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Maize Reproductive Development Facing High Temperature

Wei Huang!, Yunfei Li', Shiyi Xie!, Fengkun Sun'2, Jingyan Liu?, Zhaobin Dong'*, Weiwei Jin'->*

('State Key Laboratory of Maize Bio-breeding, National Maize Improvement Center, China Agricultural

University, Beijing 100193; *Tianjin Key Laboratory of Intelligent Breeding of Major Crops, Fresh Corn
Research Center of BTH, Tianjin Agricultural University, Tianjin 300384 )

Abstract: Temperature is a critical environmental factor that profoundly influences plant growth and
reproductive development. However, the escalating occurrence of extreme high temperatures poses a
severe threat to crop production. In this study, we investigate the impact of temperature on maize tassel
formation and pollen fertility, focusing on the role of specific genes in maintaining shoot apical meristem
(SAM) integrity and meiotic cell resilience under high temperature stress. Through the analysis of a
temperature-sensitive tasselless mutant, tvt1-R, we identify the indispensable role of the large subunit of
ribonucleic acid reductase ZmRNRL1 in SAM maintenance at elevated temperatures. The mutation in
tvt1-R disrupts ribonucleic acid reductase holoenzyme formation, leading to reduced dNTP supply for
DNA replication and subsequent SAM developmental arrest and tasselless phenotype. Furthermore, we
elucidate the impact of high temperature on plant male meiosis, a crucial process in the formation of
fertile gametes. While cytological phenotypes related to meiosis under heat stress have been described,
the underlying molecular mechanisms have remained elusive. Our investigations uncover the positive
regulatory role of the heat shock protein HSP101 in enhancing heat resistance of meiotic cells. HSP101
participates in the repair of DNA double-strand breaks during pollen mother cell meiosis, ensuring the
normal progression of meiosis under high temperature conditions. Additionally, we identify INVANS, a
sugar metabolism gene, as a key player in preserving the normal course of pollen mother cell meiosis in
the face of high temperature adversity. These findings unveil the intricate network of genes crucial for
maintaining reproductive organ development and gamete formation under high temperature stress.
Understanding the genetic and molecular mechanisms governing temperature-dependent reproductive
processes is vital for enhancing crop adaptability to climate change, shedding light on new avenues for
developing strategies to mitigate the high temperature stress on crop productivity.

Key words: Maize, Meiosis, Thermotolerance, Tassel
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Molecular basis of methyl-salicylate-mediated plant airborne defence
Gong Q, Wang Y, He L, Huang F, Zhang D, Wang Y, Wei X, Han M, Deng H, Luo L, Cui
F,Hong Y, LiuY *

(MOE Key Laboratory of Bioinformatics and Center for Plant Biology, School of Life Sciences,
Tsinghua University, Beijing, 100084, China.)

Abstract: Aphids transmit viruses and are destructive crop pestsl. Plants that have been
attacked by aphids release volatile compounds to elicit airborne defence (AD) in
neighbouring plants2-5. However, the mechanism underlying AD is unclear. Here we reveal
that methyl-salicylate (MeSA), salicylic acid-binding protein-2 (SABP2), the transcription
factor NAC2 and salicylic acid-carboxylmethyltransferase-1 (SAMT1) form a signalling
circuit to mediate AD against aphids and viruses. Airborne MeSA is perceived and
converted into salicylic acid by SABP2 in neighbouring plants. Salicylic acid then causes a
signal transduction cascade to activate the NAC2-SAMT1 module for MeSA biosynthesis
to induce plant anti-aphid immunity and reduce virus transmission. To counteract this, some
aphid-transmitted viruses encode helicase-containing proteins to suppress AD by interacting
with NAC2 to subcellularly relocalize and destabilize NAC2. As a consequence, plants
become less repellent to aphids, and more suitable for aphid survival, infestation and viral
transmission. Our findings uncover the mechanistic basis of AD and an aphid-virus co-
evolutionary mutualism, demonstrating AD as a potential bioinspired strategy to control
aphids and viruses.

Key words: plant airborne defense, methyl salicylate, Aphid, virus, salicylic acid-binding
protein 2, salicylic acid-carboxylmethyltransferase-1, transcription factor
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Genetic editing of ideal grain size genes enables fully mechanized hybrid
rice breeding

Ke Huang?, Yuexing Wang?, Yingjie Li', Baolan Zhang*, Xudong Zhu? and Yunhai Li*"

(1 Key Laboratory of Seed Innovation, Institute of Genetics and Developmental Biology, Chinese
Academy of Sciences, Beijing, 100101, China. 2 State Key Laboratory of Rice Biology, China National
Rice Research Institute, Hangzhou, 310006, China. )

Abstract: Hybrid rice has achieved high grain yield and greatly contributes to food security,
but manual labor-intensive hybrid seed production process limits fully mechanized hybrid
rice breeding. For next-generation hybrid seed production, it is promising to utilize small
grain male sterile lines to mechanically separate small hybrid seeds from mixed harvest.
However, it is difficult to find ideal grain size genes for breeding ideal small grain male
sterile lines without penalties in the number of hybrid seeds, hybrid rice yield, plant height
and flowering time. Here we report that the utilization of small grain alleles of the ideal
grain size gene GSE3 in male sterile lines enables fully mechanized hybrid seed production
and dramatically increases hybrid seed number in three-line and two-line hybrid rice
systems. GSE3 is recruited by the transcription factor GS2 to the promoters of their co-
regulated grain size genes and influences the histone status of their co-regulated genes. Field
trials demonstrate that genome editing of GSE3 can be used to immediately improve current
elite male sterile lines of hybrid rice for fully mechanized hybrid rice breeding, providing a
new perspective for mechanized hybrid breeding in other crops.

