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SUPPLEMENTARY INFORMATION

Local recombination rate is associated with marker density

We found that marker density was positively correlated with the estimated recombination rate
ata 1 Mb scale, when omitting regions at the very end of chromosomes (Supplementary Figure
4). This association has also been observed in other systems (Shen et al. 2017), due to the
decrease in genetic variation caused by the rapid fixation of advantageous mutations (Maynard
Smith and Haigh 1974, Jacobs et al. 2016). In these regions, the estimated recombination rate

can be lower than the real value (Kim and Nielsen 2004).
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SUPPLEMENTARY TABLES

Supplementary Table 1. The recombination rate decreases in most subtelomeric regions.
p-values for the Wilcoxon tests, with values in with an asterisk indicating a non-significant

decrease in the estimated recombination rate compared to the central positions of the

chromosome.
Chromosome ‘Left’ subtelomeric region ~ ‘Right’ subtelomeric region
Z1 <0.001 0.014
2 <0.001 0.004
3 <0.001 0.025
4 0.001 0.001
5 0.085* 0.008
Z2 0.002 0.731*
7 0.008 0.007
8 0.023 0.003
9 0.017 0.033
10 0.762* 0.001
11 0.524* 0.001
12 0.001 <0.001
13 0.001 0.002
14 <0.001 <0.001
15 0.0256 <0.001
16 0.950* 0.014
17 0.002 <0.001
18 0.015 0.009
Z3 0.017 0.005
20 0.005 0.012
21 0.002 0.004
22 0.009 0.003
23 0.002 <0.001
24 0.001 0.002
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0.001
<0.001
0.005
<0.001

0.246*

0.098*
0.001
0.098*
0.003

0.004
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Supplementary Table 2. GSEA output for the 50 most significant GO terms in the hot-spots. Shown for each GO term is the name, total

number of genes belonging to this GOterm, expected, and observed amount in the hot-spots, p-value and adjusted p-value for each GOterm ID.

GO.ID Term #Annot. #Sign. #Exp. Fisher p_adj
G0:0005219 ryanodine-sensitive calcium-release channel activity 3 3 0.18  2.20E-04 0.37
G0:0043924  suramin binding 3 3 0.18 2.20E-04 0.37
G0:0005509 calcium ion binding 159 21 9.64  5.70E-04 0.57
G0:0050254 rhodopsin kinase activity 4 3 0.24  8.50E-04 0.57
GO0:0047696 beta-adrenergic receptor kinase activity 4 3 0.24  8.50E-04 0.57
G0:0005524 ATP binding 204 24 12.37 1.27E-03 0.65
G0:0048763 calcium-induced calcium release activity 5 3 0.3 2.02E-03 0.65
G0:0000400 four-way junction DNA binding 11 4 0.67  3.13E-03 0.65
G0:0034237 protein kinase A regulatory subunit binding 11 4 0.67 3.13E-03 0.65
GO0:0031850 delta-type opioid receptor binding 2 2 0.12 3.67E-03 0.65
GO0:0031851 kappa-type opioid receptor binding 2 2 0.12 3.67E-03 0.65
G0:0046702 galactoside 6-L-fucosyltransferase activity 2 2 0.12 3.67E-03 0.65
GO0:0050614 delta24-sterol reductase activity 2 2 0.12 3.67E-03 0.65
GO0:0000246 delta24(24-1) sterol reductase activity 2 2 0.12 3.67E-03 0.65
G0:0046935 1-phosphatidylinositol-3-kinase regulator activity 2 2 0.12 3.67E-03 0.65
G0:0008732  L-allo-threonine aldolase activity 2 2 0.12 3.67E-03 0.65
GO0:0031755 Edg-2 lysophosphatidic acid receptor binding 2 2 0.12 3.67E-03 0.65
G0:0008424  glycoprotein 6-alpha-L-fucosyltransferase activity 2 2 0.12 3.67E-03 0.65
GO0:0005161 platelet-derived growth factor receptor binding 6 3 0.36  3.86E-03 0.65
GO0:0004703 G protein-coupled receptor kinase activity 6 3 0.36 3.86E-03 0.65




G0:0050839
G0:0050062
G0:0003993
G0:0034236
G0:0047372
G0:0042605
G0:0000403
G0:0031694
G0:0005245
G0:0001530
GO:0005085
G0:0043621
G0:0097110
G0:0001968
G0:0031492
G0:0004663
GO0:0009374
G0:0017108
G0:0008349
G0:0003700
GO:0070412
G0:0034041
G0:0030619
G0:0004704
G0:0019209
G0:0001872

cell adhesion molecule binding

long-chain-fatty-acyl-CoA reductase activity

acid phosphatase activity

protein kinase A catalytic subunit binding
acylglycerol lipase activity

peptide antigen binding

Y-form DNA binding

alpha-2A adrenergic receptor binding
voltage-gated calcium channel activity
lipopolysaccharide binding
guanyl-nucleotide exchange factor activity
protein self-association

scaffold protein binding

fibronectin binding

nucleosomal DNA binding

Rab geranylgeranyltransferase activity
biotin binding

5'-flap endonuclease activity

MAP kinase kinase kinase kinase activity
DNA-binding transcription factor activity
R-SMAD binding

