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Appendix S1
Table S1.1 Geographical locations of P. sibirica samples
	No.
	Sample code (locality name)
	Lat. N/Long. E (decimal degrees, WGS84)
	Sample size
	Sample size for mtDNA
	Sample size for nuclear DNA

	Altai

	1
	Tal (Talda)
	50.80/85.74
	30
	24
	30

	2
	Art (Artybash)
	51.80/87.29
	30
	24
	30

	3
	Kur (Kurai)
	50.12/87.82
	30
	24
	30

	4
	Ong (Ongudai)
	51.04/85.60
	30
	24
	30

	5
	Sov (Sovetskoe)
	52.04/86.63
	27
	24
	‒

	6
	Ber (Berel')
	49.37/86.43
	14
	14
	14

	7
	Man (Manzherok)
	51.82/85.78
	10
	10
	‒

	8
	V-b (Verkh-Biysk)
	52.05/87.08
	20
	20
	‒

	9
	Akt2K (Aktash2K)
	50.31/87.56
	31
	24
	30

	10
	Sug (Sugul)
	51.90/86.21
	34
	24
	30

	11
	Usk (Uskuch)
	52.04/86.81
	33
	24
	‒

	12
	Akt3K (Aktash3K)
	50.47/87.62
	30
	‒
	30

	West Sayan

	13
	A/O (Abazinskaya/
Oninskaya)
	51.84/89.78
	30
	24
	‒

	14
	Shag (Shagonar)
	51.70/92.94
	30
	24
	30

	15
	AON (Bolsheolonskaya)
	52.11/89.70
	30
	24
	30

	16
	Sh (Shushenskoe)
	52.96/91.72
	30
	24
	30

	17
	U/A (Usinskoe/
Aradanskoe)
	52.70/93.40
	30
	24
	30

	18
	RTKCHR (Cherbi)
	51.90/94.63
	30
	24
	30

	19
	UR (Aradanskaya)
	52.63/93.84
	30
	24
	‒

	20
	ABA (Abazinskoe)
	52.60/90.05
	30
	24
	30

	21
	RTBK/z (Balgazyn)
	50.55/95.01
	30
	24
	30

	East Sayan

	22
	IOT/Tg (Georgievskaya)
	55.48/97.43
	30
	24
	30

	23
	KV/S (Verkhne-Sisimskaya)
	54.77/92.94
	30
	24
	30

	24
	Chun (Chunskaya)
	57.98/96.03
	30
	24
	30

	25
	Tai (Tayshet)
	55.96/97.97
	16
	16
	16

	26
	Arsh (Arshan)
	51.91/102.43
	30
	24
	30

	27
	IONK (Nijneudinskaya)
	54.95/98.36
	30
	24
	30

	28
	IOTSH (Dzhogino)
	56.63/98.33
	30
	24
	30

	29
	IOZCH (Hor-Tagnanskaya)
	53.13/101.28
	30
	24
	30

	30
	CHD (Slyudyanka)
	51.65/103.66
	34
	24
	30

	31
	KAN (Kanskaya)
	56.45/94.38
	30
	24
	30

	middle Siberia

	32
	A/IA (Achinsk)
	56.16/90.90
	29
	24
	29

	33
	BMV (Verkh-Kazanka)
	57.01/92.47
	30
	24
	30

	34
	Bir (Vershina Tyoi)
	53.28/89.59
	24
	24
	24

	35
	M/B (Beret')
	55.68/92.94
	30
	24
	30

	36
	Van (Vanavara)
	60.34/102.30
	25
	25
	25

	37
	TUCH (Tiukhtet)
	56.53/89.31
	29
	24
	29

	38
	IK (Kesovskaya)
	55.30/96.71
	30
	24
	‒

	39
	KAR (Karatuzskoe)
	53.56/92.90
	30
	24
	30

	40
	TK (Rassvet)
	57.00/91.51
	30
	24
	‒

	41
	KGj (Kozul'ka)
	55.78/91.65
	30
	24
	‒

	42
	EM (Mostovskoe)
	56.68/92.94
	30
	24
	‒

	42
	PIR (Pirovskoe)
	57.60/92.30
	30
	24
	‒

	44
	D (Cheremushki)
	55.11/92.25
	30
	24
	‒

	45
	KIZ (Artyomovsk)
