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Why work on trees?

Trees present unique biological questions
-Perennial
-Late flowering

-Juvenile to maturity transitions

-wood formation

Exports and imports
of some product groups 2004

Forest industry products | =

Cars, car parts

Electronic goods, computers

Other engineering products

Energy goods

Iron-ore, iron and steel
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Other chemical products | m Exports

= Imports

Total exports 901 billions,
imports 730 billion SEK
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Leading exporters
of pulp, paper and sawn timber 2004

Paper,mil tonnes
Pulp,mil tonnes Sawn timber, mil m3
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us
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Germany
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Brazil

Source; Swedish Forest Industries Federation, CEPI, PPI, National Associations

Some figures are preliminary

Source: Statistics Sweden

Why work on trees?

-An important source for biomass

-Environmentally friendly source of biomass

However trees need to be domesticated
and improved!!!!




Addressing the yield gap in energy poplar — more biomass on
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Functional genomics technologies

Bioinformatic group

Databases:

- Populus DB -EST sequences
UPSC Transcript profiles
UPSC Metabolic profiles
- The new mulilayered database
for this programme

Metabolomies
Transgene facility

The Agricultural development:
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¥ revolution *
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Poplar-A tree model

Rapid growth

Genetic maps available

Facile transformation

Sequencing

EST sequencing « ﬁﬁﬁﬁq
Our effort on Populus tremula x tremuloides )

We have produced 158 000 EST sequences
from 20 cDNA libraries

5000 full length inserts

Our effort in other species: Salix: 5000 ESTs




Construction of EST
datahase e

PopulusDB
UPSC sLu
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Welcome to PopulusDB

Evaluation of annotation programs for Populus sequences
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Eugene, Genemark.hmm, GlimmerA, GlimmerR,
Fgenesh.dicot, Fgenesh.monocot

-> Annotate poplar genes from GenBank ->Fgenesh.monocot

Development of microarrrays

DNA micro arrays

Poplar array 1 3 000 sequences
Poplar array 2 13 000 sequences
Poplar array 3 25 000 sequences (currently used)

CATMA Arabidopsis array 25 000 sequences

'ranscript profifing
database

Storage of microarray data

Cross experiment comparisons

Genetical-genomics type comparisons

- BASE details

= \leb-based, i.e. everything is
controlled using your
favorite web-browser

Creates MIAME-compliant data and can
export MAGE-ML objects for easy
deposition to (other) public databases
Can handle 2-channel data as well as
Affymetrix data but is primarily

= designed for the former

Runs entirely on free and open-source
software.

- The UPSC installation

-Experiment data can be loaded batch-wise
instead of per-slide import

-Search tool that searches all analyzed
data matching certain value (M, A or R/G)
criteria and reporter criteria

-Create "analysis packages® which run a
pre-defined set of plug-ins (such as
array visualization followed by
normalization, etc.)




UPSC-BASE

Transcript profiling data from:

-Poplar-cDNA arrays

-Arabidopsis-GST arrrays (CATMA)

More than 100 users

Data from more than 3000 hybridisati

A Expression Roadmap to Wood

Bark Phloem Cambium Xylem

Division Expansion 2nd cell-wall form. PCD

Understanding the molecular basis of vascular development

Juvenile wood .
*Wood production

«Cell types

Fiber morphology
*Wall Chemistry
eand structure

Internal
regulation

Annual ring
variation

Mature wood
Reaction wood

Environmental
cues

L a1y wood/
» Late wood

Sampling procedure for obtaining single cell layers

Transverse Section

Functional analysis of
candidate genes

-Use of Arabidopsis as a test bed

-Large scale RNAi based knockdown

-Large scale overexpression of transcription factors

Collaboration with industrial partner: SweTree Technologies
www.swetree.com




Differential expression patterns

Advantages of using Arabidopsis as a model system

Arabidopsis as a tree model?

Rapid lifecycle

Easy to transform

Cell division e
Expansion

Fully sequenced E'H‘my [ —

Genetic analysis

. Arabidopsis
Characterised mutants Arabidopsis grown under short day
conditions exhibits secondary thickening
and fiber formation. Chaffey et a/(2002)

Orthology between Arabidbpsis and Poplar genes T

Phenotype of Atext-L1 (exostose-related protein)
Wisc Ds Lox

BlastX Arabidopsis
targets - up to 3
orthologues (e1°)

SAIL T-DNA Salk T-DNA  Salk T-DNA

IH?

