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Abstract [Objectives]

To obtain the full-length cDNA sequence of the Mythimna separata chitin synthase B (CHSB) gene,

and investigate the effect of 20 E and validamycin on the mRNA expression levels of this gene in different developmental

stages and tissues. [Methods]

A full-length ¢cDNA sequence of the M. separata CHSB genet was obtained by high-

throughput sequencing and its mRNA expression levels in different developmental stages and tissues quantified with RT-qPCR.

mRNA expression levels after treatment with 20 E and validamycin were also measured with RT-qPCR. [Results]

The cDNA

sequence of the M. separata CHSB gene is 4 617 bp with an open reading frame encoding a polypeptide of 1 538 amino acids,

an estimated molecular mass of 175.629 ku, and an estimated pl of 5.96. It has 17 transmembrane helices, 4 tag sequences

(CHS, CATMWHET, DGD, EDR and QRRRW), and one putative catalytic domain. Its cDNA sequence was designated
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MsSCHSB and has been deposited in GenBank (accession No. KY348776). Sequencing indicated > 52% shared identity
between MSCHSB and CHSB from other insect species, and 92% and 83% similarity with Mamestra configurata and
Helicoverpa armigera CHSB. Real-time PCR indicated that MSCHSB mRNA transcripts were expressed in all developmental
stages and in tissues but were most highly expressed in the early 3" larval instar and in the midgut. MSCHSB expression was
significantly higher than that of the control group 6 h and 12 h after treatment with 10 pg/uL of 20 E. The relative expression
of MSCHSB after validamycin treatment was significantly lower than in the control group, and this was most apparent 48 h
after treatment with 20 pg/pL validamycin. [Conclusion] A novel CHSB c¢cDNA sequence was obtained from M. separata.
The expression of MSCHSB was increased by 20 E and inhibited by validamycin. These results provided a foundation for
further research on the biological function of CHSB in insects.

Key words Mythimna separata; chitin synthase B; cloning; 20-hydroxy ecdysone; validamycin; expression
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Table 1 Primers in the experiment

Primer names Sequences Usage of primers
Ms-F GAAGAAGCGGAGCCATTGAA MsCHSB cDNA
Ms-R CGTCCCTGGGTATGTCGGTA Full-length cDNA identification of MSCHSB
CHSB-F TCCTTGCTGTTTCTGCCCAA
CHSB-R GCCGACAAAGT” GCCGACAAAGTTTTCCCACC

B-actin-F
B-actin-R

Primers of RT-qPCR

CCAACGGCATCCACGAGACCA
TCGGCGATACCAGGGTACAT

Primers of internal reference gene
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1 ATGGCGACGRAGCCTAAGACTCCTGGATTCACGGGTTTGGGGGACGACAGCGAAGATGAGT CGGAGTACACTCCGCTCTATGATGACATC
1 M A T K P XK T P G F T G L 6D D S E DE S E Y T PLYDDTI
91 GACGATTTAGGACAACGAACGGCTCAAGAGACGAAAGGATGGAATCTGTTTCGGGAGCTTCCCGT! GAAGGAGAGTGGTTCTATGGAA
31 D DL GQRTAQETI KTGW®WNTILTFRETLZPVZ KU KESG S ME
181 TCCACTGCCTGCATAGACGCCAGTGTGAAAGTCCTTAAATTTCTCTCGTATATCTTCATATTTATCATTGTGCTTGGATCCGCTGTAGTA

61 s T A CT1I DASV KV LXK VFULSY IV ¥ IF I I VLGS AUVV
271 TCTARAGGGACTCTGCTTTTCATCACATCGCAACTAAAAAAGGGAAGACAAATCACTCATTGTAACAGAGCCTTAGCACTCGATAARACAG
91 S K 6 T L L F I T S Q L KK G R QITU HTCNI RAILATILTDZKZQ

