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Metabolic diversity - a snapshot
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Take-all disease of wheat

The most damaging root
disease of wheat worldwide

*The most widespread and
costly disease problem faced by
UK cereal growers

-Conservative estimate of take-

all associated yield losses in the
UK£85m-£340 m
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Avenacins - Antimicrobial defence
compounds produced by oat (Avena spp.)
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The genes for avenacin synthesis are clustered
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DNA FISH - Gene expression is associated with
chromatin decondensation
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The oat promoters are active in other species
Oat Arabidsis Rice

Medicago truncatula
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Line #21

Line #22

Expression of oat SAD1 in rice leads to f-amyrin
accumulation

TIC EIC 218 TIC EIC 218
oy Ie) To) I3P)
o) o o )
W i H M
o o o o
0 < %) ©

Control

B-A\rl/nyrin B-A\ilnyrin

B-A\i/nyrin A B-Amyrin
T T T T T T lm_l" _—hd A A IJ i
16.5 s 185 195 6.5 s 18s 1. 205 g5 175 185 195 206.5 175 18.5 145 20,5
Time (min) Time (min Time (min) Time (min)
Roots Shoots

Inakagi et al., New Phytologist (2011)



Metabolic engineering for disease resistance

Take-all disease of
wheat
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HyperTrans - A virus-derived system for
protein expression in plants
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Sainsbury F and Lomonossoff G. (2008) Plant Phys. 148:1212



Synthesis of the acyl donor N-methyl
anthraniloyl-O-glucose

Uninfiltrated

Accumulation of N-methyl
anthraniloyl-O-glucose in the vacuole



Functional assembly of a terpene pathway
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- Proof of concept

Accumulation of acylated
terpene in the vacuole



Anthocyanin synthesis - An example of
a dispersed pathway




The thalianol pathway - An example of another
“operon-like" gene cluster
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Assembly of the thalianol and marneral
gene clusters in Arabidopsis
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Chu et al. (2011) Plant J 66:66

Key:

Signature enzymes:

Tailoring enzymes:

- Triterpene synthase |:| CYP85 |:| BAHD acyltransferase
Thalianol gene cluster: [ Class | diterpene synthase ] cvr71 [ :s;:?r:‘:ggggpeptidase-like
Arabidopsis thaliana ( 35 kb)
|:| Class Il diterpene synthase |:| CYP51 - Sugar transferase
_:>_E>_<:'_~_ Tryptophan synthase alpha
|:| homologue |:| CYP99 |:| Methyltransferase
Avenacin gene cluster: B cvp7e [l Denydrogenase
Oat (Avena strigosa) ( 202 kb)
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The number of examples of clustered
secondary metabolic pathways is increasing
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We currently only know about the genomic
organisation of a handful of pathways
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Secondary metabolic gene clusters
- Evolutionary toolkits for chemical innovation

Antibiotic/ foxin production - , _
Aspergillus Host-selective fungal toxins Plant defence compounds



Genome mining for pathway discovery
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Waking up ‘silent’ clusters:
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Synbio - What metabolism has to offer:

» Co-regulated promoter sets off I
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Synbio - What metabolism has to offer:

» Co-regulated promoter sets off I
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* Modular pathway components
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Synbio - What metabolism has to offer:

» Co-regulated promoter sets off I
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* Modular pathway components
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* Refactored/synthetic clusters
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