Seasonal genetic variation and genetic structure of Spodoptera exigua in northern China on the basis of 11 years of microsatellite data

Ming-Li Yu1, Xian-Zhi Xiu1, Jin-Yang Wang1, Xin-Yi Cao1, Fa-Liang Qin, Xing-Ya Wang1*and Li-Hong Zhou2*
1 College of Plant Protection, Shenyang Agricultural University, Shenyang, Liaoning, 110866, P. R. China
2 Institute of Flower, Liaoning Academy of Agricultural Sciences, Shenyang, Liaoning, 110161, P.R. China

* Correspondence authors:

Xing-Ya Wang
120 Dongling Road, Shenhe District, Shenyang, Liaoning, 110866, P. R. China.
Email: wangxingya20081@syau.edu.cn
Li-Hong Zhou
84 Dongling Road, Shenhe District, Shenyang, Liaoning, 110866, P. R. China.
Email: vickyzlh@163.com
Supporting Information

Table S1. Sampling location, sampling size and variation group information of Spodoptera exigua in Shenyang, Liaoning Province in northern China
	Sampling population
	Code
	Sampling size
	Insect stage
	Latitude / Longitude
	Collection date
	Host plant

	Shenhe, Shenyang, Liaoning
	SY1208
	30
	Adult
	41.82 °N, 123.57°E
	August 2012
	Welsh onion

	Shenhe, Shenyang, Liaoning
	SY1306
	24
	Adult
	41.82 °N, 123.57°E
	June 2013
	Welsh onion

	Shenhe, Shenyang, Liaoning
	SY1308
	24
	Adult
	41.82 °N, 123.57°E
	August 2013
	Welsh onion

	Shenhe, Shenyang, Liaoning
	SY1309
	24
	Adult
	41.82 °N, 123.57°E
	September 2013
	Welsh onion

	Shenhe, Shenyang, Liaoning
	SY1310
	24
	Adult
	41.82 °N, 123.57°E
	October 2013
	Welsh onion

	Shenhe, Shenyang, Liaoning
	SY1406
	24
	Adult
	41.82 °N, 123.57°E
	June 2014
	Welsh onion

	Shenhe, Shenyang, Liaoning
	SY1408
	24
	Adult
	41.82 °N, 123.57°E
	August 2014
	Welsh onion

	Shenhe, Shenyang, Liaoning
	SY1409
	24
	Adult
	41.82 °N, 123.57°E
	September 2014
	Welsh onion

	Shenhe, Shenyang, Liaoning
	SY1410
	24
	Adult
	41.82 °N, 123.57°E
	October 2014
	Welsh onion

	Shenhe, Shenyang, Liaoning
	SY1506
	24
	Adult
	41.82 °N, 123.57°E
	June 2015
	Welsh onion

	Shenhe, Shenyang, Liaoning
	SY1507
	24
	Adult
	41.82 °N, 123.57°E
	July 2015
	Welsh onion

	Shenhe, Shenyang, Liaoning
	SY1508
	24
	Adult
	41.82 °N, 123.57°E
	August 2015
	Welsh onion

	Shenhe, Shenyang, Liaoning
	SY1509
	24
	Adult
	41.82 °N, 123.57°E
	September 2015
	Welsh onion

	Shenhe, Shenyang, Liaoning
	SY1510
	24
	Adult
	41.82 °N, 123.57°E
	October 2015
	Welsh onion

	Shenhe, Shenyang, Liaoning
	SY1606
	24
	Adult
	41.82 °N, 123.57°E
	June 2016
	Welsh onion

	Shenhe, Shenyang, Liaoning
	SY1607
	24
	Adult
	41.82 °N, 123.57°E
	July 2016
	Welsh onion

	Shenhe, Shenyang, Liaoning
	SY1608
	24
	Adult
	41.82 °N, 123.57°E
	August 2016
	Welsh onion

	Shenhe, Shenyang, Liaoning
	SY1609
	24
	Adult
	41.82 °N, 123.57°E
	September 2016
	Welsh onion

	Shenhe, Shenyang, Liaoning
	SY1706
	6
	Adult
	41.82 °N, 123.57°E
	June 2017
	Welsh onion

	Shenhe, Shenyang, Liaoning
	SY1707
	24
	Adult
	41.82 °N, 123.57°E
	July 2017
	Welsh onion

	Shenhe, Shenyang, Liaoning
	SY1708
	24
	Adult
	41.82 °N, 123.57°E
	August 2017
	Welsh onion

	Shenhe, Shenyang, Liaoning
	SY1709
	24
	Adult
	41.82 °N, 123.57°E
	September 2017
	Welsh onion

	Shenhe, Shenyang, Liaoning
	SY1710
	24
	Adult
	41.82 °N, 123.57°E
	October 2017
	Welsh onion

