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Abstract [Objectives] The rice leaf folder, Cnaphalocrocis medinalis (Guenee), is one of four rice pest insects that cause

serious crop damage. In recent years, chitin synthesis and metabolism has become a focus of pest control research. Cloning and
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spatio-temporal expression of two chitin synthases, and other two key enzymes in the chitin biosynthetic pathway encoding
genes in C. medinalis, were conducted to reveal the function of these genes. [Methods] Based on transcriptome data, we
used the PCR and RACE techniques to clone the full length cDNA sequences of 4 key enzymes in the chitin biosynthetic
pathway. Prediction of the structure, sequence alignment and phylogenetic analysis of the products of these 4 genes were
performed using different bioinformatics software. The relative expression levels of the 4 genes in different developmental
stages and larval tissues of C. medinalis were determined with quantitative Real-time PCR. [Results] Two full-length cDNA
sequences encoding chitin synthase, and two full-length cDNA sequences encoding other two key enzymes related to the chitin
biosynthetic pathway, were obtained. These were; Chitin Synthase A (CHSA), Chitin Synthase B (CHSB),
Phosphoacetylglucosamine Mutase (PGM) and UDP-N-acetylglucosamine pyrophosphorylase (UAP) (hereafter CmCHSA,
CmCHSB, CmPGM and CmUAP, respectively). Sequence analysis shows that the full length of the CmCHSA gene is 4 868 bp,
which encodes a polypeptide of 1 564 amino acids, the full length of the CrmCHSB gene is 4 651 bp, which encodes a
polypeptide of 1 525 amino acids, the full length of CmPGM gene is 1 934 bp, which encodes a polypeptide of 548 amino
acids, and the full length of CmUAP gene is 1 837 bp, which encodes a polypeptide of 487 amino acids. The results of
RT-qPCR indicate that CmUAP and CmPGM had higher expression in hemolymph, whereas CmCHSA was more highly
expressed in the head and integument than the midgut and CmCHSB was more highly expressed in the midgut than in other
tissues. [Conclusion] Four key chitin biosynthetic pathway genes were cloned in C. medinalis. These have significantly
different spatio-temporal expression patterns in different developmental and tissues. This work lays a foundation for future
research on the function of CmCHS and the chitin biosynthetic pathway.
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Spodoptera exigua Spodoptera
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RNA
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1 mL Trizol RNA
RNA
PrimeScript ™ Ist Strand ¢ DNA synthesis Kit
TaKaRa
cDNA PCR
1.3 514t
CmCHSB  CmPGM
3 CmUAP
RACE
CmCHSA PCR
CmUAP  CmCHSA
4
RT-qPCR S-actin  Cmf-actin
Genbank JN029806.1

Primer Premier 5

1

1.4 EEZIK cDNA ZfE

CmCHSA PCR

PCR 2.5ulL
2 uL dNTPs 1 pL ¢cDNA
1 uL  0.25 pL Taq
95°C
72°C

10 min

10xTaq Buffer
ddH,0
25 uL 5 min
30s 55C 30s
35 72°C
RACE: CmUAP
3' RACE RACE
SMARTer™ RACE ¢cDNA Amplification
Kit Clontech cDNA
3'RACE
UAP-RACE 3'-F1
94°C 30 s 72°C 3 min 5
94°C 30s 70°C30s 72°C 3min 5
3min 68°C30s 72°C 3min 25
UAP-RACE 3'-F2
72°C 3 min 25
PCR

98°C

1 min

RACE

94°C

94C30s 68C 30s

R1 FARPEAASY

Table 1 Primers used in this study

Primer name 5'—3' Primer sequences Use of primers
CHSA-F1 CGCCTTACATCGCTTACC
CHSA-R1 ACBARACCRATNGGYTCC
CHSA-F2 GCCAACATTATGGACTTGCT CmCHSA cDNA
CHSA-R2 CGCTTCTTCTGCCTCTTTC
CHSA-F3 GCTTTCCCAATCAATCTG CmCHSA cDNA cloning
CHSA-R3 TATTTCGGCAAGGTCCTC

