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Welcome Address

On behalf of the organizing committee, I would like to welcome you to the inaugural conference of the 
Working Party. For a personal reason, I am particularly pleased to welcome you here in Suwon because this 
is where I went undergraduate school. Although I left Korea 40 years ago, I always kept fond memories of 
my “Suwon” days. This is the place where my passion for forestry and genetics were seeded. In fact, Suwon 
is the cradle of forest tree breeding dating back to 1922, but most tree breeding research was started in 1953 
after the Korean War. By 1964, Institute of Forest Genetics was fully in operation contributing to massive 
reforestation efforts of the devastated land during the two wars.

In the past 40 years, tree improvement research flourished. More recently, a lot of efforts were directed 
to various tree biotechnology researches. However, in my mind, Somatic Embryogenesis is the leading 
technology that is ready to be applied in the intensive forest management system. In fact, commercial 
implementation of SE has started, particularly for spruce and some pine species. SE offers a new paradigm in 
tree breeding and deployment.

However, although SE available for many tree species, they are at the different stages of development: 

and networking. 

connect various disciplines. So, we wish you a productive conference and happy networking.

Since this is our inaugural conference, I would like to take this opportunity to introduce Deputy Coordinators 
of this working party: They are Dr. Heung-Kyu Moon of KFRI, Korea, Dr. Mariano Toribio of IMIDRA, 
Spain and Dr. Jean-Francois Trontin, FCBA, France.

Also, on behalf of organizing committee, I would like to thank Dr. Wan-Yong Choi, Director General of 
KFRI, for supporting and hosting this conference. Without his support, having this conference is not possible. 
Thank you.

Once again, welcome and have a great conference.

Dr. Yill-Sung Park
Coordinator

IUFRO working party 2.09.02



Message from General Director of KFRI

It is my great honor to open The “Conference on advantages in somatic embryogenesis of trees and its 
application for future forests and plantations”. Let me also show my sincere appreciation and gratitude to 

preparation of the conference. 

congress, we are going to discuss how we could contribute to the fights against climate change and ever 

disasters.
We know that one way of lessening the impact of global warming is to increase forest productivity. By 
increasing plantation productivity, we can help save natural forests. There are many ways by which we 
improve forest productivity. We can develop rapidly growing trees to produce more wood in less land area. 
Or we may develop trees with stress tolerance thereby reducing losses from various stresses. I am a tree 
breeder and have been working on a number of tree breeding projects for about 30 years. Although our tree 
breeding programs produced large genetic gains in many species, it has not been very effective to realize the 

Tissue culture has been considered as an efficient tool for vegetative propagation. For this reason, we 

to become a division under KFRI now. Since then, a number of research projects have been carried out to 

at covering naked land in Korea after Korean War. It adapted well to naked infertile soil then. However, it is 

candidates here. It has been introduced and planted across this country since 1950’s. It adapted well to the 
climatic conditions of Korea. However, to replace the pitch pine stands, we need more than 840 million 

be successful, the technology should be in the right time and in the right place. 
I think somatic embryogenesis is the right technology for this purpose. Therefore, with a great deal of 

Today, many distinguished scientists in the field of somatic embryogenesis of trees came here to present, 

practical ideas that will strengthen and widen our knowledge on the somatic embryogenesis process. I hope 

relationship into the future. 

Dr. Choi, Wan-Yong
The Director General

Korea Forest Research Institute
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Ducos et al.

method, combined with the media that released CO2, is 
well adapted for the large-scale acclimatization of very 
small vitro-plants in tropical greenhouses. In Thailand, it 
has been applied since the autumn of 2006 and led to a 
germination rate higher than 60 %. By June 2010, 2.9 
million somatic seedlings were produced, out of witch 1.8 
million were planted in the field in this country. In 
addition to our production activity, scientists of national 
institutes of different coffee producing countries were 
trained in our center to handle somatic embryogenesis 
technology.  

Conclusions

Recent progress in plant micropropagation mainly 
consist on two majors trend: i) bulk-cultivation of small 
propagules in liquid medium under photomixotrophic 
conditions (with sugar), followed by their direct transfer 
to the greenhouse for their conversion to plants, ii) 
production of fully developed and individualized 
(singulated) plantlets on solid medium under 
photoautotrophic conditions  (in sugar-free medium with 
CO2-enrichment and a high light intensity), followed by 
their transfer to the greenhouse. 
Up to now, our research was based on the first approach, 
but future progress may depend on a combination of both 
approaches, both in the laboratory for the pregermination 
and in the greenhouse for the germination. 
Concerning the pregermination phase, Uno et al. (2003) 
reported that white coffee torpedo stage embryos can 
convert into green cotyledonary embryos on solid culture 
medium under photoautotrophic conditions. Obviously, the 
pregermination conducted in the temporary immersion 
bioreactor with this mode of culture will only be efficient 
if the coffee embryos are well illuminated, i.e. enough 
dispersed on the support. Advances can be expected by 
the development of horizontally designed bioreactors, 
especially if facilitated by plastic bags technology. During 
preliminary experiments, we confirmed that even white 
torpedo stage embryos can convert into green 
cotyledonary ones without sugar in the medium but with 
CO2 enrichment in a Box-in-Bag bioreactor.

Concerning the germination in the greenhouse, the 
micro-environment method is empirical: its efficiency 
depends on the container, the cover and the nature of the 
substrate. However, we expect that further improvements 

are possible. Currently we are validating a tentative 
model in which the CO2 concentration in the headspace 
will reach an equilibrium that is a function of the CO2

diffusing rate from the substrate to the headspace 
(KlaCO2media) and of the CO2 diffusing rate from the 
headspace to outside the container (KlaCO2leackage):

CO2equilibrium = CO2max . (KlaCO2 media / (KlaCO2 media +
KlaCO2 leackage)   

Finally, we observed that, if the embryos are 
dispatched in layers on coconut fibres under 
micro-environment conditions, a significant part of them 
spontaneously  developed into plantlets, even though they 
have not been individually sown. This  suggests that at 
least a part of the sowing operations can probably be 
automated.  
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SHORT ABSTRACT

Significant Advances in Genotype 
Capture in Somatic Embryogenesis of 
Pinus radiata

Hargreaves C.L.1, Reeves C.B.1, Find J.I.2,
Gough K.1, Menzies M.I.1, Low C.B.1, Mullin 
T.J.3

1Scion, NewZealand 
2Cell & Tissue Culture Laboratory, University of 
Copenhagen 
3BioSylve Forest Science NZ Limited

   Here we highlight some of the research conducted 
over the last three years aimed at improving the early 
stages of somatic embryogenesis in Pinus radiata D.
Don. Previous work had shown recalcitrance in many 
Pinus species to de novo embryogenesis, from the 
culture-initiation step through to maturation and 
germination of somatic embryos. Our research has 
improved initiation rates from 13%, typical of former 
protocols, to an average of 50%, through improved 
explant preparation and media formulations, in 
combination with optimising the state of zygotic-embryo 
maturation at time of plating. The operator effect in 
relation to the excised-embryo technique was also 
analysed, with significant differences among operators, for 
some crosses. Early cell-line proliferation was improved 
from an average of 49% over all lines to 94%, using a 
combination of improved media formulations and 
tissue-handling techniques. Genetically diverse populations 
of open- and control-pollinated P. radiata families were 
tested over the three years. The higher numbers of cell 
lines initiated in every family resulting from the 
techniques described here offer the potential to increase 
selection opportunities for a wide range of plantation tree 
characteristics. These developments should lead to 
reductions in cost and an increase in the utility of 
somatic embryogenesis to New Zealand forestry.

··························································································

Maritime Pine Somatic Embryogenesis at 
IBET/ITQB - Portugal 

Oliveira M.M.1, Simões M.2, Marum L.2,
Miguel C.M.2

1Genomics of Plant Stress Lab, ITQB/IBET, Quinta do 
Marquês, 2784-505, Oeiras, Portugal
2Forest Biotech Lab, IBET/ITQB, Quinta do Marquês, 
2784-505, Portugal

   Maritime pine (Pinus pinaster) is the most widely 
planted conifer species in South-western Europe and pine 
plantations represent a major economic activity in the EU. 

Maritime pine economical importance is mainly due to 
the industries of sawing, cellulose and agglomerates, resin 
and resin products. In Portugal, it can be found mainly 
north of Tagus river spreading from the Atlantic coast to 
an interior with marked Atlantic influence. P. pinaster
accounts for approximately 25% (711.000 ha) of the total 
forest, just after cork oak (with 26%). Somatic 
embryogenesis in maritime pine has been previously 
reported by several research groups but some constraints 
to the efficient production of somatic embryos from a 
wide range of genotypes still remain. Although the 
primary goal of somatic embryogenesis is to allow the 
large scale vegetative propagation of selected genotypes, 
we have been interested in initiating several lines of 
research related to somatic embryogenesis aiming to 
understand the biological mechanisms underlying some of 
the observed difficulties during the propagation process. 
One of these lines of research has focused on the 
analysis of somaclonal variation in somatic embryogenesis 
tissues including embryonal cell masses and regenerated 
embryos and plants. By using flow cytometry and SSR 
analysis for detecting variation at the ploidy and DNA 
sequence levels, we concluded that although variation 
occurred in somatic embryogenic tissues and derived 
plants, the variation events can be minimized by 
cryopreserving embryogenic cell lines as soon as they are 
initiated. We have also been studying global gene 
expression at different stages of zygotic embryo 
development aiming to identify important molecular 
players that regulate embryo development, particularly at 
early stages. In such studies we have already identified 
different gene clusters according to their expression 
profile and a few of these genes have been further 
characterized. More recently, somatic embryogenesis is 
being used as a tool in projects focused on the 
characterization of gene function, namely genes associated 
with different traits including resistance to biotic stresses 
and several growth traits. An overview of the ongoing 
activities will be presented.

