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Molecular characteristics and gene expression of the Cnaphalocrocis
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Abstract [Objectives] To improve understanding of the characteristics and expression profile of the Cnaphalocrocis
medinalis ABCG3 protein, one of the ATP-binding cassette transporter (ABC transporter) transmembrane proteins found in
many organisms that is involved in the transport of nutrients and exogenous toxins. [Methods] We used bioinformatics to
investigate the molecular properties of the C. medinalis ABCG3 transporter protein, and RT-qPCR to determine its expression
patterns in different larval instars and tissues. [Results] C. medinalis ABCG3 is a half-transporter protein with 1 055 amino
acids, a molecular weight of 118.95 ku and an isoelectric point of 8.78. It has a transmembrane domain (TMD) and a nucleic
acid binding domain (NBD). The protein is predicted to be located in the endoplasmic reticulum, and has a 43.51% o-helix, a

7.01% B-angle, a 18.29% lamellae and a 31.18% irregular roll. A phylogenetic tree of C. medinalis ABCG3 and that of five
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other lepidopteran species suggests that C. medinalis ABCG3 is most closely related to that of the monarch butterfly (Danaus

plexippus). The ABCG3 gene was found to be expressed in all larval instars and tissues that were investigated. Expression was

higher in fifth instar larvae than in other instars, and higher in the hemolymph and fat body than in other tissues. [Conclusion]

These findings clarify the structural properties and expression patterns of the ABC transporter family in C. medinalis, and

thereby provide a platform for further investigation of the function of ABC transporters in this species.

Key words Cnaphalocrocis medinalis (Guenée); ABCG transporter; protein structure; expression analysis

ABC % iz #E 1 ( ATP-binding cassette
transporters, ABC iz ), N4 —WERIETT
iGN T, RAEYIRN I E B PR

( Theodoulou and Kerr, 2015; Lewinson and
Livnat-Levano, 2017 ). #LAI[9HA EEN ABC
15 TR 1 RS S O SE 1Y IX S 1 TR T4 B
K f# ATP () 20 M 5T % 5T 4% IR 25 & 45 1) 1)

( Nucleotide-binding domains, NBDs ); i 5{Ji&
/ORI R el T N 2 S I

( Transmembrane domains, TMDs ) ( Srikant,
2020; Choi and Ford, 2021 ), 5E%£/) ABC ¥z
HHSA 2 4 NBD fil TMD, FrA&HizEA

( Fulltransporters, FTs ), %4 —%1 NBD A1 TMD
#Y ABC #%iz 85 H b2 %12 75 H( Halftransporters,
HTs )( Srikant, 2020; Dahuja et al., 2021 ), NBD
WEETAEERTFWZTRS S)FH), W
Walker A 3£J5 . Walker B /% . A-loop. D-loop
LI} ABC signature 55, H:H Walker A 1 Walker
B Ly A TAZ T IRES G & A, 1 ABC
signature X AF7ET ABC #5iz 51 ; TMD —fi%
H1 5-6 A~ o BRJiEAE AL i E ( Walker et al.,
1982; Hung et al., 1998; Gaudet and Wiley, 2001 ;
Ambudkar et al., 2006 ),

ABC fzaEAYIfeEt:, &R sE
Vs, sy iEiEgEA R . BEiR.
GHEIR . DU DL RSN 2 P T
WA 25 DNA B8 . EH RS AEYIES)

(Dean et al., 2001; Davidson et al., 2008; Ford
and Beis, 2019), 7ERHH, ABC #izfEHid
TEALZE A U e Bt F (1 AFAMIEAY) T 1 i A s
FEEEZA/EM (Gottetal., 2017; Heetal.,
2019; Wuetal., 2019; Heckel, 2021 ). ABCG
i H R ABC HEAZXBETAER B2 —KE
M, Z25ZMERAEPES) (Davidson etal.,

2008 ), fil4n, SR#% Drosophila melanogaster i)
ABCG #:[H (white, scarlet Fl brown) 7£{f i
iz =R P HAEZEA/EM (Sullivan
et al., 1974; Mackenzie et al., 1999 ); AU
¥ Tribolium castaneum F15 4 Bombyx mori 1
ABCG M 5HRFE A FE A X ( Komoto
etal., 2009; Broehan et al., 2013 ); ZZ#& 7 ABCG
WHKIGESH T REFDIRRMEZEH (Wang et al.,
2013 ), ABCG #%iz 4 FH-do e B W) 2% 57 ) Bt
EEPUEh R EERE . 4R Ak
( Verapamil ) Xf/Ngzik Plutella xylostella ) 15
I ABCG W.AKMGEHEHFSATRIBME], w5 E2
T/ IN SO SR H 2R I I (%) SRR |, R RITU R IR
5 ABCG6. ABCGO #ll ABCG14 ] fig 5 X 58 i 7%
H R A 56 (Shanetal., 2021), sk
Iz Anopheles sinensis AsABCG28 7E 4515k 1 447k
fifrEt b R EEAEH] (He et al., 2019 ).
PXABCG1 ( ik Pxwhite) f&/NEik Bt CrylAc
B R M IREZARIER , 1% A 8l X=X 1
R ARE L 5 /N XT CrylAc WHTHEAH G
(Qinetal., 2021), ABCG4 %t X @k il S0
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£ (Gaoetal., 2022),
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Fr i e B FE o B8 ABCG3 #4328 8 LR ST 3
g5, P ZE R EEEH 1BS 2 (1lustrator
for Biological Sequences, http://ibs.biocuckoo.org/ )
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Tablel Information of primer sequencesused in gPCR

