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Development of high-density gene chip and identification of 

soil-borne disease regulatory genes in wheat



1. Challenge of cloning wheat genes

➢Wheat is one of the most important food crops

➢Large genome size and high duplication

➢Allohexaploid (AABBDD)

2014 2018 2020 2024



Forward genetic strategy is a key to uncover wheat important genes

➢GWAS (Genome-wide association study)

➢Linkage/QTL mapping 

➢BSA (Bulk segregation analysis)

➢……



Markers selection for physical mapping

PCR-Based marker

➢RPAD

➢RFLP

➢AFLP

➢SSR

➢DArT

➢EST

➢…

Sequencing marker

➢GBS

➢SLAF

➢Exome capture

➢Genome resequencing

Chip marker

➢9K SNP Array

➢10K SNP Array

➢15K SNP Array

➢35K SNP Array

➢50K SNP Array

➢55K SNP Array

➢90K SNP Array

➢660K SNP Array

➢820K SNP Array

Time-consuming
Less density

High cost
Professional

Low cost
Non-professional



Up to down: 35K, 55K, 90K, 660K and 820K

SNP distribution revealed the highest density of 660K in wheat chromosome

Chromosomal distribution of SNP density for five Chips



Gene-SNP distribution

revealed the highest density of

660K Chip among five common

chips

Gene-SNP distribution in wheat 

chromosome

Note: Gene SNP includes gene 

region and its 2Kb upstream



Based on current wheat genome database, it’s feasible to explore more high-

throughput wheat chips

◆More than 200K genes  in wheat pan-

genome

◆More than 160K genes in single variety 

(e.g. Chinese Spring)

◆The 660K Chip only covers 67K genes 

(including ±2K downstream/upstream)

◆More high-throughput wheat chips？

Sun et al. PBJ, 2020,18:1354-1360



Explore wheat Pan800K gene chip

➢Construct a pan-genome variant atlas based on de 

novo seq/re-seq/ exome seq of 3000 global wheat

➢Select 800K variants as probes in gene regions 

(±5K)

➢Balanced variants：50K SNPs as probes was 

added in Chip

➢Method: Next-generation sequencing (capture 

200-300 bp variants around site)

➢Finally obtain more variants than designed probe



Sequencing results by Pan800K gene Chip

➢Sequence 480 Chinese wheat

varieties

➢Obtain 693K high-quality variant

fragments (MAF≥0.05), containing

2.9M SNP/InDel（see Table）

➢Cover ~180K genes (±5K)

➢More than 50% variants were in HC

genes (±5K)



Comparison of Pan800K and 660K Chips by GWAS

Wheat yellow mosic Plant height



Comparison of GWAS results between Pan800K and 90K

Pan800K Pan800K

90K 90K



Transfer the right of Pan800K gene Chip to Chengdu Tiancheng

Future Sci&Tech Co., Ltd. for a price of 15 million Yuan Congwei Sun



2. Identification of fusarium crown rot resistance gene in wheat

➢Fusarium crown rot (FCR), mainly caused by

F. pyseudgraminearum, is one of the most

serious wheat soil-born diseases.

➢FCR could cause yield reduction by 10～30%,

even by more than 70% in some serious

region.

➢FCR frequently occurs in all of the world, e.g.

Australia, North America and South Asia

➢Necrotrophic or hemi-biotrophic disease?



➢ In China, FCR was reported in 1990s and is becoming an important wheat diseases.

➢ More than 6M-hectare wheat is suffering from FCR annually in China.

➢ Most popular wheat varieties are susceptible or highly-susceptible to FCR.

➢ No FCR high-resistance or immunity wheat germplasm was publicly reported so far.

Occurrence of FCR in China



FCR was listed as one of the top ten in industrial technical issues by the China 

Association for Sci & Tech



➢ Develop a rapid approach for scoring wheat FCR in greenhouse

➢ Score FCR resistance in >1000 wheat accessions

➢ Most of them are susceptible or highly-susceptible  to FCR 

➢ It’s urgent to improve FCR resistance in China 

3. Physical mapping and identification of FCR genes

Yang et al. 2019, BMC Plant Biology



➢Genotyped by 660K or 90K SNP chips

➢480 accessions genotyped by Pan800K gene chip

➢GWAS results showed almost all chrom. have FCR regulatory loci in wheat

➢Chrom. 4B, 6A, 2A, 3B etc.

