3 . ~ o Y, .
M43 h B/ 202645 E71% %20 HA: 4674 ~ 4681 ¢ CPERRE) 2o it
ENSEEEAREARR LG ELEEE SCIENCE CHINA PRESS

CrossMark

& click for updates

) 55 A BORIKRE 22 e B A sE i

i) R, B, TR
WA /DEAY2E GBS A T USRI S, /NE EKPIA R AU 7 2 I SRR %, TR Be/NE T, BT S 453003
* BXZR A, E-mail: rzgh58@163.com

2026-03-22 Wik, 2026-04-24 &[], 2026-06-02 457, 2026-06-03 P4 ik K& 3%
[E % A RPlEFE4:(31701502) . TG B S A L T0(261111113000) A1 5 2 B I & RIS 3£ 4:(252301420019, 252301420020) %% Bl

WE 2RAEEUFEIRAATAXMA DR K ERRRFRESN, ARELFREZ L, THRENXTE
BAZRHMTFEKIMER. CRAHTERANEDN T FEERODEFEXTHRA, EREUFEEEF
MHAREFR, BFEEARE. 2 EFALREMERTNALE A REDTHEAEEEAMERH. AX
ZRINXEMEFBRAPLZARE, RARBTEABASEREARENZ T FHEAIRK, HFREET K%

INEBEFHIRRERMETN T,

Kt R, EMBA, EREEAK, FE, B

B EERN FHFEEE I AR IR A gl L&
3 ihrel N TV N (B 7 N R R s gl S s UIE ST
AIHLB PR, N2z KRR ORI FRE L
MEAEY, =37 5 A A U R K R r7F JE H 4
R BT R R, e R U A
W RTHREEY AL AR 201242604
FRB St i (/N A2 55 ERRAE I 7 i R, DA
T AL T 2Bk N FRWHE K B oK. 20128804, id
aod e DR TR A A ) B A B 590 AT A R 1,
RIWB T IR R GO, A5 Bl — 1
W2 5 S A AEOR, s el B kR 2
e, WA ER ORI PO mAE R O
Metol AR, B AEARTH AR UBEE LT, PREE s i
T TR R A,

e [ S A G — R/ A R 9, /A2 ™
EAFESE R R R L A, B P E RGO, 3
/N RIS Tk, R E I A A
100 kegfe = B MAERI399 kg, A )1 3% T FZME %
. BRI, HMIT204F 1977 M, n] A BRFR R /N A2 ™

TR T AT, RSl (% Z RerEn 4a
INFEBUNE R G K C 2 2.

Anfaz /N A i S L R BUAE AN R
FoRIE R/ NE T BRI EEN T I R, A%
Bk BAR, 2 /N A, FE 28 AR H]
INFE TS T PR AL SR BT G B A o A R B e
FURIEE, I G B AREREOR, L g . %
WLRE TR A REY Y AEHAAEOR | s
FHEOR BN TR BB A R4, SCELRR AR vk )
TIPS, BE T TR ReR, fesh/h 1t
TR IPRIE AR, /N2 RO i R 1 B E I
U ST

| AN Y = YR Y o i)

DA ] 32 7 X B I 27 DX A4S s /N g K
RGBT, 20128 S04EAR /N i Bl ™ B K
3000 kg/hm? | TH5]201H240804E4 L5500 kg/hm?, F- %
SR L RERR B G TR TR, SR e T REA
M REL B30 SR BT E 2

Bull, 2026, 71: 4674-4681, doi: 10.1360/CSB-2026-0354

SIS BRimZR, s, alifiN. A9 515 BEORMAE /N s - BRI sE ik g, Bl2=iE i, 2026, 71: 4674-4681
Chen X, Zang Y, Ru Z. Advances in wheat ultra-high yield breeding research enabled by biotechnology and information technology (in Chinese). Chin Sci

© 2026 (PIEFRFE) Akt

www.scichina.com  csb.scichina.com


http://crossmark.crossref.org/dialog/?doi=10.1360/CSB-2026-0354&domain=pdf&date_stamp=2026-6-29
emailto:rzgh58@163.com
https://doi.org/10.1360/CSB-2026-0354
www.scichina.com
csb.scichina.com
https://doi.org/10.1360/CSB-2026-0354

F1 RRAERNER=RI=BEH LR

Table 1 Comparison of yield components in high-yielding wheat cultivars of different eras

s ] PrEi(em)  AEE(:<10Yhm?) BRI TRE@E) PR F(ke/hm?) AR

1950~1959 113 462.0 19.6 332 3010.5 g 15

1960~1969 107 406.5 23.6 40.0 3802.5 N5 5%, %)