UAP-RACE3'-F1
UAP-RACE3'-F2

GGTGGAATACTCTGAATTGACCAACGAGG
TCGCAACCCTGACGGCAGACTAACA

RACE

Actin-F1 GTTACTCATTCACCACCACCGCTG

Actin-R1 GGATACCGCAAGATTCCATACCCA Internal primers
PGM-RTF TCTACCGTATGGGACTATTGG

PGM-RTR CGGGGGCTTGTGTATCTTGT CmPGM RT-gPCR
UAP-RTF GTCGGGCTGAAGGAAATCTCGG

UAP-RTR TGCGGTTGGTGCTTTAGTGTGC CmUAP RT-qPCR
CHSA-RTF TCTTGAAGTCTATTCTGCGTCTG

CHSA-RTR CCTCGTCGCTGTGGTCTG CmCHSA RT-qPCR
CHSB-RTF TATGCCTCCTCTACTTGGTCG CmCHSB RT-qPCR
CHSB-RTR CATCGCCTTCTTTGCCTCT
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4651 1934
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22 FYISH

4 ProtPar
CmCHSA CmCHSB CmPGM
CmUAP 178 175 60
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4 NetNGlyc 1.0 Server
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Spodoptera exigua CHSA GenBank
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CHSA GenBank ABX56676.2
95% 91% 91% CmCHSB
Ostrinia furnacalis CHSB GenBank
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CHSB GenBank AAX20091.1
Helicoverpa zea CHSB GenBank
ADX66427.1 78% 73%

AJG44541.1
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EHJ68938.1 Drosophila melanogaster
PGM GenBank NP_648588.1 1
86% 83% 60% CmUAP CmCHSA 16 N
Spodoptera exigua UAP GenBank 2 CmCHSB 17
ACN29686.1 Bombyx mori UAP GenBank N 3 CmCHSA
XP 004922282.1 Danaus 7 N- CmCHSB 5 N-
g
g
Z X .
2, A S 9{0 O: CHSA
Qt,D g 3 O: CHSB
e C 3 T A: UAP
O't, D o)
o / S ©: PGM
%
& (N
WO!
W
CIanM & ’00 O
32 AR
O CfCHSA
TcPGM o 3
23
DHZCHSB
seUAP ¥ \00 ) »
3
S onCHS
(\3 > 8
o
%
4 - .%o
ovg * 6’@0
S =
A 3 0%
Q X
S S o Y %
< @ >
F 2 %
@

1 BYEMIESHMER CHS. PGM 1 UAP S EBFIIN AKX EM O

Fig. 1 Phylogenetic tree of amino acid sequences of CHS, PGM and UAP in Craphalocrocis medinalis and other insects

GenBank The origin of amino acid sequences and their accession number are as follow: Aa:

Aedes aegypti (AaPGM: XP_001661733.1); Bm: Bombyx mori (BmUAP: XP_004922282.1, BmPGM: XP_004933071.1);
Cm: Cnaphalocrocis medinalis (CmCHSA: AJG44538.1, CmCHSB: AJG44539.1, CmUAP: AJG44541.1, CmPGM:
AJG44540.1); Cf: Choristoneura fumiferana (CfCHSA: ACD84882.1); Cq: Culex quinquefasciatus (CqPGM:
XP_001861542.1); Dp: Danaus plexippus (DpUAP: EHJ70626.1); Hz: Helicoverpa zea (HzCHSA: ADX66429.1, HzCHSB:
ADX66427.1); Ms: Manduca sexta (MsCHSA: AAL38051.2, MsCHSB: AAX20091.1); Of: Ostrinia furnacalis (OfCHSA:
ACB13821.1, OfCHSB: ABX46067.1); Po: Phthorimaea operculella (PoCHSB: A1J50381.1); Px: Papilio xuthus (PxXUAP:
BAM18256.1); Se: Spodopter exigua (SeCHSA: AAZ03545.1, SeCHSB: ABI96087.1, SetUAP: ACN29686.1); Tc: Tribolium
castaneum (TcPGM: EFA09778.1).
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MAASGGKRREEASDNSDDELTPLANEIYGGSQRTVQETKGWDVFREFPPKQDSVSMETQK
WLECTVRMLKVLAYLVTFIVVLGSGVIAKGTVLFMTSQLRKDRRLAYCNRNLGRDKQFVV
SLPDEERVAWMWAILAAFATIPEIGTLIRSVRICFFKSSKRPSFTQFVVVEIAESLHTIGM
ALLFEFVILPELDVVKGAMITNCLCVVPAILGLLSRNSRDNKREVKVIVDMAAIVAQVTGE
IVWPLSEDKPVLWLIPVASLCISLGWWENYVTRQSPIGVIKSLGRLKDELNSSRYYIYRE
MSIWKVLLFLMCILFCIWMDGDEPSMFFOMYNTGFGPHNIVVEEVQVTLGGTIIPDLANV
TLTGDSVEVAAVFKSAYYVMLIQIFAAYFCYIFGKFACKILIQGEFSYAFPINLITIPLVVN
FLIAACGLRNGDTCFFHGTVPDYLFFESPPVFTLSDFITROMAWVWLLWLLSQTWITIHI
WTPKAERLASTEKLEFVIPMYNGLLIDQSMALNRKRDDQKDVKTEDLAEIEKEKGDEYYET

