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Analysis of genetic variation among geographic populations of
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Abstract [Objectives] To analyze the genetic variation among different geographic populations of Calliptamus italicus in
desert and semi-desert steppe in Xinjiang, and to reveal the molecular and biological mechanisms underlying recent persistent
and serious outbreaks of this pest. [Methods] Specimens of C. italicus were collected from 10 different geographic
populations to obtain a total of 100 full-length sequences of the mitochondrial cytochrome b (Cytb) gene (1 140 bp). We then
used DnaSP 5.0 and Arlequin 3.5 software to clarify the genetic structure, differentiation, and molecular variances, within and
among populations. A Maximum Likelihood phylogenetic tree and a diagram of the haplotype network of Cytb were

constructed. [Results] We detected 54 haplotypes among the 100 full-length sequences. The total haplotype diversity index
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(Hq) was 0.890 and haplotype diversity among the different geographical populations ranged from 0.818 to 1.000. The total
fixed coefficient (Fy), total genetic differentiation coefficient (Gy), and total gene flow (N,,) were 0.0178, 0.0189 and 13.84,
respectively. In addition, the genetic variation between populations (3.31%) was much less than that within each population.
These results indicate that the C. italicus populations investigated in this study are stable in size and have not undergone recent
population expansion. Geographic distance may not, therefore, be an important factor affecting the genetic distance between
different populations. [Conclusion] Gene exchange occurs frequently between different geographical populations of C.
italicus in Xinjiang, increasing the genetic variation within populations and thereby enhancing their ability to adapt to different
environmental conditions. This situation may be related to recent persistent and serious outbreaks of C. italicus in Xinjiang.
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Fig. 1 Distribution map of 10 geographic populations
of Calliptamus italicus collected across the
major distributing regions in XinJiang

1. TC 83°60'E  46°35'N 2. HBH
86°31'E  48°10'N 3. JMN 85°44'E 47°25'N
4. YNS 8I°16'E 44°40'N 5. YNX
81°33'E  44°00'N 6. BL 8I°58'E 45°60'N
7. MNS 86°15'E  43°93'N &. YM

82°50'E  45°38'N 9. NS 87°39'E 43°20'N
10. BLK 93°38'E 43°22'N

1. Tacheng (TC) 83°60'E, 46°35'N; 2. Habahe (HBH)
86°31'E, 48°10'N; 3. Jimunai (JMN) 85°44'E, 47°25'N;

4. Yining (YNS) 81°16'E, 44°40'N; 5. Yining country
(YNX) 81°33'E, 44°00'N; 6. Bole (BL) 81°58'E, 45°60'N;
7. Manasi (MNS) 86°15'E, 43°93'N; 8. Yumin (YM)
82°50'E, 45°38'N; 9. Nanshan (NS) 87°39'E, 43°20'N;

10. Balikun (BLK) 93°38'E, 43°22'N.

1.2 EE4 DNA R9IREL

Ezup DNA
DNA
DNA
NanoDrop ND-
2000 -20
1.3 Cytb EE2KY EFFFINE
Cytb

5'-CTTGCATTATTGGCAGTAGTTA-3'
5'-TTTATTGATTTCATTTATTTAGTGA-3'
1220 bp
PCR 25 uL 3.0 uL
DNA 12.5 uL 2xTaq PCR
MastarMix 7.5 uL ddH,O 1 puL
PCR 94 3min 94
30s 60 30s 72 80s 30
5min PCR

1.4 BIEEEBSaoH

Chromas Staden 1996
DNAStar
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Table 1 Specimen date of 10 geographic population of Calliptamus italicus

E N m
Population Numb er of Collecting locality Longitude Latitude Elevation  Habitat types

code specimens
TC 10 Tachen Xinjiang 83°60’ 46°35’ 470
HBH 10 Habahe Xinjiang 86°31' 48°10’ 680
JMN 10 Jimunai Xinjiang 85°44' 47°25' 1070
YNS 10 Yining Xinjiang 81°16' 44°40’ 1030
YNX 10 Yining country Xingjiang  81°33’ 44°00’ 1020
BL 10 Bole Xinjiang 81°58’ 45°60’ 1010
MNS 10 Manasi  Xinjiang 86°15' 43°93’ 1292
YM 10 Yumin Xinjiang 82°50’ 45°38’ 1850
NS 10 Nanshan Xinjiang 87°39' 43°20’ 1930
BLK 10 Balikun  Xinjiang 93°38’ 43°22' 2030
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Fig. 2 Median-joining network of haplotypes of Calliptamusitalicus based on Cytb gene of mtDNA

