Table S1 Localities and habitats of samples from P. villosa collected in this study

	Population
	Location
	Latitude (N)
	Longitude (E)
	Altitude (m)
	Soil type
	N
	Voucher specimens
	Purpose

	P1
	Xilingol League, NMG
	43°38′0"
	116°39′0"
	1183
	Fixed dune
	5
	Su Xu 2018029
	SSR、LCNG

	P2
	Xilingol League, NMG
	43°39′0"
	116°10′0"
	1111
	Fixed dune
	5
	Su Xu 2018031
	SSR、LCNG

	P3
	Zhenglan Banner, NMG
	42°41′0"
	115°59′0"
	1321
	Fixed dune
	5
	Su Xu 2018026
	SSR、LCNG

	P4
	Zhengxiangbai Banner, NMG
	42°33′20.9"
	114°49′0.7"
	1211
	Fixed dune
	5
	Su Xu 2016030
	SSR、LCNG

	P5
	Abag Banner, NMG
	43°23′0"
	115°00′0"
	1056
	Fixed dune
	5
	Su Xu 2018036
	SSR、LCNG

	P6
	Abag Banner, NMG
	43°18′0"
	114°46′0"
	1079
	Fixed dune
	5
	Su Xu 2018038
	SSR、LCNG

	P7
	Sonid Left Banner, NMG
	43°16′49.7"
	114°26′13.1"
	1035
	Fixed dune
	5
	Su Xu 2016038
	SSR、LCNG

	P8
	Sonid Left Banner, NMG
	43°30'55.3''
	114°10'18.4''
	1074
	Fixed dune
	5
	Su Xu 2016040
	LCNG

	P9
	Sonid Left Banner, NMG
	43°40′36.5"
	113°26′57.9"
	1010
	Fixed dune
	5
	Su Xu 2016043
	SSR、LCNG

	P10
	Sonid Right Banner, NMG
	43°7′11.8"
	112°54′23.5"
	1072
	Fixed dune
	5
	Su Xu 2016048
	SSR、LCNG

	P11
	Zhenglan Banner, NMG
	42°41′0"
	108°56′0"
	1323
	Fixed dune
	5
	Su Xu 2018027
	SSR、LCNG

	P12
	Sonid Right Banner, NMG
	41°41′38.0"
	107°0′7.9"
	1111
	Fixed dune
	3
	Su Xu 2016049
	SSR、LCNG

	P13
	Alxa Zuoqi, NMG
	40°37′0"
	104°35′0"
	1276
	Fixed dune
	5
	Su Xu 2018046
	SSR、LCNG

	P14
	Alxa Youqi, NMG
	40°01′0"
	103°53′0"
	1403
	Fixed dune
	5
	Su Xu 2018008
	SSR、LCNG

	P15
	Alxa Youqi, NMG
	39°59′0"
	104°12′0"
	1243
	Fixed dune
	5
	Su Xu 2018011
	SSR

	P16
	Alxa Youqi, NMG
	40°7'49.5''
	103°58'20.7''
	1430
	Fixed dune
	5
	Su Xu 2016054
	SSR、LCNG
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	P17
	Minqin County, GS
	39°08′0"
	103°40′0"
	1311
	Fixed dune
	5
	Su Xu 2018006
	SSR、LCNG

	P18
	Alxa Youqi, NMG
	39°21'24.6''
	102°6'58.9''
	1560
	Fixed dune
	5
	Su Xu 2016059
	SSR、LCNG

	P19
	Alxa Youqi, NMG
	39°22'11.8''
	102°12'52.1''
	1570
	Fixed dune
	5
	Su Xu 2016058
	LCNG

	P20
	Alxa Youqi, NMG
	39°24′26.3"
	102°22′1.8"
	1457
	Fixed dune
	5
	Su Xu 2016057
	SSR

	P21
	Liangzhou District, GS
	38°06′0"
	102°59′0"
	1498
	Fixed dune
	5
	Su Xu 2018002
	SSR、LCNG

	P22
	Liangzhou District, GS
	38°13′0"
	103°18′0"
	1459
	Fixed dune
	5
	Su Xu 2018004
	SSR、LCNG

