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The effect of photoperiod and temperature on the diurnal
expression of the circadian clock gene cwo in larvae of
cotton bollworm, Helicoverpa armigera (Hubner)
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Abstract [Objectives] Circadian clock is easily traced in the growth, behavior, physiology and other aspects of organisms.
To explore the effect of photoperiod and temperature on the diurnal expression of the circadian clock gene cwo in cotton
bollworm, Helicoverpa armigera, larvae. [Methods] The full-length ORF (open reading frame) of cwo cDNA was obtained
through transcriptome sequencing. The spatial and temporal expression of cwo and its circadian rhythm of expression under
different photoperiod and temperature conditions were analyzed with real-time PCR. [Results] Sequence analysis showed
that the ORF of the cotton bollworm cwo cDNA sequence was 1 335 bp, encoding 444 amino acid residues, and had a

predicted protein molecular mass of 49.95 ku. Spatial and temporal expression analysis showed that the cwo gene was more
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highly expressed in the brain and ventral nerve cord than in other tissues. Transcription of this gene peaked during the hatching
stage, the molting period, larval-pupal metamorphosis and 1 d before eclosion. Analysis of the expression of this gene in the
head of cotton bollworm larvae indicated that under normal photoperiod conditions the expression of cwo had an obvious
circadian rhythm and peaked during the scotophase. Under a short scotophase, or photophase, the timing of cwo expression
was advanced, whereas long scotophase or photophase significantly decreased the circadian oscillation of cwo expression. CWo
expression was significantly up-regulated in the short term at 38 , and its thythm was disturbed, whereas at 18  expression
was significantly down-regulated during the scotophase and its rhythm was unchanged. [Conclusion] The circadian
expression of the circadian clock gene cwo in larvae of the cotton bollworm is influenced by photoperiod and temperature.
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Har-cwoCEXU F2
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CAGAGTGGCCGCGAAGCTCTTAGAGTGACGACGTTTGCAACACGCTCCATACATGCAGTTAAATACGATAACAACAATTTATAT 84
TTACTGTGATCGTTTATCGAAAATGGATTGCGGCGAACTAACTTAGTGCTACTGTGATTAGTGCTGAACGAATATACCCGTGAC 168
GGGAATAAAATGTAAACAGACAACTTGTATTTGATAAATCATCTGCAATTTGTGAAACACAGTGGTTTGTTGTTTTTGTTGTGG 252
TCCCAAATGAATATGGAAACAAGGCATTACTGGGAGGAGAACGGACACTCCGTCAAGTATGACAACTACAATTCCAACGACGGC 336

METRUHYWETENTGUHSVEKTYDNTYNSNDG 24
TTCAGCCGCGTGGCGGGCGAGCAGCTCAACTTCGCAGCGCCCTCGGAGGACGAAGCGGAGTACCCGCCCGGCGCTTATCTGAAG 420
F SRVAGEG QILNTFAAPSETDEA AETYTPPGATYTLK 52
AAGGGGAAGCAAGACCCGATGTCGCACCGAATAATAGAGAAGCGTCGTCGCGACCGCATGAACAACTGCCTGGCCGATCTCTCG 504
K GKQDPMSHRIIEEKRRRDRMNNCTILAUDTILS 80
CGGCTCATACCGCCTGAGTACCTCAAGAAAGGCCGCGGCAGGGTCGAAAAGACCGAAATCATCGAGATGGCAATACGCCACCTC 588
RLIPPETVYILEKEKGRGRVEZ KTETITIEMATIRIETL 108
AAGTACCTTCAGGAACGCGCGAACGCTGCCGAGCGCGGTGCGGGAGAGGAACACTTCAGAGCCGGCTACCAAGACGCAGTCGCC 672
K YLQERANAAERGA AGETEHTFRAGY QDA AVA. 136
GAAGTGATGCGATTCCTCGTCGAAGTTCATGGCTACGGGCCCGGAGATGGTCTGTGTGTGCAATTGGCAGCTCATATGCAGAGG 756
EVMRFELVEVHGYGPGDGLCV OQODLAAHMGOTR_ 164
CATTGCGAAGCTATTGCTAAAGGTGAACCCGTTCCTCGGGAAAAAGCACGATCGCATCCCGGTTCATCTTCAGAAACAGCGAGT 840
HCEATIAEKGETPVPREZ KARSIHPGSSSETAS 192
TCGTCGGGCAGTTCGCATGGCTACGCCATGAAACCTGGCGTCATTGCTCAGGCTCCACCGCCCGCGCCACCACCATTCGCCCCA 924
S SGSSHGYAMEKTPGVTIAQAPTPPATPTPPTFA AP 220
GATACGTATGAGGAGCGACCGCAAGAACACCCCTATTCTATGGAATGCGATAGAGTAGCTCAAACACCTATAGCAGGGGAGGGC 1008
DT YEETRZPOQEUHTPYS SMETCDRVAQTTPTIAGTEG 248
GAAGGACTGCCTGAATCGGAGCCCCTGCCCCTGGACGGGCGACGTAAGAGAGAGCCCACTCTACGCACCGTGAGGAAGCCCGAA 1092
EGLPETGSETPLTPILDG GRREKRETPTTLRTTVR RIEKTEPE 276
CATACAGAAGATTACCTTCATTCATACAAGTTCAAGAACTCCATAGAAAGGCGATTTTCTAGATCACAAGATACTGAGGCGGCC 1176
HTEDTYTLUHSTYZ XKTFIEKNSTIEZRPRTFS SRSOQDTTEA AA 304
GACATGCTGGCCCGCACGGCGCACGCGCACGGCAAGGTGTACTCGCACAAGCGCCGCCGCGCCGCCAAGCCCGCGCCCTCCACA 1260
DMLARTAHEAHEGIE KVYVYSHEKRRRAAKTPATPS ST 332
TCCACCTCCAACTCCGGATCCACTGAAGACGCACGAGACACCTCGCCACAGGACACGTCCAGCGAATCGCCTCATCATCATCAT 1344
S TSNSGSTEUDARDTS SUPOQDTS S SETST?PHHHEH 360
TACGACAAGCCGCCTCCACCCGCCCAATATGTTCCTGTTTTCGCGTTGAATGCTCTTGGAAAATATTACGTGCCGCTAAGTGTT 1428
YDKPPPPAQYVP PV FALNALGTE RTYT YV VZPTLS STV 388
GACTACGCGTGTCTTCAGAGGCATCTCGGCCCCTACGATGTACTGGACGCAAGAGCAGTGCATCTAGCCGCGCCATTACATCCC 1512
DYACLQRHELGEPYDVILDARAVEHLAATPTLTHTP 416
GTCACCATCCACGTTAACTTTCAACCCTGTCTCAACTATCACGTCAAGAGGGAACCCAACGACCGAGACCAGTGGCGGGCTGTA 1596
VTIHVNTFQPCLNTYHVEKRETPNIDT RDTU QTWR RALUW 444