361 TTCATAACAGTTCACTCGCTGGAAGAACGAGTAACATGGCTGTG! AGCTTTCATCGTATTCAGTATACCAGAGCTGGGCATATTTTTA
121 F I TV H S L EERUVTWILWAATFTIUVFSTIUZPETLGTITF L
451  AGGTCACTCAGAATATGCTTCTTCAAGACTACTGGGAAGCCCACGTTCGGACAGTTTTTGGTGTCTTTAATAATAGAAACACTGCACACG
5 R $ L R I C F F KT T G K P TF G Q F LV S LI I ETTULHT
541 ATCGGAATAGCATTACTCGTGCTGTITTATTCTGCCGGAACTAGATGTCGTGAAGGGCACAATGTTGATGAATGCGATGTGCTTCGTACCG
8M 1 6 I A L L VL F I L PETZILDVVYV XK GTMTILMDNA AMMCTFV P
631  GGGGTTCTGAACGCTCTTTCTAGAGACAGTTCGGAGCGTCGATACGTTTACAAAATAATCTTGGATGTCCTTGCTGTTTCTGCCCAAGCT
20 6 VvV L N AL S RDS S EURIRYV Y X I ILDVILAV S A QA
721 ACTGCATTCGTTGTTTGGCCCCTCCTAAAAGGCGATGTGGTATTGTGGACCATTCCCGTAGCGTGCGTATTGGTTTCTCTCGGCTGGTGE
241 T A F V V W PLLXKGDV VL WTTI®PVACVYVULVYV SLGUWUW
811 GAAAACTTTGTCGGCGCCTCAGGGAAGCACTGGTCAGTCCTACAACCATTGCARAATCTCCGCGACGGTCTCAAGA! TCGTTATTAC
21 E N F V G A S G K HWS VI QPILQNTILRUDGTILZEKT® RSGRYY
901 TCTCATAGAGTGCTCTCCATATGGAAGATATTCATATTCATGTGCAGTATTTTGGTATCTTTATACATTCAGAACGATGACCCATTAGCT
31 s H RV L S I WX I FIFMCSIUL VS LYTIQNUDZDTPTIL A
991 TTCTTCACGAAATTARAGAGTGGGTTTAGCGATCGACTGTACATCGCTCAGGAGGTTCAAGCGATTCAAGACGAATTTCAAGGTTTCCTG
3 F F T KL K S G F S DRUILJY I AQEVOQA ATIG QT DETFTOQGTFL
1081 GGTTTCGAAGTGGCGGGAGTCACATTACCAATTCCAGCGGTATGGGCAACCCCTCTCTGGGTGGCACTCATCCAGGTCTTGGCCGCATAC
31 6 F E V A GV T L P I PAV WATZ®PTILWVATLTIZGQVYVILAAY
1171 GTCTGCTTTGCTGCCTGTAAAACTGCCTGCAAGATCTTAATACAAAACTTCAGTTTCACATTTGCGTTAAGCCTAGTTGGACCAGTCACT
391 v ¢C F A A CKTACI KTITULTIOQNTFSFTT FATLSTLVGZP VT
1261 GTTAACCTGCTAATTGTGTTTTGTGGAATGAGGAATGTAGATCCGTGTGCATTTTATCGAACTATACCCGACTATTTGTTCTTCGATATT
421 vV NNLL IV FCGMZ® RNV YVDUZPCATFYRTTIU®PZDYTLTFTFTDTI
1351 CCACCCGTTTACTTCCTGAACGATTTCATAGT AGATGTCGTGGATATGGTTACTGTGGCTGGTCTCGCAAGCGTGGATCACTGCG
451 P P V Y F L N DVF I V G QM S W I WILLWILV S QAWWI T A
1441 TACACGTGGAGGCCGCGCTGTGAGCGICTGGCGGCCACTGACAAACTGTTCTCCAAGCCCTGGTACTGCAGCGCTGTCCTCGACCAGTCT
481 Y T W R P R C E R L A AT D XK L F S K P WY CS AV L DQ S
1531 ATGATGCTCAATAGAACTAAAGATGATGATCATGATGTATCCGTAGAGGATCTCAAAGATCTCAATGGAGATGACGCGTCTTCGGTTAGC
511 M M L N R TK D DDHDV $ V EDTULI KU DTULNGUDUDAS S V 8§
1621 GACGACAAATATTCAAAAAAAGATATCAAGCCATCTGACACCGTCACMGGATCTATGTATGTGCAACMTGTGGCACGMACAAAAGAA
541 D DKY S K XK DTITXK®P S DTV VTR RTIY

