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Climate change threatens crop yield and food security

> Frequent extreme weather events
> Increase of hot and humid weather

> Reduced crop production

> Varieties respond differently to climate
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What is phenotypic plasticity ?

Phenotypic plasticity is the ability of one genotype to produce more than one phenotype
when exposed to different environments.
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Genotype-by-environment Interactions (G x E)

® Molecular mechanisms of G X E ® Environmental and developmental cues
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Harness phenotypic plasticity to ...

> Breeding specific varieties for specific traits and environments

> Breeding varieties that respond to climate change
> Removing environmental factors to aid breeding
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Can we’'secure food and nutrition-under climate
change?

1. Leveraging phenotypic plasticity in rapeseed agricultural practice

2. Dissecting the molecular mechanism of G x E for SOC in rapeseed




Phenotypic plasticity for seed oil content in rapeseed

Multi-environment trials with 505 rapeseed lines
VCA for SOC indicates G x E has 18.85% contributions

Substantial variation in both the intercept (39.44% to 46.62%) and the slope

(-=0.59 to 2.36) among different genotypes
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Environmental indices that influence SOC plasticity

» Using 22 climate indices ranging from 0 to 230 DAF in 8 field trials

» Higher correlations between SOC and climate indices were observed among the
period of pod development (pod-filling stage)
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Genetic loci and candidate genes that determine SOC plasticity

11 environmentally specific and 10 stable additive QTNs

11 QTN-by-environment interactions (QEls) and 11 candidate Gene-by-environment interactions (GEls)
5 plasticity genes (DGD7 for DTRyg; 10, Slopes, MYB106 for UVB, 4, 15 slopes, HAD, MIPS3, and PSD1 for PRgq 145 slopes)
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Transcriptome analyses of the effect of G x E on SOC

54 transcriptomes, 9 high SOC plasticity inbred lines from 3 planting sites at 2 development stages
WGCNA at 2 development stages
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11

Optimal planting dates identification and empirical validation

> Planting 10 days earlier increase SOC 11.33% in HF2018, while planting 10 days later could

decrease SOC by up to 12.16% in CD2020

> Empirical validation on 3 planting dates at 2 new environments with 50 lines
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Optimal haplotype identification for future climates

> Using PR166-195 as the primary environmental index under future climate

> Introducing haplotype 10 in future germplasms to enhance SOC in South China in future
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What about gene level?




Prediction of BnaA02.LSH5 as a candidate GEl in gspOCA02.7
and QEl geOC.A02.1
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enome editing of BnalSH5 affects SOC in rapeseed
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BnaLSH5 directly suppresses the expression of BnaA02.pMDHZ2
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» In Chlamydomonas, pMDHZ helps photoautotrophs
cope with high light exposure by transmitting the
redox state of the peroxisome to the chloroplast.




Low light intensity induces the expression of BnalSH5

which may confer SOC plasticity
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lD|ssect the SOC plasticity and three environmental index in rapeseed
-~ =at first time

l Systematical mining the effect of G x E  for SOC at genetic and

transcriptomic level
B Determining optimal planting dates in multiple environments

u:ldentifying optimal haplotypes with high SOC suitable for south China
in which precipitation is high

m Dissecting the mechanisms of LSH5 transcriptionally directly
repressed = BnaAO0Z2.pMDHZ2 in fatty acid pB-oxidation and
photosynthetic electron transport

B Guiding for high SOC breeding of rapeseed varieties in low light
intensity production areas



Six ecological breeding sites in China

Spring ecotype rapeseed production area:

® Hulunbuir

@ Chengdu
@ Chongqing

® Guiyang

Middle Yangtze River Production Area:
@ Jingzhou
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