KINDNISTPYIAYQOMMLMGGTILGPGTIFLMLVGAFVAAFRIDNWTSFEYNLYPIATFML
VCFTMKSEIQLLVAQILSTAYAMIMMAVIVGTALQLGEDGIGSPSAIFLIALSSSFFIAA
CLHPQEFWCIVPGIIYLLSIPSMYLLLILYSIINLNNVITWGTREVQTKKTKKEIEEEKKE
AEEAKKKAKQKSLLGFLQGVNSNEDEGSLEFSFAGLFKCMFCTHPKGNEEKVQLLHIAST
LEKLEKKMEVVERTVDPHGMSRGRKLSVGHRGSTNGDHLDALAEGPENDSGSDSETDTLS
TSPRERRDDLINPYWIEDPELKKGEVDFLSPSEIQFWRDLLEKYLYPIDENKEEKARIAG
DLIELRNKSVFAFVMENALFILIVELLOLNKDQLHVDWPLGIKTNITYIEETGEVLISKE
YLOLEPIGLVEVFFFALILVIQFTAMLFHRFGTLSHILASTELNWEFCTKKSEDLSQDALL
DKNATIAIVKDLOKLNGLDDDYDNDSGSGPHNVGRRKTIHNLEKARQKKRNIGTLDVAFKK
REFFNMNANDGPGTPVLNRKMTLRRETLKALETRRNSVMAERRKSOMQTLGANNEYGVTGM
LNNNLGVVPRHRTSTANISVKDVFAEPNGGQVNRGYETSLGDDEDNNSMRLQPRONQVSE
QRYQ
2 CmCHSA 5E8 57
Fig.2 The amino acid sequence of CmCHSA
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sequence of the putative catalytic domain is wavy lined.

MASTLNKSLDDSDESDSEITPLYDDFDEPDQRTAQETKGWNLFREIPVKKDSGSMVSTAW
IDTSVKIMKLVAYIVIFIAVLGSAVISKGTLLFITSQLKKDRQITHCNKALALDLQFITV
HDLHERLSWLWAAWIIFSVPEFGSFLRSVRICFFKTAKKPTNFEFLVAFVVETCQVSGIA
LLLLFILPELDVVKGAMLMNAVCEFVPAVLNVLMRDRTHPNYHWMLVLDILAVSAQATAFV
VWPLLDGKLVLWCIPVATVLISLGWWENEFVGPVEKHSSGIAVAINEFRNSLRSKRYYTSR
ILSIWKIILFLAFIMASLHMQGDNPLSFFSLVGEAFNDRTYKVDEIQITLRDIYSGLYDY
KMTGEGIPGIPVAWASSLWVALIQVVAAYFCFISAKLACRILIQONESFTFALSLVGPVTV
NILILLCGYRNADPCAFYRVIPDYLFFNIPSVYLLKDYVGREMAWIWIVWLLSQAWVCVH
AWLPRCERLASSDKLFSKPLYNGTLVDQCLLMNRTKDEDIVDIQIEDKEDADDVSVNSMD
KGTDIRPSDHTTRIYICATMWHETKEEMMEFLKSIFRLDEDQSARRVAQKYWGIVDPDYY

