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Supplementary materials

File S1 Spatial corrections

The BLUPs of spatial effects were estimated on raw performance using model (S.1) on the factorial designs and

model (S.2) on the tester designs.

The model implemented on the factorial designs (F-1H and F-4H) was:
Yirkiiyz = 0+ A4+ Ty Xty + Hyggery X (1 —t) + (Rexy + Cyn) X (1 —dy) + B,y X dy + Engrriyz, (S:1)

where Y1y 1S the phenotypic value of hybrid h produced by crossing the parental lines k and k’, evaluated in
environment, [ located at row x, column y and in block z. u is the intercept, 4, is the fixed effect of environment
L, t;, distinguishes the type of hybrid, it is set to 0 for the experimental hybrids and set to 1 for the controls, t is the
vector of fixed effect of the control with 18 levels (two for the commercial hybrids and 16 for the founder controls).

With Hy, .1y the random genetic effect of hybrid h produced by crossing the dent line k" and the flint line k The
genetic value of the hybrid Hy.m), is defined as follows: Hy, 1y = Ug + Uy, + Skxs, Where Uy (respectively
U'y,) is the random GCA effect of the flint line k (respectively dent line k'), we assume that U, (Uy,) are
independent and identically distributed (iid) and follow a normal distribution: U,~N (0, GGZCAf) (and
Up~N(0,08c4 2))- Sk, 1s the random SCA effect of the interaction between the parental lines k and k', with
Skir~N (0, 0¢c4) idd. R, ;) is the random effect of row x in environment [, C,;, is the random effect of column y
in environment I and B, ;) is the random effect of block z in environment I, with R,.;)~V' (0, 3,), C,,(y~N (0, o)

and B,;)~N (0, agl) which are assumed to be independent and identically distributed (iid). d; indicates the spatial
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effect to consider in environment [, it is set to 1 if the spatial effect is modeled by a block effect and by 0 if modeled
by row and column effects. To construct the vector d, for each trait and each trial, two types of spatial effects were
tested the line and column effects or the block effect. The best spatial effect was chosen based on the AIC criterion.
Enkkrixyz 18 the error term of the model, with 1y, ~N (0, a2)iid within trial and independent between trials.

The different random effects of the model are assumed to be independent.

The model implemented on the T-F was:

Yikmixyz =+ A4+ Th Xty + Vi + Hpgomy X (1 — t) + (Rx(l) + Cy(l)) X (1 —=d)) + B,y X di + Engmixyz
(5.2)

where 4;, ty, T, Pins Rxwys Cyy» B2y and d; are defined as in model (S.1). Y,y is the phenotypic value of
hybrid h produced by crossing the dent parental line m used as tester and the flint parental line k, evaluated in

environment [ located at row x, colomn y and in block z. y,, is the fixed effect of line m used as tester. Hy, i is

the random genetic effect of hybrid h produced by crossing the dent parental line m used as tester and the flint

parental line k evaluated for its GCA. The genetic value of the hybrid Hy, 4,), is defined as follows:
Hyem) = Uk + Skms

where U, is the random GCA effect of the flint line k, with U, ~N (0, U§CAf) iid and Sy, is the random effect of
the interaction between the flint line k and the dent line m used as tester, with Sy, ~N (0, 6&) iid. Epgmxy. 1S the
error term of the model, we assume that it follows: Eyyp/ixy,~N (O, 0,31) iid. The same model was adapted and

implemented on T-D. The different random effects of the model are assumed to be independent.
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Table S1 Broad-sense heritability (H2),percentage of genetic variance asigned to SCA variance (%SCA) and variance components estimated on phenotypic data corrected for
the spatial effects for all the designs (F-1H, F-4H, T-D and T-F) without using marker information.

