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Abstract [Objectives] To identify carboxylesterase genes (CarEs) in Cnaphalocrocis medinalis and determine their
expression profiles in various adult tissues. [Methods] C. medinalis transcriptome datasets were searched to identify CarEs.
Bioinformatic software was used to analyze the identified CarE sequences, and a real-time quantitative PCR assay was
performed to investigate their relative expression levels. [Results] A total of 15 CarEs were identified from the C. medinalis
transcriptome datasets and named CmCarEl-CmCarEl5. Of these, CmCarE12 lacked the 3'-region whereas the other 14
sequences contained complete open reading frames (ORFs). With the exception of CmCarEll, protein encoded by these
CmCarE genes showed features typical of CarEs, including a conserved pentapeptide, catalytic triad, and oxyanion hole.
Phylogenetic analysis showed that the 15 CmCarEs fell into different clades; CmCarE13, CmCarE14 and CmCarE15 fell into
the “intracellular catalytic class”, whereas the other 12 CmCarEs fell into the “secreted catalytic class”. CmCarEl, CmCarE2,
CmCarE3, CmCarE7, CmCarE8, CmCarE10 and CmCarEl3 were specifically expressed in the adult abdomen, whereas
CmCarE9 was specifically expressed in male and female antennae. Other genes were not tissue-specific. [Conclusion]
CmCarEl, CmCarE2, CmCarE3, CmCarE7, CmCarE8, CmCarEI10) and CmCarEl3 might possibly be involved in the
metabolism of endobiotic and xenobiotic compounds, whereas CmCarE9 might be involved in the degradation of odorant
molecules.

Key words Cnaphalocrocis medinalis, carboxylesterase, phylogenetic analysis, expression profiles

Supported projects 31401734 2013ZR008 YJ2014-2
Corresponding author E-mail suliu@ahau.edu.cn

Received 2014-10-28 Accepted 2015-01-09



3 - 663 -
Carboxylesterases CarEs Neurodevelopmental class
CarEs
CarEs CarEs
Oakeshott et al. 2010
Cnaphalocrocis medinalis
Li et al. 2007 CarEs (Guengée)
CarEs
Alon et al. 2013 2013
2008; 2014
CarEs Cui et al.
2011 2013 RNA Zhang et al. 2014 CarEs
CarEs
Zhangetal. 2011 Gong CarE
etal. 2014
CarEs 15 CarE
CarEs
Oakeshott et al. 2010
CarEs “
> 1 MRSRA%E
He et al. 2j;jhemea 11 SmHe
polyphemus
CarE  Vogt et al. 1985
Drosophila melanogaster Spodoptera
littoralis Spodoptera exigua - 80
CarEs RNA RNA:iso plus
Durand ef al. 2011 Chertemps PrimeScript RT reagent Kit with gDNA Eraser
etal. 2012 Heetal 2014 SYBR Premix Ex Taq II Tl
CarE RNaseH Plus TaKaRa
Invitrogen
D. melanogaster 35 CarEs
Anopheles gambiae 51 Apis 12 2 RNA 2ES cDNA A F
mellifera 24 Tribolium castaneum
49 Oakeshott et al. 2010 RNAiso plus
Bombyx mori 76 Yu et al. 2009 RNA
Plutella xylostella 63 You et al. Nanodrop
2013 CarEs Thermo Fisher RNA
Intracellular catalytic lpg RNA
class Secreted catalytic class cDNA 10 ng/plL



- 664 - Chinese Journal of Applied Entomology 52
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Table 1 Primers used for real-time quantitative PCR
Gene Forward primer (5'-3") Reverse primer (5'-3") Product (bp)
CmCarEl GGGAAGATCTACGGGGATTC AGGTTTGCTGGTGACAGGAT 150
CmCarE?2 CACCCATCTCGTTCTTGCTT TCCATACAGCTTCCCCAGTC 131
CmCarE3 GTGGAGCAAGGTGCAAAAGT CGTCAATTCCTTCCCCATAA 138
CmCarE4 GCCAGGACTCGGTTATGGTA TACTGGCGCTCTTGAGGAGT 142
CmCarE5 GGTCCATCAGCCTCTCAAAC CAAGAAGGGCGTTCATCATT 144
CmCarE6 AAGACTGGGGTGTTGCTCAC AGTTCCATGGGTGGCATAAG 140
CmCarE7 CCATTGCTCACAATCTGCTG AACTGGAGATCCCGTTGTGA 142
CmCarES$ GCTTGTCATGCTGACGATCT TCTGGTGTGGGATGTCCATA 140
CmCarE9 GCTGCGATACGGAGTTGAAT CGGTCTTGCGCTTCATAACT 133
CmCarE10 AGCGCTACTACGCTGGGTTA TCTCCGGGATCACTTTATGG 155
CmCarEl2 TCCATGGAGGTGGTTTCATT GGGAGTGGCTAGGCACATAA 137
CmCarE13 GTTTTCAGGAGTGCCGGATA AAGTTCGTCCACAGCTTCGT 147
CmCarEl14 AGGAACCATGGTCTGGAGTG CACCATGAATCCAAACGAGA 171
CmCarEl5 AACCCAACGCCAGATAACAG CCTGAAGGTGTCTTCCCAGA 144




