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Cloning and expression analysis of two trehalose transporter genes in

Trichogramma dendrolimi
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International Cooperation Key Laboratory for Biological Control of Agricultural Pests, Institute of
Comprehensive Technology for Agricultural Modernization, Jilin Agricultural University, Changchun
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Abstract: The purpose of this study was to analyze the expression patterns of two trehalose transporter
genes (TdTret]l and TdTret1-2) and gene expression patterns at different developmental stages and diapause
development in Trichogramma dendrolimi. This analysis aimed to provide a theoretical basis for
understanding the regulation of trehalose in insects to adapt to low temperature environments and the

regulatory mechanism of diapause in 7. dendrolimi. Gene cloning and quantitative analysis of the two types
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of trehalose transporter genes indicated that TdTretl and TdTret1-2 belong to the MFS superfamily. Amino

acid sequences of trehalose transporters were compared with those of hymenoptera insects, revealing that

TdTretl and TdTretl1-2 had the highest consistency with Trichogramma pretiosum, suggesting a close

genetic relationship. These two trehalose transporter genes exhibited a "staggered" expression pattern in 7.

dendrolimi. TdTret] was mainly expressed in the early growth stages (i.e., egg stage and larval stage), while

TdTret1-2 showed significantly higher expression levels during the egg, pupal and adult stages. Both

TdTretl and TdTretl-2 were significantly upregulated in diapausing 7. dendrolimi compared to non-

diapausing ones, but with distinct timing; it was observed that TdTret1-2 responded more quickly to low

temperatures than TdTret]l. These two trehalose transporter genes play an important role in the normal

development and diapause development of 7. dendrolimi.

Key words: Trichogramma dendrolimi; trehalose transporter; gene cloning; expression pattern

WA B R IRIR ¥ Trichogramma dendrolimi VE Ry 3%
[ A= Wy B 16 AR b N T R S Y R B R 2 —,
HATE A T RHEA ™ (Smith, 19965 i
WEHE, 2014; 9K & AR %, 2015; Zang et al.,
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FEAR (BGWINEAE, 1992), TEAHT B FIE & WA
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and Ishikawa, 2001; Z=JH%%, 2013).
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Castro and Tunnacliffe, 2000; Ash, 2017; Tellis
etal., 2023). fERMAERKKEFERS, AL
M EAE NG (Trehalase, Tre) FYHEALT K by %4
BELISRAERE R (Shukla et al., 2015). R BRI
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(Thorat et al., 2012),
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M J2 7 25 45 8 1Y W B 5% 18 85 11 (Trehalose
transporter, Tret) %5 & 1T I IR B (Wyatt,
1967; Kanamori et al., 2010) . Kikawada £
(2007) M EE Hurp g3 89 9 3R AE Tret 19T RE, KB

Tret S J& T 3 2 P 7] 5 12 85 A B K % (Major
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R o | N R T G Sl SV R o (S
(Kikawada et al., 2007). HHEJ, CXF#5 R RT
T M e 2 VR D P AR B R IAERR )
RESFUEAT THFSY o INKIEMH Colaphellus bowringi
PRI 24 Tret Fe R, Tretla 1 Treclb, 53 AE T
B AR 5 A FN R A A B S s Rk
2 WA [] 1) T 5 W e 1 2 11 R4 R I AN [) 4
BUNIHFENE S 5L, HEW Tretla F1 Tretlb 73 5IAEIL
W B ORAE G o R p R B EAEH (Li e al.,
2020) . JHEEFSE (2022) {fi f CRISPR/Cas9 4t
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PRE . RSO IR PR A& B PE - (Zhou et al.
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Shy TEBERE VR Y B A R T B B S A B IR R e
i & AL AT SR A S S
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Fig. 1 Sample collection timeline
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Interactive Workspace  (expasy. org)  (https://
swissmodel. expasy.org/interactive ) #4 &5 [ i = 2%
ZERAAL ;T MAGA LT 4RI 2 R 58 & & T
i Evolview (https://www.evolgenius.info/evolview/)
AT AL
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Table 1 Information of primers used in this study