··························································································

The Role of Spermidine and Spermine in 
Cell Function and Pattern Formation in 
Scots Pine Embryogenesis

Häggman H.1, Vuosku J.1, Kestilä J.1, Suorsa 
M.1, Ruottinen M.2, Neubauer P.3, Läärä E.4,
Sarjala T.5

1University of Oulu, Department of Biology, Finland
2Oulu, Finland
3Department of Biotechnology, Technische Universität 
Berlin, Germany
4University of Oulu, Department of Mathematical 
Sciences/Statistics, Finland
5Finnish Forest Research Institute, Parkano, Finland

   Polyamines (PAs) are important regulators of cellular 



PROCEEDINGS

functioning, promoting e.g. cell division, growth, 
differentiation or programmed cell death (PCD) depending 
on the cell type and environmental signals. In the PA 
biosynthesis pathway, putrescine can be metabolized 
further to spermidine (Spd), spermine (Spm) and 
thermospermine by spermidine synthase (SPDS), spermine 
synthase (SPMS) and thermospermine synthase. In our 
studies, we have focused on the role of Spd and Spm in 
cell function and pattern formation in Scots pine 
embryogenesis. We have sequenced 1038 bp and 1125 bp 
long cDNA fragments covering the coding sequences of 
the putative Scots pine SPDS and SPMS genes, 
respectively. The phylogenetic analyses of the SPDS and 
SPMS sequences supported the conception that all 
eukaryotic SPDS genes are derived from a common 
ancestor, whereas two groups of SPMS genes (SPMS and 
ACL5) exist in plants. The sequenced Scots pine gene 
belongs to the ACL5 group and it was named as 
PsACL5. In Scots pine zygotic embryos, Spd is the most 
abundant PA and both free and soluble conjugated forms 
of Spd and Spm fluctuate in a consistent way during the 
embryogenesis.  In zygotic embryos, the SPDS expression 
is localized close to cytoskeletal structures in the cells. 
The PsACL5 gene expression is found in the apical rib 
meristem and in the megagametophyte cells surrounding 
the corrosion cavity at the early embryogeny and in the 
vascular region of developing cotyledons at the late 
embryogeny. Currently we are using somatic 
embryogenesis and embryogenic cultures of Scots pine as 
an experimental platform (SENBIT® bioreactors) to study 
the roles of Spd and Spm in oxidative stress, cell 
division and PCD during embryogenesis. To conclude, our 
results suggest that Spd may act in the basic metabolism 
of Scots pine embryogenic cells being essential for cell 
viability, whereas the role of Spm may be mostly 
involved in tissue differentiation and growth. Furthermore, 
Spm may protect embryogenic cells against 
developmentally programmed as well as environmental 
stresses.  The better understanding of cellular mechanisms 
of polyamine metabolism during zygotic embryogenesis 
may help the development of improved protocols for 
somatic embryogenesis.    

··························································································

Cellular Levels of ATP, 
Glucose-6-Phosphate, and NADP(H) 
during Somatic Embryogenesis of Abies 
cephalonica Loud. and Abies alba Mill 

Kraj áková J.1,2, Bertolini A.2, Gömöry D.3,
Häggman H.4, Vianello A.2

1Mendel University, Czech Republic
2University of Udine, Italy
3Technical University in Zvolen, Slovakia
4University of Oulu, Finland

  All living cells need sufficient energy to keep 
metabolic processes running and to maintain important 
functions such as growth, polymer biosynthesis and 
defense from biotic and abiotic stresses. In zygotic 
embryos the nutrients and energy are partly provided by 
the megagametophyte tissue which is lacking in the case 
of somatic embryos. Therefore, the main objective was to 
monitor the major bioenergetic metabolites (cellular levels 
of ATP, NAD(P)H and glucose-6-phosphate (glu-6P)) 
during several experiments related to the proliferation  (A.
cephalonica and A. alba) and maturation periods (A. 
alba), and to correlate these biochemical parameters with 
morphological characteristics of developing somatic 
embryos. Proliferation experiments were focused on the 
effects of different embryogenic cell lines (2 of A.
cephalonica and 4 of A. alba), sampling days and the 
number of embryogenic cell masses (ECMs) per Petri 
plate on the proliferation rate, ATP, NAD(P)H and glu-6P 
cellular levels.  The proliferation rate, the cellular levels 
of ATP and glu-6P were significantly affected by tested 
cell lines, sampling days as well as number of ECMs per 
Petri plate (exception was only the non-significant effect 
of number of ECMs on glu-6P level). The highest ATP 
and NAD(P)H levels ware found at approx. 9 and 12 day 
lasting proliferation, respectively, but the temporal patterns 
were not consistent among tested cell lines and species. 
During the maturation period, the ATP cellular levels 
were affected only by the duration maturation period. The 
tested concentrations of polyethylene glycol (PEG)-4000 
(5 and 10%) and abscisic acid (ABA: 32 and 64 M)
did not affect the ATP and NAD(P)H levels. However, 
all tested factors had a significant influence on the levels 
of glu-6P. ATP levels, detected during proliferation period 
at the time when the early embryogeny was finished, 
were similar to those detected in the first 6 weeks of 
maturation.  Thereafter, formation of precotyledonary and 
cotyledonary embryos, a new morphogenic event, was 
accompanied by increased levels of ATP and glu-6P. Our 
results suggest that cellular level, of especially ATP 
might be used as a potential biochemical marker for 
monitoring the morphogenic events occurring during the 
somatic embryo development.

··························································································

Transcriptomic Analysis of Somatic 
Embryogenesis in Sweet Orange

Guo W.W., Ge X.X.

National Key Laboratory of Crop Genetic Improvement, 
Huazhong Agricultural University, Wuhan 430070, China

Somatic embryogenesis in citrus is critical for 
germplasm in vitro conservation and genetic improvement 
via biotechnological approaches such as protoplast fusion, 
genetic transformation and somaclonal variation selection. 
Herein, suppressive subtractive hybridization (SSH) and 
microarray analysis were carried out using embryogenic 



SHORT ABSTRACT

callus line of Citrus sinensis cv. Valencia’ sweet orange 
which has been preserved invitro forover 26 years and 
still has strong embryogenic competence. Two SSH 
libraries were constructed. Library I was with 
embryogenic callus as teste randnon-embryogenesis callus 
as driver ; library II was constructed with induced and 
non-induced embryogenic callus as tester or driver 
separately. After screening by microarray and sequencing, 
a total of 988 differential expressed uni genes was 
obtained, among which the functions of 726 genes (73%) 
could be assigned using existing data bases. LEC1, ABI3, 
and FUS 3 genes which are major regulators of embryo 
development were found for the first time in fruit tree 
crop. Some genes, such as members of ABA and GA 
path ways, glycolysis / gluconeogenesis metabolism were 
also discovered. Molecular function analysis showed that 
the differentially expressed genes mainly contained 
oxidoreductase (12.6%), transcription factor (3.8%), 
translation regulator (1.3%), transporter (4%), 
signaltransducer (0.6%) ; while biological process analysis 
showed that these genes mainly involved in stimulus 
(18.1%), post-embryonic development (1%), embryonic 
development (6.2%) and establishment of localization 
(6.5%). Time-dependent genes of differential expression 
showed 9 distinct profiles by using SOM method. The 
information generated in this study provides new clues to 
understand the molecular mechanism of somatic 
embryogenesis in citrus.

··························································································

Somatic Embryogenesis of Coniferous 
Species in Russia

Tretyakova I.N.
Institute of Forest Siberian Branch RAS, Krasnoyarsk, 
Russia

   Despite the active studies of somatic embryogenesis in 
gymnosperms this technique still remains problematic for 
coniferous species growing in Siberia. The aim of this 
study is the development of efficient biotechnological 
protocols of Pinus sibirica, Pinus pumila, Larix sibirica, 
Larix dauruca, Picea obovata, Picea ajanensis involving
somatic embryogenesis and optimization using 
cytoembryological control. Experiments of culturing the 
immature isolated embryos of Siberian coniferous species 
were carried out on modified media MS, MSG, LV, DCR 
and MA with different hormone concentrations and 
proportions. For induction of embryogenic callus  every 
species needs an optimized medium supplemented with 
L-glutamine, casein hydrolysate, ascorbic acid and 
hormones. The active proliferation of embryonal mass 
(EM) is observed on the same medium with reduced 
concentration of cytokinins. The proliferation of  EM was  
significantly improved when they were subcultured after 
dispersing  in liquid medium. The somatic embryos from 
embryonal masses mature on basal medium with 

ABA(mM60-120mM)andPEG.Inspiteofspeciesspecificity the 
morphogenesis of embryogenic structures follow the same 
scheme: elongation of somatic cells, formation of initial 
cells and embryonal tubes, development of globular, 
torpedo and bipolar somatic embryos. The first step of 
formation of  an embryogenic callus is elongating somatic 
cells and  their  asymmetric division. The second step of 
formation of embryogenic callus is an active formation of 
embryogenic mass: the elongated cells divide and produce 
globular embryos and embryonal tubes surrounding them. 
The third step of somatic embryogenesis is formation of 
bipolar embryos and their maturing on basal medium with 
ABAandPEG.ProcessesofsomaticembryogenesisinLarix and 
Picea proceeded 4-6 months, in Pinus 7-10 months. 
However, not all donor-plants of coniferous species can 
form morphogenic callus and somatic embryos. As a rule, 
heterotic genotypes and hybrids formed somatic embryos 
intensively. The active development of embryonic callus 
and formation of  somatic embryos is  observed in 
hybrid seeds of Pinus sibirica and Larix sibirica.
Emryogenic callus was produced from the unique 
genotypes  of P. sibirica with annual  development cycle 
of female cones and their  hybrids. We have found 5 
selective cell lines in  Larix sibirica and one line in 
Picea ajanensis. The success of the somatic 
embryogenesis is due to the stage of explant 
development, medium components, hormonal regulation 
and tree genotypes.  Using the effective biotechnology of 
somatic embryogenesis in  combination with selective 
programs (hybridization works - controlled pollination 
with selection of  parents, early selection, testing  of 
improved genotypes, mass propagation) is one  
perspective task of forest genetics and selection. 

This work was supported by RFBR grants 
08-04-00107 and RFBR- KRF («Siberia»), grant 
09-04-98008 and integration project N53.