2

Trait Design O%ca, Oéca, O3ca Olcagxe OcapxE OScaxe %SCA? minfrrzax b Hee
DMY F-1H 0.7200.10)  0.250.10)  0.25(0.11) 0.03(0.06) 0.19(0.06)  0.12(0.09ns 20 0.70(0.06)-3.09(0.17) | 0.84
F-4H 0.74(0.14)  0540.11)  0.13(0.03) 0.18(0.03) 0.17(0.03) 0.11(0.05) 9 0.44(0.06)-3.15(0.26) | 0.89
T-D 0.70(0.13) - 0.17(0.04)  0.03(0.04) ns - 0.21(0.06) 20 0.26(0.06)-2.22(0.27) | 0.88
T-F - 0.52(0.10) 0.14(0.03) - 0.09(0.03) 0.09(0.05) 21 0.34(0.07)-1.42(0.18) 0.87
DMC F-1H 0.84(0.27)  2.25(026)  055(0.27) 0.33(0.10) 030(0.10)  0.20(0.15)ns 15 0.71(0.07)-4.96(0.28) | 0.91
F-4H 132(024)  2.78(0.46)  0.28(0.05) 0.40(0.06) 0.45(0.06) 0.25(0.09) 6 0.68(0.10)-4.15(0.37) | 0.93
T-D 1.89(0.34) : 0.32(0.08) 0.56(0.10) : 0.35(0.12) 14 0.59(0.13)-2.63(0.37) | 0.89
T-F - 3.000051)  0.44(0.09) ; 0.30(0.07) 0.12(0.10) 13 0.50(0.10)-2.26(0.31) | 0.94
DtSilk F-1H 126(0.18)  073(0.19)  0.41(0.18) 0.12(0.05) 0.16(0.06)  0.000.08)ns 17 0.66(0.06)-5.57(0.28) | 0.91
F-4H 0.76(0.14)  155(0.26)  0.14(0.03) 0.15(0.03) 0.2000.03)  009(0.06)ns 6 9.69(0.08)-2.34(0.22) | 0.93
T-D 0.63(0.11) : 0.08(0.03) 0.06(0.03) : 0.09(0.06) 11 0.37(0.07)-2.06(0.25) | 0.86
T-F - 1.07(0.19)  0.22(0.05) - 0.14(0.04) 0.01(0.08) 17 0.51(0.09)-3.34(0.39) | 0.90
PH F-1H  89.26(10.94) 41.69(11.68) 2340(11.90)  8.36(3.50) 195(3.76)  303(5.78)ns 15 | 33.87(3.39)-215.58(11.31) | 0.90
F-4H  12075(20.40) 57.37(10.36)  540(1.96)  11.68(238)  6.99(2.16) 0.00 ns 3 | 55.38(6.60)-169.29(14.29) | 0.92
TD  115.58(18.90) i 580(2.49)  10.66(3.68) i 0.00 5 | 46.16(7.77)-128.96(16.56) | 0.92
T-F - 56.86(11.64)  24.98(5.22) ) 10.12(3.28) ns 0.00 31 | 38.26(7.06)-91.75(12.70) | 0.89
DINAG  F-1H 155(0.18)  0.90(0.18) 0.00 ns 0.09(0.11) 011(0.12)  023(018)ns 0 145(0.13)-6.47(0.34) | 0.85
F-4H 211(036)  117(0.21)  0.08(0.05) 0.36(0.07) 0.23(0.06) 0.00 ns 2 112(0.11)-5.36(0.43) | 0.87
T-D 2.68(0.45) - 0.150.08)ns  0.38(0.12) - 0.24(0.20) 5 1.28(0.24)-3.27(0.46) | 0.88
T-F - 125(0.23)  0.21(0.08) - 0.18(0.10)ns  0.04(0.17) 14 0.99(0.21)-3.60(0.44) | 0.81
DINAGZ  F-1H 1470017)  0.86(0.15) 0.00 ns 0.21(0.12) 0.25(0.13) 0.00 ns 0 2.10(0.16)-5.88(0.33) | 0.79
F-4H 188(0.34)  0.97(020) 0.11(00.08)ns  0.43(0.10) 0.28(0.09) 0.00 ns 4 2.13(0.25)-8.84(0.71) | 0.78
