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Analysis of genetic differentiation among different geographic
populations of Aphis glycines (Hemiptera: Aphididae) based on
mtDNA COII gene sequences
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ZHANG Hong-Yu FAN Dong

(College of Agriculture, Northeast Agricultural University, Harbin 150030, China)

Abstract [Objectives] To investigate genetic variation among different geographic populations of soybean aphids, Aphis
glycines, in China. [Methods] The genetic diversity, genetic differentiation, and molecular variance of 339 individual
soybean aphids from 14 geographic populations in 7 Chinese provinces were analyzed based on 673 bp segments of the
mitochondrial cytochrome ¢ oxidase subunit (CO ) gene using DnaSP 5.0, Arlequin 3.5.1.2 and Network 4.6.1.3.
Phylogenetic trees and the networks of CO  haplotypes were constructed from the resultant data. [Results] A total of 7
haplotypes were identified; haplotype No.l (H1) was shared by all 14 populations. A low level of genetic diversity
(H4=0.47940.030, P=0.00166+0.00018) in the total population was detected and higher genetic differentiation (F,=0.1985)
and a high level of gene flow (V,,=2.019) was apparent among different geographic populations. The results of a Neutral test
(Tajima's D= = 0.931, P>0.10, Fu’s F=0.220, P>0.10) were not significant, indicating that there is no evidence of recent
population expansion. The analysis of molecular variance (AMOVA) showed no obvious genetic differentiation among

populations with a high proportion of the total genetic variance attributable to variation within populations (80.15%). A
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phylogenetic tree and a haplotype network based on haplotypes of the different geographic populations shows no obvious

geographical structure in different clades. [Conclusion] Genetic diversity of different geographical populations of soybean

aphids is low, and there is no significant linear correlation between geographic distance and genetic differentiation; gene flow

between different geographic populations is not affected by geographic distance.
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Table 1 The data of difference geographic populations of Aphis glycines on soybean
Population Collecting locality Number of Longitfde Latitul(\iIe Elevation Collecting
code individuals date
HRB Harbin, Heilongjiang 40 126°45' 45°43' 140 2014.7
HH Heihe, Heilongjiang 15 127°27' 50°15' 149 2014.7
BA Beian, Heilongjiang 27 127°19' 49°25' 228 2014.7
HL Hailun, Heilongjiang 13 126°58' 47°27' 236 2014.7
MDJ Mudanjiang, Heilongjiang 39 129°38' 44°32' 244 2014.7
IMS Jiamusi, Heilongjiang 14 130°19' 46°48' 83 2014.7
IX Jixi, Heilongjiang 38 132°42' 45°37' 79 2014.8
CcC Changchun, Jilin 14 125°14' 43°56' 220 2014.7
CF Chifeng, Neimenggu 14 118°52’ 42°17' 610 2014.7
BJ Beijing 27 116°19’ 39°57' 63 2014.7
JN Jinan, Shandong 14 117°08’ 36°43' 34 2014.7
HZ Heze, Shandong 39 115°38’ 3511’ 49 2014.8
HF Hefei, Anhui 28 117°13’ 31°49' 38 2014.8
GZ Ganzhou, Jiangxi 17 114°55’ 25°51" 118 2014.9
- 20
13 EMHE PCR i #R Bk PR
DNA PCR
Genbank mtDNA
NCBI KC840675.1
primers.0 co 1.5 FIESHES
Vector NTI 11.0
CO 5'-CATT- 339 CcO MEGA
CATATGCAGAATTACC-3' 5'-GAGAT- 5.2 Tamuraetal. 2011
CGTTACTTTGCTTTT-3' PCR
50 uL 10xPCR buffer 5 uL  dNTPs 4 pL Kimura2-Parameter
DNA 2 uL  0.01 mmol/L
1 uL Taq DNA 5U/uL 0.3 pL DnaSP 5.0 Librado and Rozas 2009
94 5 min 35
94 50s 49.2 50s 72 Hy Fa
1 min 72 10 min 4 PCR G« Tajima 1989
3ul 1% Fy
Nn Fy=1/ 1+2N,  Takahata and
Palumbi 1985 Goldberg and Ruvolo 1997