1711 GAAATGACTGAGTTCTTGAAATCTATTTTCCGTATGGACGAAGACCAAAGCGCACGTCGCGTTGCACAGAAGTATTTGGGCATTGTTGAT
51 E M T E F L K 8 I F R M D E D Q S A R R V A O K Y L G I V D
1801 CCTGACTACTATGAAC ACATATTTTTAT TGACGCGTTTGAGGTATCGGATCACAGCGCAGAAGATTCACAAGTGAACCGC
601 P D Y Y E L E V H I F M D D A F E V 8 D H S A E D S Q V N R
1891 TTCGTGACGTGCCTCGTAGAGACCATCGACGAGGCTGCATCAGAGGTCCATTTGACGAACGTAAGACTGAGACCGCCGARGAAATACCCC
631 F Vv T C L V E T I D E A A S E V H L T NV R L R P P K K Y P
1981 GCTCCGTATGGCGGCCGTTTAGTTTGGACACTACCAGGAAAAAATAAATTGATATGCCACCTCARAGACAAGTCTARAATTAGACACAGG
661 A P Y G G R L VvV W T L P G K N K L I CH L K DI K S K IR
2071 AAAAGATGGTCTCAGGTIGATGTACATGTACTACTTCCTGGGACATCGATTAATGGACCTGCCGATCTCCGTGGACCGCA GATC
601 K R W S ¢ v M Y M Y ¥ F L G H R L M D L P I § V D R K FE V I
2161 GCCGAAAATACGTACTTGTTGGCTCTGGACGGCGACATCGACTTCAAACCGATAGCAGTCACGTTGCTGATCGATCTCATGAAGAAGGAT
722 A E N T Y L L A L PN I D F K P I AV T L L I DL M X K D
2251 ARGAACTTGGGGGCGGCGTGCGGACGTATTCATCCCGTAGGCTCAGGCTTTATGGCGTGGTATCARAATGTTCGAGTACGCTATCGGCCAT
751 K N L G A A C G R I HPV G S GF MAWY QOMT FEYATIGH
2341 TGGCTGCAAAAGGCGACCGAACACATGATCGGCTGCGTACTCTGTAGTCCCGGATGCTTCTCCCTCTTCAGAGGARAGGCTTTGATGGAC
781 W L ¢ K A T E H M I G C V L €C 8 P G C F S L F R G XK A L M D
2431 GACAACGTTATGAAGAARATACACCCTGACTTCGCACGAGGCTCGGCATTATGTACAGTATGATCAAGGTGAGGATCGTTGGCTATGCACC
81 D N V M K XK Y T L T S H E A R H Y v oy p oG TlPR w L CT
2521 CTGCTGCTGCAGCGAGGCTACCGC! TCGGCCGCGTCCGACGCGTACACGCACTGTCCCGAGCACTTCGACGAGTTCTTCAAC
841 L L L Q R G Y R V E Y 8§ A A S DA Y T H CPEUHFDETFTFN
2611 CAGCGCAGGCGATGGGTCCCCTCCACTATGGCCMTATCTTCGACTTGCTGGCAGACTACAAAAGAACTGTTAAAATTAATGATAATATT
LONEENC R R )y v P S T M A N I F D L L A D ¥ K R T V K I N D N T
2701 TCCATGCTGTATATTTGGTATCAGGGTTTATTGATGTTCGGTTCCGTACTCGGTCCGGGTACTATCTTCCTGATGATGGTGGGCGCTCTG
901 SsM I Y I w Y Q G L L M F G S V L 6P GT I F L M MV G A L
2791 AACGCCATCACTAACATCAGTAACATGCACGCTATGCTGCTCAACTTGGTGCCCATCATCATCTTCGTCATCGTTTGTATGACTTGCAAG
931 N A I TN I § N M H A ML L NLV P I I I F VIV CMTCK
2881 TCTGAAACGCAGCTATTTCTGGCCAACCTGATAACATGCTTATACGCTATGGTGATGATGTTCGTCATAGT ATAGTTCTCCAGATC
%1 S E T Q L F L A N L I T C L Y A MV MMTFV IV GI VL QT
2971 GTAGAGGACGGCTGGCTGGCCCCGTCCAGCATGTTTACGATCCTCATCTTCGGCTCGTTCTTCATCACGGCCGCGCTGCATCCCCAAGAG
91 Vv E D G W L A P S S MVFTIULIVF OGS FFITAHBALEHTPOQE
3061 ATCATCTGCTTACTGTACATAGCCATATACTACATAACTATTCCCAGTATGTACATGTTGCTGAT TCGCTGTGTAACTTGAAC
21 1 r ¢ L L Y I A I Y Y I TIPS MY MILILTITIYSILCNTILN