➢Showed big difference of significant SNP in different populations

➢Multi-omics were used to clone different loci

Genotyping for GWAS on FCR



1) Cloning of TaCAT2 positively regulating FCR

➢Identify a key locus in the 14-Mb interval of 6A by GWAS

➢Build two nested RIL populations: 

➢ Jinmai1/Yunong805, Jinmai1/Zhengmai802

➢Narrow into 2-Mb interval by whole exome sequencing

➢BSR-Seq, BS-iTRAQ

➢TaCAT2（Catalase）as candidate



➢TaCAT2 shows 8 haplotypes in Chinese wheat

➢Divide into R, mid-S and S types

➢Hapl-A as R-type shows variants of 

Ser214Thr, Lys418Arg and 215bp InDel

(intron)

➢Develop a marker for TaCAT2 and re-run 

GWAS revealed TaCAT2 as a lead SNP



Silencing TaCAT2 by VIGS sharply increased 

FCR disease index (DI) as well as ROS 

(Reactive oxygen species) content

Functional verification of TaCAT2

EMS mutants showed increased FCR DI as well 

as ROS content

Overexpression of TaCAT2 showed decreased 

FCR DI as well as ROS content



➢TaSnRK1a interacted with 

TaCAT2 by Y-2H

➢The interaction was confirmed 

by Y-2H, Luciferase, Pull-down

➢TaSnRK1a interact with the N 

terminal of TaCAT2

Dissection of molecular mechanism of TaCAT2 mediating FCR



◆214aa  is a key site of

TaSnRK1a phosphorylating

TaCAT2

◆TaSnRK1a more strongly

phosphorylates TaCAT2-R

than TaCAT2-S

TaCAT2-R：Serine214

TaCAT2-S：Threonine214

Note: Alanine (Ala) is non-phosphor AA.

◆ TaSnRK1a as a kinase 

phosphorylate TaCAT2 

in vivo and in vitro



◆TaSnRK1a improves the abundance of TaCAT2 in

◆E.coli

◆Tobacco

◆TaSnRK1a-OE

Affect protein stability of TaCAT2 by phosphorylation of TaSnRK1a？



Conclusion: 

Differential phosphor of TaCAT2 by TaSnRK1a 

altered wheat FCR resistance

Nature Communications, 2025, 16(1):2549

➢ TaSnRK1a EMS mutants decreased 

FCR resistance and ROS content

➢ TaSnRK1a-OE plants exhibit increased 

FCR resistance and ROS



2) Cloning of TaCWI regulating FCR

➢In RIL (UC1110/PI610750), we identified 7 candidates by 

integration of BSA, BSR-seq and re-sequencing 

➢Silence 3 highly expressed genes in root by VIGS

➢TaCWI (cell wall invertase) was induced by F. pg

➢Three haplotypes in Chinese wheat

➢Create 2 RILs based on Hapl:

➢ Xingmai1/Yunong201, Xingmai1/Longmai862 



➢ TaCWI-EMS decreased FCR resistance

➢ TaCWI-OE plants increased FCR resistance

Why is TaCWI resistant to FCR 

➢TaCWI-OE increased cell wall thickness 

➢TaCWI EMS mutants decreased cell wall thickness



➢ TaCWI interacts with TaGAL (alpha-galactosidase) that 

is a cell well lytic enzyme 

➢ TaGAL EMS mutants improved FCR resistance

➢Conclusion: TaCWI regulates FCR resistance by 

mediating TaGAL to affect cell wall thickness

TaCWI mediating cell wall thickness showed broad-spectrum 

resistance to FCR and SE (sharp eyespot)  

TaCWI shows 

broad-spectrum 

resistance to 

FCR and SE



3) Cloning of TaHSP18.6 regulating FCR resistance

➢RNA-seq+GWAS: TaHSP18.6

➢Four haplotypes: TaHSP18.6Hap4 is resistance

➢TaSRT1 dual-inhibited TaHSP18.6 through de-acetylation of non-histone and histone

➢TaSRT1-TaHSP18.6 model regulate wheat FCR resistance by mediating auxin content

PNAS, 2025, 122(28):e2500029122



➢ Clone TaDIR by combination of GWAS, QTL, BSA, BSR-Seq

➢ TaDIR shows premature stop codon in R-parent Bainong 64 

➢ TaDIR-silenced plants exhibited increased FCR resistance by 

VIGS

➢ TaDIR-EMS mutants exhibited increased FCR resistance and 

lignin content in tetraploid and hexapliod wheat

➢ Conclusion: TaDIR regulates FCR resistance through mediating 

lignin content

4) Cloning of TaDIR (dirigent) 

Breeding marker



GWAS+QTL: Clone TaRD21a  regulating WYMV resistance by releasing small peptide

Nature Communications, 2023, 14: 7773

5) Clone a WYMV (wheat yellow mosaic virus) regulatory gene TaRD21a

In collaboration with the team of 

Jianping Chen in Ningbo University



TaRD21a was transferred to Henan Molecular Breeding Institute with the price of 1 million Yuan

郑麦136-RD21 郑麦136-RD21郑麦136

TaRD21a-introgressed lines showed 

stable WYMV resistance in field



6) Clone a WYMV-sensitive gene TaMTB (methyltransferase B)

Fig. 1 The qWYM.hau-4B was co-located by GWAS and QTL

Nature Communications, 2022, 13(1):6576

Fig.2 Model for N6-methyladenosine RNA modification promotes 
viral genomic RNA stability and infection.

