola hyperantus MhTretldike ( XP_034833046. 1) ;

Pararge aegeria  PaTretldike ( XP_039761312.1) ; Cimex lectularius  ClTretldike ( XP_014258243.1) ;

Halyomorpha halys HhTretl ( XP_014277273.1) ; Copidosoma floridanum ~ CfTretldike ( XP_014215782.1) ;

Osmia lignaria  OlTretldike ( XP_034178871.1) ; Apis mellifera AmTretl ( XP_016771112.2) ;

Apis dorsata  AdTretlike ( XP_031366370. 1) ; Apis florea  AfTretldike ( XP_003695906. 1) .
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3 dsRNA 48 h NITretl ~ NiTretl X1
Fig. 3 Relative expression levels of NiTret] and NlTret] X1 genes 48 h after dsRNA injection
T o 7 P <0.05 e
P<0.01 o GFP o Note: Unpaired t-test was used for data analysis the error

64* 2

was expressed as the standard error of the mean value. indicated a significant difference when P < 0.05, and “**”

indicated a extremely significant difference when P <0. 01. GFP green fluorescent protein was used as control.

4 dsTretl  dsTret]l X1 48 h 3 NTRE (TREIH. TREI2. TRE2)
3 NITPS (TPSI. TPS2. TPS3)
Fig. 4 Relative expression levels of three NITREs ( TREI-4 TREI-2 and TRE2) and three NITPSs
(TPSI TPS2 and TPS3) genes in trehalose metabolic pathway in BPH after 48 h of dsTretl and dsTret! X1 injection
. P<
0.05 e P <0.01 o GFP o Note: One-way ANOVA
was used for data analysis the error was expressed as the standard error of the mean value and asterisk represented the results

w® 9

compared to the control group. indicated a significant difference when P <0.05, and “**” indicated a extremely significant

difference when P <0.01. GFP green fluorescent protein was used as control. The same as below.

2.5 RNAI (P<
dsRNA 0.01) . NiTret] 48 h
dsNITretl dsNlTret]l X1
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dsNITretl
NiTret] X1

5

dsTretl  dsTretl X1 48 h

Fig. 5 Soluble trehalase and membrane-bound trehalase activity of the brown planthopper after 48 h of
dsTret] and dsTretl X1 injection

6  dsTretl dsTretl X1

48 h

~

Fig. 6  Glycogen trehalose and glucose concentrations of brown planthopper after 48 h of dsTret] and dsTretl XI injection
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NITretl ~ NITretl X1 ~ TRE14
NITRE1H
NITRE12 ( 4B)
o NiTretl ~ NITPSI
NITPS3 ( 4D. 495
( 64) ( 2020)
NiTretl NITRE1H
( 44)
( 3
( 6B). AgTretl Anopheles
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40% ( Liu et al.
2013) NiTretl
NITretl
o NlTretl X1
TRE TPS

( 6C) o Tretl
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o
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