3151 AACGTGTCCTGGGGAACGA AAGTGGCGCAGAAG, ACGCGTGCAGAACTGGCAATAGAAAARACAAGAAGCAGAAGAGGCAAAGAAG
051 N Vv S W G T R E V A Q K K T R A E L A I EZXK QEATETE A K K
3241 GATGGACGACCACAGCATAAAGAAGTGGTTCGGCAAGGGC GAGCGGCAGCGCGGAGTGCAGCGTGGCGGGCCTGTTCCGT
181 K M D D H S I K K W F G K G EET S G S AE C SV AGUL F R
3331 TGCATGTGCTGCACCAACCCGCACGACCACAAGGACGACCTGCATCTGCTGCAGATCGCGCACGCCATCGAGAAGATCGAGAAGAGGCTG
1m ¢ M ¢ ¢ T N P HDHKDUDTILHTUILTULOQ@TIAHA ATITEZ KTIETZ KR RIL
3421 GATACGCTCGGGGCCTCTGTCGAAGAAGCGGAGCCATTGAATCGTCGGCGCTCATCAGCAGCAGCGCTGCGACGACAGTCCTCCATGGAC
149 D T L G A S V E E A E P L N R R R S 8 A A AL RRUZOQ S S MDD
3511 CCTCTCGCCAGGCTGCCCGAGTAC! GTCTACCGACATACCCAGGGACGAGCGCGACGACCTGATCAACCCATACTGG
1717 P L A R L P E Y E E S E V 8§ T D I P R DERUDUDTULTINZP Y W
3601 ATAGAAGACGTGAACCTGCAGAAAGGCGAGGTCGACTTCCTCACCACAGCTGAGACTGACTTCTGGAAGGACCTCATCGACACGTACTTG
1200 1 E D V N L Q K 6 E Vv D F L T TAETODF W K DL IDT Y L
3691 TTCCCTATCGATGAAAACCCTGAAGAACTGAACCGTATAAAAACAGACTTGAAGAACCTTCGCGACAAGATGGTGTTCGCTTTCTTGATG
2. F P I DENU PETETLNDNA RTIIKTUDTULI KNDNTULRUDIEKMYVTF FATFTLM
3781 GTGAACACGTTGTTCGTGCTGGTCATCTTCTTGCTGCAGCTCAGCCAGGACCAGCTGCACTTTAAGTGGCCTTTGGGACAGCAGTCTAGC
121 v N T L F V L V I F L L Q L 8§ Q D QL HF KWZPILG Q Q § §
3871 TTCGTGTATGATGAAGACGAGAATCTGTTTATCATAAATCAAGACTACCTGACGCTGGAGCCCATCGGGTCGGTGTTCCTCATCTTCTTC
1291 F Vv Yy DEODENTZLTFTITIDNOQDYZLTZLETZ?PTIGS SV F L IFF
3961 GGAACCATCATCATCGTCCAGTTCACCGCGATGCTGTTCCATCGACTGGGCACGCTGTCCCACGTACTTTCTACCACGCATCTCAACTTT
320 6 7T I I I V Q F T AMULTPFHIRILSGTIULSHV L S TTHTILNTF
4051 TACCTTACTAAAAAGCCAGACGAAATGACAGACAACGCTCTAATAGAGGCTAACGCGCTACTAATAGCCAAAGATCTGCAGCGCCTGAAC
1351 Yy L T K K P DEMTUDNA ALTIZEHA AN ATILTILTIA AT KTUDTILTUGQRTILN
4141 ACAGACGACTTGGACAARARCGTGACAACAACCAACACGTCTCC A CATACACGACCTGGAGAAGTC GACACTAAGCAG
1381 T D D L D K R DN DN QH V S RRIEKTTIHDTLET KSZ KDT K Q
4231 AGCGTTATCAACCTTGATGCTAACTTCAAGAGGAGGCTGACTATACTGCAGGATGGAGATGCAACTCTGATTTCGCGGCTGCCATCGCTG
41 s v I N L DANVFKRRILTTITULSOQDGDA ATTLTI S RUILP S L
4321 GGCGGCAACATCGAGAAGCGTCGCGCGACCCTGCGCGCGATCGTGTCGCGCCGCGACTCCGTGATGGCGGAGCGCCGGCGCTCGCAGCTG
41 G G N I E K R R A T L RATIV S RRUDS V MAEIZRIZ RIRSOQL
4411 CAGGCGCAGGCGCAGGACCCTGGAGGCGACTTCATGTTCAACACGCCCGGATCAGTAC T CGACATGGGCGGTCGGCCGTCGACG
471 Q A Q A Q D P G G D F M F NTUPG S V RULDUDMGG G RUP ST
4501 GCAGGCGCGTACGTGAACCGCGGCTACGAGCCGGCGCTCGACAGCGACGCCGAGTCCACGCCGCCECCGCCECGCCGCTCCACCETGCGE
1500 A 6 A Y vV NRG Y EPAULTUDSDA AESTU®PZPZPPIRI®RSTV R
4591 TGGCGCCCCACCGACCACTACGCGTGA