··························································································
Somatic Embryogenesis and Plant 
Regeneration in Elite Genotypes of Picea
koraiensis

Li C.H.1, Liu B.G.1, Kim T.D.2, Moon H.K.3,
Choi Y.E.2

1Key Laboratory of Forest improvement and 
Biotechnology, Northeast Forestry University, Harbin 
150040, P.R. China

2College of Forest an Environmental Sciences, Kangwon 
National University, Korea

3Korea Forest Research Institute, Suwon, 441-847, Korea

Picea koraiensis, called Korean spruce, is an evergreen 
tree and found mostly in northeast Asia. In this study, 
plant regeneration via somatic embryogenesis from 
open-pollinated immature zygotic embryos of 9 genotypes 
of elite trees was established. Immature zygotic embryos 
were cultured onto RJW medium modified from 505 
medium (Pullman et al. 2003) with 21.48 M NAA, 2.22 
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M BA and2.32 M KT. The frequency of total 9 
genotypes was 74.2%. Embryogenic callus of 9 genotypes 
of elite trees were subcultured on RJW basal medium 
containing 8.06 M NAA, 1.11 M BA and 1.16 M
kinetin. The calluses of three lines, 3#, 9# and 2# were
actively proliferated but others are not. Somatic 
embryogenesis was induced from embryogenic callus in 
genotypes of 3#, 9# and 2# on RJW medium with ABA 
and 60 gl-1 sucrose. Cotyledonary somatic embryos were 
subjected to drying process. The drying of embryos by 
uncap the culture bottle for 5 days on clean bench 
resulted in high frequency germination of somatic 
embryos (87% in RJW medium). However, plantlet 
conversion from germinated embryos was greatly reduced 
and optimal medium for plant conversion was 1/2 WPM 
(Lloyd and McCown 1980) or 1/2 BMI  medium. 
Conclusively, we firstly established the plant regeneration 
system via somatic embryogenesis in Korean spruce, 
which can be applied for rapid micropropagation of elite 
trees of P. koraiensis.

··························································································

Developmental Plasticity of Glandular 
Trichomes into Somatic Embryogenesis in 
Tilia amurensis

Kim T.D., Choi Y.E.

Division of Forest Resources, College of Forest an 
Environmental Sciences, Kangwon National University, 
Korea

   In Tilia amurensis, two types of trichomes (hairy and 
glandular) develop from epidermal surfaces of cotyledons 
and hypocotyls of zygotic embryos soon after 
germination. Here, it is demonstrated that glandular 
trichome initials develop directly into somatic embryos 
when treated in vitro with 2,4-dichlorophenoxyacetic acid 
(2,4-D). Zygotic embryos of Tilia amurensis were 
cultured on Murashige and Skoog medium with 3 % 
sucrose and various concentrations (0, 2.2, 4.4 and 8.8 
mM) of 2,4-D. Morphological development of trichomes 
and somatic embryos was analysed by scanning electron 
microscope and light microscope after histological 
sectioning. In zygotic embryos cultured on edium with 
4.4 mM 2,4-D, formation of hairy trichomes was 
completely suppressed but formation of andular trichome 
initials increased. That some filamentous trichome initials 
developed directly into somatic mbryos was confirmed by 
histological and scanning electron microscope observation. 
When explants with different stages of trichome initials 
(two-, four- and eight-celled filamentous and fully mature 
ichomes) were temporally pre-treated with 4.4 mM 2,4-D 
for 24 h and transferred into hormone free medium, 
two-celled and four-celled filamentous trichome initials 
were the effective stage of trichomes for somatic embryo 
induction. In conclusions it is suggested that early 
developing filamentous richome initials have 

developmental plasticity and that with 2,4-D treatment 
these trichome initials develop directly into somatic 
embryos.

··························································································

Scale-up Somatic Embryogenesis of 
Conifers for Reforestation

Gupta P.K., Hartle J.E.

Weyerhaeuser Technology center Federal Way, WAUSA
                             

Clonal forestry offers very significant advantages for 
forest productivity due to  the genetic volume gain and 
quality improvements which can be obtained through 
selection and mass propagation of elite clones.  Somatic 
embryogenesis is a highly efficient method for cloning 
genetically improved trees and offers the potential for 
storage and testing of clones as well as production of 
unlimited numbers of plants. Significant progress has been 
made during the past 25 years in somatic embryogenesis 
(SE) of conifer species. SE technology is becoming 
commercial for loblolly pine with the few genotypes that 
currently work well in the process. Several companies are 
producing somatic seedlings for internal clonal testing or 
are selling somatic seedlings from a few high-value 
selections.  However, full commercialization is still 
limited due to inability to produce zygotic like somatic 
embryos. We have produced good quality embryos by 
adding glucose with maltose in development media 
(USpatent#7,598,073B2) and adding sucrose in late 
maturation media (USpatent#7,521,237B2).  We have 
scaled up embryonal suspensor mass multiplication in 
liquid in biobags by continuously supplying media (US 
patent # 7,725,754 B2). Cultures can be directly plumped 
onto development media from the biobag. Large-scale 
embryo production and manufactured seed delivery system 
will be discussed in this presentation.  

··························································································

Improved Maturation and Conversion 
Protocols in Pinus pinea L. Somatic 
Embryogenesis

Toribio M., Carneros E., Alegre J., 
Celestino C.

Instituto Madrileño de Investigación y Desarrollo Rural, 
Agrario y Alimentario (IMIDRA). Finca El Encín. Apdo. 
127. 28800 Alcalá de Henares, Madrid, Spain

Stone pine (Pinus pinea L.) is a characteristic conifer 
species of the Mediterranean ecosystem that has economic 
interest because of its edible pine nuts. Spain’s breeding 
program is mainly focused on improving seed yield. 
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Development of somatic embryogenesis for cloning 
selected genotypes is required to put multivarietal forestry 
into practice. We reported plant regeneration by somatic 
embryogenesis from stone pine zygotic embryos, although 
the number of mature somatic embryos obtained was very 
low. Now several procedures have been tested for 
improving embryo maturation and plant development 
using the responsive embryogenic lines 1F11and 2F47.  
A preconditioning treatment, based on reduced nutrient 
and PGR levels, was applied before maturation to lower 
the growth rate of embryo-suspensor masses. Suspensions 
of embryogenic tissue with activated charcoal were 
poured onto filter paper disks and cultured under 
maturation conditions. The standard maturation medium 
was made up of a modified Litvay’ medium (mLV) with 
121 M ABA, 60 g l-1 sucrose and 10g l-1 Gelrite. 
Cultures we rekeptin darkness at 23±1ºC for 16weeks. 
Effects of ABA level (80,121,161,181 M) and subculture 
regime (monthlyvs continuous) were tested. Partial 
desiccation of samples previor to undergoing the 
maturation treatment was also assayed. Filter paper disks 
with attached tissue were partially desiccated under 
laminar hood flux for 2, 4, 6 and 24 h. Then, samples 
were transferred to the standard maturation medium and 
monthly subcultured. To assess the effect of an auxin 
antagonist on maturation, 5.4 mg l-1 PCIB was added to 
the standard maturation medium at different subcultures or 
along the whole 16-week period of maturation. A 
pre-germination treatment (cold storage for 30days) was 
applied to mature embryos for conversion. Medium with 
121 or 161 M ABA produced the highest number of 
mature embryos in both line 1F11 and line 2F47. 
Repeated subculturing resulted in 13-fold increase in 
mature embryos in both lines. Tissue desiccation for 2-4 
h to a 7,5-17% relative water content enhanced 
maturation up to 1,7-fold in the line 1F11 and 5-fold in 
the line 2F47. The inclusion of PCIB did not improve 
and even reduced the number of mature embryos as 
regards the control. Conversion was enhanced (36 %) 
when germinated embryos were transferred for further 
growth to vent culture boxes filled with SH medium. 

··························································································

Cryopreservation of Norway spruce 
Embryogenic Cultures: Levels of 
Polyamines

Vágner M., Vondráková Z., Eliášová K., 
Martincová O., Cvikrová M.

Institute of Experimental Botany, Rozvojova 263, Prague 
6, CZ-16502, Czech Republic

Two embryogenic cultures of Norway spruce (Picea 
abies (L.) Karst.) of various cryotolerances were subjected 
to cryopreservation in liquid nitrogen. The procedure 
comprises preculture in a liquid medium with a rising 
concentration of sorbitol, DMSO treatment and driven 

temperature reduction before storage in liquid nitrogen. 
After thawing, we monitored the re-growth of these 
cultures. The morphology and viability of these 
embryogenic cultures were studied using simple trypane 
blue staining and green-fluorescent fluoroscein 
diacetate/red-fluorescent propidium iodide double staining. 
I addition, endogenous free polyamines (putrescine, 
spermine and spermidine) and their bonded and 
conjugated forms were analyzed during the process. 
The endogenous free polyamines were maintained at high 
levels with spermidine being the predominant polyamine 
in the embryogenic suspensor mass (ESM) of cryotolerant 
cell line AFO 541. In the cryosensitive line C110 the 
contents of putrescine and spermidine were almost 
identical and rather low, the content of spermidine being 
approximately one third of that in the ESM of AFO 541. 
Osmotic pretreatment resulted in the continual 
disintegration of polyembryogenic centers and suspensors 
in both cell lines.  Perchloric acid-soluble conjugates of 
polyamines increased significantly in the ESMs treated 
with cryoprotectants. The cells that retained viability and 
re-growth ability after cryopreservation were the 
meristematic cells inside the embryonal heads, and the 
cells in the intermediate area between suspensor and 
meristems. The restoration of AFO 541 growth after 
cryopreservation was almost immediate; however, the 
C110 ESM re-grew with difficulty, often exhibiting 
callogenesis. High levels of soluble conjugates of 
polyamines and a marked increase in the amount of 
polyamines bound to the high molecular mass substances, 
were observed in the cells of AFO 541 on day 6 after 
thawing and also to some extent on day 11. On days 15 
and 21 after thawing, the amount of free putrescine and 
spermidine in the AFO 541 cells reached the levels 
observed in the ESM before the cryotreatment. The 
extremely low levels of polyamines determined in the 
ESM of C110 cell line 3 w after thawing agreed with 
the cell viability and rate of re-growth observed in this 
culture.

··························································································

Thirty Years of Forest Biotechnology 
Programs at Korea Forest Research Institute

Noh E.W.