75|91 44 FK Primer name SI¥FH] (5'-3") Primer sequence (5'-3") FHI& Purpose
Tret1F1 AAGGAAGCCGAGGAGAAG
Tret1R1 AAGACCAGGAACCAGTTGA
Tret1F2 ACCTACCTGTCGGAGATAG
Tret1R2 CCAATGCCATTCCACACT TdTret] 1AL B8
TdTret] intermediate fragment
Tret1F3 CGATGTGTCGAATCTTGG cloning
Tret1R3 GCATATAGCCGAGATAACG
Tret1F4 CGACGACGACGCTCTATA
Tret1R4 CTTCTCCTCGGCTTCCTT
Tret]-2F1 ACAATCATTCGCACTCGTA
Tretl-2R1 GCAGCCTCTTCATCCTTG
Tret]—2F2 CGGCTCCTATCTGAATTGG TdTrer] =2 Il B8
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GADPH=F CCTCGTCGTCAACGGCAACAA qPCR 4%
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t=-7.855, P<001)., fEBRME I, WaE Mk
Tret] 3% I8 5 A6 M AT A b 25 08 TIE % MK (0=
-3.905, P<0.01), BpCHEMfE, W a e &2
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Fig. 2 Gene structure map of TdTret] and TdTret1-2 in Trichogramma dendrolimi
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Fig. 3 Predicted three-dimensional structure of Tretl (A) and Tret1-2 (B) in Trichogramma dendrolimi
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® TdTretl. A B HIRIREE Trichogramma dendrolimi
XP_014236845.1 J &K1 Trichogramma pretiosum
NP_001164380.1 WM IFLE G /NE Nasonia vitripennis
XP_058797884.1 WMk FL/ANERIL 75 =% Phymastichus coffea
0XU26469.1 R F 4N Trichomalopsis sarcophagae
XP_014203272.1 % Rik L JEBE/NE  Copidosoma floridanum
XP_033207962.1 Belonocnema kinseyi
XP_012287766.1 Orussus abietinus
KAK2587150.1 MREFJEIE Odynerus spinipes
XP_050460627.1 FiHEA 74 Cataglyphis hispanica
XP_043462718.1 Leptopilina heterotoma
XP_029167631.1 348 JB KR4 Nylanderia fulva
XP_011267484.1 % HLik 5 UL Camponotus floridanus
XP_035726577.1 HJE M Vespa mandarinia
XP_017754233.1 Eufriesea mexicana
XP_029669723.1 EHRIRIL Formica exsecta
XP_047365239.1 Sl Vespa velutina

@ TdTretl-2 B dU R IR Trichogramma dendrolimi
XP_023317773.1 ji & /7iR&E Trichogramma pretiosum
XP_003427598.1 NEWEIH &/ Nasonia vitripennis
OAD56125.1 Eufriesea mexicana
XP_012153965.1 /4% VIt 4% Megachile rotundata
XP_029042195.1 ZLHF#RW: Osmia bicornis
XP_012224434.1 PR EMS Y Linepithema humile
XP_014478583.1 J5 kLUK Dinoponera quadriceps
XP_011646356.1 ZLEAZAUL Pogonomyrmex barbatus
XP_011136157.1 ENJEBkIL Harpegnathos saltator
KAKI1133156.1 XU EV)IH & Melipona bicolor
XP_016767669.1 Vi J7 %W Apis mellifera
KOX80765.1  DUiii i Melipona quadrifasciata
XP_011502684.1 HAFfL MG /NE Ceratosolen solmsi
XP_011067482.1 4l Acromyrmex echinatior
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Fig. 4 Phylogenetic tree of Tretl and Tret1-2 of Trichogramma dendrolimi and other Hymenoptera species constructed by neighbor—
joining method based on amino acid sequence (1000 replicates)
T B IIRRTE 2290 0 R AE R P 5115 (NCBLEHE ), R i SO R 4n . AN T 44, e Belonocnema kinseyi |
Orussus abietinus, Leptopilina heterotoma. Eufriesea mexicana JTH CHIFI% . Note: The left column on the right side of the figure was the
amino acid serial number (NCBI database), the middle was the Chinese species names, and the right was the Latin binomials, among

which Belonocnema kinseyt, Orussus abietinus, Leptopilina heterotoma, Eufriesea mexicana lack standardized Chinese species name.