1531 W R P T DH Y A *

1 HHBJLTREKE B £E cDNA FHIFIESHEERFS
Fig. 1 Chitin synthase B cDNA sequence and the deduced amino acid sequence from Mythimna separata

ATG TGA 4
CATMWHET DGD EDR QRRRW N-

The start codon and the stop codon is indicated in the frames, the amino acid underlined is the putative catalytic domain,
the black color indicates two CHS signature motifs CATMWHET, DGD, EDR and QRRRW,
and the grey color indicates potential N-glycosylation sites.
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Fig. 2 Phylogenetic tree of CHSB based on amino acid sequence in insects by using Neighbor-Joining method

Bootstrap support values of NJ tree are indicated above the lines.
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Fig. 3 Relative expression of MSCHSB mRNA at
different developmental stages

0.05 MsCHSB
Duncan’s

Lower-case letters over error bars indicate the significant
differences in MSCHSB expression at the 0.05 level by
Duncan’s multiple-range test. The same below.

11 1 2 1 3 2 1 4

2 53 1 6 3 7 4
1 8 4 9 5 1 10 5
11 6 1 12 13 1
14 15

1: 1" instar larvae on the first day; 2: 1" instar larvae
on the last day; 3: 2™ instar larvae on the first day;
4: 2™ instar larvae on the last day; 5: 3" instar larvae on the
first day; 6: 3 instar larvae on the last day; 7: 4™ instar
larvae on the first day; 8: 4™ instar larvae on the last day;
9: 5™ instar larvae on the first day; 10: 5™ instar larvae on
the last day; 11: 6" instar larvae on the first day;
12: Prepupae; 13: Pupae on the first day;
14: Pupae on the last day; 15: Adults.

(=]

— N W A W
S © O
(e]

X FRIEE
Relative expression level
(=)

(=}

1 2 3 4 5 6
ARIEIZHZR Different tissues

<

4 TE4HLE MsCHSB T RIERE
Fig. 4 Relative expression of MSCHSB mRNA in
different tissues

1 2 3 4 5
6 7

1: Foregut; 2: Midgut; 3: Hindgut; 4: Body wall;
5: Malpighian tubules; 6: Fat bodies; 7: Salivary glands.

48 h 96 h 20E
2.5 pg/uL 5 pg/uL
6-48 h 96 h 20 E
10 pg/ul 6-12h 24h
20E 20 ng/uL
6-96 h
o 160
5140 ab 7 o DMSO
= E [ b 20 E (2.5 pg/uL)
m}mﬂ.s 120 . ? LI 22015(5 ugu/uL)
) %100 % % B 20 E (10 pg/ul)
KE 80 ? E'; 20 E (20 pg/ul)
&5 60 diide de de
ZL 40 ? N ef fg effh
= 20 # = ; i gh
5 ol | E | s Pl | i
6h 12h 24 h 48 h 96 h

FEEFE] Time after injection

5 WIEHELIET MsCHSB YT HRIEE
Fig. 5 Relative expression of MSCHSB mRNA at
different concentrations of 20E

25 BYBERIFDST MsCHSB IF&F+a/L
TREETK

MsCHSB 24 h
48 h 24h 48h
24 h
48 h 0 pg/ul
0 25 5 10 20 pg/uL
40 pg/pL
20 pg/pl 24h 48h
95.2%
96.4%
<45 a
folf s2ew
47 g olosghl
RE2T = 20 pg/uL
E?%g: B 40 pg/pL
2 ol SINEK

