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(Color online) Evolution of Chinese maize variety improvement and heterotic patterns since 1950: a comparative analysis with U.S. yield
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Table 1 Statistics of published maize genomes

i [ TiH K/INGb WP AR contig N50/Mb Scaffold N50/Mb ~ BUSCO/% FNE SCHR
2009 B73 vl 2.05 Sanger 0.04 0.08 - 32540 [2]

2009 Palomero 1.79 Sanger - - - - [31]
2016 PH207 2.1 NGS - 0.65 - 40557 [32]
2017 B73 v4 2.1 PacBio + BioNano 1.19 9.73 - 39324 [33]
2017 mexicana, Mol7 1.2, 2.04 NGS + PacBio 0.03, 0.06 0.11, 3 86.00, 93.00 31387, 40003  [34]
2018 Mol7 2.18 NGS + PacBio + BioNano 1.48 10.2 97.20 38620 [35]
2018 w22 2.13 NGS + BioNano 0.07 35.52 90.00 40789 [36]
2019 HuangZaoSi 22 NGS 0.08 2239 96.00 40893 [37]
2019 SK 2.16 NGS + BioNano + PacBio 15.78 73.24 96.40 42271 [38]
2020 K0326Y 2.16 NGS + PacBio + BioNano 7.77 22.78 95.80 38238 [39]
2020 B73-Abl0 2.16 NGS + PacBio + Nanopore 162 - 95.80 46311 [40]
2020 EPI’PFIJ(;O]?IS(]OS’ 2.20 - 2.46 NGS 0.08~0.10 6.13~10.39 95.20~95.80  46697~48068  [41]
2020 NC358 2.13 NGS + PacBio + BioNano 4.24 99.4 96.70 39578 [42]
2021 RP125 2.19 NGS + Nanopore + Hi-C 15.43 220.55 96.80 43098 [43]
2021 Ta453 2.29  NGS + PacBio + BioNano + Hi-C 0.39 2222 94.60 38384 [44]
2021 NAM 26 lines 2.13 -2.31  NGS + PacBio + BioNano 6.26~52.36 92.05~160.85 95.42~96.67 440621 [45]
2021 A188 2.25 NGS + Nanopore 5.99 103.4 97.25 40747 [46]
2021 A188 2.21 PacBio+BioNano 1.06 11.61 95.30 - [47]
2022 Ames 21814 2.44 NGS + PacBio + Hi-C 62.29 245.33 96.80 46473 [48]
2022 Dan340 2.35 NGS + PacBio HiFi + HiC 45.11 222.77 95.97 39733 [49]
2023 CIMBL55 2.16  NGS + PacBio + BioNano + Hi-C 14.3 223.6 98.00 38439 [50]
2023 Mol7 2.18  NGS + Nanopore + PacBio HiFi 0.1 - - 42580 [51]
2023 12 inbred lines 2.18~2.31 NGS + PacBio + BioNano 0.27~2.07 4.36~15.34 94.20~98.60  42111~46320 [52]
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HIPFTRYRE. FERBL, o HUN . DU A E B
AR RESE R AR TE D, A AMRR2: Z i TE 1] Fl
] 515 2w PE R i BN, 90 RO Rl A 2 . AR 34
At PR, X LR 1 B Rh St ik — 25
fEdE T EARF I EE.