1.4 PCR F=H89 4k 1k B 44 2 0 7

PCR DNA
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Table2 CO  gene sequence variations of different

haplotypes of Aphis glycines
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H1-H7 refer to the seven haplotypes of Aphis glycines; no
deletion/insertion is found; identical bases are indicated by
dot.
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Smith et al. 2006 0.00166+0.00018
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Table 3 Distribution of haplotypes, genetic diversity and neutral test among different geographic
populations of Aphis glycines

Neutrality and statistical

Number of  Haplotypes and Haplotype Average number

Popcl(l)lgéion haplotypes ~ number of diversity divglslictlye(()ltjieSD) of nucleotide significance
(n) individuals (%) (HgSD) ! differences (K) Tajima’sD  Fu’s F,
BA 2 H1(26) H2(1) 0.074+0.067 0.00055+0.00050 0.3704 - 2.004%* 1.028
BJ 2 H1(16) H3(11) 0.501£0.043  0.00075+0.00006 0.5014 1.506 1.582
CC 1 H1(14) 0 0 0 - -
CF 2 H1(9) H4(5) 0.495+0.088  0.00073+0.00013 0.4945 1.212 1.139
GZ 2 H1(14) H5(3) 0.309+0.122  0.00275+0.00109 1.8529 0.148 4.724
HRB 4 H1(13) H2(3) 0.706+0.035 0.00374+0.00050 2.5167 0.554 3.935
H3(8) H6(16)
HF 3 I:égé)l‘n(@ 0.627+0.061 0.00336+0.00069 2.2619 1.356 4.344
HH 1 HI(5) 0 0 0 - -
HL 1 HI(13) 0 0 0 - -
HZ 2 H1(31) H7(8) 0.335+£0.077 0.00050+0.00011 0.3347 0.597 1.032
IMS 1 HI(14) 0 0 0 - -
IN 1 HI(14) 0 0 0 - -
JX 2 HI1(30) H3(8) 0.341+0.078  0.00051+0.00012 0.3414 0.629 1.054
MDIJ 3 H1(22) H3(9) H6(8) 0.602+0.057 0.00203+0.00033 1.3684 1.072 2.852
7 H1(238) H2(10) 0.479+0.030 0.00166+0.00018 1.1151 - 0.931 0.220

H3(51) H4(5) H5(3)
H6(24) H7(8)

* P<0.50
Haplotype names in boldface are unique haplotypes. * indicate significantly different.

14 4 0.0015~0.0135
Kimura2-Parameter 339 CO 0.0066

x4 K2 CONERANELFREAEEER
Table 4 Genetic distance of different haplotypes of CO  gene of Aphis glycines

H1 H2 H3 H4 HS5 H6 H7
H1
H2 0.0075
H3 0.0015 0.0090
H4 0.0015 0.0090 0.0030
HS5 0.0090 0.0015 0.0105 0.0105
H6 0.0045 0.0120 0.0060 0.0060 0.0135
H7 0.0015 0.0090 0.0030 0.0030 0.0105 0.0060

H1~H7 7 H1-H7 refer to the seven haplotypes of Aphis glycines.
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Table S Pairwise average number of nucleotide difference K,, (above the diagonal) and nucleotide divergence D,
(below the diagonal) among different geographic populations of Aphis glycines

