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DR 2EL J00 7 AR 45 4 AT SEBUA AR I 28 A g T, 3 v kD> FE TR A TAE B ARRAS . R 24440 oK (Zea mays) B 4R BEIA
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PR, AR R AR I 2R L] B B T X A PR IR TIOMURS BE 4R A IR, S KR FHIR L1 N0.05. 25 3R, fEHT 23
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XEIE Bk, EREEABN, SIREHN, LR
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Y. EREEEFERE S, W — SRRk
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ZHEARMER A, thm. BEEKAEATE)T
SO o 7 i R A I IR AR B 1) 57 B 2 ik DR s |
MR, R A 2 FE R A 5 3R 58 HLAE (genotype-
by-environment, GxE)RN I R2MaEA, #n T 5fE
W 7R B PPk 212 24 P (Carena et al., 2010).
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[F R 1 2 28 00 s 9 8 b b R T R R . AR DR 4
15 Wl (genomic prediction, GP) 7K Fx 4x 3k K] 4H %k #%
(genomic selection, GS), wFf & 5 43 K41 =
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ORI B AR BB LR, % O T hR I I O 3
FREAR, Iz SR AL R AN A, GP ik i HLoA
MR E MR Z —, B2 N T3 Y E
(Hayes et al., 2009; Jannink et al., 2010; Crossa et
al., 2010).

GPI7 AR 73 )l 254 (training populations,
TRN)AIM R4 (testing populations, TST), HATRN
FRIRE) P RV TR AE A VE ) B ZE R 3R, AR AC B R
INRISEZ R R % (XU et al., 2019). 7EZIEEIRLE T,
TRNFI R bR 75 R &R R, EEH AR
BRI A . fEGPH, Wil A2 X5 iF (cross-valida-
tion, CV)>RVT{h TS £ « Burguefio®(2012)%H X A
[F) ik (R YA 22 AN R8T DU o] 3R 4T 23 FC ) 1) R, )
F 280 AN [ I CV 7 AR & 25 ] R T llm O 200 5K
Yy, RIPPAAASE Y H T F00 5 4 o 28 P ) 22 R Y 7
AR R R IL(CVA) FIPEAR 78 5 Lo 3R 85 p 2 0K
B ARAE LB IS A 00 2 B (CV2) . Burguefio
2:(2012) R F /N3 (Triticum  aestivum) e 355 i 56 41
I LLE CVARICV2 B AN [ CV 7 8 I TN AS 2, &
PLCV 2 TS & 5 T CV1. JarquinZs (2020)78 1% il
MRS BRI T, 8 Bt A R PRI 1] 2 5] Y
TEAENEZ MR EZ2MEN, 4RKH
TRNBTHACV20 N 25 R T . ok, %It GP
I, TRNSTSTH ELEIH 2w TR FE . Luo%s
(2023)8 i %1 2854 EK L P B AR M TRNE
TSTLLHI, IR A1 AT St A il . TRNY
TSTHLLHIH 52 BEAASE L OC R 52, 0 2 FIfK &R
HEAT T, b LA i I 2R a4 sk e ok oK 22 Bk
FGR 22 S & B (9 FR0IAS B2 (Zhu et al., 2021).

Gt R SR TR FE R B R R 2 —. Gt
B F B S H LS HAHESH = KK (Alemu et
al., 2024). H b ZH07 5 vb 3k R 21 f A 2 1 T e 00
(genomic best linear unbiased prediction, GBLUP)
&) . GBLUPTRAR S T A A 10 1538416 AH [F] ) it
FEAR S, d I ) g DR A O R R GO T e Y, 3
M B4 THAMAE B B i (VanRaden, 2008). 1% /7%
BA @R, 2EMNHER ZMINE. 5
VB MAIRE, MY E RS2 2 2 8 H AR
B0 K, ik DA 4 TR 2 R 2 RS [R] PR BE R (1 GXE
RN, 20124F, Burguefio®s(2012) 14 IR $2 H £GP
R IINGXERLBE, 1% 7532 ] LAHS Bl & P 1l

ANIREE N B RN A AT A KRB 76 4
RN TR A AL . Lopez-CruzZ(2015)
BN AT BRI FIIA B (MXE) 2 8] A BAE 3T 2
B, AIX G it R 358 3 (7] 52 Wi B 10 R 3R 585 5 51 14
Frid, BERTE T BKEEE . LR, W FEEEAE
GPHR Y rh 45 5 G E RS K A e VR 1 2 L 1) Tl e
HES 7 H B (Cuevas et al., 2016; Ferrdo et
al., 2017; Sousa et al., 2017; Roorkiwal et al.,
2018), XLEHFFTEE RN T F M eh BT A P i &
REE,