Mutant identification

and characterisation Insilico screen
for knockouts -
SALK, SAIL, CSHL

Phenotypic
screen of
Arabidopsis
knockouts

Atext-L1

Alan Ma

Identification of genes involved in regulating growth
and wood properties using RNAi

The ELD1 knock-out mutant

o Secondary
Celldivision  Elongation  wall formation Cell death

Plants grown 1 month




Gene selection

« Genes that have a clearly
differential expression during
wood development.

+ Genes involved in
« Cell wall chemistry
« Fiber dimensions
« Growth

ABcoER

Results

— 40% Of the total number of genes analysed have
phenotypes

— This can be due to our pre selection of the genes
to be tested

— the Knockdown technology (RNAI) can knock
down close gene family members.

@ SWETREE TECHNOLOGIES

MH

Analysis of transgenic poplar plants
-Funcwood Explorer package

‘ PLANT H WOOD ‘ ‘ WALL H RIBERIAGRER
GROWTH | [STRUCTURE| |CHEMISTRY | | AndPRODUCTS

Bulk analysis - Spectroscopy Chemical Analysis
Kajaani NIR Lignin
Metric mesurement || FibreAnalysis FT-IR Sugar
Pyrolysis-MS Extractives

Specific analysis/ 1st level

X-ray
Wood density

Small size pulping
Metabolomics Yield, Kappa,
Viscosity, Brightness
Pyrolysis GC-M% (Handsheet properties)
—= - Pulping- Bleaching
Specific analysis/2nd level Handsheet properties
SEM/TEM Printability
microscopy Benchmarking
Product fit

Manual fibre
mesurement

Growth increase of 26-33% obtained

Heghtverss dameter - st

1 Gmn Heightersus damoter

fromm—

[ —————

Fiber length increase of 40-48%

KRAT2Rp1
Fiber Length (mm)

Fiber Width (ym)

KReT2Rp1-1A

Plants with high growth not necessarily have longer fibres

Chemistry -Lignin levels reduced by 15-20%

Lignin KR165

Lignin KR183

100 sl diam




factors

Selection of candidate transcription factors

Bioinformatics for defining transcription factors

STieEGvse:

osest homoloy
identity/49% s

Design of primers and amplification

Plant transformation and downstream analysis

Single amino acid alters the function of transcription factor Selection of relevant transcription
So what is the true homolog? factors
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: 13 AMPSRGSEGEGFSHRRP NS K NGB 316

: 27 (BE SVERCERRRAVSLEVRTARKEE S0 » Array based selection of candidates
QBEBVEACERRN -DINM-LEHY L \AH+RREE
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* Prior knowledge based selection of
candidates

Bioinformatics for analysis of Generation of full length cDNA
transcription factors

Candidate gene— EST clone

5% and 3" sequence

Analysis of expression patterns-UPSC Base | Btasth Goptar 08)

Identify gene model
| BlastP (arabidopsis DB)
Verify gene model

Tracking of physical EST clone-UPSC POPDB

Incorrect gene model Correct gene model

Analysis of EST for defining full length cDNA

Generate correct, ldentify EST clone with
gene model full length insert
for amplification

Design of primers for cloning

Use first strand cDNA




Amplification of insert fragments

Over 95% success rate
in first pass

Confirmation of insert
via sequencing

POPTFdb: poptf.db.umu.se

ard naacel




How do you select genes for
functional analysis?

» 45-55 thousand open reading frames

* c. a. 4000 transcription factors

Identification of transcriptional networks Identifying transcriptional networks

Genes giving increased growth in Hybrid aspen. Increased wood biomass

GMO [ Control ratios Dry weight wood
b 130% increase of
= wood dry biomass
22 compared to wt
2 e controls
13 M Height zé
m Diamstar 500
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12 000
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Increased height growth rates (cm/day)

Gene E- max height growth rate

Height Growth rate (cm/day)
g

GeneErp2-18 GeneErp2-38 wt-T89
[ Crowtn rate 3% | am [ s [ om

This gene gives an 50% increased
growth rate when over expressed

The Agricultural development:

3000-4000
years ago

# Domestication
l * Breeding *
: revolution"
1980 f"""" -

:’;
3
i
5

By
T
L
¥
I
&

fo e s
¢ Biotech #
# revolution ¥
Papipiam

35S::FT transgenic aspens are extremely early
flowering!

Flowers 4 weeks after transformation!!!

35S::FT transgenic aspens produce catkins

6 month old plants

35S::FT transgenic aspens

Normal flowers after 6 months

35S::FT Catkin

.r-

35S::FT Male flower
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