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Population genetic structure of Helicoverpa armigera in Ningxia,
Inner Mongolia and neighboring areas
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Abstract  [Objectives] The cotton bollworm, Helicoverpa armigera, caused significant damage to many crops in Ningxia
and Inner Mongolia in 2017. To infer the origin of these pests in these two provinces, we studied the genetic structure of H.
armigera in these provinces and in Northern and Northeastern China. [Methods] We sequenced and analyzed the mitochondrial
DNA CO  gene fragments (652 bp) of 162 cotton bollworms from 7 populations in China. [Results] A total of 23 haplotypes
were found, of which two source haplotypes (H16 and H23) were the most frequent. The haplotype diversity of all 7 populations was
almost identical indicating that genetic differentiation between populations was low and non-significant. No significant correlation
between genetic and geographic distances among populations was found. A neutrality test indicates that some populations may
have experienced historical population expansion. [Conclusion] High gene flow, which may be due to migration, probably
occurs between cotton bollworm populations in Ningxia, Inner Mongolia and Northern and Northeastern China.
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Table 1 Sampling information of Helicoverpa armigera for each population
Population Number of Numner of Longoitude Latijude Collection
Code individuals haplotypes ®) ®) date

Yinchuan, Ningxia YC 9 5 106.2 38.2  2017.06.19

Bayan Nur, Inner Mongolia BY 28 9 107.4 40.7  2017.07.20

Zhoukou, Henan ZK 21 8 113.8 353  2017.07.15

Huludao, Liaoning HLD 25 7 120.3 40.5  2017.07.21

Langfang, Hebei LF 19 10 116.7 39.5  2017.08.15

Dezhou, Shandong DZ 20 7 116.0 36.5 2017.07.12

Yuanyang, Henan YY 16 8 113.9 35.1  2017.07.15

Laboratory populations

sampled in Yinchuan, Ningxia YCI 24 2 106.2 384  2017.07.10
LCO-1490 TAAACTTCAGGG- 2 mmol/L MgCl, TransGen Biotech
TGACCAAAAAATCA HCO-2198 GGTCA- 0.2 mmol/L. ANTPs TransGen Biotech 1 uL
ACAAATCATAAAGATATTGG DNA 0.4 umol/L PCR
CcO 94 3 min 94 30s 55 30
PCR 50 uL PCR s 72 30s 35 72 5 min

0.75 U EasyTaq DNA 1xEasyTaq PCR 3uL 1.0% g/mL
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Fig.1 Phylogenetic tree inferred by NJ method (A) and Median joining network (B) based on the haplotypes
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Each solid circle (B) indicates one haplotype. Frequency of haplotype is proportional to circle area. The hollow circle
indicates missing haplotypes. Each line between circles represents one mutational event.
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Table 2 Haplotype distribution of Helicoverpa
armigera in each population

Wolbachia

Haplot- YC BY ZK HLD LF DZYY YCI Individual 1

ype number H16 H23
H1 1 1

H2

H3 1 2 4 2 1 1 1
H4 2 1

H5 2 1

Hé6 2
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H8 1 1 1
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HI1 1
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HI15

H16 3 7 5 7 7 10
H17

HI18 1 1 1
HI19 1

H20 1
H21 1
H22 1

H23 3 10 6 11 2 4 5 18 59

[

HI16 H23
H3
H8

5 7
Fu and Li’s F*
Fuand Li’s D* Fu’sFs  Tajima’s D

—_— A O N = = = W= N W W

[ T S S S

(o)}
W
o

3 1tig

—_ e — W N




1 : DNA -29 -

®3 MCAMBEEREAIHEMSH

Table 3 The genetic diversity indices of Helicoverpa armigera

Population Number of individuals Number of haplotypes Haplotype diversity (H3) Nucleotide diversity (P;)
All studied populations 162 23 0.766 + 0.023 0.002 1
YC 9 5 0.833 +£0.098 0.002 7
BY 28 9 0.812 +0.052 0.002 5
7K 21 8 0.848 £0.047 0.002 7
HLD 25 7 0.740 £ 0.067 0.001 7
LF 19 10 0.860 +0.070 0.002 6
DZ 20 7 0.726 £ 0.092 0.001 8
YY 16 8 0.833 £ 0.070 0.001 8
YCI 24 2 0.391 £ 0.091 0.001 0

R4 MEHMEBERESL

Table 4 Genetic differentiation (Fsy value) among populations of Helicoverpa armigera

Population YC BY ZK YY HLD LF DZ
BY - 0.041

ZK - 0.054 - 0.016

YY 0.029 0.036 0.062
HLD - 0.003 - 0.004 0.000 0.076

LF 0.012 0.032 0.048 - 0.041 0.075

Dz 0.014 0.026 0.052 - 0.040 0.065 - 0.034

YCI 0.122* 0.026 0.057 0.199* 0.000 0.168%* 0.172*

* P<0.05 *indicates P <0.05.
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Table 5 The neutrality test indices of Helicoverpa armigera populations

Population Tajima’s D test Fu and Li's D* Fu and Li's F* Fu’s Fs test
All studied populations - 1.690 8 -2.186 6 -23919* - 17.777%**
YC -0.1425 0.044 7 0 - 1.113
BY -1.1503 -0.704 5 -0.9813 -3.138*
ZK -09517 -1.2443 -1.3447 -2.450
HLD -0.8326 0.486 5 0.118 8 - 2.581%*
LF -1.4588 -1.3921 -1.6323 - 5.747%%*
DZ -1.004 9 -0.8556 - 1.036 7 - 3.005%
YY -1.5053 -2.1962 -2.3055 - 4.910%*
YCI 0.776 3 0.622 7 0.762 1 1.060

*P<0.05 **P<0.01 ***P<0.001.
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