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Plant Biotechnology Applications to Abiotic stresses and Embryogenesis

Akira KIKUCHI, Associate professor, Doctoral Program in Bioindustrial Sciences &
Gene Research Center, University of Tsukuba

Research topics
Abiotic stress tolerance in higher plants (from mechanism analysis to molecular
breeding)

Stress tolerance in higher plants is an interesting phenomenon. Plants are
immobile and must evolve defense systems that are uniquely suited to their ambient
environmental stresses. Various genes associated with these defense systems have been
identified. Our research interests and objective is to clarify the tolerant mechanism for
abiotic stress and to generate genetic lines conferring abiotic stress tolerance. One topic
is the elucidation of tolerance mechanisms in potato by using AtDREB1A transgenic
potato. Another is the development of abiotic stress–tolerant GM plants that can be
used for production. Abiotic stress responses often are accompanied with growth
retardation. Abiotic stress tolerance should be conferred to useful plants without
negative effects by molecular breeding.

Lecture
Regulation of gene expression via epigenetic factors during embryogenesis (DNA
methylation)

It is known that major switch of gene expression is the transcriptional factor.
However, chromatin structure or various kinds of modification also contribute to gene
expression. This lecture is focused on DNA methylation of up-stream region from
epigenetic factors.

DNA methylation plays important roles in various developmental processes
in  many  organisms.  In  carrots,  the  treatment  of  embryogenic  cells  (ECs)  with  DNA
methylation inhibitors induces hypomethylation and blocks somatic embryogenesis.
LEAFY COTYLEDON 1 in carrot (Dc-LEC1) is an important transcription factor for
embryo development that shows embryo-specific expression in ECs and somatic and
zygotic  embryos.  The  Dc-LEC1  promoter  region  showed  a  reduced  level  of  DNA
methylation during somatic embryogenesis. To test whether the increased level of DNA
methylation down-regulates Dc-LEC1 expression, the artificial induction of the
hypermethylation in the Dc-LEC1 5'-upstream region was carried out by RNA-directed
DNA methylation. Dc-LEC1 expression was reduced in the transgenic ECs, indicating a
strong negative correlation between DNA methylation and Dc-LEC1 expression. DNA
methylation contributes to the control of Dc-LEC1 expression during carrot
embryogenesis.
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Apoplastic ROS perception and connection to intracellular signaling

Jaakko Kangasjärvi 1

1 Division of Plant Biology,  Department of Biolosciences, University of Helsinki, POB
56 (Viikinkaari 9), FI-00014 Helsinki, Finland

Effective responses to external and internal stimuli will ensure optimal growth and
survival in an environment where productivity and product quality are adversely
affected by stresses. Plants must have effective means of defending themselves against
invading pathogens and adapting to changes in their environment. The main features of
such defense measures involve early recognition and perception of the developing
stress, and subsequent activation of induced adaptive and defensive responses leading
to both local and systemic resistance. Reactive oxygen species (ROS) that are formed in
plant cells by several stresses may be one of the factors that contribute to, and regulate
plant stress sensitivity/tolerance. Strong evidence has accumulated that ROS play an
important role in the signaling resulting in induction of plant defense responses. Several
tresses are experienced by plants much in the same way. Therefore, it seems obvious
that the signal transduction pathways involved are, at least partially, identical and
combinations of signal molecules might direct the activation of certain defense
responses. The air pollutant ozone generates reactive oxygen species (ROS) in the leaf
apoplast. Consequently, ozone has been used as a tool to unravel in planta ROS-
induced processes and apoplastic ROS sensing. Examples of interaction between
multiple regulatory cascades involving apoplastic and organellar processes discovered
with this approach are presented.
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Interconnected molecular pathways control vegetative and floral development in
Fragaria vesca

Katriina Mouhu, Elli Koskela, Takeshi Kurokura, Marja Rantanen, Paula Elomaa, Timo
Hytönen

