
Identification and propagation of novel value-added 
hardwood varieties 

 
Project number:  Y062183 
Forestry Science Program  

Final report, 2007 
 

Jim Mattsson 
Department of Biological Sciences, Simon Fraser University 

8888 University Drive, Burnaby BC, V5A 1S6 
Mattsson@sfu.ca 

 
Abstract 
 
With the globalization of lumber, pulp and paper markets, the ability to produce 

unique and value-added products is likely to become increasingly important. The 

aim of this research project has been to identify and propagate hardwood 

varieties that may possess such value-added traits and that may be suitable for 

growth in British Columbia (BC). We have taken a four-pronged approach to 

address this issue. First, we have developed a local expertise in tissue culture 

propagation of two hardwoods of known value, i.e. hybrid aspen and curly birch, 

and identified particularly suitable lines for propagation. Secondly, we have 

identified hardwood trees in BC producing potentially valuable decorative figured 

wood and initiated clonal propagation of them for future assessment of re-

appearance of desired wood defects in derived trees. Thirdly, we have produced 

a mutant population in hybrid poplar with the intention of de novo induction of 

mutants with potentially value-added traits. Several mutant lines have been 

identified, providing evidence that the population harbours a high frequency of 

induced genetic variation. Finally, we have evaluated the potential role that the 

transport of auxin, a plant hormone, may play in wood formation as disruptions in 

this process may be the cause of defects such as those found in curly birch and 

maple burls. Here we found that inhibition of auxin transport resulted in 

overproduction of vessels and fibers, the primary components of wood, in stems 

of juvenile aspen, providing support for our theory.  
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Introduction 
 

High values of wood are usually due to rare features involving color, luster, grain 

and figure. Figured wood has been used in exclusive furniture, decorative items, 

knife and gun stocks, and music instruments for centuries. The rarity of figured 

wood can largely be attributed to the limited knowledge of its causes, in part 

because wood with a figure often develop in relatively old trees, which prevents a 

timely assessment of its cause. In many cases, attractive figure occurs only in 

parts of a tree, suggesting that it may be due to external factors such as abiotic 

and biotic stress. It is entirely possible that different stress conditions cause 

different types of figured wood, and that some species are more susceptible than 

others to stress conditions. However, little research has been done to investigate 

the role of genetics in the development of figured wood.  Previous studies with 

birdseye maple, a highly valued figured wood variety, have shown to be 

inconclusive in determining whether or not environmental factors play a role in 

the birdseye figure (Bragg et al., 1997).  Other studies have demonstrated that 

some figured wood varieties can be attributed to genetic defects, such as in the 

case of curly birch (Betula pendula var. carelica; Heikinheimo, 1951).  These 

trees display a unique morphology compared to wild type, in that the stem shows 

consistent swellings/ bulges throughout.  The curly birch phenotype is transmitted 

through seeds and offspring segregate into wild type trees and trees developing 

a curly birch phenotype.  While transmission through seeds provide excellent 

evidence for a genetic basis of phenotypic deviation, obtaining those seeds, 

especially seeds due to self-fertilization, may be difficult. In addition, trees that 

are chimeric and harbour a mutant genotype only in a sector of a tree, or 

restricted to a specific meristematic layer, may not transfer the observed genetic 

trait through seeds. An alternative approach to test the genetic transmission of an 

observed phenotype is to clonally propagate identified individuals and assess 

whether the observed phenotype re-occurs in clonal propagules.  The growth of 

the propagules in environments other than the environment should rule out 
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environmental causal effects. Clonal propagation does not necessarily prevent 

transmission of microbial agents that may be the cause of the observed 

phenotype. Micro propagation of plants in axenic cultures is often used as a 

method to cure valuable material from microbes and even viruses. In this process 

bacteria and fungi is removed by initial surface sterilization of explants removed 

by treatment with antibiotics and fungicides, leaving stable genetic mutations as 

the most likely causes of transmitted abnormalities in wood formation 

 The fact that figured wood usually occurs in parts of trees may seem hard 

to reconcile with possible stable genetic modification. However, genetically 

modified sectors can be created by dominant genetic mutations, by epigenetic 

modification such as methylation of specific genes, by integration of transposable 

elements, viral or bacterial genes into the plant genome. If a propagated tree 

displays wood traits similar to that of its parent tree, then a genetic basis to that 

particular wood formation is likely. It is also possible that non-chimeric mutant 

trees manifest or express the phenotype locally. Curly birch provides an example 

in support of this scenario as the phenotype is often manifested as periodic 

swellings along the stem, while the reproducible seed transmission of the trait 

provides evidence that trees are not genetic chimeras.  