TAGACCAAAAGACACGTATCCAGTGCCAACAAGTCTATGATACGACCGCCATCTTGCTAAAATTATGGCGCCAACATTTAAAAA 1680
*

AGGCAGCTAATATTTCAAAATATATTTTGGAGGCAAATTAAATTACCATATTAGAAAATGAAAGAAAGATGCCATAAAAAATAA 1764
AAAGCCTTCTGAGCAAAGTATTTTCATAAAAAGAAAACTATATTTTTGTAATCAAAACAGCTGGATATTTTTGAGATTACATAA 1848
TTTGTATACTTACCTATAATCAAAGACTTACCTAAAAAAAATTTGAGACTAAATGTCCGAAGCAGGAAAAGCATAAAATTAGGT 1932
GTCTACTTACTAAGAAAAACAAAGCGGCGAAGTTTGAAAGTTATCGAAGGTGTTGGAAAGTTTTATCATATCAATTAGGAACAT 2016
ATTAGTTCAGCTGATAAAATATTTTTGAACCTAAAACTGGCATAATCTTCAGCTGTTCTAGTCAACTGTAAGTCGAATCCAAGT 2100
GCAATGTGGAACGTTGCATATGTAAATACTTACAAGAATACCATATAGAAGGCAGTGTTTGTTTAAAAATAAATAATTTATTCT 2184
GTGGGCATAAAATGAAAAGGACATTATTAATCTTAAGTTTTTAGCTATGAACACGCTATGCCCATAGTTTCGGCGGCGGCGTAC 2268
TGTGAACGTTTATTTGAAAGACAACATGGTGTGGACAATGTTTTCAGTGTTCTTAGTTACGGCTGTGATATAAGAGTAGTCAAT 2352
ATGTAGCTGACCGCTGCGGTGCTTTATTAACAGTACAGGAGGATGGTTCCACATTTGATACTTGCTATATTAGTACAACAGTAC 2436
AATATAAAATTAGAATAAAAAGTCAATCAGTGTCAGCAAGTTGGAAAATCATTCTGGCTTATCTTTTGTAAATAATTATTTTITA 2520
ATATTGTGCTGATATAGTATCAACTGCAGAAGCAGCCTCAGACTAACTGATGATAAATCCCCTCAGAAATCAGACGTTACTAAT 2604
AATTTGAAACACTATAAGCTGATTCAAGGCCAAACAAAACTATTTTTAAGACATTACCTTTCCCACCAAAATTCCACAGCCTTA 2688
ATATGCAGTTTAGCATACAGGAAGTTGCTGCTGAATATTGTTTCAAATGTTTTTTTATTATTTTTGATGTGTTTGGAGGTAGCG 2772
GTGGAAAGAATTTAAGGTGTGGTGTCCTCTCTTGGACAAGATAAAGACTGAGGTTTTTATTTAGTGGTAGAGTTATGATTGTTT 2856
TAGCATTGGATTCTCACCCCCATATTATATACAGCAGGTTAGAGTTCAATGTGCAAAAAGTGTCAAATTTTACGTAACGTTAGT 2940
TCTAGATACCATTAAAATAGTCTGTTACTATAAATACTTTATATTTTGTAAATAAGAAATAAATGTTAAATATTTTATGGAAA 3023
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Fig.1 The cDNA and deduced amino acid sequences of cwo from Helicoverpa armigera
HLH
ORANGE

