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Fig. S1 Differences in the visiting frequency (a) and time (b) of bees for three varieties of faba beans 
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Fig.S2 Depth distribution of 17-mers in the genome VF8137 according to K-mer analysis.

K-mer Genome size 
（MB）

Heterozygous 

ratio (%)

Repeat

sequence (%)

17 11,772.94 0.49 92.34



Chr1

0

50
0

10
00

1500

2000

2500

3000

Chr2

0

500

1000

1500

Chr3

0

50
010

00

15
00

Chr4

0

500

1000

1500

Ch
r5

0

500

1000

Chr6

0

500

1000

Chr1

0

50
0

10
00

1500

2000

2500

3000

Chr2

0

500

1000

1500

Chr3

0

50010
00

15
00

Chr4

0

500

1000

1500

C
hr

5

0

500

1000

Chr6

0

500

1000

1500

a.chromosome

b.repeat density

c.gene density 0.02
0

d.GC density

10 50

1.2
0.6

Hedin/2

b
a

b

c

d

Chr10 10
0

20
0

30
0

40
0

C
hr2

0

100

200

300

400

Ch
r3

0

100

200

300

400

500

Chr4

0

10020030040
050

0

Chr5

010
0

20
0

30
0

400

500

600

C
hr

6

0

100

200

300

400

500

Chr7

0

100

200

300

400

500

a

b

c

d

a.chromosome

b.repeat density

c.gene density 0.15
0

d.GC density

10 60

1.2
0.4

Pisum sativum (PeaZW6)

Chr10 10

20

30

40

50

C
hr2

0

10

20

30

40

50

Ch
r3

0

10

20

30

40
50

Chr4

0

102030405060

Chr5 010

20

30

40

C
hr6

0

10

20

30

40

Ch
r7

0

10

20

30

40

50

Chr8

0

10

20

30

40

a.chromosome

b.repeat density

c.gene density 0.5
0

d.GC density

30 37

0.8
0.2

Medicago truncatula

a

b

c

d

VF8137

a.chromosome

b.repeat density

c.gene density 0.04
0

d.GC density

10 50

1.2
0.6

a

dc

Fig. S3 Genome features of two assemblies of faba bean including VF8137 (a) and Hedin/2 (b) and 
one assembly of Pisum sativum (c) and Medicago truncatula (d). Bin size of 5 Mb, 1Mb and 500 Kb 
were applied for two genome assemblies of faba bean including VF8137 and Hedin/2, Pisum sativum 
and Medicago truncatula, respectively.



De novo 
prediction

Homology 
prediction

RNA data 
prediction

61,083

1. Remove genes that are structurally incomplete;
2. Remove genes that do not have homology (at 
least 1 species support), transcriptome cufflinks support, and 
expression support.
3. Remove genes that have more than 20% overlap with 
TE sequence.

47,215
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Fig.S11 Distribution of nine quantitative traits of 558 accessions of faba bean germplasm used 
in the seven phenotyping experiments (HB19, HB20, HB21, QH19, QH20, QH21, and YN19) at 
Hebei, Qinghai and Yunnan sites between 2019 and 2021. FT = Flowering time, PH = Plant 
height, DPL = Dry pod length, DPW = Dry pod width, PPP = Pods number per plant, HSW = 100-
seed weight, SL = Seed length, SW = Seed width, ST = Seed thickness.
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Fig. S13 Phenotypic differences among different genetic groups (a, b, c, d, e, f, g) and correlations 
(h) of PH in seven experiments. a, b, c, d, e, f, g, Pink, green, blue and purple represent Group 1, 
Group 2, Group 3 and Admixture, respectively. h, The darker the color intensity, the higher the 
correlation; whereas the weaker the color intensity, the lower the correlation. *, P< 0.05; **, P<0.01; 
***, P<0.001; ****, P<0.0001.
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Fig.S14 GWAS and genetic analyses of candidate genes associated with PH. a and b, GWAS results 
of PH in HB19 (a) and HB20 (b). c, d, and e, Genotype distribution in three genetic groups and 
phenotypic differences of distinct haplotypes in Vfab1G475000 (c), Vfab1G475700 (d), and 
Vfab1G475900 (e).



