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Cloning and expression analysis of the polycalin gene in the cotton
bollworm Helicoverpa armigera
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Abstract [Objetives] To further define the role of Polycalin in the CrylAc resistance mechanism of Helicoverpa armigera
in and thereby develop a feasible resistance management strategy for this pest. [Methods] The full-lengthsequence of the
polycalin coding gene was obtained using RT-PCR (reverse transcription-polymerase chain reaction) and RACE (rapid
amplification of cDNA ends) technology. The expression levels of polycalin in different development stages and different
tissues of the larval digestive tract were analyzed using real-time quantitative PCR. Changes in the expression of polycalin in
the larval midgut in 4th instar larvae fed on an artificial diet containing the Bt insecticide protein Cryl Ac were also compared.
[Results] The results indicate that the full-length of the polycalin from H. armigera coding gene was 2 955 bp (GenBank
accession number KP100652), the open reading frame was 2 781 bp in length, encoding 926 amino acid residues. The
predicted molecular weight was 101.68 ku and the isoelectric point was 4.95. The putative protein sequence contained a
N-terminal signal peptide of 20 amino acids, three N-linked and eight O-linked glycosylation sites, and a GPI anchor signal
peptide with 2 amino acids at the C-terminus. Polycalin was expressed in all growth stages of H. armigera, and expression in
larvae was higher than that in other stages, especially in 1st-3rd instar larvae. The lowest expression levels occurred in eggs, adults
and pupae. The expression of the polycalin gene was dramatically suppressed after larvae were fed on food containing the CrylAc

toxin. [Conclusion] These results provide a basis for further clarifying the function of polycalin with respect to the Bt toxin.
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Table 1 Listing of primers used in RACE, RT-PCR
and qRT-PCR reactions
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Primer seqences

Primer name

3'-RACE-1 GCGTAGCCAGAGTCATAAGCACAGAT

S RACE.L AGTGAGGTGTCGCAGGTGAAGGGT
AA

5'-RACE-2 TTTGCTTCATTGACCACTTGGCTGTT

F CGGGCCATAACGCTACAAG

R AAACCGGCTCAGTCACTC

PolycalinF  AGTGGAATCCCGTCCTTCAA
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ACATGGGGGTGTTGCGACGGGCCATAACGCTACAAG 36
ATGGCGAAATTAATAGTATTAGTGTTTAATCTATTCTGTATATTTAGTGCAAGTGTGGCAGTAATACAAACGGGACAATGTGATCAGAGTATTGCAGTTGTAACAAACTTCAATCTTGAT 156
MAXLTIVLVFNLTFCIFSASVA VIQTOGQCDAQSTIAVVTNTFENTLD 40

GCCTTTGGTGGAGATCCATGGTACGACATAGAATCCTACGCCAATACTCACCAAAGTGGTACTTGCAACACGGCTAGATACACTATAK%%GCAGACAGATCTATTACAGTACAAAATTCT 276
A F GGDPWYDTIESYANTHQSGT CNTARYTTINADRSTITUVAQNS 8

CAAGTTGTTAACCAAGCTCTGGCTGTGGCAAATGGAGAAGCAACTATTGCCACAGAATCCATCGGTAAACTCCAAGT GAGGATCGGCGGTTCAACTGTTCCGATAGATTATTGGGTCCTG 396
Q VVNQALAVANGEATTIATES STIGE XLAQVRTIGGSTVPTIDYWVL 12
AGCACTGATTATACTGGATACGCGTTGATTTATTCTTGCCGCAATGTCGATGCAAACACAAGAGAAGTTTTCAGTTGGAAGCTGAGCAGAACTCAGTCAGGTTTCACACCGGCAGCTACA 516
S TDYTGYALTIYSCRNVDANTREVFSUWKLSRTAQSGTFTT?PAAT 160