- 665 -

cDNA

-AACt
2 C

Livak and Schmittgen 2001
One-way ANOVA
Tukey
DPS v9.5
2013 P<0.05

2 ZRESWH|
2.1 ¥XTEHWPEHIE CarE EEH

Tang and Zhang

15
CarEs 2
CmCarEl~CmCarEl5 GenBank
KP001147~KP001161 CmCarEl2
3~ 14
14 CarEs
520 584
589 655ku 5.02 8.32
12 CmCarEs
N
CmCarEs

Gly-X-Ser-X-Gly
triad Gly Gly Ala
CmCarEll

Catalytic

Ser Gly
2
CmCarEll BLASTX
CmCarE14
Microplitis demolitor
CarEs 92% 66%

13 CmCarEs

CmCarE6

CarEs

22 R@EHLSW
MEGAS.05

53%~92%

CmCarEs CarEs
1 CarEs “

Intracellular catalytic class ” “

”» «

Secreted catalytic class

”»

Neurodevelopmental class

CmCarEl3 CmCarEl14 CmCarEl5 “
” 12 CmCarEs
2 [ »
a_ (13 Eh]
12 CmCarEs “
Lepidopteran esterase 7 “B-
B-esterase 7 “ Integumental
esterase 7 3 7 2 3
CmCarEs
23 HARIEDH
PCR 14  CmCarEs
CmCarEll
2  CmCarEs

CmCarEl CmCarE2
CmCarE3 CmCarE7 CmCarE8 CmCarEI10
CmCarEI3

CmCarE5 CmCarE6

CmCarEl2 CmCarEl4 CmCarE5
CmCarEl2
CmCarE6
CmCarEl4
CmCarE4
CmCarE9 CmCarEl5 3
CmCarE9
CmCarE4 CmCarEl5
CmCarEl2



52

Chinese Journal of Applied Entomology

- 666 -

0°0/¥S 7861CIIV owAZus SUIpLIZOP JULIOPQ / SU242fu vIUDSIS  TO'S  TT'T9 VDD + + DVSED ON 6€S  I91100dX  STHDDUD
0°0/99 899€55800 dX ONI[-yHA OSeIRISH / Lopjoudp syidody 9§ 18°6S vOD + + DVSHD ON LES 0911T00dX  #IHADDU)D
0°0/6S 191LT6%00 dX oNI[-pH] OSBIANSY / 1Mow xdquiog 69 0S°S9 VDD + + DVSED ON ¥8S  6SIT00d3  £1HADDUD
CI1-96/6¥ S0T0TOODV oseIo)so[AX0qIe)) / tiou xdquiog  — - ADD - + DASND SeX 88¢<  8STI00dM  ZIH4PDUD
091-3L/ty  €8€99C100 dN oseIoISO[AX0qIe)) / tiow XAquiog  96'L  0%'T9 SDD + + DSOHD S 7SS LSTI00dN  [1H4DDU)
0°0/6S 1§6504Aav 9SeI10)SO[AX0qIR)) / D4231ULID DAIPA0NH €19 9¢'79 VD + + DVSOD sex 6SS 9S1100dX  07H4DDUD
0°0/6S T661TIIV owAzud JuIpeI3op JueIOpQ / suaLaful viuvsag ¢ 0S'19 VDD + + DVSHD seX s SSII00d  644PDUD
0°0/€9 vI8911100 dN oseroyso-eydly / row xdquiog  L['9 8819 VDD + + DVSHD SX 0SS VSIT00dX  &F4PDUD
0°0/85 6SYEPAQY ~ 9SeI)S AUIOYD/[AX0QIR)) / D4aStulip vdidd0dlPF 619  €1°€9 VDD + + DVSSD seX €95 €STI00dM  LH4DDU)D
0°0/T6 SLSEPS800 dX  9SeIdIso[AX0qIe0 WOUSH / L0j1jowap Syijdodtly  GT9  €5°€9 VDD + + DVSID seX 99§  TSIT00dA  9F4vDu)
0°0/89 L861TIIV owAzuo SuIpeISop JUBIOPQ) / Suaaful DIUDSIS ('8 LL'T9 VDD + + DVSDD SeA 09¢ ISTT00dY  SHADDOUD
0°0/€9 1861CIIV owAzus SuIpeI3op JUIOPQ / SudLaful IUDSIS  T99  LY'€9 vOd + + DVSAD sex L9S  0STI00d3  pHADDUD
0°0/€S 78010HAV 9SBI)SY / Soplori3vuou p1unsag  €L'9  06'8S ADD + + DASHD seX 0TS 6VIT00d3  £74PDUD
0°0/€9 161121100 dN ose10150 JuoWINIoI] / 1ow xAquiog 6’9 8T'€9 VOS + + DVSDD sk L9S  8PII00dN  ZHADDUD
0°0/¥9 1861CIIV owAzud SuIpeISop JURIOPQ / Su.aful IUDSIS  LL'9  LE'E9 vOd + + DVSSD seX 98 LP1I00dA  [F4DDUD
anfea-g TOISIOA
/(%) Kmyuapy QMMHM%< owreu ousn)/seroadg ® =oMMMxO S DXSXD bod (e®)
! W_.M = %/ e iy d Bw/w A W Wi Yok 57 NMmem PSUT  Joqunu  OWEU SUSD
/(%) IE— s ol YHIE Yi& 2 (GiFg  uorsso00y AT
1Y 1599 X LSV1d sonpisax onA[eIe) TomEy  EEE
220 X1SV1d HHNH

