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This conference is financed by 
 
 

  www.norden.org 
 
The work of the Nordic Council of Ministers and the Nordic Council revolves around a 
common understanding of democracy and shared social values, which help to maintain and foster 
dynamic development, to promote freedom of movement and to enhance skills, competitiveness and 
cohesion throughout the Region. 
Formal co-operation between the Nordic countries is one of the oldest forms of multilateral political 
partnership anywhere in the world. Rooted in the geographical, historical and cultural affinity between 
the five Nordic countries (Denmark, Finland, Iceland, Norway and Sweden) and three autonomous 
territories (Greenland, the Faroe Islands and Åland), it is one of the most comprehensive and popular 
forms of regional partnership in the world. 
The main priorities are: climate, environment and energy; education and research; and welfare and 
culture. These core issues serve as the foundation for the strong international commitment shown by 
both the Nordic Council and the Nordic Council of Ministers. The Nordic Council is the official inter-
parliamentary body, whereas the Council of Ministers is the official inter-governmental body.  
taken from "Nordic Co-operation", Nordic Council of Ministers, Copenhagen 2011, ISBN 978-92-893-2179-2 
 
 

  www.nordforsk.org 
 
NordForsk is a platform for joint Nordic research and research policy development. The aim is to 
facilitate cooperation in all fields of research and research-driven innovation when this will add value to 
activities being conducted in the five Nordic countries, Denmark, Finland, Iceland, Norway and Sweden, 
including the autonomous areas of the Faroe Islands, Greenland and the Åland islands. NordForsk carries 
out assignments from the Nordic Council of Ministers, and provides input based on analysis of the 
Nordic research and research policy landscape. 
 
 

 www.nordgen.org 
 
NordGen, the Nordic Genetic Resource Center, is a joint Nordic institution whose main purpose is 
the conservation and sustainable use of plant, farm animal and forest genetic resources. NordGen’s 
principal task is to ensure the availability of extensive genetic diversity for food and agriculture through 
genetic resource conservation, its sustainable use, documentation and associated information work. 
NordGen is financed by the Nordic countries through the Nordic Council of Ministers. Head Office and 
NordGen Plants are located in Alnarp, Sweden, whereas NordGen Farm Animals and NordGen Forest 
are situated in Ås, Norway. 
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This conference is sponsored by 
 
 

 www.geno.no 

 
Geno SA is a breeding organization for Norwegian Red dairy cattle (NRF) organized as a farmer 
cooperative. Norwegian Red is the main dairy breed in Norway with a population of 220.000 animals.  
Geno's breeding program is based on science and continuous R&D in the areas dairy cattle breeding and 
genetics, fertility and artificial insemination. Geno is involved in research programs involving animal 
breeding, quantitative genetics, molecular genetics and biotechnology in close cooperation with the 
Norwegian University of Life Science, Hedmark University College as well as international research 
institutes.  
The NRF breed is characterized as a high producing dairy breed with superior fertility and health traits. 
This has been achieved due to the willingness to include and weight fertility and health in the total merit 
index since the 1970s. 
The breeding program is also characterized by sustainability in the way that we maximize the genetic gain, 
but at the same time restrict the inbreeding and use of elite sires. To maximize genetic gain, Geno has 
implemented new technology such as genomic selection. The effective population size (Ne) is estimated 
to 212 (www.geno.no, 2014) and the increase in inbreeding is 0.05%/year (www.geno.no, 2014). 
 
 

 www.graminor.no 
Graminor Ltd. is a plant-breeding company, responsible for providing Norwegian farming and 
horticulture with a diversity of disease-free field crops and horticultural plants which are suitable for 
Norwegian growing conditions. Our core competence and mission is to develop new and improved plant 
varieties, test and represent imported varieties, and producing pre-basic seed for further multiplication 
and marketing by seed companies. Graminor was established in 2002 by merging Norwegian plant 
research and development into one company. We have a staff of 30 and an annual turn-over of 55 million 
NOK. License fees and sale of breeding services are our main sources of income. The company operates 
from Bjørke Research Station, near the city of Hamar in south-eastern Norway, where we have our head 
office, modern greenhouses and fields for research, breeding and testing new varieties of cereals, potatoes 
and forage grasses. Testing of grass varieties for the northern regions take place at Bioforsk Nord in 
Tromsø, and of fruit and berries at Njøs Research Station in Sogn og Fjordane and Sagaplant in 
Telemark” 
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Participating networks 
 
 
The research program “Climate Change Impacts, Adaptation and Mitigation in Nordic Primary 
Industries” was initiated by the Nordic Council of Ministers as part of the Globalization Initiative and as 
a follow up on the Nordic prime ministers in Punkaharju in Finland in June 2007. 
The program proposal was drawn up by a working group under EK-FJLS after a round of consultation 
with the Nordic research councils. 
Four of the six networks financed by the program have organized the conference together with NordGen 
Farm Animals and NordGen Forest. 
 
 
AnGR-NordicNET, the Nordic Research Network on Animal Genetic 
Resources in the Adaptation to Climate Change, aims to provide a Nordic 
strategy for the conservation, utilization and investigation of animal genetic 
resources within adaptation and mitigation issues. The Nordic strategy 
developed in AnGR-NordicNET will yield measures on how genetic diversity 
of domestic species can be maintained and utilized in breeding and 
conservation programs in a changing climate. 
 

 
NOFOCGRAN, the Nordic Forage 
Crops Genetic Resource Adaptation 
Network, develops knowledge, methods and 

germplasm as the basis for future development of cultivars of perennial forage grasses and legumes 
adapted to the expected changing climates. Understanding the genetic regulation of adaptive traits like 
flowering time, cold acclimation, and winter survival is crucial for developing new improved and 
persistent high yielding cultivars with high feeding value. Efficient utilization of wild adapted genetic 
resources and un-adapted exotic germplasm in breeding is necessary in order to adapt rapidly enough to 
the changing growing conditions caused by climate changes. Partners of NOFOCGRAN are the 
Norwegian University of Life Sciences, Aarhus University, Helsinki University, Agricultural University 
of Iceland, Swedish University of Agricultural Sciences, The Norwegian Institute for Environmental and 
Agricultural Research (Bioforsk), the breeding companies Graminor AS (Norway) and DLF Trifolium 
(Denmark), and in addition the Nordic Genetic Resource Centre (NordGen). Involvement of breeding 
companies and NordGen creates a unique setting for bridging the gap between conservation and use of 
genetic resources. In order to rapidly develop new cultivars adapted to changing climates, efficient 
implementation of modern breeding techniques for the utilization of genetic resources is necessary. 
 
 
NORDCHAR 
The fish species arctic char (Salvelinus alpinus) is used as a model species for monitoring changes in the 
Nordic areas due to climate change. The NORDCHAR project is using new genetic methodologies, as 
well as conventional life history ecology, to make model based analyses on the effects of climate change on 
a valuable resource for the Nordic countries. The results of the project may be used for policy making for 
the fish farming industry, the recreational fishing industry, for genetic resource preservation, for 
conservation strategies and for management authorities. Leading scientist in freshwater ecology and in 
genetics from each participating country have joined forces and thereby add value to the available data on 
Arctic char, as well as producing new data. The outcome of the project can be used to diminish the effects 
of climate change on the resource, by suggesting actions for conservation of endangered stocks, for 
management programs, for actions involving man-made structures around the natural habitats of the 
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species, for aquaculture industry by selection of valuable traits and for tourist industry involving 
recreation fishing. The project will focus on both threats and opportunities involved in climate change. 
The NORDCHAR project has Nordic partners from Norway, Sweden and Iceland as well as partners 
from Scotland and Canada. 
 
 
Sustainable primary production in a changing climate - This network with ten groups 
from four countries performs research training, develops plant material, molecular tools and strategies for 
a future Nordic plant production with low input and minimal environmental impact. This is achieved by 
networking between the participants and their already running major national and international projects 
on climate change.  
We seek to prepare Nordic primary plant production for future variable climate conditions and to secure 
a low input production with minimal environmental impact. This is achieved by selecting appropriate 
genetic resources in relation to crop health, quality and quantity and by development of methods, tools 
and strategies for effective and sustainable crop cultivation in the future Nordic climate. 
 
 
NordGen Farm Animals is a service and knowledge center for sustainable management of farm 
animal genetic resources for the Nordic countries. NordGen Farm Animals' areas of activity are 
conservation of farm animal genetic resources (AnGR) relevant for food production and agriculture, 
sustainable use of AnGR, information and networking as well as international activities. NordGen Farm 
Animals contributes to the Nordic countries' work by promoting the genetic, economic, cultural, 
historical and social values of farm animal diversity to meet the needs of future markets, production 
systems and climate change. 
 
 
NordGen Forest serves as a Nordic meeting place to examine aspects of forest genetics and genetic 
resources, supply of seeds and plants, and methods for regeneration. Their overall goal is to contribute 
gene conservation and sustainable use of Nordic forests. NordGen Forest consists of two bodies, each 
with members from all Nordic countries. 
The Council members exchange information on regeneration issues, discuss topics of interest for Nordic 
forestry and organize thematic days and conferences, whereas the Working Group on Genetic Resources 
ensures cooperation in conservation and use of forest genetic resources, and initiates research. Both 
bodies disseminate information in their subject area. 
The secretariat of NordGen Forest is located at the Norwegian Forest and Landscape Institute in Ås, 
Norway.
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Preamble 
 
 
Dear participants 

As chairman of the organizing committee it is a great pleasure to welcome you to this international 
conference on genetic resources for food and agriculture in a changing climate. The intention of this 
conference is to focus on the role of genetic resources for climate change adaptation and mitigation in the 
primary industries in the Nordic countries. The conference marks the final activity of research networks 
under the thematic network programme ‘Impacts of Climate Change in Nordic Primary Industries’; 
funded by the Nordic Council of Ministers in collaboration with NordForsk. The primary industries are 
comprised of fishery/aquaculture, agriculture, forestry and food production.  

The predicted climate changes are expected to be very extensive at higher latitudes, and will have 
profound effects on the primary industries in the Nordic region. The climate at higher latitudes has 
unique characteristics. Understanding how plants, livestock and fish adapt to such climates is crucial for 
developing sustainable primary production systems. The climate changes induce risks, but also create 
possibilities for the production systems on land as well as at sea. In order to develop research based policy 
advice for adaptation and mitigation of the effects of climate changes, fundamental research on 
conservation, adaptation and utilization of genetic resources is needed. 

Nordic research collaboration has a long history, and research networks are important instruments in 
creating competitive research communities. Networks provide research training, competence building 
and exchange of personnel both between the Nordic countries and internationally. An important 
function of the networks is also to establish arenas for research, exchange and communication between 
research institutions with industry partners. The networks involved in organizing this conference are 
good examples of these diverse activities. Organizing a conference with such a broad scope covering 
diverse organismal groups is challenging. However, our hope is that this will create an opportunity for 
exchanging ideas and learning from each other across research fields.  

I hope you will enjoy the conference and also take time to visit some of the attractions of Lillehammer, a 
small town famous for hosting the very successful 1994 Winter Olympics.  

 
Odd Arne Rognli, Chairman of the organizing committee 
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Foreword 
 
 
Genetic diversity is probably more important for farming than any other environmental factor, simply 
because it is the factor that enables adaptation to changing environmental conditions. Within the global 
gene pool, breeders and farmers will find the raw material for developing new plant varieties that are high 
yielding, pest and disease resistant, have high water use efficiency and are able to withstand the effects of 
drought, irrigation water salinity and high temperatures as well as new animal and fish breeds that will 
perform better.  

Genetic resources for food and agriculture are therefore of crucial importance for food security both in 
short and long terms. A well developed system of management will give future breeders and farmers access 
to a wide range of genetic resources and thus wider opportunities to adapt food and forest production to 
future challenges. Similarly, mismanagement could hit hard in a longer perspective where loss of genetic 
resources deprives future generations options for adapting food and agriculture production to climate 
change.  

The benefit of international cooperation is particularly evident in the realm of genetic resources for food 
and agriculture. There is high interdependence between countries since all countries are growing major 
food crops that originate in other parts of the world, and are therefore reliant on accessing foreign 
germplasm for further improvement of the plant material. For 30 years, FAO’s Commission on Genetic 
Resources for Food and Agriculture (CGRFA) has provided a unique intergovernmental forum to reach 
global consensus on policies relevant to biodiversity for food and agriculture. It has prepared global 
assessments, negotiated global plans of action, codes of conduct and other instruments relevant for the 
conservation and sustainable use of genetic resources for food and agriculture.  The International Treaty 
on Plant Genetic Resources for Food and Agriculture and the Nagoya Protocol under the Convention on 
Biological Diversity are key agreements in framing the shared responsibility and joint reliance on genetic 
resources. 

Norway has been actively engaged in the international cooperation in regard to genetic resources. 
Svalbard Global Seed Vault is a major Norwegian contribution to the global conservation efforts. The 
Seed Vault provides the world’s gene bank network a new level of security – a safe, back-up location 
where they can store duplicates of all unique seed diversity. The Seed Vault has now been in operation for 
six years. Currently, about 800,000 samples are deposited at Svalbard by more than 50 gene banks from 
all corners of the world. Particularly important to us is also the Nordic cooperation with the Nordic 
Genetic Resource Centre as the main actor, including our common Nordic gene bank.  