BA BJ CcC CF GZ HRB HF HH HL HZ IMS IN JX  MDIJ

BA 0.5926 0.1852 0.5423 1.1786 1.9324 1.7130 0.1852 0.1852 0.3903 0.1852 0.1852 0.3957 1.0313
BJ  0.00088 0.4074 0.7646 1.4662 2.0194 15780 0.4074 0.4074 0.6125 0.4074 0.4074 0.4464 1.0655
CC 0.00028 0.00061 0.3571 1.0588 1.7750 1.6071 0 0 0.2051 0 0 0.2105 0.8462
CF  0.00081 0.00114 0.00053 1.4160 2.1321 1.9643 0.3571 0.3571 0.5623 0.3571 0.3571 0.5677 1.2033
GZ 0.00175 0.00218 0.00157 0.00210 27015 2.2878 1.0588 1.0588 1.2640 1.0588 1.0588 1.2694 1.9050
HRB 0.00287 0.00300 0.00264 0.00317 0.00401 3.0071 1.7750 1.7750 1.9801 1.7750 1.7750 1.9013 2.0365
HF  0.00255 0.00234 0.00239 0.00292 0.00340 0.00447 1.6071 1.6071 1.8123 1.6071 1.6071 1.5921 2.2060
HH 0.00028 0.00061 0 0.00053 0.00157 0.00264 0.00239 0 0.2051 0 0 0.2105 0.8462
HL  0.00028 0.00061 0 0.00053 0.00157 0.00264 0.00239 0 0.2051 0 0 0.2105 0.8462
HZ 0.00058 0.00091 0.00030 0.00084 0.00188 0.00294 0.00269 0.00030 0.00030 0.2051 0.2051 0.4157 1.051
JMS 0.00028 0.00061 0 0.00053 0.00157 0.00264 0.00239 0 0 0.00030 0 0.2105 0.8462
JN  0.00028 0.00061 O 0.00053 0.00157 0.00264 0.00239 0 0 0.00030 0 0.2105 0.8462
JX  0.00059 0.00066 0.00031 0.00084 0.00189 0.00283 0.00237 0.00031 0.00031 0.00062 0.00031 0.00031 0.9595
MDJ 0.00153 0.00158 0.00126 0.00179 0.00283 0.00303 0.00328 0.00126 0.00126 0.00156 0.00126 0.00126 0.00143

BA, BJ, CC, CF GZ, HRB, HF, HH, HL, HZ, JMS, IN, JX, MDJ 14

BA, BJ, CC, CF GZ, HRB, HF, HH, HL, HZ, JMS, JN, JX, MDIJ represent population codes of the fourteen sampling
localities. The same below.
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Table 6 Population pairwise F values (below diagonal) and pairwise G (above the diaognal)
values among different populations
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JX MDJ

BA

BJ  0.2644
cC o0

CF 0.2026
GZ 0.0568
HRB 0.2530
HF 0.2317
HH 0

HL 0

HZ 0.0968
IMS 0

IN 0

JX  0.1007
MDJ 0.1570

0.1975

0.3846
0.3487
0.1971
0.2527
0.1244
0.3846
0.3846
0.3175
0.3846
0.3846
0.0560
0.1226

0.0027
0.1777

0.3077
0.1250
0.2911
0.2963
0
0
0.1842
0
0
0.1892
0.1914

0.1684
0.1006
0.1818

0.1711
0.2939
0.2984
0.3077
0.3077
0.2626
0.3077
0.3077
0.2637
0.2259

0.0439
0.1071
0.0609
0.0802

0.1913
0.1007
0.1250
0.1250
0.1346
0.1250
0.1250
0.1357
0.1545

0.2389
0.0865
0.1947
0.1055
0.1405

0.2055
0.2911
0.2911
0.2800
0.2911
0.2911
0.2484
0.0462

0.3604
0.0578
0.3184
0.1772
0.2331
0.0852

0.2963
0.2963
0.2836
0.2963
0.2963
0.1824
0.1772

0.0021
0.1839
1.0000
0.1869
0.0629
0.2021

0.3280

0
0.1842
0
0
0.1892
0.1914

0.0035
0.1712
1.0000
0.1763
0.0588
0.1871
0.3081

1.0000

0.1842
0
0
0.1892
0.1914

0.0606 0.0027
0.1179 0.1777

0.0611

0.0759 0.1818
0.0327 0.0609
0.1745 0.1947
0.2547 0.3184

0.0630

0.0591

0.0611

0.1842

1.0000 1.0000

1.0000 1.0000

1.0000 1.0000

0.1842 0

0.1867 0.1892
0.1900 0.1914

0.0027
0.1777

0.1818

0.0609

0.1947

0.3184

0.0611

0.1914

1.0000

0.0637 0.1299
0.0293 0.0175
0.0637 0.1102
0.0757 0.0618
0.0338 0.0648
0.1436 0.0255
0.1787 0.0878
0.0658 0.1144
0.0616 0.1060
0.0485 0.0817
0.0637 0.1102

0.0637 0.1102

0.1892

0.0351

0.1090
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Table 7 Gene flow (/V,) between pairwise populations

BA

BJ

CcC

CF

GZ

HRB

HF

HH

HL

HZ

IMS

JX  MDIJ

BA

BJ 1.391
CcC Inf
CF 1.968
GZ 8297
HRB 1.476
HF  1.658
HH Inf
HL Inf
HZ  4.665
IMS  Inf
IN Inf
X 4.468
MDJ 2.684

