Shannon Dillon, CSIRO Agriculture and Food

Bangyou Zheng, Alexandre Boyer, Jeremy Whish, Jing Wang, Alec Zwart,
Andrew Gock, Matt Nelson, Julianne Lilley, Chris Helliwell

IRC 2023, Sydney| 27 September 2023

)

GRAINS RESEARCH
& DEVELOPMENT
CORPORATION




. A\\. GRDC c e
—= | W@z  Optimising canola phenology
/ Optimal Flowering Window
3500 vied | 0.9 5
ie - 0.8 \U#
3000 | 7
- 0.7 p
2500 = G
Yield - 0.6 gress e
kg/ha 2000 r - 0.5 Index Sy
1500 - 0.4 o
- 0.3 ;
1000 : -
- 0.2 >~
500 - 0.1 — -
0 0

Jun Jul Aug Sep

. Lilley et al. (2017) Proceedings of the 18th
Date of start of ﬂowermg Australian Society of Agronomy Conference



Y GRDC . . .
M Genetics and environment drive
OFW phenology
i P reproductive l i Genome
vegetative | - - genetic effects
o . GXG
" Frost _ Environment

- plastic responses

- g | Interactions

Jun Jul Aug Sep - GXxE
Date of start of flowering




@ Capturing response to temperature
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APSIM canola model simulates A P S N\

next generation
phenology %
Learn more about this tool >

N\\\ GRDC
@ The current state Q‘&

Canola Flowering Calculator

Helping you optimise your canola program

Does this accurately
Choose your scenario below to get started

But..
Phenology parameters must be - .
" =7

estimated first

Which variety should | sow? When should | sow?

(I know my intended sowing date) (I know my variety)

Compounded by rapid turn-over o o
of canola varieties

https://www.canolaflowering.com.au/
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@ Combining crop modelling & genomics &QQGRDC
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@ Canola Diversity Panel (OzCanola)
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690 varieties
e Modern AUS
* Global:
* BRAVO
 ASSYST

| - Mixed phenology

Core set of 350 varieties
underpinned data
collection



@ Canola Diversity Panel
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@ selecting representative environments WY\ $ree
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@ Field trials

Geraldton
18 site/year/TOS combinations

Kojonu

Phenology scored
- Emergence (stage 9)
- |eaf appearance (stages 10 — 19)
- bud visible (stage 51) Intercept_1: The y intercept of the fitted model
- first flower (stage 60)

O 2019

VTGB_1: The slope for the linear parts.

cp_1: The break point extrapolated to x-axis
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@ Hybrid genomics-APSIM-NG model &QQGRDC

APSIM parameter optimisation

B
>

Genomic prediction Crop growth model 7
Random Forest APSIM NG .
. Observed =

E— e I X-validation phenology
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Flowering time prediction



The current state

predicted phenology

Scenario 1

Scenario 3

Possible but
accuracy sacrificed

Scenario 4

Not currently
possible

observed phenology
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@ The hybrid genomic-CGM model %QQGRDC
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@ How to access the tool

New “Phenology APP”

* GRDC investment (started 2022)

* incorporating genomic model

e update model and app annually via NVT

Help Growers
* choose variety or sowing time best suited to their site

Help breeders

* characterise phenology for new and existing varieties in
wider range of locations

* incorporate into hybrid and OP breeding programs
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@ Canola Flowering Calculator

Helping you optimise your canola program

Learn more about this tool >

Choose your scenario below to get started

o »Ay
M\
< =y

When should | sow?
(I know my variety)

Which variety should | sow?
(I know my intended sowing date)

Go Go

https://www.canolaflowering.com.au

JWGRDC

NATIONAL
| | VARIETY
TRIALS



@ Genome wide association

Phenology scored:

Controlled environments
Long days (12hrs)

Short days (8hrs)

Short days with vernalisation

Field experiments
18 site/TOS/years
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@ Genome wide association

Machine learning workflow
Breeding Genome
CART — e.g. Random Forest Selection Editing

 Human interpretable decision trees

e Feature importance nexcflow
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& Glass house : GWAS & TWAS

SNP loci

transcripts
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@ Combined results

* 142 associations with flowering time
* Tagging 112 unique QTL

* Significance detected in both GH and
field experiments

 Many small to moderate effect loci
e R?~0.05t00.2
 complex regulation?

* Over half resided within or near genes
annotated as having function in FT
control — some extensively reported in
canola —e.g. FLC family
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@ FLC family genes
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FLC_1 SNP effects: field
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@ FLC family genes

Variance explained:
Y, =B + Z?=1 Bin,j T €;

Model R? (adjusted)
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@ FLC family genes — controlled enw.

Variance explained:
Yi=Po + Z?=1 Bin,j + g
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Strategies for integrating phenology genetics
into variety design

ch

' Which variety should |
sow?

(1 know my intended sowing date)

Go

S

'Markefassisted . Phenology: - Genomic v« ‘GenerativeAl,.
= Preeding ' o9 W app T - cdlectionsiT 7 ‘variety design
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@ Alternative models

Direct modelling of phenology

Model trained on empirical data
- genomic markers
- flowering time

Higher accuracy: R 0.94 - 0.97
Limitation — data availability or accessibility (not
in public domain at sufficient scale)

Secure multi-party data sharing approaches —
developed at CSIRO — in future could provide a
way to access existing privately owned data data
sets across the canola growing regions.

Predicted TT to first flower
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