Address: Department of Agricultural Sciences, P.O.Box 27, FIN-00014 University of
Helsinki, Finland

e-mail: timo.hytonen@helsinki.fi

Short days and cool temperature in the autumn induce flowering in the Rosaceae model
plant Fragaria vesca (L.) while vegetative reproduction through runners is enhanced by
opposite environmental signals. We recently showed that FvTFL1 is  the  major  floral
repressor which controls photoperiodic flowering in F. vesca and demonstrated that
mutation in this gene causes continuous flowering (Koskela et al. 2012. Plant
Physiology 159: 1043-1054). However, neither over-expression nor RNAi silencing of
FvTFL1 affected runner formation suggesting that other genes control this trait. Our
studies in other floral regulators revealed that both FvFT1 and FvSOC1 are highly
activated under long days compared to short days correlating positively with FvTFL1
mRNA levels in the shoot apex and negatively with flowering. Moreover, analysis of
transgenic lines in both wild type and FvTFL1 mutant backgrounds suggested that
FvFT1 activates FvSOC1 and FvSOC1 activates FvTFL1 in the shoot apex to repress
flowering. FvSOC1 miss-expression also strongly affected runner formation, probably
through gibberellin pathway, suggesting that FvSOC1 is a branching point in the
molecular pathways controlling the vegetative and generative developmental programs.
We present a molecular pathway, which mediates both photoperiodic and temperature
signals to control F. vesca development, and propose that this pathway may also control
development in other rosaceous genera.
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Stress tolerance via beneficial rhizobacteria
I.A. Tikhonovich, All-Russia research Institute for agricultural microbiology
Department of genetics and biotechnology Saint-Petersburg State University

   To sustain the present world population growth the production of food should be increased at
least in one third and realization of this goal depends greatly on industrially produced nitrogen
fertilizer which is the main player in increasing ecological risks of modern agriculture. Many
legumes can bypass nitrogen  limitation by entering into a symbiosis with nitrogen-fixing
bacteria that can reduce nitrogen to ammonia and thus make plant independent of mineral
nitrogen. Legumes produce specialized plant organs (nodules) within which bacteria are
provided with a carefully regulated oxygen and carbon supply, which allows the bacteria to
reduce nitrogen efficiently.
   In this way plant and bacteria create a new superorganism by functional integration of genetic
programs from two partners. Such complicated genotype is the subject of symbiogenetics
which tries to expand classical genetic analysis of individual genotype to the control of
integrated multi-genomic traits.
   Among symbiotic traits one of the most important is a specificity – ability of plant and
bacteria to produce nodules with the genetically complemented partners only. Specificity is due
to the investigation in the ARRIAM from both sides – plant and bacterial genes the main
function of which is to provide the signal exchange in rizhosphere. Nowday the collections of
legume mutants were obtained and the terminus of sym genes action were determined. Due to
such data the process of nodule formation may be described as sequential functioning of the
blocks of genes from both partners. Among the mutants there are genes involved in the
recognition and processing of a nod-factor.
   These genes have been recently identified using legume mutants that are defective for
nodulation signalling. The proteins they encode include novel types of leucine-rich-repeat
receptor kinase, that are predicted to recognize bacterial nodulation (Nod) factors. For the
understanding of the molecular basis of plant-microbe recognition we have developed the
effective method for the manipulation with bacterial nod genes and production in vivo and in
vitro of signal molecules with define structure and high biological activity.
   Hypothesis about recognition between nod-factor and special elements in receptors structures
(LysM motifs) are generally accepted but direct data about the links of these two molecules
were absent. To prove this hypothesis we have cloned the receptor gene in E.coli system with
expression and production of the correspondent protein.
   Process of plant-microbe recognition may be important for the adaptation of legumes to the
different environmental condition during their penetration to the North from the Centre of
origin. Allelic variation of the structure of receptor molecules have been described for the pea
primitive forms from Afghanistan which allows them to “read” bacterial signal altered in its
decoration. Such data are of a great interest to the practical aspects of agriculture.

First. This is a model of “gen – for - gene” interaction which takes part during the process of
adaptation of plant microbial phytopathogens to resistant genotypes. Despite the differences
between pathogenic and mutualistic interaction molecular mechanisms look very universal.
They also include the recognition of signal molecules (elicitors) of pathogens to mobilize plant
defense systems. Pathogen in his term tries to change the structure of signal molecules for not
to be recognized. Plant resistant varieties should change the structure of receptors to recognize
the new image of pathogen. So the selection of resistant varieties may be improved on the basis
of molecular mechanism of signaling.
Second. In the process of inoculation of seeds with effective strains of nodule bacteria they
often cannot reach the roots due to the competition with the active in colonization but not
effective enough native soil inhabitances. The mutual selection of plants and bacteria by
changing bacterial signal molecules and plant receptors allows to create PMS with a very
narrow specificity which prevents the formation of nodules with non-effective micropartners.
The fundamental aspects of plant-microbe interaction and their practical application will be
discussed in the contribution in more detail.
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Algae in bioenergy production

Dr. Heiko Rischer, Docent, Head of Plant Biotechnology and Metabolomics
VTT TECHNICAL RESEARCH CENTRE OF FINLAND
Tietotie 2, Espoo, P.O. Box 1000, FI-02044 VTT, Finland