T-D 2.53(0.44) ; 0.0800.10)ns  0.21(0.14) ; 0.36(0.25) 3 1.16(0.24)-5.67(0.71) | 0.82
T-F - 110(0.23)  0.25(0.12) ; 0.10(0.14) ns 0.00 ns 19 1.39(0.25)-5.78(0.68) | 0.71
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MFU F-1H 206(0.30)  1.03(0.33) 033(0.34)ns  0.13(0.23) 0.01(0.24) 0.86(0.39) 10 3.39(0.28)-12.83(0.69) | 0.79
(x107) F-4H 1.74031)  167(0.30)  0.10(0.06)ns  0.37(0.08) 0.29(0.07) 0.00 ns 3 1.29(0.12)-7.61(0.60) | 0.86
T-D 2.23(0.40) ; 0.28(0.10) 0.46(0.12) ; 0.00 11 1.04(0.16)-6.31(0.74) | 0.85
T-F - 146(027)  0.23(0.09) ; 0.21(0.11) 0.23(0.16) 14 0.46(0.12)-6.53(0.77) | 0.78
NDF F-1H 0.800021)  0.89(0.22) 0.25024)ns  0.06(0.19) 0.13(0.19) 0.71(0.31) 13 2.51(0.22)-10.23(0.55) | 0.72
F-4H 0.71(0.15)  131(024)  0.12(007)ns  0.17(0.07) 0.23(0.08)  023(0.19ns 6 2.07(0.24)-5.32(0.47) | 0.80
T-D 0.79(0.19) ; 0.27(0.11) 0.48(0.14) ; 0.00 25 1.42(0.27)-4.03(0.53) | 0.71
T-F - 146(029)  0.31(0.12) ; 0.08(0.14)ns  0.62(0.24) 18 1.15(0.23)-4.30(0.59) | 0.79
LIGN F-1H 0.08(0.01)  0.0200.01) 0.0000L)ns  0.01(0.00) 0.00 0.0100L)ns 0 0.05(0.00)-1.03(0.06) | 0.89
(x102) F-4H 0.3(0.02)  0.03(0.01) 0.00 s 0.02(0.00) 0.01(0.00)  0.01(0.0)ns 0 0.05(0.01)-0.11(0.01) | 0.86
T-D 0.12(0.02) ; 0.01(0.00)ns  0.01(0.00) ; 0.00 8 0.04(0.01)-0.09(0.01) | 0.88
T-F ; 0.05(0.01) 0.00 s ; 0.01(0.00) 0.01(0.01) 0 0.03(0.01)-0.12(0.02) | 0.70
CELL F-1H 021(0.03)  0.10(0.03) 0.01(0.03)ns  0.05(0.02) 0.03(0.02) 0.00 ns 3 0.34(0.03)-1.03(0.06) | 0.78
(x107) F-4H 040(0.08)  0250.05) 0020.02)ns  0.10(0.03) 0.07(0.03)  0.03(0.04)ns 3 0.26(0.04)-12.98(0.96) | 0.57
T-D 0.40(0.08) ; 0.07(0.03) 0.12(0.04) - 0.00(0.06) 15 0.29(0.06)-7.65(0.83) | 0.58
T-F , 0.20(0.05)  0.03(0.03) ns ; 0.09(0.04) 0.01(0.06) 13 0.28(0.06)-7.03(0.82) | 0.39
HCELL  F-1H 055(0.06)  0.21(0.06) 0.000.05)ns  0.08(0.03) 0.04(0.03) 0.00 ns 0 0.54(0.04)-2.01(0.11) | 0.84
(x102) F-4H 0.940.17)  0.36(0.08) 0040.03)ns  0.20(0.04) 0.17(0.04)  0050.06)ns 3 0.38(0.05)-9.81(0.76) | 0.73
T-D 0.89(0.16) ; 0.12(0.05) 0.19(0.06) - 0.00 12 0.49(0.10)-6.22(0.70) | 0.76
T-F - 0.3200.07)  0.04(0.04) ns ; 0.17(0.06) 0.05(0.08) 11 0.39(0.08)-7.41(0.82) | 0.48
"§CA