	54.28/93.73
	30
	24
	‒

	46
	KT (Mikhailovka)
	56.43/91.69
	30
	24
	‒

	47
	Tur (Turukhansk)
	65.79/87.96
	30
	24
	30

	48
	SE (Pit-Gorodok)
	59.37/93.65
	29
	24
	29

	49
	Ti (Belyaki)
	58.85/96.73
	30
	24
	30

	Kuznetsk Alatau

	50
	Maka (Makarikha)
	54.18/87.80
	32
	24
	32

	51
	Arg-ula (Argat-Yul)
	57.88/86.02
	30
	24
	30

	52
	Mis (Myski)
	53.74/87.96
	31
	24
	30

	53
	Tocha (Chainsk)
	58.08/82.33
	30
	24
	30

	54
	TON (Nibega)
	58.24/84.66
	30
	24
	30

	55
	KOIKa (Rudnichnyi)
	55.94/86.52
	30
	24
	30

	56
	KOM/Mr (Mezhdurechensk)
	53.81/88.30
	30
	24
	‒

	West Siberian Plain

	57
	Sura (Surgut)
	61.50/74.25
	34
	24
	30

	58
	NKa (Noyabrsk)
	63.20/75.45
	24
	24
	24

	59
	NUa (Novy Urengoy)
	66.08/76.68
	26
	24
	26

	60
	CHM (Khanty-Mansiysk)
	61.02/69.02
	30
	24
	30

	Urals

	61
	Ivda (Ivdel')
	60.75/60.45
	20
	20
	20

	62
	Aiza (Ayatskoe)
	57.37/60.70
	18
	18
	18

	63
	Iam (Yamgort)
	64.94/64.38
	17
	17
	Iamal as one sample
51

	64
	Mujia (Muzhi)
	65.40/64.70
	17
	17
	

	65
	NIM (Nymvozhgort)
	64.89/63.90
	5
	5
	

	66
	StKiev (Staryi Kievat)
	65.14/64.69
	8
	8
	

	67
	Ovg (Ovgort)
	64.82/63.99
	4
	4
	

	Total
	‒
	‒
	1821
	1470
	1387


apopulation samples were studied earlier by Shuvaev and Ibe (2021) using microsatellite markers






Appendix S2
1) De novo sequencing of Siberian stone pine genomic DNA, selection of mtDNA contigs, and the search for polymorphism
We performed paired-end (PE) whole-genome sequencing for two Siberian stone pine trees growing in natural populations of the West Sayan and the Urals using Illumina HiSeq 2000. For this sequencing, we used a PE DNA library (with the insert size of 400 bp) generated using total DNA isolated with the CTAB method from needles. 1) The library preparation was performed following a standard Illumina TruSeq 2 protocol. For the sequencing, we used the 2×100 cycles Illumina Kit. We employed FastQC and Trimmomatic for quality control and adapter trimming, respectively. 2) Assembly of contigs was performed using CLC ASSEMBLY CELL (QIAGEN, Hilden, Germany). The expected genome size of P. sibirica is 28.959 Gbp (Zonneveld 2012). Because of low coverage, the genome assembly was very partial and included only 0.1–0.2% of the expected genome size.

Table S2.2 Genome assembly statistics for two DNA samples from P. sibirica (two trees)
	Sample
	Number of contigs
	N50, bp
	Maximum length, bp
	Total length, Mbp
	Genome sequencing coverage 