FHT, A 22 P85 3 B E 3E AT I 8 Rl g 4 5
AT 2 FTIM £) 40 R B SR ST 7 1) o L AR LR T T A
AN TR A T 3 7Y B 40 T i 20 B4 B3 4 i R A 900 ) 4
FoARkIE . B, AT E R TR H S R AL
B RII6MN R R, BIECR . M. AR, AR
Koo BATBONT KA R R B E a0 PR IR e 7
3o FRIIASE Y K Hle b 0T 22 PR 0K rb 2 284 S0 A
FEHIEE o

1 RS

1.1 REMN 5%

ISR 3 E G244 0 K2 1) B oK (Zea mays
L) BB AR, A NG & CIRER B AR
R B2 % (Yang et al., 2014; Wang et al., 2020), 7
LT b AT S R B )0 R M X R R 1 A
R, FEAEONTHRE, &R AR 4,
BRI . 20224F F120234F, iR 50 KLY 7
ke T [ R LR 2 B A R S AT BT A i S S
H1(116.28°E, 40.00°N)H1 B JpiT 4 )\ — A& B oK
11 3£3h(45.54°E, 131.87°N), SEANEG R S 445
N ANEREE, 20224E b 5. 20224E % 11, 20234E b 5T
12023425 111 43 ) 141 5 S 22BJ . 22MS. 23BJ Al
23MS. H AR iR Y a-it, B5200EE,
20 MBI XA, AN X A S 2% 11 (B73
AIMo17), 7K N15 m, ¥REEN02 m, TN
0.5 m. HH [R)E B[R] K FH o R0 2 o

12 REPE
EANIREL T (22BJ. 22MS. 23BJAI123MS) % 51 7
6N R 2R, BAEE AR Bof B (days to an-
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thesis, DTA); #RBIEIR: # i (plant height, PH) IS
fii(ear height, EH); /=& MR: FK (ear length,
EL). 17ki%(kernel number per row, KNR)FIF#1T %L
(ear row number, ERN). A brifE L& 1,

1.3 RERELEBSSiHoH
AR 6 MR 1 3R B 0 R R ELImed 147 4%
PEVR & B UG, 45 3 £ 2 M J0 O 00 45 1 (best
linear unbiased estimation, BLUE){#, A= F:
Yim=H+Gi+ R+ ByRm+€im

H, i "N REEBEMM N EE TR, u
BRI, GRIMNMRRIBAE R, Ry m ™S E
AN, Boem" FEE AN XA, en iR E,
FEMIEAS 5 T 6m=N(O, 0), 0% am™ F 42 Py i1 i 2%

14 HESFHMEEDUE
T 2o i AR
Yip=Mij*+Bo+Gi+Ej+GEj+&ix

Vip e S5 BE N B 5 AN A T A b A
AL T RIS, FRANIE A A i o Ny, 07), e
TR N T MA IRV ME, B 55/ N T
SN X AL, G s ™ FE R R 8 A R
Euj " PR BRI RONT, GE#e s 3 AN B IR R 5 575
IR Z 8] R EAE RN, ey ABENLIRZE, AR IEZS 2>
ﬁsijk—N(O, Uﬁ)

NN .- 1
m%ﬁ£:¢=gjzﬁ

e 2e )
A 002 (1) 299

R/ 2440 LA AT R MR — A B

PR E G TR0 s (HA AR R

0.2

H2= 9
1 1
o + goge + EGEZ
MR 7 (A T AL AR VA (SE(HY)) i35 A R an
2
SE(H?)= SE(%)

2

2 1 o 1
og+goge+—as

re

1.5 ERVHIE

TR0 T FH 256 R R 54 O 4 L DR 2 EE 0 P 5, R 4R
KT7FF & AT 15 R E P, LAB73 V5 RS
LR AL, 283 7 R I 07 0k 3L 3K 15 3% 107 S SNP£if
Ro R FH plink3Cf o) 5 PR B £ AT 4%, A5 5%
NN FE R AR (MAF)<0.5, &[R4k 5 >0..2,
Ji ¥ 5 FH Beagle A #EAT HH 78, %4 3k4#3301 838
A 5 B SNPH F 100 4347

