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Supplementary Material and Methods
Trial structure and data control
In each trial, hybrids derived from the same recipient line were gathered in a sub-trial to minimize experimental errors in their comparison. In Blo19, Smh19 and Vil19, all sub-trials had the same dimension (216 plots). 27 hybrids of the A7 sub-trial showed germination issues in the 2019 trials and were discarded for the 2021 trials. In Rec21, Vily21 and Sel21, all sub-trials contained 216 plots except A7 (108 plots). In Ein21, each sub-trial contained 240 plots (A1-A6) or 120 plots (A7). Each sub-trial was divided into 12 blocks (6 blocks for A7 in2021 trials). A commercial hybrid (ADEVEY) and a reference hybrid (the cross between the recipient and tester for each sub-trial) were used as checks. These were repeated in each block. A subset of experimental hybrids was replicated within a given trial. On average, the number of repetitions per experimental hybrids varied across trials from 1.10 (Vily21) to 1.25 (Ein21) and an experimental hybrid was observed 7.2 times on average over the seven trials. Digger R package was used to define experimental plans to ensure a homogeneous repartition of checks and repeated experimental hybrids in each sub-trial (Coombes 2009).
Plot having a plant density inferior to the median density minus 15 plants were discarded. In Vil19, final plant density was not recorded and fresh grain weight was used as a proxy to filter aberrant plots (plots with a fresh grain weight below 7 kg were eliminated). On average, 6.5% of the plots were filtered out over the seven trials. Some sub-trials had a higher elimination rate because of a low germination rate (A7 sub-trials with 22% of plots over the seven trials) or a planting error (in Vily21, A2 sub-trial with 14% of plots). In 2021, we also observed a lower plant density in the A3 sub-trials, which led to discarding 20% of the plots.  
Spatial correction and adjusted means
For each trial, the raw phenotypic data were corrected for spatial effects estimated using autoregressive AR1xAR1 models. For each trait, the following model was fitted:



where  is the raw performance of the repetition of the hybrid  belonging to the family , derived from the recipient line   and located in the sub-trial .  is the intercept,  is the fixed effect of the sub-trial ,  is the fixed effect of the recipient line  and  is the fixed effect of the family . Note that one extra level was added to  and  to deal with the check hybrids (ADEVEY and the referent hybrids). For , this level corresponded to ADEVEY. For , it corresponded to ADEVEY and referent hybrids.  is a random additive genetic effect,  is a genetic permanent effect (modeling the genetic effect not captured by ).  is a random spatial field effect and  is the error term.  is a additive marker-based kinship matrix (see Estimation of marker-based kinship matrices section in the main text).  and  are the AR1 covariance matrices associated to rows and columns, respectively, with  and the auto-correlation parameters (Gilmour et al. 1997; Cullis et al. 1998).  refers to the Kronecker product. This model was compared to two sub-models differing by the inclusion of only one of two genetic effects ( or ). These models were fitted using the ASREML R package (Butler et al. 2017). The model with the lowest Akaike information criterion (AIC) value was used for each trait to compute the corrected field plot values by subtracting spatial BLUPs (predicted from ) from the raw values. These corrected values were noted . 
For each trait, adjusted means were computed over trials using a model considering a fixed hybrid effect:

 is the spatial corrected value of the repetition  of the hybrid in the trial .  is the intercept,  is the fixed effect of the trial  and  is the fixed genetic effect of the hybrid .  is the error term. All parameter estimations and genomic predictions were performed on the adjusted means of the hybrids thus obtained, noted  in the main text.
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[image: ]Supplemental figures
Fig. S1 Predictive abilities obtained for the within-family prediction of the performance values. For each family, one-third of the individuals of the family (derived from a recipient x donor cross) was sampled to calibrate a GBLUP model. This model was used to predict the remaining individuals’ values (100 repetitions).

[image: ]Fig. S2 Visualization of the grain yield HEBVs with overlapping segments (100 SNPs with 20 SNP increment) along the genome. The HEBVs were computed using marker effects estimated with a BRR model calibrated with all individuals of the data set (twenty crosses). The x-axis represents the mean physical position of each haplotype segment in Mpb.

[image: ]Fig. S3 Visualization of the HEBVs with overlapping segments (100 SNPs with 20 SNP increment) for the different traits along the chromosomes 1 and 3. For each trait, the HEBVs were computed along the genome using marker effects estimated with a BRR model calibrated with all individuals of the data set (twenty crosses). Only chromosomes 1 and 3 are displayed. HEBVs were scaled to facilitate the comparison between traits. For the individual , the trait  and the haplotype,  where  is the number of haplotypes. The x-axis represents the mean physical position of each haplotype segment in Mpb.


[image: ]Fig. S4 Visualization of the grain yield haploid estimated breeding values (HEBVs) with overlapping segments (100 SNPs with 20 SNP increment) along the genome considering the recipient A1 (red), donors already crossed with A1 (“Initial donors”, green) and candidate donors (grey). Initial donors: D7, D8 and D9. Candidate donors: D1, D2, D3, D4, D5 and D6. The HEBVs were computed using marker effects estimated with a BRR model calibrated with all individuals of the data set (twenty crosses). The x-axis represents the mean physical position of each haplotype segment in Mpb.
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Fig. S5 Visualization of the grain yield haploid estimated breeding values (HEBVs) with overlapping segments (100 SNPs with 20 SNP increment) along the genome considering the recipient A2 (red), donors already crossed with A2 (“Initial donors”, green) and candidate donors (grey). Initial donors: D2 and D4. Candidate donors: D1, D3, D5, D6, D7, D8 and D9. The HEBVs were computed using marker effects estimated with a BRR model calibrated with all individuals of the data set (twenty crosses). The x-axis represents the mean physical position of each haplotype segment in Mpb.