Forest Biotechnology Division, Korea Forest Research 
Institute, Suwon, Republic of Korea 441-847

   The roots of the current forest biotechnology program 
at KFRI dated back to the late 70’s when Dr. YG Park 
dreamed of the future years of forest biotechnology and 
established a poplar tissue culture lab in Suwon. During 
80’s, by numerous trials and errors, we were able to 
develop micropropagation and regeneration systems for 
more than a dozen tree species including conifers and 
hardwoods via shoot tip, embryo and callus cultures. 
Recognizing the importance of these works, the 
government provided a large sum of research money to 
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support biotechnology program at KFRI. In 1995, the 
tissue culture lab was expanded and upgraded to a 
research division accommodating 3 research labs. These 
included a cell culture lab, a tissue culture lab and a 
genetic engineering lab. During the years, cell culture lab 
focused on the production of taxol from cell suspension 
cultures of yew trees and later on the production of 
adventitious roots of wild ginseng in bioreactors. Tissue 
culture lab developed somatic embryogenesis protocol for 
larch, pines and some tree crop plants like Aralia. In the 
genetic engineering lab, a number of genes were isolated 
from poplars and other organisms and introduced to 
poplar via Agrobacterium vectors. In the new millennium, 
we are still doing basically the same work but in more 
focused and sophisticated manners. Cell culture labs are 
working on symbiotic relationship of Gastrodia with 
Armillaria to improve tuber production. Somatic 
embryogenesis technology is being pursued toward 
realization of clonal forestry using yellow poplars. 
Emblings are being planted for their on-site performance. 
Genetic engineering lab employs DNA microarray to 
profile genes involved in stress response, growth, and 
development. Some candidate transcription factors are 
being tested in transgenic poplar plants. However, 
developing new techniques is a never-ending process. 
Now it may be the time to put all of the knowledge, 
techniques and resources into a single project to 
demonstrate what forest biotechnology can do to realize 
some of perspectives we originally dreamed of. 

··························································································

The Effects of SCB Fertilizer on the 
Growth of Quercus acutissima Planted at 
Abandoned Mine Area

Cho D.H., Ryu K.O., Choi H.S.

Korea Forest Research Institute, Republic of Korea 

This study was conducted to analyze the effect of 
SCB(Slurry Composing and Biofiltration) liquid fertilizer 
on the growth of Quercus acutissima seedlings (at age 
two) which were planted at abandoned mine area. 
Significant increment of growth (height and root collar 
diameter) and chlorophyll contents in leaves were found 
when using SCB fertilizer and heavy metal contents in 
soil were reduced after SCB fertilization. Height and root 
collar diameter were increased about 20% and 23%, 
respectively, and chlorophyll (a) content was increased 
about 21% in leaves compared to control treatment. 
Lead(Pb), Manganese(Mn), and Iron(Fe) concentration 
were reduced more than 20% in the soil after SCB 
fertilization. The effect of SCB liquid fertilizer was 
similar to chemical fertilizer, so it can be applied to be a 
useful fertilizer in abandoned mine area.

··························································································
                                

Growth Performance by Provenances of 
Norway Spruce (Picea abies) in Korea

Choi H.S., Ryu K.O., Kim I.S.

Korea Forest Research Institute, Republic of Korea   

Norway spruce (Picea abies (L.) H. Karst.) with 
twenty-four provenances from Germany and Rumania 
were investigated to analyze the growth performance 
among provenances and ages, and select the superior 
provenances at five sites in Korea (planted in 1980). 
Significant differences were found in growth (height, 
DBH, volume) among both provenances and sites. While 
mean individual volume growth of P. abies was best in 
Chuncheon site(0.214 m3), inferior in Cheongwon site 
(0.127 m3). Best provenance was different in each site, 
but G1-64-057(Dorna Cindreni, Rumania) provenance was 
proved to be superior in average (0.133 m3).
G1-64-057(from Rumania), 840-23, and 840-19(from 
Germany) provenances were superior to other ones in 
volu me growth, and G1-64-047, G1-64-48, G1-64-55 
(from Rumania) provenances proved to be inferior ones. 
Growth ranking of Norway spruce has been changed with 
ages. Regression analysis explained significant interaction 
between sites and provenances in both height and 
diameter growth. The interaction terms explained 37.4% 
in height and 48.8% in diameter growth. Norway spruce 
was bigger than Abies holyphylla (as a reference species) 
by 1.7 ratios in individual volume. 

··························································································
                                   
Propagation of Plants Via(by) Cutting 
from 4 month old Somatic Embling in 
Liriodendron tulipifera L.

Kim C.S., Kim Y.Y., Na S.J., Woo K.S.

Korea Forest Research Institute, Republic of Korea

In an attempt to develop efficient propagation methods 
of somatic emblings in L. tulipifera, softwood stem 
cutting was conducted. Four month old somatic emblings' 
stems were cut at 5~10cm length and planted in cutting 
square box containing a mixed soil with peat moss, 
perlite, and vermiculite on March 15, 2008. The cuttings 
were assigned to each of three auxin treatments (IBA 
100ppm+talc, 1000ppm+talc, Rootone) and one control 
group under two environment (an acclimation room 
adjusted at 25 and a vinyl greenhouse, temperature 
ranging from 0 to 15 ). The root development, 
investigated in every five days after taking cutting, started 
at 30 days after the experiment begins. At that time, the 
rooting rate, the mean number of roots per cuttings, and 
the mean length of root per cuttings were 26.7%, 5.5, 
and 2.1cm, respectively, and at 50 days after taking 
cutting, those values were increased to 73.3%, 6.2, and 
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12.4cm, respectively. The secondary roots were developed 
at 35 days, and root hardening started at 45 days after 
taking cutting. Under the vinyl greenhouse conditions, no 
roots were developed in all auxin treatments and control, 
and all cuttings were dead at 40 days after taking 
cutting. However, there were significant differences among 
auxin treatments in the rooting rate and the number of 
roots per cuttings in the acclimation room, but no 
difference was found in the length of roots. The rooting 
rate was highest in the treatment of Rootone and 
followed by IBA 100ppm, control, and IBA 1000ppm, 
62.5, 52.5, 40, and 22.5%, respectively. The mean 
number of roots per cuttings was the highest in IBA 
1000ppm and followed by IBA 100ppm, Rootone, and 
control, 11.0, 7.7, 7.3 and 5.6, respectively. We suggest 
that the root development of cuttings from somatic 
emblings in L. tulipifera is completed at 45 days after 
taking cutting, and after then, five days of acclimation 
would be enough to transfer them to a nursery bed. It is 
likely that mass propagation of L. tulipifera by the 
softwood stem cutting of somatic emblings is possible if 
the process is conducted under a temperature of 25 and 
a humidity of 80%, which increases the rooting rate. 

··························································································

Effect of Cutting’s Maturity, Genotype, 
and Growth Regulators on Vegetative 
Propagation of Salix caprea

Kim D.H., Han S.H., Lee J.C., Jang K.W., 
Song J.H.

Korea Forest Research Institute, Republic of Korea

Salix caprea is one of promising species for 
phytoremediation of metal-contaminated soils. However, 
conventional cutting propagation does not produce 
sufficient roots for the establishment of clones that lead 
to low survival rates. Hence, this study was performed to 
explore efficient vegetative propagation techniques by 
cuttings through the establishment of optimum maturity of 
cuttings, root regulators among different S. caprea
genotype. To establish the optimum cuttings’ maturity, 
cuttings were obtained from the same mother plants of 
each three different clones (CB1, BH5, and BH10) at 3 
weeks intervals on 6 March, 28 March, 17 April, and 8 
May. Effect of growth regulators were evaluated by using 
indole-3-butyric acid (IBA) at 100, 500 and 2000 mg L-1

concentrations and rootone for cuttings collected on 17 
April. Two months later the rooting success was 
evaluated. There were significant high interaction effect in 
rooting rate between cuttings’ maturity and clones at 
p=0.0006. The best rooting rates (49%) and number of 
root per cutting (7.7) were obtained with CB1 cuttings 
collected in 28th March. In contrast, rooting rates and 
number of root per cutting of BH10 cuttings collected on 
8th May were only 3 % and 2.7, respectively. Regardless 
of the clone type, stem cuttings collected on 28 March 

have rooted best followed by those collected on 6 March, 
while those taken on 8th May have the lowest rooting 
rate and average number of root per cutting. On the 
other hand, regardless of cuttings maturity, the rooting 
performance of the different clones was in the order CB1 
(31%) > BH10 (27%) > BH5 (10%). Pretreatment of 
growth regulator at 2000 mg L-1 of IBA in quickdip 
method showed the best rooting traits (rooting percentage 
was 40 %, root number was 6 and root length per rooted 
cuttings was 11.3 cm) in CB1 clone. Similarly, shoot 
length and shoot dry weight were also affected 
significantly by age maturity of cuttings. Overall, younger 
cuttings and pretreatment with 2000 mg L-1 IBA could 
improve rooting percentage, root number, and root length 
of Salix caprea especially from the CBI clones. 

··························································································
                                   
Effect of Different Irrigation Period on 
Photosynthesis and Growth Performances 
of Containerized Seedling of Eucalyptus 
pellita and Acacia mangium

Lee S.W.1, Cho M.S.1, Kim G.N.2

1Korea Forest Research Institute, Republic of Korea 
2Chungnam National University, Republic of Korea

The objective of this study was to find optimal water 
condition of containerized seedling production of two 
tropical species for high seedling quality. This study was 
conducted to investigate photosynthesis, water use 
efficiency(WUE), Stomatal conductance(gs) and growth 
performances of containerized seedlings of Eucalyptus 
pellita and Acacia mangium growing under three different 
irrigation periods(1time/1day, 1time/2days and 
1time/3days). E. pellita showed outstanding photosynthetic 
capacity at 1time/1day irrigation and A. mangium showed
good photosynthetic capacity at all treatments. As 
irrigation period were shortened, gs of two species 
increased, while WUE of two species decreased. Root 
collar diameter and height of two species were the 
highest at 1time/1day irrigation, while the lowest at 
1time/3days irrigation. As irrigation period were 
shortened, H/D ratio, biomass and seedling quality 
index(DQI) of two species increased but T/R ratio of two 
species showed the opposite tendency. These results 
showed that 1time/1day irrigation is optimal water 
condition of containerized seedling production of two 
tropical species and irrigation controlling is very 
important for growth and seedling quality of containerized 
seedling.

··························································································
                                   
Selective Breeding of Hawthorn 
(Crataegus pinnatifida Bunge) from Korea
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Park Y.K., Hwang S.I., Kim M.J., Lee K.Y.