Gk B s JFAIfE R (57-3) IR YK EE (bp)
Primers Sequence information ( 5'-3") Length of primer Length of product (bp)
CmUCCR-F ACAGTCGCCTTCAAAGCTGGT 21 165
CmUCCR-R CCAATCTGTGCCAACTTGCGT 21
CmABCG3-F GGACGTCGTTGAATTTGCCGT 21 96
CmABCG3-R TGGCTTCTGTGGGTTTGCAA 20
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Fig. 1 The prediction of conserved domains of ABCG3
protein in Cnaphalocrocis medinalis
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Fig. 2 The predicted secondary structures of ABCG3 protein of Chaphalocrocis medinalis

h: o-B2JE; t: B-%ﬁ]; e: HZ; c: JTUHLEME,

h: a-helix; t: B-turn; e: Extended strand; c: Random coil.
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Fig. 3 Phylogenetic tree of ABCG3 of Cnaphalocrocis medinalis and the
ABCG transportersfrom other 5 lepidopteron species

CM: FAHUEIHIE; DP: REKEHE; BM: Zi; HM: ZD0HIER; MS: MIARIK; PX. /NS,

CM: Cnaphalocrocis medinalis; DP: Danaus plexippus; BM: Bombyx mori; HM: Heliconius
mel pomene; MS: Manduca sexta; PX: Plutella xylostella.
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Fig. 5 Relative expression level of ABCG3 gene from different tissues of Cnaphalocrocis medinalis
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~ NBD #i1 2 4~ TMD, #4128 F1( Choi and
Ford, 2021 ), MM &M ABCG3 HA ¥ iz
HEAMEEIRE S . AL ABCG3 15 i XI5
G 6 A a-MREES A, H o IR iEEE A
Gaityd IR 43.51%, KB R
32 Yy fig LA R U o 5 IR R AR A B 52 R
( Davidson et al., 2008 ), FEZ\EM 1 ABCG3
Al RE TR A SRR RIE X R M2 DiGe . FRILZ
A, FE Y\ % iR ABCG3 & E. A5 Dnal i
Thioredoxin Z5t43l, 5 AR LA EEH H B &
ABCG HHAWERGE KGR, KINFH G IE
ABCG3 5Hk4 3 ( DpOGS202910-PA ) 1
ABCG R4 K RN

ENS', %}?ttiﬁaTKH RGP R Sl
ABCG3 LM RAE, KIS B IATEI G I
YT ik ABCG3, ,\EP 5 4 ik ABCG3
HEEPRIEERERT 1-3 4, FmHPpEH
W) ABCGL 7 i M 19 3R 35 1 B U f o T LA 4%
W, T ABCG4 71 0 il e 491 (i 2 v 1 HA
i (Yuetal., 2017 ), HAbE dtHh ABCG JEA
FREARFLE BB EE — R,
m, AFEE BB/ R ABCG2 mRNA Xt
IR ETEMENE O PR, DT & T HAR LR E
B, B 3 IR 5.63 1. 4 IBAY 3.67 1%,
BHIA G 7.36 £ FIME LAY 3.51 15 R4, 2015 );
NI ABCG ¥4k A7ety Kl W T &K & B Be#h
AL, £ 1 BERPREIBRMI, MEE
KEFREIBZW S (WERE, 2014),
A SO Sy AT L T R O R O [R] 41 2L
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LD Feak HoA A 40 22 Sk, HOb i ok 2L v 9 258
%Er‘fﬂi, NEWitRR 2z, HI9E 6w T HA A

HAL, Yu 55 (2017) B T REHPGE IR R K |

%%{S\ Hl . Ik EL R 1 CmABCGL 2 [
eIk, R BRI b 2 A 0 20k R 2 e 2 e T
HAhZHZ, # KA NI ABCG §4 st AAr iz h 3k
IR TR . BRI Rz . BRI AEA
LB RRAE (MRS, 2014), /N
4 {345 L HY ABCG2 mRNA 75 H i 265 B
L R A OREEL . FRARIR 312 £

8.96 71 7.33 4F (URMTAE, 2015). MLbkELAE
RHIEA RGN E LMz —, YR & %y
Bt . B0 ES FEEM ST (Clark, 2020), TiiE
HRE WA R 11 55 A2 0 ORI Y 28 B 2 —
(Law and Wells, 1989 ), REH WA MKk EL &
F AR R4, An s BT AR 1 A B B i A 1 4
(Keeley, 1985). E&HUA KR53 b AR AR &
AR, BRI S A B
B UM AR B S IR W AA OC (Arrese
and Soulages, 2010 ), ZK A& ABCG WK W& & E
RIS, STCEIE R B PRIR )L K, Bl 2
FR B NMA (Wang et al., 2013 ), AR
oM T REY G IE CmABCGS #4112 2
WﬁTﬁﬁl—lT*ﬁ%%“fﬂﬁxﬁﬁ@,ﬁﬁﬁxﬁéﬂ

ZrhpyRIkE, it LR RENEHIE ABC
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