
Xylan biosynthesis and 
modification in poplar

Ewa Mellerowicz
Umea Plant Science Center, Sweden

UPSC



Xylan is the 3d most abundant 
biopolymer on Earth

Poplar wood

Pectin and 
xyloglucan

3%

Glucomannan 
5%

Cellulose
45%

Xylan
23%

Lignin 
20%

Simson and Timell, 1978



(4-O-Methylglucurono)-xylan
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Xylan-Lignin connections
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Xylan biosynthesis in dicots
Sucrose

UDP-glucose

1,4 beta xylan

Glucurono-xylan

Acetylated 
glucurono-xylan

Glucose 1-P

Sucrose Synthase UGP

UDPG dehydrogenase

UDPGlcA decarboxylase

UDP-GlcA

GlcA

GlcA-1-P

Myo-inositol
Inositol oxygenase

GluA kinase

UDP-GluA pyrophorphorylase

?  Xylan synthase EC 2.4.2.24

? acetyl xylan transferase

? UDP-a-GlcA xylan trasferase

UDP-xylose



Analysis of poplar CAZyme 
genome with Bernard 

Henrissat et al.
• Poplar genome contains over 1600 

carbohydrate active enzyme (CAZyme) genes
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Geisler-Lee, et al, Plant Physiol. 2006



ESTs
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Expressed genes
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Celldivision      Expansion     Secondary      Cell death
wall formation

Primary walls Secondary walls

D-zone upregulated CAZyme genes 
in poplar

A B C D E

34 genes
Aspeborg et al., Plant Physiol. (2005) 137: 983



Using tension wood 
transcriptomics data to identify  

xylan biosynthetic genes

27 highly expressed 
CAZyme genes 
were downregulated
in TW

Andersson-Gunnerås et al., Plant J (2006)

Micrograph by K. Pickering and  J. R. Barnett



Bioinformatics approach to 
find xylan-biosynthetic genes 

in Arabidopsis
Brown et al., Plant Cell (2005) 17: 2281.

Genes co-regulated with irx3



Novel irx mutants with reduced 
xylan content identified
irx7 irx8                      irx9

Brown et al., Plant Cell (2005) 17: 2281



Fiber cell wall defectIrregular Xylem Phenotype



fra8 is deficient in xylan and cellulose

…and specifically 
affected in non-

methylesterified GlcA

Zhong et al., Plant Cell (2005) 17: 3390



Sub-branch I of sub-family A of 
GT47

FRA8

PttGT47A

PttGT47A-2

PttGT47D

PttGT47C

NpGUT1



PLANT 
GROWTH

WOOD 
STRUCTURE

WALL 
CHEMISTRY

Metric measurement

SEM/TEM 
microscopy

Bulk analysis

Specific analysis/ 1st level

Manual fibre
measurements

NIR
FT-IR
Pyrolysis

X-ray
Wood density

Transcript profiling

NMR
Specific analysis/2nd level

FIBER, PAPER 
And PRODUCTS

Chemical Analysis
Lignin
Sugar

Extractives

Small size pulping
Yield, Kappa,

Viscosity, Brightness
Handsheet properties

Pulping- Bleaching
Papersheet properties

Printability
Benchmarking

Product fit

Kajaani 
FibreAnalysis

Metabolomics

13 CAZyme genes included in 
SweTreeTechnologies functional screening 

program



Functional studies of putative 
endoxylanase PttXyn10A in 

poplar

Junko Takahashi, Tatsuya Awano, Åsa Kallas, Joanna 
Lesniewska, Anne Gouget, Fredrik Berthold, Tuula T. 
Teeri, Björn Sundberg, and Ewa J. Mellerowicz. In prep.



PttXyn10 is highly expressed in developing xylem
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A. thaliana and Populus trichocarpa GH10genes

PtXyn10F

PtXyn10E

PtXyn10D

AtXyn4 At2g14690 
AtXyn5 At4g33810 At4g33820

PtXyn10B

AtXyn2 At1g10050 

PtXyn10A

AtXyn1 At1g58370 

AtXyn3 At4g08160 
PtXyn10G

At4g38300
At4g38650 PtXyn10C

At4g33850
At4g33830

At4g33840

At4g33860

Geisler-Lee et al., Plant Physiol (2006)



Structure of PttXyn10

CBDa CBDb CBDc Catalytic Domain

3001148 645 664 1140

1120 1134 17801756

1183 1668 24311672 2463

166aa 159aa 162aa 383aa

28201

1641 3001

Antisense

Glycosyl hydrolase family 10
Active site

Primer for RT-PCR



mRNA Expression 
by RT-PCR 

mRNA Expression 
by RT-PCR 

Primer:Competimer=2:8Primer:Competimer=2:8
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Antisense Xyn10 lines have shorter and thinner fibers

R=0.63 R=0.80

But no effect on vessel elements



Wood carbohydrates, g/100g dw
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Klason lignin
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Transcriptome of antisense plants by 25K poplar 
EST array

Line 2 Line 32
Line 2

WT 

Line 32

• Downregulation of genes 
associated with cellulose 
biosynthesis:
– AGP FLA12,
– COBRA-like
– fructokinase

• No effect on monolignol 
biosynthetic genes



Antisense Xyn10A -
Conclusions:

• Xyn10A, putative xylanase, is involved in the 
regulation of xylan content

• Xylan content regulates fiber growth but does 
not affect vessel growth

• Xyn10A regulates carbohydrate wall 
composition perhaps by regulating xylan 
recycling: downregulation of Xyn10A inhibits 
cellulose biosynthesis

• Xylan amount correlates with lignin content



Future plans:

• Overexpression of Xyn10A in poplar

• Functional studies of candidate xylan 
biosynthetic/modifying genes in poplar 
to affect xylan content and xylan 
composition 



Other ongoing projects
• Cellulases in wood development (Junko 

Takahashi PhD student)
• XTH genes expressed in wood (Dr. Alicja 

Banasiak, Dr. Satoshi Endo)
• Screening for genes involved in the onset of 

secondary wall formation (Dr. Satoshi Endo)
• Role of PME in wood development (David 

Öhman MSc student, Dr. Joanna 
Lesniewska)
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