24h 48 h
HE5TEY ] Time after injection

Ele BHBRFST MsCHSB HRIAE
Fig. 6 Relative expression of MSCHSB mRNA at
different concentrations of validamycin

MsCHSB



5 B - 1033 -
24 h 2016 BACHSB Lietal.
48 h 2013
0 pg/uL 20 pg/pL
B
40 pg/ul
B BACHSB Lietal. 2013 BmMCHSB Zhuo
etal. 2013 CmCHSB
MsCHSB 2015 LdCHSB Shietal. 2016
SeCHSB Kimetal. 2017
MsCHSB
= 4.0
< 35¢
WEas| T H
0 =20} B I 20E Riddiford et al. 2003
BE st ~, =
;U 10t  —24h—48h } MsCHSS 20 E
0.5¢ 25 5 20pg/uL  20E
R I N N - 6 12 24 48 96h
7 BUEBRFSETHILTRESE
Fig. 7 Chitin content in midgut at different
concentrations of validamycin MsCHSB
1 Opg/ul 2 25pg/ul 3 Spg/ul 4 10 pg/uL 4 ) 20E
5 20 pg/ul 6 40 pg/pL. 48h 96 h
3 it v ;
6
BmCHSB
4 2h 1 ng/uL
MsCHSB cDNA MsCHSB 20E 3 12 24 48h
4617 bp 1538 MsCHSB lpug/u 20E6h  BmMCHSB
CHSB 4
2015 2017  Blast 5 20E JH
CHSB CHSB
CHSB 20E JH
cDNA Zhuo et al.
MsCHSB 2013 3
3 Ecdysone E
SeCHSB  Kumar etal. 2008 20 E
OfCHSB Qu et al. 2011 5 E JHA
TcCHX? Ono 2014
Arakane et al. 2004 CqCHS2 20 E JH MsCHSB



- 1034 - Chinese Journal of Applied Entomology 56
78% 2014 3
BmCHSB
2015 Zhuo et al. 2013 RNA
Tre-2 CHSB

Muller et al. 1995

20 pg/ulL 24 h 48 h
MsCHSB
95.2%  96.4% 39.8%
51.9% MsCHSB

CHSB
Tre
NICHSL 48 h
10 pg/uL

80% 8% Tangetal.

2017

2016 200 mg/L

47.3%
2016
NICHSA
MsCHSB
MsCHSB
RNA RNA
interference RNAI CHSB
LMCHS2

25% Chenetal. 2010
2 4
dsCHSB
Shietal. 2016
MsCHSB

S E#Ek (References)

Arakane Y, Hogenkamp DG, Zhu YC, Kramer KJ, Specht CA,
Beeman RW, Kanost MR, Muthukrishnan S, 2004. Characterization
of two chitin synthase genes of the red flour beetle, Tribolium
castaneum and alternate exon usage in one of the genes during
development. Insect Biochemisry and Molecular Biology, 34(3):
291-304.

Arakane Y, Muthukrishnan S, Kramer KJ, Specht CA, Tomoyasu Y,
Lorenzen MD, Kanost M, Beeman RW, 2005. The Tribolium
chitin synthase genes TcCHSL and TcCHS2 are specialized for
synthesis of epidermal cuticle and midgut peritrophic matrix.
Insect Molecular Biology, 14(5): 453—463.

Candy DJ, Kilby BA, 1962. Studies on chitin synthesis in the desert
locust. Journal of Exprimental Biology, 39(1): 129-140.

Chaudhari SS, Noh MY, Moussian B, Specht CA, Kramer KIJ,
Beeman RW, Arakane Y, Muthukrishnan S, 2015. Knickkopf and
retroactive proteins are required for formation of laminar serosal
procuticle during embryonic development of Tribolium castaneum.
Insect Biochemisry and Molecular Biology, 60(3): 1-6.

Chen J, Tang B, Chen HX, Yao Q, Huang XF, Chen J, Zhang DW,
Zhang WQ, 2010. Different functions of the insect soluble and
membrane-bound trehalase genes in chitin biosynthesis revealed
by RNA interference. PLOSONE, 5(4): ¢10133.