ABC-type sterol transporter activity

U1 snRNA binding

NF-kappaB-inducing kinase activity
kinase activator activity
(1->3)-beta-D-glucan binding
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7.28
0.42
0.42
0.42
0.49
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0.18
1.09
0.91
7.22
3.28
2.73
0.61
0.24
0.24
0.24
0.24
0.24
28.75
121
0.73
0.3
0.3
3.09
0.36

5.10E-03
6.45E-03
6.45E-03
6.45E-03
9.86E-03
1.06E-02
1.06E-02
1.06E-02
1.06E-02
1.07E-02
1.25E-02
1.52E-02
1.76E-02
1.93E-02
2.03E-02
2.03E-02
2.03E-02
2.03E-02
2.03E-02
2.76E-02
2.98E-02
3.23E-02
3.25E-02
3.25E-02
3.26E-02
4.68E-02

0.82
0.90
0.90
0.90
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
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G0:0005242
G0:0043422
G0:0043199
G0:0080019

inward rectifier potassium channel activity
protein kinase B binding
sulfate binding

fatty-acyl-CoA reductase (alcohol-forming) activity
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0.36
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4.68E-02
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4.68E-02
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69  Supplementary Table 3. GSEA output for the 50 most significant GO terms in the cold-spots. Shown for each GO term is the name, total
70  number of genes belonging to this GOterm. expected and observed amount in the cold spots, p-value and adjusted p-value for each GOterm ID.

71  Significantly enriched GOterms are highlighted in bold.

GO.ID Term Annot. Sign Expected weightOlFisher p_adj
GO0:0004311 farnesyltranstransferase activity 21 13 1.50 9.70E-09 0.00
G0:0004337 geranyltranstransferase activity 19 11 1.36 1.00E-08 0.00
G0:0004161 dimethylallyltranstransferase activity 19 11 1.36 1.00E-08 0.00
G0:0004467 long-chain fatty acid-CoA ligase activity 17 7 1.22 9.50E-05 0.08
GO0:0004370  glycerol kinase activity 6 4 0.43 3.50E-04 0.20
G0:0046870 cadmium ion binding 3 3 0.21 3.60E-04 0.20
G0:0004521 endoribonuclease activity 43 8 3.08 1.10E-03 0.37
G0:0030899 calcium-dependent ATPase activity 4 3 0.29 1.38E-03 0.37
G0:0004517 nitric-oxide synthase activity 4 3 0.29 1.38E-03 0.37
G0:0034617 tetrahydrobiopterin binding 4 3 0.29 1.38E-03 0.37
G0:0034618 arginine binding 4 3 0.29 1.38E-03 0.37
GO0:0004169  dolichyl-phosphate-mannose-protein mannosyltransferase activity 4 3 0.29 1.38E-03 0.37
G0:0017080 sodium channel regulator activity 8 4 0.57 1.44E-03 0.37
G0:0008603 cAMP-dependent protein kinase regulator activity 5 3 0.36 3.27E-03 0.67
G0:1904047  S-adenosyl-L-methionine binding 5 3 0.36 3.27E-03 0.67
GO0:0008449 N-acetylglucosamine-6-sulfatase activity 5 3 0.36 3.27E-03 0.67
GO:0005351  carbohydrate:proton symporter activity 29 7 2.08 3.61E-03 0.67
GO0:0005355 glucose transmembrane transporter activity 29 7 2.08 3.61E-03 0.67
G0:0003857  3-hydroxyacyl-CoA dehydrogenase activity 10 4 0.72 3.85E-03 0.68
G0:0016275 [cytochrome c]-arginine N-methyltransferase activity 2 2 0.14 5.12E-03 0.69




G0:0042071
G0:0005152
G0:0008495
G0:0030519
G0:0070224
G0:0043199
G0:0003958
G0:0003887
G0:0036122
G0:0016887
G0:0020037
G0:0004222
G0:0016618
G0:0030267
G0:0050660
G0:0008409
G0:0015036
G0:0004518
G0:0036185
G0:0035175
G0:0051400
GO:0097257
G0:0004321
G0:0097371
G0:0044020
G0:0032027

leucokinin receptor activity

interleukin-1 receptor antagonist activity
protoheme IX farnesyltransferase activity
snoRNP binding

sulfide:quinone oxidoreductase activity
sulfate binding

NADPH-hemoprotein reductase activity
DNA-directed DNA polymerase activity
BMP binding

ATP hydrolysis activity

heme binding

metalloendopeptidase activity
hydroxypyruvate reductase activity
glyoxylate reductase (NADP+) activity
flavin adenine dinucleotide binding

