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Secondary cell walls, consisting of
cellulose, hemicelluloses and lignin,
make up the bulk of wood biomass. It
is therefore expected that dissection of
the molecular mechanisms underlying
secondary wall biosynthesis and its reg-
ulation will be instrumental to unravel
the process of wood formation in tree
species. Wood formation requires the
coordinated activation of genes in the
secondary wall biosynthetic program
that is essential for the biosynthesis and
assembly of wood components. It has
recently been discovered that a group
of poplar (Populus trichocarpa) wood-
associated NAC domain transcription
factors, PtrWNDs, which are functional
orthologs of the Arabidopsis SND1, are
capable of turning on the entire second-
ary wall biosynthetic program when
expressed in Arabidopsis. In addition,
two of the PtrWNDs were found to be
able to activate the promoters of poplar
wood biosynthetic genes and a number
of other poplar wood-associated tran-
scription factors. Further testing reveals
that the promoters of these poplar wood-
associated transcription factors are also
activated by other PtrWNDs. It is there-
fore proposed that PtrWNDs are mas-
ter transcriptional switches regulating a
cascade of downstream transcription fac-
tors and thereby mediate the coordinated
activation of wood biosynthetic genes
during wood formation.

Wood formation is a complex develop-
mental process encompassing the differ-
entiation of the vascular cambium into
secondary xylem mother cells, cell elon-
gation, secondary cell wall deposition,
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programmed cell death, and finally, heart
wood formation (Fig. 1).! At maturity,
wood is mainly composed of the remains
of secondary cell walls, which are a com-
posite structure made of polymers of cel-
lulose, hemicelluloses and lignin. Because
the quality of wood is largely determined
by the amount and the composition of
secondary walls and the orientation of cel-
lulose microfibrils in the secondary walls,
there has been a strong motivation to
unravel the molecular mechanisms under-
lying secondary wall formation in the hope
of genetically modifying wood properties
to better suit our needs.” Because wood
formation requires the highly coordinated
operation of the biosynthetic pathways for
all wood components, it is conceivable that
the expression of their biosynthetic genes
must be coordinately regulated by specific
master transcriptional switches. Discovery
of such switches will provide novel molec-
ular tools to genetically improve wood
quantity and quality. The recent report
by Zhong et al.? indicates that a group of
wood-associated NAC domain transcrip-
tion factors, PtrWNDs, are likely such
master transcriptional switches involved
in the coordinated activation of secondary
wall biosynthetic genes during wood for-
mation in poplar (Populus trichocarpa).
PtrWNDs are homologs of a group of
closely related Arabidopsis (Arabidopsis
thaliana) NAC domain transcription fac-
tors, including SND1, NSTs and VNDs,
which have been shown to be master
switches activating the biosynthetic path-
way of cellulose, xylan and lignin during
secondary wall formation.** PerWNDs
are highly expressed in developing sec-
ondary xylem cells, including vessels,
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Figure 1. Complexity of wood structure. (A) Cross section of a stem of poplar (Populus
trichocarpa) showing the differentiation of vascular cambium (vc) into secondary xylem (wood)
cells, including vessels (ve), xylary fibers (xf) and ray parenchyma cells (rp). Note the gradient in
the degree of secondary wall thickness from developing to mature secondary xylem. (B) Transmis-
sion electron micrograph of secondary walls of the mature secondary xylem of poplar.

xylary fibers and ray parenchyma cells,
which is consistent with their possible
involvement in wood formation. When
expressed in the Arabidopsis sndl nst]
double mutant, PtrWNDs can effectively
rescue the secondary wall defects caused
by the loss of SND1 and NST1, indicating
that PtrWNDs are functional orthologs of
SND1 and NSTT.

Overexpression of PuWND2 and
PurWNDG in Arabidopsis leads to the
activation of secondary wall biosynthetic
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genes and a concomitant ectopic deposi-
tion of secondary walls. Their overex-
pression in Arabidopsis also results in an
upregulation in the expression of SNDI1-
regulated downstream transcription fac-
tors.*® Furthermore, it was demonstrated
that PerWND2 and PerWNDG6 were able
to activate the promoters of poplar wood
biosynthetic genes and a number of pop-
lar wood-associated transcription factors.
These results indicate that similar to the
Arabidopsis SNDI, the poplar PtrWNDs
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might mediate a transcriptional network
regulating wood formation. This hypoth-
esis is further supported by the fact that
in addition to PerWND2 and PerWNDG,
other PerWNDs are also capable of acti-
vating the promoters of the poplar wood-
associated transcription factors that are
close homologs of Arabidopsis SNDI-
regulated transcription factors (Fig. 2).
Taken together, these findings suggest
that PerWNDs are master transcriptional
switches regulating a cascade of other tran-
scription factors, which leads to activation
of wood biosynthetic genes and thereby
wood formation.

The finding that PerWNDs regulate
the expression of other wood-associated
transcription factors opens a new avenue
in dissecting the molecular mechanisms
underlying the transcriptional regulation
of wood formation. In will be imperative
to identify all the players in the PerWND-
mediated transcriptional network, inves-
tigate their inter-relationships, and finally
unravel how the combinatorial activities
of these transcriptional factors activate
wood biosynthetic genes. A number of
wood-associated transcription factors have
previously been identified in several tree
species and some of them are implicated in
the regulation of lignin biosynthesis.'**°
The identification of PerWNDs as poten-
tial master transcriptional switches of
wood formation will aid in the functional
characterization of these wood-associated
transcription factors by testing whether
they are downstream targets of PtrWND
orthologs in different tree species.

The study of PurWNDs provides
genetic evidence indicating that the
molecular mechanisms underlying the
transcriptional regulation of second-
ary wall biosynthesis is evolutionarily
conserved between the herbaceous
Arabidopsis and woody tree species.
PtrWND homologs exist in a number
of other tree species, such as eucalyptus,
pine and spruce, and it is likely that they
are also master transcriptional regulators
of wood formation. Because wood is such
an important raw material for a myriad
of industrial uses and a potential source
for biofuel production, it is imperative
to unravel the transcriptional network
regulating wood formation. The knowl-
edge gained from such studies may help
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Figure 2. PtrWNDs are capable of activating the promoters of a number of poplar wood-associated transcription factors. (A) Diagram of the effector
constructs consisting of the full-length cDNA of PtrWNDs driven by the CaMV 35S promoter. NosT, nopaline synthase terminator. (B) Diagram of the
GUS reporter constructs driven by the 2-kb promoters of poplar transcription factor genes. (C) Transactivation analysis showing the PtrVWWNDs-activated
expression of the GUS reporter gene driven by the promoters of poplar transcription factor genes. Poplar transcription factors are listed together with
their corresponding Arabidopsis secondary wall-associated transcription factors regulated by SNDI. The effector and reporter constructs were co-
transfected into Arabidopsis protoplasts for the activation analysis.> The GUS activity in protoplasts transfected with the reporter construct alone was
used as a control and was set to |. Error bars represent the SE of three biological replicates. (D) Wood-associated expression of the poplar transcription
factors used in this study based on the PopGenExpress transcript abundance data.” The expression level of each gene in the seedlings was taken as |.

us design novel strategies to genetically
modify wood properties in tree species.
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