 The purpose of this project is to develop local expertise for propagation of 

potentially valuable hardwood species and also to identify and propagate novel 

value-added hardwood varieties. The long term objective is to promote the 

silviculture of particularly valuable hardwoods in BC. We have taken a four-

pronged approach to address this issue. First, w aimed at developing efficient 

propagation technology for hybrid aspen (Populus tremuloides x Populus 

tremula) and the figured wood variety commonly referred to as curly birch (Betula 

pendula var. carelica). Secondly, we have searched for hardwood trees in BC 

producing potentially valuable decorative figured wood and initiated clonal 

propagation of identified individuals. Thirdly, we have produced a mutant 

population in hybrid poplar with the intention of de novo induction of mutants with 

potentially value-added traits. Finally, we have evaluated the potential role that 

the transport of auxin, a plant hormone, may play in wood formation as 
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disruptions in this process may be the cause of defects such as those found in 

curly birch and maple burls.  

 
 

 

Methods 
 

Plant material 
Hybrid aspen (Populus tremuloides x Populus tremula) and curly birch (Betula 

pendula var. carelica) lines were collected from the Ministry of Forests and 

Range Seed Orchard in Skimikin, BC. Aspen (Populus tremuloides) seeds were 

provided by the National Tree Seed Centre, Natural Resources Canada, 

Fredricton, NB.The hybrid poplar line used in this study (526/6828) was obtained 

from the MoF research station in Tappen, BC.  Hardwood trees with defects 

suggesting presence of figured wood were identified through repeated 

advertising in BC Community Classifieds, a service which reaches 107 

community newspapers across BC and Yukon (2.5 million readers). We also 

approached park rangers, forestry and trapper organization for advertisements 

through their organizations.  
 

Propagation of tissue in culture 
 

Surface sterilization 

Aspen and curly birch winter buds or petioles were surface sterilized in 70% 

ethanol followed by 10% commercial bleach for 10 minutes and three washes in 

autoclaved water. Cambial samples were sterilized using 70% ethanol as follows: 

wood samples (including a small amount of bark, cambium and wood) were 

rinsed in water then cut into small squares of about 3cm long by 2cm wide and 

deep, so as to keep the cambium protected on both sides by either wood or bark.  

3-4 pieces were then transferred to tubes and rinsed in 70% ethanol for 1 min, 

then rinsed three times with autoclaved water under sterile conditions.  A scalpel 
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was then used to cut off bark from the sterilized samples so as to expose the live 

cambium tissue for callus induction.   

 

Callus Induction 

Sterilized tissue was plated onto sterile callus induction media (CIM) in petri 

dishes, a composition of plant growth regulators that was taken from an effective 

protocol previously used in the regeneration of a variety of cottonwood hybrids 

(Han KH et al 2000). Samples were subcultured once every 1-2 weeks in order to 

control and prevent fungal/bacterial contamination. 

 

Shoot Induction 

Once substantial calli were formed, calli were cut into smaller pieces and then 

plated onto sterile shoot induction medium (SIM). We have tested several 

published hormone combinations for shoot inductions (Han et al.,  2000; Wilhelm, 

1999) and combinations that expand upon published results.  

 
 

Generation of poplar mutant population 
Calli were generated from resting buds of hybrid poplar line V5 using callus 

initiation medium (CIM). The resulting calli were chopped into small pieces and 

soaked in different Ethylmethane Sulphonate (EMS; SIGMA) concentrations (0, 

50, 100 and 200mM) for 1 hour at 30°C. EMS-treated calli was allowed to 

proliferate on CIM for approximately two weeks. We found that 200mM EMS 

resulted in approximately 50% reduction in growth as compared to water treated 

control, which suggests approximately 50% lethality of initially treated cells 

(LD50). As this level of lethality in most species correlate with high frequency (> 

500 mutations/genome) of mutagenesis, we focused our regeneration efforts on 

the calli derived from this treatment. Each callus was sliced into five pieces and 

transferred to shoot initiation media (SIM). Upon the production of elongated 

shoots, shoots were cut of and plated on hormone-free media for root formation. 