Tel. +358 20 722 4461, fax +358 20 722 7071
www.vtt.fi, heiko.rischer@vtt.fi

The photosynthetic capacity of plants to convert solar energy into chemical energy is
widely exploited using first and second generation biofuels i.e. fuels derived directly
from food crops or from agricultural residual biomass, respectively. Microalgae are
regarded as third generation biomass the generation of which doesn’t compete with
food production. Microalgae exhibit higher photosynthetic conversion efficiency as
compared  to  terrestrial  plants  and  contain  other  valuable  compounds  in  addition  to
energy-dense lipids. The latter fact makes them particularly suited for exploitation
using a biorefinery approach. This approach is furthermore needed in order to
overcome currently limiting economic constrains.
In this contribution the following aspects will be discussed:

- Lipid contents of microalgae as a function of varied conditions
- Influence of the growth mode on biomass and lipid accumulation
- Utilisation of disposable bioreactor systems
- Biogenic parameters influencing microalgae
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Bacillus subtilis NonA is a novel phage induced abortive infection system

Kouji NAKAMURA, Professor, Doctoral Program in Bioindustrial Sciences,University

of Tsukuba, Japan.

Bacteria have acquired various systems to resist phage predation. Abortive
infection system is one of the phage resistance systems. Abortive infection gene affects
a crucial step in the phage infection cycle, causing preventing the multiplication and
spread of phages, but the mechanistic details are still elusive. Bacillus subtilis Marburg
strain is non-permissive for the multiplication of B. subtilis phage SP10. A strain
harboring mutations in both nonA and nonB genes are susceptible to the phage. The
nonB mutant has a nonsense mutation in ydiR, which is a component of restriction
enzyme. The nonA mutant is cured of the SPβ prophage, and it is predicted that nonA is
an abortive infection gene. Here, we identified the locus of the nonA gene and analyzed
its transcriptional regulation and mode of function.

Northern blotting revealed that nonA was transcribed as a 350 nt RNA from the
bnrdEF intergenic region, which encompasses SPβ prophage region. The nonA
transcript was detected at the late stage of SP10 infection, but undetectable in non-
infected cells, suggesting that the product(s) of the SP10 encoded gene(s) activated the
transcription of nonA. When each sigma factor homologue in the SP10 genome was
expressed in non-infected cells, the nonA transcript was detected after the induction of
σOrf199-200, indicating that nonA transcription is regulated by the sigma factor, Orf199-
200. Furthermore, artificial expression of NonA halted cell growth and reduced
respiration activity of B. subtilis indicating that NonA does not directly inhibit SP10
gene translation but reduces the respiration activity of infected cells.
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Research Introduction on Tissue engineering
Pi-Chao WANG, Professor, Doctoral Program in Bioindustrial Sciences, University of

Tsukuba Japan

  My laboratory focuses on renal regeneration by tissue engineering and designation of
the microenvironment for kidney development. Tissue engineering for mammalian cells
was initiated at the beginning of 1990 which comprises a culture system of cell,
cytokine and polymer scaffold to create biological organ rather than mechanical
artificial organ. However, not all the organs, especially those containing complicated
structure can be constructed by this method. At the meantime, mouse embryonic stem
cell (ES) was successfully isolated, and human ES cells was isolated later in 1998,
which had been expected to develop into whatever organ as we wish. However, ES
cells was isolated from pregnant embryo which caused ethnic problem. To solve this
problem, Shinya Yamanaka, a Japanese researcher, developed a new method to
establish the induced pluripotent stem cell (iPS) and won the Nobel Prize last year.
Nowadays, many research groups are trying various ways to induce iPS into organs
such as cornea, nerve, skin, and myocardial cells, yet complicated organ such as kidney
or liver could not be constructed in vitro until now. Looking into the encountered
barrier so far, I tried to overcome these barriers so as to construct the complicated
kidney. Three main issues are resided in my research.
(A)  Investigation on the role of ECM in kidney development and their application to

nephron generation and/or recovery.
My laboratory identified the role of the main components of kidney basement
membrane  which  support  the  adult  kidney  structure  as  well  as  the  viability  of  its
essential cells such as podocyte, mesengial cell, and endothelial cell. These
components were utilized in the formation of tubule and the recovery of the
dysfunctional renal cells in diabetic nephropathy.

(B)  Investigation on the angiogenesis and vasculogenesis of renal blood vessels and
establishment of their induction system in vitro.
We developed several methods to clarify the angiogenesis at the beginning of
kidney development, and then designed culture system by combining ECM
components to induce the formation of blood network in the developing kidney.