@ EHRIRIREE Trichogramma dendrolimi TdTretl. — — Domains
ﬁﬁ%?ﬁﬁﬁﬁ Trichogramma pretiosum XP_014236845.1— — MFS GLUTS 8 Class3 like
kiR 4 /NE Nasonia vitripennis NP_001164380.1— —

WINRE SN BRI BT ARG Phymastichus coffea XP_058797884.1— — MFS superfamily
Pl 4 /N& Trichomalopsis sarcophagae  OXU26469.1 — — —
T BIA L RBk/ME Copidosoma floridanum XP_014203272.1— -

Belonocnema kinseyi XP_033207962.1— —
- Orussus abietinus XP_012287766.1— —
I BT Odynerus spinipes KAK2587150.1 — -
= VUEEF /i Cataglyphis hispanica XP_050460627.1— -
Leptopilina heterotoma XP 043462718.1— —
THB JE IR Nylanderia fulva XP_029167631.1— o
% AL 5 WL Camponotus floridanus XP_011267484.1— -
IENE%  Vespa mandarinia XP_035726577.1— -
Eufiiesea mexicana XP_017754233.1— 3
BRI Formica exsecta XP_029669723.1— -
RNEAE Vespa velutina XP_047365239.1— -
@8 E RRIREE Trichogramma dendrolimi TdTretl-2 — —
A TR Trichogramma pretiosum XP_023317773.1— -
B IHHE S /Ni% Nasonia vitripennis XP_003427598.1— -
Eufriesea mexicana OAD56125.1 - I
D 7S VI 8% Megachile rotundata XP_012153965.1- H
g 2THg7FR4E Osmia bicornis XP_029042195.1- H
= iR EIS Y Linepithema humile XP_012224434.1- -
= J5 kALK Dinoponera quadriceps XP_014478583.1- -
LI Pogonomyrmex barbatus XP_011646356.1- -
ENEBkSL Harpegnathos saltator XP_011136157.1- H
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Fig. 5 Protein domain comparison of Tretl and Tret1-2 between Trichogramma dendrolimi and other hymenopteran species
W BAEMIBREE T 250 Z R T 515 (NCBLEEE ), RIS h SCfli 4, A0+ T 4, Hh Belonocnema kinseyi .
Orussus abietinus . Leptopilina heterotoma . Eufriesea mexicana o™ 3L 44 . Note: The left column on the left side of the figure
was the amino acid serial number (NCBI database), the middle was the Chinese species names, and the right was the Latin binomials,

among which Belonocnema kinseyi, Orussus abietinus, Leptopilina heterotoma, Eufriesea mexicana lack standardized Chinese species

name.
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Fig. 6 Relative expression levels of TdTret] (A) and TdTret]-2 (B) at different developmental stages of Trichogramma dendrolimi
W B EUE I £ iR B ERRIFRRIR 25 B3 (P <0.05, Duncan [RZ H H) . Note: The data in the figure

were average + standard error. Different letters above bars indicated significant difference (P < 0.05, Duncan’s multiple comparisons).
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Fig. 7 Relative expression levels of TdTret] (A) and TdTret1-2 (B) at different stages of diapause and normal development in

Trichogramma dendrolimi
Ve BB P EIME « AR B ETRORESREE (P <0001, tRER), "RREREEE (P<0.01, thE), ns
FRZRARE (P>0.05, k) ; tEAFRKEFHIREFLAFHEREE, EEARNEFRERETLTHES
% (P <0.05, Duncan [K Z & [L%), Note: The data in the figure were average + standard error. ™ on the column meant the

difference was extremely significant (P < 0.001, t — test), ™ meant the difference was extremely significant (P < 0.01, t — test), ns meant

no significant (P > 0.05, t — test). Different capital letters above bars indicated significant differences in normal development group, and

different lowercase letters above bars indicated significant differences in diapause development group (P < 0.05, Duncan’s multiple

comparison).
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PRI A X SRR B T i, RS 15 RIA B (HZ
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AR 2 5 o D) 2 BUAE 55 5 R 3K 3 WA {1 24 4 A AP 1Y
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MR GG, 730 BAT 120 A0SR IX . R
AR /NS A B U Tret ] ¥ 2AG 12 45 B IX
(Li et al., 2020; Zhou et al., 2022), Fi#% &
Helicoverpa armigera PR R ZENILEIAAG 10 ~ 124
PSRRI, X UL TdTret] Rl TdTret]-2 5 K 2Kk %
i A AL (Tellis er al., 2023). 5 H
FoAtb B R it e W e 18 1 L SRR 7 51 EA T LU A,
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| —HMehm, RERREE. B, @i
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et al., 2015; Marten et al., 2020). HRIEARMF5TLE
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Fig. 8 Relative expression levels of TdTret] (A) and TdTret1-2 (B) during diapause in Trichogramma dendrolimi
e BEE T HE « bRfid; b B FEERR 227 B (P<0.05, Duncan [RZFEIL#). Note: The data in the figure

were average + standard error. Different letters above bars indicated significant difference (P < 0.05, Duncan’s multiple comparisons).

(Mohammadzadeh et al., 2017; FHFZEEE, 2023),
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