Key words: Hybrid rice, ideal grain size gene, mechanized hybrid rice breeding
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Abstract: Sclerotinia stem rot (SSR), caused by the necrotrophic fungus Sclerotinia
sclerotiorum, is one of the most devastating diseases for several major oil-producing crops.
Despite its impact, the genetic basis of SSR resistance in plants remains poorly understood.
Here, through a genome-wide association study, we identified a key gene, BnaA07.MKK9,
that encodes a mitogen-activated protein kinase kinase that confers SSR resistance in oilseed
rape. Functional analyses revealed that BnaA07.MKK®9 interacts with and phosphorylates
BnaC03.MPK3 and BnaC03.MPK6 at the TEY activation motif, triggering a signaling
cascade that initiates biosynthesis of ethylene, camalexin, and indole glucosinolates, and
promotes accumulation of H>O and the hypersensitive response, ultimately conferring
resistance. Furthermore, variations in the coding sequence of BnaA07.MKKO9 altered its
kinase activity and improved SSR resistance by ~30% in cultivars carrying the
advantageous haplotype. These findings enhance our understanding of SSR resistance and

may help engineer novel diversity for future breeding of oilseed rape.

Keywords: Sclerotinia sclerotiorum, Brassica napus, Disease resistance, Haplotype
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Research on the Synthesis Regulation and Targeted Optimization of
Storage Proteins in Maize kernel

Binbin Zhao, Shun Peng, Wenjuan Zhang, and Jun Yang*
(School of Life Sciences, Anhui Agricultural University, Hefei 230036, China)

Abstract: Maize has a low protein content and contains about 50% indigestible zeins that
lack essential amino acids, severely compromising its nutritional quality. Investigating the
synthesis and regulatory mechanisms of zeins can help optimize their content and breed
nutritionally balanced maize varieties. Over the past decade, we have uncovered the
regulatory mechanisms of zeins at multiple levels, including transcription, metabolism, and
translation. We identified transcription factor, OHP, that directly participates in zein
transcription and can synergize with the known regulator PBF. Additionally, we elucidated
that the classic O7 gene and OCD1 encode the key enzymes for the first and second steps
of oxalate degradation, respectively. A defective oxalate degradation pathway affects
multiple metabolic pathways, leading to a global reduction in zeins and a compensatory
increase in non-zeins. We also cloned the cyclase-like protein RCL1, which is involved in
maize protein synthesis. RCL1 is localized in the nucleolus and participates in the
processing of 18S rRNA precursor and ribosome biosynthesis, facilitating the translation of
zein-coding genes, transcription factors, and key enzymes in oxalate metabolism.
Furthermore, we discovered another nucleolar protein, PUMI, which influences the
synthesis of both zein and non-zein proteins. However, these materials failed to improve
maize protein quality without affecting other agronomic traits. By employing gene editing
techniques, we obtained various transgenic genetic materials targeting four zein gene loci.
After evaluating protein content and other agronomic traits, we identified promising

targeted editing materials that are expected to optimize zein content in maize.
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Development of Multiplex Genome Editing Tools for Cotton Molecular
Breeding

Shuangxia Jin 1%, Xianlong Zhang *, Lu Yu?!, Guangying Wang*, Qionggiong Wang?,
Ruoyu Jial, Lin Sun?, Bo Li*
(* Hubei Hongshan Laboratory, National Key Laboratory of Crop Genetic Improvement, Huazhong
Agricultural University, Wuhan, China)

Abstract: In 2018, we successfully developed CRISPR/Cas 9 system with an average 65-
85% efficiency. Then, we performed the whole genome sequencing to investigate the off-
target in the CRISPR/Cas9 edited cotton plants. Then, we further developed a high-
throughput genome editing system in cotton. A sgRNAs library (containing 1100 sgRNAs
targeted to 600 independent genes) was constructed and cloned into the CRISPR/Cas 9
vector. By this way, we can edit several hundred target genes in one transformation. Recently,
CRISPR/Cas12a and Cas12b were developed and both are belonging to class 2 CRISPR/Cas
system with features distinct from those of Cas9. Our data showed that both work very well
with high efficiency and accuracy in cotton. At the same time, we developed several base
editing tools (CBE, ABES8e, Dural base editor) for cotton by fusion of dCas9/nCas9 with
activation-induced cytidine deaminase (AID) or engineered adenosine deaminase (TadA),
creating specific point mutations. Most recently, several CRISPR/Casl3 systems were
developed in cotton to target the RNA for down-regulating the gene transcription (knock-
down). On the contrary, a transcription activation (dCas9-TV) system was establishing by
fusion transcriptional activators VP64, TAL and EDLL with dCas9 to knock-up gene’s
transcription.

Key Words: Cotton, Genome Editing, CRISPR/Cas9/Cas12/Casl3, Base Editing,
Transcription activation (dCas9-TV), Molecular Breeding
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Abstract: In his talk, Dr. Jun Lyu is going to briefly introduce the main goals of Nature
Plants. Specifically, he is going to talk about how Nature Plants aims to become a long-term
supporter to the plant communities and to raise the profile of plant science research to a
broad audience of scientists and non-scientists, by being of broad scope, providing high-

quality editorial services, and transmitting editorial values this journal advocates.