BRI R RIS N = B PR R4, DLCR
FORBRAL, HEGRINEE  SRE OB ROR N HER
PRASE P, 2L oK B EGRR. WA oK
PRAUAH DGR B 73Tt AL LB, kTS 22 2 ey
BRI B EEE . ORI R A et
OOCEEIA 2R, X MR8 A & 52, =4 0 IR E )
SO LSRRI R S T B R 2 2
e PR BN, Wigl(liguleless1)P®), 1g215°1
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ZmTACIY™ | ZmCLA4"" | na2(nana plant2)!°?
dri1'% q@ri2'% bHLH30'Y | T3, ZmBZRI1'%,
ZmIBHI-1"" . ZmILII' ZmRAVL I Fllac 1%,
SBPESF I B 1 it 3k Hllgl, Hoe AR 3 &
B Kt B B RRRAE, R IO R R g 15
o FARic i B e st, QA &R M Er o5
BRFA L AT LLPSE A AR R AL Flhn, A
il E BLA Y T RMO68 MR AR 2 T Ak, LS £ B
TR/, BERARRIE R, (il F KGR R968TE i
JefaHIFOR 308, AF N0 /Y EERL ITJLAE, 1
i 1o T AR 2 1 T LB T 2 TR 2. R ARl
K2 B AR T20 194F 30 A K EP AL e Rl ok &
F a1 R RORAR R SR R R RN R A T
Ty e IE R ZmRAVL I, FHAE LRl FRg T
TR BRI Sy TR A5, R SE 5 R,
ZmRAVLIFEH i bR p B 2 G O HA 0 i s =
F ., 20204F4 H, AEEEAR L K2R TR E BT
FERET E MR FORIEE i A 1B Rk B R 80
5, ZMBACT KRB R A SRS, hEFETOREFH
B G KB e . EARARRN . R AR
FEE /D IR A 80 1) R TR e, 2 I K I it 235
PR R B TR R £ 1h), E—E
T WA 72 BAR Ok & R B b Az Bk R I
ZmPIF3.3FTSH4, TEVRE TR = A8 = AR A
BTG K AE T EEAE. 20244E6 H, rRELL K
SEE KR B AL oY Oy T BUS ETERE, HIRIE &
Ko rp g BB BRI S K Lacl, $878 T OGIE S5
Y lac IR FOKE R AR A 5> FHLH], B T —
EITERAUNTE Tl e N

PR R EAED LB = O, TR R A I
IR T19124E2)) 2012040448, 24t iy iR
TR, BV ERCE T T ROREMLEM TE, JEA
BE OB A KSR, AL FRRE R B RIEILE
FRER AL T201H 20 SO4EAR, FAH IR TRRSESEE, (HAT}
SREUS T — 2 BUR, AR [ ARG 5 R AT
K Fh— 2 5 H AR RYRR SR, SEEiIR
ZORBEYL T IZ N B PRA . M DI RESE A Y &
JR RN DR 4R SR R L, PRl SR FEE
A F20224F 11 1010 2 00 1) o 08 PORE A S A
FRME AR F T, 20234F OF L A & AR
F<TIR(213.4 om) REFF TR0, B2 AT H B
9~129E R (275~366 cm) IR T 1/3, B M20234F

) FORFIL F IO B . e ERNAE | AR A E PR
Fibll 3kt EVBHEFT TOKRBFIT icfE B, TRk
SR R GVEFF TR AP, [ PSR R G R e
WF A IEFT FOKR B AP, B AT EhE W B A (A
M+ F RN T, FR it — 2t F 4 B R R
FE DK 4R SRR AT A

TR S ZRE R, 1 H R A
WA BB RN, 78 K= A AR
FERLE . BITEARA TR 20, JRPE oK
ERAOCHEE N 2. P A TR TR SRR AR T 4R, 1R
JEAR R EE RN T —, 5rERDR
FAEARDC. 20224E3 1, thER RS/ N AR AR
R AR Al K2 e IR B A I A B, &
K KRN2FER 5 KRG B OsKRN2FER 2477 1 ]
VEFE, eI ISR AT i AR R i K 5 KRR
P, KFKRN2FIOsKRN2IER G BHEA T Z24F £ 45
BRI = Sy, BTAT SE IS A5 S4B, KRN2FIOsKRN2IY)
Uitk Z 5, 50 AR L e 1o 1 A A 7 Bl
B, AR R R Z10% 1 K 77t RN 8 Yo 1) K A ™= i,
I FLAEAE B AR B A5 oAb A 2R DGR AR £k,

