
S1 Fig. Images of genetic linkage maps for 17 linkage groups of GMAL4593 population. 

Images illustrate maps for ‘Royal Gala’ (maternal parent, left), PI613981 (paternal parent, right) and 

combined GMAL4593 mapping population (center).  

Anchor markers used to combine parental maps and connected with lines. 

The genetic linkage maps were calculated using JoinMap4.1 software (Kyazma B.V., Wageningen, 

 The Netherlands). 
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S12_3497177456.7
CH01d03(3_1)58.3
S12_3577983762.6

6_12

S12_5412330.0
S12_6338460.4
S12_15329571.9
S12_12328943.3
CH05d04_184_186 CH05d04_192_1953.9
S12_3864732 S12_386473712.8
S12_467061114.6
NZ28f4(2) NZ28f4(1)20.3
CH04g04(1) CH04g04(2)21.5
S12_1974979825.5
DIP37HRMa27.0
CH01g12_144 CH01g12_14827.7
S12_788698130.9
GD6(3_2) GD6(1_2)31.7
S12_2140406733.5
GD_SNP0104535.3
S12_1503672435.5
S12_2270212838.3

S12_24172607 S12_2683041845.8

S12_2708175153.7
S12_2787313453.8

S12_29885878 S12_2988909860.1

S12_3112567964.1

S12_3171551869.3
S12_3293647371.2
S12_3228537274.9
S12_3325303175.9

S12_34971774 S12_3497182281.9
CH01d03(3_1)83.4

S12_35779795 S12_3577983787.3

12

S12_5412330.0
S12_12328942.9

S12_386473211.2
S12_467061113.8

NZ28f4(2) NZ28f4(1)22.0
CH04g04(1) CH04g04(2)23.7

S12_788698137.3

S12_1503672443.9

S12_2417260758.8

S12_2708175170.3

S12_2988587879.5

S12_3171551891.1

S12_3228537298.2

S12_34971822107.2

S12_35779795112.1

7_12
      RG 4593 613981 

LG 12 



S13_18592060.0
S13_23248352.5

S13_37989187.5

S13_746829214.6

S13_880858419.3

S13_1240533626.8

S13_1686734033.2
S13_1858484936.6

S13_2142684947.1
GD_SNP0206949.1
GD_SNP00744 MDC004660.530HRMa49.3
MDC000454.425HRMa54.6
S13_3165858256.6

9_13

S13_1859206 S13_18592210.0
S13_20593811.5
S13_23248352.8
Hi04g055.4
S13_3798918 S13_37999048.1
S13_432447711.4
S13_520783212.8
S13_746829216.8
S13_880858422.5
S13_1075455329.2
S13_12405336 S13_1241136331.7
S13_1686734039.4
S13_1496703540.5
S13_1858484943.6
S13_1741169946.9
S13_1841893748.0
S13_2043801053.3
S13_2142684956.4
S13_2288848657.2
GD_SNP0206958.7
GD_SNP0074459.0
MDC004660.530HRMa59.1
S13_2406890762.6
S13_2987179363.6
MDC000454.425HRMa64.4
S13_3165858266.3
S13_3497298369.1

S13_3939757084.1

13

S13_18592210.0
S13_20593811.6
Hi04g055.8
S13_37999048.8
S13_432447712.6
S13_520783214.3

S13_1075455333.6
S13_1241136336.6

S13_1496703547.0

S13_1741169954.5
S13_1841893755.7

S13_2043801062.0
S13_2288848666.6
MDC004660.530HRMa68.8
S13_2406890772.4
S13_2987179373.4

S13_3497298378.9

S13_3939757093.8

9_13      RG 4593 613981 

LG 13 



S14_4323930.0
S14_9328464.5
S14_55743428.5
S14_68823438.8
S14_809277811.7
S14_912576214.2
CH05g07y16.1
S14_1233142718.3
S14_1348749220.4
S14_1603637222.3
CH03d0824.0
CH01g0524.5
S14_1729631928.2

CH04c0738.5

S14_2888874148.3

S14_2957805452.7

S14_3126830760.0

S14_3330724667.1

S14_3401392972.7

2_14

S14_4323930.0
S14_5332720.5
S14_9328465.8
S14_20765378.7
S14_5574342 S14_557521810.8
S14_6882343 S14_688246414.8
S14_809277818.4
S14_832383120.3
S14_912576221.6
S14_901659321.9
CH05g07y24.0
S14_1090898224.8
S14_1233142726.8
S14_1267821827.6
S14_1348749229.5
S14_16036372 S14_1603642331.9
CH03d0833.7
CH01g0534.6
S14_1729631938.1
CH04c0747.9