0.800
0.934
2.036
1.478
3.518
0.800
0.800
1.075
0.800
0.800
8.433
3.579

1.125
3.500
1.218
1.187
Inf
Inf
2.214
Inf
Inf
2.143

2.112

2.423
1.201
1.176
1.125
1.125
1.404
1.125
1.125
1.396
1.713

2.114
4.465
3.500
3.500
3.214
3.500
3.500
3.186
2.736

1.934
1.218
1.218
1.286
1.218
1.218
1.513

10.33

1.187
1.187
1.263
1.187
1.187
2.241

2.322

Inf
2214
Inf
Inf
2.143

2.112

2214
Inf
Inf

2.143

2.112

2214
2.214
2.178

2.132

Inf
2.143

2.112

2.143

2.112

4.086

Inf: Infinite.
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Table 8 The natural logarithm of geographical distance (K,,) (above the diagonal) and pairwise genetic distance
(below the diagonal) among different geographic populations of Aphis glycines

BA BJ CC CF GZ HRB HF HH HL HZ IMS IN IX MDJ

BA 7.190 6358 6.905 7924 5811 7.635 4.712 5406 7.519 5.754 7.353 6.456  6.358
BJ  0.0009 6.765 5.818 7.353 7.017 6.797 7.249 7.073 6.334 7.222 5844 7312 7.122
CC 0.0003 0.0006 6.285 7.695 5.608 7.318 6.358 5910 7.184 6.241 7318 6.469  5.769
CF  0.0008 0.0011 0.0005 7.506 6.659 7.027 6.987 6.738 6.749 6.941 6.367 7.071 6.737
GZ 0.0018 0.0022 0.0016 0.0021 7.811 6.545 7.960 7.850 6910 7.895 7.122 7.885 7.770
HRB 0.0029 0.0030 0.0026 0.0032 0.0040 7.484 6.099 4.712 7370 5543 7.171 6.176  5.608
HF  0.0026 0.0024 0.0024 0.0029 0.0034 0.0045 7.682 7.536 5946 7.602 6322 7.602 @ 7.437
HH 0.0003 0.0006 0 0.0005 0.0016 0.0026 0.0024 5811 7.567 5993 7.411 6.574  6.529
HL 0.0003 0.0006 0 0.0005 0.0016 0.0026 0.0024 0 7.420 5.428 7.233 6.100 5910
HZ 0.0006 0.0009 0.0003 0.0008 0.0019 0.0030 0.0027 0.0003 0.0003 7.512 5.657 7.574  7.353
JMS 0.0003 0.0006 0 0.0005 0.0016 0.0026 0.0024 0 0 0.0003 7.342  5.543 5.838
JN  0.0003 0.0006 0 0.0005 0.0016 0.0026 0.0024 0 0 0.0003 0 6.973 7.153
JX  0.0006 0.0007 0.0003 0.0008 0.0019 0.0028 0.0024 0.0003 0.0003 0.0006 0.0003 0.0003 5.955

MDJ 0.0015 0.0016 0.0013 0.0018 0.0029 0.0030 0.0033 0.0013 0.0013 0.0016 0.0013 0.0013 0.0014

= 8 g = ] . X
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z ull o

§ |
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O 2t
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% 0 1 1 1 1 J 2 7

R 0.000 0.001 0.002 0.003 0.004 0.005

AL FE B Genetic distance

1 XKEFAEMIEHMHEE mtDNA CO FHIREMEEE
B IEEE T B AT H A R ST
Fig.1 Correlation analysis between the natural
logarithm of geographical distance (K,,) and the CF H4 HZ H7
pairwise genetic distances for mtDNA CO  sequences

H1 H7 H4 H6 H3

of different geographic populations of Aphis glycines HRB MDJ H6

x9 KEW 14 ME#EE CONMASFERAENT (AMOVA)
Table 9 Analysis of molecular variance (AMOVA) among 14 populations of Aphis glycines

Fy
Source of variation df. Sum of sequences  Variance components ~ Percentage of variation ~ Fixation index
13 40.79 0.1125Va 19.85
325 147.66 0.4543Vb 80.15

338 188.45 0.5668 0.1985
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