	P23
	Zhongwei, NX
	37°25′29.1"
	104°40′5.0"
	1707
	Fixed dune
	5
	Su Xu 2016001
	SSR、LCNG

	P24
	Alxa Zuoqi, NMG
	39°16′0"
	104°57′0"
	1241
	Fixed dune
	5
	Su Xu 2018013
	SSR、LCNG

	P25
	Alxa Zuoqi, NMG
	40°18′39.0"
	105°53′35.9"
	1211
	Fixed dune
	2
	Su Xu 2016050
	LCNG

	P26
	Alxa Zuoqi, NMG
	39°40′1.2"
	105°42′12.8"
	1025
	Fixed dune
	5
	Su Xu 2016051
	LCNG

	P27
	Alxa Zuoqi, NMG
	38°57′43.2"
	105°39′16.3"
	1458
	Fixed dune
	5
	Su Xu 2016052
	SSR、LCNG

	P28
	Pingluo Xian, NX
	38°47′0"
	105°31′0"
	1179
	Fixed dune
	5
	Su Xu 2018015
	SSR、LCNG

	P29
	Lingwu, NX
	38°7′9.8"
	106°30′57.8"
	1227
	Fixed dune
	5
	Su Xu 2016003
	SSR、LCNG

	P30
	Ordos, NMG
	37°46'46.0''
	108°8'31.4''
	1344
	Fixed dune
	5
	Su Xu 2016005
	SSR、LCNG

	P31
	Jingbian, SX
	37°40′52.2"
	108°50′23.5"
	1328
	Fixed dune
	5
	Su Xu 2016007
	SSR、LCNG

	P32
	Uxin Banner, NMG
	37°47′56.7"
	108°42′39.3"
	1254
	Fixed dune
	5
	Su Xu 2016008
	SSR、LCNG

	P33
	Uxin Banner, NMG
	38°22'8.1''
	108°40'6.3''
	1286
	Fixed dune
	5
	Su Xu 2016010
	SSR、LCNG
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	P34
	Uxin Banner, NMG
	38°52′18.9"
	109°10′18.2"
	1301
	Fixed dune
	5
	Su Xu 2016013
	SSR、LCNG

	P35
	Otog Banner, NMG
	38°53′0"
	108°18′0"
	1371
	Fixed dune
	5
	Su Xu 2018019
	SSR、LCNG

	P36
	Otog Banner, NMG
	39°01′0"
	108°00′0"
	1358
	Fixed dune
	5
	Su Xu 2018017
	SSR、LCNG

	P37
	Hanggin Banner, NMG
	39°20′37.8"
	109°0′5.9"
	1314
	Fixed dune
	5
	Su Xu 2016017
	SSR、LCNG

	P38
	Hanggin Banner, NMG
	40°1′59.2"
	108°28′34.6"
	1236
	Fixed dune
	5
	Su Xu 2016021
	SSR、LCNG

	P39
	Hanggin Banner, NMG
	40°12′19.5"
	108°29′11.4"
	1229
	Fixed dune
	5
	Su Xu 2016022
	SSR、LCNG

	P40
	Hanggin Banner, NMG
	40°26'4.6''
	108°37'52.9''
	1114
	Fixed dune
	5
	Su Xu 2016023
	SSR、LCNG

	P41
	Dalad Banner, NMG
	40°20′25.8"
	109°31′21.5"
	1057
	Fixed dune
	5
	Su Xu 2016025
	SSR、LCNG

	P42
	Dalad Banner, NMG
	40°15′39.1"
	110°0′43.1"
	1126
	Fixed dune
	5
	Su Xu 2016026
	SSR、LCNG

	P43
	Dalad Banner, NMG
	40°11'57.4''
	111°7'21.4''
	1047
	Fixed dune
	5
	Su Xu 2016029
	SSR、LCNG


Note: NX, Ningxia; NMG, Neimenggu; SX, Shanxi; GS, Gansu; SSR, Simple sequence repeat; LCNG, Low-copy nuclear genes.