	Shenhe, Shenyang, Liaoning
	SY1807
	20
	Adult
	41.82 °N, 123.57°E
	July 2018
	Welsh onion

	Shenhe, Shenyang, Liaoning
	SY1808
	20
	Adult
	41.82 °N, 123.57°E
	August 2018
	Welsh onion

	Shenhe, Shenyang, Liaoning
	SY1809
	20
	Adult
	41.82 °N, 123.57°E
	September 2018
	Welsh onion

	Shenhe, Shenyang, Liaoning
	SY1810
	20
	Adult
	41.82 °N, 123.57°E
	October 2018
	Welsh onion

	Shenhe, Shenyang, Liaoning
	SY1811
	20
	Adult
	41.82 °N, 123.57°E
	November 2018
	Welsh onion

	Shenhe, Shenyang, Liaoning
	SY1907
	24
	Adult
	41.82 °N, 123.57°E
	July 2019
	Welsh onion

	Shenhe, Shenyang, Liaoning
	SY1908
	24
	Adult
	41.82 °N, 123.57°E
	August 2019
	Welsh onion

	Shenhe, Shenyang, Liaoning
	SY1909
	24
	Adult
	41.82 °N, 123.57°E
	September 2019
	Welsh onion

	Shenhe, Shenyang, Liaoning
	SY1910
	24
	Adult
	41.82 °N, 123.57°E
	October 2019
	Welsh onion

	Shenhe, Shenyang, Liaoning
	SY1911
	24
	Adult
	41.82 °N, 123.57°E
	November 2019
	Welsh onion

	Shenhe, Shenyang, Liaoning
	SY2007
	24
	Adult
	41.82 °N, 123.57°E
	July 2020
	Welsh onion

	Shenhe, Shenyang, Liaoning
	SY2008
	24
	Adult
	41.82 °N, 123.57°E
	August 2020
	Welsh onion

	Shenhe, Shenyang, Liaoning
	SY2009
	24
	Adult
	41.82 °N, 123.57°E
	September 2020
	Welsh onion

	Shenhe, Shenyang, Liaoning
	SY2010
	24
	Adult
	41.82 °N, 123.57°E
	October 2020
	Welsh onion

	Shenhe, Shenyang, Liaoning
	SY2011
	24
	Adult
	41.82 °N, 123.57°E
	November 2020
	Welsh onion

	Shenhe, Shenyang, Liaoning
	SY2106
	2
	Adult
	41.82 °N, 123.57°E
	June 2021
	Welsh onion

	Shenhe, Shenyang, Liaoning
	SY2107
	24
	Adult
	41.82 °N, 123.57°E
	July 2021
	Welsh onion

	Shenhe, Shenyang, Liaoning
	SY2108
	24
	Adult
	41.82 °N, 123.57°E
	August 2021
	Welsh onion

	Shenhe, Shenyang, Liaoning
	SY2109
	24
	Adult
	41.82 °N, 123.57°E
	September 2021
	Welsh onion

	Shenhe, Shenyang, Liaoning
	SY2110
	24
	Adult
	41.82 °N, 123.57°E
	October 2021
	Welsh onion

	Shenhe, Shenyang, Liaoning
	SY2111
	9
	Adult
	41.82 °N, 123.57°E
	November 2021
	Welsh onion

	Shenhe, Shenyang, Liaoning
	SY2206
	2
	Adult
	41.82 °N, 123.57°E
	June 2022
	Welsh onion

	Shenhe, Shenyang, Liaoning
	SY2207
	24
	Adult
	41.82 °N, 123.57°E
	July 2022
	Welsh onion

	Shenhe, Shenyang, Liaoning
	SY2208
	24
	Adult
	41.82 °N, 123.57°E
	August 2022
	Welsh onion

	Shenhe, Shenyang, Liaoning
	SY2209
	24
	Adult
	41.82 °N, 123.57°E
	September 2022
	Welsh onion

	Shenhe, Shenyang, Liaoning
	SY2210
	24
	Adult
	41.82 °N, 123.57°E
	October 2022
	Welsh onion

	Shenhe, Shenyang, Liaoning
	SY2211
	10
	Adult
	41.82 °N, 123.57°E
	November 2022
	Welsh onion


Table S3. Estimates of null allele frequency for each locus
	Locus
	Null allele frequency

	spe06
	0.000

	spe11
	0.072

	spe08
	0.062

	spe09
	0.119

	spe15
	0.010

	spe07
	0.094

	spe10
	0.067

	spe12
	0.103

	Mean
	0.066


Table S4. Estimates of fixation index (FST) with and without the excluding null alleles (ENA) correction for each locus
	Locus
	FST not using ENA
	FST using ENA

	spe06
	0.040
	0.040

	spe11
	0.1260
	0.125

	spe08
	0.021
	0.019

	spe09
	0.025
	0.023

	spe15
	0.005
	0.005

	spe07
	0.454 
	0.397

	spe10
	0.343
	0.312

	spe12
	0.259
	0.240

	Mean
	0.159
	0.145


The excluding null alleles (ENA).