16 GivHias
M EZER AR G A HEAT 22 PR T00, 4 A A
M #) 5% I DIC #E W i3t 17 1% #% (Pérez and De Los
Campos, 2014):

(1) HILEIHAL(Single) (Vanraden, 2008)

RO RN

Y= M+ XiBy + &

Vil o Yo', 2B LR B KA A BT (k=1,
2, -, s)Hn AR R Y 1) BB A T A MR R 0 p AN
*ﬂ?iai&ﬁt@ua?ﬂ%@Jo Xk={X|Jk}7EJl:7£§€k/|\ﬂ:i%qjﬂ)ﬂ

FI A ATRRAELL PN x pARicHEFE, Be=[B1k, -+, Bok]
e NpAEFRICN R, a=[ew, -, EwlFE—TN

R BRZE A, 1=[1, - R DndE e &,

Table 1 General information of six maize agronomic traits for 244 inbred lines

Trait Abbreviate Unit

Description

Days to anthesis DTA Days Recorded the number of days from the planting day to anthesis data when 50% of

the plant anthers in the plot were extruded to 1/2 length of the main tassel spindle

Plant height PH cm Measured the height of the stem from the ground to the top of the tassel of 3-5
plants

Ear height EH cm Measured the height of the stem from the ground to the base of the ear of 3-5
plants

Ear length EL cm Measured the length of 3-5 ears

Ear row number ERN Count Counted the number of ear row of 3-5 ears

Kernel number perrow  KNR Count Counted the number of kernels per row of 3-5 ears
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=1, 2,-+, n/NME, uc AR
2 9= XiB, FHH =[Gk -+, gl FEFENLRN, B

X X!
K2k HGBLUPIE AT #

% g-N(0,05G, ), G=

R
Y=l +git&x

(2) Across-Environmenti% %! (Lopez-Cruz et al.,
2015)

A RMBCE AR ICAEAN RS TR i 5 i — 2, By
ik W.Lopez-Cruz%:(2015), iZfAIGBLUPE R A:
Y1 i1 g4 &

Yo |Z| M|+ 92 | H] &
Y3 b31] |93 &3

(3) MxEf57Y(Lopez-Cruz et al., 2015)

AR FMXE J7 100 GXE BLAE 47 g2 458, fd
#1030 W, Lopez-Cruz %5 (2015) [l i ik, &N Frid XF
A5/ PR (1 5 1 49 43 gk o BT A B S5 LA 1 008 AN A
AT R BN, ZEE A GBLUPTE A N:

2 iyl 90,1 94,1 £
Yo |5 M1+ 902 |*| 912 |F] &2

Y3 K31 90,3 913 &

(4) R-norm (reaction norm)#% 7 (Jarquin et al.,
2014)

AT AR B 5 (o) I BE AL AL SE, A5 3 ik I
JarquinZi(2014), R-norm#AE AL i 5] A\ 22 H I gikeix
IIANGBLUP#HE A H, GBLUPHE YT A

Y4 1) | gy 918 &
Yo |Z| M1 +] Gy | +] 028 |*| &
Y3 H31] |93 9363 | |&3

1.7 BHRINSGEHARRLE 5 R7T

K HHR BN R 2 ATRNAITST, W FA [FI SRR A4
2R RSO T 245 RS2, PP AN RIS 2R F) 00 g

(1) BE2MAFKMCVIIZE, CVIMCV2 (K1), i1
TRN (i SREAC & LU 050,510 B S dE 47 L, X T+
CV1, 50% B2 REFTAMEL T AR, T
2 YIRS T ) A2 50 % A 22 R H 58 R AL A [F] 3
B R MRAL, X TCV2, K&K 50% 1) R A4,
ER R R AE — IR T A R A, R
Wil S B R R TR AL R R, (2) A

CcVv1 Cv2

E1|E2 |E3 | E4 E1|E2 | E3| E4
Line1 Line1 |NA
Line2 |NA |NA [ NA| NA Line2 |NA| NA
Line3 Line3 NA
Line4 Line4 NA
Line5 |NA |NA [ NA| NA Lineb NA
Line6 Line6 |NA
Line7 Line7 NA
Line8 |NA |NA [ NA| NA Line8 NA
Line9 Line9 NA
Line10| NA [NA | NA| NA Line10| NA NA

B WP X E T 2 (CV1HICV2)
R PE1-EAER D R IAEE, NAKR IR BT T
R, 38 TR S AR BAE LIRS

Figure 1 Two distinct cross-validation schemes (CV1 and
CV2)

In the table, E1—-E4 indicate different environments, NA in-
dicate that the variety phenotype was untested in this envi-
ronment, and the yellow space indicate that the variety
phenotype tested in this environment.

