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Challenges for crop improvement:

Food security / Climate change / quality
From Traits to Genome

Understand gene regulation in complex
crop genomes

Basis for Gene x Environment (+) interactions
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UK Winter OSR vyields
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But masks shift from single low to double low, increase in min-till, burning ban,

+ intensification of the rotation (to 1 in 3)
+ duration of volunteer build up in the solil profile (0 yrs ~1970

Thanks to lan Munnery, Elsoms

39 yrs 2009)




For UK Oilseed Rape:

Courtesy Jim McVittie, HGCA



Courtesy Jim McVittie, HGCA
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Brassica as a good target for Ca and Mg biofortification

Brassica
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Broadley MR et al. 2008. Plant Physiology , 146, 1707-1720



Potential for genetic improvement of  Brassica

Brassica oleracea diversity




Potential for genetic improvement of
mineral content in Brassica

Experiments in glasshouse and field environments (2 002-2007)

~450 diversity accessions sampled:

sabellica (borecole)

italica (broccoli)

botrytis (cauliflower)
capitata (cabbage)
gongylodes (Kohlrabi)
alboglabra (Oriental kale)
sabauda (Savoy cabbage)
gemmifera (Brussels sprout)



Potential for genetic improvement of  Brassica
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Potential for genetic improvement of

Brassica

F, hybrids in field vs glasshouse experiments (2002-2007)...

4 7;/1

Glasshouse experiment

Ca (%DW), R=0.76
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Broadley MR et al. 2008.

Field experiment

Plant Physiology , 146, 1707-1720.
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...Indicates strong genetic component
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to leaf/shoot Ca and Mg



Potential for genetic improvement of

Brassica
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Potential for genetic improvement of  Brassica

Variance Ca Mg
component
Genotype V9% 36.0 BD
[Plext 0.2 4.0
[Plex:/ genotype 1.4 1.1
‘other’ 62.4 57.2

High heritability in AG population (  alboglabra X italica)

Broadley MR et al. 2008. Plant Physiology , 146, 1707-1720.
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Quantitative trait loci (QTL)
for Ca and Mg

Broadley MR et al. 2008. Plant Physiology , 146, 1707-1720.
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Shoot-Ca (%DW)

Shoot-Mg (%DW)

Potential for genetic improvement of  Brassica
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Shoot-Ca (%DW)

Shoot-Mg (%DW)

Potential for genetic improvement of
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Collinear with 106 genes on
Arabidopsis chromosome 5

>

Broadley et al (2008) Plant Physiology 146:1707-1720




Brassica napus diversity set




Shoot or leaf Ca concentration (% DW)

Potential for genetic improvement of

Brassica
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Brassica

Potential for genetic improvement of
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Seed components

endosperm (

— integument( ) seed coat

. >
embryo( )

» Cotyledons
* Hypocotyl
* Root




Modulation of seed size in Brassicaceae

demonstrated by
interploidy crosses in Arabidopsis | demonstrated by thentmutant

Endosperm size Seed size in Arabidopsis
700 mnt

wit

[o2]
o

Number of endosperm nuclei

—p embryo Mean number mnt Wt
1 2 3 4 5 6 integument cells 52 36

. . =P endosperm gm—l
Days After Pollination (DAP) . integument Mean seed weighty 33 17




Monosomic addition lines: a tool to scan the genome for genes
contributing to seed size via parental excess

AA

Crosses:

AA AA + 1C
I :

Compare to AA self

Transmission of 1C chromosome up to 60%,
SO0 can compare single seeds within siliques




Hypomethylation of maternal and paternal genomes

Arabidopsis

» maternal genone decreased methylation : larger seed

 paternal genome decreased methylation : smaller seed
endosperm cellularizes at 4 dap (WT starts at 5 dap)

Rod Scott, U. Bath




EPIGENETICS: Mechanisms that

iInvolve heritable changes in DNA other
than changes in nucleotide sequence



Epigenetic regulation
of Crops

Response to Climate Change
Temperature
Water
Disease

Yield / stability

Quality

+/-



Epigenetic variation:

\

DNA methylation
Histone modification affect chromatin conformation

RNA interference

 Different sites and patterns of DNA methylation

mammals °CG

plants °>CG °CNG °C

e Complex crop genomes more highly and differentially methylated

o Sparse information on distribution of variation
(intra- and inter- genomic)




Chromatin structure

Linker-associated
Histone H1
Histone octomer

/

gene®

nucleosome <

Core, 147 bp - )

DNA
\ Linker DNA
8-200 bp

From Purves et al., (1997)



Chromatin

Euchromatin

less compact and associated
with transcriptional activity

(open)

Brassica oleracea pachytene chromosomes

Image: Sue Armstrong

Heterochromatin

more compact and associated
with silenced regions (closed)




ArabidOpSiS — °MC bisulphite lllumina/Solexa data Cokus et al. 2008
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Cokus et al, 2008



Genome-wide demethylation
In Arabidopsis endosperm

Hsieh et. al., Science 2009




FWA gene: imprinted endosperm development

up-regulated when de-methylated

Arabidopsis

http://neomorph.salk.edu/epigenome.html




Induction and inheritance of epigenetic
variation in Brassica

Hypomethylation: "MCG CG
o 5-azaCytidine (inhibits methyltransferases)

« EMS — methyltransferasel braA.metl.a, braA.metl.b

~ ~
Control (GK070302) 4c ~

metla G/E 0.3/1026b (GK090684)-
m




Induced Epigenetic (demethylation) variation
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B. oleracea




Induced Epigenetic (demethylation) variation
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Fixed in Brassica DH lines following treatment with 5- Control
AzaCytidine




Meiotic inheritance

affecting flowering time, following
initial ‘epi-mutation’ with
5-azacytidine

B. oleracea var. Iitalica
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Days to 1cm inflorescence

Control 1,

DM, from ‘late’ line

DM, from ‘late’ line




Establishing an ‘epi-TILLING’ population

 B. rapa (R-0-18)

» Treat 5-azaCytidine (seed imbibed)

Stephen Amoah




Hypomethylation . effect of 5-AzaC on seed size in B. rapa (R-O-18)
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Nurmber of seeds per silique (7th)

Control

(Control) 0.0IMM  0.1mM  O5mM  10mM  1.5mM
5-AzaC concentration

Stephen Amoah




Targeted mutation (TILLING) of methyltransferase 1

BraA.MET1.a
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F7 + R7 CTTRA

F5+R5

F6 + R6

9041 bp

BraA.MET1.b

F4 + R4

F6 + R6

9864 bp



Where do we want to be?

Predictable models of genome/chromatin to
account for:

Genome X Environment X Development
+

Epigenome

manipulate epi-alleles for
sustainable crop production
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