	Urals
	141786
	292
	92477
	46.57
	0.2

	West Sayan
	879595
	2622
	375860
	283.4
	17.2



Nonetheless, because there are multiple copies of the mitogenome per nuclear genome in one plant cell, we were able to identify several mitochondrial contigs. 3) A search for mitochondrial contigs was carried out using BLASTn and all plant mitochondrial sequences available in the NCBI GenBank and other public databases, such as https://plantgenie.org/FTP and https://treegenesdb.org/FTP/Genomes/Pita/mito for Norway spruce (Picea abies [L.] Karst.) and loblolly pine (Pinus taeda L.), respectively. Matching Siberian stone pine contigs among the BLASTn hits with an alignment length of more than 100 bp and similarity higher than 90% were selected for further analysis. In total, 173 contigs with the total length of 1,283,256 bp were chosen for the Ural sample and seven contigs with the total length of 2,967,893 bp for the West Sayan sample. The assembly for the Ural sample is fragmented as compared with the West Sayan assembly, as explained by a difference in sequencing coverage: the West Sayan sample was sequenced with 17.2 coverage, whereas the other one, the Ural sample, was sequenced with very low coverage, 0.2 only, to search for possible single-nucleotide polymorphisms (SNPs). 
The length of the resulting draft assemblies of the Siberian pine mitochondrial genome is consistent with data on other conifer mitogenomes, which vary widely: from 1.25 Mbp in P. taeda (Neale et al. 2014), 3.9 Mbp in Pinus lambertiana (Stevens et al. 2016), and 4.3 Mbp (Nystedt et al. 2013) or 4.9 Mbp (Sullivan et al. 2020) for P. abies to 11.7 Mbp in Larix sibirica (Putintseva et al. 2020).
The selected mtDNA contigs were then subjected to a pairwise comparison of two tree mitogenomes (Ural and West Sayan) using the BLASTN Web service (https://blast.ncbi.nlm.nih.gov/Blast.cgi?PROGRAM=blastn&PAGE_TYPE=BlastSearch&LINK_LOC=blasthome) for targeted polymorphism searching. The mitogenome comparison gave two distinct SNP sites. PCR primers (Table S2.3) were designed by means of the Primer3 software (Rozen and Skaletsky 2000). These SNP markers were used for a preliminary search for interpopulation differentiation among eight trees representing different parts of the Siberian stone pine range including the Altai, Kuznetsky Alatay, East Sayan, West Sayan, and Urals. 
Table S2.3 Mitochondrial contigs, GenBank accession numbers, detected SNPs, nucleotide sequences of primers used for sequencing and for single-strain conformation polymorphism (SSCP) genotyping, and length of the PCR products amplified from P. sibirica DNA
	Contig ID
	GenBank accession No.
	SNP (position in contig, bp)
	Names and nucleotide sequences of primers,
53
	Length of the PCR product, bp

	161
	Contig 161 sequence OL944294
	С/A (10557 bp)
	Si161-1Fa: CGAAGCACTCTTCACCTTCC
Si161-1R: TTCATGCTGCCAACTCTTTG
	1471

	
	OL944295
	С
	Si161-1R1ab: TTGTGTCGGAACAATCTCCA
	184

	
	OL944296
	A
	
	

	455
	Contig 455 sequence OL944297
	C/A (4976 bp)
	Si455F: CGGGATCCAGTCCAATCTAA
Si455R: TCCCTGCATTCAATGTGTGT
	1020

	
	OL944298
	С
	Si455F1a: CGCTCAGGACAGTCCATACA
Si455R2a: CCAGGGAAGCTTTCTCTCCT
	241

	
	OL944299
	A
	
	


aUsed for SSCP genotyping
bUsed in a pair with Si161-1F


2) Genotyping of SNPs 
The SSCP method for SNP genotyping was described by Semerikov et al. (2019). We present an example of an electropherogram obtained by the SSCP method below.

Fig. S2.1 Genotyping of Siberian stone pine mtDNA markers by the SSCP method in a nondenaturing polyacrylamide gel. Four variable electrophoretic zones of single-stranded fragments correspond to SNP sites: 455-A, 455-C, 161-A, and 161-C














Appendix S3 
1) Bioclimatic variables
Highly correlating climatic variables (r > |0.8|) were excluded from subsequent SDM (species distribution modeling) analyses. The remaining variables are listed below.
Table S3.4 List of selected bioclimatic variables
	
	Bio3
	Bio7
	Bio8
	Bio10
	Bio11
	Bio15
	Bio18
	Bio19

	Bio3
	1.0
	0.2
	0.2
	0.5
	0.3
	0.1
	0.1
	-0.1

	Bio7
	0.2
	1.0
	0.2
	0.1
	-0.7
	0.2
	0.0
	-0.6

	Bio8
	0.2
	0.2
	1.0
	0.6
	0.3
	0.4
	0.4
	0.0

	Bio10
	0.5
	0.1
	0.6
	1.0
	0.6
	0.3
	0.1
	0.2

	Bio11
	0.3
	-0.7
	0.3
	0.6
	1.0
	0.0
	0.1
	0.6

	Bio15
	0.1
	0.2
	0.4
	0.3
	0.0
	1.0
	0.2
	-0.3

	Bio18
	0.1
	0.0
	0.4
	0.1
	0.1
	0.2
	1.0
	0.3

	Bio19
	-0.1
	-0.6
	0.0
	0.2
	0.6
	-0.3
	0.3
	1.0


Bio3: isothermality, Bio7: the temperature annual range, Bio8: mean temperature of the wettest quarter, Bio10: mean temperature of the warmest quarter, Bio11: mean temperature of the coldest quarter, Bio15: precipitation seasonality, Bio18: precipitation in the warmest quarter, and Bio19: precipitation in the coldest quarter 
2) Model calibration and the selection process
Overall, 555 candidate models—with parameters reflecting all combinations of five regularization multiplier settings, three feature class combinations, and 37 distinct sets of environmental variables—were evaluated. Model performance was assessed based on statistical significance (Partial_ROC: the partial area under the receiver operating characteristic), omission rates (ORs), and the Akaike information criterion corrected for small sample sizes (AICc).