AR AL LB A MERE AL RIR-norm B 24 15 20 1% G E
HAE AL Across A5 Y DL R 78 4 A A 55 Hh U5 1 B
PRBRLY (Single) FO RIS 47 LU (3) AFITRN
P bl PR [ BR FE TR (5 s A A B L5 (0.5.
0.7/10.9) % TS € 1) 51

i FHTRNE I SR DI 2R Y, il 1 S AN W) A B
FTSTrh FIAE 5 FLSE{E 2 7] ) Pearson A < R # o
fli I AE R . BB HEAT 50 IS X niE, S8
niter’430 000; burnin>42 000,

2 ER5HR

2.1 REEEHH

7£22BJ. 22MS. 23BJFI23MSPYANIREE T, J3 5%t
BOM A #hmE . BEAIE . AR, AT RIECRTRRAT 264
PRIATRR ST BT (R 2). S5 RRY, MR
AN [R) PR35 T £~ S R0 A2 S M FE 3 A E 2 57 o 2022
HEM20234EDTA, MSHLBJIIIE20K A4 {H 242022
SEPHMIEH, BJ¥&ETMS, 20234EMSH & T BJ;
22BJE T-22MS, {H223BJK T-23MS; EL. KNRF
ERNJJC W 2 A AE Ay 3 b A 1A 1 45 3 22 5 3t i
WS S WA, RIAS AR B AR
AN, R PR B A 7 A (B2) . 64N HIRTEBE A
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Table 2 Descriptive statistical analysis of six agronomic traits across four environments

Trait Environment Range Means+SD Skew Kurt Coefficient of variation (%)
DTA 22BJ 48.00-72.00 61.41+£15.29 -0.56 0.1 0.25
22MS 54.00-99.00 83.05+31.11 -1.32 2.55 0.37
23BJ 53.00-82.00 67.88+£17.28 -0.13 0.00 0.25
23MS 69.00-104.00 88.23+£12.59 -0.04 0.90 0.14
PH 22BJ 131.50-315.67 230.39+52.01 -0.33 0.17 0.23
22MS 113.00-302.00 227.27+45.40 -0.28 0.13 0.20
23BJ 90.33-257.33 183.66+£39.61 -0.44 0.68 0.22
23MS 134.00-323.67 233.58+54.45 -0.29 0.06 0.23
EH 22BJ 34.67-142.33 87.70+23.85 -0.07 -0.46 0.27
22MS 17.33-168.00 74.66+24.73 0.28 0.36 0.33
23BJ 20.00-125.33 69.68+£19.79 -0.16 -0.28 0.28
23MS 23.67-145.33 86.81+27.89 -0.07 -0.41 0.32
EL 22BJ 5.00-22.00 13.9943.99 0.1 0.62 0.29
22MS 6.70-20.80 14.54+4.03 0.16 0.15 0.28
23BJ 5.00-22.33 13.23+4.22 0.25 0.16 0.32
23MS 8.50-20.00 13.60+4.53 0.46 0.17 0.33
KNR 22BJ 2.00-44.67 21.93+8.32 -0.45 0.58 0.38
22MS 10.00-41.00 24.36+7.90 -0.16 0.05 0.32
23BJ 3.00-39.00 19.47+7.56 0.13 0.15 0.39
23MS 10.00-39.33 24.48+8.68 -0.06 -0.22 0.35
ERN 22BJ 7.50-19.67 13.4913.78 0.04 -0.41 0.28
22MS 6.00-20.00 13.62+3.89 0.05 -0.10 0.29
23BJ 8.00-20.67 12.88+4.01 0.43 -0.01 0.31
23MS 7.33-20.00 13.86+4.48 -0.09 -0.50 0.32

DTA: BUW I PH: #k; EH: 675, EL: K, KNR: f7Hi%L; ERN: FEATH
DTA: Days to anthesis; PH: Plant height; EH: Ear height; EL: Ear length; KNR: Kernel number per row; ERN: Ear row number

TR i) 1 ke [T R 5 A 855 ) ) EL AR 2000 49 7 A W 255 7
5t (R3). ARVERI B AL A S, iR
S A Ty fe v 0.76, KNRIE T S A4 ) e fik
0.38.