Table S5. Seasonal genetic variation information of eight microsatellite loci of Spodoptera exigua in Shenyang
	Locus
	Na
	Ne
	I
	H0
	He
	uHe
	FST
	FIT
	FIS
	Nm
	Hs
	Ar
	r
	PIC

	spe06
	2.680
	1.868
	0.690
	0.675
	0.444
	0.461
	2.680
	1.868
	0.690
	0.675
	0.4592 
	1.8726 
	0.0002 
	0.392

	spe11
	3.920
	2.148
	0.910
	0.442
	0.497
	0.511
	3.920
	2.148
	0.910
	0.442
	0.5131 
	2.0766 
	0.0487 
	0.574

	spe08
	9.200
	5.733
	1.901
	0.732
	0.812
	0.841
	9.200
	5.733
	1.901
	0.732
	0.8445 
	3.1850 
	0.0586 
	0.844

	spe09
	10.300
	5.672
	1.934
	0.648
	0.809
	0.837
	10.300
	5.672
	1.934
	0.648
	0.8448 
	3.1666 
	0.0946 
	0.860

	spe15
	9.220
	5.856
	1.906
	0.837
	0.812
	0.838
	9.220
	5.856
	1.906
	0.837
	0.8384 
	3.1743 
	0.0149 
	0.836

	spe07
	3.460
	1.722
	0.633
	0.348
	0.342
	0.358
	3.460
	1.722
	0.633
	0.348
	0.3581 
	1.7313 
	0.0772 
	0.567

	spe10
	4.940
	2.117
	0.954
	0.399
	0.471
	0.490
	4.940
	2.117
	0.954
	0.399
	0.4993 
	2.0844 
	0.0603 
	0.682

	spe12
	6.440
	2.966
	1.251
	0.475
	0.589
	0.611
	6.440
	2.966
	1.251
	0.475
	0.6117 
	2.4249 
	0.0843 
	0.797

	Mean
	6.270
	3.510
	1.272
	0.569
	0.597
	0.619
	6.270
	3.510
	1.272
	0.569
	0.6211 
	2.4645 
	0.0549 
	0.694


Abbreviations: Na, Observed number of alleles; Ne, Effective number of alleles; I, Shannon's information index; Ho, Observed heterozygosity; He, Expected heterozygosity; uHe, Unbiased expected heterozygosity; FST, Fixation index; FIT: Fixation index Total; PIC, Polymorphism information content; FIS, Inbreeding coefficient; Nm: Gene flow; HS, gene diversity; r, frequency of null alleles; AR, Allelic Richness.
Table S6. Seasonal genetic diversity of Spodoptera exigua based on eight microsatellite loci of Spodoptera exigua in Shenyang
	Pop
	Na
	Ne
	I
	H0
	He
	uHe
	Ap
	Hs

