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Supplementary Figure 1: K-mer analysis of 4 diploids and 6 tetraploid genomes with 71-mers.
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Supplementary Figure 2: FB20-005-1 Hi-C contact matrix. The intensity of pixels represents the normalized count of Hi-C links between 1 Mb windows on all chromosomes and haplotypes. 
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Supplementary Figure 3: FB20-029-7 Hi-C contact matrix.
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Supplementary Figure 4: PI365428 Hi-C contact matrix.
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Supplementary Figure 5: FB19-001-1 Hi-C contact matrix.
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Supplementary Figure 6: GRA2256-1 Hi-C contact matrix.
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Supplementary Figure 7: A17 Hi-C contact matrix.
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Supplementary Figure 8: A40 Hi-C contact matrix.
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Supplementary Figure 9: A42 Hi-C contact matrix.
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Supplementary Figure 10: Estimation of local genome size change rates based on alignment in chr1H between H. bulbosum haplotype 1 and H. vulgare cv. Morex. (a) Genome alignment between H. bulbosum haplotype 1 and Morex on chromosome 1H. (b) Alignments were fitted to a generalized additive model (GAM). (c) Estimated genome size change rate along the chromosome. The black horizontal line refers to the genome size change rate equal to 1 (no change).

[image: ]Supplementary Figure 11. Distribution of read counts of barley parents of introgression lines aligned to the H. bulbosum genome.
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Supplementary Figure 12. An example of identifying introgressed regions for introgression line sample 270147.
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	Accession
	N50
	Assembly size (bp)
	unanchored contsize (bp)
	Busco (embryophyta_odb9)

	JKI-5215
	28,413,266
	4,271,127,017
	76,377,195
	96.60%





Supplementary Figure 13. JKI-5215 Hi-C contact matrix and assembly summary statistics.
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Supplementary Figure 14. A17 assembly separation in the introgressed region of JK-5215. (a) and (b) PCA clustering of the matrix of Hi-C links connecting the ends of contigs, i.e. those mapped to within 2 Mb of either contig end. Chromosome 3H of the tetraploid clone A17 is shown. Colors correspond to different haplotypes. R3 corresponds to contigs which are in the region of A17 haplotype 3 collinear to the JKI-5215 introgressed region. R4 corresponds to contigs which are in the region of A17 haplotype4 collinear to the JKI-5215 introgressed region. (c) PCA separation on haplotype 3 and haplotype 4 of A17 chromosome 3H after pseudomolecule construction and manual curation. R3 and R4 are the same as in (a) and (b). (d) Hi-C contact matrix of the region of A17 collinear to the JKI-5215 introgressed region.
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Supplementary Figure 15. Gene content of the Ryd4Hb locus in the H. bulbosum pangenome. The color code is: yellow – SFGH1, purple – APGG2, green – CC-NBARC-LRR genes as defined by NLR-annotator. Details on the genes are given in Supplementary Table 13.
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Sample FB19_011_3  k= 71



Observed (obs.): 4352.727 Mb (error−excluded: 3545.02 Mb)
* k−mer_cov obs.: 48
* signal_error_border 10
Heterozygous fitting (intermediate info)
* het rate: 0.00767326 (ori) : (cor) 0.00767326
Fitted count with fitted k−mer_cov: 3822.697 Mb
* k−mer_cov fit.: 47.04
* 1st−sd:10.47
* 1st−skewness: 1.2
Fitted+obs. with corrected k−mer_cov: 3846.637 Mb
* k−mer_cov cor.: 45.42
* repetitive_ratio 0.38: 1460.482 Mb
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Sample  FB19_001_1  k= 71



Observed (obs.): 7921.865 Mb (error−excluded: 7170.51 Mb)
* k−mer_cov obs.: 55
* signal_error_border 11
Heterozygous fitting (intermediate info)
* het rate: 0.00599647 (ori) : (cor) 0.00599647
Fitted count with fitted k−mer_cov: 7311.466 Mb
* k−mer_cov fit.: 48.4
* 1st−sd:21.96
* 1st−skewness: 2.88
Fitted+obs. with corrected k−mer_cov: 7433.352 Mb
* k−mer_cov cor.: 53.78
* repetitive_ratio 0.49: 3613.622 Mb
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Sample  FB19_028_3  k= 71