Key words: Nature Plants, long term, supporter
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Humidity-sensitive Genetic Male Sterility and its Application in Crops
Xingchen Xiong, Bingzhu Hou, Changfeng Guo, Yingchun Zhang, Bo Song, Xiaoquan Qi*
(Key Laboratory of Plant Molecular Physiology, Institute of Botany, Chinese Academy of Sciences,
Nanxincun 20, Fragrant Hill, Beijing 100093, China.)

Abstract: Plants synthesize a large number of sterols and triterpenoids through the isoprene
metabolism pathway, which play important roles in plant growth, development, and
environmental adaptation. 2,3-oxsqualene cyclase (OSC) is a key enzyme in the production
of triterpene skeletons for the biosynthesis of various sterols and triterpenoids. We
systematically studied the catalytic function of OSCs in rice, and find that the grass
conserved triterpene synthase, OsOSC12/0OsPTS1, required for the poaceatapetol triterpene
biosynthesis and involved in the formation of the rice pollen coat. Mutants of
0OsOSC12/0sPTS1 cause deficiency in formation of pollen coat, and its pollen grains overly
dehydrate and rapidly lose viability at ambient or low relative humidity (RH<60%). But its
fertility is restored at a high RH (>80%). The functional deficient mutant OsOSC12 in rice
exhibits a new type of humidity-sensitive genetic male sterility (HGMS). Subsequently, we
created HGMS materials for wheat and corn. Our research shows that HGMS lines of rice,
wheat and maize can be used for two-line hybrid seed production, providing special gene
resources and germplasm materials for the utilization of heterosis of major crops.

Key words: male sterility, rice, maize, wheat, triterpenoids
42



43. ReRE 39
TR KiE
REME: FEREERENRMHRED FHVHIRET

skig, H ERIFEOEYP AT R, AT, PEE
iR HER, TEEEREAS TR (BAIREN iHRD 3k 1S
F, WRAAK. MRAFEHRT TN TKEREE X
M BRI . LR RIRTL 20 RFH, S5 2000 R,
Hordr DLEE — (LA 25— D Blid AR 38 (L [R]38 1O B 47 /£ PNAS-
Plant Cell F1 Molecular Plant 552% & 3L AR 8 ML 3L, FFr
M IE R BARR LT EIH . B KE Sk kAT
RS R T I (A 2K F2ANUH. A FERERNE
ERRRASE: 1D BE T 20 PMHE N B R, T T ORI
PP 4 T ER ZmHSF20-ZmHSF4-ZmCesA2 FI1EFHLHI.2)
S8 T AR Z K B 2, 1298 218 H MEeAA FRK 80 BORE  R I8 BB, 487
ZmDRP ZE3E R AT HERE E s bk, BRI T FOKMERR & M O R i % 1R 45 A
TR RS 20 R LA i o3 2R 305 van 2 7 AE X IR AL

FORMERE R B R #A P 73 F AL AT
5Kk
Coft RO FERT, b 5T [ LU ¥ 20 %, 100093)

WE: TARZRESE TR EEY, W TIREEFRE LSS CHE, fHEEAEXK
P—NEEATESE, HEEWH T AKE" 8 8 TIRNENT TKIE 2 &K 5 A,
PLONAFIK B EAKTEZ) (0.2-4.0mm) FRCGICk AR, R AR =R
HANER RN Y, M T SRR K B AR RIAE . KGR AREE M)A
K . 7650 7K B TR 2 K B i RE R0 A R M By, %08 T B BURe e aRis
FEH. rBE R R B FAMINCRNA,  LLEA FF BRI R i, FRuEsHE$
— /N R BB R RIS R ZmDRP I ] Uz AR M, BAENMEEAT RNH T
TR HNFPIIIE J7 . SMEREAR L, MERRR B 5 ) ST B S5 A5, A A PR
g, MmN B R A, SEBUEREE T . AT FIN 25 450 K & A 5 i aa 1
EHIAEAL . IRH/NRNA——phasiRNAFATIR AR 5T, K I24-nt phasiRNALE A — i
KAEH T, WE24-PHASH SUFICHHH B4 /K F, H R I BE AR 45 & se % 12 12t
phasiRNAR ™42, A AR A5 ZOHI LRI R N SR 2R R . thsh, R K
FRAR v i HAAE ) 5 145 0 1) 22 4 22 0 R A2 Y8 1 T A 32 i A W AV 1) S B L A
fi#EdT 7 ZmHSF20-ZmHSF4-ZmCeS A2/} 15 (A AL, 1B 1 HSF SR = 5 7
U2 B A5G 2H 506 il DA ST Bt 2 TR 26 2R o
R £k, HERE, SR, phasiRNA

43




44. RS 40
EREE: EXE
REEE . HIEEEER(EASIZAMIEH A&

BERE, m UK ARG AL 50 o G135 R F 4 [ 3 sk
W, WA, NEH MR TE. 20707
AR R B 208, F 9 E R 2t GRIR St 777%)
%45 EmwmbEXRERES GRES) 0 FRE
FAELLTT TR i RAE (M Giit22) . BHRTTTH, 322
SIAE B RSP RHTSE TAE, e TR MR R 1 5.
R4 2 5 mAh 3 5. B 4 SRR 9808 A& 5 A
a A, FEE T E RS MR FREE X 3 AR
2, Z55YEM LI, R A7 [ )R EMTESS, £ Plant Physiology, Plant
Journal, JEXP BOT ETY) FRFE TR 40 K, FRBUKIA LR 12 T,

