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1. Challenge of cloning wheat genes

» Wheat is one of the most important food crops

»Large genome size and high duplication
» Allohexaploid (AABBDD)
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Forward genetic strategy is a key to uncover wheat important genes

»GWAS (Genome-wide association study)
» Linkage/QTL mapping

»BSA (Bulk segregation analysis)
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Markers selection for physical mapping

PCR-Based marker Sequencing marker Chip marker
»RPAD > GBS » 9K SNP Array
»RFLP » 10K SNP Array
»AFLP » SLAF » 15K SNP Array
»SSR SE X » 35K SNP Array
>DAT ROME Capture > 50K SNP Array
>EST > Genome resequencing » 55K SNP Array
> ... » 90K SNP Array

» 660K SNP Array
» 820K SNP Array
Time-consuming High cost Low cost

Less density Professional Non-professional
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SNP distribution revealed the highest density of 660K in wheat chromosome
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Chromosomal distribution of SNP density for five Chips

Up to down: 35K, 55K, 90K, 660K and 820K
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Gene-SNP distribution in wheat
chromosome

Note: Gene SNP includes gene
region and its 2Kb upstream

Gene-SNP distribution
revealed the highest density of
660K Chip among five common

chips
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Review
The Wheat 660K SNP array demonstrates great potential
for marker-assisted selection in polyploid wheat
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Abstract

The rapid developrent and application of molecular marker assays have facilitated genomic
selection and genome-wide linkage and association studies in wheat breeding. Although PCR-
based markers (e.a. simple secuence repeats and functional markers) and ocenctvoina bv
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Based on current wheat genome database, it’s feasible to explore more high-

throughput wheat chips

Gene_Number (%)

€ More than 200K genes in wheat pan-

35K 55K 90K 660K 820K

gellOme 1005 (0.96%) 576 (0.55%) 1324 (1.26%) 3108 (2.95%) 2018 (1.92%)

1249 (1.19%) 582 (0.55%) 1379 (1.31%) 2949 (2.8%) 2110 (2.01%)

‘ M h 16OK . . l . 1299 (1.23%) 9 (0.81%) 1507 (1.43%) 2759 (2.62%) 2175 (2.07%)
ore than genes 1n single variety 1157 (1.1%) 39.(035%)  1604(1.52%) 3933 (374%) 2586 (2.46%)

1367 (1.3%) 675 (0.64%) 1981 (1.88%) 4124 (3.92%) 2665 (2.53%)

(e.g. Chinese Spring) 1472 (1.4%) 919 (0.87%) 1844 (1.75%) 3629 (3.45%) 2807 (2.67%)

968 (0.92%) 527 (0.5%) 1400 (1.33%) 3082 (2.93%) 2369 (2.25%)

1150 (1.09%) 415 (0.39%) 1551 (1.47%) 4080 (3.88%) 2481 (2.36%)

‘ The 660K Chip Only covers 67K genes 1196 (1.14%) 682 (0.65%) 1482 (1.41%) 2978 (2.83%) 2587 (2.46%)
804 (0.76%) 360 (0.34%) 1195 (1.14%) 3131 (2.98%) 2173 (2.07%)

. . 737 (0.7%) 558 (0.53%) 1093 (1.04%) 2379 (2.26%) 1926 (1.83%)
(lIlCllldlIlg iZK downstream/upstream) 665 (0.63%) 414 (0.39%) 1149 (1.09%) 2284 (2.17%) 1937 (1.84%)

1042 (0.99%) 530 (0.5%) 1452 (1.38%) 3295 (3.13%) 2465 (2.34%)

. . 1217 (1.16%) 5(0.42%) 1673 (1.59%) 3823 (3.63%) 2568 (2.44%)

‘ More hlgh-throughput Wheat ChlpS ? 1202 (1.14%) 850 (0.81%) 1733 (1.65%) 3597 (3.42%) 2676 (2.54%)
769 (0.73%) 594 (0.56%) 1193 (1.13%) 2601 (2.47%) 1809 (1.72%)

965 (0.92%) 422 (0.4%) 1237 (1.18%) 2878 (2.74%) 1921 (1.83%)

885 (0.84%) 683 (0.65%) 1256 (1.19%) 2606 (2.48%) 1897 (1.8%)
1024 (0.97%) 463 (0.44%) 1435 (1.36%) 3473 (3.3%) 2199 (2.09%)
953 (0.91%) 4 (0.52%) 1249 (1.19%) 2737 (2.6%) 2046 (1.94%)
1160 (1.1%) 670 (0.64%) 1591 (1.51%) 3388 (3.22%) 2420 (2.3%)

22 286(21.18%) 12 127 (11.53%) 30 328 (28.83%) BEIB3AN63.52%) 47 835 (45.47%)

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



Explore wheat Pan800K gene chip

e

» Construct a pan-genome variant atlas based on de

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

Number

® 50
» Select 800K variants as probes in gene regions R : i
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» 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)

