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Abstract [Objectives] To investigate the genetic diversity of Calliptamus barbarus in the border area between China and
Kazakhstan, and reveal the molecular mechanism underlying serious regional outbreaks of this pest. [Methods] Specimens
of C. barbarus were collected from 5 different geographic populations (ALT, TC, BL, YL and Kazakhstan) on the border
between China and Kazakhstan. A total of 100 full-length sequences of the mitochondrial cytochrome oxidase subunit I (CO [ )
gene (1 540 bp) were obtained, sequenced, and compared, using DnaSP 5.0 and Arlequin 3.5 software. [Results] About 122
mutations were found, including 69 haplotypes, one of which was shared by all 4 populations. The genetic distance between

populations ranged from 0.001 to 0.086 and the total haplotype diversity index (Hq) was 0.987. The diversity of haplotypes
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among different geographic populations ranged from 0.973 to 0.995. The total nucleotide diversity (P;), total genetic
differentiation coefficient (Gy), total fixed coefficient (Fy), and total gene flow (N,,) were 0.008 4, 0.004 5, 0.014 2 and 4.61,
respectively. Neutrality test results Tajima’s D=-1.5533 P >0.05 Fu’s Fs=-3.7324 P>0.05 indicated that C. barbarus
populations on the border between China and Kazakhstan have not recently expanded. The information obtained from the
haplotype network and a neighbour-joining phylogenetic tree were consistent, and the differentiation of the BL population
from other populations was obvious. The genetic difference between populations (1.44%) is much less than the genetic
variation within populations, indicating that geographic distance has no obvious effect on the genetic distance between
different populations. No obvious geographic structure is apparent in a phylogenetic tree and a haplotype network based on
haplotypes of the different geographic populations. [Conclusion] There is frequent gene exchange between different
geographic populations of C. barbarus in the border area between China and Kazakhstan and genetic differentiation of this
species in this region is consequently low.
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Table 1 Specimen information of different geographic population of
Calliptamus barbarus in Sino-Kazakh border areas
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Fig. 1  Distribution map of different geographic population of Calliptamus barbarus

m
Population code Sampling site Number Longitude  Latitude Altitude
TC Tacheng, Xinjiang, China 20 83°60’ 46°35' 470
ALT Altai, Xinjiang, China 20 86°31’ 48°10' 680
YL Yili, Xinjiang, China 20 81°33' 44°00’ 1020
BL Bole, Xinjiang, China 20 81°58’ 45°60' 1010
KZ Altyn-Emel Altyn-Emel, Kazakhstan 20 80°20’ 43°47 500
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Ezup DNA NCBI
DNA Calliptamus italicus CcO
DNA 1.0% CO
1 540 bp CcO

NanoDropND-2000

5'-CTAGAATTGCAGTCTAGA-



- 266 -

Chinese Journal of Applied Entomology 56

ATCAT-3" 5'-AGTGGTGAAGCTCCATCTTGTA-
ATG-3'
PCR Taq PCR Master Mix
25 uL 12.5 pL Taq PCR Master

Mix 7.5 uL ddH,O DNA 3.0 uL
1 uL
PCR 94 3 min
94 30s 60 30s 72 80's
30 5 min PCR
3uL  1.0% 60 V 30 min
Gel Doc XR+
BIO-RAD PCR
14 HELESHH
141 EEZEMESHR 5
CO
Chromas DNAStar
DNAMAN
NCBI
BLAST MEGA6.0 Tamura
etal. 2013

DnaSP 5.0 Rozasetal. 2003 Librado and
Rozas 2009

142 EELEHMERFELESHN
Arlequin 3.5 Schneider et al. 2000

Tajima 1989
TFPGA
1 000
Popart 1.7 Leigh and Bryant
2015 MEGAG6.0
Neighbour-joining NJ Kimura-2-Parameter

Bootstrap 1 000

2 ZREHSH

2.1 WEHAMMFIESR
co 1 664 bp

Co 1 540 bp
Co 100
1418

122 7.92%

63 51.64%
1526 A G
755 C T 771
12

92.08%

CO
A+T 65.80%
C+G 34.20%

22 EESHEMMBERSH

5 CO
69 H1-H69
H4 8
4 TC YL BL KZ
H6 H9 HI13 HI17 5 3
H7 H34 H44
2 61
Kimura-2-Parameter
0.001-0.086
=0.012

DnaSP5.0 5
2

Haplotype diversity Hqg
0.987
0.008 4 Average number of
nucleotide differences K =12.939
15-18 TC KZ

Nucleotide diversity P;



YL KZ indicate Calliptamus barbarus collected from Tacheng, Altai, Bole, Yili, Kazakhstan, respectively.
HdI
nucleotide difference.