HE R SRARIEA T B AP A B
ORI, Wik, WR, WD

CRA AR R ZA AR 8 A% S5 QB M 4 B sk &, TR Mt KX P 15,
219500)

FE: WSERASMIE & Pudith. B =555 B A S M. g
FFE AR 7 N EFEA R S AL AT AR S UAF UL AR
SRANGE R 72, WS PR AR 7 o M e i A E N, 2
1M VSR b e P AR 38R FH 5 3R LR ol o5 o 3 B R LRI Bl A 77 45 ol il =2 2 B 34
Fa, HHLGORH IR, 1R TR B RSB R A 7 AR T 7613S
M 74318 (RIEAE R. B ERELIEAL, VIEHRE TIREAERERER, JEH
BT HMAIKEAE R X BMLIEAE R, v AT POL 40 A B IR EF R,

MM fifE R POL AN E ZR I E AR S 1 108, 4 v IR B ot HEYEAS B 22 8 b DR A ) ) 3L

KA. HERMSE, KA USAMATTA, RIEMEEAT, EREN

44



45. ReRS 41
TREE: RE

REEE : KEMERZABRID FEETIHIR

R, PR KT, #oR, EEREEFEENS . —HESOK
FE A 35 S J5 (R 1), BT Z R AN B 12 TR
TRT KM RAMITR, KT ZANRFATHA A, Tk
TOKTEEAIER gHMS7 F I BB AN, KRR 1) 2R MR
Q] 10 77 1% o AH DT ST R LB — AR (5 FEIRDAE Science
PNAS. Nat. Commun WKL, FHREZKHARRREGE
RIUH SRR U R TR YL A S Rk
RABL R B AAZETH

TKFEF E] A B K- F B AR LT 5T
RS, BERI, G, TR, RER BAZS, TR IR 2
R AR K ZEAE Y I8 A% 5 0 R R FH 4 [ SR 28, VLR r T XX P 1
T, 210095; 2R [ERNEFABAEMREA T, AL TEE X OO B 12 5,
100081; 3 = FE LM B EBAR BRI AT, =8 BT AR X AL 2238 5,
650051)
B KRR IRIESR T T TR, H S P P2 ST (TR [ TR At 22
S AR R TR X KRR, R I8 AP SRR O A RR AR . 70 5 R
A 482 DU BOK R 7 1 RO T B RTT, FRIFD. R IR NG B,
BURH P SRS, TR T AR IR MR . A IO DL IE MR RS . AT
RO IF AR BT R ERREO, s 2 F DDA R 1) 7 M 0B s HE5Em T
PR S R R S B AL T, PRI 7 /KRS I A £ 10 <28 - R Lo 2
BRI TR BRI AR, I AT SRS R R A AL R SR RS AT T
PSRRI, ST IRASFIR 1, SeBLAFR RS 78 4 RS 6 T S04 S AbH L
S

K@i Kig, RAMAE, BREE, 5Tl

45



46. KEIRS 42
TRER: XK
IRERE: Wi ERmASR MR

BEe, LdfloRy, #og. Be, WHLa AR, HraEeRin
” ARG IS S A A ISR A 1 vy il 18 A ) S AL AT
o AN iR AR AR BT TAE . ERFRH A% 2030, B AR
BRERE . BRI WAEE AT Bl Es . s
R R B PR 15 0, HPEZR 8 Wi, LA —/
WIPEHTE Adv Sciv Plant Cellv New Phytol. PBJ. Plant
Commun~ JIPB- Plant Physiol. PlantJ T k£ L 30 R
Ty DA — 52 BORIEAUE OB A 11, 83 3 Wi 52
TR 1) WA A a8 VG X T ARHESS 1 T, SRAEYE AL 1 T, JOHrsR A A
XHRR R LR (F3), BHEMERREE SR (F 3. KIEKRBHR 4%
7 9 e AR ROV B AR TS BT BN OFF 1D, Z 51k F EHE LS 3 4

b d
—_—
e

LA 24 W M LA & B A LA
RIS, A, TR, DNOR, B SRR ST, Sk

(Herp e bR A E i AL o B 4 B B s = &b it 1 sea6 ==, 91k sty it tl X 71l 1
2, 430070)

TR EERRARBINR, SRR IR S ERRAEERE E RIS EIMR BRI
INEE . B EFRAR. AR RAR S5, CUBORRAE ™ Rl o 8 2K ) B (), A 7 SR A A
ek R FE M R TK, BSER R B RICEEEE . BIEEERARTI R . @i AT A
SEHURIENT < T iR s A O R4 2 RS S DR SR 23 SR e b B 7 5 BT 257
T T IRABE T, BUAS IR R (1) B 1l TR 25 B 1 il EAs e 4
PR RO T LGB MEER BRI, @A 7 S IRER S A R . (2) i
T ARAEAR 2 B =il R 1A AR B HLE], et e AR AR R AR A T
BHIERRE o (30 FRAL T ARAETH il 7> 1 B A BRI 2 o JF A P R vl P O A
WS, EH I 7SRRI SRR A iR AR e A