****

****
****

***
**

0

100

200

300

Group1 Group2 Group3 Admixture

10
0S

W
_H

B1
9 ****

****
****

*
*

100

200

300

Group1 Group2 Group3 Admixture

10
0S

W
_H

B2
0

****

****
****

*

100

200

300

Group1 Group2 Group3 Admixture

10
0S

W
_H

B2
1

***

****
***

***
**

0

100

200

300

Group1 Group2 Group3 Admixture

10
0S

W
_Q

H
19

**

****
****

***
**

0

100

200

300

400

Group1 Group2 Group3 Admixture

10
0S

W
_Q

H
20 **

****
****

****
**

0

100

200

300

Group1 Group2 Group3 Admixture

10
0S

W
_Q

H
21

**

**
*

0

50

100

150

200

Group1 Group2 Group3 Admixture

10
0S

W
_Y

N
19

HB19 0.79
***

0.47
***

0.78
***

0.46
***

0.43
***

0.53
***

HB20 0.42
***

0.76
***

0.39
***

0.38
***

0.57
***

HB21 0.42
***

0.76
***

0.72
***

0.23
***

QH19 0.44
***

0.40
***

0.52
***

QH20 0.78
***

0.25
***

QH21 0.22
***

YN19

a b

c d

e f

g h

Fig. S15 Phenotypic differences among different genetic groups (a, b, c, d, e, f, g) and correlations 
(h) of 100SW in seven experiments. a, b, c, d, e, f, g, Pink, green, blue and purple represent Group 
1, Group 2, Group 3 and Admixture, respectively. h, The darker the color intensity, the higher the 
correlation; whereas the weaker the color intensity, the lower the correlation. *, P< 0.05; **, P<0.01; 
***, P<0.001; ****, P<0.0001.
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Fig.S17 GWAS and genetic analyses of the candidate gene Vfab1G792100 associated with 
seed size and seed weight. a, GWAS results of seed size and seed weight at different 
sites across years. b, LD block analysis for the SNPs significantly associated with 100SW. c, 
Genotype of the SNP significantly associated with 100SW. d, Phenotypic differences  
in distinct haplotypes of 100SW. e and f, Haplotype composition in different genetic 
groups of 558 accessions of faba bean germplasm.
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Fig.S18 GWAS and genetic analyses of variations and genes associated with pod size. 
a, GWAS results of dry pod length (DPL) and dry pod width (DPW) across years. b, LD 
block analysis for the SNPs significantly associated with DPL. c, Genotype of the 
SNP significantly associated with DPL. d, Phenotypic difference in DPL among 
distinct haplotypes. e and f, Haplotype composition in different genetic groups of 558 accessions 
of faba bean germplasm.
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Fig.S19 GWAS analyses and genetic dissection of candidate genes associated with HC. a, SNPs 
significantly associated with HC according to GWAS. b, QQ plot of HC in GWAS analysis. c, LD 
block analysis for SNPs significantly associated with HC. d and e, Haplotype composition of 
Vfab1G537500 (PPO) in different genetic groups of 558 accessions of faba bean germplasm. f and 
g, Phenotypic differences in HC among distinct haplotypes of Vfab1G537500 (PPO). 
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Fig. S20 Frequency distribution of 16 agronomic traits in 167 F2 population of faba beans. The 
black and red arrows indicate the parents (VF8137 and H3712) of the F population, respectively. 
HC = Hilum color, WT = Wing type, WL = Wing length, VL = Vexil length, FBN = First bud node, 
FPN = First pod node, BN = Branch number, EBN = Effective branch number, PPP = Pods per 
plant, PH = Plant height, SNPP = Seeds numer per plant, SWPP = Seeds weight per plant, 
100SW = 100-Seed weight, SL = Seed length, SW = Seed width, ST = Seed thickness.
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Fig.S22 High consistency between the assembly of VF8137 and the genetic map. a, Chr1; b, 
Chr2; c, Chr3; d, Chr4; e, Chr5; f, Chr6.
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Fig. S23 LOD distribution across the genome for 12 agronomic traits in QTL analyses of faba 
bean. The red solid and broken lines indicate thresholds of 0.01 and 0.05, respectively. HC = 
Hilum color, WL = Wing length, VL = Vexil length, FBN = First bud node, BN = Branch number, 
PPP = Pods per plant, PH = Plant height, SWPP = Seeds weight per plant, 100SW = 100-Seed 
weight, SL = Seed length, SW = Seed width, ST = Seed thickness.
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Fig.S25 Differences in three-dimensional structure and secondary structure prediction of FAF3 protein in 
H3712 (a and c) and VF8137 (b and d). The black arrows in a & b depict disparities in three-dimensional 
structure, whereas the red and blue asterisks in c & d illustrate variations in secondary structure.
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