The rooted plantlets were transferred into soil mix in small pots and covered with 
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poly cover to keep it moist and left for 2-3 days. The plantlets were habituated in 

a growth chamber before transfer to larger pots in the greenhouse. 

 

Polar auxin transport inhibition on aspen seedlings 

Aspen seeds were surface-sterilized by incubation in a chamber with chlorine 

gas for 4 hours. The gas was produced by adding 3 ml HCl to 100 ml commercial 

bleach. Seeds were plated on top of solid ATS medium (Lincoln et al., 1990) in 9 

cm petridishes. Plates were sealed with Parafilm, incubated in a growth chamber 

set at 24°C, 18 hour light (120-150 µmol m-2 sec-1). The time of transfer to 

growth chamber was considered the starting point of the experiments. Plants 

were sub-cultured onto solid medium in magenta boxes (Sigma) after two weeks. 

Auxin transport inhibitor substances, 1-N-naphthylphtalamic acid (NPA; Chem 

Service, West Chester, PA, USA), 2-chloro-9-hydroxyfluorene-9-carboxylic acid 

(HFCA; Sigma), were dissolved in dimethylsulfoxide (DMSO) at 500 mM, and 

added to autoclaved growth medium before distribution into sterile containers. 

The concentration of DMSO was adjusted in all samples to correspond to the 

amount of DMSO used at the highest concentration of inhibitor in each 

experiment.  

  

Microscopy 

For light microscopy of leaves, material was fixed, cleared and mounted 

according to Mattsson et al. (1999). To assess internal anatomy, dissected 

tissues were fixed in FAA (5% formaldehyde, 15% acetic acid, 50% ethanol) 

overnight, dehydrated and embedded in paraffin according to standard methods. 

Sections, 8-12 µm thick, were cut in a microtome and adhered to slides using 

Sass' adhesive. Paraffin was removed by two incubations for 15 min in xylene 

followed by mounting under coverslips in Permount (Fischer Scientific). 
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Microphotographs were taken in a Nikon Eclipse 600 microscope using dark field 

or differential interference contrast settings.  
 

 
Results 

 

 

Trees with potential figured wood 
With the help of the public, we have identified more than 100 hardwood trees 

with various stem defects. The great majority of those are big-leaf maple trees, 

but also some 20 black cottonwood and aspen trees, three chestnut trees and 

two birch trees. Conifer trees with stem defects appear much less common as we 

have identified only two. Among maples, the most common defect is multiple 

burls along the stem, and we have been able to sample wood of a few and found 

evidence for figured wood. Three trees were also found that had large 

lignotubers at the base of the trunk. One was unearthed at death and found to 

have an estimated 10 m3 of underground lignotuber with strong and decorative 

figure. Two maple trees with parts of the trunks with wavy wood surfaces were 

also identified.  Through the public, we have also sampled a cottonwood 

population and an aspen population in the Prince George area with several 

individuals carrying multiple burls. Cutting of burls revealed strongly figured 

wood, albeit parts appeared partly rotten. Identified birch and conifer burls 

contained unremarkable wood and have not been pursued further.  We have also 

identified two chestnut trees with systemically wavy stem surfaces. We have 

identified the exact position of the majority of trees by the global positioning 

system, which allows us to sample trees repeatedly until clones have been 

generated. 
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Regeneration of new trees from collected material 
While a large number of media and hormone concentrations have been tested in 

for their ability to induce callus and shoots in our material, we focus our technical 

report on the conditions that have produced the best results. While we have 

succeeded in producing shoots from hybrid aspen silver birch and curly birch 

using a published procedure (Han et al 2000), we have experienced poor 

formation of shoots in cottonwood, maple and chestnut lines. We have therefore 

carried out shoot induction trials using other plant hormone combinations that 

have shown success in previous micro-propagation studies (Wilhelm, 1999; 