Chrom
1A
1B
1D
2A
2B
2D
3A
3B
3D
4A
4B
4D
5A
5B
5D
6A
6B
6D
7A
7B
7D
Un

Total

Target(MAFO0.01)
47,211
40,602
34,401
58,923
58,428
41,233
44,178
60,582
29,586
39,942
38,029
17,665
45,573
52,558
32,089
41,376
51051
25,941
56,997
48,801
35,092

5,382
905,640

Target(MAFO0.05)
37,955
32,112
25,439
46,774
43,660
29,383
33,536
49,340
20,636
28,929
30,040
12,194
36,371
42,255
22,681
33,282
40,626
18,216
43,441
37,761
25,041

3,588
693,861

SNP/InDel(MAF0.05)
146,290
127,033
139,282
176,750
182,155
156,195
129,972
184,580
109,507
106,140
107,892
96,256
129,741
152,542
112,334
124,220
160,295
97,394
166,387
146,582
138,051
18,831
2,908,429



Comparison of Pan800K and 660K Chips by GWAS
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between Pan800K and 90K

f GWAS results
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Transfer the right of Pan800K gene Chip to Chengdu Tiancheng
Future Sci&Tech Co., Litd. for a price of 15 million Yuan
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2. Identification of fusarium crown rot resistance gene in wheat

»Fusarium crown rot (FCR), mainly caused by
FE. 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?

Diseased
plants




Occurrence of FCR in China

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.
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No FCR high-resistance or immunity wheat germplasm was publicly reported so far.
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FCR was listed as one of the top ten in industrial technical issues by the China

Association for Sci & Tech
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3. Physical mapping and identification of FCR genes

»> 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
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Yang et al. 2019, BMC Plant Biology Disease index (DI)

Mumber of plant




Genotyping for GWAS on FCR

» 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



1) Cloning of TaCAT?2 positively regulating FCR
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» Identify a key locus in the 14-Mb interval of 6A by GWAS

» Build two nested RIL populations:

» Jinmail/Yunong805, Jinmail/Zhengmai802

» Narrow into 2-Mb interval by whole exome sequencing
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» 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
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Functional verification of TaCAT?2

Silencing TaCAT?2 by VIGS sharply increased
FCR disease index (DI) as well as ROS

(Reactive oxygen species) content

H,0, content (uM/L)
w

EMS mutants showed increased FCR DI as well

as ROS content

=
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2

H,0, content  (uM/L)
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* %
* %
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Overexpression of TaCAT?2 showed decreased

FCR DI as well as ROS content
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Dissection of molecular mechanism of TaCAT2 mediating FCR

» TaSnRK1a interacted with
TaCAT?2 by Y-2H

> The interaction was confirmed

by Y-2H, Luciferase, Pull-down

» TaSnRK1a interact with the N
terminal of TaCAT?2

cLUC-SnRK ot
. -
Positive control .nLl C IM'Q h
-

Negative control

TaCAT +Empty-AD

TaSnRK1a+Empty-BD &
LIC] ePUC-TaCAT

nLUC-TaSnRK I'x
’ e . ; LUC-TaSnRK1
FaCA'T+ TaSnRK la n RK 1

-AHLT/X-u-Gal . S
catalase immune-responsive

‘ ¢ TCAT
Input Pull-down ) R 300 423 488 494
TaCAT-N
GST PR R WOk B
TaCAT-GST - -+ + Sd HE A FaCAT-C
TaSnRK la-His  + + &+ 1 +o4 F o (kD)
-100- Positive control
— 70 .
-55- Negative control
Anti - GST
-40-
N «35- TaSnRK la+ TaCAT-N
- — -25-
= TaSnRK la+ TaCAT-C
Anti - His -;S- — | -5 7-
TaSnRK1a+ TaCAT

________________________________________________________________



¢ TaCAT2S2His + + +  + n 35S-GFP
. E. coli TaSnRK 1¢-GST - < 4 4 TaSnRK la-His - t
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» TaSnRKla EMS mutants decreased
FCR resistance and ROS content

» TaSnRK1a-OE plants exhibit increased
FCR resistance and ROS

Conclusion:

Differential phosphor of TaCAT2 by TaSnRK1a

altered wheat FCR resistance

Resistance plant cell
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Susceptible plant cell
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2) Cloning of TaCWI regulating FCR

» In RIL (UC1110/P1610750), we identified 7 candidates by

integration of BSA, B

SR-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:

» Xingmail/Yunong201

, Xingmail/Longmai862
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» 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
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TaCWI mediating cell wall thickness showed broad-spectrum

resistance to FCR and SE (sharp eyespot)

» 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 shows
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resistance to

FCR and SE
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A cell wall invertase modulates resistance
to fusarium crown rot and sharp eyespot
in common wheat