Table S3.5 Performance statistics for the best models selected on the basis of the user’s pre-defined criteria
	Model
	Mean_AUC_ratio
	Partial_ROC
	Omission_rate_at_5%
	AICc
	delta_AICc
	W_AICc
	num_parameters

	M_0.5_F_lqp_Set_2
	1.691
	0
	0.026
	8227.39
	0
	0.92
	19




Fig. S3.2 Distribution of all models, statistically nonsignificant models, and selected models

Fig. S3.3 The relation of TSS' (the true skill statistic for pseudo-absence data) with threshold levels of binary transformations 
3) Results
All algorithms of modeling were performed with 500 iterations across 10 replicates. The AUC (the area under the curve) value was 0.911 ± 0.003 for the random 50% of test datasets when the MAXENT model for eight variables was employed.
Fig. S3.4 The training omission rate and predicted area as a function of the cumulative threshold, averaged across the replicate runs

Fig. S3.5 The receiver operating characteristic (ROC) curve averaged across the replicate runs
The red curve shows how well the model fits the training data (“fit”). The blue curve indicates how well the model fits the test data and is a real test of the model's predictive ability. The black line shows the situation that would be expected if the reliability of the model's predictions were at a random level. The closer the blue line to the upper left corner, the better the model predicts the findings contained in the test set. 
	














Appendix S4

Table S4.6 Standard genetic statistics of P. sibirica populations
	Sample name
	NA±SE
	Ne±SE
	HO±SE
	HE±SE