1970~1979 107 559.5 26.1 343 4434.0 el Fis

1980~1989 88 631.5 28.6 345 5427.0 EA3217, Frgl13

1990~1999 81 622.5 30.1 36.6 6300.0 BF18, %21, BE49

2000~2009 82 618.0 31.4 39.9 7035.0 HF9023, MA19, HBHL6172
PS8, TrE22. W44, HFE136. FBFE3T9.
A 1860, FBFT698, HA207. HAX4199. 7

2010~2025 73.21 612.10 34.34 42.93 8122.30 511, PERIT9, 2578, 1L4R20. EIFH502,

1428, 1429, MH4€999. MRIH#998, 52~
T JEFE27. HFE36E

LWL ST FHEL, 201 28804E N2 I, /INAE A
IR A AR, AEHFE62077 /hm>2e A, T e P
KD H1 5500 kg/hm* 32 55 58100 kg/hm?, 328258 it
P TR AR BOR SR, X 4SAE TR S A
BT E M AR E FIBT B, SR, PR
B, T B N2 7 RS TR UE A

IINFZ IR 7 AV A R — R R B B T R s 3 1Y e
FE, RS TRIRAHE MRS R, AR, FRENE F
FAKITEG . IUZR . ZEBEHARGE T AN R I T
S H =5 13500 kg/hm?, B4/ Nz i e v
HI3512720 kg/hm?, — Z 911 P2 20 5784 EIAIE T 36 [
INE B SH i 0E ). Soh, R BRI B
V22 S5 SR E T A/ N B 16500 kg/hm?, S H
AT A/ N By e g sk, Al L, 7EIRA 25 F R R /N
IR F A KT A 8], X Ok TR E AN
E B R T R B R E AR

BRI NSRS T /N SR R e s R S A
B, IR E F R X A X /N R RS AR
BEEEA L (1) BEPUEIKM R
. R AR BN S OL T, JE 4
SEFFOREE, UM MRS 2 L A, SCE A R T
SRR, DTSR/ INZZ St R AR 7 ) R 4 s, 2
PR/ N PRI I E LA, T 104, AN E AL
TP LA Bk AR B FFAE b @ AT, siAeiR)2 S5t
JEHAS B /N RIS R TR AR, ) RIS
FURCR A BB E . N2 5 AR B
TGO, 8 i By AN AR B nl E S A R
N B B AR T, N IR AR FUR R AR 2%
HIGARCE, X248/ S = i ) B E

B BIARBINE B R iR NE | S
TR FERUNE SR E R4199, F. MGG
X HRER 25 22%F116% LA |, KiIEEESR = 777w 1. (3)
BRI /N 3. TR AT R —
RN AN S E R, B X /N7
HARBHEAZHEYEART R (Bainong thermo-sensitive genic
male sterile line, BNS)RUEFF | L8, i REAR, 5
(B PN YN S A S E N W R SN i
FARMABMAI R, FRGEYEAR, HiekilEL
PR TFBemm & B e sh — R 2458/ NE R 5774k
R Ly U,

Z MR RN B KT 5 e w5 sh AR R &
RSO, H, 7R XA 35 . SRR,
LA PR T SR B 18000 kg/hm* 2T 210500 kg/hm?,
TEA G A 2K i — Bt a], 4k SR e /N 22 b i 7=
WU, TR SRR I E R R, TR Al $E Tt
250 g, BRI Z238~42k, MUEE%L600 7 /hm> LA
L ARSRIZE1000 kg T 7= /K- 5 ZEAE AR E H AT
P, e TR, JUHRRIRRTEREOKF, [F,
W AR R AL e R, BB RRI R N
SYBETE R . SRR, BPTEIPESR A SR, B
BrBAK LS B R B, EMELLE— 28 KRR TN
FAEFET. S EMOERZ LY . B
BN PN IR A TR R, BEMRCREANE. LEE R
BORBDGR, (H/NEFMEAA T Ea gL,
e E R AR AL,