The double underlined nucleotide sequences are initiation codon and termination codon, respectively.
The underlined amino acid sequence indicates the predicted HLH (helix loop helix domain) domain sequence,
the dashed line indicates the predicted ORANGE domain sequence.
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Fig. 2 Multiple sequence alignments of Helicoverpa armigera CWO domain with other species
100% 75%~90% 50%~75% 50% HLH HLH helix loop
helix ORANGE ORANGE The black shading indicates 100% identity, gray for 75%-90%,
light gray for 50% -75%, white for less than 50%, HLH indicates the predicted HLH (helix loop helix domain) domain and
ORANGE indicates the predicted orange domain sequence. Ham H. armigera KX236197 Pap Pyrrhocoris
apterus AGI17571.1 Csm Ceratosolen solmsi marchali AHW98218.1 Aaq Anopheles aquasalis
JAA99678.1 Lde Leptinotarsa decemlineata AKG92774.1 Drm Drosophila melanogaster CWO-A
AAF54527.2 CWO-B AFH06342.1 CWO-C AFH06343.1 Drm CYCLE D. melanogaster NP_524168.2.
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Fig. 3 Therelative expression level of cwo in different tissues of Helicoverpa armigera larvae
+ Tukey’s HSD
P<0.05

The data in the figure are mean +SE, histograms with different letters
indicate significant difference at 0.05 level by Tukey’s HSD multiple-range test.
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Fig. 4 Therelative expression level of cwo in different developmental stages of Helicoverpa armigera
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EGG1, EGG2, EGG3: The first, second, third day of egg stage; L1-1, L1-2, L2-1, L2-2, L3-1, L3-2, L4-1, L4-2: The first,
second day of the first, second, third, 4th instar larvae; L1-M, L2-M, L3-M, L4-M: The molting stage of the first, second,
third, 4th instar larvae; L5-1, L5-2, L5-3, L5-4, L5-5: The first, second, third, 4th, 5th day of the 5th instar larvae; PO: New
pupa; P1, P2, P3, P4, P5, P6, P7, P8, P10: The first, second, third, 4th, 5th, 6th, 7th, 8th, 10th day of the pupal stage;
Al: The first day of adult stage. The data in the figure are mean +SE.
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Fig.5 Therhythmic expression of cwo in the heads of 5th instar larvae of
Helicoverpa armigera under different photoperiod
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L:D=14:10 L:D=24:0 34h D L:D=
14:10 L:D=24:0 106 h E +

ZTO0 is designed as lights-on, the white box on the horizontal line indicates photophase and the
black is scotophase, the dash curve represents periodicity trend of expression. Cotton bollworm larvae in the experiments
are all from 5L-1 d to 5L-2 d, heads are collected at regular intervals of 3 h for 48 h. A: The rhythmic expression of
cwo on normal photoperiod (L : D=14 : 10); B, C: The rhythmic expression of cwo on continuous scotophase (L : D=0 : 24),
start with sampling 24 h after the normal photoperiod changed into continuous scotophase (B), start with sampling about 96 h
after the normal photoperiod changed into continuous scotophase (C); D, E: The rhythmic expression of Cwo on continuous
photophase (L : D=0 : 24), start with sampling 34 h after the normal photoperiod changed into continuous photophase (D),
start with sampling about 106 h after the normal photoperiod changed into continuous photophase (E).
The data in the figure are mean+SE.
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Fig. 6 Therhythmic expression of cwo in the heads of 5th instar larvae of
Helicoverpa armigera under distinct temperature
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* P<0.05 ** P<0.01 *%** P<0.001
In the figure, ZTO is designed as lights-on, the white box on the horizontal line indicates
photophase and the black is scotophase. Cotton bollworm larvae in the experiments are all from 5L-1 d to 5L-2 d,
both start with sampling after 10 h temperature treatment (38  and 18 ), heads are collected at regular
intervals of 3 h for 48 h. The data in the figure are mean+SE, the asterisks indicate significant
difference between the abnormal temperature (black=38 , grey=18 ) and normal (26 ) at

different time points determined by the Student’s t-test, respectively (* P<0.05 ** P<0.01 *** P<(0.001).
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