[image: ]Fig. S6. Visualization of the grain yield haploid estimated breeding values (HEBVs) with overlapping segments (100 SNPs with 20 SNP increment) along the genome considering the recipient A4 (red), donors already crossed with A4 (“Initial donors”, green) and candidate donors (grey). Initial donors: D3, D4 and D6. Candidate donors: D1, D2, D5, D7, D8 and D9. The HEBVs were computed using marker effects estimated with a BRR model calibrated with all individuals of the data set (twenty crosses). The x-axis represents the mean physical position of each haplotype segment in Mpb.
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Fig. S7. Visualization of the grain yield haploid estimated breeding values (HEBVs) with overlapping segments (100 SNPs with 20 SNP increment) along the genome considering the recipient A5 (red), donors already crossed with A5 (“Initial donors”, green) and candidate donors (grey). Initial donors: D1, D2 and D7. Candidate donors: D3, D4, D5, D6, D8 and D9. The HEBVs were computed using marker effects estimated with a BRR model calibrated with all individuals of the data set (twenty crosses). The x-axis represents the mean physical position of each haplotype segment in Mpb.


[image: ]Fig. S8 Visualization of the grain yield haploid estimated breeding values (HEBVs) with overlapping segments (100 SNPs with 20 SNP increment) along the genome considering the recipient A6 (red), donors already crossed with A6 (“Initial donors”, green) and candidate donors (grey). Initial donors: D3, D5 and D7. Candidate donors: D1, D2, D4, D6, D8 and D9. The HEBVs were computed using marker effects estimated with a BRR model calibrated with all individuals of the data set (twenty crosses). The x-axis represents the mean physical position of each haplotype segment in Mpb.
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Fig. S9 Visualization of the grain yield haploid estimated breeding values (HEBVs) with overlapping segments (100 SNPs with 20 SNP increment) along the genome considering the recipient A7 (red), donors already crossed with A7 (“Initial donors”, green) and candidate donors (grey). Initial donors: D3, D5 and D6. Candidate donors: D1, D2, D4, D7, D8 and D9. The HEBVs were computed using marker effects estimated with a BRR model calibrated with all individuals of the data set (twenty crosses). The x-axis represents the mean physical position of each haplotype segment in Mpb.
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Fig. S10 Gain of the H criterion for each recipient line during a forward selection of new donor lines based on the maximization of a weighted score between this criterion and the mean usefulness criterion of the incorporated donors. For the selection of the  new donor, a score  is computed for each candidate donor as follows:  + (1- )* where  is the mean predicted UC value considering the previous incorporated donors and the candidate donor  (if 1, ),  is the value of the H criterion after the incorporation of the candidate donor ,  is the minimal value of ,   is the maximal value of , is the minimal value of is the maximal value of .  is a weight parameter (). The H criterion gain is expressed as a percentage of the initial value of H calculated using the actual recipient x donor crosses for each recipient.
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Table S1 Estimation of the mean performance (μ) and additive genetic variance () of the observed hybrid families.
[image: ]Estimations were performed with a mixed linear model independently in each family.  : number of individuals,  : error variance. Standard errors are indicated in brackets.





[image: ]Table S2 Predictive abilities for the prediction of the hybrid values of the observed families using different training sets. 

For each family, two-thirds of the hybrids were sampled for use as a validation set and their values were predicted thanks to a GBLUP model calibrated with different TS types (F, OFO, R, RD or Disc). One hundred repetitions were performed.
[image: ]Table S3 Predictive abilities for the prediction of the hybrid values of the observed families using different training sets (addition of individuals derived from the predicted cross in the TS). 

For each family, two-thirds of the hybrids were sampled for use as a validation set. Their values were predicted thanks to a GBLUP model calibrated with different TS types (F, OFO, R, RD or Disc) completed with the remaining third. One hundred repetitions were performed.



[image: ]Table S4 Correlations, Root Mean Square Errors (RMSE) and Normalized RMSE (NRMSEs) obtained for the prediction of the mean performances of the observed cross.
BRR: For a cross  and a training set type , marker effects were estimated with a Bayesian Ridge Regression model calibrated with to predict the mean performance of . GBLUP: Same process using marker effects backsolved from a GBLUP model. Fixed parental effect: For a cross , mean performances were predicted from the estimation of fixed parental effects with the training set type OFO. We computed the correlation between the correlation between the observed () and predicted () mean performances over twenty crosses. .  where  and  indicate the minimum and maximum means observed across families, respectively. 
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[image: ]Table S5 Correlations, Root Mean Square Errors (RMSE) and Normalized RMSE (NRMSEs) obtained for the prediction of the variance of the observed cross.
[bookmark: _Hlk178341788]BRR: For a cross  and a training set type , marker effects were estimated with a Bayesian Ridge Regression model calibrated with to predict the variance of . GBLUP: Same process using marker effects backsolved from a GBLUP model. For BRR, two variance prediction methods were compared: “variance of the posterior means” (VPM) and “posterior mean variance” (PMV). We computed the correlation between the correlation between the observed () and predicted () variances over twenty crosses. .  where  and  indicate the minimum and maximum variance observed across families, respectively. 