K. Mufh: AKRE: mina: TR &R

46



47. KRS 43
ERUE: HTE
IRETE: ASZRMAARIR S

W, BRI BR KRGS RO, #Ex. L
AT R EIRAEHA AT T, 3L 1 MAE 4R
IR =AM BHIFEORDE T HE Tk, ki g Mo
VA R E AR BRI BRI R M R E SR Al
ORAF IR AR BE, P24 7 B EA T, BF 7 AR
BRR=FK, fikH MR RAS, W T2 MR EARZOM
JiAE (DRfFF REAKE RBE), S1FEEE 7 A4S E R
: FHEAT ToRVEHET ™, RIET orfl78. orf261 FEHEMEAT FEA .
GmPPR576 % & ML B KA1 GmSPL2b. GmHSFA6b %54 5 57 5L 5 - FF )& 1 ThE
WHFt. EFRFASINEZR LB ERBIE 30 RO, SREFRBUKIIER] 4 1, Y05
rAPA 2 T, BEFRE. BB AL 70 R4, A Plant Biotechnology Journal Journal
of Experimental Botany %5 AT FRFIL L 70 RF -

RERFRSFI R SHRHLER I
T, B, SR
CRRTRAL RSB S R, ARG SRR S, LR S 30 PR S

i, EZKKGAEYEMTEENE I G, EYE e 50 G0 A ) 2l E G seie s, 1T
S8 BAED AL D R QR O, VLR B R 155, 210095)

WE: KU LREEZENREHNATEY, £ERAT A HEEMA . RERE ™
FARHE O, (R E IR & A IR P . B K e s e, KRE RAT
GEMFH B R A AR 3B kS B, (HR RS R LM AR SEI Ak, RAS 2K, HEEA T
PRLBRR S B — o HEYEAS B A R AL 35 20 I BIE 9 i = 558 1) ) 2 1 oK SR A 34
AR At FREX KRG RFIRARHITE 7RG K. B, RERET T —
BIEGN “MEY-BHR-IRERT AR GRS M IR R R R R, R =R
FAZMATARZRIEE T 40 RAFRASKEH am Ml 78, O P38 73T 13%
Hk, fER G MM HEEA T RS IR E 85 HLR B 77 G PR, K38
T orfl78vorf261 “5HEVEAR T FE KA GmPPR576 5B YEVK B IE . BN, 7248 1 msl -
ms2 ms3 HEAMPZHEEART ER, NREHE REZEM ARG E IR T IR 5
o IR T RERMIRBIL RS FHLHI IR, W 7 KRRl e R A i 2 A
/QTL Je HAFALFE R/ ZE A A8 S RN A B, TN 1 25 58 2H A 3B A% 7 ) St AR B R Y 40
Hro P T RERFISEARM R 7 MR AN S I HEE 458 KRG = A2 e T R
SRS
REEE: K, FMILH, ABEEEAT, ARZEEAE, ST

47




SE: FAEERENS FIRETHENER

TEMW, AR KAV, BB /E0R; EX
RN BHESENA s AR EAEY TR 2R 2R R
DRI FAETFE. FENFETKREEAFTZH. TS AE R
G TRt . JESS CUfE Proc Natl Acad Sci~  Molecular
Plant. Plant Biotechnology JournalZ 1) /x K18 C40RF: 3R
PR B R22550; SRACHTTHTHTEOAR T ™ f ik 5400 $RE %K
G SRR L1050, 4. L HEARKH—%2,
& LA A R “RFIRE” e S HOREE () M
H B BHIMIL TS 18 S0 5

FORBEMA T K2 TR RIZE LR

G R RAEEE 2, KRB 2 RO, R, A kDR TR
CAEm R A AR e b, AEat, 100083; 2 dbst & Aol bR 7 b, b,
100083)

WE: TOKMENEAR B R ET SRV L5108 KB W ERAEA kL, RN 7E K E P
A h B BN ME . FEZEYEAN T RIFT RIR T SRR AN B AL K238
RHEAE 2 2 B W SH LA A AT AR 4 P 2 f o B IR Il B A% 22 SR, 45 A dm
. ZHF EERIERGESHEA, ZEAGE] AN TR E Bk F & H
RAK, Jmht B R AFE 3 F 7 IR AR RIS 2 MR, £58 T FHERRE MR
ARG o I T 2R A 3L K], fREMT T ZmMs1« ZmMs7 ZmMs13+ ZmMs30~ ZmMs33 .
ZmPKSBMZmENR 155 FE R DI REAN 43 WL o M 1 ROKAE245/488 K B Az L%
i % ZmbHLH5 1-ZmMYB84-ZmMS7-ZmMS 1. ZmMS I/E N sl 1, s b
WE3AN e s R 1R DN, a8 BB ml e v 4 I AR AN & 2 R 988 JEROS/PCD A5 AH
KIER, RN FRIEmMLE, SEI BRI /408 K B RS HE R E . %0t 78
KT XHEYIMENE K B 7T RS A, FRm &Rt R 347 SR SEEY B
()7 b R0 1) ok 2

K@i ToK, HEYEAT, 2P, RER %
48



49. KRR 45
TR HiE
REME: SRXBERNS FHETSEMNA

hE, RIBLE L K BT R, Je R IR A BOKSEE Y Fh
JRABNHT B 5B Fh A I B R S0 B AT/ B R ORI AR
Bl O EER SR WS, KT R A,
FAHTFEREETEE . YHTEYBERESLE=EF
fFo BT+ = L E KR TR A B YIS ERT TE
A = 1 K KR AR -0 5 A B Al R
TR B R 5K o R e N RILFIE B 7 70 A F &5 .
2014 “EIRE R BRI 54, 2009 -4k 3¢ E A A4 2 %
- 2 (ASPB) VAR KA M )13 FH AR 43 MEHE K (TOP

authors)Z —. —EMNFHHY (TEY) 354425 mb A v
5T, 2016 & 2021 - 244 [ bR 22 ARBUBA W AR L (BUNRFEMER) YRR
TF FUATIER A BR 5 0l 51 BF 2 5K o BB 77300 B b vy AR 9 8 ) P O B — iR R 4
P HFFCAIHE, RENFERE MM ERCRA, 86 24 E K e M EZ L.