Brib =z 4b, Hofth 8 2R 09 T A8 3k 410 55 45
BT R, FRAEGFERL A S K R D R LA AL
RGN . 20214F 1 H, fErfall R adt b A
A4 7R B Rk S K R Sh AL B AL S5k, fi b
TS K2 AR SRR, IR GERE T — 50 KT
BB K Y EREH GAR2. 20244F11 11, %A A XN AEE
KAFRLIBE AR STIRIAT T 280, WFE A DU % T —
A% HmicroRPG1HIHT B/, 2%/ MK & A 3112 3
R, FEEAELE T FOK LGRS Ah b, Bl s iE T 2,
{5 A% AR TR A A2 0 35 R 28 3R R T P KT B4 I 7K
R @ ESE 2 ZEFREHE, microRPGI
B e s BEAS A SR I A AR 2 /K B R R 2%~17%, -1
RN 7%, 175 BRI, A 2 A 2R BUR B 2
AL,

TE TKPUR I RESE AW o8 ihr, S Ti5£
HEIE. 20204117, J6R i RAME B 77+ & Fh AT RS
Ui 7 T — X K KR8 P R A
RppMT. FIFASFEREA, QI ST 5 G5 )

BEHEAR—E, SBULA RO SR PO R U T
TEE #2021 20234F BRI — A NG gl 7l
FIPUEN, SEPTARSA MRS R R, 20088 Al
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SES LIRS i R RR BLOS 8 7 28.7%.  20214FE7H, 4gH
Al R 2 7 s A A A K2 v sl 1 S R T X R B
G . R T R  BRER e BRI BT T A A R
ZmMM1, FFREEE] T — RIS ZmMM 1 EE 1 BHPE
AR FF S gLMchr7C1I 7T,

Rl AT R AR, SR IRZL. TR 3
B L R AR AR W T T E R e R OK T
FUEH . 4N, 2012453 [ A RS 58 B 1Y FOK ™ 5%
KT 26%, 20224F RPN 52, ik E S E R F K5
TFRE25%. AR, FORPU ALY IS B
J&, 87~ T Z i s FOCHEEE R VR . EAl
K2 FAE Rl K25 AR5 A BA B R A9 2L 48
s 7otk . RIS R (abscisic acid, ABA)FH
FIEYMEBOK N P E O HEEAE. ZmOSTIH
Kl 2520 ABA TR Y ALz A, ZmPP2C-A10i8
it 5SnRK2s FIZmPYLIJABAZ A HEAEHZ 5T 5
LU FABA(S BAE RS, ASLACIH R, S
B 18 38 F R ZmSLA C ITHE K 5 i1 A rp A
SALEHT. ZmGCTIBE R L ZmSLAC EI$E — A
Thr, #IHIZmSLACIA)ES T liA WM, [FRZmGCT 18
FRAL I AN Zm SnRK 2s Y B A 16 M. 7 T R4 F,
ABAIGE I ZmSnRK2s B MR LZmGCT1, [&LT
ZmGCTIFEFT R E AL, PRl ALOCH, LA i 15 iy
3801 B 7 T R (plasma membrane, PM)f4Ca® it
I ZmCPK35F1ZmCPK37, 5ZmSLACIAHHE/E
FAIFHE, A SALEH, AR ABARICa> 5
5, BN TPMIYAtRBOHE R J5 4 ZmRBOHCHE #H {4 T2
AL PIROSHELZR, M T ALY, 222 s b iR
{4 Bl (mitogen-activated protein kinase, MAPK)7E T 5
w7 o R ¥ E AR, MAPKAE 544 S /997 A 1
ZmPP2C26 1] L) iR b ZmMAPK3FIZmMAPK 7, fi1
PAPEPURER, b E A Kl a5 R A ARG 1 SRAR
SEXF BRIV B o FALHRIHEATIT S, $B7R T KA
PR8I 51 R F-HSF2 1IE 45 5 KR ¥ P 2 AL,
KB FE R LE PR T ORARIR T IR AR S 1 B
JH SRAR S TR A P22 S B k(). A
b R EFFN 2 A I R 4R SR s, X85 Yetafhk I
TR AH AR R J e QTLIN AL (DRESHR)
DRESHSHIT A /N TR RNAME 5 ZmM Y BR38fit % 3
KR4y F IR 4B R T 15 JRE T 510 2 1) 5252 91 A
A SRN AL R R I 26, P T R4 ) ST 32 P
A=A IR, B T X S AR g, A AR AR