IMYQMMLMAGTILGPGTIFLMMIGAMNAITGMSOMOALFCNLVPITIFITIVCMTCKSETQ
LYLANIITCAYAMVMMLVIIGIVLQIAEDGWLAPSSIFTIATFGSFFLTAAMHPQEIICL
LYLVVYYITIPSMYMLLIVYSLCNLNNVSWGTREVAQKKTAKEMEMEKKAEEEAKKAMEK
QSFMRWFGNNKTDEESGSMEMSVAGLFKCMCCTNPKDHKEDLHLLOQTIASSMEKIEKKLDS
LGATSETQENPPRRRSTMVMRGNSLAMLPEYQDSEASTDIPREERDDLINPFWIEDPNLQ
KGEVDFLTTAETEFWKDLIDAYLRPIDENKEEQERIKTDLKNLRDTMVEFAFVMLNALEVL
VIFLLOLNQDQLHFRWPFGQKVAIEYDSEQNLIEIEREYLMLEPIGSVFLIFFGMVMIVQ
FTAMIFHRFGTLIHLLSTVQLNWYFTKRPGVSNELAHLEKNATIEIAKDLQRLNVDDLNQA
GAGDEPVTRRKTLHNLERARDTKLNNTNLDANFKRRLMSPESEIIKRLSTLGGNHAMRRA
TLRALQTRRESVLAERRQSQLQOQARDSTSEYLYEPPRASTAAGERTGRRATGAYVNKGYE
PAFDSDDEDTPRMRRNTVREMQPNF

3 CmCHSB SE&8 57!
Fig.3 The amino acid sequence of CmCHSB

5 N-

The putative transmembrane regions are shaded, the five potential N-glycosylation sites are underlined, the amino acid

sequence of the putative catalytic domains is wavy lined.
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3 8 PGM UAP
9~10 N 7 N -
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CmCHSB
55.36% RT-gPCR
4 DXD EDR 4
QRRRW CATMWHXT X 5
6 CHS CmCHSA CmCHSB CmPGM  CmUAP 4
9 9 A B
CmPGM 18 CmCHSA
2 ‘N_ 4 C)nCY%SB
PGM DGDXDR TGV EXNXGH  CmCHSA
SGT X 7 CmUAP CmCHSA
17 174 CmCHSB
1 N- 5 UAP CmCHSB
GGXXTXXGXXXPK X 5
1 MPPSSLRVVYAFAREMHPKTSDVFIQYGTAGE@TKANLLEHVVYRMGLLAVIRSRVKNGR
61 TIGMMITASHNLEPDNGVKLVDPDGEMLEQSWEEIATRLANVSDNDLESTTEQVIKQVNA
121 DMSLKASVFIGMDTRYTSPRLAAAAANGVIALKGTPKEFGIVTTPMLHFCVKCRNDNTYG
241 YNLGGNGGKLNLNCGADFVKVSQTPPVGVEHAPFORVASLDIGDGDRIIVYYYLDDKEKMHL
301 LDGDRIATLLASYVTELLRASEASGLRLGLVQTAYANGASTRYITEELKVPVSCVKTGGK
361 HLHHAALAYDVGV
421 TVGDAISDLFLVETVLRARGHGVR
481 EGLQS! \OAVFDLAGGV
541 GERPALPA
E 4 CmPGM §EEFET
Fig. 4 The amino acid sequence of CmPGM
2 18

The two potential N-glycosylation sites are lined, the amino acid sequence of the putative conserved domains is
wavy lined, the 18 active sites are boxed.

1 MSYEKLRELLAPHGQEQLIKFWPDLTDSERQELTKEILKLDLSEVNEIFRRANETTKVIL
61 EKLDDDLKPIPQAHYESVPSLTNEKIQEYESVGLKEISDGKVGVLLLJAGGQATRLGEGHP
121 , M

181 D T R
241 RGVEHLHAHEEPNILIKVADPVFIGYCKSKNADCAAKVVQKSAPSEA&EWVCRVNGHYKV
301 SELTNEAAERRNPDGRLTFSAGI(;I}THYFSMSAEFLSKICDFETKLKAHIAKKKI PYVD
361 D

421 DLLRLHRKYIREAGGEIADDVDVEISPLLSYGGEGLENIVNGDVFTISPFHLKSEMEAET
481 NGLNGNH

B5S CmUAP S EEF7!
Fig.5 The amino acid sequence of CmUAP

1 17

The potential N-glycosylation sites is lined, the amino acid sequence of the putative conserved domains is wavy
lined, the 17 substrate binding sites are boxed.
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CmCHSA. SEQ 632
CmCHSB. SEQ 622
HzCHSA.SEQ 632
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MSCHSB. SEQ “EAAS 3 B TCHT KEKEKTRHRKRWSCVMYNVY 3 701
OfCHSA.SEQ “EAAS « EeR TCHT KCKE€K TRHRKRWSCVMYVY g 712
OfCHSB. SEQ 3 NSCV 701
SeCHSA. SEQ 712
SeCHSB. SEQ 705
Consensus