FRRBEFK S TS E MM
Lyt
CRERREBRR L S R B AR TR, R IR R QB L GeiFis e
TR R O K5 T B R S S GRiE D LRt B P A fr e 25 5,
fi%% 102206

WE: LR — B — D ERRTERROL R, 2BORZH 10102 Bl kit 135
ANRERAT BRI A, FRE 1) E i R IR 1542w, il Re ik ix s bt B REK HAE
Yot — A B BB A B A2 5F AN RARIR AL S T UR R AEAR KA - B
RABGE T B E KA PR S5 A6 0 75 DA AIE BLFT R B . 2k 2 SR AR i 380
AU AR TEEL A, R SR A A B A D E A SRR R S b
R A IR A, HU . T SRR i L8, BTG M N AR KA RE
731, 87 B MRS R AT 1 ER AR AR E A AR AL BRAE
R I BUE 1 R SRR 0 BB, [FINEKAE . N KL AT
SEARABHEY b IE L K 9 48T BORAS 1 R e R A . 5 AR 7 S R o
W R S B e B K B M e R A IR I P S S B R R N B s s B A, =
b AT RRSEA R BT FUAE 75 1 A R R Dk A K R TR 5 A 0
(] PEDR RS A
R i, mER, B, Bk mAEYE

49




50. KR&RE 46

EREE: SFE
REEE: NEEREENRESTIPIIFIA

BEE, T EAAAB AR AR T, 05T,

LA, HEEDrSESEE, hEEYY
2T EMENZRRSSK. 2011 FNIERM AR
R ERNBEAR A o e fE R E K A

<P BRI <R RO AE P dn Pl ks B B R
FEHRESFIH, FENFEYGUL K v B Lo T ORI, N2
Oy T B MR A E FEERE T, SRAT AT R A BT KR T A
R HE R 16 A, FIHERER ., ERmEEAGH 20 2475
KPR BRI DNEFm R, LATKPUR IR/ NEFh RPN
AR B KT R B N T i RN = T R
HRL I RARE MR o 3 T4 LUE AR 7E Mol Plant. New Phytol .
Plant Biotech J. Plant Physiol %5 7% & &3 SCI £ 3 20 s #HUEF] 20
R

50



51. KReke& 47
EREE: Fhe
REAHE: EEREESNESEEHR

EHE, FHILRMEHE K E R . DUTFEEY 2B EK,
W [E P B Rl A 2 Bl 2K, BT L s B
Ko ER/NES R A OB PO AT, BRIERAIEY) e 2
BREHTR . NETNET RS TR G (CEREDFRD) L.
BevE B A R TR T K, 2 BUM RN, MWFNE SR
5EMPFR. EREZRERET. 863 W, MK HMREIFES
‘ S ARG AR TR FT T T, A H AR e A 4 SR R 20 A,
iy SREFE AR =52, fERRAIHETT T, FIFESRAE, FiE
F2 WA KARE 22 RS ANE A DTSR B DL . DR SR R AR R 5%
GRINE R, PR HE T PR DU BT AR R T TR
BB 77, 5t 18 4y, i EEH 74, B 11 4. 2018 4FEE Mh Ak 511,
PAHER B LTI R A T X, AR — SR B LR 8 Ao 2022 4
3| 2024 L AN E GORMAE T EF WP, NERMCRAE O R (E KK
TEYAR R SRR HET H ) (2023 42D, FEREVG. TR 2. TLI5554 Rl FiE 3000
Z i, ARE M T EETTER . IRE FAE T 3 W, SRE K LR 4 1F;
KRB 220 4355,

INERGIRZESBEHNR
FHhA*, BRER, TKA, B4kE, ms, Kk, e, 2EK, B
N, FNT7, i, BedE, ik, EHC, TkER
(PHACA MBI 2R 2B, BRVEMEE, 7121005 ANV AKS BRAEY)FE R 5 U8 5 Fh 5 GET AT 7T
uli, BRI 712100)
WE: BTN TR, 7SR 22 B TR 5 o T /N2 I
A A B SN b Pl S TR E SO R R . I S AR A A
et fh TREEOR, ReRSR AN 3 N B/ N2 serh oot i /N 22 AT L o R o I 4F
K, HTEIEENTEERPCEKRE, NERGHAEH BN RIS T I %k
J&, SER T AR KA E S R B AR I DR A I P A G A, ST T R I AN
FEDRI A X B ) e 7% R0 v RS . s S Al B A, B B T i B 2 B 0K
L, AL 22 AR AR R R A X B/ B R A L, BEE T s e, . B
TREIE . &5 /NI G IR 5L o R NN LU =7 e 7. (1) 5835 =i
B TR AIE R TS E HOoR, UL LB ] AMRE G AR/ N i BUBE R B R
Ble (2) 5B RAE T 5PN AR, B2 MR RMZ Y JE R Y 5 R R 2,
PR M B BRI AR . (3) ZHFNAERG, AR HANERR, BEF5
FEL ks RN E A
R /N, NEIRGH, mgRA, BUENR
51