8

Yyl SO A AT RAS T ER AR il E A
TP A UUAE P BN 3 4 B PR 2H SCIK A BT R B T — A
bHLH#% 5% K- COOL 12 T K i F€ 14 114 8 230 45 [ 1,
EHPSEHIE T — SR LARTAR M IR AR, WX A1, P
COOL1 g Hh U AR 15 T KOGk i 43 J8E 3t 1 14 ) T 9
,@[85].

23 FRAFMES TSN

F PP SaE R AL 1 AN RCE s s,
ERTEA YR REWE ., KA TS wikEhhE
L2 BRI T RCEM S, B 25T
Yirh, — LR R LA i B A ST X 4. ZFp 3
() 2 BURN S, F AR R A 20 T Al A 7= itk 25, oA 3R
RANF AR T B ) —EB 5, FHAEEIL4E, 5140 T
LMV PR AT A, 19204F, 5— R E KA Fh
VT B T R AR 2 T 1k, R TR
PE B F KD R AETT ) L b LR 97%, Wik
FORBCH T 5 R 2R LS5 e A EY 2 —.
BlE o, 223048 ], 95 E F R A B A S R
FEEZ T LLRESCEIE R, BR T ORI AL AL AR B
FhR 2R 6E ST R THAE,  2940%~50% 38 77 #0515 45 T4
SERNE R TRARES BT AR Ze R Sl R RS
2, (HETHAS 5 A0 A RO ) oA 52 4 A .

Bl I BIANRIR A, TR Z8 R S B BT 152
T—rEMEEAR. e ZFP PR MR A S (quantitative
trait locus, QTL)%E Jyif, FIFH—LeZgpyZuGists
FER, BIGNF, . Fy. JKAF,. Jeaik i Bes i R GEHHA
o s 2P SO T WL R LT B, IR 254
XNy AT TS, B1AnStuber S AE 19924 tid i)
WF5E E 2K H 32 RZB73 5Mol 7243813 B () BASS Fl, 2 PR
ZHQTLIEA A I MR R 24l 5, TG X s
QTLJEPA H Jf f 8 S P AR S IR Bl 4 e 3 0y S B2 (X
Z 8 L SO0 T K A RO B9 S8 (s AL
P i B ) e A DL A QT LA T oE A0, & B4 i A
TR B QTLAEAN R PR B 2514 T 44 v A8 S M
F G vide NSRRI ER AL A 58 R S K AF,
R TQTLE (o M A PRSI /3 b, 72 K
BTN 57w BEARRIQTL, JfRhx Ley PRIk Ay
HSEZA ST TN, a9 DL KRG R 2458
FhER E 22 M BERE N KRR AR, KIW T RK I FP
POL et BB BRI RVE R ZER, Ho
SRR o 4R 32 S A
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PR, 256 ROBF G A AR IO A 2 & 1
W TR, 2oL S T Bk, 2021
4R, AEd Ol KR F K CUBICEEAR R 14284 H 22
FZE30NAFE ML R A 38 R I 43S FhE (4 E
ATHHT, 2 IR A A S S5 i B3 2 2 R I 4 g s
B o AR RER A MR AR ER), A PR
SN R 3, HI RS RENS B A T 1k Rk
FOFED, WA 26 S FE A AR 0Y. 20224,
E LML B BV E DRS8N 5UR I 16044 A
[ Z P L3I oK H R RIRAIGE, s TR E
KB AR P AR 5 BEAR G R R S S R 1) 3 AL 2 AL
PR HIER 2 10 25 SR RAE, 2558 T 3K ZmK OB IHE 24
e g B AR, 20234, FERAO RAIFTE A B
K ZWR AR TERALRZE, HEX
F Tl I B 5 H RS e [R] 2 i) &35 g A S i v
FHE, X TR E A FIDNAK H B s bk, 24585
TRA 2R AR SR B B 2 385, X — A BRIEIA T GE
AL TANR FORISF L BIE B SCEE R 2. LA, 1A
FEIRSE R T B i AR LS N ZmACO2FNAR-
GOSIHYSEE, MINSGIE T Ham i #8 M & 4
AIMLEICA, Beah,  EHEIRTE AR L A ARl K2R A1,
FIF3A T KA IR BEAR A 53601 A1, AT
K LRGN T FRGFP R HIL R 5, BT
— AN T AT A BN B A 7 e A R B K
FHub3, A7 XIS FEREEF FET 4
SR ARSI B0