Korea Forest Research Institute, Republic of Korea

In order to develop new cultivar of hawthorn with 
high quality fruit, we have selected from Korea. In 
current study, we evaluate the characteristics of fruit and 
measured the content of phenolic compounds in the fruit 
of C. pinnatifida. Hawthorn has been used as herbal 
medicine in Korea for the treatment of various 
cardiovascular disease, arteriosclerosis and hypertension. 
Because phenolic compounds are known as active 
constituents of hawthorn, it is important to measure these 
compounds for selection superior tree and using as 
breeding materials. To assess the morphological variation 
of the hawthorn fruit 5 quantitative characteristics (FL : 
Fruit Length, FW : Fruit Weight, WF : Weight of Fruit, 
IFY : Individual Fruit Yield) were made on 5 individuals. 
Fruit length of hawthorn showed a range of 15.2 to 18.8 
mm, and the weight of hawthorn fruit showed a range of 
2.17 to 3.84 g. The finding determined that the clone of 
Chuncheon 8 had highest EC (834 mg/100 g) and ChA 
(331 mg/100 g) content and Chuncheon 15 had highest 
HP (876 mg/100 g) and IQ (427 mg/100 g) content. 
With their high functional components, the clone of 
Chuncheon 8 and Chuncheon 15 can be evaluated to be 
selected breeding material for cultivar development.

··························································································
                                   
Growth Performance of European Alder 
(Alnus glutinosa) in Korea

Ryu K.O., Choi H.S., Kim I.S.

Korea Forest Research Institute, Republic of Korea

The provenance test of European alder (Alnus 
glutinosa (L.) Gaertn.) was conducted to select adaptable 
provenances in Korea. Seeds of fifty-provenances from 
over 20 European countries were introduced in 1987 and 
planted at three sites. Only one site (Chungwon) has been 
existed up to present and twenty-four provenances were 
analyzed. Height and diameter growth were different 
among provenances significantly. Average height was 12.2 
m(10.6~14.6 m) and diameter was 17.0 cm(12.4~22.0 cm) 
at age of twenty-two. YUG-341, BUL-037, and TUR-240 
provenances were proved to be appropriate ones while 
GER-079, POL-103, and ITA-229 provenances were 
inferior in the volume growth. The difference of 
individual volume growth among provenances were very 
large (0.066~0.277 m3, 46.1~192.5%, compared to mean). 
The growth (height, diameter, and volume) was negatively 
correlated with latitude and positively correlated with 
longitude, and no correlation with altitude. 

··························································································
                                   
Disease Development and Gas Exchange 

Rate in the Seedlings of Pinus densiflora 
Artificially Inoculated with 
Bursaphelenchus xylophilus and B. 
mucronatus

Woo K.S.1, Yoon J.H.2, Woo S.Y.3, Lee S.H.3,
Han S.U.1, Han H.R.4, Baek S.G.3, Kim C.S.1

1Department of Forest Resources Development, KFRI, 
Suwon 441-847, Republic of Korea

2Southern Forest Research Center, KFRI, Jinju 660-300, 
Republic of Korea

3Department of Environmental Horticulture, University of 
Seoul, Seoul 130-743, Republic of Korea

4Department of Forest Conservation, Korea Forest 
Research Institute, Seoul 130-712, Republic of Korea

Four-year-old seedlings of Pinus densiflora were 
inoculated with a suspension of B. xylophilus, or B.
mucronatus adjusted to 3,000 nematodes per 50 L
sterilized distilled water in a greenhouse on July 21, 
2008 to evaluate initial symptom development and the 
changes of gas exchange rate. B. xylophilus and B.
mucronatus were distinguished by four restriction enzymes 
except Rsa I, and the result of ITS-RFLP of B.
xylophilus used in this experiment was completely 
matched to that of pine wood nematode reported 
previously. Needle dehydration and subsequent yellowing 
were observed in all seedlings inoculated with B.
xylophilus isolate while the appearance of the seedlings 
was normal in all seedlings inoculated with B. 
mucronatus and control. Needle dehydration was observed 
in most seedlings inoculated with B. xylophilus between 2 
and 3 weeks after inoculation. In seedlings inoculated 
with B. xylophilus, continuous decrease in photosynthetic 
rate was observed after 6 days of inoculation. 
Photosynthetic rate decreased more markedly after 12 
days of inoculation when external symptoms appeared in 
most seedlings, and ceased almost completely 19 days 
after inoculation. There was no remarkable decrease in 
gas exchange rate in seedlings inoculated with B. 
mucronatus until 12 days after inoculation. Photosynthetic 
decline was only observed at 19th day after inoculation 
but recovered above control level after 25 days of 
inoculation. Disease development and gas exchange rate 
changes in the seedlings of Pinus densiflora inoculated 
with B. xylophilus were not observed on those inoculated 
with B. mucronatus. Further studies are needed to clarify 
the factor which restricts symptom development.

··························································································
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Genetic Variation of the Endangered 
Endemic Plant Species, Lycoris uydoensis
(Amaryllidaceae) in Korea  

Chung J.M.1, Seo J.H.1, Shin J.K.1, Choi H.J.
1, Lee B.C.1, Kim M.S.1, Kim M.Y.2

1Korea National Arboretum, Republic of Korea
2University of Chonbuk, Republic of Korea

Lycoris uydoensis M. Kim (Amaryllidaceae), a 
herbaceous perennial grows in just uydo island of 
Buan-gun, Chollabuk-do in Korea. This plant species is 
endemic and have a few small natural populations. The 
natural populations have been greatly disturbed by 
development and vandalism. Some individuals of them 
have been transplanted for the ornamentals of whitish 
flower and cultivation. And it has been suggested based 
on karyotype (3M+1SM+4T+11A) analysis that L.
uydoensis is a natural hybrid. Also, L. uydoensis is sterile
(2n=19), propagates via strong vegetative reproduction by 
producing bulbels and found in streamsides favorable to 
moving bulbels. To estimate level of the genetic diversity 
for conservation strategies, ISSR analysis was conducted 
in forty five individuals of a population of L. uydoensis.
Forty eight ISSR loci produced in five primer (#843, 
#849, #854, #855, #873) revealed no variation among 
forty five individuals of a population. The results 
indicated that one or a few individuals of L. uydoensis
were maintained populations via asexual reproduction by 
producing bulbels.

··························································································

Genetic Diversity among the Natural 
Populations of Rare Endemic Plant 
Species, Lycoris chinensis var. sinuolata 
(Amaryllidaceae) in Korea  

Chung J.M.1, Seo J.H.1, Shin J.K.1, Lee B.C.1,
Kim M.S.1, Kim M.Y.2

1Korea National Arboretum, Republic of Korea
2University of Chonbuk, Republic of Korea

The threatened and endemic plant species, Lycoris 
chinensis var. sinuolata K. Tae et S. Ko (Amaryllidaceae) 
is restrictedly distributed in just South western region of 
Korea peninsula. This plant species is herbaceous 
perennial and fertile (2n=16). And L. chinensis var.
sinuolata propagates via both sexual by seed and asexual 
reproduction by bulbels. Three small natural populations 
of this species usually are located in gradual slope of 
valley of mountain region. All of three populations have 
been generally preserved by the national park and temple 
forest.

The genetic diversity and structure of L. chinensis var.

sinuolata populations were assessed using ISSR marker. 
Seventy individuals in three natural populations were 
analyzed with five primer. Low levels of genetic diversity 
were revealed by ISSR marker. At the species level, the 
expected heterozygosity and Shannon’ index were 
0.135and 0.202 on average, respectively. The result of 
AMOVA analysis showed that forty five% of the total 
genetic diversity was shared among populations. Results 
from this study provide a scientific basis for estimating 
genetic diversity and for strategic conservation of this 
species.

··························································································
                                   
Study of Genetic Diversity and 
Taxonomy of Genus Sorbus in Korea 
Using Random Amplified Polymorphic 
DNA

Kim S.H., Han J.G., Kang M.S., Kim M.S.

Division of Special Purpose Trees, Korea Forest Research 
Institute, 44-3, Omokchun, Kwonsun, Suwon 441-847

Genus Sorbus is a long lived woody species and 
plants of this genus is primarily distributed patchy 
throughout Asia and Europe. Sorbus commixta is 
primarily distributed throughout Europe. Eastern Asian 
Sorbus species are regarded as very important herbal 
medicines in Korea and China. Random amplified 
polymorphic DNA (RAPD) was used to investigate the 
genetic variation and phylogenetic analysis of four species 
of this genus in Korea. Although some Korean 
populations of these species were isolated and patchily 
distributed, they exhibited a high level of genetic 
diversity. Twenty-six primers revealed 205 loci, of which 
128 were polymorphic (62.4%). S. commixta had the 
highest expected diversity (0.165), S. aucuparia the
lowest (0.109). The estimated gene flow (Nm) was low 
high among intra-species (mean Nm = 0.755). A 
similarity matrix based on the proportion of shared 
fragments (GS) was used to evaluate relatedness among 
species. The estimate of GS ranged from 0.786 to 0.963. 
The molecular data allowed us to resolve well-supported 
clades in Korean taxa and European species. An addition, 
especially, species-specific markers for genus Sorbus by 
RAPD analysis may be useful in germ-plasm 
classification and agricultural process of several taxa of 
this genus.

··························································································
                                   
Isolation and Characterization of 
Salt-induced Genes in Poplar Cells by 
Suppression Subtractive Hibridization 
and cDNA Microarray Analysis
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Bae E.K., Lee H., Lee J.S., Jo A., Noh E.W.

Korea Forest Research Institute, Republic of Korea

Salt stress inhibits plant growth and productivity. The 
effects of salt stress on poplar physiology, biochemical 
and molecular changes have previously been studied in 
poplar leaves and roots. Here, we report microarray 
expression profiles of 542 genes from cDNA library of 
150 mM NaCl treated poplar (Populus alba × P.tremular
var.glandulosa) cells using suppression subtractive 
hybridization method. Among 542 genes on the 
microarray, merely 3.9% of genes displayed significantly 
up-and down-expression level in response to salt stressed 
poplar cells. The majority of the genes with altered 
transcript levels belong to metabolic process, cellular 
process, response to stress, and biological process 
unknown. Especially, these genes encoding LEA protein, 
myo-inositol-1-phosphate synthase, NAD-dependent 
dehydrogenase, and malate synthase were previously 
reported as salt tolerance gene in leaves and roots of 
Populus euphratica, which has physiological ability to 
tolerate extreme drought and salinity. These results 
suggest that the cell suspension may offer an opportunity 
for understanding function of salt-induced gene between 
organs and cells.