Ďurkovič, 2003). Shoot induction has been limited using also these hormone 

conditions. During the end of 2005, we switched to a recently published 

procedure that contains in addition to the powerful cytokinin thidiazuron, and 

Pluronic-F68, which aids the uptake of hormones into plant cells (Noel et al., 

2002). With this procedure, we have had great success in the induction of shoots 

from hybrid poplar cultures, and also improved the rate of shoot formation in 

hybrid aspen considerably by using a higher level of thidiazuron (table 1). One 

important finding is that F1 hybrid aspen individuals respond differently to callus 

induction medium and especially shoot induction medium. We tested 16 different 

trees and found that calli from some of them produced only a few shoots, while 

other genotypes responded to shoot induction medium by prolific production of 

shoots. Calli that had been stripped of shoots could be put back into new medium 

repeatedly, possibly indefinitely, for additional rounds of shoot production. Acer 

species, to which big-leaf maple belongs, are notoriously difficult to propagate 

through tissue culture (Ďurkovič 2003). We have tested a large range of hormone 

conditions and found treatments that result in rapid calli production (Table 1), but 

no shoots. Chestnut regeneration experiments via tissue culture have also been 

successful. We have found that curly birch can be propagation with relative using 

thidiazurone (table 1). Maples and chestnut are now approached by conventional 

rooting of juvenile stem cuttings.   
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Table 1. Optimal hormone concentrations

Callus induction medium (CIM)
same for all species

benzyl adenine mM 0.5 μM
zeatin 0.5 μM
NAA 5 μM
2.4-D 5 μM

Shoot Induction Medium (SIM)

poplar aspen birch maple/chestnut
thidiazuron 0.25 μM 2.5 μM 1 μM 10 μM
zeatin 10 μM
pluronic-F68 0.10% 0.01% 0.01% 0.01%

Root Induction Medium (RIM)

poplar aspen birch
IBA none 0.5 μM 0.5 μM  
 

 

 

 
Screen for mutants with novel figured wood traits  
We exposed approximately 4000 rapidly growing hybrid poplar calli to a series of 

concentrations of the powerful mutagen EMS. Among these concentrations, 200 

mM resulted in approximately 50% reduction of growth one week after 

mutagenesis, suggesting that this concentration results in approximately 50% 

lethality in exposed callus cells. As 50% lethality is a typical measure of high-

frequency of mutations, we focused our attention on this material. The calli was 

subsequently transferred to a novel shoot-inducing medium containing 0.25 μM 

thidiazuron in combination with 0.1% (v/v) Pluronic-F68 (Noel et al., 2002). The 

hybrid poplar calli responded extremely well to this combination and produced a 

large number of shoots. We have generated approximately 1700 trees from 

rooted shoots. Among these trees, we have identified several dwarfs, and 

approximately 30 plants with various degrees of albino sectors in leaves. The 

presence of albino sectors is often associated with stress, mutagenesis and 
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tissue culture (Lebel et al., 1993; Puchta et al., 1995) and is an indication of 

meiotic recombination rendering loci homozygous for mutant alleles. Stem 

defects due to dominant mutant alleles or possibly recessive mutant alleles after 

mitotic recombination, will be screened for on a regular basis as the stems begin 

to grow in girth.  

 

The role of polar auxin transport in wood formation  

We have explored the role of auxin transport in the early vascular development of 

aspen (Populus tremuloides) by studying the vascular system of young plants 

grown from seeds in the presence of auxin transport inhibitors. Here we will 

briefly summarize the effects of auxin transport inhibition on stem anatomy. A 

detailed study is prepared for publication elsewhere.  Cross sections of 4 week 

old plants revealed dramatic effects of auxin transport inhibitors on the 

vascularization of stems. While 1 μM NPA had no effect on the vascularization of 

the hypocotyl, the 1st internode contained approximately 2-3 times as much 

xylary tissues as the first internode of control plants. Moreover, the first internode 

of plants grown in the presence of 1 μM NPA contained well differentiated fibers, 

