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The extent of hybridization between Helicoverpa armigera (Hubner)
and H. assulta (Guenée) and a molecular method for identifying these
species and their hybrids
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Abstract [Objectives] To establish a molecular technique that can reliably distinguish the cotton bollworm, the tobacco
budworm, and hybrids between these species, to determine the effect of different kinds of light on hybridization, and the extent
of hybridization in a mixed population under greenhouse conditions. [Methods] Hybridization rates under all potential kinds
of pairings between 3 day-old virgin cotton bollworm and tobacco budworm adults were recorded under a 0.5 1x black lamp, an
incandescent lamp, and complete darkness (control). Microsatellite loci that could reliably distinguish cotton bollworms,
tobacco budworms, and their hybrids, were identified and used to identify the resultant progeny. A mixed population of cotton
bollworm and tobacco budworm adults were released in a greenhouse and their offspring screened using the previously
identified microsatellite markers. [Results] Hybridization could result from all kinds of forced pairings. However, in mixed
populations, the proportion of hybrids was just 2.92%, and only one kind of pairing (male cotton bollworm x female tobacco
budworm) was observed. There was no significant difference in hybridization rates between the black lamp, incandescent lamp,

and dark, treatments. The sizes of the microsatellite loci HarSSR1 HarSSR9, and Har SSR10, differ between the two species.
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No hybrids were identified among 360 offspring screened during two years research on a mixed, greenhouse population.
[Conclusion] Hybridization between the cotton bollworm and tobacco budworm can occur when individuals are not free to
choose mates but low intensity light does not promote hybridization. Only one kind of pairing was observed in mixed
populations, suggesting that male cotton bollworms are competitively superior to male tobacco budworms in competition for
mates. The cotton bollworm, tobacco budworm, and hybrids between these species, could be reliably distinguished with
microsatellite markers, which provide a simple and accurate molecular identification method. Hybrids were not identified
during two years study of a mixed, greenhouse population, indicating that there is premating reproductive isolation between
the two species.
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Tablel Characteristicsof fifteen microsatellite loci in Helicoverpa armigera
Locus Sequence (5'-3") Annealing temperature (‘C) Size range (bp) Number of alleles
TAGGTGATTGTGGCTCAGTTTT
HarSSRL A AACCCATCAGCAAATGCAAC >8 228-288 20
AACACCCATTGAAGTCCCATGAA
HarSSR2 - 11 CTATGTTCACTGCTAGTT 32 156-171 6
ATCTTTATGCTTTTAGCCGTTTA
HarSSR3 - A GTGGACTGCTATAGGCTGA >9 129-147 6
TGTTACTTGGGTTTCCTGAATA
HarSSR4 - | CCACCGACACGTGCCGACTTC 60 166-196 1
GATAAGTTATTTCGGTTTAGTATT
HarSSR5 4 A GTACCTAATCCGTTTTTATTC >4 165-192 0
TGTTGTTGCAGAGCTGCC
HarSSR6 11 AGCAACACAACCGTACA 65 292-340 12
AAGCAATAATTACCAGAAACAG
HarSSR7 G T T TATTCGTGTATTCATTAAATAG 33 80-176 10
TTAGGTGATTGTGGCTCAGT
HarSSR8 A I TTTAGCACATGCAGCAAA 65 232-286 18
AGCTCCACAACTCTTAACTAC
HarSSR9 ;A AAGGATCACTGATATTAAC 62 189-261 21
CAGGACATGCAATGATGAG
HarSSRI0 111 GATACTGAGTCTGATGTG 62 223-382 28
TCCACACAGTTTGCATTATGA
HaCl4  GCCATAATCCTATTGATTC > 161 -
CACCACCTGACATAACGC
HaB60 AAGGAGCAGCAATTGCAAGC Sl 162 -
TCAAACACACATACTTGACTA
Hab47 1 CCAGCAGTGGAATGCGA Sl 140 -
GCTGTGTATGGTAGACTTGT
HaD25  GGATATAAATACTATACCTC >l 161 -
Hacg?  ACGCGAGCACCAACTGTAA 53 s B

GAGACCAATAGCAGTAGTTC
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Fig. 1 Theeffectsof black light and incandescent light on the hybridization of cotton bollworm and tobacco budworm

A& Tobacco budworm female x male; Q@x  &: Cotton bollworm

Qx  J: Cotton bollworm female x male; ~ @x
A& Tobacco budworm female x cotton bollworm male;

female x tobacco budworm male; — 9x
Mix population: Cotton bollworm female and male x tobacco budworm female and male.
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Table2 The microsatellite polymorphism of cotton
bollworm and tobacco budworm

Size range (bp)

Tobacco budworm
245,247,251, 263
200, 202, 204, 206, 208
248,299, 308, 350

Locus Cotton bollworm

HarSSR1 254, 257, 260, 266, 268, 272
HarSSR9 222,226, 228, 230, 240
HarSSR10 279, 311, 317, 340
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Fig. 3 Proportion of cotton bollworm among
offsprings during two years
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