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Viruses are challenging production in cereal crops
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Virus infection relying on hijacking of host factors

BaYMV, the typical virus strain of the gerdysnovirus

RNA 1 (7263 nt)

VPQ-| 33 74 kD 21 | 24 61kD | 28 I—(A)n
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RNA 2 (3524 nt)

VP9-| 25 73 kD |—(A)n
P1 P2

Feature:

(A) Small genome; {Bbligate; (C) Chemical treatment useless

Kuhne 2009



Soitborne P.graministransmitted viruses infect cereals

Taxonomy Typeof viruses Wheat Barley Oat Triticale Rye Rice Sorghum
Barley yellow mosaic viruBaYMV X
Barley mild mosaic virudBaMMV) X
Bymovirus  oat mosaic viru§OMV) X
of the family . —
Potyviridae Wheat spindle streak mosaic vir{l8YSSMV X X X
Wheat yellow mosaic virugWyYMV) X
Rice necrosis mosaic VirigNMYV) X
Soitborne wheat mosaic virlSBWMV) X X X X
FUrovirus Soitborne cereal mosaic virSBCMY X X X
of the family Chinese wheat mosaic vir(GWMV) X X
Virgaviridae Oat golden stripe viru®©GSV) X
Sorghumchloroticspot virugdSrCSyY X

Kanyukeet al. 2003;Kuhne 2009; Jiangt al. 2020



Symptoms ofbymovirusdiseases in wheat and barley

BaYMVinfected barley WY MMinfected wheat
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Bymovirusesconstantly threatenwinter barley and wheat
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Soitborne P.graministransmitted viruses in China

Gansu

Yangtze River ‘ "* BaMMV/BaYMV

Jiangxi
Hunan ® Wy My
. ¥ AWYMVHCWMV
Fujian ® cwmy

Jiang et al., 2022 Plant disea
Yang et al., 202:



Virus infection relying on hijacking of host factors




Loss of susceptibility to BaMMV/BaYMV in barley

Amino acid substitutions aHvelF4E Rr

(0 rym4d T C/T CACEHEGC G C

sus GoA G
rymsS G

bp-pos 170 353 359 478 481 614 617 622 623

(d) rymé4 Phe Thrille Thr Asn Gin BerPne Gly Ala
sus Thr Asn Gin
ryms

AA-pOS 57 118 120 160 161 205 208 208

Steinet al.,, 2005;Kanyukeet al., 2005
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PDIL51 = Protein disulfide isomerase likel5

Yanget al., 2014 PNAS



Editing for BaMMV/BaYMV resistance in barley

elF4Eedits (BaMMWinoculated PDIL51 edits (BaMMVinoculated
Primary  Mutation No. of BaMMV
mutants M, plants  detection
tested by ELISA
2l +A 13 0/13
P3 +T 9 0/9
P4 +T 16 0/16
lgri wt none 8 7/8
Hoffieet al.,2021 JochenY dzY f SyroypN & GP Edited #1 Edited #2

Chenget al.,2023 Frontiers in Plant Sciences



Resistance genes from wheat wild relatives to WYMV

Wheat Ym2 originated from Aegilops sharonensis and confers Ym2/ Qym : nJaUZB- 1
resistance to soil-borne Wheat yellow mosaic virus infection (BBS)

to the roots Aegilopssharonensis
Mishinaet al., 2023PNAS

A wheat CC-NBS-LRR protein Ym1 confers
WYMV resistance by recognizing viral coat

protein YMYF2/YmI¥mIh Q.Ymym
Liuet al., 2023Nat. Commun (2DL)

A papain-like cysteine protease-released Aegilopsuniaristata

small signal peptide confers wheat resistance
to wheat yellow mosaic virus
Chenet al., 2025 NatCommun
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(2) Uncovering hidden S genes in bread wheat



Genetic resistance genes/loci in wheat and barley

Wheat
12 genes/7 locirecessive genesGof 12
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Barley
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Jianget al., 2020 Theoretical and Applied Genetic



Hypothesis

Polyploidizationn wheat hasesulted infunctionally redundanhomoeologougenes,

blockingthe identification of recessive resistance (losso$ceptibility genes, S).

H A B D

Barley Hexaploidwheat



Triple-editing TaPDILAL leads to WYMMWfesistance

log10 value of WYMV
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Kanet al., 2022 NewPhytologist Patent, CN114292852B




TaPDILSL homoeologousgenes show redundant
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TaelF4ks asusceptibility (S) host factoio WYMV

log10 value of WYMV

Photo was taken usingransiucentplate

Kanet al., 2023 Plant Biotechnology Journal



Triple-editing elF4Bplant istaller with delayed maturity

AABBDD  AABBDD aabbdd aabbDD aaBBdd AAbbdd aaBBDD AAbbDD AABBdd
(wt) (Casg+)
Garden experiment without virus infection, Beijing, 2022

Kanet al.,2023 Plant Biotechnology Jour




Triple-editing TaPDILSL without yield penalty

Fielder

AABBDD aabbdd-1 aabbdd-2 aabbdd-3 aabbdd-4

Garden experiment without virus infection, Beijing, 2021

Kanet al.,, 2022 NewPhytologist Patent CN114292852B



Mutagenesis and stacking of threBaPDILSL alleles

Mutagenesis + Target identification + MAS stacking +blagtcrossing + Orgelfing
1 year 0.5 year 0.6 year 0.6 year 0.3 year

Wheat M2 plants

/N

Xinxiang Research station of {C8AS (March 23, 2023)