Observed (obs.): 8178.62 Mb (error−excluded: 7310.235 Mb)
* k−mer_cov obs.: 57
* signal_error_border 12
Heterozygous fitting (intermediate info)
* het rate: 0.006846 (ori) : (cor) 0.006846
Fitted count with fitted k−mer_cov: 4500.334 Mb
* k−mer_cov fit.: 51.24
* 1st−sd:18.11
* 1st−skewness: 2.13
Fitted+obs. with corrected k−mer_cov: 7575.842 Mb
* k−mer_cov cor.: 55.84
* repetitive_ratio 0.46: 3452.033 Mb
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Sample  FB20_005_1  k= 71



Observed (obs.): 3979.846 Mb (error−excluded: 3542.044 Mb)
* k−mer_cov obs.: 69
* signal_error_border 13
Heterozygous fitting (intermediate info)
* het rate: 0.00855571 (ori) : (cor) 0.00855571
Fitted count with fitted k−mer_cov: 3295.563 Mb
* k−mer_cov fit.: 68.08
* 1st−sd:11.1
* 1st−skewness: 1.07
Fitted+obs. with corrected k−mer_cov: 3714.951 Mb
* k−mer_cov cor.: 67.86
* repetitive_ratio 0.38: 1422.72 Mb
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Sample  FB20_029_7  k= 71



Observed (obs.): 4106.57 Mb (error−excluded: 3686.207 Mb)
* k−mer_cov obs.: 62
* signal_error_border 14
Heterozygous fitting (intermediate info)
* het rate: 0.00382677 (ori) : (cor) 0.00382677
Fitted count with fitted k−mer_cov: 3250.03 Mb
* k−mer_cov fit.: 61.67
* 1st−sd:10.16
* 1st−skewness: 1.02
Fitted+obs. with corrected k−mer_cov: 3876.06 Mb
* k−mer_cov cor.: 59.74
* repetitive_ratio 0.41: 1578.949 Mb
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Sample  GRA2256_1  k= 71



Observed (obs.): 7795.249 Mb (error−excluded: 7006.504 Mb)
* k−mer_cov obs.: 48
* signal_error_border 9
Heterozygous fitting (intermediate info)
* het rate: 0.00848704 (ori) : (cor) 0.00848704
Fitted count with fitted k−mer_cov: 5807.279 Mb
* k−mer_cov fit.: 50.82
* 1st−sd:8.65
* 1st−skewness: 0.54
Fitted+obs. with corrected k−mer_cov: 7532.839 Mb
* k−mer_cov cor.: 45.79
* repetitive_ratio 0.45: 3396.915 Mb
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Sample  PI365428  k= 71



Observed (obs.): 3958.668 Mb (error−excluded: 3514.822 Mb)
* k−mer_cov obs.: 44
* signal_error_border 8
Heterozygous fitting (intermediate info)
* het rate: 0.0072446 (ori) : (cor) 0.0072446
Fitted count with fitted k−mer_cov: 3308.5 Mb
* k−mer_cov fit.: 43.16
* 1st−sd:9.22
* 1st−skewness: 1.18
Fitted+obs. with corrected k−mer_cov: 3776.332 Mb
* k−mer_cov cor.: 41.74
* repetitive_ratio 0.38: 1452.48 Mb
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Sample  A17  k= 71



Observed (obs.): 7694.259 Mb (error−excluded: 6758.582 Mb)
* k−mer_cov obs.: 76
* signal_error_border 15
Heterozygous fitting (intermediate info)
* het rate: 0.00659597 (ori) : (cor) 0.00659597
Fitted count with fitted k−mer_cov: 7977.806 Mb
* k−mer_cov fit.: 69.97
* 1st−sd:16.36
* 1st−skewness: 1.82
Fitted+obs. with corrected k−mer_cov: 7065.329 Mb
* k−mer_cov cor.: 73.34
* repetitive_ratio 0.45: 3187.462 Mb
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Sample  A40  k= 71