(C)  Investigation on the mechanism of kidney damage caused by stress.
Stress is regarded as a mental syndrome currently. We tried to clarify the
relationship between stress and kidney damage and find a way to decrease the
damage.
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From traditional progeny testing to genomic selection

Pekka Uimari

Department of Agricultural Sciences, University of Helsinki
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Elicitation of defence responses by viruses in plants

Yanping Tian, Tuuli Haikonen, Minna-Liisa Rajamäki and Jari P.T. Valkonen

Department of Agricultural Sciences, PO Box 27, FI-00014 University of Helsinki,
Finland

Potato virus Y (PVY) and Potato virus A (PVA) (genus Potyvirus) are economically
damaging and widely distributed viruses infecting potato. Aphids transmit them in the
field, which can be controlled by growing resistant cultivars.

The gene Nytbr from S. tuberosum resides in potato chromosome IV. It is common
in potato cultivars and recognizes the ‘ordinary’ strains of PVY forming the strain
group PVYO. Recognition is believed to occur on a gene-for-gene basis and results in a
hypersensitive response (HR) at the site of infection. Consequently, movement of
PVYO to  other  parts  of  the  plant  is  blocked.  However,  members  of  the  strain  group
PVYN and the tuber necrosis-inducing variants of PVYN (designated as PVYN-NTN)
overcome Nytbr. PVYN-NTN has become common worldwide in the potato-growing
areas and causes heavy yield losses in sensitive potato cultivars. Accurate molecular
detection of the PVY strains overcoming Ny would be very useful but requires that the
genetic determinants of PVY recognized by Ny are identified. An infectious clone of
PVY was used to prepare PVY chimeras and mutants that were inoculated to three
potato cultivars whose resistance genes and responses to PVY strains are well-
characterized. The viral determinants necessary and sufficient to overcome Nytbr were
found to reside within the helper component proteinase (HCpro) residues 227–327. The
results suggested a structure-function relationship in recognition of PVYO HC-Pro  by
Nytbr.  The  identified  HC-Pro  amino  acid  signatures  specific  to  PVYO and  PVYN will
facilitate identification of PVY strains overcoming Nytbr.

HCpro of Potato virus A (PVA) interacts with the microtubule-associated protein
HIP2 in host cells, and depletion of HIP2 reduces virus accumulation. The C-proximal
portion of PVA HCpro determines the interaction with HIP2 and was found to contain a
stretch of six residues comprising a highly variable region (HVR) in potyviruses.
Mutations in HVR reduced PVA accumulation in tobacco plants and induced necrotic
symptoms novel to PVA. Microarray and quantitative reverse transcription PCR
analyses revealed induction of many defense-related genes including ethylene- and
jasmonic acid–inducible pathways in systemically infected leaves at necrosis onset.
Salicylic acid–mediated signaling was dispensable for the response. Genes related to
microtubule functions were down-regulated. Structural modeling of HCpro suggested
that all mutations in HVR caused conformational changes. Furthermore, three out of the
four HCpro mutants suppressed RNA silencing, the basal antiviral defence mechanism
in  plants,  more  efficiently  than  wild-type  HCpro.  Our  results  implicate  HVR  in  the
regulation of HCpro conformation and virus-host interactions with microtubules and
suggest that the proper interactions are needed to control elicitation of host defense.

References
Haikonen T, Rajamäki ML, Valkonen JPT (2013) Improved silencing suppression and enhanced heterologous protein expression

are achieved using an engineered viral helper component proteinase. J Virol Methods 193, 687-692.
Haikonen T, Rajamäki ML, Tian Y, Valkonen JPT (2013) Mutation of a short variable region in HCpro protein of Potato virus A

affects interactions with a microtubule-associated protein and induces necrotic responses in tobacco. Mol Plant-Microbe
Interact 26, 721-733.

Singh RP, Valkonen JPT, Gray SM et al. (2008) Discussion paper: The naming of Potato virus Y strains infecting potato. Arch
Virol 153, 1-13.