Table S6 Computation and composition of the usefulness criterion (UC) for GY and YI
	 
	 
	A1D2
	A1D5
	A1D7
	A2D2
	A2D4
	A3D1
	A3D4
	A3D6
	A4D3
	A4D4
	A4D6
	A5D1
	A5D2
	A5D7
	A6D3
	A6D5
	A6D7
	A7D3
	A7D5
	A7D6

	
	n
	60
	60
	59
	59
	54
	60
	57
	58
	43
	60
	60
	66
	52
	56
	56
	66
	58
	38
	43
	40

	GY
	
	107.47
	119.49
	116.11
	106.89
	114.34
	115.91
	118.84
	114.42
	114.58
	113.98
	115.06
	116.92
	114.68
	120.4
	112.69
	115.27
	115.58
	103.18
	101.61
	100.12

	
	
	86.24
	11.88
	30.43
	31.42
	9.99
	18.78
	6.21
	11.38
	0.28
	0
	12.5
	26.59
	30.23
	8.66
	12.73
	12.74
	12.62
	0.47
	0
	23.73

	
	
	126.69
	126.62
	127.53
	118.49
	120.88
	124.88
	124.00
	121.40
	115.68
	113.98
	122.38
	127.59
	126.06
	126.49
	120.08
	122.66
	122.93
	104.60
	101.61
	110.20

	YI
	
	104.25
	112.88
	112.88
	108.75
	115.06
	117.52
	118.84
	115.03
	118.39
	115.06
	117.86
	115.01
	111.45
	116.17
	115.54
	119.67
	117.47
	102.3
	99.69
	98.64

	
	
	45.91
	11
	26.11
	24.51
	11
	21.15
	9.2
	12.41
	1.84
	0.26
	4.41
	13.03
	22.93
	12.39
	10.67
	17.42
	13.12
	0.12
	0
	6.67

	
	
	118.28
	119.75
	123.46
	119.00
	121.93
	127.04
	125.12
	122.32
	121.20
	116.12
	122.21
	122.48
	121.36
	123.46
	122.30
	128.31
	124.97
	103.02
	99.69
	103.99


[bookmark: _Hlk205123358]
[bookmark: _GoBack]For each cross and each trait, the usefulness criterion value was computed using the mean performance () and the additive variance () estimated with a mixed linear model () as  where  is the intensity selection (we took  corresponding to a selection rate of 5%). 


Table S7 Predicted usefulness criterion for the not observed crosses in our experimental design between the recipient lines (in rows) and the donor lines (in columns)
	 
	D1
	D2
	D3
	D4
	D5
	D6
	D7
	D8
	D9

	A1
	127.04
	126.01
	123.99
	125.08
	-
	125.03
	125.14
	-
	-

	A2
	119.23
	-
	118.02
	-
	118.84
	119.74
	121.08
	119.31
	118.65

	A3
	-
	123.88
	121.49
	-
	121.68
	-
	123.17
	122.02
	122.27

	A4
	120.35
	121.48
	-
	-
	118.49
	-
	119.14
	118.70
	118.38

	A5
	-
	-
	124.71
	124.53
	124.64
	125.37
	-
	126.92
	125.93

	A6
	123.36
	124.44
	-
	119.52
	-
	122.55
	-
	120.64
	122.04

	A7
	106.45
	105.63
	-
	106.90
	-
	-
	106.14
	104.31
	104.61


These predictions were obtained using a Bayesian Ridge Regression model calibrated with specific training set for each predicted cross (RD type) following the VPM method.


Table S8 Evolution of the H criterion for each recipient line during forward selection of new donor lines based on H criterion or the usefulness criterion of the incorporated donors (). 
	Number of incorporated donors
	1
	2
	3
	4
	5
	6
	7

	Selection Index
Recipient line
	H
	
	H
	
	H
	
	H
	
	H
	
	H
	
	H
	

	A1
	9.99
	8.00
	16.70
	11.22
	20.67
	16.20
	23.30
	20.60
	24.71
	24.62
	25.95
	25.95
	-
	-

	A2
	25.71
	13.91
	33.38
	26.88
	37.62
	29.07
	40.22
	34.16
	42.29
	40.73
	43.25
	42.75
	43.82
	43.82

	A3
	14.60
	6.57
	18.70
	11.89
	21.07
	15.31
	22.86
	17.24
	24.10
	22.92
	24.86
	24.86
	-
	-

	A4
	16.96
	8.55
	22.56
	15.98
	25.26
	19.49
	27.16
	20.59
	28.78
	27.06
	29.22
	29.22
	-
	-

	A5
	13.28
	3.63
	18.77
	9.60
	21.81
	13.65
	24.03
	16.25
	25.47
	22.42
	26.00
	26.00
	-
	-

	A6
	10.92
	8.20
	17.05
	14.69
	21.64
	20.26
	24.58
	23.09
	26.85
	24.01
	27.58
	27.58
	-
	-

	A7
	12.66
	12.66
	19.25
	19.25
	22.12
	20.86
	24.45
	23.61
	25.79
	25.79
	26.60
	26.60
	-
	-


The H criterion gain is expressed as a percentage of the value of H calculated using the initial recipient x donor crosses for each recipient. Note that the A2 recipient was crossed to only two donors instead of three, leading to seven donors remaining to be incorporated instead of six.