Doucet D, Retnakaran A, 2016. Targeting Cuticular Components for
Pest Management. Vol. 10. Berlin: Springer International Publishing.
369-407.

Gagou ME, Kapsetaki M, Turberg A, Kafetzopoulos D, 2002. Stage-
specific expression of the chitin synthase DmeChSA and DmeChSB
genes during the onset of Drosophila metamorphosis. Insect

Biochemisry and Molecular Biology, 32(2): 141-146.



B - 1035 -

Hogenkamp DG, Arakane Y, Zimoch L, Merzendorfer H, Kramer KJ,
Beeman RW, Kanost MR, Specht CA, Muthukrishnan S, 2005.
Chitin synthase genes in Manduca sexta: characterization of a
gut-specific transcript and differential tissue expression of
alternately spliced mRNAs during development. Insect Biochemisry
and Molecular Biology, 35(6): 529-540.

Jiang XF, Zhang L, Cheng YX, Luo LZ, 2014. Novel features,
occurrence trends and economic impact of the orientalarmyworm,
Mythimna separata (Walker) in China. Chinese Journal of
Applied Entomology, 51(6): 1444-1449. [ s s

s , 2014.
,51(6): 1444-1449.]

Jiang YP, 2016. The molecular mechanisms of jinggangmycin
stimulated the reproduction of Nilaparvata lugens (Stal) but
suppressed the reproduction of Sogatella furcifera (Horvath).
Doctoral dissertation. Yangzhou: Yangzhou University. [ s
2016. s

]

Jindra M, Palli SR, Riddiford LM, 2013. The juvenile hormone
signaling pathway in insect development. Annual Review of
Entomology, 58(1): 181-204.

Kim HS, Noh S, Park Y, 2017. Enhancement of Bacillus
thuringiensis CrylAc and CrylCa toxicity against Spodoptera
exigua (Hiibner) by suppression of a chitin synthase B gene in
midgut. Journal of Asia-Pacific Entomology, 20(1): 199-205.

Kong LF, 2010. Study on gene expression and function of chitinase
and chitin synthase in the silkworm, Bombyx mori. Doctoral
dissertation. Suzhou: Soochow University. [ , 2010.

N

Kumar NS, Tang B, Chen XF, Tian HG, Zhang WQ, 2008.
Molecular cloning, expression pattern and comparative analysis
of chitin synthase gene B in spodoptera exigua. Comparative
Biochemistry and Physiology Part B, 149(3): 447-453.

Li C, Yang WJ, Lin C, Xu KK, Wang JJ, 2013. Molecular cloning,
characterization and mRNA expression of a Chitin synthase 2
gene from the oriental fruit fly, Bactrocera dorsalis (Diptera:
Tephritidae). International Journal of Molecular Sciences, 14(8):
17055-17072.

Liu XJ, Cui M, Li DQ, 2014. Expression, funtion and regulation of
chitin synthase 2 Gene in Locusta migratoria. Scientia

Agricultur Sinica, 47(7): 1330-1340. [ N N N

2014. 2
,47(7): 1330-1340.]

LulJL, Lin C, Yang XL, Zheng XQ, Liang YR, 2008. Characteristics
prediction of insect chitin synthase. Journal of Zhejiang
University (Agric. & Life Sci.), 34(5): 491-501. [ s R

s s , 2008.
( ), 34(5):491-501.]

Merzendorfer H, 2006. Insect chitin synthases: A review. Journal of
Comparative Physiology B, 176(1): 1-5.

Muller J, Boller T, Wiemken A, 1995. Effects of validamycin A, a
potent trehalase inhibitor and phytohormones on trehalose
metabolism in roots and root nodules of soybean and cowpe.
Planta, 97(2): 362-368.

Ono H, 2014. Ecdysone differentially regulates metamorphic timing
relative to 20-hydroxyecdysone by antagonizing juvenile hormone
in Drosophila melanogaster. Developmental Biology, 391(1):
32-42.

Qu MB, Liu T, Yang J, Yang Q, 2011. The gene, expression pattern
and subcellular localization of chitin synthase B from the insect
Ostrinia furnacalis. Biochemical and Biophysical Research
Communications, 404(1): 302-307.

Riddiford LM, Hiruma K, Zhou X, Nelson CA, 2003. Insights into
the molecular basis of the hormonal control of molting and
metamorphosis from Manduca sexta and Drosophila melanogaster.
Insect Biochemistry and Molecular Biology, 33(12): 1327-1338.