In order to make the best policy decisions and craft the best management systems, there is need for 
scientific knowledge. This conference will present the scientific frontiers on adaptive genetic diversity, 
adaptation and how genetic resources for food and agriculture are affected by the changing climate. 
During the next three days the fruits of Nordic research collaboration will be presented. This knowledge 
development is not only necessary for the researchers and breeders, but is also useful for politicians and 
government institutions in charge of management of genetic resources to make the right decisions and 
priorities for the future conservation, use and development of genetic resources. On behalf of the 
Norwegian Ministry of Agriculture and Food, which is in charge of the Norwegian policy on genetic 
resources for food and agriculture, I will take this opportunity to thank the organizers of this conference 
who have put together an exciting program with highly competent speakers for the next three days. 

 
Pål Vidar Sollie, Director General, Ministry of Agriculture and Food, Norway 
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Anna Rehnberg | Norwegian Genetic Resource Centre  
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Monday, 27th of January, 2014 
 
 
 08:30 - 11:30  Registration of participants 
 
 11:30 - 13:00 Lunch 
 
 13:00 - 13:05 Welcome. Odd Arne Rognli, chair of the organizing committee 
 13:05 - 13:20 Opening of the conference. Pål Vidar Sollie, Ministry of Agriculture and Food 
 
 
Session I: What mitigation, adaptation and genetic challenges do we face in the 
light of climate change?  

Chair: Peer Berg 
 
 13:20 - 14:00 Effects of climate change on bioproduction. Jørgen E. Olesen, Aarhus University, 

Denmark 
 14:00 - 14:30 Strategy building in farm animal practices – a look into the future. Theo 

Meuwissen, Norwegian University of Life Sciences, Norway 
 14:30 - 15:00 Sustainable primary production in a changing climate – effects to barley and 

oilseed rape from the future climate. Rikke Bagger Jørgensen, Technical University 
of Denmark & Michael Foged Lyngkjær, University of Copenhagen, Denmark 

 
 15:00 - 15:30 Coffee break 
 
 15:30 - 16:00 Challenges for fish in warmer waters: the case of the Arctic char. Sigurður 

Guðjónsson, Institute of Freshwater Fisheries, Iceland 
 16:00 - 16:30 Adaptation of Nordic forage crops to a changing climate. Áslaug Helgadóttir, 

Agricultural University of Iceland, Iceland 
 16:30 - 17:10 Adaptability of forest trees to climate – what can we learn from their 

evolutionary history? Antoine Kremer, INRA Université de Bordeaux, France 
 
 17:10 - 17:30 Coffee break 
 
 17:30 - 18:10 Back to the future: The use of historical samples to assess and predict the 

consequences of climate change on the genetic resources of fish. Einar Eg Nielsen, 
Technical University of Denmark, Denmark 

 18:10 - 18:30 Resilient and multifunctional-grasslands for agriculture and environmental 
service during a time of climate change. Mike W. Humphreys, IBERS, 
Aberystwyth University, UK 

 18:30 - 18:50 Prepared for the climate change induced thermal fluctuations? Lessons from 
germs and flies. Tarmo Ketola, University of Jyväskylä, Finland 

 
 19:30 - 22:00 Welcome reception & poster session 
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Tuesday, 28th of January, 2014 
 
 
Session II: Understanding genetic diversity and adaptation using molecular and 
quantitative genetic tools  

Chair: Torsten Nygård Kristensen  
 
 08:30 - 09:10 Genetic adaptation to climate change: Insights from natural populations. Ary A. 

Hoffmann, The University of Melbourne, Australia 
 09:10 - 09:50 The molecular underpinnings of adaptation in Arabidopsis thaliana. Juliette de 

Meaux, University of Münster, Germany 
 
 09:50 - 10:15 Coffee break 
 
 10:15 - 10:55 On identifying variation related to local adaptation. Outi Savolainen, University 

of Oulu, Finland 
 10:55 - 11:35 Association mapping of traits relevant to fitness of barley in the future climate. 

Cathrine Heinz Ingvordsen, Technical University of Denmark, Denmark 
 11:35 - 11:55 Genome-wide patterns of climate adaptation in teosinte (Zea mays). Tanja 

Pyhäjärvi, University of Oulu, Finland 
 11:55 - 12:15 Phenotypic or molecular diversity screening for conservation of genetic 

resources? Lessons from three common grass species. Siri Fjellheim, Norwegian 
University of Life Sciences, Norway 

 
 12:15 - 13:30 Lunch 

 
 13:30 - 14:10 The impact of glacial and postglacial history on the genetic structure of Norway 

spruce and Siberian spruce. Mari Mette Tollefsrud, Norwegian Forest and 
Landscape Institute, Norway 

 
 
Session III: Modelling, characterization and utilization of genetic resources 

Chair: Odd Arne Rognli 
 

 14:10 - 14:50 Need for seed banks in a changing climate. Roland von Bothmer, The Nordic 
Genetic Resource Center, Sweden 

 
 14:50 - 15:20 Coffee break  
 
 15:20 - 16:00 Forest tree breeding in face of climate change. Yousry A. El-Kassaby, The 

University of British Columbia, Canada 
 16:00 - 16:40 Breeding for the future – avoiding climate extremes and maximising yield of 

spring wheat in water-limited environments. Scott Chapman, CSIRO Plant 
Industry, Australia 

 16:40 - 17:00 Using process-based models to design ideotypes for timothy in Norway. Marcel 
van Oijen, CEH-Edingburgh, UK 

 
 17:00 - 17:20 Break 
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 17:20 - 17:40 Assessing plant genetic resources for climate change adaptive traits. Abdallah 
Bari, International Centre for Agricultural Research in the Dry Areas (ICARDA), 
Morocco 

 17:40 - 18:00 Characterization of European wide barley landrace material for implementation 
in crop development. Peter Hoebe, The Scottish Agricultural College, UK 

 18:00 - 18:20 Development of national crop wild relative conservation strategies in Europe: 
Studies of Cyprus and Norway. Jade Phillips, University of Birminham, UK 

 18:20 - 19:00 A view from industry on genetic resource utilization in the light of climate 
change. Mats Hansson, Carlsberg Laboratory, Denmark 

 
 20:00   Conference dinner 
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Wednesday, 29th of January, 2014 
 
 
Session IV: Nordic Forage Crops Genetic Resource Adaptation Network 

Chair: Odd Arne Rognli 
 
 08:30 - 09:00 Sequencing approaches for estimating genetic diversity between ecotypes and 

populations in forage grasses. Stephen Byrne, Aarhus University, Denmark 
 09:00 - 09:15 Adaptation to future climate: vernalization time, day length and temperature as 

regulators of growth and yield formation in forage grasses. Mervi Seppänen, 
University of Helsinki, Finland 

 09:15 - 09:30 Relationships between induction of flowering, cold acclimation, deacclimation 
and reacclimation in a perennial forage grass species. Åshild Ergon, Norwegian 
University of Life Sciences, Norway 

 09:30 - 09:45 Stress responses of clovers are affected by ploidy level and longer daylength at 
northern latitudes. Ane Vollsnes, University of Olso, Norway 

 09:45 - 10:00 Detecting genome-wide shifts in allelic composition by sampling in swards of a 
broad-based mixture of perennial ryegrass (Lolium perenne L.) grown and 
managed at five locations in Norway. Mallikarjuna Rao Kovi, Norwegian 
University of Life Sciences, Norway 

 
 10:00 - 10:30 Coffee break 
 
 
Session V: Animal Genetic Resources in the Adaptation to Climate Change 

Chair: Theo Meuwissen 
 
 10:30 - 11:00 Genomic selection as a tool to decrease greenhouse gas emission from domestic 

ruminants. John McEwan, AgResearch, New Zealand 
 11:00 - 11:15 Future trends in livestock production in the Nordic countries with a changing 

climate. Bente Åby, Norwegian University of Life Sciences, Norway 
 11:15 - 11:30 Is feed efficiency a key trait in future breeding goals? Lotta Rydhmer, Swedish 

University of Agricultural Sciences, Sweden 
 11:30 - 11:45 Coping with climate change through sustainable breeding strategies for Red 

Maasai Sheep. Emelie Zonabend, Swedish University of Agricultural Sciences, 
Sweden 

 11:45 - 12:00 Harnessing genetic diversity for improving productivity of local goat breeds to 
enhance adaptive capacity of communities in the arid zones of Ethiopia. Tadelle 
Dessie, International Livestock Research Institute (ILRI) Nairobi (HQ) and Addis 
Ababa, Ethiopia 

 
 12:00 - 13:00 Lunch 
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Session VI: Sustainable Primary Production in a Changing Climate 

Chair: Rikke Bagger Jørgensen 

 
 13:00 - 13:30 Carbon dioxide, climate change and agricultural productivity. Lewis H. Ziska, 

USDA-ARS, USA 
 13:30 - 13:45 Utilization of the within a landrace genetic variability – a case study for common 

bean and lentil. Ioannis Tokatlidis, Democritus University of Thrace, Greece 
 13:45 - 14:00 Diverse utilization of plant genetic resources improves durable plant disease 

resistance. Marja Jalli, MTT Agrifood Research Finland, Finland 
 14:00 - 14:15 Berry production in northern areas – the importance of climatic adaptation. 

Inger Martinussen, Norwegian Institute for Agricultural and Environmental 
Research, Norway 

 14:15 - 14:30 Improvements in nitrogen use efficiency of barley to meet the climate change 
induced challenges. Ari Rajala, MTT Agrifood Research Finland, Finland 

 
 14:30 - 14:45 Coffee break 
 
 
Session VII: Genetic Resources and Climate Change – Science, Strategies and 
Policies 

Chair: Morten Rasmussen 
 
 14:45 - 15:00 Genetic engineering, transgenic crops, climate change and food security. 

Rodomiro Ortiz, Swedish University of Agricultural Sciences, Sweden 
 15:00 - 15:30 A view on animal and plant genetic resources in the light of climate change. Irene 

Hoffmann, FAO, Italy 
 15:30 - 16:00 General discussion 
 
 16:00   Closing of the conference. Odd Arne Rognli, chair of the organizing committee 
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List of invited speakers 
 
 
Roland von Bothmer 
The Nordic Genetic Resource Center, Sweden 
 
Stephen Byrne 
Aarhus University, Dept of Molecular Biology and Genetics, Denmark 
 
Scott Chapman 
CSIRO Plant Industry, Australia 
 
Juliette de Meaux 
University of Münster, Institute for Evolution and Biodiversity, Germany 
 
Einar Eg Nielsen 
Technical University of Denmark, DTU AQUA, National Institute of Aquatic Resources, Denmark 
 
Yousry A. El-Kassaby 
The University of British Columbia, Faculty of Forestry, Dept of Forest Science and Conservation, 
Canada 
 
Sigurður Guðjónsson 
Institute of Freshwater Fisheries, Iceland 
 
Mats Hansson 
Carlsberg Laboratory, Denmark 
 
Áslaug Helgadóttir 
Agricultural University of Iceland, Iceland 
 
Ary A. Hoffmann 
The University of Melbourne, Dept of Genetics & Dept of Zoology, Australia 
 
Irene Hoffmann 
Food and Agriculture Organization of the United Nations, Italy 
 
Cathrine Heinz Ingvordsen 
Technical University of Denmark, Dept of Chemical and Biochemical Engineering, Denmark 
 
Rikke Bagger Jørgensen 
Technical University of Denmark, Dept of Chemical and Biochemical Engineering, Denmark 
 
Antoine Kremer 
INRA Université de Bordeaux, UMR Biodiversité Gènes & Communautés, France 
 
Michael Foged Lyngkjær 
University of Copenhagen, Dept of Plant and Environmental Sciences, Denmark 
 
John McEwan 
AgResearch, Animal Productivity, New Zealand 
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Theo Meuwissen 
Norwegian University of Life Sciences, Dept of Animal and Aquacultural Sciences, Norway 
 
Jørgen E. Olesen 
Aarhus University, Dept of Agroecology, Denmark 
 
Outi Savolainen 
University of Oulu, Dept of Biology, Finland 
 
Mari Mette Tollefsrud 
Norwegian Forest and Landscape Institute, Dept of Forest Biology and Environment, Norway 
 
Lewis Ziska 
USDA-ARS, Crop Systems and Global Change Laboratory, USA 
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Session I 

What mitigation, adaptation and genetic challenges do we face 
in the light of climate change? 