2.2 CVAFICV2@EM3Z X UET B3 TSR I
)

P RERA, ECVIFICV2Pi A TRNA L T E T,
Single 5 L {1 TUIRE B 5 Ak, e 3PP A i) T A
FEARRL(EIB). fECVIH, &HBIAUIEDTA. EH. PH.
EL. KNRAIERN 64 {R w1~ 25 F500l 45 B2 ¥ [l £E
0.19-0.652 [i]; fECV2H1, BRSinglefSiflsh, A

FEGAH IR Fp i)~ 35 T RS 5 3 B 7E0.47-0.89.2 1]
BrSinglet# Al 2 4h, e 3R A E R B NCV2 R 1)
THMIRG % 53 = T-CVA o fE BT /0 B 6/ Mtk v, CV2
TR B2 3 7 T eV, HAR A MR CV24: CVA
TR B BT PR A — 3. 7ECV1Hh, DTARE
41 15 W0 K FE A 755 (0.68), EL ¥ T 35 Tl kG R B A%
(0.12); fECV2H, PH ¥ ¥ Tl A% B f =1 (0.89),
BCVAHET 170.57, F:Singlefif ok, KNRA ) 7
TAS B 52 115(0.44), ELCV13RTF 70.23. % T4 3
B, [F—BALE S TDTARIKNRES, 22BJ¥R 3 )
THKE B fe i, fE4r#TPH. EH. ELFMERNH}, 22MS
PREE T B TIRS B 3 B v
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B2 6N REVERANIRE TR IES 6
DTA. PH. EH. EL. KNRFIERN[F%#2.

Figure 2 Normal distribution of phenotype performance of six traits in four environments
DTA, PH, EH, EL, KNR, and ERN are the same as shown in Table 2.

]3I MR EHRANIRRBLA 7 Z T
Table 3 ANOVA analysis of variance of phenotypes of six
agronomic traits in four environments

Trait o Ohe H? SE (H%)
DTA  27.65**  8.79"** 0.67 0.08
PH 73631  104.94*** 0.76 0.01
EH  370.33*  67.62"** 0.74 0.02
EL 2.94% 1.09%** 0.50 0.26
KNR 1374  7.69** 0.38 0.04
ERN  3.25** 0.49** 0.60 0.46

o MAETFE; ohy RS HAE; HY ) U J;
SE(H): A% /it i kR ifEiR; = P<0.001; DTA. PH.
EH. EL. KNRFIERN[{]#*2.

ogz Genotypic variance; oge: Genotype-by-environment in-
teraction variance; H* Heritability in the broad sense;
SE(H?): Approximate standard error of the heritability esti-
mate; *** P<0.001; DTA, PH, EH, EL, KNR, and ERN are the
same as shown in Table 2.

2.3 FREBIXFNEE RAF M

FAPR SRR LE BT A POIR A 00 TOUIORS B R AR (BI3; &
4). XFF2MillgriEr 7 30, fECV1H, Singlefsify
EjAcrossHi . MxE#E R FlR-norm #5574 {1 T i
FEARL, 4/ 2 0] 35 T RS P 1) 22 5 /E.0-0.012.
[]; fECV2h, Singlet& 2 Fii i i %=, Acrossti iy
EMxERE R FIR-norm 5 AL R BUARBL, 3Fh LAY (1) il
A FE LU Single B 84 4 FH- 1 B2 5 [l 43 1) ©490.18-0.57
0.20-0.56 #10.18-0.57 . X TR &5, fECVAH
DTA. EH. PH. EL. KNRHIERN 6/ IR A [/ 155 774
L5 Single i Y AH LL $2 7+ FE 39 £0-0.01 2 [i]; ECV2
6/ PR T 35 FIUIIARS FE 52 T+ FE ££0.19-0.55 2 |1,
FLrt PHIK F500 42 THii 22 B2 K (90.55), DTARJEE T
¥ 5 /NH0.19).

TECVA R, A AR AR AN [R] A5 B4 35 77 i 2 (mean
squared error, MSE)% 74/, {H{ECV2HMSEH
ZREK, HAcrosstiA  MxE A FIR-normA Y 1]
MSEf )/~ T Singlefsi . AS[F] AR AN A B R A2 CV 1
MICV2 T % 8k, Singlet 4 £ CV1 FICV2 1

MSEfH 2 ANk, {H7ECV2H, AcrossiZll, MxE#L
A FIR-norm AL A (IMSE{E 241/ T-CV1..