Observed (obs.): 7772.03 Mb (error−excluded: 6856.324 Mb)
* k−mer_cov obs.: 72
* signal_error_border 13
Heterozygous fitting (intermediate info)
* het rate: 0.00803509 (ori) : (cor) 0.00803509
Fitted count with fitted k−mer_cov: 4544.773 Mb
* k−mer_cov fit.: 63.96
* 1st−sd:22.2
* 1st−skewness: 2.31
Fitted+obs. with corrected k−mer_cov: 7322.62 Mb
* k−mer_cov cor.: 69.44
* repetitive_ratio 0.44: 3240.768 Mb
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Sample  A42  k= 71



Observed (obs.): 7720.532 Mb (error−excluded: 6741.371 Mb)
* k−mer_cov obs.: 76
* signal_error_border 14
Heterozygous fitting (intermediate info)
* het rate: 0.00807519 (ori) : (cor) 0.00807519
Fitted count with fitted k−mer_cov: 6349.096 Mb
* k−mer_cov fit.: 68.22
* 1st−sd:21.71
* 1st−skewness: 2.45
Fitted+obs. with corrected k−mer_cov: 7182.728 Mb
* k−mer_cov cor.: 73.61
* repetitive_ratio 0.44: 3160.484 Mb
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Sample FB19_011_3  k= 71

Observed (obs.): 4352.727 Mb (error−excluded: 3545.02 Mb)

* k−mer_cov obs.: 48

* signal_error_border 10

Heterozygous fitting (intermediate info)

* het rate: 0.00767326 (ori) : (cor) 0.00767326

Fitted count with fitted k−mer_cov: 3822.697 Mb

* k−mer_cov fit.: 47.04

* 1st−sd:10.47

* 1st−skewness: 1.2

Fitted+obs. with corrected k−mer_cov: 3846.637 Mb

* k−mer_cov cor.: 45.42

* repetitive_ratio 0.38: 1460.482 Mb
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Sample  FB19_001_1  k= 71

Observed (obs.): 7921.865 Mb (error−excluded: 7170.51 Mb)

* k−mer_cov obs.: 55

* signal_error_border 11

Heterozygous fitting (intermediate info)

* het rate: 0.00599647 (ori) : (cor) 0.00599647

Fitted count with fitted k−mer_cov: 7311.466 Mb

* k−mer_cov fit.: 48.4

* 1st−sd:21.96

* 1st−skewness: 2.88

Fitted+obs. with corrected k−mer_cov: 7433.352 Mb

* k−mer_cov cor.: 53.78

* repetitive_ratio 0.49: 3613.622 Mb
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Sample  FB19_028_3  k= 71

Observed (obs.): 8178.62 Mb (error−excluded: 7310.235 Mb)

* k−mer_cov obs.: 57

* signal_error_border 12

Heterozygous fitting (intermediate info)

* het rate: 0.006846 (ori) : (cor) 0.006846

Fitted count with fitted k−mer_cov: 4500.334 Mb

* k−mer_cov fit.: 51.24

* 1st−sd:18.11

* 1st−skewness: 2.13

Fitted+obs. with corrected k−mer_cov: 7575.842 Mb

* k−mer_cov cor.: 55.84

* repetitive_ratio 0.46: 3452.033 Mb
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Sample  FB20_005_1  k= 71

Observed (obs.): 3979.846 Mb (error−excluded: 3542.044 Mb)

* k−mer_cov obs.: 69

* signal_error_border 13

Heterozygous fitting (intermediate info)

* het rate: 0.00855571 (ori) : (cor) 0.00855571

Fitted count with fitted k−mer_cov: 3295.563 Mb

* k−mer_cov fit.: 68.08

* 1st−sd:11.1

* 1st−skewness: 1.07

Fitted+obs. with corrected k−mer_cov: 3714.951 Mb

* k−mer_cov cor.: 67.86

* repetitive_ratio 0.38: 1422.72 Mb
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Sample  FB20_029_7  k= 71

Observed (obs.): 4106.57 Mb (error−excluded: 3686.207 Mb)

* k−mer_cov obs.: 62

* signal_error_border 14

Heterozygous fitting (intermediate info)