 
 
 
 

Audun Rikardsen  
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Effects of climate change on bioproduction 

JE Olesen 
Dept of Agroecology, Aarhus University, Denmark 
JorgenE.Olesen@agrsci.dk 

The world is at a crossroads. Global increases in population and wealth with rapidly increasing demands 
for food, energy, water and many other resources and ecosystems goods and services. Currently much of 
this provision of human needs are based on non-renewable resources, and at the same time polluting 
atmosphere and water and also greatly affecting biodiversity and ecosystem functioning. The three 
perhaps greatest interferences with the earth system is the pollution of ecosystems with excess nitrogen 
from agricultural production systems, loss of biodiversity through expansion of agriculture and managed 
forestry, and the emissions of greenhouse gases (including CO2) leading to changes in the climate system 
and potentially affecting biological systems, including production of food, feed, wood, bioenergy and 
many of the biomaterials on which human society increasingly depend. The effects of climate change as 
well as other pollutants vary greatly across the world, and effects on the production systems in the Nordic 
region may seemingly be positive. However, there are also many unresolved challenges, and on the balance 
even Nordic countries would benefit from halting climate change and stopping pollution. This is not 
easily done, and the challenge is therefore twofold; to continue striving for reducing emissions and 
changing our production systems and consumption patterns to sustainable practices, and on the other 
hand to adapt to the changing environmental conditions. 
Recent research has clearly shown how important in particular temperature is for the functioning of 
individual species and of the ecosystems and production systems of which they are part. This goes for 
agricultural crop production systems, livestock production, forestry, freshwater fish and marine 
ecosystems. The observed climate change in the Nordic region has already resulted in dramatic shifts in 
suitability range of plant and animal species, as well as duration and timing of growing periods, 
reproduction activities, productivity of the various systems within agriculture, forestry and fisheries. In 
the even not so long term this is going to mean changes also in policies of regulating land use as well as 
management of fisheries. The challenge is to do this in a smart way that delivers the food and biomass for 
society while at the same time preserving the ecosystems services underpinning a sustainable society. 
 
 
 
Strategy building in farm animal practices – a look into the future 

T Meuwissen 
Dept of Animal and Aquacultural Sciences, Norwegian University of Life Sciences, Ås, Norway 
theo.meuwissen@nmbu.no 

In animal breeding the challenges broad about by climate change are directly addressed by managing the 
genetic resources required to adapt to the environmental changes and by investigating the resilience of 
genotypes to environmental changes in terms of genotype by environmental interactions and reaction 
norms. Animal breeding practices aim at: (1) foreseeing climatic changes and their effects on agro-
ecosystems and livestock production and predicting future needs with respect to animal genetic resources, 
resulting in new breeding goals. (2) To study genotype-by-environment (GxE) interactions on fertility, 
longevity and milk production using multitrait models and reaction norm models over gradients of 
geographical location, intensity management and herd sizes. The multitrait models may be unsuccessful 
when the environment cannot be accurately classified, and the reaction norm models require an accurate 
continuous parameter grading the environment. (3) To assess accuracy of alternative molecular genetic 
diversity measures reflecting the potential of a population to adapt to environmental changes. (4) To 
study a variety of breeding strategies to bring-about the required adaptations in the event of climate 
change. Due to future climate changes, shortage of food/feed, water, energy and land, the future will 
demand very fast (genetic) adaptation of livestock. Novel animal breeding strategies are needed to achieve 
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this rapid genetic adaptation, which are mainly based on animal genetic resources that can facilitate 
genetic change by breed substitution or crossbreeding, and genomic selection, and a combination of both, 
which is called genomic introgression. 
 
 
 
Sustainable primary production in a changing climate – effects to barley and oilseed rape from the 
future climate  

R Bagger Jørgensen*1 & M Lyngkjær**1,2 
1Dept of Chemical and Biochemical Engineering, Technical University of Denmark, Denmark 
2Dept of Plant and Environmental Sciences, University of Copenhagen, Denmark 
*rijq@kt.dtu.dk **mlyn@life.ku.dk    

With the present increase in the emission of greenhouse gasses, the [CO2] will double to app. 700 ppm 
and the average global temperature will increase 4-5 ºC by year 2075 (IPCC, 2013). For this changed 
environment new crop cultivars and disease control strategies are demanded.  
We analyzed the effects in barley and oilseed rape from the future climate change. In a climate phytotron 
(RERAF, DTU-Risø) future climate scenarios were applied to 138 accessions of barley and 32 accessions 
of oilseed rape. Production parameters were recorded in the different climate scenarios that represented 
elevation of single abiotic factors - [CO2], [O3] and temperature - and combinations of the abiotic 
factors. In a separate study it was examined, how the climate scenarios are affecting resistance to the 
fungal diseases spot blotch and powdery mildew. Production parameters and abundance of diseases were 
also evaluated under field conditions in a Free Air Carbon Enrichment facility.  
Both for barley and oilseed rape the seed yield was significantly reduced in treatments with +5 ºC above 
ambient. When the [CO2] was increased together with the temperature the yield deficit was reduced, but 
yield was still lower than in the ambient treatment (barley -30 %, oilseed rape -10 %). Large differences 
among accessions were recorded. Based on their environmental stability (Si

2 and Wi
2) some of the 

accessions could be identified as environmentally resilient, why they may serve in the breeding of cultivars 
for tolerance to future environmental variation. In an association mapping of the barley accessions, 118 
SNP markers were found to link to production parameters recorded in the 5 different environmental 
treatments. When growing under elevated temperature or [O3], infection by the biotrophic powdery 
mildew fungus decreased, whereas disease symptoms and growth of the toxin secreting hemibiotrophic 
spot blotch fungus increased compared to ambient conditions, implying that climate induced changes in 
disease severity could be linked to the trophic lifestyle of the pathogens. Combination of the climatic 
factors affected the diseases in an unpredictable non-additive manner, emphasizing the importance of 
conducting multifactorial experiments, when evaluating the potential effects of climate change. Enrich 
CO2 atmosphere in the field increased biomass and yield and decreased severity of powdery mildew 
supporting the phytotron results.  
 
 
 
Challenges for fish in warmer waters: the case of the Arctic char 

S Guðjónsson 
Institute of Freshwater Fisheries, Reykjavík, Iceland 
sigurdur.gudjonsson@veidimal.is 

Global warming and climate change will affect the distribution and the abundance of many important 
fish populations. To assess biodiversity responses to climate change in northern regions, a NordForsk 
funded research program, NordChar, was initiated and is ongoing on the fish, Arctic char (Salvelinus 
alpinus). The Arctic char was chosen as a model species due to its wide distribution, which is relatively 
little influenced by anthropogenic factors, and char is very plastic with both phenotypic and genotypic 
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responses to environmental change. The Arctic char, as other salmonid species, is also an important and 
highly evaluated fish in the northern regions. In this study, both genetic and biological parameters were 
investigated to map the species variability. Biological and life history characteristics are extracted from the 
extensive literature. For the genetic mapping, mitochondrial DNA (mtDNA) was used as it interacts 
with the energy system of the cell. Genetic characters can therefore be expected to be sensitive to 
environmental temperature conditions in poikilotherms such as Arctic char.  The genetic work involves 
two phases. In the first phase, we sequenced the whole mtDNA genome of 128 individuals, chosen to 
represent geographically and phylogenetically the biodiversity of the species. This robust overview of the 
genetic variation revealed that some parts of the mtDNA are very variable and in total 468 SNP’s was 
found. In the second phase, a detailed analysis was done of the phylogenetic and differentiation among 
populations within and among locations across the species range using selected highly variable areas of the 
mtDNA.  At the same time this is an explorative genome scan to detect candidate loci for adaptation 
along the gradient of latitude or environmental temperature. Preliminary results show highly diverged 
lineages with regional distribution but moderately diverged lineages can be widely distributed 
geographically.  Furthermore moderately diverged lineages can be sympatric within the same watershed. 
The findings will be compared to different life history patterns. The study has produced a genetic tool 
that can be used to monitor adaptive genetic divergence in Arctic char.  Furthermore, the findings will 
improve understanding on what happens as climate changes both for Arctic char and other fish species. 
 
 
 
Adaptation of Nordic forage crops to a changing climate 

Á Helgadóttir 
Agricultural University of Iceland, Reykjavík, Iceland 
aslaug@lbhi.is 

In the Nordic environment the main limiting factors for forage crops are a short and cool growing season 
and various winter stresses such as frost, ice encasement, low temperature fungi, prolonged snow cover, 
water logging and low light intensity. The expected changes in climate at northern latitudes will result in 
a longer growing season, because of earlier spring and later autumn, and higher temperatures during the 
growing season, both of which may lead to increased biomass production potential. However, new types 
of stresses may offset the potential gain, such as increased disease pressure and insufficient hardening 
conditions during autumn to prepare the plants for altered winter conditions. As temperature and 
photoperiod both play a part in the acclimation process we need plants that are adapted to different 
combinations of climatic variables and at the same time possess higher biomass production potential. In 
this context it is necessary to consider factors such as growth cessation in autumn in relation to 
acclimation, deacclimation and reacclimation, carbohydrate dynamics during autumn and winter, and 
photosynthetic activity and respiration at low temperature and light intensity. Timothy has been the 
major grass species in the Nordic region north of 60°N but perennial ryegrass has played a role in the 
more maritime regions. With its high biomass yield and regrowth capacity, and superior feed quality 
ryegrass will undoubtedly become a promising option with prolonged growing season and milder winters. 
Similarly, forage legumes, that currently lack sufficient winter hardiness, will play an increasing role due 
to their N-fixing capacity. In adapting these species to new conditions in the north we will probably have 
to search for new variation in exotic material and introgress the most promising material into present 
cultivars. As grassland agriculture in the region is a low value enterprise it would be desirable to breed 
material with as wide adaptation as possible so material could be used across larger areas within specific 
agroclimatic zones rather than focus on narrow adaptation to certain geographic regions. Such an 
approach would require considerable pre-breeding efforts in line with the already initiated Nordic Public 
Private Partnership. Further, the use of grass-legume mixtures should be promoted, thus benefitting from 
the positive response of legumes to increased levels of temperature and CO2 in future climate. 
Transgressive overyielding has been observed in mixtures and they can better deal with climatic variability 
and stress.  
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Adaptability of forest trees to climate – what can we learn from their evolutionary history 

A Kremer 
INRA, UMR Biodiversité Gènes & Communautés, France 
antoine.kremer@pierroton.inra.fr 

Trees have experienced during the Pleistocene recurrent environmental changes over long time periods 
during the glacial-interglacial sequences. There is a growing body of evidence stemming from different 
sources of information (Quaternary evolutionary history; observations from population and species 
transfers; provenance experiments) showing that trees responded and adapted rapidly to these changes. 
This review aims at reconstructing the historical trajectories during the last interglacial period in order to 
decipher evolutionary processes triggering adaptation. Taking oaks as a study case, the review shows that 
rapid migration, extensive gene flow and hybridization were the main processes that permitted oak to 
track climatic warming. I will further address adaptive differentiation by considering separately 
differentiation of traits and genes controlling these traits, and investigate the pace at which adaptive 
differentiation occurred. There is concordant evidence between different sources of data that extant 
differentiation of adaptive traits was mainly generated during the late holocene, and that preexisting 
divergence due to population separation into refugia has been erased by extensive gene flow occurring 
during colonization. Additional results coming from simulations reconstructing in silico historical 
scenario also indicate that adaptive differentiation occurred rapidly. Overall this review suggests that 
substantial future evolutionary shifts can be expected in response to ongoing climate change due to the 
high level of genetic diversity existing in forest trees, and that gene flow will be an important driver of 
adaptive evolution. 
 
 
 
Back to the future: The use of historical samples to assess and predict the consequences of climate 
change on the genetic resources of fish 

E Eg Nielsen*, NO Therkildsen, S Bonanomi & J Hemmer-Hansen 
Technical University of Denmark, National Institute of Aquatic Resources, Silkeborg, Denmark 
*een@aqua.dtu.dk 

Global change has altered the environmental conditions for many fish species. In order to avoid 
extinction fish can respond to the transformed environment in several ways. They can stay put and 
modify their phenotype through plastic responses, migrate to other areas where more favorable 
conditions prevail or adapt genetically to the new conditions. Thus the impact on the genetic resources 
depends on the relative importance of these processes in time and space. Historical samples of fish, such 
as scales and otoliths, have for more than a century been used for age and growth determination in fish. 
New methodological developments now allow for retrospective analysis of DNA from such samples at a 
genomic scale.  We here present a number of cases applying spatiotemporal population genomics in cod 
populations, which allow for identification of the relative effects of migration and selection on shaping 
the patterns of genomic variation in space and time. We discuss general insights and generate predictions 
from these studies in relation to genetic resources in fish, and present a framework for using “genetic 
monitoring” to demonstrate adaptive responses to climate change and other human activities. Finally, we 
point to new avenues for applying spatiotemporal population genomics for assessing changes in genomic 
resources of fish. 
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Resilient and multifunctional-grasslands for agriculture and environmental service during a time of 
climate change 

MW Humphreys*, A Kingston-Smith & SA O’Donovan 
IBERS, Aberystwyth University, Gogerddan, Aberystwyth, Ceredigion, Wales, UK 
*mkh@aber.ac.uk 

More than 500 fescue (Festuca) species are dispersed amongst grasslands world-wide with adaptations 
evolved to their specific location and climate. They provide a vast resource of novel genetic variation for 
use in grass breeding and insights how natural adaptations in grasses have evolved of potential use in 
future plant breeding to combat climate change. Many fescue species hybridise naturally with ryegrass to 
generate Festulolium, the genomes in combination providing high yields of quality forage together with 
resilience against abiotic stresses, and compared with ryegrass, enhanced water- and nutrient-use-
efficiency. However, Festulolium are also multifunctional and capable of providing examples of 
environmental service. These properties have made breeding Festulolium cultivars an increased priority in 
recent years. New research shows how specific ryegrass/fescue genome combinations may lead to 
improved ruminant nutrition and others, plant-soil interactions for efficient water and nutrient uptake 
with modified soil structure for improved hydrology. Others have been employed to prevent soil erosion 
or aid land reclamation of industrial sites. Balanced genome combinations of Lolium and the 
Mediterranean fescue Festuca glaucescens provide opportunities to improve ruminant nutrition compared 
to pure Lolium species’ varieties, by their slower rates of plant-mediated proteolysis of ingested forage 
when under rumen conditions which should lead to lower emissions of greenhouse gases by livestock and 
increased livestock gain. The extensive root growth and its subsequent rapid senescence of Festulolium, 
especially at depth has led to effective soil water retention and identified a potential use in flood 
mitigation. Deep rooting perennial Festulolium cultivars may also be effective at C-sequestration. 
Festulolium breeding requires holistic strategies to maximize the significant benefits their use may 
provide. A new project SUREROOT is described that aims to demonstrate the full potential of 
Festulolium breeding. 
 