2 Percentage of SCA variance computed as — 2 5
9GcagtIGeaptIsca

x 100

b Minimum residual variance and maximum residual variance across all environments

¢ Broad-sense heritability
d Standard error in brackets
¢ Significance of the variance components assessed by likelihood ratio test with y2 mixed distributions (0¢=0.05). Non-significant variance component is indicated by ns



59  Table S2 Variance components and percentage of genetic variance asigned to SCA variance (%SCA) estimated
60 with marker information (GBLUP model) for all the designs (F-1H, F-4H, T-D and T-F).

Trait Design Ocay Oca o2ca %SCA? o2
F-1H 0.62(0.12)° 0.48(0.09) 0.13(0.06) 11 0.52(0.06)
DMY F-4H 0.68(0.15) 1.04(0.21) 0.03(0.05) 2 0.31(0.05)
T-D 0.47(0.13) - 0.08(0.06) 15 0.25(0.05)
T-F - 0.86(0.17) 0.10(0.05) 10 0.11(0.03)
F-1H 1.41(0.25) 1.79(0.28) 0.00 0 1.07(0.08)
DMC F-4H 2.79(0.53) 4.45(0.78) 0.01(0.08) 0 0.62(0.10)
T-D 4.27(0.79) - 0.19(0.12) 4 0.41(0.09)
T-F - 3.95(0.76) 0.28(0.18) 7 0.51(0.12)
F-1H 1.21(0.21) 2.03(0.29) 0.09(0.06) 3 0.73(0.08)
DiSilk F-4H 1.67(0.32) 2.65(0.46) 0.11(0.06) 2 0.24(0.05)
T-D 0.99(0.23) - 0.04(0.04) 4 0.21(0.05)
T-F - 2.29(0.42) 0.17(0.11) 7 0.24(0.06)
F-1H 70.90(11.74)  68.85(11.28) 6.59(4.31) 5 33.18(4.62)
PH F-4H 76.78(14.91) 103.47(18.80) 0.61(2.81) 0 20.42(3.16)
T-D 75.91(15.80) - 1.12(2.38) 1 16.75(3.11)
T-F - 100.13(21.72) 17.53(10.18) 15 20.85(5.92)
F-1H 0.78(0.13) 0.60(0.11) 0.00 0 0.69(0.05)
DINAG F-4H 1.03(0.22) 1.10(0.23) 0.08(0.09) 4 0.47(0.09)
T-D 1.67(0.39) - 0.00 0 0.63(0.09)
T-F - 1.13(0.28) 0.47(0.24) 29 0.32(0.11)
F-1H 0.84(0.15) 0.58(0.12) 0.00 0 0.90(0.06)
F-4H 1.11(0.26) 0.79(0.21) 0.00 0 0.92(0.09)
DINAGZ T-D 1.97(0.49) - 0.00 0 0.85(0.12)
T-F - 0.90(0.28) 0.24(0.22) 21 0.72(0.15)
F-1H 1.14(0.22) 1.31(0.24) 0.00 0 1.50(0.10)
F-4H 1.19(0.27) 2.17(0.42) 0.26(0.14) 7 0.48(0.11)
MFU (x10% T-D 1.38(0.38) - 0.07(0.10) 5 0.81(0.14)
T-F - 2.11(0.44) 0.12(0.13) 5 0.55(0.11)
F-1H 0.77(0.16) 0.99(0.19) 0.02(0.05) 1 1.32(0.10)
NDE F-4H 0.88(0.23) 1.54(0.32) 0.09(0.10) 4 0.66 (0.11)
T-D 0.62(0.23) - 0.01(0.07) 2 0.84(0.12)
T-F - 1.80(0.44) 0.10(0.14) 5 0.77(0.14)
F-1H 0.04(0.01) 0.02(0.00) 0.00 1 0.02(0.00)
F-4H 0.07(0.01) 0.05(0.01) 0.00 2 0.02(0.00)
LIGN (x109 T-D 0.06(0.01) - 0.00 0 0.03(0.00)
T-F - 0.06(0.01) 0.00 5 0.03(0.00)
F-1H 0.09(0.02) 0.08(0.02) 0.00 0 0.15(0.01)
F-4H 0.33(0.09) 0.51(0.13) 0.00 0 0.50(0.05)
CELL (X109 0.25(0.10) ) 0.06(0.06) 19 0.37(0.06)
T-F - 0.24 (0.10) 0.04(0.05) 14 0.39(0.06)
F-1H 0.23(0.04) 0.17(0.03) 0.00 0 0.23(0.01)
HCELL F-4H 0.50(0.12) 0.65(0.16) 0.00 0 0.50(0.05)
(x10?) T-D 0.37(0.12) - 0.13(0.10) 26 0.35(0.07)
T-F - 0.36 (0.13) 0.05(0.06) 12 0.46(0.07)
61  ?Percentage of SCA variance computed as % x 100
9Gcagt9GeartIsca

62 b Standard error in brackets
5



63  Table S3 Predictive abilities obtained for the F-4H and for each of the tester designs using the F-1H as TRS.

Training Set F-1H
Validation Set F-4H T-D T-F
Predicted hybrid value GCAf+ GCA4 GCAf+ GCA4 + SCA GCA4 GCA¢
DMY 0.78 0.77 0.69 0.80
DMC 0.78 0.78 0.84 0.74
DtSilk 0.79 0.79 0.84 0.76
PH 0.87 0.87 0.75 0.87
DINAG 0.86 0.86 0.82 0.85
DINAGZ 0.79 0.79 0.77 0.78
MFU 0.82 0.82 0.79 0.79
NDF 0.69 0.69 0.76 0.57
LIGN 0.87 0.87 0.78 0.91
CELL 0.72 0.72 0.58 0.73
HCELL 0.80 0.80 0.61 0.83

64  Table S4 Predictive abilitiy obtained for the F-1H using the F-4H (using a model including or not the SCA effect)
65 or the tester designs as TRS.