Haplotype diversity; P;: Nucleotide diversity; K:
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Fig. 2 Haplotype network based on mitochondrial CO  gene among different geographic populations of
Calliptamus barbarus in Sino-Kazakh border areas
Circle areas are proportional to haplotype frequencies, while colored portions represent
the proportions of the same haplotype that occurs in each sampling region.
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Table 2  Distribution of CO haplotypes, genetic diversity and neutral test among different
geographic populations of Calliptamus barbarus in Sino-Kazakh border areas
H P K Neutrality test and significance test
Population ¢ ' Tajima's D Tajima’s D value  Fu's Fs Fu's Fsvalue
TC 0.973 0.006 9 10.568 -1.2338 P=0.090 0 -11.9304 P=0.000 0
ALT 0.990 0.007 3 11.190 -1.176 7 P=0.116 0 -11.4552 P=0.000 0
BL 0.995 0.012 3 18.990 -04977 P=0.769 0 -7.6869 P=0.005 0
YL 0.979 0.007 6 11.690 -0.105 1 P=0.5950 -9.9367 P=0.001 0
KZ 0.984 0.007 5 11.516 - 1.468 4 P=0.490 0 -11.2212 P=0.000 0
Total 0.987 0.008 4 12.939 -0.6552 P=0.323 8 - 10.446 1 P=0.001 2
TC ALT BL YL KZ TC ALT BL

Average number of
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Fig. 3 Neighbour-joining phylogenetic tree of CO gene haplotypes among different geographic populations of
Calliptamus barbarus in Sino-Kazakh border areas (Calliptamusitalicus and Calliptamus abbreviatus as the outgroup)
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Table 4 Pairwise G, (above the diagonal) and F (below the diagonal) values of CO gene among different
geographic populations of Calliptamus barbarus in Sino-Kazakh border areas

TC ALT BL YL KZ
TC 0.005 5 0.003 0 -0.004 7 -0.004 8
ALT -0.0134 0.0133 0.009 5 0.009 4
BL 0.0519 0.057 8 0.004 4 0.003 1
YL - 0.0307 -0.0110 0.017 6 0.001 7
KZ - 0.006 1 -0.0209 0.0509 -0.007 4

TC ALT BL YL KZ

TC, ALT, BL, YL, KZ indicate Calliptamus barbarus collected from Tacheng, Altai, Bole, Yili, Kazakhstan, respectively. The
same as follows.

x5 TMBEEREDEMNEEE CO BERARERTHNERKK, (L=/A) SHRERERXED,, (T=/)
Table S Pairwise average number of nucleotide difference K,, (above the diagonal) and nucleotide divergence D,
(below the diagonal) of CO gene among different populations of Calliptamus barbarus in Sino-Kazakh border areas

TC ALT BL YL KZ
TC 10.7350 15.587 5 10.797 5 10.9750
ALT 0.007 0 16.0150 11.3150 11.1200
BL 0.010 1 0.010 4 15.6150 16.070 0
YL 0.007 0 0.007 4 0.010 1 11.517 5
KZ 0.007 1 0.007 2 0.010 4 0.007 5

®6 HMBETRMEMBEERENE CO EEEESTFER
Table 6 AMOVA analysis of CO gene among different geographic populations of
Calliptamus barbarus in Sino-Kazakh border areas

Source of variation df Sum of squares  Variation components Percentage of variation
Among populations 4 34.020 0.095 96Va 1.44
Within a population 95 625.650 6.585 79Vb 98.56
Total variance 99 659.670 6.681 75

Va Vb Number of variance components.
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