 
 
Prepared for the climate change induced thermal fluctuations? Lessons from germs and flies 

T Ketola 
Centre of Excellence in Biological Interactions, Dept of Biology and Environmental Sciences, University of 
Jyväskylä, Finland 
tketola@jyu.fi 

Predictions of consequences of climate change on biota rely on our ability to predict what kinds of 
genotypes perform best under increased temperatures and more frequent thermal fluctuations. However, 
theories predict several potential adaptation mechanisms, but what is the most likely one that one should 
be concerned for? Quantitative genetic work with Drosophila and several experimental evolution studies 
with different bacterial species indicate that thermal adaptation in fluctuating environment is not as 
straight forward as simplest of the theories expects. Evolution in fluctuating environment does not seem 
to include changes in shapes of reaction norms (i.e. in the level of generalism), as only reaction norm 
elevation (i.e. general viability) seems to be under selection in fluctuating temperatures. However, the 
evolved ability to tolerate fluctuating environments without clear changes in thermal tolerance curves 
suggests that selection can also target inducible heat tolerance traits. Thus, tolerance curve broadness 
might be misleading proxy of species tolerance to environmental fluctuations, as species seem to respond 
thermal fluctuations by evolution of overall viability or via inducible plasticity. 
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Genetic adaptation to climate change: Insights from natural populations 

AA Hoffmann 
Dept of Genetics & Dept of Zoology, The University of Melbourne, Australia  
ary@unimelb.edu.au 

In this paper I provide an overview of what has been learnt from evolutionary genetic studies of climate 
change adaptation in natural populations of plants and animals. I briefly outline some examples of recent 
rapid adaptation and provide summary of the two divergent views that have developed in the literature 
about the likelihood of evolutionary adaptation occurring in natural populations.  Factors that contribute 
to these different views are investigated, including the nature of selection, genotype-environment 
interactions, population processes and the genetic architecture of traits. I then discuss the components of 
biodiversity that are most likely and least likely to evolve under climate change, and I consider new 
insights that are starting to emerge from comparative genomics and population genomics. Finally the 
ways in which evolutionary principles can be incorporated into predictions of changes in species 
distributions under climate change are considered. 
 
 
 
The molecular underpinnings of adaptation in Arabidopsis thaliana 

J de Meaux 
Plant Molecular Evolution, Institute for Evolution and Biodiversity, University of Münster, Germany 
juliette.de.meaux@uni-muenster.de 

The theories used in Evolutionary Biology are rooted in powerful concepts, most of which were 
constructed before the discovery of DNA. In the meantime, we understand much better how function is 
encoded in the genome.  The current task is now to examine how genetic modifications in molecular 
systems can promote adaptation in natural populations.  Arabidopsis thaliana is a focal system in plant 
molecular biology. Genes and pathways controlling its development, physiology and immunity have been 
researched intensively. Its broad latitudinal distribution in Europe makes it a unique system to dissect the 
molecular underpinnings of adaptation. I will review some of the molecular changes that have been 
successfully associated with adaptive evolution in A. thaliana. I will thereby illustrate why reconciling 
molecular and evolutionary biology is a difficult yet necessary task, requiring a shift of concepts in both 
molecular biology and evolutionary theory. 
 
 
 
On identifying variation related to local adaptation  

O Savolainen 
Dept of Biology, University of Oulu, Finland 
outi.savolainen@oulu.fi 

In addition to natural (or artificial) selection, different demographic evolutionary forces such as changes 
in population size and gene flow influence patterns of diversity of populations. This presentation will first 
discuss why it is of interest to distinguish patterns due mainly to demographic to those much influenced 
by selection, especially with relevance to genetic resources for responding to climate change. There are 
many different approaches for trying to identify the loci related to adaptation. Many of these start with 
identifying adaptive quantitative traits and then aiming at mapping the loci responsible for this variation. 
Other approaches use population genetics methods, either examining patterns of sequence variation that 
identify the action of various kinds of selection (in addition to demography). Other methods also use 
correlations of genetic variation with environmental variation to identify patterns generated by selection. 
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Some of these approaches will be illustrated with examples mainly of variation in forest trees or in 
brassicaceous plants. 
 
 
 
Association mapping of traits relevant to fitness of barley in the future climate 

CH Ingvordsen*1, G Backes2, MF Lyngkjær3, TN Mikkelsen1, M Jalli4, P Peltonen-Sainio4 & R Bagger 
Jørgensen1 
1 Dept of Chemical and Biochemical Engineering, Technical University of Denmark, Denmark 
2Kassel University, Witzenhausen, Germany 
3 University of Copenhagen, SCIENCE, Denmark 
 4MTT, Jokioinen, Finland 
*cahi@kt.dtu.dk 

Climate is changing and challenging crop production. Our results indicate a 30 % decrease in overall yield 
of 138 spring barley accessions cultivated in a climate phytotron under future climate conditions, but also 
considerable differences between the individual accessions. To secure the future production, accessions 
producing stable and high yields must be identified for use in breeding programs. In the experiment 138 
spring barley accessions were exposed to a +5°C temperature increase (24/17°C day/night), an elevated 
carbon dioxide concentration at 700 ppm, and elevated ozone at 100-150 ppb in single or two factor 
treatments. All treatments and accessions received the same amount of water. The production parameters 
grain weight, aboveground vegetative biomass, total number of ears and ears with grain were obtained on 
single plant basis, and grain number, as well as harvest index, were calculated. The stability indices, 
Wricke’s ecovalence and environmental variance were calculated for each production parameter over all 
treatments. For genome-wide association analysis DNA from the barley accessions was applied on an 
array of 7864 SNP markers (ILLUMINA). 
A total of 66 traits from the 5 different environmental treatments were included in the genome-wide 
association mapping. After strict validation to exclude false positives 118 SNP markers were found to 
associate with the phenotypic differences at logP-values ranging from 2.96 to 6.69. Of those markers 44 
were annotated to a chromosome. Of the 118 associated markers 34 associated with more than one of the 
traits. For 11 of the 34 markers associated with more than one trait, either of the stability indices could be 
found. Seven markers associated with one of the climate stability indices for grain weight (logP values 
3.27-4.92). 
Stable and high yielding cultivars are essential to secure production under future climate conditions. 
Despite the challenges in establishment of markers for quantitative traits, our findings with identification 
of markers associated with stability and grain yield, suggest that genome-wide association mapping is a 
valuable tool, when searching for fitness in the future environment. 
 
 
 
Genome-wide patterns of climate adaptation in teosinte (Zea mays) 

T Pyhäjärvi*1,2, MB Hufford1, S Mezmouk1 & J Ross-Ibarra1,3,4  
1Dept of Plant Sciences, University of California, Davis, CA, USA 
2Dept of Biology, University of Oulu, Oulu, Finland 
3Center for Population Biology, University of California, Davis, CA, USA 
4The Genome Center, University of California, Davis, CA, USA 
*Tanja.pyhajarvi@oulu.fi 

Teosinte, the wild ancestor of maize, grows endemically in various environmental conditions in South 
Western Mexico. By utilizing maize genomic tools, we identified genetic variation underlying local 
adaptation among teosinte populations. We genotyped 10-12 individuals of 21 teosinte populations for 
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40 000 SNPs and combined the genetic data with climate data to identify adaptive genetic variation. The 
analysis was complicated by complex, hierarchical population structure among the populations.  In 
addition to adaptation, geographical, taxonomic and altitudinal distances also affected the distribution of 
genetic variation. We used various methods to identify adaptive loci: differentiation outliers, 
identification of selected haplotypes and correlation with environmental variables. Based on patterns of 
nonrandom association of loci, we identified four large inversion polymorphisms that were highly 
differentiated among populations and correlated with e.g. temperature of the population local habitat. In 
addition, we identified significant portion of adaptive variation outside coding regions. These 
observations suggest that genetic rearrangements and intergenic variation can have important role in 
climatic adaptation, especially in species with large, complex genomes, such as maize and teosinte. 
 
 
 
Phenotypic or molecular diversity screening for conservation of genetic resources? Lessons from 
three common grass species. 

S Fjellheim* & OA Rognli 
Dept of Plant and Environmental Sciences, Norwegian University of Life Sciences, Ås, Norway 
*siri.fjellheim@nmbu.no 

The predicted climate changes poses a challenge for all living organisms and the potential for rapid 
adaptation to new climatic conditions will be crucial for the survival of many species – both wild and 
cultivated. The basis for adaptation by natural selection is variation in relevant phenotypic traits. The 
basis for phenotypic variation is complex and includes components like additive, dominant and epistatic 
variation, as well as plastic or epigenetic responses. Nevertheless, local populations or gene bank 
accessions are often characterized using neutral genetic markers, however to what degree they predict 
adaptive potential is much debated. We address this question by comparing the results from three studies 
of genetic diversity in local populations of geographically and climatically widespread grasses – Phleum 
pratense, Festuca pratensis and Nardus stricta. The three species show very different levels and structuring 
of genetic and phenotypic diversity and specifically it seems as there is varying degree of correspondence 
between neutral genetic and phenotypic variation. In P. pratense and F. pratensis we found high levels of 
neutral genetic variation, whereas N. stricta is nearly uniform throughout its range. F. pratensis had highly 
structured genetic and phenotypic variation, whereas P. pratense show no structuring of genetic variation 
throughout its entire distribution range. In contrast to lack of geographic structuring of genetic variation 
in P. pratense, phenotypic variation was clearly structured and indicates natural selection and local 
adaptation. Furthermore, our results indicate that epigenetic variation may play an important role in local 
adaptation. Our studies point out the importance of utilizing several characterization systems – both 
molecular and phenotypic - for assessing genetic diversity, specifically when it comes to evaluating 
adaptive potential. Consequently, conservation and management policies should not be based solely on 
information about neutral molecular variation.  
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The impact of glacial and postglacial history on the genetic structure of Norway spruce and Siberian 
spruce	  

MM Tollefsrud*1, Y Tsuda2, JH Søstebebø1, M Latałowa3, L Parducci2, T Källman2, J Chen2, V Semerikov4, 
T Skrøppa1, GG Vendramin5, C Sperisen6 & M Lascoux2 
1Norwegian Forest and Landscape Institute, Ås, Norway 
2Dept of Ecology and Genetics, Evolutionary Biology Centre, Uppsala University, Sweden 
3Laboratory of Palaeoecology and Archaeobotany, Dept of Plant Ecology, University of Gdańsk, Poland 
4Institute of Plant and Animal Ecology, Ural Branch of Russian Academy of Science, Ekaterinburg, Russia 
5Plant Genetics Institute, Division of Florence, National Research Council, Sesto Fiorentino, Italy 
6Swiss Federal Research Institute for Forest, Snow and Landscape Research (WSL), Switzerland 
*mari.mette.tollefsrud@skogoglandskap.no 

During the Last Glacial Maximum, the boreal vegetation was greatly restricted. Climatic variation 
between regions had different impact on the glacial and postglacial history of tree species, resulting in 
contrasting distribution of genetic diversity. Norway spruce (Picea abies) and Siberian spruce (P. obovata) 
are two closely related species which parapatric ranges cover almost the entire boreal region of Eurasia; a 
vast region that experienced contrasting glacial histories. In the present study we combined extensive 
paleobotanical and genetic data to reconstruct the joint histories of the two species and to evaluate how 
their glacial and postglacial histories have affected their genetic structure.  
Today, Norway spruce and Siberian spruce are clearly genetically differentiated in mitochondrial (mt) 
and nuclear SSR markers, suggesting that the two species had largely independent glacial histories. 
Nuclear SSR markers indicate the presence of hybrid individuals on both sides of the Urals and east-west 
longitudinal genetic structures indicate a wide zone of hybridization. The border for mtDNA is situated 
along the Ob River in Siberia. Along this river and eastwards, latitudinal genetic structures were weak. In 
Norway spruce, rather complex population genetic structures are revealed as a result of multiple refugia 
and contrasting recolonization patterns. 
The current distribution of Norway spruce is divided into a southern and a northern domain. Coherent 
with the paleodata, both mtDNA and SSR loci suggest a long lasting separation between these two 
domains, which however,  did not preclude secondary contacts. Within the southern domain, mtDNA 
and paleodata suggest the presence of several refugia, a pattern that nuclear SSR loci fail to reveal probably 
reflecting pollen mediated gene flow. In the northern domain, the same data support the recolonization 
of Scandinavia during the mid Holocene from a large and scattered refugium located on the East 
European Plain. Recolonization took place along different migration routes, and diversity evolved 
differentially along these routes. The complex genetic structure at nuclear SSRs in the northern Norway 
spruce domain may be due to gene flow from the southern domain, gene flow from the hybrid zone along 
the Ural Mountains and expansion from a separate refugium along the Atlantic coast. The latter is 
suggested by ancient DNA, the presence of a Scandinavia endemic mitochondrial haplotype and possibly, 
the current structure at SSR loci, where the origin of a distinct genetic cluster in Central Scandinavia 
remains to be elucidated.  
The implications of these findings for the response of the boreal forest to climate, forest management and 
breeding will be discussed. 
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Notes 
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Need for Seed Banks in a Changing Climate 

R von Bothmer* & AK Brantestam 
NordGen, Alnarp, Sweden 
*Roland.von.Bothmer@slu.se 

Climate change will have an impact on diverse geographic/environmental zones and on various crop 
species showing different ability to adapt to these changes (Alemayehu et al. 2013; Lane and Jarvis, 2007; 
Olesen et al. 2011). A number of crops, e.g. the majority of temperate cereals, will have severe production 
problems and extensive crop improvement programs are needed to address these challenges.  
Gene banks have double role in addressing these issues: Materials with high potential in breeding for a 
changing climate are assembled in gene bank collections. Not only crop wild relatives (CWR) and exotic 
landraces, but also material resulting from various research projects, where genes from wild or exotic 
sources are integrated into adapted material and thus a number of accessions possess induced variation, e 
g collections of mutants. There are some limiting factors for utilization of these materials in breeding, in 
particular, lack of data on stress responses and disease resistance related to future climate. Effective tools 
for selection of relevant accessions and screening for modeled future climate must be developed in order 
to select promising genotypes. So far, characterization and evaluation of gene bank material have rarely 
involved performance of accessions in future climate conditions. 
Climate changes will have effects not only in the agricultural production but also on access to genetic 
resources available for crop improvement. Crop wild relatives are in many cases threatened in their native 
habitats and there are high risks of extinction (Jarvis et al. 2008). In these cases gene bank ex-situ 
collections might be the only source for acquiring the germplasm. 