Guoguo Lv', Yixiao Zhang', Lin Ma', Xiangning Yan', Mingjie Yuan', Jianhui Chen’, Yongzhen Chen]g’, Xi Yang',
Qi Qiao', Leilei Zhang', Mohsin Niaz', Xiaonan Sun', Qijun Zhang®, Shaobin zmngé and Feng Chen'* &
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(EMS) mutants revealed TaCWI-B71 positively
regulating FCR resistance. Determination of cell

A wall thickness and components showed that
the TaCWi-B1-overexpression lines exhibited

/ f considerably increased thickness and pectin and
cellulose contents. Furthermore, we found that

TaCWI-B1 directly interacted with an alpha
galactosidase (TaGAL). EMS mutants showed that
TaGAL negatively modulated FCR resistance. The
expression of TaGAL is negatively correlated with
TaCWI-B1 levels, thus may reduce mannan deg
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3) Cloning of TaHSP18.6 regulating FCR resistance

» RNA-seq+GWAS: TaHSP18.6

» Four haplotypes: TaHSP18.6"2P4is 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
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4) Cloning of TaDIR (dirigent)

» 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

Plant Biotechnology Journal

Plant Biotechnology Journal (2021), pp. 1-3 doi: 10.1111/pbi. 13554

Brief Communications
A loss-of-function of the dirigent gene TaDIR-B1 improves
resistance to Fusarium crown rot in wheat

Xia Yang', Shacbin Zhong?, Qijun Zhang’, Yan Ren', Congwei Sun' and Feng Chen'"”

'Agronomy College/National Key Laboratory of Wheat and Maize Crop Science/CIMMYT-China (Henan) Joint Center of Wheat and Maize, Henan Agricultural
University, Zhengzhou, China
2Pepartment of Plant Pathology, North Dakota State University, Fargo, ND, USA
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5) Clone a WYMYV (wheat yellow mosaic virus) regulatory gene 7TaRD21a

GWAS+QTL: Clone TaRD21a regulating WYMYV resistance by releasing small peptide
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6) Clone a WYMV-sensitive gene TaMTB (methyltransferase B)

GWAS+QTL: 7TaMTB could be recruited by WYMYV to accelerate infection

In collaboration with the team of Jianping Chen in Ningbo University
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7) Identification of TaPGK and TaSnrK1a regulating wheat cold tolerance

» Clone a cold tolerance gene TaPGK by multi-omics
» TaSRT1 decrotonylates TaPGK to change pyruvate

content, finally increasing wheat cold

» GWAS+RNA-seq: TaSnrKla

» TaSnrK1a phosphorylates TaPAP6L to promote

jasmonic acid, finally increasing wheat cold
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8) Identification of yield-related genes in wheat

GWAS+QTL: TaGLI1
regulates grain length by

changing JA content

) .
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(d)

(e)

Figure 1 Identification and association of TaGL1-B7 with grain length in wheat. () Linkage map of the Qg/1.hau. 18 locus for grain length in the UC1110/

PI610750 recombinant inbred lines (RIL) population. Horizontal dotted line represents a limit of detection (LOD) threshold value of 3.0. (b) Fine mapping of
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Identification of TaGL1-B1 gene controlling grain length
through regulation of jasmonic acid in common wheat
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GWAS+QTL: TaHSTI
controls tiller angle by

regulating auxin content
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Figure 1 Physical mapping and identification of TaHSTIL. (a1) Manhattan plot for the wheat tiler angle identified by GWAS. (a2) Local Manhattan plot of

chromosome SA. (a3) LD heatmap surrounding the peak on 5A. (b1) Phenotype of WT and K2588 at the jainting stage. Scale bar = 10 cm. (b2, b3)
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A HST1-like gene controls tiller angle through regulating
endogenous auxin in common wheat
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GWAS+EMS-mutants:
HSP90.2 control grain
weight by promoting CO,

assimilation rate
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HSP90.2 promotes CO; assimilation rate, grain weight and
yield in wheat
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GWAS+RNA-seq:
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grain length by mediating
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A lectin receptor-like kinase TaSRK that is
deacetylated by TaHDA9 regulates wheat
grain length by mediating the
Photosystem Il protein TaPsbO
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9) Identification of wheat quality-related genes

GWAS+QTL: TaRPPI3L controls flour GWAS+QTL: TaLPX4 controls dough stability time

color by regulating flour redness (a*) to regulate cookie quality
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Wheat molecular breeding

Yunong 268 Yunong 269
Released by Henan Province Seed Station in 2023; Released by Henan Province Seed Station in 2023
Parents: Yanzhan 1 You/AM108 Parents: Xinmai26/Zhoumai22
Charac.: Weak Springness, high quality and yield Charac: Semi-winterness, high quality

Marker: TaSDI1, TaDIR Marker: TaSD1




Performance of Yunong268 in field of Yuanyang

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