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Conventional breeding programme

Pisifera (Sh™Sh-)
Female sterile

Tenera (Sh*Sh')
30% more oil
Fertile

All tenera, but...



Conventional breeding programme

1,000 - 1,500 seeds

W F|eld test
CaI|x600 20 years Oil yield
- - Oil yield
20 MT
—h Oil yield

15 MT



Conventional breeding programme
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Dura x Dura Tenera x Pisifera
Dura Pisifera Tenera
10-year cycle -
PR Pisifera Tenera
bura ©/0) |
Y. R Phenotypic
Sofo) selection
Ph pic
sCNON
Production
Good GCA,

uncertain SCA

We have to accelerate the breeding progress
using DNA marker technology.
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What are we pursuing?

Heritability

Environmental effect
+

Mapping population

Simple TRAITS Complex
Shell S/F, M/F, K/F | Disease resistance | Oil yield (O/P, FFB)
Virescens Dwarfism Stress resistance

Oil quality




Understand the control and then predict

AR 0

Plant eII

Human Genome 2n=46

ﬂ:ATC TCGAGAGAGAATGAT

TAGCCAGCTCTCTCTTACTA

*» Sequencing the genome is just the first step!
¢ Keep on placing missing puzzles



Understand the control and then predict

Simple traits
(by 1-2 genes)

DNA markers

Reference CCGTTCTGOTCTGTGTECTGACETTGCA
(‘6@ Palm 1 CCGTTGTGETGTGT ACGTTACA
50
(%J ‘ a-= . CCGTTGTGETGTGTGT  |ACGTTGCA
Dura (Sh*Sh*) Pisifera (Sh Sh) Single nucleotide polymorphism Simple Sequence Repeat
Female sterile (SSR)
@6@ Complex traits
Tenera (Sh*Sh’) (by many genes)

Vir (Vir* Vir?)

Vir (Vir* Vir-)
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Genome-wide association study (Teh et al. 2016)



Selection pressure visualised in genetic map 1;or the first time
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Selection pressure on Shell/fruit and allele fixation on Chromosome 2 observed
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Family-based linkage map

Genomic selection
(modeling)

ALL GENOMIC SNPs (90K)
>

Predicted breeding value

Recorded
Accuracy: Cov(Predicted, Recorded) preeding value

Predictive accuracy of GWAS-directive GS > Classical GS

(Kwong et al. 2017)
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Oil Palm Genome, P5-build
(Singh et al. 2013)

Selected markers
7N

o e

Chromosome

Genome-wide association study (Teh et al. 2016)



Maximising the whole genome effect

Training
(60%)

Accuracy: Cov(Predicted, Recorded) breeding value

Oil Yield
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' ALL GENOMIC SNPs (90K)
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| Predicted breeding value
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Betterresult in heritable trait with QTL ranking (Kwong et al. 2017)
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DNA extraction DNA dispensing Plate drying
430,000 samples/month < Automated liquid handling <Drying of plates in oven

Assay dispensing Plate sealing
5,000,000 data points/month < Thermal and laser sealing of plates

i

- HHitth
i
i

¥ |

DNA amplification Plate reading Genotype scoring
< Water-based thermal cycler < Fluorescence based detection 5,000,000 data points/month

Robust and high-through genotyping system (LGC Genomics)

EXPERIMENT

GENOINE PROJECT

SNP arrays for routine screening:

o

D)

/ / /
0’0 0’0 0’0

OP200K
GS1000™
Legit100™
Legit200™



Cost reduction

GenomeSelect™ Version 2

GenomeSelect™ version 1

> e
Test 6M seeds ®
@
o

Reduced 99% production cost!

Select best seeds ® ®
(+16% oil yield) ®
Plant 2M GS seeds



Recording and prospective validation ongoing
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95% CI for the Mean
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Individual! standard deviations are used to calculate the intervals.

Pred — GS prediction vs. Obs — field data



Recording and prospective validation ongoing

. DxP production

+50% selection

GenomeSeIectT"" Target: Expansion of mother palm

Parent stock

. ® Target: 2.8M seeds for 100% SDP replanting
CaI|X600 from 2023 onwards (SDPSAS)

pa rent pOOI (\/; Target: 1.45M seeds for 50% SDP replanting in 2022

+16% O/P than Calix 600™

+10-12% O/P than Calix 600™

2021 2022 2023 - 2025

15MT-GenomeSelect™
Parent stock



Recording and prospective validation ongoing
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? |
3¢ by progen
irisoes (by progeny)

Progeny 4

Progeny 5 | Progeny 1
Progeny 2
¢ Combining trial and commercial planting
** New opportunity for other traits (Crown disease, P&D)
Progeny 3

** Genetics x Environment interaction

GPS-tagged commercial planting (by progeny)



Seed production and upscale

‘ I Cnow what you are Clone with confidenct
planting NOW
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Plantation (2016-2022)



Future-proofing oil palm planting materials

cahix'~ Ca'”.(:“,. 100% external sales

o 600
‘N
/) 7§

The New Advanced Planting Material
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Integrated Breeding
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