* het rate: 0.00382677 (ori) : (cor) 0.00382677

Fitted count with fitted k−mer_cov: 3250.03 Mb

* k−mer_cov fit.: 61.67

* 1st−sd:10.16

* 1st−skewness: 1.02

Fitted+obs. with corrected k−mer_cov: 3876.06 Mb

* k−mer_cov cor.: 59.74

* repetitive_ratio 0.41: 1578.949 Mb
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Sample  GRA2256_1  k= 71

Observed (obs.): 7795.249 Mb (error−excluded: 7006.504 Mb)

* k−mer_cov obs.: 48

* signal_error_border 9

Heterozygous fitting (intermediate info)

* het rate: 0.00848704 (ori) : (cor) 0.00848704

Fitted count with fitted k−mer_cov: 5807.279 Mb

* k−mer_cov fit.: 50.82

* 1st−sd:8.65

* 1st−skewness: 0.54

Fitted+obs. with corrected k−mer_cov: 7532.839 Mb

* k−mer_cov cor.: 45.79

* repetitive_ratio 0.45: 3396.915 Mb
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Sample  PI365428  k= 71

Observed (obs.): 3958.668 Mb (error−excluded: 3514.822 Mb)

* k−mer_cov obs.: 44

* signal_error_border 8

Heterozygous fitting (intermediate info)

* het rate: 0.0072446 (ori) : (cor) 0.0072446

Fitted count with fitted k−mer_cov: 3308.5 Mb

* k−mer_cov fit.: 43.16

* 1st−sd:9.22

* 1st−skewness: 1.18

Fitted+obs. with corrected k−mer_cov: 3776.332 Mb

* k−mer_cov cor.: 41.74

* repetitive_ratio 0.38: 1452.48 Mb
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Sample  A17  k= 71

Observed (obs.): 7694.259 Mb (error−excluded: 6758.582 Mb)

* k−mer_cov obs.: 76

* signal_error_border 15

Heterozygous fitting (intermediate info)

* het rate: 0.00659597 (ori) : (cor) 0.00659597

Fitted count with fitted k−mer_cov: 7977.806 Mb

* k−mer_cov fit.: 69.97

* 1st−sd:16.36

* 1st−skewness: 1.82

Fitted+obs. with corrected k−mer_cov: 7065.329 Mb

* k−mer_cov cor.: 73.34

* repetitive_ratio 0.45: 3187.462 Mb

0 50 100 150 200

0

.

0

e

+

0

0

5

.

0

e

+

0

7

1

.

0

e

+

0

8

1

.

5

e

+

0

8

2

.

0

e

+

0

8

2

.

5

e

+

0

8

3

.

0

e

+

0

8

K−mer freq

N

u

m

b

e

r

 

o

f

 

k

−

m

e

r

s

Sample  A40  k= 71

Observed (obs.): 7772.03 Mb (error−excluded: 6856.324 Mb)

* k−mer_cov obs.: 72

* signal_error_border 13

Heterozygous fitting (intermediate info)

* het rate: 0.00803509 (ori) : (cor) 0.00803509

Fitted count with fitted k−mer_cov: 4544.773 Mb

* k−mer_cov fit.: 63.96

* 1st−sd:22.2

* 1st−skewness: 2.31

Fitted+obs. with corrected k−mer_cov: 7322.62 Mb

* k−mer_cov cor.: 69.44

* repetitive_ratio 0.44: 3240.768 Mb
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Sample  A42  k= 71

Observed (obs.): 7720.532 Mb (error−excluded: 6741.371 Mb)

* k−mer_cov obs.: 76

* signal_error_border 14

Heterozygous fitting (intermediate info)

* het rate: 0.00807519 (ori) : (cor) 0.00807519

Fitted count with fitted k−mer_cov: 6349.096 Mb

* k−mer_cov fit.: 68.22

* 1st−sd:21.71

* 1st−skewness: 2.45

Fitted+obs. with corrected k−mer_cov: 7182.728 Mb

* k−mer_cov cor.: 73.61

* repetitive_ratio 0.44: 3160.484 Mb
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