CAGACTATGACCGGTATTATTAATAGTATCGCTGCACTGAGTCAAAATGACTACATCACAAGAGACCACAGCGCCAACGGATGTTTCTACTACCCAGCAAATGATéngCTGCAACTTAT 636
Q TMTGITINSTIAALSAQNDYTITRDHSANGCTFYYPANDPSATY 20
ATCGATCTGCCTGGCACCTGCGAAACTATTCCAGGACTTACAAACTTCAATACGGAGGCTTATCTTGGAACATGGTACGAGATCGCCAGATACCCGCAACCAAACCAGCAAGGCCAGTGT 756
I pLPGTCETTIPGLTNTFNTEAYLGTWYETIARYPAQ QPN QR QGA QC 240
AACAGGGCTACGTATGGCGATGCTGGGAACGGAATTGTCTCCGTCCTAAACGAACAAGTACTCTCTGAGTCTTTGGCTTCAATATCTGGCTCAGCGACCTCGGACAATACCGGAAGAATA 876
N RATYGDAGNGTIVSVLNEA VLS SES STLASTISGSATSTDNTGRTI 28
ACAGTTACTTTTAACATCGGTGGACAGCCACAAAGCCAGGACCTATTCGTACTCGCAACGGACTATCTCAACTATGCTCTTGTATACTCCTGTACCAATCTTGACAATGGATGGAGAAGA 996
T VTFNTIGGQPQSQDLFVLATDYTLNYALVYSCTNLUDNGWRR 32
GTTGCAAGCTGGAAACTGAGTAGAACGAAAGCACTAAGCGCGAATGCCTTAGAAATCATGGATCTTGTAATTGCTAATACCCAAGCACTCCACCCACAGTATTACCGGGATACACAACAG 1116
vV ASWKLSRTI KALSANALETIMDTLVIANTU QALUHPQQYYRDTAQQ 360
ACTGATAACGCTTGCTTCTATTATCCTGTACTTGATGGTACCGAAACCACTATCGATTTGCCTGGAACTTGCGCGTCAGCAGCGATAGTTGGCATGCCCAACTTTAACATAAATTCCTAT 1236
T DNACFYYPVLDGTETTTIDLPGTT CASAATIVGMPNFNTINSY 400

ACTGGCGTATGGTACGAAATCGAAAGATACCCGCAACCAACTCAGCAAGGGCAGTGCAACCGTGCTATATACACAGAAAATGAAGGCGTCATAACAGTTATGAACAGCCAAGTGGTCAAT 1356
T 6vVWwWYETIERYPQPTQQGQCNRAIYTENESGVITVMNSTZGQVV N 440
GAAGCAAATGCTAGTATTTCAGGCGTAGCCAGAGTCATAAGCACAGATAATTCCGGAGTATTGCAAGTTACCTTCACTATTGGCGGCCAGCCAACAAACCAGGACCTATACGTACTCTCA 1476
E ANASTITSGV ARV ISTDNSGVLAQVTEFTTI®GG QPTNA QDTLTYVLS 48
ACGGATTATATCAGCTACTCTATTGTGTACGCCTGTACTGATCTAAATAATGGATGGAGAAGAGTTGGCAGT TGGAAACTTAGTAGAAGTCAGACTGGCCTGACCACTAACGACATTAGC 1596
T DYy IsSyYySsSTIVYACTDLNNGWRRYVYGSWEKLSRSAQTGLTTNDTIS 520
GCCATCAACAACGTCATCGCTACCACCCAGGGTCTTAACCAAAATTACTTCCGATCCACAAGTCAGACCAACCAAGCTTGCTTCTACTATCCTGTGTTCCCAACACTCCCAGACACTATC 1716
AAIT NNVIATTQGLN QNYTFRSTSQTNQACFYYPVFPTLPDTTI 50

GACCTGCCTGGACCTTGCGAAACTACAACCGTCTCTCCTATGCCCAACTTTAATATAAATAACTACCAAGGATTGTGGTACGAAGTTGCTAGATACCCGCAACCAACACAGCAGGGACAA 1836
b LPGPCETTTVSPMPNEFNTINNY® QGLWYEVARYPR QPTG QAQG Q 600