Tian YP,  Valkonen JPT (2013) Mapping of the avirulence determinant of Potato virus Y strain O corresponding to the gene Ny for
hypersensitive resistance in potato. Mol Plant-Microbe Interact 26, 297–305.
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Present common approaches in the evaluation of genetic diversity and its
utilization

Kazuo WATANABE
Professor & Chair, Doctoral Program in Bioindustrial Sciences; & Director, Gene

Research Center, University of Tsukuba, Japan

I. What is University of Tsukuba
II. Graduate school of Life and Environmental Sciences
III. Graduate Program of Bioindustrial Sciences
IV. Watanabe research group on genetic resources and biotechnology: We have a wide
coverage of multidisciplinary topics:
1. Molecular genetic and cytogenetic studies for conservation and for genetic diversity
of underutilized species emphasizing polyploidy species  
2. Production of transgenic plants and environmental biosafety assessment of transgenic
plants with respect to the biological / genetic diversity, focusing on Eucalypts.
3. Sustainable germplasm enhancement of the genetic resources with biotechnology
applications emphasizing polysomic polyploid species  
4. Multidisciplinary studies associated with plant genetic diversity, biotechnology,
biosafety, intellectual property, access and benefit sharing, and bioethics with emphasis
on socio-economic and development aspects oriented to policy recommendation and
setting frameworks and planning on plant genetic resources and biotechnology R&D.  
Specific commodities of interest in biological research are root and tuber crops such as
potatoes (Solanum tuberosum) and sweetpotatoes (Ipomoea batatas) and other relevant
polyploidy plant species such as banana and cotton.  The above activities are strongly
linked with Bioversity International, Rome, Italy and other relevant international
agricultural research centers such under Consultative Group on International
Agricultural Research (CGIAR), and Institute of Advanced Studies for Sustainability of
United Nations University (UNU-IAS). 
V. Research Topics: We have an extensive collaboration with Mexican Government on
the cop genetic resources conservation with Mexican Genebank and individual research
conducted with many Southeast Asian nations on the diversity assessment and
conservation on locally important landraces on major crops and under-utilized species.
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Legumes in the agricultural and food context: nitrogen fixation, climate change, and local
food and feed supplies

F.L. Stoddard
Dept. Agricultural Sciences, PO Box 27 (Latokartanonkaari 5), University of Helsinki, FIN-

00014, Finland; frederick.stoddard@helsinki.fi

Why would anyone grow a legume crop? Cereals have a reliable maturity date and are the most
important components of human and animal diets. Cereals and oilseeds give a higher
multiplication rate. Nevertheless, break crops are necessary, and among break crops in cereal-
based agriculture, legumes have particular roles to play. First among these is their ability to
deliver protein yield per hectare, and protein is sorely needed by livestock as well as people,
particularly in Europe where 70% of the plant protein requirement is imported. Furthermore,
this protein yield can be delivered with minimal nitrogen input because of the biological
nitrogen fixation (BNF) capacity of most legumes in symbiosis with appropriate races of
bacteria in the Rhizobiaceae. The current contribution of legume BNF to European cropping
systems was estimated in the FP7 project “Legume Futures” at 800 Gg and the potential is at
least 4 times greater. Since N is not input, losses to leaching and N2O, a powerful greenhouse
gas, are reduced during the legume’s cropping season, but the legume residues break down and
there is a question, actively researched in many countries, to determine whether the net effect of
legumes on N2O releases is positive or negative. Legume roots release acids that solubilize soil-
borne phosphate that is then available for uptake by the legume or by its companion crop in a
crop mixture, and investigation continues into how long after the legume crop the phosphate
remains in an available form. Most grain legumes are shallow-rooted in comparison with
cereals, whereas perennial forage legumes can be very deep-rooted, so different soil strata are
exploited for nutrients and water, and the deep-rooted species can bring nutrients up from
subsoils that are used by following crops in the rotation. The thick roots of legumes,
particularly their tap roots, contrast strongly with the fine roots of small-grain cereals, and as
they break down, they provide new soil pores for water infiltration, root penetration
(particularly valuable in heavy clay soils) and invertebrate animal access. Hydrogen is formed
as a by-product of nitrogen fixation, and when not captured by the rhizobium, escapes into the
soil where it promotes the growth of hydrogen-fixing bacteria. These, in turn, successfully
compete for resources with many plant-pathogenic bacteria, reducing the need for some crop
protection treatments. A grass-free legume crop allows many soil-borne cereal pathogens to die.
The effect of legume crops on the biodiversity of soil fauna and microbes was another area of
investigation in Legume Futures. The legume flower has co-evolved with the Apoidea and
although some crops, such as pea, no longer gain significant benefit from bee-mediated
pollination and offer no reward of nectar or accessible pollen, others such as narrow-leafed
lupin provide a pollen reward, and still others, such as white clover and faba bean, require bee
activity  and  reward  it  with  pollen,  nectar  or  both.  Thus  most  legume  crops  support  the
populations of wild and domesticated bees. New opportunities for usage of legumes have arisen
with the growing interest in bioenergy, as the legume crop can provide the N needed by a
companion or rotational energy crop, or can even be the energy crop itself. A vigorous crop of
perennial alfalfa or annual white lupin can fix far more N than is needed by the following crop
in the rotation, so can be harvested and put through a methane digester for energy, and then the
residue  used  to  fertilize  3-4  times  the  area  of  the  original  crop.  Hence  legumes  offer  a  huge
range of services when included in a balanced rotation and provide much more than the protein-
rich crop of grain or vegetation that is harvested from them.
Additional keywords: bean, biodiversity, clover, Fabaceae, farming systems, lupin, rhizobium
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Isolation and characterization stress responsive transcriptional factor of potato