Table S2 Prior distribution of parameters used in our ABC analysis

	Data
	Parameter
	Distribution
	Minimum
	Maximum

	LCNG
	Effective population size

	
	N1
	Uniform (log 10)
	10
	2.2×104

	
	N2
	Uniform (log 10)
	100
	1.2×105

	
	NA
	Uniform (log 10)
	100
	4.0×105

	
	Time of events (in generations backward in time)

	
	T0
	Uniform (log 10)
	10
	3.2×104

	
	T1
	Uniform (log 10)
	100
	1.2×105

	
	Priors for the mutation model

	
	Mean mutation rate
	Uniform
	1.0×10-8
	1.0×10-5

	
	Individual locus mutation rate
	Gamma
	1.0×10-13
	1.0×10-5

	
	Mean coefficient P
	Uniform
	0.05
	20

	
	Individual locus coefficient P
	Gamma
	0.05
	20

	SSR
	Effective population size

	
	N1
	Uniform (log 10)
	10
	4.0×104

	
	N2
	Uniform (log 10)
	100
	3.5×105

	
	NA
	Uniform (log 10)
	100
	4.0×105

	
	Time of events (in generations backward in time)

	
	T0
	Uniform (log 10)
	10
	3.0×103

	
	T1
	Uniform (log 10)
	100
	4.0×105

	
	Priors for the mutation model

	
	Mean mutation rate
	Uniform
	1.0×10-7
	1.0×10-5

	
	Individual locus mutation rate
	Gamma
	1.0×10-12
	1.0×10-2

	
	Mean coefficient P
	Uniform
	0.1
	0.3

	
	Individual locus coefficient P
	Gamma
	0.01
	0.9


Note: N1 and N2, Long-term equilibrium effective population size of P. villosa; NA, Effective population size of ancestral species; T0 and T1, Time of divergence between populations.

Table S3 Genetic diversity of P. villosa based on low-copy nuclear genes and SSR data
	Population
	Low-copy nuclear gene
	SSR