while the corresponding control samples had no fibers. In 1 μM NPA samples, a 

xylary and fiber hypertrophy was observed also in the second and third 

internodes, albeit less pronounced. The xylary and fiber hypertrophy is perhaps 

even more pronounced in the first and second internodes of plants grown on 2 

μM NPA. Medial longitudinal sections of the first internode of NPA-grown plants 

confirmed the induced xylem and fiber hypertrophies, and also provided an 

unexpected finding. Control samples contained conspicuous protoxylem, 

identified by annular secondary cells, in addition to less distinct cambium and 

phloem. NPA-grown samples taken from the same position, showed an 

approximately equal amount of protoxylem and that the xylem hypertrophy was 
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almost entirely due to early formation of metaxylem cells, characterized by 

reticulate secondary cell wall thickenings.  

   
 

 

 
 
Discussion 
The figured hardwood market is currently restricted by very limited supply and 

high prices. Figured wood is produced systematically only in Finland, where 

plantations of curly birch can be found.  To our knowledge, this has been the first 

Canadian attempt to collect and propagate material from naturally occurring trees 

with novel figures of wood in order to generate new value-added tree varieties. 

We are possibly also the only laboratory in Canada that is working on micro-

propagation of figured hardwoods. Mixed plantation forestry of valuable 

hardwoods may be one of the most ecologically sound methods of increasing the 

value of land as well as the final lumber products, and may also be an 

esthetically preferred alternative to monocultures of conifers, especially when 

reverting agricultural land into forests. 

 We have identified a large number of putative figured-wood trees during 

the tenure of this project. Due primarily to the slow process of wood formation, it 

may take several years before stem defects indicative of potential figured wood 

will appear. Thus, this is a project that will run over many years before the final 

results of the project can be assessed. In this situation, we are encouraged by 

two advancements. First, we now have a new greenhouse facility at SFU that 

allows us to grow forest trees around the year at optimized growth conditions, 

thereby increasing the rate of yearly growth in propagated trees and possibly 

also shortening the time to development of stem defects indicative of figured 

wood. Secondly, we have recorded the first stem defects in two-year-old micro-

propagated curly birch trees. Two years of growth is also within the normal time 
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of propagation of tree nursery growers selling trees to private land and garden 

owners.  

 With respect to hybrid aspen, we have identified both optimal 

concentrations of hormones for shoot production as well as F1 individuals that 

perform exceptionally well in tissue culture. With these results in hand we have 

approached industries for technology transfer and found three companies that 

are interested.  

 Experiments addressing the role of polar auxin transport in vascular 

patterning and differentiation have found evidence that auxin transport is involved 

in virtually every aspect of vascular development ranging from cellular alignment 

to path width and numbers of vascular strands (Mattsson et al., 1999; Sieburth et 

al., 1999). It is not yet clear what role auxin transport may have in the formation 

of secondary vascular tissues leading to wood formation. We addressed this 

question by growing aspen seedlings on medium supplemented with auxin 

transport inhibitors. We found that intermediate inhibition of auxin transport 

resulted not only in vascular overproduction or hypertrophy in the stem, but also 

resulted in early development of metaxylem as well as fibers, the two main 

components of wood. While it will be difficult to address whether auxin transport 

is defective in any of the identified figured wood trees, we are considering to test 

whether auxin transport inhibition could possibly cause early formation or 

exacerbate figured wood formation in identified trees. The early and limited 

vascular hypertrophy that we observed in aspen seems remote from the 

development of burls and lignotubers. Other parallels can, however, be made. 

Lignotuber wood also has wider vessels, shorter tracheary elements (Callan 

2001) which is similar to defects found in auxin transport inhibited plants 

(Mattsson et al., 1999; Sieburth et al., 1999).  The development of lignotubers 

can start early with the proliferation of shoots from the axils of cotyledons and 

early leaves (Blake and Carrodus 1970) which is similar to what we observe in 

aspen and Arabidopsis. This phenotype is most likely due to reduced apical 

dominance normally controlled by auxin transport.  Lignotubers consists of a 

large number of adventitious shoots with irregular growth of the wood below as 
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shoots become part of the wood. We have observed similar massive shoot 

formation with limited development of shoots and leaves by a combination of 

genetic inhibition of auxin signal transduction as well as auxin transport.  