··························································································
                                   
Improved Tolerance to Salt in Transgenic 
Poplar Producing Mannitol

Han M.S., Noh E.W., Choi Y.I., Lee W.Y., 
Lee J.S.

Division of Forest Biotechnology, Korea Forest Research 
Institute, Suwon, 441-847, Republic of Korea

The mtlD gene encoding mannitol-1-phosphate 
dehydrogenase, catalyzes the biosynthesis of mannitol 
from fructose. We cloned the gene from Escherichia coli
and modified to be expressed in plants. The chimeric 
p35S-mtlD gene was stably incorporated into poplar 
(Populus alba × P. glandulosa). Transgenic poplar plants 
accumulated mannitol at concentrations ranging from 
0.025 to 0.033 mg/g fresh weight, whereas nontransgenic 
poplar plants did not accumulated it at all. Seven 
transgenic poplar clones were subjected to salt stress with 
NaCl using leaf disk and shoot tip culture systems. 
Although the transgenic poplar plants did not show much 
difference from nontransgenic poplar plants in callus 
formation and growth in the presence of 100 or 125 mM 
NaCl, they exhibited improved rooting performance (both 
rooting rate and the number of roots per plant) in shoot 
tip culture. Overall, the transgenic poplar plants watered 
with 100 mM NaCl in the pots exhibited less injury than 
nontransgenic poplar plants measured by photosynthetic 
rate. Taken together, the transgenic poplar plants appeared 
to have attained a limited salt tolerance through the 

expression of mtlD gene.

··························································································
                                   
Cross-species Amplification of 
Microsatellite Loci in Some Hibiscus spp.

Kwon H.Y., Park H.S.

Korea Forest Research Institute, Republic of Korea

Accurate identification of individuals, clones and 
cultivars for target species and information on their 
genetic relationship is essential for effective performance 
of breeding and genetic resources management programs. 
However, the isolation and characterization of 
microsatellite on a species from which markers have not 
yet been developed entails a significant input of time and 
cost. Therefore, if we could find available markers in 
existing microsatellite primer sets developed from closely 
related species, it would be very efficient in terms of 
eliminating the time-consuming and costly process. In this 
study, to validate as available markers for identification 
of clones and cultivars of Hibiscus syriacus, total 27 
microsatellite primers derived from H. rosa-sinensis, H. 
tiliaceus and H. glaber were tested. After PCR 
optimization, 15(56%) tested primers successfully 
amplified H.syriacus DNA, of which 10(67 %) were 
polymorphic. These polymorphic microsatellite loci were 
expected to provide useful codominant markers for 
inexpensive and highly informative multi-locus data on 
identification of the number of H. syriacus cultivars. 
They seem to be available for assessing intraspecific 
variation, mating system, and paternity studies in the 
species.

··························································································
                         
Somatic Embryogenesis of Siberian Larch

Barsukova A.V., Tretyakova I.N.

V.N. Sukachev Institute of Forest Siberian Branch 
Russian Academy of Sciences, Krasnoyarsk, Russia

Somatic embryogenesis was initiated from immature 
zygotic embryos of Siberian larch (Larix sibirica L.) 
which is resistant to larch bud midges. Seeds obtained in 
the result of controlled pollination were introduced into in
vitro culture. Different mixtures of nutrient medium: ½ of 
MS, MSG and MA were used for induction of 
embryogenic callus formation. The formation of 
embryogenic callus proceeded on all the media during a 
month in 18-20% of cases. However, the proliferation and 
maturation of somatic embryos proceeded only on the 
MA medium. So, in the result of inducing the Siberian 
larch hybrid seeds into the culture the five actively 
proliferating cell lines were obtained. Doubling of 
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biomass of a proliferating culture was observed even on 
the 11-th day of cultivating.  Somewhat about 250-380 
somatic embryos per 100 g of embryonic mass were 
counted in the proliferating culture. To stop proliferation 
and go to the maturation stage the embryonic mass was 
cultivated during four days in the liquid with no hormone 
containing nutrient MA medium at steady stirring (60 
revolutions per minute). Twelve media which contained 
different variations of concentration of ABK, sucrose, 
PEG and Gelrite were applied to reach maturation of 
somatic embryos.  The maximum result was obtained at 
distributing the embryonic mass on filter paper on the 
surface of nutrient medium containing 40 g/l sucrose, 60 
M ABK and 10% PEG. Development to mature somatic 
embryos made from 15 (the cell line 3) to 60 (the cell 
line 5) embryos on 500 mg of embryonic mass. Fully 
mature somatic embryos were brought to the medium for 
germination which was free from plant growth regulators 
and with decreased two times content of macro- and 
microelements as well as iron and which didn’t contain 
organic nitrogen and vitamins. On this medium in four 
days already the lengthening hypocotyl and developed 
root were observed. As soon as a hypocotyl of 
germinated somatic embryo appeared (the third week on 
medium for germinating) it was considered as a germ.  
Germs (after five weeks of germination) were brought to 
the ecosoil and passed the period o f adaptation to 
environment.

··························································································
                                   
High Frequency Plant Regeneration from 
Abnormal Shoot Organogenesis in 
Medicinal Plant, Hovenia dulcis

Jeong M.J.1, Song H.J.1, Jo J.S.1, Kim B.M.1,
Kim H.G.1, Kim Y.D.2, Min J.Y.3, Yang J.K1,
Karigar C.S.4, Choi M.S.1

1Division of Environmental Forest Science, Gyeongsang 
National University, Jinju, 660-701, Korea
2Institute of Hadong Green Tea Institute, Hadong-gun, 
Gyeongnam, 667-804, Korea
3Sancheong Oriental Medicinal Herb, Sancheong-gun, 
Gyeongnam, 666-802, Korea
4Department of Biochemistry, Bangalore University, 
Bangalore, 560001, India

An efficient plant regeneration protocol for shoot 
organogenesis from Hovenia dulcis callus cultures was 
established. Induction of organogenic callus was achieved 
on Murashige and Skoog (MS) medium supplemented 
with 1.0 mg l-1 kinetine and 1.0 mg l-1

2,4-dichlorophenoxyacetic acid (2,4-D). Further 
differentiation of organogenic callus into primordium, 
shoot like structures and plantlet was achieved on MS 
medium supplemented with 0.1 mg l-1 Gibberellic acid 
(GA3) and 0.1 mg l-1 kinetin. Numerous abnormal shoots 
developed on transfer of callus to MS medium with 

cytokinins, which however did not grow further into 
entire plantlets. The re-cultivation of abnormal shoots in 
MS medium without cytokinins resulted in the growth of 
normal shoots. The elongated shoots subsequently were 
rooted in basal MS medium and established in artificial 
soil. The RAPD analysis of the regenerated plants 
confirmed their genetic stability even after in vitro 
procedures.

··························································································

The Embryogenic Competency and 
Morphological Changes during Somatic 
Embryogenesis in Iris Pseudacorus

Kim T.D., Ahn C.H., Choi Y.E. 

Division of Forest Resources, College of Forest an 
Environmental Sciences, Kangwon National University, Korea 

In the present study, firstly we report the establishment of a 
high frequency plant regeneration system via somatic 
embryogenesis in Iris pseudacorus. Secondly, the 
morphological characteristics of somatic embryos in this 
species are also described. Embryogenic callus was obtained 
from bulb segments of Iris pseudacorus on Murashige and 
Skoog (MS) medium with 2,4-dichlorophenoxyacetic acid 
(2,4-D) alone or in combination with kinetin. When early 
globular somatic embryos were subcultured onto MS medium 
with 4.52 1M 2,4-D, high frequency of somatic embryogenesis 
was obtained. Deprivation of 2,4-D was required for 
maturation. Mature somatic embryos had an elongated 
scutellum with a notch on the base of scutellum. Separation of 
embryos from embryo clusters was necessary to enhance the 
frequency of germination. Germination was stimulated by 
separation of embryos from embryo clusters and transfer onto 
fresh half-strength MS medium with 3% sucrose. After 
acclimation in artificial soil in greenhouse for 2 months, 
96.4% of plantlets survived.

··························································································
                                   
Long-term Cryopreservation of 
Embryogenetic Scots Pine Cultures

Mathieu L., Aronen T.

Finnish Forest Research Institute, Punkaharju, Finland

Somatic embryogenesis (SE) is considered the most 
potential vegetative propagation method for Scots pine 
(Pinus sylvestris L.). The existing SE protocols for Scots 
pine are based on the use of immature zygotic embryos 
as explants for culture initiation. Using juvenile explants, 
the final performance of the SE clones can be evaluated 
only by field tests of regenerated plants taking 5-10 years 
at the minimum. The Scots pine SE cultures have, 
however, been found to gradually lose their embryo 
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production capacity within 1-2 years of continuous in
vitro culture. Cryopreservation of SE cultures is thus a 
prerequisite for successful clone delivery, being able to 
maintain regeneration ability during field testing.    

Cryopreservation techniques have been developed for 
Scots pine SE cultures, but there are no reports on 
long-term cryostorage. The aim of the present work was 
to study potential effects of the long-term 
cryopreservation and different cryoprotectants on the 
viability, proliferation ability or embryo maturation 
capacity of Scots pine SE lines.

Altogether 108 different SE lines from 4 donor trees 
were used material. The samples were cryopreserved 
using either PDG mixture 1:1 or 1:2½, or DMSO solely 
as cryoprotectant, and stored in liquid nitrogen for 2 to 
14 years (from 1995-2007 to 2009).  

At least 80% of the SE lines cryopreserved with PDG 
mixture 1:1 in 1998/1999 (93%) and in 2006/2007 (83%), 
and the lines cryopreserved with PDG mixture 1:2½ in 
2000/2001 (80%) remained viable and started proliferating 
following thawing. The recovery was significantly lower 
for the lines cryopreserved with PGD in 1996/1997 (44%) 
and for the lines preserved in 1994/1995 using DMSO 
(0%). The PDG mixture used, cryostorage time, or donor 
tree did not impact significantly the growth ratio of the 
SE lines, W1/W0 in 6-week proliferation varying 19-24x. 
At the maturation phase, the length of cryopreservation 
affected significantly (p < 0,01) the production of 
cotyledonary embryos, the quantity of embryos being 
lower in the lines cryopreserved for 8-13 years (varying 
from 60± 21 to 68 ±29/gFW) than in the ones cryostored 
for two years (292±72/gFW). The PDG mixture used and 
donor tree had no significant effect on embryo production 
capacity.