TGTAACCGCGCAACGTACGGTégéﬁg%Ké%GTTKE%AACAGGCAAGTGCTGAATCAGGGTCTGCTATCGATAGATGGTACAATTGCTCTTCCGGATAGCAGCGGAAGATTGCAAGTTACA 1956
C NRATYGANTVTNRA VLN GLTLS STIDGTTIALTPTDSSGRTLAQV T 640
TTCAACATTGGTGGCACGCCCCAAACTACCGAACTATTAGTACTGTCAACGGACTACGAGAACTATTCTATTGTATACACTTGTCAAAATATAGATGGAGGAAAGAGACGAGTTGGCAGT 2076
F NI GGTPQTTETLTVLVLSTDYENYSTIVYTT CAQNTIDGSGTZ KT RRYVG S 680

||
TGGAAGCTGAGTAGAACCCCAACACTGACTCCGCAAGCCATTTCCAACATAAACAATGTCATCGATACCACTCAAGGTCTAAAAGAAGAGTATTACCAATCCACAAGTCAGAGTAACGAG 2196
¥ K LSRTPTLTPQAISNTINNYVYVYIDTTAQGLZEKETEYYQSTSAQSNE 72
GCATGCTTCTACTACCCTACCGGACCTACTGAGAATGAAATCAGATTACCCTTCACCTGCGACACCGCACTTCGTGGAATCTCGTCCTTTAACCTAACTGCATTCGCACGCACCTGGTAC 2316
A CFYYPTGPTENETIRLPFTCDTALTR RSGISSTF ﬁi LTAFARTWY 760

CACATTCAAAGATACGACCCAGTTCAGGGCATAACCTGCAGTGGTACTAGATTTACAGTGAATTCTGGTAATACGCTAAATGTCGTTGACTTCGAAGTTGTTGGCGAAGAATTGGTAACC 2436
H I QRYDPVQGITCSGTRETVNSSGNTLNVVDFEUVV GETETLVT 80
GTTGAAGGTACCGCCCGAATTAACTCTACTGATGGCAGCGGACAGTTATTGTTGACTACTACAAATGGTGACGAAACTTCTGAGATTGTCCTCTACATATTGGCTACTGACTACACTGGA 2556
V ETARINSTDGS GQLTLTLTTTNGDETS SETIVLYTITLATTDYT G 840

TACGCTGTGGCATTATCATGCG,AAATGTTGATGACGACTGGAGACGAGTTCGTGCATGGCAGTTGAGTAGTGGCAGGACACTGCCAGCCGCTGCGGTCCCTGTCATCACCACGTTGATA 2676
Y AVALSCENVYVYDDDWRRVRAWQLSSGRTTLPAAAVPVITTTLTI 80
AACAACCAACTGGAGCTGCATTCTCCTTACTTCAACGCCGTGACGCAAAACGAAGATTGTCAGGAACCCAGCTCAGCTATGCTCTTCAAGAGCAGTATTATTGTGATATTTGTATGTACT 2796
N NQLELHSPYFNAVTQNEDCQEU®PSSAMLZ FEKSS L1V L1IFVCT 90

AA
GTATTGCACGCCCTATGGTAATTCAAACCATTAGGATTAAGTTTGAGTGACTGAGCCGGTTTTGAACTCTTTCACTTGCTTTAATTTCGTGTCAAATATGTAATTTTTATATAAATAAAT 2916
Vv L HALVW=* 926
TATTTGTATTTAATGAAATACAATTATATTTTAAGTTCGAAAAAAAAAAAAAAAAAAAAAAAAAA 2981
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Fig. 1 Nucleotide and amino acid sequences of Polycalin gene of Helicoverpa armigera
O- N-
GPI

Start and terminal codons are shown as bold. Potential O-glycosylation sites are marked by hollow triangles. N-glycosylation
sites are marked by hollow box. The GPI anchor point is showed as a solid triangles. The C-terminal signal peptide sequences
is double underlined. The consensus cequence are marked in shadow
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Fig. 2 Neighbor-joining phylogenetic trees among Polycalin from different species
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