Table S9 Evolution of the mean usefulness criterion values of the incorporated donors () during forward selection of new donor lines based on the H criterion or the .
	Number of incorporated donors
	1
	2
	3
	4
	5
	6
	7

	Selection Index
Recipient line
	H
	
	H
	
	H
	
	H
	
	H
	
	H
	
	H
	

	A1
	125.03
	127.04
	125.06
	126.52
	125.72
	126.06
	125.28
	125.82
	125.43
	125.66
	125.38
	125.38
	-
	-

	A2
	118.84
	121.08
	119.29
	120.41
	119.27
	120.04
	118.96
	119.84
	118.90
	119.64
	119.26
	119.47
	119.27
	119.27

	A3
	121.68
	123.88
	121.59
	123.53
	121.82
	123.11
	122.33
	122.84
	122.50
	122.61
	122.42
	122.42
	-
	-

	A4
	118.49
	121.48
	119.42
	120.91
	119.07
	120.32
	119.09
	119.92
	119.57
	119.63
	119.42
	119.42
	-
	-

	A5
	124.64
	126.92
	124.59
	126.43
	124.85
	126.07
	125.12
	125.73
	125.04
	125.52
	125.35
	125.35
	-
	-

	A6
	122.55
	124.44
	121.04
	123.90
	121.81
	123.45
	122.47
	123.10
	122.38
	122.61
	122.09
	122.09
	-
	-

	A7
	106.90
	106.90
	106.67
	106.67
	106.33
	106.50
	105.90
	106.28
	105.95
	105.95
	105.67
	105.67
	-
	-


The H criterion gain is expressed as a percentage of the value of H calculated using the initial recipient x donor crosses for each recipient. Note that the A2 recipient was crossed to only two donors instead of three, leading to seven donors remaining to be incorporated instead of six.
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FLom 73 140 (042) 161(053) 0.85(0.31) 031(014) 032(0.20) 055(0.20) 070(0.31) 051(028) 073(0.29) 0.28(0.16) 037(0.17) 1.30(0.39) 144(046) 086(0.42) 0.41(022) 057(0.21) 0.62(0.22) 068(0.60) 193 (108) 0.68 (0.62)
ot 007(0.12) 020(0.18) 019(013) 019(0.08) 042(0.15) 0.4(0.09 035(0.17) 047(0.13) 011(010) 036(0.11) 0.23(0.09) 013(0.12) 0.05(0.16) 054(024) 033(0.15) 0.8(0.09) 011(0.09) 0.99(0.51) 103(0.70) 1.13(0.54)
u 0.82(0.04) -070(0.07) -0.26(0.05) 0.48(0.05) 0.52(0.04) 130(0.07) 1.05(0.04) 1.25(0.08) 163(0.08) 107(0.10) 171(0.05) 094(0.04) 100(0.05) 108(0.06) 0.26(0.05) 0.17(0.05) -0.09(0.06) -0.70(0.08) -0.64(0.13) -0.72(0.07)
ast 73 065 (0.21) 0.21(0.13) 019(012) 0.00(0.02) 014(0.07) 0.01(0.05 032(013) 001(0.06) 011(011) 025(0.19) 0.41(0.17) 005(0.04) 0.07(0.06) 0.05(0.06) 0.10(0.07) 0.08(0.06) 0.04(0.05) 0.00(0.05) 001(038) 0.6 (0.29)
of 008(0.07) 031(0.10) 0.25(0.09) 017(0.04) 008(0.04) 0.28(0.07) 011(0.05) 033(0.03) 030(011) 061(0.17) 0.19(0.08) 011(0.03) 0.16(0.06) 019(0.06) 017(0.05) 0.19(005) 019(0.05) 0.22(0.08) 160(052) 0.21(0.17)
u 272.38 (0.41) 280.88 (0.65) 277.54 (0.39) 276.11 (0.73) 282.35 (0.64) 281.02 (0.48) 290.50 (0.76) 283.52 (0.96) 302.57 (1.06) 307.26 (0.92) 304.93 (0.70) 268.76 (0.55) 273.68 (0.54) 279.94 (0.58) 28175 (0.55) 280.26 (0.60) 286.17 (0.58) 289.66 (1.62) 202.27 (1.13) 286.23 (1.85)
PH 7 61.17 (20.80) 33.73 (16.46) 54.40 (18.92) 20.15 (13.00) 36.05 (17.41) 3017 (12.63) 8.83 (9.39) 8.13 (12.56) 7.42 (12.60) 43.52(24.61) 2050 (12.44) 37.80 (15.63) 48.58 (20.41) 44.24 (19.21) 46.57 (19.25) 57.90(22.44) 37.36 (16.99) 3.28 (26.33) 33.92 (30.38) 82.44 (75.76)