GWAS+QTL: TaMTB could be recruited by WYMV to accelerate infection

In collaboration with the team of Jianping Chen in Ningbo University



➢ Clone a cold tolerance gene TaPGK by multi-omics

➢ TaSRT1 decrotonylates TaPGK to change pyruvate 

content, finally increasing wheat cold

Science Advances, 2023, 9(19):eadg1012

TaPGK过表达增加丙酮酸含量，由此
增强小麦低温抗性

7) Identification of TaPGK and TaSnrK1a regulating wheat cold tolerance

➢ GWAS+RNA-seq: TaSnrK1a

➢ TaSnrK1a phosphorylates TaPAP6L to promote 

jasmonic acid, finally increasing wheat cold 

tolerance

Advanced Science, 2023, 10(31): 2303478



8) Identification of yield-related genes in wheat

GWAS+QTL: TaGL1

regulates grain length by

changing JA content

GWAS+QTL: TaHST1 

controls tiller angle by 

regulating auxin content

GWAS+EMS-mutants: 

HSP90.2 control grain 

weight by promoting CO2 

assimilation rate

GWAS+RNA-seq: 

TaHDA9-TaSRK controls 

grain length by mediating 

TaPsbO involving in 

photosystem



GWAS+QTL: TaRPPl3L controls flour 

color by regulating flour redness (a*)

9) Identification of wheat quality-related genes

GWAS+QTL: TaLPX4 controls dough stability time 

to regulate cookie quality



Wheat molecular breeding

Yunong 268

Released by Henan Province Seed Station in 2023；

Parents: Yanzhan 1 You/AM108

Charac.: Weak Springness, high quality and yield         

Marker：TaSD1, TaDIR

Yunong 269

Released by Henan Province Seed Station in 2023

Parents: Xinmai26/Zhoumai22

Charac：Semi-winterness, high quality

Marker：TaSD1



Performance of Yunong268 in field of Yuanyang

Good quality (high Zinc, 46.7mg/kg) and high yield



Wheat gene chip

➢ CEO Zhongxu Chen (陈中旭), Chengdu 

Tiancheng Future Sci&Tech Co. Ltd. (成都

天成未来科技有限公司)

Soil-borne disease 

➢ Prof. Jianping Chen (陈剑平院士) and Jian 

Yang (羊健教授)，Ningbo University

➢ Prof. Xing Wang Deng(邓兴旺院士)，

Peking University

➢ Pawan Singh, Xinyao He,  CIMMYT

➢ …

4. Acknowledgement 


	Slide 1
	Slide 2
	Slide 3: Forward genetic strategy is a key to uncover wheat important genes
	Slide 4: Markers selection for physical mapping
	Slide 5
	Slide 6: Gene-SNP distribution revealed the highest density of 660K Chip among five common chips
	Slide 7: Based on current wheat genome database, it’s feasible to explore more high-throughput wheat chips
	Slide 8: Explore wheat Pan800K gene chip
	Slide 9: Sequencing results by Pan800K gene Chip
	Slide 10: Comparison of Pan800K and 660K Chips by GWAS
	Slide 11: Comparison of GWAS results between Pan800K and 90K
	Slide 12
	Slide 13: 2. Identification of fusarium crown rot resistance gene in wheat
	Slide 14
	Slide 15
	Slide 16
	Slide 17: Genotyping for GWAS on FCR
	Slide 18: 1) Cloning of TaCAT2 positively regulating FCR
	Slide 19
	Slide 20: Silencing TaCAT2 by VIGS sharply increased FCR disease index (DI) as well as ROS (Reactive oxygen species) content
	Slide 21
	Slide 22: TaSnRK1a as a kinase phosphorylate TaCAT2 in vivo and in vitro
	Slide 23
	Slide 24: Conclusion:  Differential phosphor of TaCAT2 by TaSnRK1a altered wheat FCR resistance
	Slide 25: 2) Cloning of TaCWI regulating FCR
	Slide 26
	Slide 27
	Slide 28: 3) Cloning of TaHSP18.6 regulating FCR resistance
	Slide 29: 4) Cloning of TaDIR (dirigent) 
	Slide 30
	Slide 31
	Slide 32: 6) Clone a WYMV-sensitive gene TaMTB (methyltransferase B)
	Slide 33: 7) Identification of TaPGK and TaSnrK1a regulating wheat cold tolerance
	Slide 34: 8) Identification of yield-related genes in wheat
	Slide 35: 9) Identification of wheat quality-related genes
	Slide 36
	Slide 37
	Slide 38