5'-3" exonuclease activity

disulfide oxidoreductase activity
nuclease activity

13-lipoxin reductase activity

histone kinase activity (H3-S10 specific)
BH domain binding

leukotriene B4 12-hydroxy dehydrogenase activity
fatty-acyl-CoA synthase activity
MDM2/MDM4 family protein binding
histone methyltransferase activity (H4-R3 specific)

myosin light chain binding
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0.14
0.14
0.14
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0.43
1.36
0.50
24.56
2.58
3.22
0.21
0.21
3.44
0.86
2.29
8.02
0.29
0.29
0.29
0.29
0.29
0.29
0.29
0.72

5.12E-03
5.12E-03
5.12E-03
5.12E-03
5.12E-03
6.19E-03
6.19E-03
9.24E-03
1.03E-02
1.22E-02
1.25E-02
1.33E-02
1.46E-02
1.46E-02
1.50E-02
2.20E-02
2.22E-02
2.73E-02
2.79E-02
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G0:0010181
G0:0016303
G0:0003785
G0:0032450

FMN binding
1-phosphatidylinositol-3-kinase activity
actin monomer binding

maltose alpha-glucosidase activity
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74  Supplementary Table 4. Correlation of recombination rate with genomic features in the
75  chromosomes involved in segregating polymorphisms.

76

Parameter rho  p-value

GC-content -0.19 0.04*
Gene density -0.07 0.46
DNA Transposons  0.51 0.06
LTRs -0.05 0.59
SINEs 0.38 3.96e-05*

LINEs 0.01 0.96
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Supplementary Table 5. Linear regression model on the chromosomes involved in

fusion/fission polymorphisms. Six explanatory variables are included, and those that are

significantly associated with recombination rate variation at a 1 Mb scale are highlighted in

bold.
Estimate Std. Error t p-value
GC -22.29 90.73 -0.246  0.807
Gene density ~ -3.68 27.87 -0.132  0.895
DNA 21.00 55.38 0.379  0.705
LINE -18.87 25.66 -0.735 0.464
SINE 132.85 50.69 2.621 0.010
LTR 13.19 74.84 0.176 0.860
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Supplementary Table 6. Sampling coordinates of the sequenced individuals.

Location

Latitude

Longitude

# Individuals

Fiby
Lumpen
Stora Trillbo
Siggefora
Ostfora
Vattholma
Lafsen
Sodra Lafsen
Oversjon Jarva
Fjarilsstigen
Véstmanland
Narke
Varmland
Dalarna
Hélsingland
Roxen
Forserum
Flogen
Landsbro
Rottnen
Norrbo
Soraker
Varmvattnet
Mala

Follinge

N 59° 54' 08.01"
N 59° 57' 00.53"
N 59° 54' 49.79"
N 59° 58' 46.24"
N 59° 59' 22.41"
N 60° 01' 31.52"
N 60° 01' 36.45"
N 60° 01' 00.62"
N 59° 27' 23.32"
N 59° 50" 13.58"
N 59° 42' 55.55"
N 59° 19' 25.25"
N 59° 39' 56.24"
N 60° 08' 01.02"
N 61° 22' 30.03"
N 58° 17' 08.50"
N 57° 43' 29.00"
N 57° 25' 58.20"
N 57° 22' 08.50"
N 56° 42' 37.40"
N 60° 16' 31.9"
N 62° 29" 17.51"
N 64° 04' 40.94"
N 65° 09' 21.81"

N 63° 34' 12.28"

E 17°21'31.76"
E 17° 18'30.05”
E 17° 23'28.16"
E 17° 07' 20.56"
E 17° 10' 47.80"
E 17° 45' 58.96"
E 17° 48' 08.62"
E 17° 49'01.83"
E 17°51' 02.12"
E 17° 32' 46.84"
E 16° 05' 35.45"
E 14° 45" 19.11"
E 13° 32'57.27"
E 15° 15'47.47"
E 16° 16' 37.23"
E 14° 55' 35.60"
E 14° 30' 45.10"
E 14° 59' 19.80"
E 14° 54' 13.80"
E 15° 05' 45.90"
E 14° 53'58.1"
E 17° 36' 35.72"
E 20° 03' 20.52"
E 18° 46' 58.99"

E 14° 43' 04.12"
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15 rho = -0.292
p = 0.062
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120  Supplementary Figure 1. The association between chromosome length and recombination rate in the wood
121  white. Each dot represents a chromosome (orange = autosomes, blue = Z-chromosomes).
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Supplementary Figure 2. Relative position distribution of recombination hot-spots and cold-spots.

Distribution of recombination hot-spots (A) and cold-spots (B) along the different chromosomes, represented as

the count in the percentiles of relative position with respect to the center of the chromosome.
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Supplementary Figure 3. Positive association between the local recombination rate and the marker

density. The 1Mb window with the highest recombination rate (located in chromosome 17, see Figure S3) was

discarded for the analysis, as well as the first and last window of each chromosome, as they included the

telomeric regions.
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133 Supplementary Figure 4. pyrho output for simulated data with msprime. pyrho was used to infer the local
134 recombination rate variation in a single file obtained from concatenating 99 independently simulated VVCF files
135  with msprime 1.1.1, for a total of 9.9 Mb long sequence. Based on these results, the thresholds for defining and

136  characterizing the recombination hot-spots were decided.
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