24 T RHETRNEEHFEELHIFNERE
A

TECVARICV2B A7 T, AR EA R TRN 51 1)
ST X) TIUINRG P AR A A AR AL (R B) . MIIZREE LN
0.7, 5t NO5KFAHLIL, fECVIT, AR BLAY
DTA. EH. PH. EL. KNRFIERN 61K i1 2 15
DKEFE 23 HI#2TH 70.03. 0.03. 0.04. 0.02. 0.02f
0.03; 7ECV2'F F-¥FullAs £ 43 #2 + 170.03. 0.01,
0.00. 0.06. 0.05#10.04; *4illZ% 5L M09, 5
i EMO.SIF A L, #ECVA R AR [R5 AL 6 AN IR 17 1)
THINKS B 43 32T 7 0.03. 0.07. 0.07. 0.04. 0.02
H10.04; fECV2F P FIKS B2 73wl #& T+ 17 0.01.
0.02. 0.00. 0.06. 0.07#10.05. X T A [FHAI =,
Single & A i)~ 1 $2 THiE /1 7-0.02-0.07 2 8], Ac-
ross % A [ 7 35 52 7+ g £ /- 1-0.02-0.08 2 7], MxE
P TR f P 24132 TH 1 JE 9—0.01-0.09, R-norm 5 7 ]
SFX 4 TR ¥ 250.02—-0.09.

3 it

TR T Z AR AR, MBI IE TR |
MR WA R LS X, A fEAkh, P
TR SR L XS AN I 2 A o TR X AN A
SRR N 22 R EOK, RLE, HEAT 2 PRI R
BIEZERE, HFC B KA [FIPR 2% 1 i A
HAREZEE L. AWFEA B4 B B 52 57 1
b, RRRATE 1 (J& b5 7 B8R DO AR B S ()
RAEACH R A OK X)), 2/t s (4 L 22 5 AR H K,
DRI D TALE i 1] 22 57 K, AN At i 4R B ] () 22 57
B/, M EPERIFAR RIS . Huk, 78
2 BTN 25 FEAN B BRI S R, JEHR R P
TR FIVER I, AT SIS R I A
Awrguep, BATEO OB bR RRAI R AR,
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Figure 3 Correlation between observed and predicted values of different models of CV1 and CV2 for different traits

The Single model uses single-environment data to predict, and the Across model, MXxE model and R-norm model use three
environmental data to predict phenotypic data in the remaining environment. (A) Days to anthesis (DTA); (B) Ear height (EH);
(C) Plant height (PH); (D) Ear length (EL); (E) Kernel number per row (KNR); (F) Ear row number (ERN)
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R®4  AFEERCVARICV2A [FAR R TR B2 3577 15 72 (MSE ) 73

Table 4 Mean squared error (MSE) analysis of different models of CV1 and CV2 for different traits

CVv1 Cv2
Single Across MxE R-norm Single Across MxE R-norm
DTA 22BJ 17.05 15.96 16.19 16.19 17.03 8.07 6.28 7.47
22MS 49.26 49.31 48.03 48.22 47.63 34.46 33.25 33.94
23BJ 29.44 28.85 28.53 28.56 29.49 19.29 16.63 18.75
23MS 23.67 23.52 22.91 22.94 24.07 9.41 9.43 9.62
EH 22BJ 351.07 339.97 343.11 343.84 351.35 125.72 129.73 128.55
22MS 388.25 400.24 384.77 384.73 377.25 164.68 162.07 158.30
23BJ 237.92 232.14 233.07 233.30 237.86 144.16 133.37 134.57
23MS 405.39 401.68 397.68 398.11 406.28 174.36 176.11 175.36
PH 22BJ 819.45 816.72 816.21 816.97 833.93 218.41 232.62 225.98
22MS 786.00 787.15 780.27 780.59 784.60 214.57 224.97 216.90
23BJ 468.62 470.77 469.01 470.20 468.00 223.87 216.31 217.63
23MS 895.11 885.29 893.44 893.03 919.63 292.51 302.67 299.63
EL 22BJ 4.61 4.55 4.58 4.60 4.61 3.00 3.05 3.05
22MS 3.89 3.95 3.92 3.91 3.77 2.68 2.63 2.64
23BJ 4.60 4.74 4.63 4.63 4.59 3.71 3.60 3.59
23MS 3.95 3.90 3.96 3.98 3.88 3.23 3.20 3.23
KNR 22BJ 2.60 2.58 2.57 2.57 2.60 1.51 1.51 1.52
22MS 3.67 3.53 3.58 3.58 3.57 2.46 2.47 2.47
23BJ 3.09 3.00 3.01 3.01 3.08 2.52 2.49 2.49
23MS 3.62 3.62 3.58 3.58 3.47 2.18 2.16 2.16
ERN 22BJ 29.68 29.41 29.60 29.59 29.65 23.72 23.80 23.64
22MS 22.05 22.62 22.10 22.00 21.78 19.06 18.84 18.47
23BJ 21.78 21.98 21.59 21.57 21.77 19.90 19.60 19.32
23MS 26.27 25.70 25.90 26.09 2512 20.06 20.02 20.11