of 10.17 (7.64) 25.54 (9.70) 8.93(7.17) 31.46 (9.99) 22.00 (10.16) 13.54 (6.67) 32.99 (9.78) 52.05 (14.73) 48.12 (15.07) 48.62 (16.37) 29.55 (8.99) (8.07) 15.24(10.23) 18.53 (9.83) 16.81 (10.04) 23.77 (10.38) 19.80 (9.12) 99.45 (35.02) 45.65 (25.84) 122.78 (65.32)
u 3122 (0.04) 3258 (0.07) 3123 (0.06) 29.14(0.03) 29.60 (0.03) 2031 (0.04) 29.97 (0.05) 20.71(0.07) 28.41(0.03) 29.50 (0.05) 28.81(0.01) 30.68 (0.03) 31.21(0.07) 3161(0.03) 28.81(0.05) 2818 (0.05) 29.18 (0.05) 30.21(0.12) 30.64 (0.04) 30.48 (0.13)
H20 7 133(040) 090 (035) 0.65(0.26) 0.55(018) 063(0.21) 033(0.13) 052(0.20) 052(023) 047(0.18) 0.51(019) 063 (0.18) 0.62(0.19) 083(035) 067(0.23) 057(022) 054(0.19) 052(0.21) 007 (019) 122(0.48) 0.72(049)
of 009(0.12) 0.28(0.15) 0.22(012) 0.07(0.05) 0.06(0.07) 0.10(0.06) 0.16(0.10) 0.25(0.13) 0.05(0.06) 013(0.07) 0.01(0.04) 007(0.06) 0.25(0.17) 006(0.08) 013(0.10) 0.16(0.08) 016(0.09) 0.58(0.22) 008(0.22) 0.64(0.37)
u 107.47 (0.26) 119.49 (0.56) 11611 (0.42) 106.89 (0.47) 114.34 (0.48) 115.91 (0.33) 118.84 (0.66) 114.42 (0.52) 114.58 (0.68) 113.98 (0.77) 115.06 (0.40) 116.92 (0.36) 114.68 (0.43) 120.40 (0.48) 112.69 (0.33) 115.27 (0.34) 115.58 (0.35) 103.18 (1.42) 101.61 (1.38) 100.12 (1.70)
av GF  86.24(25.42) 11.88(7.59) 30.43(12.25) 31.42(13.02) 9.9 (6.19) 1878(7.39) 6.21(6.88) 11.38(7.25) 0.28(3.66) 000 (4.58) 1250 (6.12) 26.59 (9.71) 30.23(1269) 8.66(5.78) 12.73(5.68) 1274(5.45) 12.62(5.83) 047 (18.95) 0.00 (19.08) 23.73 (41.08)
of 3.90(7.22) 1864 (5.87) 10.55 (5.73) 1297 (6.13) 12.29(4.59) 6.59(3.60) 2477 (7.28) 15.85 (5.64) 19.92 (5.69) 35.42 (8.02) 0.83(3.46) 870(419) 9.44(635) 13.04(4.55) 6.16(3.24) 7.55(2.89) 7.04(3.18) 76.41(26.28) 8182 (26.46) 115.38 (45.11)
u 104.25 (0.46) 112.88 (0.55) 11288 (0.36) 108.75 (0.45) 115.06 (0.49) 117.52 (0.33) 118.84 (0.63) 115.03 (0.63) 11830 (0.67) 115.06 (0.76) 117.86 (0.43) 115.01 (0.42) 111.45 (0.46) 116.17 (0.46) 115.54 (0.42) 119.67 (0.35) 117.47 (0.36) 102.30 (1.43) 99.69 (1.50) 98.64 (1.99)
i Gf  45.91(17.16) 11.00(7.14) 26.11(10.08) 2451(1057) 11.00(6.68) 21.15(8.03) 9.20 (7.74) 12.41(9.00) 1.84(445) 0.26(4.63) 4.41(3.40) 13.03(637) 2293 (10.76) 12.39(6.92) 10.67(595) 17.42(6.93) 13.12(6.10) 0.2 (19.07) 0.00 (22.62) 6.67 (41.91)
o} 1267 (7.30) 17.94 (5.60) 7.53(4.46) 1177 (5.25) 1285 (486) 6.36(3.74) (7.21) 23.00 (7.67) 19.33 (5.84) (7.90) 10.96 (3.03) 11.92 (4.03) 1123 (6.14) 11.94 (4.69) 1010 (4.19) 7.94(3.33) 7.50(3.36) 77.80 (26.64) 97.02 (31.38) 157.84 (54.80)




image12.png
Trait Ts Al A2 A3 A4 A5 A6 A7 Mean
A1D8 A1DS A1D9 A2D2 A2D4 A3D1 A3D4 A3D6 A4D3 A4D4 A4D6 A5D1 A5D2 A5D7 A6D3 A6D5 A6D7 A7D3 A7D5 A7D6

OFO 0.60 0.77 0.76 0.50 0.60 0.40 0.56 0.68 0.13 0.60 0.61 0.68 0.53 0.62 0.6 0.56 0.58 0.11 0.61 0.37 0.54

R 0.59 0.71 0.71 0.25 0.44 0.46 0.60 0.57 0.22 0.50 0.51 0.67 0.51 0.63 0.58 0.45 0.63 -0.15 0.40 0.25 0.48

D - 0.68 - 0.37 0.58 0.33 0.51 0.49 0.17 0.48 0.51 0.58 0.40 0.53 0.51 0.48 0.56 0.16 0.58 0.45 0.47

FLOF RD - 0.78 - 0.36 0.56 0.49 0.61 0.53 0.24 0.55 0.60 0.68 0.62 0.64 0.6 0.58 0.63 -0.11 0.57 0.36 0.52

Disc 0.66 0.6 0.69 0.36 0.60 0.27 0.41 0.53 0.05 0.38 0.51 0.57 0.24 0.53 0.44 0.43 0.51 0.34 0.36 0.36 0.44