Alemayehu et al. 2013. Genetic Resources and Crop Evolution; Jarvis et al. 2008. Agriculture, Ecosystem & Environment 126(1-
2)13-23, Lane & Jarvis. 2007. Journal of SAT Agricultural Research 4; Olesen et al. 2011. Europ. J. Agronomy 34, 96-112 
 
 
 
Forest tree breeding in face of climate change 

YA El-Kassaby 
Dept of Forest Sciences and Conservation, Faculty of Forestry, The University of British Columbia, 
Vancouver, British Columbia, Canada 
y.el-kassaby@ubc.ca 

Traditional tree breeding programs are long-term and resource-dependent.  They often follow the 
classical recurrent selection scheme with its repeated cycles of breeding, testing, and selection (Allard, 
1999).  Each breeding cycle requires the intensive management of multiple populations (breeding, 
testing, and production), so gain, diversity, and the build-up of co-ancestry are effectively managed 
(Namkoong et al., 1988).  These programs are dedicated to meeting the planting demands of specific 
ecological targets (breeding zones), thus progeny testing and seed deployment are often restricted within 
these targets (Ying and Yanchuk, 2006).  Substantial and unrestricted genetic movement is exercised 
within the confines of these specific breeding zones as offspring (new recombinations) are planted 
throughout.  Notwithstanding the man-made unrestricted genetic movement within breeding zones, 
these breeding programs are in essence, spatially static and might be slow in dealing with the increased 
mobility required to cope with rapid climate change.  Forest tree populations may not be able to track 
shifting favourable environmental conditions mediated by climate change considering the documented 
misalignment between rates of gene flow (via seed and pollen) and environmental change (bioclimatic 
envelopes) (Kremer et al., 2012).  Even under the best scenarios where gene flow is not constrained by 
fragmentation or restricted by physical barriers, human intervention is warranted considering the 
anticipated intensity and directionality of climate change (Vitt et al., 2010). 
The extent of genetic diversity in species’ peripheral populations is often considered to be lower than that 
present in their central counterparts; however, there is increased evidence supporting the role of gene 
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flow as a replenishing factor leading to increased genetic diversity as compared to “standing” diversity 
(Yeaman and Jarvis 2006) with some suggestions that gene flow will introduce better adapted genes as 
compared to local ones, specifically under changing climate scenarios (Alleaume-Benharira et al., 2006).  
Additionally, it is expected that the warming trend will increase growth and fecundity, improve survival, 
and promote germination and recruitment (Reich and Oleksn 2008; Andalo et al. 2005; Savolainen et al. 
2011; Kellomaki et al., 1997), thus chances for increased productivity is anticipated in the new favourable 
environmental conditions. 
Here, I propose an in situ breeding approach that is particularly suitable to meeting the increased pace of 
genetic material movement dictated by changes in response to climate.  In this scheme, testing and 
selection are concurrently and naturally conducted at the species’ front edge, thus the selected material 
would be most adapted to the anticipated future range expansion with minimal photoperiodic transfer.  
In this scheme, existing natural populations and/or plantations at the species’ latitudinal front will play a 
dual role in providing already tested genotypes (testing) and selection will be exclusively based on 
adaptive attributes related to climate such as cold and drought tolerance and timing of growth and 
reproduction (selection). 
Genetic evaluation of individuals will be based on using large batteries of anonymous DNA markers 
preferably distributed throughout the genome obtained through Next Generation Sequencing (NGS).  
The proposed method capitalizes on the availability of: 1) affordable NGS platforms for providing large 
numbers of randomly distributed genomic markers for any species without the need for their reference 
genomes and 2) innovative quantitative genetics analytical approaches that are anchored around utilizing 
genomic markers.  The simultaneous retrospective testing and selection among cohorts in natural 
unstructured settings faces two major challenges caused by variation in age and spatial arrangement 
among the evaluated individuals; however, these could be overcome by using age as covariate and the 
utilization of spatial statistics to mitigate spatially-caused differences.  It is noteworthy to mention that 
most adaptive attributes are minimally affected by age and/or special arrangements.  
DNA fingerprinting will be exclusively based on using one of the NGS methods such as genotyping-by-
sequencing (Chen et al., 2013) or whole-exome targeted sequencing (Neves et al., 2013) as they are 
effective in the identification of variation at the single nucleotide level (SNP: single nucleotide 
polymorphisms) needed for the subsequent genetic evaluation among naturally tested unstructured 
cohorts.  Genetic evaluation will be based on either: 1) the genomic best linear unbiased prediction 
(GBLUP) method that utilizes the “realized kinship” matrix produced from the DNA fingerprinting 
data which does not require prior genealogical information about the individuals under evaluation 
(vanRaden, 2008) and/or 2) genome-based prediction methods (genomic selection) which utilize 
information across the entire genome simultaneously to explain the observed phenotypic variability of 
complex polygenic traits (Meuwissen, 2001).  The proposed genetic analyses are perfectly suited to 
unstructured populations where prior knowledge on genealogy is often lacking.  The selected individuals, 
in turn, would form the production populations for the production of adapted stock for planting at the 
new favourable environmental conditions often located at the species’ latitudinal front edge. 
In this presentation, I will briefly review the classical recurrent selection scheme and provide examples of 
the genomic-based methods using data from structured and unstructured forest tree populations. 

Allard. 1999. Principles of plant breeding, Wiley. NY; Alleaume-Benharira et al. 2006. J Evoly Biol 19:203-215; Andalo et al. 
2005. For Ecol Manage 205:169-182; Chen et al. 2013. Tree Genet genomes (in press); Kellomäki et al. 1997. Climatic Change 
37:683-708; Kremer et al. 2012. Ecol Letters 15:378-392; Meuwissen et al. 2001. Genetics 157:1819-1829; Namkoong et al. 
1988. Theor Appl Genet Monog 11; Neves et al. 2013. Plant J 75:146-156; Reich & Oleksyn. 2008. Ecol Letters 11:588-597; 
Savolainen et al. 2011. J Hered 102:526-536; vanRaden. 2008. J Dairy Sci 91:4414-4423; Vitt et al. 2010. Biol Conserv 143:18-
27; Yeaman & Jarvis. 2006. Proc Royal Soc B-Biol Sci 273:1587-1593; Ying & Yanchuk. 2006. For Ecol Manage 227:1-13 
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Breeding for the future – avoiding climate extremes and maximising yield of spring wheat in water-
limited environments 

SC Chapman*1, B Zheng1, K Chenu2 & M Bogard3 
1CSIRO Plant Industry, St. Lucia, QLD, Australia 
2The University of Queensland, Queensland Alliance for Agriculture and Food Innovation, Toowoomba, 
Australia 
3INRA, UMR 1095 Génétique, Diversité et Ecophysiologie des Céréales, Clermont-Ferrand, France 
*Scott.Chapman@csiro.au 

Extreme climate (frost, heat and drought) can severely reduce yield. Adaptation to maximise seasonal 
utilisation of solar radiation and rainfall is achievable through combinations of management and 
genotype, which may need to change in future environments. As global warming has already increased 
mean temperature and the occurrence of extreme temperatures (and potential risk of drought) in 
Australia, it has become urgent to accelerate the 5–20 year process of breeding for new wheat varieties, to 
adapt to future climate. We analyzed the patterns of frost and heat events from 50 years (1960–2009) for 
2864 weather stations (Zheng et al 2012). For a subset of locations, flowering dates and drought patterns 
for contrasting-maturity varieties were simulated for a wide range of sowing dates for ‘current’ climate 
and eight future scenarios (high and low CO2 emission, dry and wet precipitation scenarios, in 2030 and 
2050). The results highlighted the substantial spatial variability of frost, heat and drought events across 
the Australian wheatbelt in current and future climates and the opportunities to adapt via maturity and 
sowing time.  
We further examined this adaptation by incorporating simulation parameters as affected by specific 
combinations of spring and winter alleles of VRN and PPD genes and their interaction with ‘earliness-
per-se’ effects (Zheng et al 2013). Presently, we are extending the model to include SNP effects on these 
simulation parameters (unpublished data). While drought and heat events are less frequent in Nordic 
environments where spring wheat is grown, the crop yields (3 to 5 t/ha) are not so different to Australian 
environments. However, environmental limits are largely associated with a short season that is bounded 
by extreme low temperatures (and precipitation events), as well as cool temperature limitations to growth 
rate and development. For potentially warmer and longer seasons in the future, it may become important 
to consider whether there is sufficient genetic variability to extend the crop season. 

Zheng et al. 2012. Global Change Biology. 18(9)2899-2914; Zheng et al. 2013. J Exp Bot. 64(12)3747-3761 
 
 
 
Using process-based models to design ideotypes for timothy in Norway 

M van Oijen*1,2 & M Höglind2 
1CEH-Edinburgh, Bush Estate, Penicuik, UK 
2Bioforsk, Klepp stasjon, Norway 
*mvano@ceh.ac.uk 

Process-based grassland models (PBM's) simulate growth and development of vegetation. The models 
tend to be complex, having many parameters that represent properties of the plants. When simulating 
different cultivars of the same species, we tend to find that they require different parameter values. 
Parameter differences may be interpreted as genetic variation for plant traits. Despite this natural 
connection between PBM's and plant genetics, there are only few examples of successful use of PBM's in 
plant breeding. Here we present a new procedure by which PBM's can help design ideotypes, i.e. virtual 
cultivars that optimally combine properties of existing cultivars. The procedure is based on recent 
developments in Bayesian statistics as applied to PBM's, and consists of the following steps: (1) Bayesian 
calibration of model parameters using data from cultivar trials, (2) Estimating genetic variation for 
parameters from the combination of cultivar-specific calibrated parameter distributions, (3) 'Bayesian 
ideotyping' where parameter combinations are identified that meet breeding objectives, (4) Translation 
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from model results to practice, i.e. interpreting parameters in terms of practical selection criteria. We 
show an application of the procedure to timothy (Phleum pratense L.) as grown in different regions of 
Norway. 
 
 
 
Assessing Plant Genetic Resources for Climate Change Adaptive Traits 

A Bari*1, H Khazaei2, K Street1, FL Stoddard2, YP Chaubey3, S Dayanandan4, E De Pauw1, H Ouabbou5, 
M Maatougui1, A Jilal5 & M Nachit1 
1 International Centre for Agricultural Research in the Dry Areas, Rabat-Institutes, Morocco 
2 Dept of Agricultural Sciences, University of Helsinki, Finland 
3 Dept of Mathematics and Statistics, Concordia University, Montreal, Quebec, Canada 
4 Dept of Biology, Concordia University, Montreal, Quebec, Canada 
5 Institut National de la Recherche Agronomique, Rabat-Institutes, Morocco 
*a.bari@cgiar.org 

Genetic resources harbor natural variation in genes and genotypes associated with traits that are 
strategically important for adaptation and mitigation to the changes in climate. This study predicts the 
germplasm accessions that may harbor natural variation of traits related to climate change adaptation. 
The approach considers a trait as a response variable driven by stochastic ecological and evolutionary 
processes. Therefore, modelling could be used for the prediction of traits associated with the climatic 
conditions at the geographic location of the source population where the accessions evolved. The high 
concordance between predictions and actual a posteriori trait evaluations strongly support the feasibility 
of this approach to locate and identify climate change adaptive traits such as heat and drought tolerance. 
Furthermore, this study provides a means to carry out in silico evaluation of germplasm that lack ex ante 
evaluation, which has been one of the major barriers to the sustainable use of genetic resources. The study 
presents the current progress of this approach using several case studies and discusses future activities 
relating to other research work involving natural genetic diversity and its potential to adapt and 
eventually mitigate climate change. Reference was also made in the discussion to functional data analysis 
where records are functions rather than vectors of observations, to address the uncertainties and adjust 
the phenological shifts induced by climate change. 
 