 We have generated a mutant population of 1700 hybrid poplar trees with 

the intent to identify possible dominant mutants with defects in wood formation. 

While we have evidence in form of frequent albino sectors that the frequency of 

mutations is high, the size of the population is small for the recovery of dominant 

mutants. The albino sectors are most likely due to local mitotic recombination 

events rendering cells homozygous for a mutation that causes albinism Lebel et 

al., 1993 and references therein). As those cells proliferate, they will cause albino 

sectors in leaves. Albino sectors are easily observed, but there is no reason to 

believe that other loci are also rendered homozygous for mutant alleles by mitotic 

recombination. We have therefore initiated a screen where we produce calli and 

shoots from various parts of leaves to screen regenerated plants for phenotypes 

that differ from the parental clone.  

 

Acknowledgements 
I am particularly grateful to the FIA Forestry Science Program for providing 

funding for this project and Mike Carlson and Vicky Berger at the BC Ministry of 

Forests and Range for providing plant material. I am also indebted to Lisa lange, 

Afsaneh Haghighi-Kia, Carol Wenzel, Mathias Schuetz, Agnes Kwok, Dua'a 

Riyal, Adam Foster and Samuel Hester for their work on various aspects of this 

project.  Key components of this project are being prepared for publication in 

relevant journals. Further information can be obtained from J. Mattsson at the 

above address.  

 
 
 
 
 
 
 
 
 

 13



Literature Cited 
 
Blake TJ, Carrodus BB.Studies on the Lignotubers of Eucalyptus obliqua L'Heri. 
II. Endogenous Inhibitor Levels Correlated with Apical Dominance 
New Phytologist, (1970) 69:1073-1079. 
 
Bragg DC, Mroz G, Reed D, Shetron S, Stokke D.  Relationship between 
“birdseye” sugar maple (Acer saccharum) occurrence and its environment.  
Canadian Journal of Forest Research (1997) 27: 1182-1191. 
 
Callan, B.E. Burls (2001) Pages 165-167 in O.C. Maloy and T.D. Murray, Editors. 
Encyclopedia of Plant Pathology. John Wiley and Sons, New York, NY. 
 
Durkovic J.  Regeneration of Acer causatifolium Hayata plantlets from juvenile 
explants.  Plant Cell Reports (2003) 21: 1060-1064. 
 
Han KH, Meilan R, MA C, Strauss SH.  An Agrobacterium tumefaciens 
transformation protocol effective on a variety of cottonwood hybrids (genus 
Populus).   Plant Cell Reports (2000) 19: 315-320. 
 
Heikinheimo O.  Kokemuksia Visakoivun Kasvatuksesta (Experiences in the 
growing of curly birch).  Meddelanden fran Skogsvetenskapliga 
forskningsanstalten (1951) 39(5): 4-26. 
 
Lebel EG, Masson J, Bogucki A, Paszkowski J. Stress-induced 
intrachromosomal recombination in plant somatic cells. 
Proc Natl Acad Sci U S A. (1993) 90:422-6. 
 
Mattsson, J., Sung, Z.R., and Berleth, T. Responses of plant vascular systems to 
auxin transport inhibition. Development  (1999)126, 2979–2991. 
 
Noël,N.  Leplé, J.-C.  Pilate, G. Optimization of in vitro micropropagation and 
regeneration for Populus × interamericana and Populus × euramericana hybrids 
(P. deltoides, P. trichocarpa, and P. nigra) Plant Cell Rep. (2002) 20:1150–1155 
 
Puchta H, Swoboda P, Hohn B  Induction of intrachromosomal homologous 
recombination in whole plants. Plant Journal (1995) 7:203-210 
 
Sieburth LE.  Auxin is required for leaf vein pattern in Arabidopsis. 
Plant Physiol. (1999) 121:1179-90.  
 
Wilhelm E.  Micropropagation of juvenile sycamore maple via adventitious shoot 
formation by use of thidiazuron.  Plant Cell, Tissue and Organ Culture (1999) 57: 
57-60. 
 
 
          

 14

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPlus&list_uids=11607349&query_hl=15&itool=pubmed_DocSum

	Identification and propagation of novel value-added hardwood varieties
	Methods
	Propagation of tissue in culture
	Discussion