52. KRRt 48
TRER:
IREEH: At EafRBERRES SHRfhEs ;A

=i, DUTDU)IR R R R RT e Z al . %, it
AT EEENIENNEERGHE AW KN E&/NE. 1T
BB KRBT T K RER T 2 MHRMMENA T
JUAE S\ 28 UM AN EE 1 Ji K el 8 28 R el AT
AN F KL MR TR, SeEHAE
g e T 55 e O Rl | M 7 T P/ B = I VA it o]
Xif@EEAN . +=HERE SRR CRRIEYE L
TV R e B 7 PUIS R e T KR RS B H R R
K PUFLDY )8 AE E Tl B KRR B 4t my 3 R oK K
Hrab AR E I E SR U HEF E AR RN AR R R RIS
I FH E T T Y T S R e P R Y R AL T K s G i 5 R T E
HEER. Jofa ERMEME B KH MR 40 /A, HAES S 20 4 FRE
B 1A I K A1 B 997 H 2019 EH e 245 B RIHE T /i, & HRrv
T 1 DX AR T AR B K B K B — P, A D 78 i P — R 22— AR N AR AR A
HEKE ST W

HEAFRBEMRERXREETSHMEE AN
=
CPU A b R = R KRB FL T, AR T L X A RS 211 %5, 611130)

WE: i KRAESKEREAGHN = KREREF X2 —, AR E RH H R
AR SR, FORAR =X AR P R v T AT AT PRIR . PR KRB A
X R BT IR P AR FE R K, AR A DX ) 3 oAt X ) S 25 R AE o DY TR LR 22 oK
AFF T BT =2 3 250452 [ AT 4 0 SR T FAT VR P BT B A BRI 4k, i) HH — 1k LAX L8242
XL2142.XL4246.XL8132. XL8231AILX3621Z MK K KBRS MR EH L &,
XL 5 AT LD H A R FOK 22 MRl 899 R K88 AIHHO8. ok 1 HE AR
AT S ERENE A, OEREERE P REEEEH. ARG RGSE T
WA RN 2 ok — B IR R A IR A PR 3 A R A0H] TAE, Mz TAERIHE A
B BARSE . BRGSO R R BB SE T AT T AREUREE,  DURA 9 R4 B g )
FHFRAL—E I S 2%,

KeWH: PURg, TOK, AR, AR

=3

52



53. KRS 49
EREE: FiRE
REEE: RELRRENWEARMEEIFTSHmFEE R

FiRte, RILf K, #8%2, L4 S0, il E AT,
ERFEBN, B 5Bk NSk 3E . IR S VT oK
Mﬁzﬂtﬁj F O A R L5 EHEEEY MR G5 54

ASHWETE SRR ERFAT. PEIEYESF PR TR RS
n[J/\{T\ PRI AR FE R TR Fh 5T B YR BT TAE R AR 70O AT

o BN FHFEHD TP SR YRR B b Fhidk & S 8 R
L1§ﬁ¢*ﬁ£$ﬁ%ﬁﬂ o BT KA 61 4, HrpFErk
BIARAR 264 R E AR LI B30T TR I SRR, SRAEYD 8
AP 29 T, 3R FANAE ERL KA 8 T, Hoh RRFRCRA &
F=s AL T TM TR P AR A 254 IR E ST 2020 F3R
HORVT A B D — S0 (R RS BOK P22 SRR . HURLAEE « FFRLII 7K 352 A i
GRS FE M TR E AR, JFE T F 2T e 2L R R 8 AL g b S5 AL 0t 58, 7EE
%E% RIAF R FRHECE 100 425, HA SCIGE 30 &2, EHRmiEFLE 4
B, FRAE N KB LR 14 .

Innovation of Maize Germplasm and Varieties Cultivation and Application for
Mechanical Harvest in Early Maturity Area of Northeast and North China

Lin Zhang, Hong Di, Zhenhua Wang*
(Northeast Agricultural University, Harbin, Heilongjiang Province, 150030)

Abstract: Grain harvesting machines have been widely used in corn production in Europe and
America. Currently, this technology is only implemented in a few early maturing areas in China.
With the change of production methods, this technology will undoubtedly be widely promoted in
large-scale planting areas. The planting area of early-maturing spring maize in Northeast and North
China accounts for about 17% of the whole country. It is an important maize producing area in China
and one of the core areas for grain mechanical harvest in the future. However, there were many
problems in this area, such as lack of germplasm resources suitable for grain mechanical harvest,
large number of varieties, serious homogenization, few breakthrough varieties with independent
intellectual property rights, and large proportion of multinational seed corporation varieties, which
seriously restrict the development of maize industry. Based on the theoretical research and breeding
practice of maize genetics and breeding team of Northeast Agricultural University in cold region,
this study focused on the innovation of maize germplasm suitable for grain mechanical harvest and
the breeding strategy of new varieties according to the climate characteristics and production
demand of this region. The main contents included the overview of maize production, breeding
objectives, germplasm resources status and characteristics, innovation methods and effective
utilization ways of maize germplasm suitable for mechanical harvest, and breeding strategies of new
varieties. The purpose of this study was to provide theoretical guidance for improving the original
innovation and utilization level of maize germplasm suitable for grain mechanical harvest in early-
maturing regions of Northeast and North China, and to provide effective support for the high-quality
development of spring maize seed industry in China.