 
 
Characterization of European wide barley landrace material for implementation in crop development 

PN Hoebe*1, S Hoad1, J Russell2 & B Spoor1  
1SRUC Scotland’s Rural College, Scotland, UK 
2James Hutton Institute, Scotland, UK 
*Peter.Hoebe@sruc.ac.uk 

Plant breeding of major crop species such as barley (Hordeum vulgare) is predominantly for high yield in 
response to artificial fertilizers and pesticides. Increasing costs of crop management inputs (agronomic 
and energy) and restrictions on the availability of pesticides are likely to impact on yield potential of crops 
on farm. This is compounded further by challenges of adapting to more extremes of growing conditions 
with increasing climate change. One of the key issues in crop adaptation to changes in agronomic inputs 
and/or climate change is their narrow genetic basis due to generations of selective breeding. Utilizing 
genetic resources such as traditional landrace material could be a way to develop resilient crops. In order 
to exploit genetic resources such as traditional landrace material, it is important to characterize the 
material first and create a pre breeding germplasm pool that can be developed further in the breeding 
process to implement desirable characteristics in specific crops.  
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SRUC have been growing a collection of 200 traditional European landraces from different parts of 
Europe, at a range of sites and under different crop management over three years. Material has been 
phenotyped for several yield related traits, including seed weight, ear length, leaf area and height but also 
disease resistance and nitrogen uptake ability. This dataset has been analyzed using PCA to distinguish 
different groups with certain morphological characters that can used for pre selection for different 
breeding programs at different targeted environments. We have also genotyped a subset of the material 
using a 384 SNP set indicating genetic variation at quantitative trait loci (QTL) underlying key 
morphological traits. 
This paper gives an overview of the different barley landraces, the spread of variation involving the 
different morphological and genetic traits and treatments and possible phenotype groupings for different 
plant breeding objectives. 
 
 
 
Development of national crop wild relative conservation strategies in Europe: Studies of Cyprus and 
Norway 

J Phillips*1, A Kyratzis2, C Christoudoulou3, Å Asdal4 S Kell1 & N Maxted1 
1University of Birmingham, UK 
2Agricultural Research Institute, Nicosia, Cyprus 
3Forestry Dept, Nicosia, Cyprus 
4Norwegian Genetic Resource Centre, Norway 
*jvp163@bham.ac.uk 

Growing research interest in crop wild relatives (CWR) has highlighted their value for crop 
improvement, particularly to mitigate the impact of climate change and contribute to global food 
security. As most conservation activities are implemented at national level there is a requirement for each 
country to develop and implement a national CWR conservation strategy.  This will contribute to 
regional and global CWR conservation actions and so help achieve CBD Aichi Targets 13 of improved 
genetic conservation of socio-economically important taxa.   
Cyprus has historically lacked systematic CWR conservation but is rich in CWR diversity being located 
in the eastern Mediterranean Vavilov centre and abutting the Fertile Crescent.  Therefore a more 
coherent approach to CWR conservation is desirable.  From an initial checklist of 1,722 Cypriot CWR 
taxa, 178 CWR were prioritized and ecogeographic data was collated and analysed using GIS techniques. 
The Troodos and Pafos mountains are CWR hotspots and ten priority sites containing the genetic 
diversity of 74.7% of priority CWR taxa were identified.  These will form the basis of a national network 
of in situ genetic reserves with further collection and ex situ storage of 78 priority populations of CWR 
taxa that have no accessions. 
We have a responsibility to conserve plant genetic resources native to Europe for the rest of the world to 
utilise, the populations and species found in Norway are adapted to unique environmental conditions 
due to the great variations in climate, altitude and day length plus the recent glacial past.  A preliminary 
report identified 174 priority CWR in Norway found within a network of 19 complementary in situ 
sites.  This work has led to the creation of a long-term project which will develop the scientific basis for in 
situ conservation of CWR in Norway. 
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A view from industry on genetic resource utilization in the light of climate change	  

M Hansson 
Carlsberg Laboratory, Copenhagen, Denmark 
mats.hansson@carlsberglab.dk 

Global climate changes are considered as a major threat to the business of the Carlsberg breweries, 
specifically availability, quality and cost of barley for malting. At the Carlsberg Laboratory we are 
performing research related to lodging tolerance and adaptation to new geographic areas. Lodging is a 
problem that is expected to increase as global climate change is expected to cause more frequent 
occurrence of extreme weather situations, including thunderstorms with torrential rain and strong winds, 
augmenting culm breakage. At the same time, global climate changes will move distribution ranges of 
crop plants, i.e. barley will be grown in new geographic areas which will require genetic fine tuning of the 
elite cultivars of the future. We employ barley mutants for gaining insights into the signaling networks 
and molecular processes underlying these traits. 
 
 
 

Notes 
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Sequencing approaches for estimating genetic diversity between ecotypes and populations in forage 
grasses 

S Byrne* & T Asp 
Dept of Molecular Biology and Genetics, Aarhus University, Denmark 
*stephen.byrne@agrsci.au.dk 

Sequencing technology can now provide data in such throughput that it can directly be used to 
characterize genome wide variation, allowing the simultaneous discovery and typing of polymorphisms. 
Sequencing is also very suitable for characterizing genetic variation between populations, as we can 
directly count the number of reads supporting a variant to obtain estimates of allele frequencies. We have 
been applying a genotyping-by-sequencing (GBS) strategy to generate allele frequency fingerprints of 
populations. These allele frequency fingerprints can be used to estimate the structure of, and relationship 
between, populations that is based on variation throughout the genome. The GBS strategy has now been 
applied to ecotype populations collected and multiplied as part of the Public Private Partnership (PPP) 
pre-breeding project organized between the Nordic countries. This collection consists of 370 populations 
that were obtained from genebank collections to represent as wide a genetic diversity as possible. GBS has 
also been applied to a large collection of perennial ryegrass single genotypes obtained from ecotypes and 
varieties, with the aim of developing a population for genome-wide association studies (GWAS) in 
perennial ryegrass. The identified variants have been anchored onto scaffolds from an annotated draft 
sequence assembly of the perennial ryegrass genome, in order to estimate the extent of linkage 
disequilibrium, and to identify candidate genes for traits using GWAS. 
 
 
 
Adaptation to future climate: vernalization time, day length and temperature as regulators of growth 
and yield formation in forage grasses 

MM Seppänen*, V Jokela, P Korhonen & T Toivonen 
Dept of Agricultural Sciences, University of Helsinki, Finland 
*mervi.seppanen@helsinki.fi 

In the future it is predicted that in Nordic conditions winters will be milder, autumns longer and 
temperatures generally higher. The effect of overwintering conditions, vernalization time, day length and 
temperature on the growth and yield formation of forage grasses (Phleum pratense, Festuca pratensis, 
Festulolium, Lolium perenne) were studied in field and growth chamber experiments. Fall hardening 
period and cold degree days (CDD5) during hardening period (FH-COLD) varied from 44 to 106 days 
and 15 to 70 degrees in the studied years 2009-2013. Number of days required to heading (HD) and final 
leaf number (FLN) decreased during winter indicating that in general the vernalization saturation when 
the change in HD and FLN was leveled off, was achieved between December and January. Long 
vernalization time resulted in loss of yield potential which was observed as shorter, lower yielding plants. 
Greenhouse experiments showed that in P. pratense the fulfillment of vernalization requirement resulted 
in dramatic change in yield-forming tiller types. The development of non-flowering elongating tillers to 
flowering tillers were seen as a result of prolonged vernalization time. The switch in tiller types was 
associated with elevated transcript accumulation of PpVRN3. At 16-h day length northern P. pratense 
genotype had vernalization requirement, which was diminished at 20-h day length. For studies on growth 
cessation future climate conditions (temperature and DL) were simulated in growth chambers. At 14-h 
DL elevated temperature (15 oC) resulted in increased height growth in southern P. pratense genotype 
whereas in northern genotype more side tillers were produced. Similarly in F. pratensis the origin of the 
genotype affected the growth. Elevated temperature at short day length also resulted in reduced 
accumulation of storage carbohydrates in L. perenne, festulolium and F. pratensis but not in P. pratense. 
This indicates that P. pratense has better potential to develop adequate winter hardiness also in future 
climates. The adaptation of different grass species to future climates will be discussed. 
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Relationships between induction of flowering, cold acclimation, deacclimation and reacclimation in 
a perennial forage grass species  

Å Ergon*1, M Höglind2 & OA Rognli1 
1 Dept of Plant and Environmental Sciences, Norwegian University of Life Sciences, Ås, Norway 
2Bioforsk Særheim, Klepp, Norway 
*ashild.ergon@nmbu.no 

Winter cereals and many temperate perennial grasses have a vernalization requirement (VR) for 
flowering which is gradually saturated by low temperatures during winter (typically many weeks). At the 
same time low temperatures (<~10ºC) confer freezing tolerance (FT) through the process of cold 
acclimation (typically a few weeks). FT can be lost rapidly upon exposure to higher temperatures, but 
some FT may be regained if plants are again exposed to low temperatures. The tendency of wheat to 
deacclimate and/or the ability to reacclimate have been suggested to depend on whether vernalization is 
saturated or not. Understanding the genetic control of these processes is important in relation to the 
global climate change and its effect on plant growth and reproduction. 
Individuals of a mapping family of meadow fescue (Festuca pratensis Huds.) (Alm et al. 2003) vary in VR 
(Ergon et al. 2006). Individuals with either a high or a low VR were crossed in two separate groups to 
create two divergently selected F2 populations (Ergon et al. 2013). In order to study the relationship 
between vernalization and the tendency to deacclimate and ability to reacclimate, individuals from the 
two F2 populations were subjected to an intermediate length of vernalization (7 weeks at 6ºC + 2 weeks 
at 2ºC) (V-CA), followed by 1 week of deacclimation at 12ºC (DA) and 2 weeks of reacclimation at 2ºC 
(RA), all at 8h photoperiod. Control plants were only cold acclimated for 2 weeks at 2ºC (CA). Plants 
sampled after CA, V-CA, DA and RA were characterized for FT and flowering response. The expression 
of VRN1 (involved in VR) as well as CR7 and COR14b (involved in cold acclimation) are currently being 
studied.  
The genotypes were grouped into three phenotypic classes based on their flowering response. There was a 
positive correlation between low VR and rapid cold acclimation in the CA treatment, which might be 
explained by a close linkage or pleiotropic effect in the VRN1 locus were minor QTLs for both VR 
(Ergon et al. 2006) and FT (Alm et al. 2011) are found. There was also a negative correlation between 
low VR and amount of FT obtained in RA as compared to CA, indicating a negative effect of 
developmental processes on reacclimation ability.  
Alm et al. 2003. Theor Appl Genet 108:25-40; Alm et al. 2011. Theor Appl Genet 123:369-382; Ergon et al. 2006. Theor Appl 
Genet 112:232-242; Ergon et al. 2013. Biol Plantarum 47:245-254 
 
 
 
Stress responses of clovers are affected by ploidy level and longer daylength at northern latitudes 

AV Vollsnes* & AB Eriksen 
Dept of Biosciences, University of Oslo, Norway  
*a.v.vollsnes@ibv.uio.no 

Clover cultivars bred for Central Europe may be used in the Nordic areas in the future. The two red 
clover (Trifolium pratense) cultivars Bjursele and Betty originate from Northern Sweden. Betty is an 
autotetraploid made from doubling the genome of Bjursele. We have conducted experiments under 
environmentally controlled conditions in the Phytotron to study the effects of three different 
temperature regimes and the oxidative stress of subjecting the plants to ozone for six hours on three 
consecutive days. Tropospheric ozone is currently the air pollution with most negative effects on crops 
and forests in Europe and this problem is predicted to keep increasing in the Nordic area. The two clover 
cultivars performed equally well under all conditions except when they were subjected to the combined 
stress of ozone and high temperature. The diploid Bjursele was significantly more injured by ozone in a 
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warm climate than Betty, indicating that tetraploidy may be advantageous under conditions with 
combinations of stresses. 
We have also investigated the effects of the long days (short nights) during summer in Nordic countries 
on ozone injuries in several clovers. Subterranean clover (T. subterraneum), two cultivars of red clover (T. 
pratense: Bjursele and Nordi) and two cultivars of white clover (T. repens: Norstar and Milkanova) were 
cultivated in the Phytotron and subjected to ozone for three consecutive days. After the first ozone 
exposure, they were divided in two groups, differing only in night time light conditions; darkness (long 
nights) or dim light (short nights). We found that injuries due to ozone were more severe when the 
plants did not have a completely dark night. Thus, crops may be more exposed to ozone injuries when 
grown in Nordic areas than further south due to the shorter dark period in summer. More experiments 
should be done to avoid unforeseen losses when utilising clover cultivars in new areas of shorter nights. 
Eriksen et al. 2012. Plant Growth Reg. 68:517-523; Futsaether et al. In press. Daylength influenced the response to short-term 
ozone stress in three clover species (Trifolium spp.) Boreal Environ Res.; Vollsnes et al. 2009. J Exp Bot. 60:3677-3686 
 