24 FORAJENALERE RIS e

X AL R AH B TR AR HT TERE TR B R AR,
H R AT R RIS R AL T B A AmiC s B
DIREFER B, FiC 5l B PE £ (marker-assisted selection,
MAS)Fil4 55 K 40 % $% (genomic selection, GS), J&Fifp
FEMFETIRCRBIEFEOR. SR80, £ £ KRPRE
PR, A B R 2 €0 S IR A7 B SR DR s, T
FHRAPEIRI 2T 2 B A AR sk QTLAL R P e,
BB TTIAE XN, ZEXFME LT, MASIFER
FHXTATRR,  GSEANS Tk 25 Ze Rk i Foi $ 4t 1
BN IR .

20014F, MeuwissenZE AP U T GSIIMEZ:.
TR o 0 X N A R E o Fhsid, R
A Gt A Fr B Bl B AR IC AW, R SN B A T
R, 151 A R WG E Fi{E (genomic  estimated

breeding value, GEBV), XA 5 70 A e
&, miga s tACalbes, s E MR, GSEARE e
WA F AR R P, T AZA iAo R E
K, Hiakks K HAFTK, GSEARMIS FRE
PR D AR AR = Fh 5 AR B RME, DNt & Fadk
[EPiR DN i (e

FOKRE R E PR ALY bR E KN
U R HUL(CIMMYT), &4 T —FhEIE & Fhons, B
S5 G R H B BEROR 0 2 B AR P A 0 g, 1%
ISR IR AL ZREVEAS U ERRRYERE b, BEUETER
X H5 R 1R s i) PN 3 B 8 P i A 2R AR T OO, R ik
FERLSERE, FREM AT R R, —2k
AU Al A m A E R AR 2 T2 M HGSEOR,
FHUE T 2 s,

PCAESk, W EE E KRGS Ty TS K 2 A
20214F, HPELOE R HIBAIT & T CropGBM T HAH,
S P L DR 7Y 1) 26 7 (genotype-to-phenotype, G2P)Fiitiill,
Jfid It B 38 24 28 FOKh FR A RV R AR 0k 1% T
LA 70 R 1 e B4 B 3 b A et 0%) 20224,
ARl R 2 K AT A T — M 15 582010 42 58 A Y
ETE ISR, Tk T —E5T 2 Hbrp R
PURIRIALER2: 2T B BRI PGS R (target-or-
iented prioritization, TOP)!'%), %A P AEME B A 2H A%
P, SCIZA MR ERIBERE, TELRUEE PP ARk —
A L, SrReE MR T, SRR eI
BRI AR SN CL SE, %A TR
T RS T T PRI MLP -5 2 10 2 L] Y EOK 3
A5 B AR R A T 5 7% GEFormer, M7
HEGSHH BN SR MM E/EH, E—P8a T
Tk LRI A v L O B AR ST TR R 2
>J(deep learning, DL)ZEAEY) & PP H % H IEZE AL
AR 20234 th E RO B BEAE IR 5 i
BN KA TR TR B 2 > ) A SE PR A e 1
DNNGP, % J5 0] LU AR ) 22 2H = 25008 A 45 gk
AR, TEMY SN AT AR R
FR 7 P s 0%