Mean 0.62 0.71 0.72 0.37 0.56 0.39 0.54 0.56 0.16 0.50 0.55 0.64 0.46 0.59 0.55 0.50 0.58 0.07 0.50 0.36 0.50

OFO 0.47 0.73 0.68 0.37 0.53 0.53 0.45 0.65 0.05 0.56 0.45 0.59 0.55 0.56 0.48 0.60 0.55 0.22 0.57 0.07 0.48

R 0.45 0.64 0.69 0.31 0.39 0.54 0.52 0.49 0.21 0.40 0.37 0.58 0.52 0.53 0.46 0.50 0.60 -0.02 0.41 0.06 0.43

D - 0.65 - 0.41 0.46 0.47 0.42 0.50 0.15 0.45 0.42 0.50 0.34 0.49 0.38 0.50 0.52 0.16 0.55 0.23 0.42

FLOM RD - 0.73 - 0.32 0.47 0.54 0.50 0.48 0.21 0.50 0.46 0.60 0.59 0.57 0.50 0.61 0.59 0.01 0.58 0.12 0.47

Disc 0.50 0.54 0.58 0.29 0.45 0.4 0.38 0.54 -0.03 0.33 0.50 0.45 0.30 0.53 0.38 0.48 0.47 0.35 0.33 0.24 0.40

Mean 0.47 0.66 0.65 0.34 0.46 0.50 0.45 0.53 0.12 0.45 0.44 0.54 0.46 0.54 0.44 0.54 0.55 0.14 0.49 0.14 0.45

OFO 0.53 0.3 0.48 0.07 0.41 0.25 0.51 0.45 0.41 0.50 0.53 0.22 0.40 0.29 0.28 0.16 0.42 0.04 0.10 0.41 0.34

R 0.58 0.32 0.36 -0.10 0.26 0.23 0.37 0.21 0.37 0.37 0.40 0.27 0.19 0.15 0.31 0.22 0.17 0.01 -0.05 0.25 0.24

D - 0.23 - -0.03 0.52 0.05 0.46 0.40 0.31 0.37 0.53 0.09 0.34 0.28 0.22 0.10 0.24 -0.07 0.13 0.54 0.26

ASI RD - 0.37 - -0.03 0.47 0.22 0.46 0.41 0.40 0.46 0.56 0.18 0.27 0.29 0.26 0.15 0.30 -0.06 0.09 0.45 0.29

Disc 0.50 0.14 0.38 0.09 0.49 0.23 0.45 0.22 0.35 0.35 0.38 0.10 0.34 0.16 0.23 0.17 0.31 0.16 0.07 0.37 0.27

Mean 0.54 0.27 0.41 0.00 0.43 0.20 0.45 0.34 0.37 0.41 0.48 0.17 0.31 0.23 0.26 0.16 0.29 0.02 0.07 0.40 0.29

OFO 0.43 0.29 0.42 0.38 0.61 0.48 0.18 0.33 0.20 0.49 0.5 0.47 0.61 0.61 0.53 0.52 0.57 0.38 0.53 0.25 0.44

R 0.49 0.27 0.59 0.28 0.54 0.54 0.20 0.30 0.26 0.31 0.31 0.43 0.49 0.59 0.39 0.42 0.38 0.23 0.43 0.29 0.39

D - 0.35 - 0.21 0.54 0.47 0.09 0.02 0.22 0.37 0.42 0.39 0.50 0.58 0.55 0.47 0.5 0.36 0.52 0.25 0.38

PH RD - 0.33 - 0.34 0.60 0.48 0.20 0.23 0.37 0.44 0.5 0.41 0.55 0.65 0.54 0.54 0.47 0.38 0.55 0.29 0.44

Disc 0.50 0.38 0.35 0.23 0.40 0.55 0.11 0.29 0.01 0.29 0.28 0.39 0.57 0.39 0.41 0.36 0.49 0.10 0.41 0.29 0.34

Mean 0.47 0.32 0.45 0.29 0.54 0.50 0.16 0.23 0.21 0.38 0.40 0.42 0.54 0.56 0.48 0.46 0.48 0.29 0.49 0.27 0.40

OFO 0.58 0.67 0.57 0.65 0.60 0.53 0.48 0.61 0.52 0.63 0.61 0.57 0.54 0.64 0.67 0.55 0.65 0.46 0.28 0.46 0.56

R 0.65 0.67 0.65 0.69 0.54 0.37 0.44 0.53 0.31 0.58 0.61 0.41 0.57 0.59 0.77 0.56 0.65 -0.05 0.12 0.26 0.50

D - 0.44 - 0.66 0.62 0.41 0.38 0.48 0.47 0.61 0.45 0.41 0.48 0.58 0.66 0.53 0.62 0.27 0.13 0.36 0.48

H20 RD - 0.65 - 0.66 0.60 0.4 0.49 0.57 0.51 0.64 0.59 0.47 0.59 0.62 0.77 0.60 0.66 0.14 0.21 0.23 0.52

Disc 0.57 0.5 0.62 0.70 0.55 0.34 0.36 0.46 0.14 0.5 0.58 0.48 0.43 0.61 0.56 0.50 0.62 0.39 0.16 0.25 0.47