DTA. PH. EH. EL. KNRFIERN[E#*2. DTA, PH, EH, EL, KNR, and ERN are the same as shown in Table 2.

FEAT HORIAT R 26 AR MR AR 2R BEAT T, LAA)
AR FUAE B N A [R) 28 26 B2 FUAS [J] S 264 BoK H
AT Z ] AN [ B85 1) R R AR AL

GP1 2 w] 5 B & Fp 58 LA S P i 7 Rk £ H
o DR RY, DT 389 0 35 % 1 75 (Meuwissen et al.,
2001; VanRaden, 2008; Crossa et al., 2010). 7
KW, 2 IR IR i g N 2N R B 1K) 5L
5 AT AL IR FOOM RS 5 A T 16 51— R8T T 1) oOAS
% (Burguefio et al., 2012; Jarquin et al., 2014). £
IR 5 A W] DAAE ] # J7 72 ok % (Burguefio et al.,
2012). FRICHIAELPIAE 5 (Jarquin et al.,, 2014)%f
GxEAH B R AT 2488, 53 il 0t MxEAH BLAE H
715 (Lopez-Cruz et al., 2015). EARFFTH, 24Tl
TEFEANRES T iR R BT (CV2), 2 PR AR A Tl

A 2 E LT Single i, 1X 5Burguefio%(2012)11
WFIT S5 R — 3. AT Tt 25 SR 3R WAE 22 PR S5 T i) A2 7Y
HINZ A EIE I EE M. A, ZHERALE
AR, BRI D R A 1R AR 1 T
MRS EE, 148 TRAGEM B, XX TR EM T2
PREEI s A B HEE

TE 26 BT 4R A, B 70N SR RSSO 00
(Lorenz, 2013). /I3 (Triticum aestivum)Z S 535185
¥ (Burguefio et al., 2012)F1 % K £ IR B K K
(Jarquin et al., 2020)4& 5 1 7L 2 I SR K/t
BF, ANFITRNAL A 7 206G GP AR B FI 500 - 75 A
e, FATFIFADTA. EH. PH. EL. KNRFIERN
6K 7 TR 2FF CV 7 AT T, [ —Fp AL
CV2[1)F- 35 T kS FE 05 T-CVA, X 5T A A 7t 45
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5 CVAFICV2r AN [F)BE BE I ZR AR (TRN) dy SR AR 5 LA 4 P s 0 Tt 5 S
Table 5 Prediction results of four models with different percentage of training populations (TRN) in CV1 and CV2