 
 
Detecting genome-wide shifts in allelic composition by sampling in swards of a broad-based mixture 
of perennial ryegrass (Lolium perenne L.) grown and managed at five locations in Norway 
 
MR Kovi*1, S Byrne2, L Østrem3, Å Ergon1, B Studer4, T Asp2 & OA Rognli**1 

1Dept of Plant and Environmental Sciences, Norwegian University of Life Sciences, Ås, Norway 
2Dept of Molecular Biology and Genetics, Aarhus University, Slagelse, Denmark 
3Bioforsk-Norwegian Institute for Agricultural and Environmental Research, Fureneset, Hellevik i Fjaler, 
Norway 
4Institute of Agricultural Sciences, Forage Crop Genetics, ETH Zurich, Zurich, Switzerland 
*mallikarjuna.rao.kovi@nmbu.no **odd-arne.rognli@nmbu.no 
 
Predicted climate changes with higher temperatures and longer growth seasons will make it possible to 
extend the cultivation of perennial ryegrass (Lolium perenne L.) further north in Northern Europe. 
However, climate change might lead to more unstable winter climates and winter survival of perennial 
ryegrass need to be improved in order to be successful in these regions. Selection in sown grass swards is 
very severe over time due to competition, adaptive responses to climate and soil, and management stress 
(harvests, fertilization etc.). We wanted to find out whether we could detect genome-wide shifts in allelic 
composition by sampling in swards of a broad-based mixture of perennial ryegrass grown and managed at 
diverse locations in Norway. Genomic regions with significant shifts in allele frequencies might be 
important for local adaptation. 
An equal seed-mixture of 5 diverse diploid populations, i.e. two European cultivars (Arsenal and 
Toronto), one Norwegian cultivar (Fagerlin), and two Norwegian populations (FuRa0575-79 and 
FuRa9805), was sown at 5 geographically distant locations throughout Norway. The fields were 
harvested for 3 years and leaf tissues sampled randomly from ca. 200 plants/field/year. 
Linkage disequilibrium (LD) within the founding populations was estimated in a pilot study using 40 
genotypes from each of the 5 populations genotyped with 278 genome-wide genic SNPs. In general, low 
LD was observed and LD decay was rapid although some differences were observed among populations 
and linkage groups. As expected, LD was correlated with the effective population sizes. Significant 
population structure (2-3 groups) was present in all populations. 
To detect allelic shifts in samples from the fields, separate pools of leaf samples from the 200 plants were 
established for each location and year. DNA was extracted and genotyping by sequencing (GBS) was used 
to generate genome wide allele frequency fingerprints for each pool (Elshire et al. 2011). Allele 
frequencies were determined using the GWAFF procedure (Byrne et al. 2013). These allele frequency 
fingerprints were used to monitor shifts in population structure in response to the factors locations and 
years. 
Elshire et al. 2011. PLoS ONE 6:e19379; Byrne et al. 2013. PLoS ONE 8:e57438 
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Genomic selection as a tool to decrease greenhouse gas emission from domestic ruminants 

JC McEwan*, CS Pinares-Patino, SM Hickey, EA Young, KG Dodds, S MacLean, G Molano, E Sandoval, 
H Kjestrup, R Harland, S Rowe & NK Pickering 
AgResearch, New Zealand 
*john.mcewan@agresearch.co.nz 

A trial measured CH4 emissions, at 5 minute intervals, from 1,225 New Zealand dual purpose sheep 
placed in respiration chambers for two days, with repeat measurements two weeks later for another two 
days. While in the chambers they were fed, based on live-weight, a pelleted lucerne ration at 2.1 times 
estimated maintenance requirements. Methane outputs were calculated for gCH4/day and gCH4/kg dry 
matter intake (DMI) for each of the four days. Single trait models were used to obtain estimates of 
heritability and repeatability. Heritability of gCH4/day was 0.29±0.05, and for gCH4/kgDMI 0.13±0.03.  
Repeatability between measurements 14 days apart were 0.55±0.02 and 0.26±0.02, for the two traits.  
The genetic and phenotypic correlations of CH4 outputs with various production traits (weaning weight, 
live-weight at 8 months of age, dag score, muscle depth and fleece-weight at 12 months of age) measured 
in the first year of life, were estimated using bivariate models.  There was no evidence of unfavorable 
genetic correlations for the gCH4/kgDMI trait. 
These animals, their sires, plus a further 288 animals evaluated through respiration chambers have been 
genotyped with either the Illumina 50K ovine beadchip or the new Illumina 600K ovine beadchip. The 
data is currently being analysed using genome wide association analysis and GBLUP to identify regions of 
interest and estimate molecular breeding values (MBVs) and their accuracies. The MBVs will 
complement genomic breeding values currently available commercially for 22 production related traits in 
New Zealand dual purpose sheep. 
The medium term objectives are: to decrease the cost of methane measurement via the use of repeated 
brief measurements, increase the number of animals measured and genotyped and increase the accuracy 
of prediction. If successful the technology will be extended to dairy cattle. 
 
 
 
Future trends in livestock production in the Nordic countries with a changing climate  

BA Åby*1, J Kantanen2 & T Meuwissen1 
1Dept of Animal and Aquacultural Sciences, Norwegian University of Life Sciences, Ås, Norway 
2Biotechnology and Food Research, MTT Agrifood Research Finland, Jokioinen, Finland 
*bente.aby@nmbu.no 

Nordic meat production increased during the last decades, mainly due to elevated pork and poultry 
production, produced from continuous fewer, but larger farms. In the same period, per capita meat 
consumption increased, mainly due to greater poultry consumption. In addition, imports grew while 
exports were modest. The resulting degree of self-sufficiency (not including use of imported feeds) was 
still high for most livestock products, but showed a decreasing trend. In all livestock productions, an 
efficiency increase was observed. However, higher yields resulted in a corresponding increased use of 
concentrates (with higher energy- and protein content); implying increased import of high-quality feed 
ingredients, such as soy from Latin America. On the other hand, the use of marginal areas for natural 
grazing as well as the use of vegetables and by-products decreased. Agriculture was a significant source of 
greenhouse gases (GHG), and country specific emissions ranged from 8 to 15% of total emissions. The 
expected climate change and human population growth sets new production conditions for Nordic 
livestock production that may facilitate changes of equal or larger magnitude than observed in the last 
decades. Therefore, future Nordic livestock production needs to focus on implementing climate smart 
agriculture: livestock production that sustainably increases productivity, reduces GHG emissions and 
adapts to climate change while increasing national food security. The current trend of increased Nordic 
reliance on imported feed and food may threaten food security long-term due to reduced availability of 
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these commodities on the international market due to climate change. Also, the productivity increase due 
to diet improvements may no longer be possible due to reduced availability of high-quality ingredients 
and concerns related sustainability of the consumption of high quality food/feed ingredients for animal 
production. Several strategies to reduced GHG emissions may be applied, both genetic and non-genetic. 
Adaptations to climate change will have to include adjustments in animal husbandry and horticultural 
practices. However, more knowledge on how to adapt to the changing conditions and the different trade-
offs that are involved is highly needed.  
 
 
 
Is feed efficiency a key trait in future breeding goals? 

L Rydhmer*, H Hansen Axelsson, F Fikse & B Berglund 
Dept of Animal Breeding and Genetics, Swedish University of Agricultural Sciences, Uppsala, Sweden 
*lotta.rydhmer@slu.se 

The climate impact of dairy production is mainly related to greenhouse gas emissions from feed 
production and enteric methane emissions. With increased feed efficiency (FE), less feed is needed with 
unchanged output levels. Enteric methane emissions influence FE and the methane can be regarded as a 
waste of energy. On the other hand, ruminants can eat grass and turn it into valuable food for humans. 
Climate impact could be reduced by including it in the breeding goal and using phenotype records and 
genomic information of indicator traits. We have studied genetic progress in climate impact, correlated 
changes in other goal traits and break-even prices for recording the indicator trait in a simulation. Two 
indicator traits were studied: residual feed intake (RFI) as a measurement of FE, and methane in the 
breath of the cow during milking. We assumed that RFI was recorded on a small scale in special 
contractor herds and methane in many herds with automatic milking system. Additional goal traits were 
milk production and functional traits. All three goal traits had similar economic weights. 
Recording an indicator trait could be profitable when the genetic correlation between the indicator trait 
and the climate impact is high and the reliability of direct genomic values gets moderately high without 
using a huge amount of phenotype records. In our simulation, the accuracy of the direct genomic value 
was 0.46 for RFI and 0.68 for methane. Compared to a scenario where no indicator trait for climate 
impact was included, both indicator trait scenarios resulted in an increased monetary gain. The gain in 
climate impact was larger for methane (19-22% higher compared to no indicator trait) than for RFI (12% 
higher). The break-even price per phenotype record in the reference population was 24 times higher for 
RFI than for methane. 
RFI may not be the most useful trait when aiming for increased FE. In the new Nordic project Feed 
Utilization in Nordic Cattle (FUNC) our aim is to improve FE by breeding, feeding and management. A 
proper definition of FE will be developed together with correlated proxy traits measurable in large scale at 
a reasonable cost. We will combine already collected recordings and future measures of feed intake, milk 
production, diet digestibility and enteric emissions together with reproduction and health traits. New 
methods will be developed to measure FE of individual cows on-farm, leading to new tools for use in 
sustainable dairy production. 
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Coping with climate change through sustainable breeding strategies for Red Maasai Sheep 

E Zonabend*1,2, T Mirkena1, J Audho2, O Mwai2, J Ojango2, A Näsholm1, B Malmfors1, E Strandberg1, RJ 
Hopkins3 & J Philipsson1 
1Dept of Animal Breeding and Genetics, Swedish University of Agricultural Sciences, Uppsala, Sweden 
2International Livestock Research Institute, Nairobi, Kenya 
3Dept of Ecology, Swedish University of Agricultural Sciences, Uppsala, Sweden 
*Emelie.Zonabend@slu.se 

Climate changes directly affect livestock production and therefore also food security. Ruminants play a 
central role for the food security of rural people in sub-Saharan Africa, but high stocking rates and 
overgrazing are common problems. If the productivity per animal can be increased, the animal numbers 
could be reduced and overgrazing together with carbon footprint will decrease. Compared to exotic 
breeds, indigenous sheep are usually well adapted to unpredictable climatic conditions, but may be less 
productive. However, there are indigenous breeds with potential for good production in these systems 
that are still not adequately utilized.  
Our project concentrates on conserving and improving the productivity of the Red Maasai sheep, an 
indigenous breed in Kenya, known for its ability to withstand drought and diseases and to cope with a 
harsh environment. However, the Red Maasai is threatened by extinction due to indiscriminate 
crossbreeding, primarily with the heavier, but less adapted imported Dorper breed. The crosses improve 
flock productivity when climatic conditions are good but may be detrimental when severe droughts 
occur, as was the case in Kenya 2008-2009. 
Our study includes sheep flocks of farmers in two Maasai village areas in Kenya. We gather information 
on both Red Maasai, Dorper sheep and their crosses for estimation of phenotypic and genetic parameters 
of important traits, focusing on live weight at different ages, reproduction and health. In working directly 
with farmers we have developed a pilot sheep recording scheme to provide data for both research and for 
use by the farmers. Preliminary results show that Dorper and its crosses are preferred for their live weight 
gains, whereas Red Maasai sheep are highly valued for adaptive traits to harsh environment and diseases. 
Differences in body weight were much larger in the area with better pasturelands compared to the area 
characterized by poor grazing conditions.  
It is envisaged that a sustainable community based breeding programme would imply that Red Maasai 
sheep are kept as a pure maternal breed and partly used for controlled crossbreeding with Dorper as a 
terminal breed. This breeding strategy increases productivity for better food security and mitigating 
climate impact of production. At the same time it leads to greater resilience through conserving and 
improving genetic material better adapted to periods of drought that are part of the increasingly harsh 
climate conditions. 
 
 
 
Harnessing genetic diversity for improving productivity of local goat breeds to enhance adaptive 
capacity of communities in the arid zones of Ethiopia 

T Dessie*1, G Gebreyesus1, G Mekuriaw2, T Woldu3, T Jembere4, M Agaba5 & O Mway1 
1International Livestock Research Institute (ILRI) Nairobi (HQ) and Addis Ababa, Ethiopia 
2Addis Ababa University, Ethiopia 
3Hohenheim University, Germany 
4Haramaya University, Ethiopia 
5Biosciences eastern and central Africa (BecA) Hub, Nairobi, Kenya 
*t.dessie@cgiar.org 

The goat population in Ethiopia is estimated to be around 24 million, more than 75% of which are found 
in the arid and semi-arid zones of the country where other livestock species could hardly survive and 
which are getting more and more difficult for crop production emerging as most vulnerable to the 
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adversities of climate change. The indigenous goat breeds are very well adapted to the low input systems 
in these zones utilizing low quality shrubs and remaining productive under an escalating disease pressure. 
However, there is critical need to productivity improvement to sustain supply of food and income to 
communities that are coming to rely more on the drought tolerant commodity, goats, due to impacts of 
climate change. Productivity improvement is also crucial to minimize contribution of the goat population 
to climate change through GHG emissions and land degradation so that more meat and milk can be 
produced with lesser number of animals kept. To this end, a community-based goat breeding project is 
being implemented in 5 zones of Ethiopia by ILRI and its partners. Designing of the breeding programs 
proceeded phenotypic and molecular characterization of Indigenous Ethiopian goat breeds. The 
characterization studies revealed that ample genetic diversity exists between and within the indigenous 
goat breeds pointing huge potential to tap for improving productivity amid a changing climate. Revealed 
and stated trait preference studies were undertaken to capture farmers’ and pastoralists’ breeding 
objectives. Frequent ranking of adaptive traits including drought and disease tolerance and mothering 
ability in these studies evidenced farmers’ consciousness of climate change adversities and the priority 
they attached to responding to its impacts through harnessing genetic diversity for improving 
productivity amid a changing climate. Mobile phone technology is being used to monitor performance of 
the goat population across the 5 zones to benchmark for the upcoming selection programs. Village 
selection schemes are now being designed where-in selection takes place right at the village flocks and 
selected genotypes co-evolve with the environmental stress at specific production systems to maintain 
adaptability and hardiness while improving productivity.  
 