FE KR TN T T, @RS T 2 A R
AECHR, R T IO Y ERR . BN, T
3T P M X 28 FoR R, Lige AUSIE2020
AERPRPRL B . AR AR RE . B i B A TN 2 MRIR
AT T A FE DT, AN RS i T 68 3 A
F°0.386~0.794. TE6328 MMETEARSL it i) 7 1 T v,
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PEPERT 44N 2238 P i SF- 24 7 A LR .95 842 55 T 6%,
S KA TR T S R R R
2 FORWFFE T AL A E8F & T HEBLP|AS LX) 3601
AR AEMTA AT T =R o, fa
T VRS KX A A 2 (Reid+x Suwan+), 3
VEE I E K A 899707 [ g  BF A B A
YIRLFBFFERT R TE A BASCEE T 24300048 R ik 2438
FRFTIET 1Y A 38 R F5030 A ARBEA A2 R, FIHIREE
2 ) 5 R A T B3 R T 8 AN R TR A P B A SR
R DR 2 TSR, S BT X6 H A PR Ao o 0%,
UEAN, GSTEHR TR P A Tk RO it 2 5 T
Eg,ﬁzﬁﬁ[lw,lm].

SR, GSEARTE TR B A bt i —Le Pk k. ank
PRI S AR T . B PR e . MR et S PRES
AR () it B TR XEE LA B B R AR A 5 0 R 1 A e 1 5
Kk, BEE LY HAR AW, T TGSHA M) AN
GREAR, BAER T AT, R, 24 2=Rt
AN T R N AR HE SN T K B R A B30T,
SCEREOREE . kA R AR O

3 R

H A0 N Fk A= 5 E PR e KA AT AT
TRF i S T D T (A4 Sl W N =1 N T
Bin, F P EA T A TR ek, o kA
AT 2010 G SE [, BRI AR AU M %
(1) B T A5 ) A HLAth [ 5% 22 TR 1) oK A 22 BE A p
WD, (BRI ZEIEI . TR, o K AE E B
AT, o E K E RT3 A RN, e
BORHES, MBI ESN, hEEKRR G e
U1, FREHANF E PR G AR A, E R
R AR R B A L, JF Ha 5 R ol

RPN

IN=SZSUBIRAWNILEN (2 I FSE S N ey S
R4, (HA =K Y 22 BEAT R i 29 38 1 oK =l
RIEIAZ . PR, el 4 i FOK Bt i 5 $E - 5™
KPR IEEE, Goit Bl Wos, 20244FFR E Tk sl
439 kg/m, SREBFAAERKRER, HAEEMN60%A
F)(748 kg/m), I H2EEAEZFRE &), BIRFER R
U . HBIRIREG | AR SR THARAE AR — R I
M2, G0 ERAG ARG . FhURERAT R, Sk sk
PR AR 22 555, (B EANE RN 25/ F Fh
FARBIHRE S AR K22 5. S ESMA L, FRIE
FRBAILLE AR E, R T HEF12.0~3.019
BrEe. DASE s R . LR B R LR fE
BT A ARG ARG TKRFMHEAR, EKRE
15 = FAL T BS I o8 oo & B B, 1T LA SE AR
Kk EZRE A ABIE 2B 5 IE A A 1 =l A
BrEe, bralE EATEE R A F4.05400C. ik, FKER
TR T KR BRI TAE, JisRAE ERF R
KL DR EHAS R, LAEE 1 EA Rk
PR K A,