Tsukasa ENDO, Master’s Program in Agro-bioresources Science and Technology,
University of Tsukuba, Japan

Environmental  stresses,  such  as  cold,  salinity  or  drought,  have  adverse  effects  on  the
plant growth and crop productivity. Under these conditions, physiological responses of
plants change to adapt to stresses. These dynamic alterations in plants are regulated by
the expression level of the stress responsive genes. Dehydration responsive element
binding protein 1A (DREB1A) is a plant specific transcriptional factor which is
induced by abiotic stresses and regulates various downstream genes including stress
tolerance responsible genes. It is known that overexpressor of DREB1A improved
abiotic stress tolerance in various crops such as rice, soybean and wheat. However, they
showed growth retardation with low productivity. Potato (Solanum tuberosum L.)  is
one  of  the  most  important  crop  in  the  world.  Overexpressor  of AtDREB1A in  potato
also  improved  cold,  salinity,  drought  stress  tolerance with growth retardation, and
showed the up-regulation of homologous genes in Arabidopsis. It is expected that
exploring DREB-like transcriptional factor in potato leads to clarification of the
molecular mechanism between tolerance system and growth repression. Until now,
candidate gene of DREB-like transcriptional factor was isolated by yeast one hybrid
screening system. This candidate gene has an AP2/ERF DNA binding domain that is
conserved among the DREB family. To reveal the role of this gene for the stress
response in potato, characterization and functional analysis will be necessary.
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Transcriptomic response of potato tuber following interaction with biocontrol
Serratia plymuthica and soft rot pathogen

Iman Hadizadeh, Bahram Peivastegan and Minna Pirhonen

Department of Agricultural Sciences, Faculty of Agriculture and Forestry, P.O. BOX
27, FI-00014 University of Helsinki, Finland. Email: iman.hadizadeh@helsinki.fi

One of the biggest quality problems in cultivation of potato and vegetables is caused by
soft rot disease caused by pectinolytic Pectobacterium and Dickeya species (previously
called Erwinia). Bacterial strain Serratia plymuthica A30 has been shown previously to
have a great potential for controlling potato soft rot in the conditions favorable for
disease development and when soft rot pathogens was applied in the high inoculum. In
this study, potato tubers were treated with the biocontrol strain S. plymuthica A30 and
the pathogen Dickeya solani during autumn, and the survival of the bacterial strains and
their effect on the rotting of the tubers and plants were followed during one year. The
strain A30 was able to protect the tubers during storage and the plants the following
summer from rotting by the pathogen. Furthermore, a transcriptome analysis, using
high throughput RNA-Seq technology on the Illumina platform, was performed to
identify differentially expressed potato genes in tubers treated with the bacterial
antagonist, the pathogen or both simultaneously, at different time points (1, 6, 24 hours
and  one  week post  inoculation).  A total  of  152  million  paired  end  Illumina  RNA-seq
reads were generated. In the tubers treated with antagonist and pathogen
simultaneously, genes related to responses to both biotic and abiotic stresses, involving
several plant signal transduction pathways controlled by phytohormones such as SA,
JA, or ABA and secondary metabolisms were induced. As a result of the antagonist
treatment only, expression of genes involved in oxidative stress (ROS signaling),
multidrug transport, heat shock proteins and proteinase inhibitors were induced in the
tuber tissue. This study provides deep insight into mechanisms of host defence
responses within tritrophic interactions (host-pathogen-biocontrol agent).
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Leaf traits associated with drought adaptation in faba bean (Vicia faba L.)