Training set F-4H Tester designs
Validation set F-1H

Predicted hybrid value GCA; + GCAy GCA; + GCA4 + SCA GCA; + GCAq
DMY 0.56 0.56 0.54
DMC 0.64 0.64 0.65
DtSilk 0.55 0.55 0.56
PH* 0.69 0.69 0.66
DINAG* 0.78 0.78 0.75
DINAGZ* 0.73 0.73 0.70
MFU 0.67 0.67 0.65
NDF 0.51 0.51 0.50
LIGN 0.80 0.80 0.81
CELL 0.64 0.64 0.63
HCELL 0.73 0.73 0.72

66  * Significant difference assessed by Williams tests between the predictive abilities obtained when calibrating on
67 the F-4H or on the tester designs (o« = 0.05)

68  Table S5 Correlations between the GCA BLUPs of the F-1H predicted using the F-4H or the tester designs as
69 TRS.

BLUPs DMY DMC DtSilk PH DINAG DINAGZ MFU NDF LIGN CELL HCELL
correlated

GCA¢ 0.85 0.95 0.94 0.89 0.94 0.92 0.93 0.90 0.89 0.86 0.84

GCA4 0.90 0.88 0.86 0.94 0.94 0.91 0.92 0.76  0.95 0.94 0.96
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Fig.S1 Coincidence of selection of the F-1H single-cross hybrids computed for different selection rates (%). The
coincidence of selection was computed in black between the factorial and the tester approaches (GBLUP), in red
between the factorial approach (GBLUP) and the phenotypic values (Is-means) and in blue between the tester
approach (GBLUP) and the phenotypic values (Is-means).

Table S6 Predictive abilities obtained by calibrating a GS model on the F-4H or on the tester designs to predict

different hybrid types of the F-1H (VS).

Training set F-4H? Tester designs
Hybrid type in the VSP TiD T1F TO All TiD T1F TO All
Number of hybrids in the VS 106 95 742 951 107 95 741 951
DMY 0.61 0.74 0.49 0.56 0.60 0.75 0.49 0.54
DMC 0.72 0.81 0.61 0.64 0.73 0.78 0.62 0.65
DtSilk 0.61 0.72 0.50 0.55 0.63 0.73 0.52 0.56
PH 0.75 0.78 0.65 0.69 0.74 0.75 0.62 0.66
DINAG 0.79 0.84 0.77 0.78 0.76 0.84 0.73 0.75
DINAGZ 0.70 0.81 0.72 0.73 0.66 0.80 0.69 0.70
MFU 0.70 0.78 0.64 0.67 0.68 0.75 0.63 0.65
NDF 0.63 0.70 0.47 0.51 0.60 0.65 0.47 0.50
LIGN 0.83 0.83 0.79 0.80 0.84 0.84 0.79 0.81
CELL 0.59 0.71 0.62 0.64 0.62 0.73 0.61 0.63
HCELL 0.71 0.77 0.72 0.73 0.73 0.78 0.71 0.72

2 TRS used to calibrate the Model (5.1) including SCA effect

b Different hybrids types in the VS: TO hybrids where none of the parental lines was in the TRS, T1F hybrids

where only the flint line was in the TRS) and T1D where only the dent line was in the TRS.
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Table S7 Predictive abilitiy obtained (i) when calibrating on 216 hyrbids of the F-1H design to predict 216 hybrids

of the F-4H design and (ii) when calibrating on 216 hyrbids of the F-4H design to predict the F-1H.

F-1H F-4H

TRS
Mean? SdP Mean Sd
DMY 0.55 0.04 0.50 0.05
DMC 0.62 0.03 0.60 0.03
DtSilk 0.57 0.04 0.44 0.05
PH 0.71 0.03 0.62 0.04
DINAG 0.77 0.02 0.76 0.02
DINAGZ 0.71 0.03 0.70 0.03
MFU 0.71 0.03 0.65 0.03
NDF 0.55 0.04 0.46 0.05
LIGN 0.80 0.02 0.78 0.02
CELL 0.58 0.03 0.60 0.03
HCELL 0.69 0.03 0.70 0.03

& Mean of the predictive abilities over the 100 repetitions

b Standard deviation of the 100 repetitions