	SY1208
	6.500
	4.295
	1.411
	0.546
	0.658
	0.669
	0.125
	0.6100 

	SY1306
	7.125
	3.701
	1.334
	0.539
	0.605
	0.618
	0.000
	0.6036 

	SY1308
	6.125
	3.351
	1.202
	0.470
	0.561
	0.574
	0.000
	0.5828 

	SY1309
	6.500
	3.370
	1.254
	0.526
	0.566
	0.578
	0.000
	0.6384 

	SY1310
	6.250
	3.506
	1.240
	0.512
	0.565
	0.577
	0.000
	0.6441 

	SY1406
	5.500
	2.813
	1.050
	0.382
	0.499
	0.510
	0.125
	0.5390 

	SY1408
	2.625
	1.766
	0.592
	0.508
	0.359
	0.367
	0.000
	0.3489 

	SY1409
	6.625
	3.483
	1.312
	0.485
	0.621
	0.635
	0.000
	0.6176 

	SY1410
	6.875
	3.467
	1.333
	0.516
	0.604
	0.617
	0.125
	0.5741 

	SY1506
	5.875
	3.331
	1.221
	0.476
	0.585
	0.597
	0.125
	0.5983 

	SY1507
	5.750
	3.926
	1.244
	0.505
	0.569
	0.581
	0.000
	0.5901 

	SY1508
	5.000
	3.288
	1.197
	0.597
	0.601
	0.614
	0.000
	0.6059 

	SY1509
	6.250
	3.188
	1.233
	0.543
	0.592
	0.605
	0.125
	0.6086 

	SY1510
	6.000
	3.663
	1.269
	0.451
	0.585
	0.598
	0.000
	0.6285 

	SY1606
	6.625
	3.573
	1.335
	0.523
	0.618
	0.632
	0.125
	0.6293 

	SY1607
	6.250
	3.195
	1.240
	0.529
	0.583
	0.596
	0.125
	0.5865 

	SY1608
	7.250
	3.655
	1.346
	0.577
	0.606
	0.619
	0.000
	0.6144 

	SY1609
	6.875
	3.679
	1.303
	0.562
	0.594
	0.607
	0.000
	0.6008 

	SY1706
	3.250
	2.201
	0.826
	0.417
	0.444
	0.485
	0.000
	0.5334 

	SY1707
	6.750
	4.003
	1.327
	0.554
	0.595
	0.608
	0.000
	0.6133 

	SY1708
	6.375
	3.401
	1.252
	0.521
	0.582
	0.594
	0.000
	0.5961 

	SY1709
	6.250
	3.660
	1.294
	0.391
	0.599
	0.611
	0.164
	0.6161 

	SY1710
	6.250
	3.317
	1.245
	0.552
	0.577
	0.589
	0.000
	0.5899 

	SY1807
	5.750
	3.456
	1.168
	0.513
	0.539
	0.553
	0.000
	0.5539 

	SY1808
	5.500
	2.976
	1.096
	0.478
	0.516
	0.529
	0.000
	0.5308 

	SY1809
	6.000
	3.508
	1.175
	0.481
	0.530
	0.543
	0.125
	0.5449 

	SY1810
	5.750
	3.539
	1.229
	0.513
	0.561
	0.575
	0.000
	0.5769 

	SY1811
	6.375
	3.603
	1.292
	0.622
	0.591
	0.606
	0.000
	0.6061 

	SY1907
	6.500
	3.548
	1.349
	0.517
	0.628
	0.642
	0.000
	0.6459 

	SY1908
	7.375
	3.837
	1.413
	0.534
	0.641
	0.654
	0.125
	0.6570 

	SY1909
	7.375
	3.540
	1.307
	0.464
	0.584
	0.597
	0.125
	0.6069 

	SY1910
	6.875
	3.920
	1.415
	0.547
	0.649
	0.663
	0.125
	0.6654 

	SY1911
	7.500
	4.149
	1.457
	0.715
	0.659
	0.674
	0.125
	0.6753 

	SY2007
	7.000
	3.965
	1.431
	0.672
	0.665
	0.679
	0.000
	0.6790 

	SY2008
	7.125
	3.914
	1.453
	0.697
	0.671
	0.686
	0.164
	0.6854 

	SY2009
	7.625
	3.898
	1.405
	0.692
	0.634
	0.647
	0.375
	0.6464 

	SY2010
	7.000
	3.558
	1.330
	0.672
	0.623
	0.636
	0.000
	0.6355 

	SY2011
	7.500
	3.726
	1.396
	0.703
	0.647
	0.660
	0.000
	0.6596 

	SY2106
	2.875
	2.792
	0.953
	0.813
	0.563
	0.750
	0.000
	0.7188 

	SY2107
	7.250
	3.958
	1.384
	0.661
	0.636
	0.650
	0.000
	0.6495 

	SY2108
	7.375
	3.608
	1.404
	0.672
	0.652
	0.665
	0.125
	0.6694 

	SY2109
	6.750
	3.653
	1.389
	0.615
	0.649
	0.663
	0.000
	0.6640 

	SY2110
	6.875
	3.811
	1.408
	0.682
	0.666
	0.680
	0.000
	0.6805 

	SY2111
	5.250
	3.200
	1.225
	0.514
	0.590
	0.624
	0.000
	0.6311 

	SY2206
	2.750
	2.483
	0.920
	0.688
	0.563
	0.750
	0.000
	0.7813 

	SY2207
	6.875
	4.038
	1.425
	0.652
	0.659
	0.674
	0.000
	0.6746 

	SY2208
	7.250
	3.660
	1.401
	0.676
	0.647
	0.661
	0.000
	0.6608 

	SY2209
	7.625
	4.077
	1.478
	0.693
	0.673
	0.688
	0.000
	0.6874 

	SY2210
	6.875
	3.563
	1.356
	0.677
	0.637
	0.651
	0.125
	0.6499 

	SY2211
	5.625
	3.696
	1.304
	0.625
	0.618
	0.650
	0.125
	0.6513 


Abbreviations: Na, observed number of alleles; Ne, effective number of alleles; I, Shannon’s information index, Ho, observed heterozygosity, He, expected heterozygosity; uHE, unbiased expected heterozygosity; HS, gene diversity; AP, number of private alleles.
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