Mean 0.60 0.59 0.61 0.67 0.58 0.41 0.43 0.53 0.39 0.59 0.57 0.47 0.52 0.61 0.69 0.55 0.64 0.24 0.18 0.31 0.51

OFO 0.44 0.37 0.62 0.58 0.30 0.57 0.19 0.33 0.32 0.08 0.47 0.53 0.48 0.38 0.26 0.39 0.50 -0.08 0.11 0.09 0.35

R 0.49 0.29 0.64 0.60 0.31 0.56 0.23 0.29 0.05 0.09 0.36 0.48 0.51 0.41 0.58 0.56 0.58 -0.08 0 0.13 0.35

D - 0.29 - 0.53 0.14 0.49 0.1 0.37 0.13 0.03 0.4 0.44 0.46 0.33 0.28 0.21 0.39 0.04 -0.02 0.21 0.27

GY RD - 0.37 - 0.61 0.25 0.59 0.23 0.38 0.14 0.13 0.41 0.54 0.54 0.42 0.43 0.40 0.52 -0.1 0.07 0.17 0.34

Disc 0.35 0.39 0.57 0.49 0.16 0.44 0.09 0.26 0.15 -0.01 0.51 0.39 0.41 0.22 0.15 0.43 0.37 0 -0.05 0.04 0.27

Mean 0.43 0.34 0.61 0.56 0.23 0.53 0.17 0.33 0.16 0.06 0.43 0.48 0.48 0.35 0.34 0.40 0.47 -0.04 0.02 0.13 0.32

OFO 0.44 0.31 0.57 0.54 0.37 0.63 0.27 0.33 0.33 0.18 0.29 0.44 0.51 0.39 0.24 0.5 0.55 -0.13 0.05 0.10 0.35

R 0.47 0.31 0.64 0.55 0.32 0.59 0.31 0.36 0.04 0.16 0.2 0.38 0.48 0.41 0.57 0.56 0.57 -0.04 -0.05 0.08 0.35

D - 0.32 - 0.49 0.20 0.50 0.20 0.28 0.23 0.10 0.27 0.40 0.40 0.32 0.20 0.42 0.38 -0.09 -0.03 0.11 0.26

v RD - 0.37 - 0.58 0.23 0.62 0.3 0.36 0.16 0.16 0.24 0.44 0.51 0.40 0.37 0.51 0.52 -0.15 0.03 0.08 0.32

Disc 0.35 0.42 0.55 0.41 0.29 0.49 0.17 0.33 0.28 0.14 0.35 0.31 0.31 0.29 0.31 0.44 0.38 -0.03 -0.08 0.02 0.29

Mean 0.42 0.35 0.59 0.51 0.28 0.57 0.25 0.33 0.21 0.15 0.27 0.39 0.44 0.36 0.34 0.49 0.48 -0.09 -0.02 0.08 0.32





image13.png
Fixed parental

BRR GBLUP
effects

F OFO R D RD Disc OFO F OFO R D RD Disc
Cor 0.99 0.73 0.54 0.40 0.71 -0.52 0.80 1.00 0.53 0.50 0.33 0.63 -0.69
FLOF RMSE 0.12 0.79 1.01 1.41 0.84 1.45 0.71 0.07 1.08 1.07 1.27 0.94 1.36
NRMSE 0.03 0.19 0.24 0.33 0.20 0.34 0.17 0.02 0.26 0.25 0.30 0.22 0.32
Cor 0.99 0.28 -0.24 0.65 0.26 0.16 0.44 1.00 0.02 -0.45 0.59 0.10 -0.27
FLOM RMSE 0.09 0.78 0.92 0.83 0.69 0.74 0.80 0.05 0.70 0.97 0.58 0.69 0.73
NRMSE 0.03 0.30 0.35 0.31 0.26 0.28 0.30 0.02 0.27 0.37 0.22 0.26 0.28
Cor 1.00 0.94 0.96 0.06 0.94 -0.62 0.96 1.00 0.89 0.96 0.02 0.81 -0.87
As| RMSE 0.05 0.28 0.24 0.95 0.28 1.00 0.25 0.01 0.73 0.25 0.98 0.48 1.01
NRMSE 0.02 0.11 0.09 0.37 0.11 0.39 0.10 0.00 0.29 0.10 0.39 0.19 0.40
Cor 1.00 0.95 0.88 0.25 0.94 -0.22 0.96 1.00 0.90 0.87 0.22 0.82 -0.83
PH RMSE 0.69 3.25 5.01 11.89 3.45 11.73 3.07 0.32 9.13 5.15 11.72 5.86 12.28
NRMSE 0.02 0.08 0.13 0.31 0.09 0.30 0.08 0.01 0.24 0.13 0.30 0.15 0.32
Cor 1.00 0.80 0.87 -0.48 0.82 -0.21 0.89 1.00 0.62 0.85 -0.56 0.59 -0.71
H20 RMSE 0.10 0.70 0.58 1.75 0.66 1.44 0.51 0.05 1.07 0.61 1.77 0.91 1.37
NRMSE 0.02 0.16 0.13 0.40 0.15 0.33 0.12 0.01 0.24 0.14 0.40 0.21 0.31
Cor 1.00 0.81 0.73 -0.06 0.86 0.30 0.89 1.00 0.70 0.71 -0.14 0.76 -0.47
GY RMSE 0.53 3.52 4.27 7.67 2.98 7.04 2.73 0.37 5.11 4.27 7.57 4.10 6.19
NRMSE 0.03 0.17 0.21 0.38 0.15 0.35 0.13 0.02 0.25 0.21 0.37 0.20 0.31
Cor 1.00 0.83 0.82 -0.22 0.89 0.11 0.85 1.00 0.72 0.82 -0.29 0.81 -0.54
Yi RMSE 0.45 3.63 3.86 8.28 2.89 7.82 3.54 0.39 5.65 3.77 8.23 4.33 7.04
NRMSE 0.02 0.17 0.18 0.39 0.14 0.37 0.17 0.02 0.27 0.18 0.39 0.21 0.33