··························································································
                                   
Regeneration of Eleutherococcus seoulensis
using Immature Seeds Via Somatic 
Embryogenesis

Lee S.G., Lee S.H., Kang H.D.

Dongguk University, Republic of Korea

High-frequency somatic embryogenesis was achieved 
from the zygote seeds of Eleutherococcus seoulensis. 
Callus were induced from the immature zygote embryo 
on the callus induction medium. Among the callus 
induction medium, Mixtures of 2,4-D and TDZ hormones 
on the medium are the most effective way to induce the 
callus. Opaque and friable embryogenic calli were formed 
on medium without any hormones during about 2-weeks. 
Initiation of somatic embryogenesis and development up 
to the globular stage from embryogenic cell clumps 
occurred in callus materials. To find finest maturation 
condition on somatic embryos, several experiments were 
experimented. Concentrations of MS salt, Sucrose, Active 
Charcoal, PEG and density of embryogenic callus were 

manipulated. From that, the medium included 1/2MS 3% 
sucrose, ABA 0.1mg/L, A.C 0.02%, 0.5% gelrite was the 
best medium to maturate the embryogenic callus. The 
highest rate of germination was the medium with 0.2mg/L 
GA3 hormone. Plentlets were transferred to 1/2 SH solid 
medium with 1.0 mg/L GA3 and 0.2% activated charcoal 
for shoot and root elongation and them elongated 
plantlets further developed on 1/2 SH medium for 4 
weeks. Plantlets produced somatic embryos were 
acclimatized in a greenhouse.

··························································································
                                   
Regeneration of Wild Panax  ginseng Via 
Somatic Embryos

Lee S.G., Lee S.H., Kang H.D.

Dongguk University, Republic of Korea

This study was conducted to establish the optimal 
condition for plant regeneration and acclimatization from 
somatic embryos of wild Panax ginseng. Cotyledon 
segments of wild Panax ginseng produced primary and 
secondary somatic embryos when cultured on MS and 
WPM media with supplement of 7% sucrose. To induce 
plantlet conversion, cotyledonary somatic embryos were 
cultured on WPM solid medium with GA3 at various 
concentrations (1-30 mg/L) for 4 weeks. The highest rate 
of plantlet conversion was the medium with 3.0 mg/L 
GA3. Plantlets were transferred to 1/2 WPM solid 
medium with GA3 at various concentrations (0-5 mg/L) 
and 0.5% activated charcoal for shoot and root 
elongations. Elongated plantlets further developed into 
well-developed leaf and root system on 1/3 SH medium 
with 0.5% activated charcoal under ventilation condition 
for 5 months. The highest survival rate to soil was 75% 
when plantlets were regenerated on 1/3 SH medium 
without sucrose under ventilation condition. And in vitro
flowering occurred when 2~4 cm plantlets were cultured 
on 0.7, 0.9 and 1.1% Bacto-agar gelling 1/2 SH medium. 
Frequency of in vitro flowering of plantlets is 12, 8, 8%, 
respectively.

··························································································
                                
                                    
In vitro Symbiotic Germination of 
Gastrodia elata Seeds with Mycena Species

Park E.J., Kim S.T., Ahn J.K., Lee W.Y. 

Division of Forest Biotechnology, Korea Forest Research 
Institute, Suwon 441-847, Republic of Korea

Gastrodia elata must establish the symbiotic 
relationships with beneficial fungal species, depending on 
its developmental stages such as seed germination and 
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vegetative growth. Although Mycena osmundicola has 
known to be only fungal species germinating G. elata
seeds, we found that two other Mycena species 
(KFRI1212 and KFRI 1223) were also able to promote 
the germination of G. elata seeds at different rates. Final 
germination rates were not significantly different between 
M. osmundicola (90.4%) and KFRI1212 (94.4%), while 
KFRI1212 promoted the protocorm development more 
rapidly than did M. osmundicola. Molecular analysis 
based on sequencing internal transcribed regions revealed 
that KFRI1212 matched most closely to M. chlorophos
(AB512312.1), indicating that symbiotic germination of G. 
elata seeds could be also achieved by another Mycena
species rather than M. osmundicola.

··························································································
                                  
Effect of Growth Regulators on In Vitro 
Regeneration of Kadsura japonica (L.) 
Dunal

Park J.I.1, Jung W.S.2, Heo K.3

1Department of Forest Science, CALES, Chungbuk 
National University, Cheongju, Chungbuk 361-763 
Republic of Korea

2Department of Forest Science, Graduate School, 
University same as above

3Graduated Undergraduate Student, Department of Forest 
Science, University same as above 

Scarlet Kadsura (Kadsura japonica (L.) Dunal, 
in Korean, in Japanese and Chinese) 

is ever green broadleaved woody liana plants growing in 
the subtropical zones in Korea, China, Japan and Taiwan. 
It belongs to Schizandraceae(or Magnoliaceae) and grows 
30m long . Its fruit ripens in red color. In this thesis in 
vitro culture of this species is reported. Material used 
was green twigs collected from one plant growing in a 
greenhouse. The original plant, a cutting by us, was from 
Jeju island in the southern part of Korea. Twigs collected 
were sterilized and cultured on WPM agar media with 
four concentrations(0.2, 0.5, 1.0, 5.0mg/1 and control) of 
BAP and Kinetin. Effect of cytokinins on the shoot 
development from axillary bud of Katsura japonica Duna 
were investigated after 5 weeks culture. The percentage 
of the shoot development was slightly inhibited by both 
kinds and concentrations over control(88%). The highest 
mean number of new shoots were obtained on WPM 
containing 0.5 mg/l BAP(1.8 shoots).  In the test of 
rooting of shoots with one axillary bud on WPM 
containing IBA and NAA with variable concentrations(0.2, 
0.5, 1.0, 5.0mg/1), the highest percentage of rooting, 
95%, was obtained at 5% IBA. Thirty percent survival 
was obtained after 4 weeks when the plantlets were 
transferred to pots with peatmoss and perlite(1:1) and 
maintained in high humid conditions. Through this 
experiment we could expect the possibility of 

micropropagation of this species although some more 
research is necessary for commercialization.

··························································································
                                   
Commercialization of Conifer Somatic 
Embryogenesis for Multi-varietal Forestry 
through Partnerships in Canada

Park Y.S.1, Adams G.2

1Natural Resources Canada, Canadian Forest Service - 
Fibre Centre, PO Box 4000,  Fredericton, New 
Brunswick 

2JD Irving Limited, Sussex Tree Nursery, Sussex, New 
Brunswick 

In the past 30 years, tree improvement programs 
around the world have contributed to the significant 
increase in forest productivity by providing genetically 
improved seeds. These programs typically produce 3-5% 
gain in height when evaluated at about 10 years of age. 
Our experience also indicated that the efficient capture of 
variability among the individuals of elite crosses could 
yield 4-6 times the gain available from the use of seed 
orchard seeds. Multi-varietal forestry (MVF), defined as 
the use of genetically tested tree varieties in plantation 
forestry, is the means of utilizing additional genetic 
variances contained in the breeding population. The 
implementation of MVF requires efficient vegetative 
propagation techniques, the development of high-value 
tree varieties, and the management of plantation diversity. 
Owing to recent achievements in somatic embryogenesis 
(SE), the implementation of MVF is in progress in 
Canada. To help promote R&D and application of SE, 
the Canadian Wood Fibre Centre of the Canadian 
Forestry Service launched the National Network of 
Somatic Embryogenesis Laboratories in 2007 with two 
main objectives: (1) to build competency in SE of all 
commercially and ecologically important Canadian tree 
species through R&D and (2) to establish regional applied 
SE laboratories to implement industrial MVF. 
Furthermore, this SE network can function as a conduit 
for implementing other advances in tree biotechnology 
such as molecular marker technology.

··························································································
                                   
Application of Somatic Embryogenesis in 
Forestry for Improved Productivity, 
Genetic Conservation and Restoration

Park Y.S.1, Klimaszewska K.2, Barnhardt L.3,
Russell J.4, Stoehr M.5

1Natural Resources Canada, Canadian Forest Service - 
Canadian Wood Fibre Centre, PO Box 4000 Fredericton, 
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New Brunswick
2Natural Resources Canada, Canadian Forest Service – 
Laurentian Forestry Centre, PO Box 10380 Sainte-Foy, 
Quebec

3Alberta Sustainable Resource Development, Alberta Tree 
Improvement and Seed Centre, Smoky Lake, AB

4British Columbia Ministry of Forests and Range, 
Mesachie Lake, BC

5British Columbia Ministry of Forests and Range, PO 
Box 9519, Victoria, BC, Canada

Somatic embryogenesis (SE) and cryopreservation are 
the first biotechnologies that have many unexploited 
possibilities in forestry, including mass propagation of 
high-value trees with desirable attributes, 
species/germplasm conservation and restoration, and the 
development of pest resistant tree varieties. Recognizing 
these potentials, the Canadian Forestry Service, in 
partnership with the forestry sector, embarked on SE 
projects on both economically and ecologically important 
Canadian conifers. Immature seeds of whitebark pine 
(Pinus albicaulis), limber pine (P. flexilis), Douglas-fir 
(Pseudotsuga menziesii), western red cedar (Thuja plicata)
and yellow cedar (Chamaecyparis nootkatensis) were used 
in 2007 and 2008. Whitebark and limber pines are 
ecologically important keystone species that are an 
integral part of ecosystems; however, over much of their 
range including British Columbia and Alberta, the species 
is seriously threatened due to susceptibility to white pine 
blister rust (Cronartium ribicola) and mountain pine 
beetle (Dentroctonus ponderosae). SE in whitebark and 
limber pines has been obtained for the first time, 
embryogenic lines were successfully cryopreserved and 
thawed, and plants were generated, providing a new 
dimension for genetic resource conservation and species 
rescue. In addition to commercial application in spruce 
species in eastern Canada, somatic seedlings in 
Douglas-fir was obtained at high frequencies offering a 
possibility of industrial implementation. Also, somatic 
seedlings of western red cedar have been obtained for the 
first time, but plant regeneration in yellow cedar was 
unsuccessful requiring further research.

