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Crop improvement  

•  Trait-based selection is forward genetics the classical 
process for crop improvement- extremely powerful when 
used in association with genomics- genome wide 
association mapping- WP2 

•  Gene-based screening- requires knowledge of the 
association between a specific gene and a trait- provides 
a highly targeted way to reach a desired end- sometimes 
called reverse genetics- WP1 

•  Both are non-GM approaches to reach desired ends 
rapidly and efficiently. Non-GM does not risk public 
acceptance or costly registration issues 
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Requirements for heteroduplex 
mapping 

•  Good mutant population-High levels of mutations 
in plants- required to limit the numbers of plants 
to be screened- we use chemical mutagenesis to 
increase mutational load in the screening 
population 

•  Choice of gene linked to trait of interest -Good 
knowledge base regarding the genetic 
components underpinning traits of interest 

•  Information on chosen hemp gene target- Good 
gene sequence and expression database from 
which to identify target genes 
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Traits for engineering by reverse genetics- 
choosing genes for targeting 

•  Change fatty acid content in seeds for industrial 
applications  

•  Lower lignification of fibre- lignin decreases fibre quality 
and makes decortication harder  

•  Decrease cell to cell adhesion of fibre to other tissues to 
improve decortication  

•  Increase fibre surface charge to improve chemical 
reactivity with resins and dyes  

•  In theory- can target essential oil profiles but not in this 
project at present 
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cDNA Libraries – target gene mining 

•  RNA extraction, cDNA synthesis,  cDNA library generation 
•  454 pyrosequencing, ~2,000,000 EST sequences 
•  Assembled into 26,783 gene sequences 
  
•  Identify best hemp orthologues for each target gene 
•  Analyse relative expression of genes of interest between libraries 
  
•  Confirm in silico expression data by quantitative PCR 
•  Confirm activity of target gene product  
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Heteroduplex mapping 



BIOLOGY TO BENEFIT SOCIETY BIOLOGY TO BENEFIT SOCIETY 

Breeding & back crossing 

Field trialing 

Reverse genetic screening 

Selection of promising mutants 

Experimental work flow for development of new hemp varieties 

Trait characterisation 

Mutagenised screening 
population 

Gene target discovery 
& validation 
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• cds12a-1 (Q167*) 
  
•  csd12a-2 (P218L/P375L) 

•  high levels of oleic acid (9%         77%) at expense of PUFAs (>80%         14%)  

•  cds12a-1 and csd12a-2 starting point for development of high-oleic acid hemp cultivars  

5’ 3’

C499T
Q167*
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C499T
Q167*
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C653T
P218L

C1124T
P375L

5’ 3’
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cds12a-1 and csd12a-2  are functional knockout alleles  
of Δ12 desaturase resulting in high-oleic acid phenotype  

Fatty acid composition of the seed lipids from seeds segregating allele csd12a-1 
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Summary & Outlook 

α�

γ�

oleic acid 

linoleic acid 

γ-linolenic acid 

Finola 

High oleic acid/ 
low PUFA 

High linoleic acid/ 
low α-linolenic acid 
 

High γ-linolenic acid 
 

•  advanced development of three novel types of hemp seed oil cultivars  

•  further characterisation of mutants/oils 
•  field trials with ‘1. phase cultivars’  
•  use double mutants to generate further optimised ‘2. phase cultivars’ 
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Reducing lignification of fibres 
•  Fibre lignification is 

temporarily separated 
from other stem 
tissues- may be 
specific genes involved 

•  Work in other species 
shows CAD5 is best 
target for making more 
extractable lignin 

•  Identified  hemp CAD5 
orthologues expressed 
in older tissues in 
fibres 
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Reducing fibre adhesion 
•  Fibres joined to one another and surrounding tissues 

through middle lamella 
•  Middle lamella glue is essentially pectin- 

polygalacturonic acid that forms charge-based 
crosslinks that make up glue 

•  Polygalacturonic acid is secreted from cells with most 
charges masked by methyl esters on the carboxyl 
groups 

•  Charges are revealed by removal of methyl esters by 
pectin methyl esterase enzymes leading to increased 
adhesion 

•  Target knockout in fibre-specific pectin methyl 
esterase genes 
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Supercritical CO2 extraction of whole hemp stem 
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Distribution of myrcene in hemp oil and 
flavour and fragrance applications 

Essential oils from hemp 

•  Shortly begin scCO2 extraction of flower and seed heads from the 
2012 field trial of Finola and new high oleic acid variety 

•  Aim to scale up to allow industrial evaluation 
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