Circle areas are proportional to

haplotype frequencies, while colored portions represent the proportions of the same haplotype that occurs in each region.
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Table 2 Cytb haplotype diversity,nucleotide diversity and Tajima’s D test in
10 geographic populations of Calliptamusitalicus

Population Haplotype Nucleotide Average number of Tajima’s D Statistical
code diversity (Hy) diversity (P;) nucleotide difference (K) significance
TC 0.945 0.002 6 2.909 -1.724 8 0.10>P>0.05
HBH 0.927 0.002 3 2.582 -1.0378 P>0.10
JMN 0.927 0.002 7 3.091 -0.4031 P>0.10
YNS 0.927 0.002 8 3.164 -0.989 3 P>0.10
YNX 0.945 0.002 8 3.164 - 14901 P>0.10
BL 1.000 0.004 0 4.511 - 13586 P>0.10
MNS 0.818 0.001 8 1.745 -1.4934 P>0.10
M 0.909 0.0019 2.036 - 1.0527 P>0.10
NS 0.873 0.002 2 2.509 -0.770 9 P>0.10
BLK 0.945 0.002 0 2.327 -1.3552 P>0.10

Total 0.890 0.002 2 2.000 -23157 0.10>P>0.05
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Table 3 Pairwise average number of nucleotide difference K,, (above the diagonal) and nucleotide
divergence Dy, (below the diagonal) of Cytb of Calliptamus italicus among different populations
TC HBH JMN YNS YNX BL MNS YM NS BLK
TC 29200 33600 34000 32400 4.0111 3.1400 2.8200 3.1400 2.7600
HBH 0.002 6 3.0600 3.0800 3.0400 3.8222 3.0000 25600 29200 2.6200
JMN 0.0030  0.0027 34600 3.5200 43000 3.4000 32000 34000 3.0400
YNS 0.0030 0.0027 0.0030 34400 42556 32600 29200 32400 3.0000
YNX 0.0028 0.0027 0.0031 0.0030 4.0333 32000 2.8600 3.1600 2.9600
BL 0.0035 0.0034 0.0038 0.0037 0.0035 39333 36889 39556 3.7889
MNS 0.0028 0.0026 0.0030 0.0029 0.0028 0.0035 2.7600 3.0667 2.8400
Y™M 0.0025 0.0023 0.0028 0.0026 0.0025 0.0032 0.002 4 2.6000 2.3800
NS 0.0028 0.0026 0.0030 0.0028 0.0028 0.0035 0.0027 0.0023 2.580 0
BLK 0.0024 0.0023 0.0027 0.0026 0.0026 0.0033 0.0025 0.0021 0.0023
&4 BERFEEFHEEE Cyth BEDULEK G, (E=A) S5EERKF, (T=/H)
Table 4 Pairwise Gy (above the diagonal) and F (below the diagonal) values of
Cytb of Calliptamus italicus among different populations
TC HBH IMN YNS YNX BL MNS Y™M NS BLK

TC -0.0193 0.0075 -0.0035 -0.0197 0.0057 -0.0096 -0.0029 0.0465 -0.0035
HBH -0.016 0 -0.0186 -0.0029 -0.0087 0.0011 0.0011 -0.0024 0.0526 0.0023
JMN 0.0476  0.008 7 0.0134 0.0126 0.0171 0.0119 0.0141 0.0588 0.0236
YNS 0.0327 -0.0137 0.0302 -0.0087 0.0058 0.0011 00029 00526 0.0126
YNX -0.0151 -0.0271 0.0467 -0.0013 0.0057 -0.0096 0.0023 0.0415 -0.0035
BL -0.0069 -0.0131 0.0452 0.0144 -0.0399 0.0002 0.0115 0.0407 0.0114
MNS  -0.0085 0.0000 0.0490 -0.0191 -0.0382 -0.0353 0.0069 0.0405 0.0062
YM 0.0504 0.0191 0.1424 0.0297 0.0093 0.0286 0.0177 0.0588  0.008 2
NS 0.0694 0.0563 0.1209 0.0501 0.0260 0.0323 0.0341 0.0513 0.005 5
BLK -0.0225 -0.0136 0.0497 0.0074 -0.0060 0.0161 -0.0055 0.0056 -0.0121

RS BEAFME 10 MIBIEFLHKIE Cyth EENS FER

Table 5 Molecular varianceof mitochondrial Cytb gene in 10 geographic populations of Calliptamusitalicus

Source of variation d.f. Sum of squares Variation components  Percentage of variation
Among populations 9 162.225 0.460 9Va 3.31
Within a population 90 1198.189 13.462 8Vb 96.69

Total variance 99 1360.414 13.923 7
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