	Altai

	Tal
	3.375±0.565
	2.116±0.316
	0.352±0.046
	0.466±0.066

	Art
	3.375±0.46
	2.060±0.305
	0.400±0.065
	0.443±0.074

	Kur
	3.500±0.5
	1.952±0.22
	0.369±0.052
	0.447±0.056

	Ong
	3.500±0.5
	2.077±0.3
	0.429±0.057
	0.450±0.073

	Ber
	3.125±0.515
	2.185±0.245
	0.378±0.08
	0.490±0.075

	Akt2K
	3.625±0.532
	1.904±0.142
	0.458±0.052
	0.449±0.051

	Sug
	3.250±0.412
	2.000±0.195
	0.428±0.072
	0.460±0.061

	Akt3K
	3.500±0.5
	1.933±0.219
	0.404±0.068
	0.431±0.069

	Mean±SE
	3.406±0.498
	2.028±0.243
	0.402±0.061
	0.455±0.066

	West Sayan

	Shag
	3.750±0.559
	1.931±0.196
	0.421±0.057
	0.446±0.053

	AON
	3.625±0.532
	1.985±0.176
	0.440±0.061
	0.458±0.065

	Sh
	3.625±0.706
	2.024±0.249
	0.467±0.058
	0.461±0.057

	U/A
	3.500±0.681
	2.306±0.443
	0.443±0.047
	0.490±0.065

	RTKCHR
	3.500±0.567
	2.029±0.245
	0.424±0.06
	0.458±0.064

	ABA
	3.250±0.366
	2.004±0.202
	0.450±0.078
	0.456±0.068

	RTBK/z
	3.125±0.398
	2.067±0.265
	0.438±0.063
	0.460±0.071

	Mean±SE
	3.482±0.544
	2.049±0.254
	0.440±0.061
	0.461±0.063

	East Sayan

	Tai
	3.000±0.378
	2.091±0.328
	0.422±0.039
	0.452±0.069

	Arsh
	3.500±0.5
	2.091±0.34
	0.412±0.078
	0.438±0.081

	M/B
	3.625±0.498
	2.179±0.391
	0.379±0.049
	0.454±0.075

	IONK
	3.500±0.5
	2.015±0.357
	0.397±0.076
	0.414±0.08

	IOTSH
	3.500±0.681
	2.207±0.335
	0.438±0.074
	0.470±0.082

	IOZCH
	3.750±0.62
	2.334±0.471
	0.398±0.068
	0.474±0.082

	CHD
	3.250±0.648
	2.426±0.553
	0.430±0.06
	0.449±0.097

	IOT/Tg
	3.375±0.46
	2.102±0.305
	0.413±0.07
	0.453±0.077

	KV/S
	3.875±0.693
	2.245±0.402
	0.434±0.058
	0.471±0.076

	Van
	3.750±0.648
	2.132±0.392
	0.450±0.085
	0.441±0.079

	Chun
	3.375±0.565
	2.016±0.335
	0.412±0.066
	0.427±0.077

	KAN
	3.750±0.62
	2.121±0.365
	0.424±0.084
	0.446±0.076

	Mean±SE
	3.521±0.568
	2.163±0.381
	0.417±0.067
	0.449±0.079

	middle Siberia

	KAR
	3.375±0.498
	2.161±0.358
	0.448±0.065
	0.456±0.076

	SE
	3.625±0.532
	1.989±0.262
	0.399±0.047
	0.442±0.065

	Ti
	3.500±0.567
	2.123±0.388
	0.409±0.088
	0.431±0.083

	Tur
	3.125±0.35
	1.930±0.212
	0.423±0.052
	0.441±0.056

	BMV
	3.125±0.35
	2.017±0.239
	0.417±0.064
	0.451±0.068

	A/IA
	3.375±0.42
	2.013±0.288
	0.442±0.09
	0.436±0.074

	Mean±SE
	3.354±0.453
	2.039±0.291
	0.423±0.068
	0.443±0.07

	Kuznetsk Alatau and West Siberian Plain

	NU
	3.500±0.463
	2.297±0.324
	0.356±0.053
	0.500±0.069

	NK
	3.125±0.227
	2.142±0.237
	0.433±0.069
	0.494±0.055

	Mak
	3.625±0.596
	2.296±0.359
	0.461±0.067
	0.489±0.077

	Arg-ul
	3.500±0.5
	2.021±0.206
	0.463±0.053
	0.466±0.057

	Bir
	3.500±0.5
	1.875±0.286
	0.365±0.069
	0.398±0.072

	Mis
	3.375±0.565
	1.807±0.168
	0.371±0.056
	0.408±0.064

	Toch
	3.375±0.498
	2.240±0.325
	0.442±0.071
	0.484±0.074

	TON
	3.500±0.463
	2.154±0.265
	0.481±0.072
	0.481±0.068

	KOIK
	3.250±0.491
	2.214±0.313
	0.421±0.076
	0.473±0.083

	TUCH
	3.375±0.532
	1.971±0.256
	0.411±0.067
	0.430±0.074

	Mean±SE
	3.413±0.483
	2.102±0.274
	0.420±0.065
	0.462±0.069

	Urals and West Siberian Plain

	Aiz
	3.000±0.378
	2.267±0.279
	0.472±0.071
	0.507±0.064

	Ivd
	3.125±0.35
	2.072±0.226
	0.419±0.037
	0.478±0.054

	CHM
	3.375±0.42
	2.331±0.25
	0.467±0.026
	0.537±0.048

	Sur
	3.375±0.42
	2.060±0.177
	0.483±0.052
	0.487±0.048

	Iamal
	3.125±0.398
	2.162±0.218
	0.397±0.035
	0.500±0.055

	Mean
	3.200±0.393
	2.178±0.23
	0.448±0.044
	0.502±0.054

	Total mean±SE
	3.419±0.07
	2.097±0.041
	0.423±0.009
	0.459±0.01


NA: the allele number, Ne: the effective allele number, HO: observed heterozygosity, HE: expected heterozygosity, and SE: standard error
Table S4.7 The standard genetic statistics of nuclear microsatellite loci
	ID No.
	Locus name
	HO
	HE
	NA
	Allelic size, bp

	1
	PS_80612
	0.553
	0.585
	7
	162, 165, 168, 171, 177, 180, 183

	2
	PS_364418
	0.467
	0.761
	12
	154, 157, 160, 163, 166, 169, 172, 175, 178, 181, 184, 187

	3
	PS_1375177
	0.389
	0.402
	8
	200, 203, 206, 224, 227, 233, 236, 239

	4
	PS_1502048
	0.477
	0.533
	6
	183, 186, 192, 195, 198, 201

	5
	PS_31489
	0.471
	0.490
	2
	186, 189

	6
	PS_25981
	0.413
	0.442
	3
	170, 174, 178

	7
	PS_39709
	0.495
	0.566
	4
	198, 202, 214, 226

	8
	PS_718958
	0.095
	0.097
	4
	189, 195, 204, 207


HO: observed heterozygosity, HE: expected heterozygosity, and NA: the allele number 













Appendix S5

Fig. S5.6 The NJ tree based on DA distances derived from the P. sibirica microsatellite data 
Appendix S6

Fig. S6.7 Genetic structure of P. sibirica populations as inferred by STRUCTURE


Appendix S7
The reference list of paleorecords cited in Fig. 3 (in the main text) 
Unlabeled dots refer to Binney et al. (2009, 2017). Unlabeled black dots in the MIS 3 map refer to Krivonogov (1988).
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