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� Added value in agricultural production

chains

� Tools for breeding and selection 

� Superior varieties with improved traits

� Optimisation of production processes

Plant Research International

� In collaboration with partners
in the production chain



Fibre research

� Flax
� biotechnology

� Hemp
� breeding programme
� Chamaeleon
� biotechnology 



Fibre quality

� Fineness
� Filling of the lumen 
� Chemical composition

� Decortication
� Splitablity
� Colour

� Bottom to top difference

Photo: IAF Reutlingen



Fibre quality

� Fineness
� Filling of the lumen 
� Chemical composition

� Splitablity
� Decortication
� Colour

� Bottom to top difference

� Growth of the plant

� Development of cell wall
� cellulose deposition
� lignin/pectin deposition
� modification of compounds

� Green to Yellow transition

Plant development



A model of the cell wall 

from: Carpita & Gibeaut 1993



Research to fibre quality

� Follow development in time
� (Bio)chemical composition
� Morphology
� Gene expression

� Quality parameters
� Yield
� Decortication behaviour
� Fibre fineness



Development
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Sampling

� Varieties:
� Chamaeleon
� Felina 34
� Kompolti TC
� Green sibling

� 7 developmental stages

� Top/ Middle / Bottom

� Core/Bast
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Chemical results

� Main difference
� Core and bast
� Developmental stages

� Little variation between varieties



Gene expression

� cDNA microarrays
� follow gene expression during development

� Random sequencing 
� Select 1300 cDNAs (expressed genes)
� Determine base sequence 
� Compare with database



Gene expression

� cDNA microarrays
� follow gene expression during development

� Random sequencing 
� Select 1300 cDNAs (expressed genes)
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cDNA isolation

0 1 2 3 4 5 6 7



Random Sequencing

Unknown protein

High homology

Low homology

76%

18%

6%
� Cellulose biosynthesis

� Cellulose synthase catalytic subunit

� Secondary xylem cellulose synthase
� Sucrose synthase

� Hemicellulose biosynthesis
� a-L-arabinofuranosidase
� Xyloglucan endotransglycosylase

� Endo-xyloglucan transferase
� Beta-mannosidase

� Beta-galactosidase



Random sequencing
� Pectin biosynthesis

� Pectin esterase

� Pectin acetyl transferase

� Pectin methyl esterase
� Polygalacturonase

� Lignin biosynthesis
� Phenylalanine ammonium lyase

� 4-Coumarate:CoA ligase

� Caffeic-O-methyltransferae
� Cinnamoyl-CoA-reductase

� Caffeoyl-CoA 3-O-
methyltransferase

� Cell wall proteins
� Proline rich proteins

� Arabinogalactan proteins

� Expansin
� Extensin

� Actin

� 14-3-3 protein
� Laccase

� Modifying enzymes
� Endo-1,4-b-D-glucanase

� Endo-1,3-1,4-b-D-glucanase

� b-galactosidase
� Cellulase

� b- 1,3-glucanase



cDNA microarray

� Compare gene expression
� Between varieties
� Between core and bast
� During development in time
� In specific areas?



cDNA Microarray 

� 2 500 clones
� 1 300 sequenced clones
� 1 200 randomly picked clones

� Hybridise with different developmental stages

� Analyse results



Chlorophyll



cDNA isolation
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Chlorophyll intensity
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Chlorophyll a/b binding protein
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chlorophyll a/b-binding protein
63 77 84 91 98 11
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photosystem I chain II precursor - cucumber
RNA LARIAT DEBRANCHING ENZYME

photosystem I complex 20K protein precursor - cucumber
subtilisin-like proteinase (EC 3.4.21.-) - Arabidopsis thaliana
chlorophyll a/b-binding protein type I precursor - tomato

unknown protein
photosystem II protein psbW - spinach
chlorophyll a/b-binding protein CP24 precursor .
imbibition protein homolog [Arabidopsis thaliana]/raffinose.
putative alpha-L-arabinofuranosidase.
lipid transfer protein precursor
hypothetical protein TC0114
chlorophyll a/b-binding protein (cab-11)

unkown

unkown

unkown

unkown

unkown

unkown



chlorophyll a/b-binding protein
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chlorophyll a/b-binding protein
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Chlorophyll intensity
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chlorophyll a/b-binding protein
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chlorophyll a/b-binding protein 3 precursor - soybean

chlorophyll a/b-binding protein [Fagus crenata]

chlorophyll a/b-binding protein [Fagus crenata]

chlorophyll a/b-binding protein 3 precursor - soybean
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photosystem II type I chlorophyll a/b-binding protein.

chlorophyll a/b-binding protein type I precursor Lhb1B1 Arabidopsis thaliana

chlorophyll a/b-binding protein 3 precursor - soybean
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Lignin content
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Lignin biosynthesis pathway



Lignin biosynthesis
63 77 84 91 98 11
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CAFFEOYL-COA O-METHYLTRANSFERASE (CCOAMT)

caffeoyl-CoA 3-O-methyltransferase (lignin biosynthesis)



Lignin biosynthesis
63 77 84 91 98 11
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F15P23.3 gene product [Arabidopsis thaliana]
protein phosphatase 2C-like protein - Arabidopsis thaliana
6-PHOSPHOGLUCONATE DEHYDROGENASE

hypothetical protein F18F4.50 - Arabidopsis thaliana
annexin-like protein [Medicago sativa]

CAFFEOYL-COA O-METHYLTRANSFERASE (CCOAMT)
phospho-2-dehydro-3-deoxyheptonate aldolase.

manganese-superoxide dismutase precursor
caffeoyl-CoA 3-O-methyltransferase (lignin biosynthesis)
serine/threonine kinase-like protein [Arabidopsis thaliana]
hypothetical protein F27K19.140 - Arabidopsis thaliana

transcriptional regulator, putative



Improved fibre plants

� 2 500 genes !

� Relate genes to fibre quality
� cellulose
� lignin
� decorticiation
� fineness



Analysis of the data

� Combine data obtained from:
� (bio)chemical analysis
� gene expression
� quality parameters

� Identify genes involved in fibre development

� Analyse gene effects in more detail



Functional genomics

� Develop a transformation protocol
� regeneration
� transformation

� Transform selected genes
� analyse transgenic plants



Functional genomics

� Develop a transformation protocol
� regeneration
� transformation

� Transform selected genes
� analyse transgenic plants



Regeneration 



Regeneration



Transformation

� Transfer DNA to hemp using 
Agrobacterium transformation protocol

� hypocotyl protocol
� meristem protocol

� Regeneration



Transformation

� Transfer DNA to hemp using 
Agrobacterium transformation protocol

� hypocotyl protocol
� meristem protocol

� Regeneration

� GUS staining



Transformation

transgenic                                       control



Conclusions

� hemp DNA microarray
� allows gene expression studies

� hemp transformation
� allows gene function analysis

� Integration of results
� allows to identify key factors in fibre quality 
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