··························································································
                                   
Masspropagation and Cryopreservation of 
in vitro-cultured Axillary Bud Meristems 
of Melia azedarach

Yang B.H., Hur S.D., Hong Y.P., Hong K.N.

Korea Forest Research Institute, Republic of Korea

Melia azedarach is of great important tree because it 
has therapeutic as well as insecticidal properties. This tree 
has been used for wood resistant to termites, fodder, 
green manure, as well as oil from seeds, It was a 
originated from north-western India, and extended in 
many subtropical countries. Cryopreservation of plant 

meristems or cells, somatic and zygotic embryos, is an 
important technique for long-term preservation without 
genetic alteration. Simple and reliable cryopreservation 
protocols with vitrification have been developed and 
applied to many plant species. Vitrification methods have 
been applied to tropical plants such as banana that is not 
resistant to cold conditions. In this study, an optimal 
procedure for masspropagation of M. azedarach was 
achieved when using nodal segments with two axillary 
buds as explants. In each treatment, five nodal segments 
were cultured. On the MS (Murashige & Skoog) medium 
supplemented with BA(6-Benzyladenine) 1 mg/L, multiple 
shoots were developed within 4-5 weeks in 95% of the 
total cultures. As the concentration of BA decreased, 
shoot length was reduced and leaf development occurred. 
Generally, nodal explants more efficient the length than 
shoot tip explants. Formation of axillary shoots was 
observed on the media with cytokinins (BA). Shoot 
proliferation was influenced by cytikinin type and 
concentration. Plantlets of M. azedarach were 
cold-hardened at 10  for 16 hr photo-periods for 6 
weeks. Excised axillary shoot-tips from hardened plantlets 
were precultured on a solidified MS medium 
supplemented with 0.7 M sucrose for 1 day at 25 .
Axillary shoot-tip meristems were dehydrated using a 
highly concentrated vitrification solution (PVS2) for 60 
min at 0  prior to a direct plunge into liquid nitrogen 
(LN). The PVS2 vitrification solution consisted of 30% 
glycerol (w/v), 15% ethylene glycol (w/v), 15% DMSO 
(w/v) in MS medium containing 0.4M sucrose. After 
short-term warming in a water bath at 40 , the 
meristems were transferred into 2 ml of MS medium 
containing 1.2 M sucrose for 15 min and then planted on 
solidified MS culture medium. Successfully vitrified and 
warmed meristems resumed growth within 2 weeks and 
directly developed shoots without intermediary callus 
formation. The survival rate of cold-hardened plantlets for 
3 and 4 weeks was 90%. We did not find any difference 
in PCR-band patterns between control and cryopreserved 
plants.

··························································································
                                   
Somatic Embryogenesis of Flowering 
Cherry, Prunus incise ‘February Pink’

Cheong E.J., Pooler M.

USDA, Agricultural Research Service, USA 

Factors affecting somatic embryogenesis from root 
explants of Prunus incisa Thunb. cv. February Pink were 
investigated. Using a medium containing Murashige and 
Skoog salts and vitamins supplemented with 10 M
2,4-dichlorophenoxyacetic (2,4-D), we evaluated the effects 
of light, growth regulators, amino acids, carbohydrate 
source, and root induction medium. Explants cultured 
under light or dark conditions both resulted in the 
formation of embryos. Embryogenesis was inhibited by 
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the addition of 6-benzyladenine, thidiazuron, or gibberellic 
acid to the medium. Amino acids were not effective in 
promoting embryogenesis, with high levels of amino acids 
actually inhibiting it. Sucrose and glucose effectively 
induced embryogenesis, while sorbitol and mannitol 
completely inhibited it. Sucrose and glucose also 
promoted secondary embryogenesis. Embryos that formed 
in medium containing 4% or 5% sucrose were abnormally 
shaped and did not fully develop, while those that 
formed in medium with sucrose concentrations of 2% or 
3% were much more vigorous. Root explants that were 
induced on medium containing 1.0 uM indole-3-butyric 
acid (IBA) produced more somatic embryos than explants 
induced on medium without IBA. Approximately 50% of 
the roots induced on medium containing 1.0 uM IBA 
produced somatic embryos on medium containing 10 uM
2,4-D and 3% sucrose.

··························································································
    
Incorporating Pedigree Reconstruction in 
Clonal Forestry Development and 
Production Systems

El-Kassaby Y.A.

Department of Forest Sciences, Faculty of Forestry, The 
University of British Columbia, Vancouver, Canada

   The use of informative microsatellites molecular 
markers in combination with partial or full pedigree 
reconstruction created opportunities for the assembly of 
structured matings from natural pollination without the 
need to elaborate mating designs.  The developmental 
phase of somatic embryogenesis focuses on the production 
of multiple cell lines for clonal testing.  These cell lines 
are produced from immature or mature embryos from 
specific matings among selected parents, thus causing 
time delay associated with parents’ selection, artificial 
controlled pollination, and the biological requirements for 
embryo and seed development.  An alternative scenario 
for cell line production is proposed where the authenticity 
of the desired male parents is determined from 
wind-pollinated natural crosses from seed collected from 
desired female parents.  This approach is made possible 
by the recently achieved high induction rate of cell lines 
permitting matings assembly at the tissue culture stage 
and thus the saving of critical time.  Similarly, following 
the completion of clonal testing, the production phase of 
somatic embryogenesis focuses on the bulk-up of selected 
elite genotypes.  The benefit from DNA fingerprinting 
and pedigree assessment as a quality control/quality 
assurance safeguard is also demonstrated.

··························································································

Quantitative-genetic evaluation of the 
induction success rate

Lstib rek M.

Faculty of Forestry and Wood Sciences, Czech University 
of Life Sciences Prague, Kamycka, Praha, Czech Republic

   A deployment by somatic embryogenesis has been 
often considered by forest geneticists in order to 
capitalize on the entire genotypic superiority of their best 
breeding stock. Unfortunately, variability in propensity to 
produce somatic embryos (induction success rate) has 
been encountered in different species. We will discuss the 
impact of this differential success rate on selection 
response and diversity in the clone mixtures supplied to 
operational forestry. Results of our quantitative-genetic 
evaluation support the advantage of somatic 
embryogenesis even in the presence of relatively high 
induction success rate.

··························································································

Comparison of The Amenability of Pinus 
patula and Its Hybrid Crosses to Somatic 
Embryogenesis

Van der Westhuizen A.M., Fischer L., Jones 
N.B.

Shaw Research Centre, Sappi Forests Research, 
P.O.Box473, Howick, 290, South Africa

   Somatic embryogenesis (SE) offers a means to 
overcome the constraints of vegetative propagation for 
maximizing the deployment of genetically improved Pinus
patula cuttings. These constraints are caused by the onset 
of ontogenetic maturation in the hedge plants, resulting in 
low rooting and poor field performance of cuttings.  The 
amenability of embryogenic tissue to cryopreservation 
offers a means of overcoming hedge maturation effects. 
As hedges age and the performance of the resulting 
cuttings declines, SE-derived clones can be drawn from 
cryostorage for substitution of the aging hedges with 
more juvenile material. Thus, a further benefit of this 
process is the ability to deploy this species clonally, a 
process that is currently not feasible.  A serious threat to 
the South African softwood industry is the pathogen, 
Fusarium circinatum, which causes serious losses in P. 
patula both in the nursery and during early establishment 
in the field, but could potentially also result in an 
outbreak in mature trees.  As part of the strategy to find 
a solution to this growing problem, which is restricting 
the continued deployment of this species, controlled 
pollinated (CP) crosses of P. patula with species that 
show resistance to F.circinatum have been developed and 
tested. The CP material was put through the same SE 
protocol used for P.  patula, with positive results. These 
results were obtained in almost every step of the process, 
with improvements in maturation responses and 
germination of embryos through to the conversion to 
hardened hedges, without major protocol changes and 
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with an increased number of genotypes amenable to the 
process. Preliminary results obtained from several in vitro
trials comparing the amenability of the embryogenic tissue 
from various P. patula and P.  patula hybrid families to 
the SE process, showed a 44% increase in germination of 
well-developed embryos and a 25% increase in somatic 
plantlets ready to be planted out for hardening in 
responsive genotypes. The cutting production, rooting, F.
circinatum-resistance and field performance of the 
SE-derived P. patula hybrid material is further tested to 
assess the feasibility of this propagation strategy. 

··························································································

Development of Mass Reproduction 
Technology of selected Oil Palm Clones 
through Somatic Embryogenesis

Kang H.M.1, Sohn Y.M.1, Park E.J.1, Park 
H.R.1, Kim Y.J.1, Son S.H.1,2, Guzman N.3

1VitroSys Incorporation, Korea
2Dong Yang University, Korea
3ASD, Costa Rica 

   Oil palm tree (Elaeis guineensis Jacq.) was known as 
the most important oil producing crops in the world due 
to the highest productivity of the species compared with 
other crops. Nevertheless, two barriers made it difficult to 
commercialization of the tissue cultured plants. One 
obstacle is the absence of reliable Mass Reproduction 
Technology (MRT) and the other is somaclonal variation 
of the in vitro clones. Somatic embryogenesis in oil palm 
include multi-step process in vitro and it needs more than 
eighteen months of producing period from meri-stemic 
tissues of selected clone in the field. Moreover, the 
limitation of the explant source of the selected genotypes 
of oil palm is strongly related to just mentioned above 
obstacles. Using the 6 clones from the ASD, we could 
develop unique technologies for the MRT. Mass of 
somatic embryos was obtained from in vitro grown 
seedlings using meri-stem cultures and induced mass 
could be used as further explant sources for the second 
round process for the commercial-scale production of the 
somatic embryos. In vitro selection of the embryogenic 
cell lines from the mass were routinely conducted with 2 
weeks of intervals. Detection of the phenotypic variants 
in vitro seemed to be powerful tools for early elimination 
of the somaclonal variants. Development of the 
germination process from the somatic embryos was 
focused on the rate of the abnormalities in vitro.
Association of the mixer to separate cells from 
embryogenic mass was allowed us to establish cell 
suspension cultures.  Pilot-scale cell suspension culture of 
the cell lines through bioreactor was revealed as quite 
successful system. From the selected lines of cell cultures 
to plantlets, it required just 6 months of culture period. 
Now, field test is undergoing to verify the relationship 
between in vitro abnormalities and ex vitro growth. Our 

results will suggest reliable MRT process for the oil palm 
clones from cell to seedlings in vitro.
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