SoUds FuvH W) Jo uonewoyul duUINbag 7 JqeL

B2 HMEF F0IUD) TE



- 667 -

96 D.mel-CG2505ae
68 D.mel-CG1089ac

100
D.mel-CG1128ae
71 L B imel.CG1257a0

I A.mel-GB19866ae
| CmCarE14 o-esterase

92 — CmCarE13
[ L— CmCarE15

| L SIit-ACV60238
— A.mel-GB16342a¢
100 — A mel-GB14478a¢
71— CmCarE8
100[" L— g 1it ACV60245
99 S.lit-ACV60235
| [ ApolODE-AAM14415
] 76 L_— CmCarE9
100 L— M braEST-AAR26516 Lepidopteran

| CmCarE12. esterase

0ol Sit-ACV60233
o8 L_r— S.lit-ACV60239

100 — S.nonEST-ABH01082
—— CmCarEl11
g1 L_r—CmCarE7
| 100Y— CmCarE10
— SIit-ACV60229
100 L_r— B.mor-AAL55240jhe
99 L— M.sex-AAG42021jhe
100 mCarE
98| — A.polPDE-AAX58711
99 |_|— mCarE
58— P japPDE-AAX58713
L D.mel-CG6917be
100— D .mel-CG17148be

[ | D.mel-CG3841
’ 90— D.mel-CG4382

D.mel-CG4757

9 L A.mel-GB16889 Integumental

59 — CmCarE2
100 ‘
[ L—SILt-ACV60243 esterase

| 100 | —— A.pollE-AAM14416
53 | g;mgzgrEl

100 CmCarE4
— D.mel-CG9287¢glt I
100 '— D.mel-CG9289glt
100 — D.mel-CG3903gli I

A.mel-GB12309gli

71| [ A.mel-GB18414acel |

Intracellular catalytic
class

Lepidopteran
JHE

Secreted catalytic
class

B-esterase

Glutactin

Gliotactin

Acetyl-

100 L_— D.mel-CG17907ace cholinesterase

100 — A.mel-GB14873ace2
100— D.mel-CG31146nrl
D.mel-CG5030nrl
54| _r— D.mel-CG9704nrt
100 '— A mel-GB19830nrt

E1 ERH CarEs RE#HL S
Fig.1 Phylogenetic analysis of insect CarEs
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15 CmCarEs are underlined. D.mel: Drosophila melanogaster; A.mel: Apis mellifera; S.lit: Spodoptera littoralis;
B.mor: Bombyx mori; M.sex: Manduca sexta; M.bra: Mamestra brassicae; S.non: Sesamia nonagrioides; A.pol: Antheraea
polyphemus; P.jap: Popillia japonica.
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Fig. 2 Relative expression levels of CmCarE genes in various adult tissues
mAn fA-On Abd L \\% CmCarE 1

P<0.05

mAn: Male antenna; fAn: Female antenna; Abd: Abdomen; L: Leg; W: Wing. Levels of CmCarE gene expression in various
tissues are normalized relative to the level in the wing, in which the CmCarE levels are set as 1-fold. Histograms with
different lowercase letters indicate significant differences among various samples (P<0.05).
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