Shentu XP, Zheng YG, Yu XP, 2005. Development and utilization of
Jinggangmycin and its decomposition products. Chinese Journal
of Antibiotics, 26(6): 275-278. [ s s s
2005.

,26(6): 275-278.]

Shi JF, Mu LL, Chen X, Guo WC, Li GQ, 2016. RNA interference
of chitin synthase genes inhibits chitin biosynthesis and affects
larval performance in Leptinotarsa decemlineata (Say). International
Journal of Biological Sciences, 12(11): 1319-1331.

Tang B, Yang MM, Shen QD, Xu YX, Wang HJ, Wang SG, 2017.
Suppressing the activity of trehalase with validamycin disrupts
the trehalose and chitin biosynthesis pathways in the rice brown
planthopper, Nilaparvata lugens. Pesticide Biochemistry and
Physiology, 137(4): 81-90.

Tellam RL, Vuocolo T, Johnson SE, Jarmey J, Pearson RDL, 2000.
Insect chitin synthase. European Journal of Biochemistry,

267(19): 6025-6042.



- 1036 -

Chinese Journal of Applied Entomology 56

Tian HG, Peng H, Yao Q, Chen HX, Xie Q, Tang B, Zhang WQ,
2009. Developmental control of a lepidopteranpest Spodoptera
exigua by ingestion of bacteria expressing dsRNA of a non-midgut
gene. PLOSONE, 4(7): €6225.

Truman JW, Riddiford LM, 1999. The origins of insect metamorphosis.
Nature, 401(6752): 447-452.

Truman JW, Riddiford LM, 2002. Insect developmental hormones
and their mechanism of action. Hormones Brain and Behavior, 2:
841-873.

Wang SQ, Yang QB, Li YB, Qin TL, Han XR, 2018. Study on the
effect of six pesticides on Mythimna separata. Modern Agricultural
Science and Technology, (9): 145-148. [ ) )

> s , 2018. 6

,(9): 145-148.]

Wu Y, 2016. Inverse effect of fungicides on reproduction of the
vector insect the small brown planthopper (SBPH), Laodelphax
striatellus (Fallen), and its mechanism. Doctoral dissertation.
Yangzhou: Yangzhou University. [ ,2016.

]

Xu LJ, Zhao W, Cao C, Wang J, Wang Q, Wang QG, 2015. Research
progress of Jinggangmycin. Chinese Agricultural Science
Bulletin, (22):191-198. [ s , , > s

, 2015. . , (22):
191-198.]
Yang J, Yu Q, Gao Y, Liu ZF, Shi GC, Zhang PJ, Fan RJ, 2017.

Molecular cloning, sequence analysis and expression of the

chitin synthase 2 gene in the oriental fruit moth Grapholitha
molesta (Busck). Chinese Journal of Applied Entomology, 54(3):
407-416. [ s s s s s s
,2017. 2
, 54(3): 407-416.]

Yu HZ, Huang KH, Wang WL, Liu MH, Yang X, Zhang Y, Xu JP,
2015. Identification and expression analysis of chitin synthase
and related enzymes in the chitin biosynthetic pathway genes of
Cnaphalocrocis medinalis. Chinese Journal of Applied Entomology,
52(5): 1181-1194. [ s s , s s

s , 2015.
,52(5): 1181-1194.]

Zhang X, Zhang J, Park Y, Zhu KY, 2012. Identification and
characterization of two chitin synthase genes in African malaria
mosquito, Anopheles gambiae. Insect Biochemistry and Molecular
Biology, 42(9): 674—682.

Zhao W1J, Zhang CL, Zhai SZ, 2016. Expression and analysis of chitin
synthase gene CqCHSL and CqCHS2 in Culex quinquefasciatus.
Genomics and Applied Biology, 35(9): 2317-2323. [ s

CqCHS1
, 3509):

s , 2016.
CqCHS2
2317-2323.]

Zhuo WW, Chu F, Kong LF, Tao H, Sima YH, Xu SQ, 2013. Chitin
synthase B: a midgut-specific gene induced by insect hormones
and involved in food intake in Bombyx mori larvae. Archives of

Insect Biochemistry and Physiology, 85(1): 36-47.