CmCHSA. SEQ 792
CmCHSB. SEQ ) i KNI GAACGRTHFEVGS v “HWLC 782
HzCHSA.SEQ 3 3 /KKINKNT GAACGRTHFVGS J ! 792
HzCHSB. SEQ / V N 785
MsCHSA. SEQ 792
MSCHSB. SEQ _ 4 \CG 3 ) 781
OfCHSA. SEQ b _GCIC 3 > 3 G JGS mm FEYATGHWI CKAT) 792
OfCHSB. SEQ 4 MNYOYFEYATGHWI CKAT 781
SeCHSA. SEQ 3 3 4 G 3 WYO FEYATGHWICKAT) 792
SeCHSB. SEQ 785
Consensus

CmCHSA. SEQ 872
CmCHSB. SEQ 862
HzCHSA.SEQ 872
HzCHSB. SEQ

MsCHSA.SEQ  |dzlileOVINeSiZeelIS1N) 3
JUSISiz RIS YOI F HV TCCVI. CSFGCE SLER
OfCHSA.SEQ  |aAlcOVNeSIZCeiasi N

gngogngogzown
®
o
a

OfCHSB. SEQ [EFHMTGCVICSEGCESILER k ) 861
SeCHSA. SEQ [EFHMIGCVICSFGCESIER \[M d J 872
SeCHSB. SEQ D 865
Consensus

CmCHSA. SEQ O‘ ) SFG 3 952
CmCHSB. SEQ J S (#Nﬂ G “FG A 942
HzCHSA.SEQ NCRRRWVES & VI e(‘ -EG g 952
HzCHSB. SEQ NCRRRWVES 3 ((‘FNTw(‘ 945
MsCHSA. SEQ NCRRRWVES AN ) NTS Y NT%(‘ 952
MSCHSB. SEQ NC RRRWVP% J S;IVD 941
OfCHSA. SEQ MT gf SFG 3 952
OfCHSB. SEQ C WS D 3 ONTS NTw(‘ 3 N 941
SeCHSA. SEQ J 952
SeCHSB. SEQ 945
Consensus

6 M CHS RYEHL P OFTI XS
Fig. 6 The alignment of the catalytic center of insect CHS

100% 80%~90% 50%~70% 50%

Amino acids with 100% identify are in dark blue background and this with 80%—90% identify in pink background and these
with 50%—-70% identify in light blue background and with below 50% in white background. Conserved motifs are in red box.
CHS GenBank The origin of CHS and their accession number are as follow:

HzCHSA, Helicoverpa zea, ADX66429.1; HzCHSB, Helicoverpa zea, ADX66427.1; MsCHSA, Manduca sexta,
AAL38051.2; MsCHSB, Manduca sexta, AAX20091.1; OfCHSA, Ostrinia furnacalis, ACB13821.1; OfCHSB, Ostrinia
furnacalis ABX46067.1; SeCHSA, Spodopter exigua, AAZ03545.1; SeCHSB, Spodopter exigua, AB196087.1.
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Fig. 7 The alignment of the catalytic center of insect PGM
100% 75% 50% 50%

Amino acids with 100% identify are in dark blue background and this with 75% identify in pink background and these with
50% identify in light blue and with below 50% in white background.Conserved motifs are in red box.
PGM GenBank The origin of PGM and their accession number are as follow:
AaPGM, Adedes aegypti, XP_001661733.1; BmPGM, Bombyx mori, XP_004933071.1; CqPGM, Culex quinquefasciatus,
XP_001861542.1.
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Fig. 8 The alignment of the catalytic center of insect UAP

100% 75% 50% 50%
Amino acids with 100% identify are in dark blue background and this with 75% identify in pink background and these with
50% identify in light blue background and with below 50% in white background. Conserved motif is in red box.
UAP GenBank The origin of UAP and their accession number are as follow:
AaUAP, dedes aegypti, XP_001659746.1; BmUAP, Bombyx mori, XP_004922282.1; SeUAP, Spodopter exigua, ACN29686.1.
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Fig.9 Relative expression levels of target genes in different tissues and different developmental stages
* P<0.05 ¢ test ** P<0.01 ¢ test

* indictes significant difference between different tissues and different developmental stages (P<0.05, ¢- test ), ** indicates
extremely significant difference between different tissues and different developmental stages (P<0.01, ¢- test).
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HE: Head; MG: Midgut; HM: Hemolymph; FB: Fatbody; IN: Integument.
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