Hamid Khazaei, Frederick L. Stoddard

Department of Agricultural Science, University of Helsinki, Finland

The study aimed a) to examine whether faba bean germplasm from drought-prone and
drought-free environments differed in leaf traits related to drought adaptation while
testing a novel genetic resources utilization tool, and b) to screen the genome for
regions and candidate genes controlling morpho-physiological traits related to drought
adaptation. Two sets of faba bean germplasm each containing 201 accessions from dry
and wet regions of the world were chosen according to the principles of FIGS (Focused
Identification of Germplasm Strategy). Leaf morpho-physiological traits related to
drought response (e.g., stomatal characteristics and water status) were measured under
well watered conditions in a climate-controlled greenhouse. Thereafter, two subsets
were exposed to water stress conditions. The significance of the difference between the
two sets indicated the potential of FIGS to search for traits related to abiotic stress
resistance. Machine learning algorithms and multivariate statistics showed that the
discrimination between the two sets could be based on pertinent physiological traits,
particularly leaf temperature and relative water content. Four bi-parental populations
were developed, of which Mélodie/2 × ILB938/2 showed the highest number of single
nucleotide polymorphisms (SNPs) and was advanced to the F5 generation, in which
211 individuals were tested for 222 SNPs derived from Medicago truncatula sequence
information. The population was phenotyped for several morpho-physiological traits
during 2013 and 2014. In total, 188 polymorphic SNPs, were assigned to 9 linkage
groups that covered ~ 928 cM with an average inter-marker distance of 5.8 cM. Most of
the detected QTLs for stomatal morphology and function were in a single region of
faba bean chromosome II syntenic with a segment of M. truncatula chromosome IV
that harbours Receptor-like protein kinase. These results confirm that genomic
information from M. truncatula can be translated to the faba bean genome.
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Study on Association between DNA Methylation and Gene Expression during
Acquisition of Embryogenic Competency in Carrot

Takuya KONDO

Doctoral Program in Bioindustrial Sciences, University of Tsukuba, Japan

Higher plants often show totipotency. Typical example of totipotency is somatic
embryogenesis.  Somatic cells in higher plants can convert to embryogenic cells and
become  somatic  embryos.  After  that,  somatic  embryos  can  grow  up  into  the
independent complete plant with all organs. However, the mechanism of acquisition
embryogenic competency during converting from somatic cells into embryogenic cells
is not clear. I investigated expression profile of embryo specific genes DcLEC1,
DcABI3 and ECP31 during induction of somatic embryo method by sucrose stress
treatment  in  carrot.  Expression  of  DcABI3  and  ECP31  was  apt  to  increase  with
duration of stress treatment, expression level showed a strong positive correlation with
frequency  of  somatic  embryo  formation.  However,  expression  profile  of  DcLEC1
showed a peak at 7 days after stress treatment, no correlation with frequency of somatic
embryo formation. It is known that the orthologous gene (LEC1) in Arabidopsis is
necessary for inducing somatic embryo in Arabidopsis. DcLEC1 may be trigger
embryonic competency in induction of somatic embryo. On the other hand, DNA
methylation level of DcLEC1 5’-upstream region was analyzed. DNA methylation was
transiently increased broadly at 7 days. These changes were derived from CHH and
CXG contexts classified into de novo types of methylation. The alteration of de novo
types of methylation might contribute to control of DcLEC1 expression during of
somatic/embryogenic conversion.
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Drought  and  heat  tolerance  of  the  Sunagoke  moss  (Racomitrium japonicum) and the
low thermal conductivity of the dry moss tissue offer novel greening and insulation
possibilities  of  roofs  and  walls  to  mitigate  heat  island  phenomenon  in  urban
environments. However, damage may appear in the moss panels (Akita et al. 2011, Sci.
Total Environ. 409: 3166-3173). In this study we characterized fungi associated with
the damaged areas of the Sunagoke moss panels. Fungi were identified and tested for
pathogenicity on R. japonicum, Physcomitrella patens and cultivated vascular plants
under controlled conditions. Alternaria alternata, Fusarium avenaceum and Fusarium
oxysporum caused severe necrosis and death, whereas Cladosporium oxysporum and
Epicoccum nigrum caused milder discoloration or chlorosis in both moss species. The
F. avenaceum isolate caused also root and crown rot in barley and reduced germination
of tomato and carrot. C. oxysporum caused necrosis on carrot seedlings after
emergence. This study demonstrates that fungi can cause economically significant
diseases in moss by damaging the commercially used moss panels. Results also showed
that the natural host range of some plant-pathogenic fungi is wider than known,
covering bryophytes and vascular plants. The moss panels may be contaminated with
fungal pathogens, disseminated from cultivated vascular plants, and may also act as
reservoirs of fungal pathogens of vascular plants.