	
	Hd
	π
	K
	Na
	Ne
	I
	He
	Ho
	F

	P1
	0.533
	0.021
	1.067
	1.846
	1.584
	0.443
	0.291
	0.400
	-0.317

	P2
	0.000
	0.000
	0.000
	1.692
	1.443
	0.356
	0.235
	0.385
	-0.514

	P3
	0.556
	0.011
	0.556
	2.154
	1.629
	0.534
	0.338
	0.477
	-0.331

	P4
	0.929
	0.067
	3.500
	2.077
	1.712
	0.517
	0.317
	0.400
	-0.202

	P5
	0.750
	0.050
	2.607
	2.154
	1.688
	0.542
	0.340
	0.385
	-0.037

	P6
	0.644
	0.194
	10.067
	2.077
	1.780
	0.568
	0.362
	0.508
	-0.361

	P7
	0.733
	0.128
	6.644
	1.846
	1.592
	0.435
	0.278
	0.354
	-0.210

	P8
	0.733
	0.063
	3.289
	-
	-
	-
	-
	-
	-

	P9
	0.867
	0.067
	3.467
	1.769
	1.540
	0.419
	0.280
	0.477
	-0.656

	P10
	0.964
	0.094
	4.893
	1.923
	1.612
	0.465
	0.297
	0.415
	-0.299

	P11
	0.689
	0.018
	0.911
	2.385
	1.947
	0.693
	0.445
	0.615
	-0.351

	P12
	0.600
	0.012
	0.600
	1.538
	1.422
	0.297
	0.194
	0.323
	-0.653

	P13
	1.000
	0.114
	5.933
	2.692
	2.131
	0.794
	0.480
	0.446
	0.095

	P14
	0.867
	0.071
	3.667
	2.385
	1.944
	0.655
	0.403
	0.415
	0.003

	P15
	-
	-
	-
	2.692
	1.949
	0.690
	0.397
	0.508
	-0.259

	P16
	0.933
	0.058
	3.000
	2.769
	2.048
	0.732
	0.428
	0.554
	-0.205

	P17
	0.786
	0.085
	4.429
	2.154
	1.843
	0.621
	0.408
	0.538
	-0.239

	P18
	0.556
	0.053
	2.778
	2.154
	1.785
	0.535
	0.331
	0.508
	-0.540

	P19
	0.644
	0.074
	3.867
	-
	-
	-
	-
	-
	-

	P20
	-
	-
	-
	2.154
	1.831
	0.558
	0.346
	0.600
	-0.478

	P21
	0.556
	0.085
	4.444
	2.000
	1.635
	0.501
	0.328
	0.569
	-0.644

	P22
	0.571
	0.033
	1.714
	2.154
	1.808
	0.573
	0.363
	0.569
	-0.528

	P23
	0.733
	0.033
	1.733
	2.154
	1.786
	0.582
	0.368
	0.554
	-0.460

	P24
	0.800
	0.091
	4.711
	2.308
	1.775
	0.607
	0.377
	0.523
	-0.263

	P25
	0.833
	0.058
	3.000
	-
	-
	-
	-
	-
	-

	P26
	0.956
	0.116
	6.022
	-
	-
	-
	-
	-
	-

	P27
	0.000
	0.000
	0.000
	2.000
	1.764
	0.578
	0.392
	0.692
	-0.667

	P28
	0.733
	0.095
	4.956
	2.154
	1.781
	0.562
	0.357
	0.538
	-0.443

	P29
	0.689
	0.018
	0.911
	1.769
	1.615
	0.545
	0.312
	0.538
	-0.658

	P30
	0.786
	0.022
	1.143
	1.769
	1.686
	0.506
	0.358
	0.631
	-0.715

	P31
	0.571
	0.033
	1.714
	1.769
	1.474
	0.382
	0.249
	0.385
	-0.520

	P32
	0.556
	0.107
	5.556
	1.769
	1.591
	0.436
	0.294
	0.523
	-0.671

	P33
	0.667
	0.064
	3.333
	1.923
	1.676
	0.511
	0.340
	0.538
	-0.492

	P34
	0.867
	0.079
	4.111
	2.308
	1.873
	0.664
	0.422
	0.585
	-0.310

	P35
	0.786
	0.065
	3.357
	3.077
	2.260
	0.894
	0.520
	0.585
	-0.124

	P36
	0.833
	0.099
	5.167
	3.462
	2.857
	1.093
	0.615
	0.615
	-0.003

	P37
	0.867
	0.121
	6.289
	1.846
	1.679
	0.496
	0.331
	0.477
	-0.405

	P38
	0.893
	0.117
	6.107
	2.077
	1.742
	0.574
	0.375
	0.538
	-0.317

	P39
	0.929
	0.088
	4.571
	1.846
	1.653
	0.497
	0.337
	0.538
	-0.501

	P40
	0.911
	0.148
	7.689
	2.231
	1.880
	0.681
	0.455
	0.708
	-0.473

	P41
	0.556
	0.021
	1.111
	1.692
	1.573
	0.396
	0.263
	0.415
	-0.503

	P42
	0.714
	0.135
	7.000
	2.231
	1.866
	0.635
	0.402
	0.462
	-0.160

	P43
	0.978
	0.203
	10.578
	2.462
	1.793
	0.647
	0.392
	0.554
	-0.343

	Mean
	0.721
	0.073
	3.817
	2.140
	1.776
	0.570
	0.359
	0.509
	-0.378


Table S4 Summary statistics of genetic differentiation and gene flow for P. villosa based on each locus from low-copy nuclear genes

	Molecular Markers
	Selective nuclear
	FST
	Gene flow (Nm)

	LCNG
	14031
	0.796
	0.064

	
	14004
	0.545
	0.209

	
	13593
	0.697
	0.109

	
	14111
	0.533
	0.219

	
	14075
	0.860
	0.041

	
	13604
	0.977
	0.006

	
	14192
	0.900
	0.028

	
	14928
	0.898
	0.028

	
	14224
	0.574
	0.186

	
	14612
	0.759
	0.080

	
	Average
	0.754
	0.097


Table S5 Posterior distribution and 95% confidence interval of each DIYABC scenario

	Data
	Scenario
	Posterior probability
	95%CI (lower-upper)

	LCNG
	1
	0.345
	0.277-0.413

	
	2
	0.355
	0.294-0.416

	
	3
	0.230
	0.233-0.367

	SSR
	1
	0.343
	0.280-0.406

	
	2
	0.448
	0.393-0.503

	
	3
	0.209
	0.153-0.265
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