
Physcomitrella patens: 

A model system for studying disease 

susceptibility and the plant cell wall

Michael Lawton

Biotech Center

Rutgers University

FAPESP Cellulosic Workshop Sept 2008



Å Joe Varner was right ïeverything leads back to the cell wall

Å We need to understanding the basics (Goldemberg, Buckeridge)

Å 10% of Genome devoted to the cell wall ïmany, many of these genes are of 
unknown function (Carpita)

Å The regulation of genes is not always predictable (Carpita, VIGS)

Å There are many, many candidate genes ócoming down the pikeô (Souza) whose 
effects on the cell wall (and on other traits) need to be tested in vivo (Carrer).  

Å There is a pressing need for functional methods that allow the effects of 
mutating and altering large numbers of genes to be tested in vivo. 
ï Must be efficient and rapid

ï Allow genes to be added, removed and altered

ï Biologically relevant

Å Physcomitrella ïa rapid assay system for functional genomics
ï Applications to study disease

ï Applications to study the cell wall

Talking Points



Dry death of sugarcane

Associated with 

Fusarium subglutinans

Fusarium spp.

Pythium spp.

Colletotrichum spp. 

Meloidogyne spp. 

[Botanic Gardens Trust

NSW Australia

Red Rot Disease

caused by Colletotrichum falcatum

[Sugarcane Breeding Station, Coimbatore, India]
sugarcane-breeding.tn.nic.in/pathology.htm

Chilo terrenellus Diatraea saccharalis

Stem Borers

insects.tamu.edu/extension/bulletins/mp-1777.html

Why is disease important?  Yield Loss

http://sugarcane-breeding.tn.nic.in/pathology.htm
http://sugarcane-breeding.tn.nic.in/pathology.htm
http://sugarcane-breeding.tn.nic.in/pathology.htm
http://insects.tamu.edu/extension/bulletins/mp-1777.html
http://insects.tamu.edu/extension/bulletins/mp-1777.html
http://insects.tamu.edu/extension/bulletins/mp-1777.html


Vorwerk S, Somerville S, Somerville C. (2004) 

The role of plant cell wall polysaccharide composition in disease 

resistance. Trends Plant Sci. 9(4):203-9

Buchanan, Gruissem, Jones

Role of the Cell Wall in Resistance and Susceptibility



ÅPathogens are an important source of cell wall-
degrading enzymes

ÅCell Wall is an important barrier to infection

ÅCell Wall can also actively contribute to disease 
resistance (cross-linking, peroxidases, secreted proteins)

ÅExposure to pathogens can reveal the underlying 
biological functions of cell wall genes ïassay system

ÅMolecular genetics provides a direct approach to modify 
the plant cell wall to prevent disease in the field and 
enhance post-harvest processing for biofuels

Disease and the Plant Cell Wall



The Cell Wall is a Battleground

Plant

Pathogen

FungusBacterium

TTSS Lytic 

EnzymesVirulence 

Effectors

Toxins etc.

Good Molecular Genetics?

Good Molecular Genetics?

Nucleus

Physcomitrella patens

Plant Cell Wall



Grows like yeast but is a multicellular plant

Haploid gametophyte dominates life cycle

Genome size: 511Mbp; 27 chromosomes

Genome sequence completed in 2007

Functional conservation with higher plants 

and yeast

Undergoes high efficiency homologous 

recombination

Targeted gene replacement for knockout or 

site-specific mutation etc.

What is Physcomitrella patens?  

Model system for 

functional genomics

ÅDisease, Cell Death, Cell Wall



Physcomitrella Patens Lifecycle

Spore germination Protonemal Growth Chloronema Caulonema



Physcomitrella Patens Lifecycle

Bud cell development Colony Growth Gametophore



Physcomitrella Patens Lifecycle

Spore CapsuleGametophore 

with rhizoids

U:  Antheridia

L:  Archegonia



Plant Physiol, December 2001, Vol. 127, pp. 1430-1438 

The Moss Physcomitrella patens, Now and Then.  Didier G. Schaefer and Jean-Pierre Zr ÿd 

Haploid Phase Dominates: Reveals Mutant Phenotypes



A B CGenomic DNA

ATG TAA

Double homologous recombination

D

NeoB C

A

ATG

////
TAA

DNeoB C

lox lox

A

ATG TAA

DB C

Possible reversion of targeted gene 

following site-specific recombination

3-10% reversion to Neos

following transient 

expression of CRE 

recombinase

Result: gene disruption 

by allele replacement

B

B wild type sequence

mutant sequence

Lox site

Neo Selectable marker

Gene knockout by homologous recombination



Efficiency (GT/GT+IR):  4% (.5kb) up to 100% (2-4 kb) in Physco

0.005-0.1% in other plants

95% in S. cerevisae

1-30% in N. crassa

0.1-1% in mouse ES cells

Efficiency/ug DNA: 0.5 to 30 (size dependent) in Physco

0.001-0.02 in other plants

1-10 in yeast, A. nidulans

Efficiency/living cell 10-3 to 10-4 (size dependent) in Physco

10-6 in other plants

10-4 in mouse ES cells 

10-5 in Dictyostelium

Recombination rates in Physcomitrella



ÅEfficient Gene Targeting increases capacity to address 

gene function through the creation of mutant plants

ÅExamine relationship between genotype and phenotype

ÅHigh Efficiency means you can afford to be wrong, much 

of the timeé

Åéas long as you are right, occasionally 

Åi.e. Hit Rate is acceptable

Physcomitrella Functional Genomics
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Infection Assay of Gene Knockout Plants

[ƻǘǎ ƻŦ ΨŦŀƛƭǳǊŜǎΩ ςyou need a high capacity system in order to select those rare genes that do 
confer resistance. 



Working hypothesis:
That some, and perhaps many of the 
cellular mechanisms involved in the 
expression of disease resistance and 
susceptibility are shared between 
mosses and angiosperms.

functional comparison

Physcomitrella Crop Plants

άtƘȅǎŎƻǇŀǘƘƻƭƻƎȅέ



The Cell Wall is a Battleground

Fungus

Lytic 

Enzymes

Virulence Effectors

Toxins etc.

Nucleus

Fusarium 

graminearum

Physcomitrella patens

Plant Cell Wall



Å Fusarium spp. cause disease in many other important 

crops

Å Fusarium infection of wheat and barley and 

contamination with tricothecene mycotoxins (DON, 

DAS etc) is a health concern for humans and animals 

and an economic problem for farmers and 

processors.  

Å Excellent genetic and molecular resources are 

available for Fusarium (sequenced genome, gene 

knockouts)

Fusarium graminearum
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SymptomsFusarium-GFP

Infection of Physcomitrella by Fusarium graminearum
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Infection of Physcomitrella by Fusarium graminearum

Thanks to Stephan Rensing and the Biozentrum, 

Basel for cryo em images



0h 24h 48h 72h

DAS

DON

ZON

T-2

Physcomitrella is sensitive to Fusarium mycotoxins