image14.png
BRR VPM BRR PMV GBLUP
F OFO R D RD Disc F OFO R D RD Disc F OFO R D RD Disc
Cor 0.84 0.20 0.33 0.52 0.50 -0.53 0.92 -0.40 0.72 0.53 0.70 -0.82 0.90 0.16 0.33 0.46 0.52 -0.57
FLOF RMSE 0.47 0.73 0.98 0.88 0.67 1.05 1.35 1.63 112 0.94 0.98 1.56 0.36 0.76 0.90 0.80 0.59 1.04
NRMSE 0.19 0.29 0.39 0.35 0.26 0.42 0.54 0.65 0.45 0.38 0.39 0.62 0.14 0.30 0.36 0.32 0.23 0.41
Cor 0.81 0.33 0.49 0.38 0.53 -0.31 0.85 -0.21 0.48 0.07 0.60 -0.66 0.88 0.31 0.44 0.38 0.49 -0.30
FLOM RMSE 0.38 0.47 0.68 0.70 0.51 0.77 0.91 112 0.99 1.05 0.79 1.09 0.27 0.48 0.64 0.65 0.47 0.76
NRMSE 0.23 0.29 0.42 0.43 0.31 0.47 0.55 0.68 0.60 0.64 0.48 0.66 0.16 0.29 0.39 0.39 0.28 0.46
Cor 0.91 0.20 0.05 0.31 0.23 -0.09 0.55 -0.40 0.30 0.10 0.21 -0.53 0.94 0.19 -0.01 0.35 0.24 -0.11
ASI RMSE 0.10 0.18 0.22 0.17 0.16 0.22 0.50 0.34 0.39 0.39 0.37 0.33 0.08 0.18 0.22 0.17 0.16 0.22
NRMSE 0.15 0.28 0.33 0.31 0.28 0.34 0.78 0.52 0.60 0.69 0.66 0.50 0.12 0.28 0.35 0.30 0.28 0.34
Cor 0.82 -0.35 0.16 -0.26 -0.27 -0.02 0.76 -0.48 -0.09 -0.47 -0.59 -0.25 0.80 -0.37 0.18 -0.44 -0.23 -0.05
PH RMSE 15.75 28.79 30.21 30.89 26.34 31.61 59.88 61.16 67.83 65.87 67.84 57.44 14.30 29.45 29.61 30.91 25.89 31.18
NRMSE 0.20 0.36 0.38 0.39 0.33 0.40 0.76 0.77 0.86 0.83 0.86 0.73 0.18 0.37 0.37 0.39 0.33 0.39
Cor 0.67 0.06 0.16 0.56 0.17 0.17 0.81 -0.16 0.44 0.37 0.37 -0.47 0.80 0.06 0.13 0.52 0.13 0.13
H20 RMSE 0.30 0.32 0.52 0.47 0.35 0.50 0.54 1.10 0.61 0.66 0.65 0.98 0.26 0.34 0.47 0.39 0.31 0.48
NRMSE 0.24 0.25 0.41 0.41 0.31 0.40 0.43 0.87 0.48 0.57 0.57 0.78 0.21 0.27 0.38 0.34 0.27 0.38
Cor 0.95 0.08 0.12 0.57 0.53 -0.13 0.59 -0.12 0.01 0.37 0.07 -0.66 0.97 0.08 0.21 0.66 0.61 -0.16
GY RMSE 9.69 19.78 21.62 12.67 9.12 22.96 42.70 31.57 41.02 33.87 29.94 32.68 5.85 19.79 21.20 12.25 8.37 2291
NRMSE 0.11 0.23 0.25 0.40 0.29 0.27 0.50 0.37 0.48 1.08 0.95 0.38 0.07 0.23 0.25 0.39 0.27 0.27
Cor 0.55 -0.04 0.36 0.16 0.60 0.20 -0.09 -0.15 -0.02 0.16 -0.12 -0.53 0.94 -0.04 0.40 0.29 0.70 0.15
Y RMSE 9.10 12.12 12.40 10.38 6.48 14.37 60.83 28.59 38.63 35.95 32.77 26.74 4.41 12.05 12.31 10.43 5.90 14.38
NRMSE 0.20 0.26 0.27 0.42 0.26 0.31 133 0.62 0.84 1.47 134 0.58 0.10 0.26 0.27 0.43 0.24 0.31