Key words: Maize, Early maturing area of Northeast and North China, Suitable for mechanical
harvest, Germplasm innovation, Varieties breeding
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Progress and utilization of maize unilateral cross-incompatibility
Zhaogui Zhang, Li Zhao, Huabang Chen*

(Institute of Genetics and Developmental Biology, the Chinese Academy of Sciences, No. 1 West Beichen
Road, Chaoyang District, Beijing 100101, P.R. China)

Abstract: Maize unilateral cross-incompatibility (UCI) is a pre-zygotic reproductive barrier known
to restrict gene flow between maize and teosinte and among maize populations. Gametophyte factorl
(Gal), Gametophyte factor2 (Ga2), and Teosinte crossing barrierl (Tcbl) are three distinct UCI
loci. Each locus contains a pair of male and female determinants that forms three different
haplotypes: S-haplotype possessing both male and female determinants, M-haplotype harbouring
only male determinant, and wildtype having neither. During fertilization, the female determinant
produces a barrier to pollen which lacks the corresponding male determinant. To date, we have
identified all male and female determinants of the Gal, Ga2, and Tcbl loci, and revealed that a
single silk- and multiple pollen-expressed determinants at the each of the locus modulate maize UCI.
This organizational model is similar to S-RNase-based self-incompatibility (SI), which usually
comprises multiple S-locus F-box (SLF) genes that are linked to an S-RNase gene. In S-RNase-based
Sl, each type of SLF recognizes, interacts, and detoxifies a subset of non-self S-RNases. By contrast,
in the maize UCI, every male determinant has the same function of targeting the female determinant
for barrier disruption. These maize UCI determinants all encode type-l1l/groupl PME proteins, a
class of factors that is known to regulate pollen tube growth, revealing the PME-mediated
mechanism of maize UCI. Another, the lack of a direct physical interaction of male and female
determinants of maize UCI indicates a distinct mechanism from that of SI. We also demonstrate the
feasibility of UCI as a reproductive barrier in commercial breeding programs and stacking of
different UCI loci could strengthen the UCI market potentials. Our study lays a solid foundation for
deciphering the identity and specificity of the three UCI loci and provides valuable plant genetic
resources for the application of maize UCI.

Key words: Maize, Unilateral cross-incompatibility, Gametophyte factor, Reproductive barrier
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Leveraging Genomics to Breed Ideotype Maize for Yield Enhancement
Haiyang Wang
(State Key Laboratory for Conservation and Utilization of Subtropical Agro-Bioresources, College of
Life Sciences, South China Agricultural University, Guangzhou 510642, China)

Abstract: Optimizing plant architecture apt for high-density planting is an effective strategy
for increasing crop yields. Breeding of ideotype crop is currently hindered by the lack of
deployable genes and elite germplasm. In this study, we uncover a prevalent role of
accumulation of homozygous favorable alleles of genes regulating four major
morphological traits (plant height/ear height, leaf angle, tassel branch number, and
flowering time) constituting maize ideotype, through decoding the breeding history of
hybrid maize in China. Utilizing map-based cloning and association mapping, we identify
and functionally validate eight genes regulating these traits. Guided by genomics and
molecular markers, we developed four new maize hybrids that are better apt to high-density
planting with increased yields, compared to two elite hybrids dominantly cultivated in China
nowadays. This study sheds light on the genomic framework underlying plant architecture
regulation in hybrid maize, and exemplifies the effectiveness of genomics-empowered
breeding of ideotype crops.

Key words: Maize, Ideotype, Genomics, Molecular Breeding
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Harnessing polyploid heterosis for wheat improvement through mining
elite homoeologous locus haplotypes by HGWAS

Jizeng Jia, Daowen Wang*

(*College of Agronomy, Henan Agricultural University, Zhengzhou, 450046)

Abstract: Bread wheat (Triticum aestivum, AABBDD, 2n = 6x = 42), a major staple food
crop in the world, is an allohexaploid with three closely related but not identical subgenomes.
The great majority of bread wheat’s homoeologous loci carry two or three homoeologs,
which can function convergently and/or divergently depending on internal and external cues.
This makes bread wheat highly adptable to diverse growth enviroments and end uses. At
the molecular level, nucleotide sequence variations often occur in between the different
homoeologs and among the different alleles (haplotypes) of a homoeologous locus. This
creates expression and functional divergence for different homoeologs and for diffent
homoeologous locus haplotypes. Importantly, the function of a single homoeolog is not
equal to that of the homoeologous locus it belongs to; the latter tends to be more plastic and
potent than the former because it reslts from the collective actions of two or three
homoeologs and reflects the advantage or heterosis associated with a polyploid locus. To
harness polyploid heterosis for impoving bread wheat performance, it is ideal to develop a
tool that enables genome-wide mining of elite homoeologous locus haplotypes associated
with important agronomic traits. Towards this end, we developed HGWAS that detects
marker-trait associations using the molecular variations of homoeologous loci rather than
single homoeologs. In this talk, the progress of our HGWAS analyses and prospects of using
HGWAS information for more efficient bread wheat improvement through molecular
breeding are presented and discussed.

Key words: bread wheat, elite homoeologous locus haplotypes, polyploid heterosis,
molecular breeding
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