22

Transcriptomics of pinosylvin biosynthesis in Scots pine
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The decay resistance of Scots pine (Pinus sylvestris) heartwood is an important wood
quality trait with reasonably high heritability. The decay resistance correlates with
extractable heartwood compounds (stilbenes and resin acids). Trees with the highest
heartwood extractive concentrations are the most decay resistant ones. Scots pine
stilbenes (pinosylvin and its monomethyl ether) are synthesized during heartwood
formation  and  as  a  response  to  biotic  and  abiotic  stresses.  They  are  phenolic
compounds formed by a branch of the phenylpropanoid pathway. The pathway converts
phenylalanine to stilbenes with involvement of several key enzymes: phenylalanine
ammonia lyase (PAL), coumaroyl-CoA ligase (4CL), stilbene synthase (STS) and
pinosylvin methyl transferase (PMT). In this study, we utilized large scale RNA
sequencing to investigate the induction of candidate genes in stilbene biosynthesis
pathway during both developmental and stress induction. The stilbene synthase gene
was rapidly induced in both conditions. However, PAL, 4CL and PMT were either
constitutively expressed or slightly induced in stress conditions. The expression
patterns of these candidate genes were not suggestive of involvement in stilbene
biosynthesis at all. Mapping of our reads to the pine EST collection (DFCI Pine Gene
Index, 77.326 contigs) and searching of O-methyl transferases and coumaroyl-CoA
ligases encoding sequences coexpressed with STS, uncovers novel candidates for the
true PMT and 4CL in the pathway.
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RNA-seq analysis of stored potato tubers during rot-promoting wet conditions
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Fruits and vegetables experience a range of abiotic stresses associated with postharvest
handling and storage treatments. In potato, abiotic stress is the most determinant of
storage life that can lead to reduce quality and yield losses. High humidity and water
film on the surface of potato tubers in storage, which may lead to impaired uptake of
oxygen, is the predominant stress among all the abiotic stresses in storage conditions.
High humidity and hypoxia (wet conditions) may impair the host defenses and can
increase vulnerability of tubers to pathogens. The effect of wet conditions has
previously never been modeled using a whole-genome transcriptome analysis.

To gain comprehensive insight into how tubers responds to combined wet stress, RNA-
seq  study  of  comparison  between  potato  in  wet  and  dry  condition  was  done.  To
understanding which genes and which processes are affected in the host by wet
conditions, potato mRNA pools from tubers in rot promoting and rot suppressing
conditions in different time-points (1, 24 hours and one week) were sequenced to
identify the differentially express genes (DEGs). A total of 46.5 million paired end
illumina RNA-seq were obtained. The transcriptome assembly allowed identification of
wet-induced genes. In the end around 1905 genes were identified as DEGs in response
to hypoxia and high humidity. The results of Gene Ontology (GOs) enrichment analysis
showed that genes related to sugar metabolism, calcium signaling, ROS signaling,
nucleotide metabolism, protein folding and ethylene synthesis was significantly up-
regulated in wet condition. GOs associated with protein modification, Proteinase
inhibitors, storage proteins, photosynthesis related genes and ABA and JA synthesis
were significantly down-regulated by wet stress. This study provides deep insight, how
the wet condition in storage affects defense mechanisms and wet-mediated signal
transduction pathways of potato tubers.



24

Survival of two introduced plant growth promoting microorganisms in green roof
soil in southern Finland
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Glomus intraradices and Bacillus amyloliquefaciens are two plant-growth-promoting
microbes, which facilitate plants to absorb nutrients, induce stresses resistance, and
regulate growth. To test whether growth of green roof plants could be enhanced by
plant-growth-promoting microbes, G. intraradices and B. amyloliquefaciens were
respectively inoculated in R and M experimental plots (C as control) on a green roof.
The development of G. intraradices and B. amyloliquefaciens were detected
respectively from Poa alpina roots and soils in 2012 and 2013. G. intraradices was not
detected. Probable reasons include high phosphorus content in soil, high soil
temperature, and low soil moisture. The abundance of B. amyloliquefaciens was related
to soil temperature and water content. During the last two measurements in 2012, 4
weeks of high moisture content in the soil resulted in large increase of Bacillus content
in both M and R groups, but then decreased substantially due to drought and heat in
2013. In 2013, Only R group increased from the third to the last measurement,
indicating possible resistance of the B. amyloliquefaciens strain from Rhizocell
additive. The synergistic effect of B. amyloliquefaciens and G. intraradices might be
responsible for the thousand-fold increase of Bacillus content in M group in 2012.

Key words: B. amyloliquefaciens; G. intraradices; P. alpina; detection; microscopy,
PCR; qPCR;
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