2 WIS N E R H

FRIEIN | RGNS A 2 F B MIEOR,
RMEARTH/INAE T FORS i FEE 552008, AT e 7 M 30
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BRI . MR R TR R AR L. 20184F [
B/ IN 22 R 2H D PP B SR A h R S B BRI 2, 1ol
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BB, 5638 7B ER /N SR o8 B i
R, WAMIATIREIEAE; Wang®E A\ H 4= H4)
KALEE A (Oxford Nanopore Technologies, ONT)#E {52
| PacBio HiFifmifi BEIN P M HI-CHOR, itlg 1
rp [ /N BRI A 93 56 B 2H 3 (Chinese  Spring near-
complete genome assembly, CS). 4, Liu%s Ak
J 2 7SS/ NZE T2 T (telomere-to-telomere) 56 2% 3k
RIZH B4, SEBLTCH DA HELLRE, Az HE ™ 5. Pi .
P G R R AL RS VR A

WRIER BT SEA . ZA 2B R | EisiE
AR R 585 DL SR R g R IEAR, ST T
INFE B MEIRIBAL AR, Cheng A1 )3t J5 5 Fh
HOR R SRR, S i R S AR AR 4 P I B
K. Yao AV A ZA 2 SRR, REMm=i
FHICICHEBL N TIRE, oy BT e U SdTrm. 5
WIS, 5 PR Gt A S A= TR, Sun®E AU O
IR ] G AR YL 6 /K T F2 (programmable chromosome en-
gineering, PCE)%AR, 7] 58 K BeDNAKE HETCIR G
H, RIERTHEREABIGES. Yang 5 A EFA: K
T S FEOR BRI 4 FE L ACRR 1 (Agropyron  cristatum
Response Regulator 1), BBHIIGF=AFHLH, Ar-&
R SR HEO BB HE PR B .
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U1 NOEE oI IR YN ARE S Z s R (I Al
SEHUNE T AERMRIR O . P . ek
R, WIS BT HAR A B e ML IR, ik
Sl Efl . AT AR R N TR S LA
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Advances in wheat ultra-high yield breeding research enabled
by biotechnology and information technology

Xiangdong Chen, Yihao Zang & Zhengang Ru’

Henan Key Laboratory of Wheat Biology and Large-Scale Efficient Production, Key Laboratory of High-Efficiency Production of Wheat-Maize Double
Cropping, Center of Wheat Research, Henan Institute of Science and Technology, Xinxiang 453003, China
* Corresponding author, E-mail: rzgh58@163.com

Global climate change has led to increasingly frequent extreme weather events, including high temperatures, drought, and
heavy rainfall, severely disrupting stable crop production. Concurrently, continuous global population growth intensifies
food market demand, placing unprecedented pressure on global food security. As one of the most important staple cereal
crops worldwide, wheat plays a central role in ensuring food supply, and persistent improvement of wheat yield potential
has consistently remained a major long-term objective of modern breeding research. China ranks first globally in both
wheat production and consumption; therefore, achieving stable yield increase and quality improvement is crucial to
national food security and agricultural sustainable development. Traditional breeding technologies have contributed
tremendously to the iterative yield improvement of wheat cultivars across different historical periods and have established a
solid foundation for solving food shortage problems. Nevertheless, conventional breeding relies heavily on empirical
phenotypic evaluation and artificial field selection, resulting in long breeding cycles, low selection efficiency, and poor
predictability of complex quantitative traits. These constraints are insufficient to meet the rigorous requirements for the
coordinated improvement of ultra-high-yield potential, stress-resistance, and high quality in modern wheat breeding. To
overcome the long-standing bottleneck of stagnant wheat yield improvement caused by the narrowed genetic diversity of
modern cultivars, synergistic innovation and breakthroughs of modern agricultural technologies are urgently needed. The
integration of cutting-edge biotechnologies, including telomere-to-telomere (T2T) genome mining, gene editing, distant
hybridization, and genome-wide selection, together with information technologies such as high-throughput phenotyping
and artificial intelligence-based predictive models, has become the core driving force to achieve ultra-high-yield breeding
goals. This paper systematically reviews the yield potential characteristics and evolutionary trends of wheat cultivars in the
core Yellow & Huai River valley wheat-producing region, clarifies the structural optimization pathways underlying ultra-
high yield formation, and summarizes the application progress of cutting-edge biotechnologies and digital information
technologies in wheat genetic improvement. It further elaborates on the innovative achievements in germplasm resource
development, precise trait modification, and heterosis utilization in wheat breeding. Furthermore, this study critically
discusses in-depth the current technical bottlenecks limiting breakthroughs in wheat ultra-high yield breeding, as well as
future development trends and key research directions of modern wheat breeding within an integrated biotechnology—
information technology framework. The relevant results aim to provide a systematic theoretical foundation and practical
technical reference for breaking the wheat yield ceiling, developing novel ultra-high-yield wheat varieties, and promoting
the sustainable high-quality development of the wheat industry.
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