H A3 EAE LS F L R 22 . ThRESEIN A . 42
PESAALERAE AT LA S R0 B R AR Ui F 2 % 71, IFe
m?ﬁ’l@/l\&'@‘ﬁi%[”’ﬂ’7]’76’85’96’105’1]3]. %%ﬂ%ﬂé, ’Fgf‘ﬁ?iﬂ:—‘
B U TR B RO LR, s YR S R
PEizHE . N TR E B AR IR LA -5 SR,
DAt T i KRR BB B ARIA R, WiifemE
FhakR, MGG B FIAER AR T, SER A b e
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UK, Ry K R A RN 2 AR K B AR A
PRUET 9 R . MEE AR ARWRIEE, Aok
FORB MG TR HE . =L, B R AR B
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Maize, as the crop with the largest planting area, the highest total yield, and the largest seed industry market value in China,
plays a crucial role in ensuring food and germplasm security. Although China’s research and utilization of maize
germplasm resources started relatively late, the unremitting efforts of several generations have never ceased in the
continuous updating and upgrading of maize varieties. Chronologically, there have been seven major updates and upgrades
of maize varieties since the founding of the People’s Republic of China. In the 1950s, high-yielding local landraces were
extensively adopted in agricultural extension programs. Starting from the 1960s, hybrid varieties were vigorously
promoted. The 1970s marked the entry into the era of single-cross hybrids, and the 1980s achieved full coverage of
excellent hybrid popularization. Since the 1990s, the increasing adoption of single-cross hybrids has propelled the
emergence and prosperity of China’s corn seed industry, marking the country’s entry into an era of industrialized corn
production. In the early 21st century, China’s corn varieties underwent their sixth-generation renewal. During this period, a
large number of elite inbred lines were developed. Currently, we have entered an era where both imported varieties and
domestic varieties are flourishing, and maize yield has steadily increased. The average yield per mu has risen from 75 kg in
1960 to 439 kg in 2024. This represents a nearly sixfold increase. Following the public release of the B73 genome in 2009,
the fields of maize structural genome, functional genome, heterosis mechanism, and genome breeding are developing
rapidly. Dozens of high-quality maize genomes have been published. Numerous genes have been cloned through functional
genome studies of key agricultural traits, including genes such as Ig/ and ZmRAVLI, which optimize maize plant
architecture. Notably, KRN2 gene editing has demonstrated a 10% yield enhancement. Furthermore, high-resistance gene
RppM (conferring resistance to southern corn rust) and broad-spectrum disease-resistance gene ZmM~MI have been
characterized, enabling the development of high-performance varieties such as the immune-enhanced “Jing 2416K”, which
demonstrated a 28.7% increase in field yield. Additionally, molecular mechanisms underlying stress tolerance have been
elucidated through studies of the drought-responsive gene ZmSLAC!I and cold-regulatory gene COOLI, collectively
improving crop adaptability to adverse environments. The research on the heterosis mechanism has become increasingly
in-depth, and more key yield-related heterosis genes have been discovered. In the field of genomic selection (GS) breeding,
China has developed machine-learning-based algorithms such as CropGBM, GEFormer, and DNNGP, significantly
enhancing phenotypic prediction accuracy. Studies on GS breeding have been gradually carried out, with preliminary
applications achieved. In 2022, Sichuan Agricultural University utilized GS technology to predict hybrid combinations,
resulting in the development of the new variety “Youdi 8997, which showed a 6% yield increase compared to major
cultivated varieties. These advancements will further promote the reform of maize breeding technology, provide strong
technical support for the renewal of maize varieties, and make China’s maize breeding gradually move towards the era of
breeding 4.0.

maize, breeding, heterosis pattern, genome analysis
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