Trait TRN Model CV1 Cv2 Trait TRN Model CV1 CVv2
DTA 0.5 Single 0.59 0.59 EH 0.5 Single 0.44 0.44
0.5 Across 0.60 0.78 0.5 Across 0.45 0.82
0.5 MxE 0.60 0.80 0.5 MxE 0.44 0.82
0.5 R-norm 0.61 0.79 0.5 R-norm 0.44 0.82
0.7 Single 0.62 0.63 0.7 Single 0.47 0.46
0.7 Across 0.63 0.81 0.7 Across 0.47 0.82
0.7 MxE 0.63 0.83 0.7 MxE 0.47 0.83
0.7 R-norm 0.63 0.81 0.7 R-norm 0.47 0.83
0.9 Single 0.62 0.63 0.9 Single 0.50 0.48
0.9 Across 0.63 0.81 0.9 Across 0.51 0.84
0.9 MxE 0.63 0.84 0.9 MxE 0.51 0.85
0.9 R-norm 0.63 0.82 0.9 R-norm 0.51 0.84
PH 0.5 Single 0.28 0.31 EL 0.5 Single 0.20 0.20
0.5 Across 0.29 0.86 0.5 Across 0.19 0.54
0.5 MxE 0.29 0.85 0.5 MxE 0.20 0.55
0.5 R-norm 0.29 0.86 0.5 R-norm 0.20 0.55
0.7 Single 0.32 0.34 0.7 Single 0.23 0.22
0.7 Across 0.33 0.85 0.7 Across 0.22 0.61
0.7 MxE 0.33 0.85 0.7 MxE 0.23 0.62
0.7 R-norm 0.33 0.85 0.7 R-norm 0.23 0.62
0.9 Single 0.35 0.32 0.9 Single 0.23 0.22
0.9 Across 0.37 0.85 0.9 Across 0.23 0.61
0.9 MxE 0.36 0.85 0.9 MxE 0.24 0.62
0.9 R-norm 0.36 0.85 0.9 R-norm 0.24 0.62
KNR 0.5 Single 0.24 0.24 ERN 0.5 Single 0.36 0.37
0.5 Across 0.24 0.47 0.5 Across 0.39 0.65
0.5 MxE 0.26 0.47 0.5 MxE 0.38 0.65
0.5 R-norm 0.25 0.48 0.5 R-norm 0.38 0.65
0.7 Single 0.27 0.27 0.7 Single 0.38 0.39
0.7 Across 0.27 0.53 0.7 Across 0.40 0.69
0.7 MxE 0.28 0.54 0.7 MxE 0.40 0.69
0.7 R-norm 0.28 0.54 0.7 R-norm 0.40 0.69
0.9 Single 0.26 0.28 0.9 Single 0.40 0.40
0.9 Across 0.26 0.55 0.9 Across 0.42 0.70
0.9 MxE 0.27 0.56 0.9 MxE 0.42 0.70
0.9 R-norm 0.27 0.57 0.9 R-norm 0.42 0.70

DTA. PH. EH. EL. KNRFIERN[{#2. DTA, PH, EH, EL, KNR, and ERN are the same as shown in Table 2.

%ﬂ\*ﬁz(Burgueﬁo et al.,, 2012; Terraillon et al.,
2023). H AT AE ) SR EIE T, FECVA rh Bl Tt i) i ] 2
FEPTA P th B R EEAT RN, To AR SRR BUE B gl
NEIRERIep BRI TN 5 R AROHE T HE A4 9 AN [/ A4

AIFRE K AR ECV2H, FIAIMA— 2R E
AL
ZAIREL T RS, e T PR T .

PRBET 1R R AT R TR A S SR TN,

FEREYIE M, ik DR AL F000 £ v 1 e

i 2
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Study on Multi-environment Genome-wide Prediction of Inbred
Agronomic Traits in Maize Natural Populations
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Abstract Multi-environment field testing is an important way to select optimize maize yield and yield stability varieties.
However, because of its high cost, it has gradually become a challenge in plant breeding. The combination of field sparse
testing and genome-wide prediction method can be used to predict untested phenotypes, reduced the effort and cost on
field testing. In this experiment, 244 inbred lines of natural populations were planted in Shunyi, Beijing and Mishan,
Heilongjiang in 2022 and 2023. Six agronomic traits were studied, including days to anthesis, plant height, ear height, ear
length, kernel number per row and ear row number. The effects of four different models (Single, Across, MxE and
R-norm), two different cross-validation schemes (CV1 and CV2) and three different training sets sampling ratios (0.5, 0.7
and 0.9) on the prediction accuracy were compared. The results showed that the average prediction accuracy of the six
agronomic traits was 0.67, 0.58, 0.50, 0.33, 0.33 and 0.48. The average prediction accuracy of the Single model, Across
model, MXE model and R-norm model was 0.36, 0.52, 0.53 and 0.53 for each trait. In CV1, the average prediction accu-
racy of each model in six traits ranged from 0.19 to 0.65, and in CV2, the average prediction accuracy ranged from 0.47 to
0.89. The comparison of different training set sampling ratios shows that the improvement of the proportion of the training
sets has limited improvement in the prediction accuracy of different traits in different models, and the maximum is only
0.05. The results show that the CV2 training set can be used to form a scheme and include phenotypic data from multiple
environments in the prediction model to provide good prediction accuracy for multi-environment prediction.

Key words maize, genome-wide prediction, multi-environment prediction, optimal training sets
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