S14_2888874158.8
S14_2949105860.7
S14_2957805463.7

S14_3073427868.9
S14_31263511 S14_3126830771.7

S14_33295742 S14_3330724681.1
S14_3401392984.4

14

S14_5332720.0

S14_207653710.6
S14_557521813.2

S14_688246420.7

S14_832383127.5
S14_901659329.4
S14_1090898232.9
S14_1267821836.3
S14_1603642341.4
CH03d0843.3
CH01g0544.6

CH04c0757.4

S14_2949105871.4

S14_3073427880.4
S14_3126351183.5

S14_3329574293.0

2_14       RG 4593 613981 

LG 14 



S15_7240260.0

S15_18573795.7

DIP4HRMa12.1
S15_442233914.7

S15_598517623.3

S15_920302330.1

S15_1199048435.5

S15_1645062342.0

S15_1961397947.4

S15_2362963056.1
GD_SNP0185060.9
S15_2717689264.1
CH02d1168.9
GD_SNP0134772.1
S15_4053668174.9

Hi23g1287.9

S15_4994649198.0

4_15

S15_7240260.0
S15_33461372.7
S15_18573794.4
DIP4HRMa9.4
S15_442233912.7
S15_637213421.9
S15_598517623.6
S15_745657728.1
S15_920302332.3
S15_918485934.4
S15_1120902638.2
S15_1199048439.1
GD_SNP0062543.1
S15_16450623 S15_1645881347.3
CH05a02_10947.6
S15_1961397953.1
S15_1744549353.2
S15_2362963062.4
GD_SNP0185067.5
S15_2762230469.5
S15_2717689270.9
CH02d1176.1
GD_SNP0134779.5
S15_3343521980.9
S15_40536614 S15_4053668184.7
S15_4266446188.8
S15_4409813096.4
Hi23g1299.7
S15_49946373 S15_49946491111.2
S15_53851944121.2

15

S15_33461370.0

DIP4HRMa6.7

CH05a02_10913.0

S15_637213421.9

S15_745657729.4

S15_918485937.0
S15_1120902641.6

GD_SNP0062547.6

S15_1645881352.7

S15_1744549358.9

S15_2762230476.2

CH02d1186.8
S15_3343521989.0
S15_4053661494.6
S15_4266446199.2

S15_44098130107.7

S15_49946373124.3

S15_53851944134.4

3_15      RG 4593 613981 

LG 15 



CH02d10a0.0

Hi22f06_2369.2
S16_131271010.8
S16_189968013.1
CH05c0613.2
S16_214177914.7

S16_512899322.8

S16_1474854450.3
S16_1599642852.2
S16_1753744656.8
S16_1817905559.2

CH04f1067.2

13_16

CH02d10a0.0
CH02a035.3
Hi22f06_2367.7
S16_13127109.1
S16_189968011.0
CH05c0611.1
S16_214177912.9
S16_302295014.9
S16_365102318.1
S16_512899322.8

Hi07d11(2) Hi07d11(4)43.0
S16_838620544.9
S16_1200827948.8
S16_1299302152.3
S16_1474854456.6
S16_1495159658.1
S16_1599642859.0
S16_1540892960.2
S16_1753744664.6
S16_1741915365.5
S16_18179061 S16_1817905567.6
S16_1005935573.0
CH04f1079.5
Hi01d06y_159 Hi01d06y_13780.4
S16_1957187386.1

16

CH02d10a0.0

CH02a034.3

CH05c068.9

S16_302295013.4

S16_365102317.3

Hi07d11(2) Hi07d11(4)46.9
S16_838620549.0

S16_1200827953.7

S16_1299302157.9

S16_1495159664.8
S16_1540892967.3

S16_1741915373.5
S16_1817906176.0

S16_1005935583.2

CH04f1091.9
Hi01d06y_159 Hi01d06y_13792.7

S16_1957187398.4

11_16      RG 4593 613981 

LG 16 



CH04c060.0
GD_SNP00864HRMa3.3
S17_20891896.2
S17_41531959.2

S17_517648513.3

CH01h01_117 CH01h01_13020.2

S17_677969023.9
S17_884723627.4

GD_SNP0126934.3
S17_1142090237.2
GD96_18038.8
S17_1270622942.8
S17_1349719245.6
S17_1658703447.7

S17_1785072852.5

S17_1983930462.1
GD_SNP00235HRMa62.5
GD_SNP0152566.0
GD_SNP2678HRMb67.3
S17_2189718968.7
S17_2480102371.0
S17_2528365673.9
CH05d08y76.5
S17_2634998579.3
S17_2677403181.4

5_17

S17_6861040.0
CH04c065.7
GD_SNP00864HRMa8.9
S17_208918911.7
S17_415319514.6
S17_317226115.1
S17_380834718.2
S17_517648518.6
S17_435318721.9
CH01h01_117 CH01h01_13025.3
S17_693823028.0
S17_677969028.9
S17_884723632.3
S17_912296632.8
GD_SNP00401HRMa37.1
GD_SNP0126939.1
S17_1142090241.8
GD96_18043.4
S17_12706229 S17_1270626547.3
S17_1349719251.0
S17_1658703453.8
S17_1715998457.1
S17_17850728 S17_1785072960.3
S17_1816529264.3
S17_1983930473.4
S17_2000671973.9
GD_SNP00235HRMa74.0
GD_SNP0152578.8
GD_SNP02678HRMb80.5
S17_2189718981.7
S17_2480102383.5
S17_2528365685.8
CH05d08y87.9
S17_26348205 S17_2634998590.1
S17_2677403192.2

17

S17_6861040.0

CH04c065.7

S17_317226114.8
S17_380834717.8
S17_435318721.4

S17_693823027.4

S17_912296632.0

GD_SNP00401HRMa36.2

S17_1270626546.1

S17_1715998458.3

S17_1785072962.4

S17_1816529267.5

S17_2000671979.7

GD_SNP2678HRMb88.1

S17_2634820595.3

1_17      RG 4593 613981 

LG 17 