 
 

Notes 
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Carbon Dioxide, Climate Change and Agricultural Productivity 

LH Ziska 
Crop Systems and Global Change Laboratory, USDA-ARS, USA 
l.ziska@usda.ars.gov 

Anthropogenic needs for energy and food are ongoing drivers for the observed increase in atmospheric 
carbon dioxide (CO2).  Such increases at the global level are likely to alter agricultural productivity by: (a) 
supplying additional carbon for photosynthesis and growth; (b) altering biological pest pressures and, (c) 
imposing climatic extremes, specifically surface temperatures and precipitation.  In this overview I will 
present data from a number of sources that document the likely negative impacts of climate / CO2 on 
sustainable agricultural productivity including water resources, temperature, monocultures and pests (e.g. 
weeds).  However, I will also address potential opportunities associated with climate change and CO2, 
particularly the work on intra-specific variability in regard to adaptation of crop lines to rising carbon 
dioxide and temperature, including recent efforts to characterize the adaptation of wild crop lines to 
climatic extremes; the utility of diverse agronomic practices to minimize climatic extremes, and the 
increasing role of education and communication.  Overall, while challenges related to climate, CO2 and 
food security are clear and immediate, there is sufficient information available to begin a long-term 
redress of these challenges to global food security. 
 
 
 
Utilization of the within a landrace genetic variability – a case study for common bean and lentil 

IS Tokatlidis1, I Papadopoulos2 & A Kargiotidou1  
1Dept of Agricultural Development, Democritus University of Thrace, Orestiada, Greece  
2Technological and Educational Institute of Western Macedonia, Florina, Greece  
*itokatl@agro.duth.gr  

Accounting for the increased food demands to sustain an ever increasing global population by the less 
arable land and severe abiotic and biotic stresses, increasing pressure is placed on agricultural systems to 
increase productivity under unpropitious circumstances. Consequently, breeding of new varieties ought 
to play a crucial role in the days ahead in order to combat the challenge. Among alternative options, 
utilization of the genetic variability of elite landraces is of the most viable strategies. In predominantly 
self-pollinated species such a germplasm is assumed to consist of mixture of fairly homogeneous plants 
and constitute valuable gene pools to immediately isolate single-plant progenies targeting pure-line 
varieties. Two relevant case studies are presented concerning the autogamous species of dry bean 
(Phaseolus vulgaris L.) and lentil (Lens culinaris L.), where the honeycomb breeding methodology was 
established in which single-plant selection among widely spaced plants to ensure absence of competition 
is an inviolable rule. In case of bean breeding was performed within two landraces either at the normal 
crop conditions of an open field or at the atypical greenhouse environment to simulate heat stress. 
Nineteen 1st generation sister lines exhibited up to 75% improvement in plant yield potential (mean yield 
per plant in the absence of competition). Under the farming density conditions at five environments, six 
of the sister lines significantly outyielded the respective ancestor by 12-38% and exhibited the greatest 
stability. Note of worthy is the hearsay evidence drawn from growers that these lines perform well even 
during fairly hot growing seasons. Breeding within one lentil landrace was primarily targeted toward the 
isolation of genotypes that escape infection from seed-born and insect-transmitted viruses. It was 
assumed that ultra-low densities favour insect landing and even though may not favour aphid plant-to-
plant movement primary infections originating from outside sources are increased significantly, 
facilitating thus recognition of the susceptible genotypes. Indeed, 2nd generation sister lines yielded up to 
136 and 23% more than the source landrace at the ultra-low density and dense stand, respectively. It was 
concluded that selection in the absence of competition of the highest yielding plants within sister lines of 



Session VI – Wednesday 29 Jan, 13:00 - 14:30 

	  48 

lowest CV improve the health status of the seeds produced and further result in potentially virus-tolerant 
varieties. 

This research has been co-financed by the European Union (European Social Fund – ESF) and Greek national funds through 
the Operational Program "Education and Lifelong Learning" of the National Strategic Reference Framework (NSRF) -Research 
Funding Program: THALES. Investing in knowledge society through the European Social Fund. 
 
 
 
Diverse utilization of plant genetic resources improves durable plant disease resistance 

M Jalli*1, P Peltonen-Sainio1, L Jauhiainen1, T Purola1, CH Ingvordsen2 & R Bagger Jørgensen2 
1MTT Agrifood Research Finland, Plant Production, Jokioinen, Finland 
2Technical University of Denmark, KT, ECO, Risø Campus, Roskilde, Denmark 
*marja.jalli@mtt.fi 

Plant diseases are based on the interaction of three components: pathogen, environment and host. When 
working with plant disease resistance it is essential to understand the function of each of these elements 
and their interaction. Therefore, when analysing the effects of climate change on disease resistance 
breeding each component of the disease triangle should be studied separately. The impacts of 
environmental changes on plant diseases can be positive, negative or neutral and the effects are highly 
localised. The disease resistance is one of the main targets in Nordic cereal breeding programmes. Disease 
resistance based on plant genes is an environmentally friendly way to manage plant diseases and to avoid 
the yield quantity and quality losses and significantly improve yield stability. Genetic resources, landraces 
and wild types, may carry the needed traits to survive in future conditions and to minimize cultivation 
risks. To benefit on the plant genetic diversity the potential value can be channelled to modern varieties 
through pre-breeding. Our Nordic project aims to promote the usage of disease resistance extracted from 
the diverse genetic resources to adapt to climate change. This paper illustrates the possibilities of using 
Nordic and other origin barley landraces as barley leaf spot disease resistance sources in the modern barley 
breeding programmes. The resistance of barley landrace populations were tested against barley net blotch, 
spot blotch and scald as single plants and populations both in the field and greenhouse to cover the entire 
variation within the landraces. It was found that Nordic landraces may carry resistance that has not been 
effectively used in the modern cultivars. The cost and benefits of disease resistance will also be discussed 
for present and future conditions with changed climate. 
 
 
 
Berry Production in Northern Areas – the Importance of Climatic Adaptation 

I Martinussen*, E Uleberg & A Sønsteby 
Bioforsk, Norwegian Institute for Agricultural and Environmental Research, Norway 
*inger.martinussen@bioforsk.no 

Climate is the main factor affecting production and quality of berries. To ensure good production and 
quality, plant material adapted to local climatic conditions are necessary. The northern climate with low 
temperatures combined with long days through the growing season poses a challenge in Arctic berry 
production, as plant materials adapted to more southern growing conditions will not necessarily perform 
well under these conditions.  
Wild berries, adapted to their local environmental conditions show large genetic variation and are good 
model plants to evaluate genetic adaptations to climate as well as interactions between genotype and 
environment. In bilberry it has been shown that sugar and antioxidant levels are higher in northern 
clones than in their southern counterparts (Uleberg et al. 2012) and that these differences are due both to 
genes and environment. Similarly, it has been shown that low temperatures improve the quality of 
cloudberry (Martinussen et al. 2010). Domesticated berries, bred under specific environmental 
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conditions generally show less genetic variation. Strawberries are short day plants adapted to more 
southern conditions and need 18 - 20°C during the flower initiation period in autumn. In the Nordic 
environment, autumn temperatures have been shown to be sub-optimal for a good yield performance the 
next season of some June-bearing strawberry cultivars, and that this response is mediated by autumn 
temperature effects on flower initiation and –differentiation processes (Sønsteby and Heide 2008a). In 
contrast, flowering and dormancy induction in biennial-fruiting raspberry cultivars have an absolute 
requirement for low temperature (Sønsteby and Heide 2008b). In black currant, flower bud initiation 
takes place in late summer in response to declining photoperiods, and recent investigations shows that 
both growth cessation and floral initiation are significantly enhanced and promoted by increasing 
temperatures in the 9 – 24ºC range (Sønsteby and Heide, 2011). However, different cultivars from 
contrasting geographical origin show large differences in their temperature responses to growth cessation 
and flower bud initiation (Sønsteby and Heide 2011). Knowledge of climatic adaptation in wild and 
domesticated species is crucial in order to breed plants adapted to the northern climate, especially under 
the new climatic conditions provided by climate change. 

Martinussen et al. 2010. Journal of Berry Research 1:91-101; Sønsteby et al. 2008a. Sci Hort 119: 49-54. Sønsteby & Heide. 
2008b. Sci Hort 117:249-256; Sønsteby & Heide. 2011. J Hort Sci Biotech 86(2)120–127; Uleberg et al. 2012. Journal of 
Agricultural and Food Chemistry 60:10406-10414 
 
 
 
Improvements in nitrogen use efficiency of barley to meet the climate change induced challenges  

A Rajala*1, P Peltonen-Sainio1, M Jalli1, T Tenhola-Roininen2 & O Manninen3 
1MTT Agrifood Research Finland, Crop Production, Jokioinen, Finland 
2MTT, Agrifood Research Finland, Biotechnology and Food, Jokioinen, Finland 
3Boreal Plant Breeding Ltd, Jokioinen, Finland 
*ari.rajala@mtt.fi 

Manufacturing nitrogen fertilizer is a high energy demanding process. Global phosphorus resources are 
perceptibly limited. Excessive use of these nutrients causes eutrophication of water systems. Climate 
change induced change in precipitation rate and timing likely increase risk for nutrient leaching. Hence, 
it is important that yielding capacity is conjugated with efficient use (uptake and utilization) of nutrients. 
In the future, this is likely to be realized in cropping systems that rely more on the sustainable use of 
production inputs. All means, including genetic resources, to improve yield, yield stability and nutrient 
use efficiency need to be exploited to utilize and overcome the future changes in growing conditions.  
The aim of this study was to evaluate barley landraces and a variety collection of old and modern cultivars 
for diversity in agronomic performance, yielding capacity and nitrogen use efficiency.  Altogether 195 
genotypes (72 NordGen landraces and 123 cultivars) were grown in two nitrogen regimes (35 and 70 kg 
N/ha). At maturity, 50 plants were collected from the plots to determine vegetative biomass (mg/plant), 
grain yield (mg/plant), harvest index (HI, %), nitrogen harvest index (NHI, %) and nitrogen in grain (%) 
and in vegetative plant part (%) was measured. Following nitrogen use efficiency indices were estimated: 
nitrogen use efficiency (NUE; kg grain/kg available N), nitrogen uptake efficiency (NUPE, kg plant 
N/kg available N) and nitrogen utilization efficiency (NUTE, kg grain/kg plant N).  
Breeding had clearly improved agronomic performance and yielding capacity. Yield improvement was 
associated with shorter straw, improved lodging tolerance and higher HI. Breeding had consistently 
improved NUE, NUPE and NUTE, whereas NHI was virtually unchanged. Generally, landraces did not 
rank in high position in NUE, but in NUTE and NUPE some of them ranked in top 20 genotypes. Thus, 
landraces may provide some potential to be utilized in breeding programs aimed to improve nitrogen 
uptake or utilization. The question arises whether plant breeding will manage to continue to improve 
nitrogen use efficiency also in the future. In this data set, no obvious indication of leveling off the genetic 
improvement was apparent. Lengthening of the growing period in northern latitudes may provide a 
possibility to utilize later maturing and high yielding potential cultivars to improve yield level and likely 
simultaneously nitrogen use efficiency. 
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Genetic engineering, transgenic crops, climate change and food security 

R Ortiz 
Dept of Plant Breeding, Swedish University of Agricultural Sciences (SLU), Alnarp, Sweden  
rodomiro.ortiz@slu.se  

Crop genetic engineering can contribute to addressing food security, enhanced human nutrition and 
farming under a changing climate. This overview is mostly based on peer-refereed literature and uses their 
available findings and results for determining the (potential) impacts of this gene technology for adapting 
to, or mitigating climate change. It also gives a brief summary of issues surrounding this modern genetic 
enhancement approach of plant breeding, and the impacts on farming, livelihoods and the environment 
so far achieved. The genetic engineering pipeline looks very promising, particularly for adapting more 
nutritious, input-efficient crops in developing world’s farming systems. 
 
 
 
A view on animal and plant genetic resources in the light of climate change 

I Hoffmann 
Food and Agriculture Organization of the United Nations, Rome, Italy 
Irene.Hoffmann@fao.org 

Genetic resources for food and agriculture are critical for food security and rural development. They 
allow farmers to select crop varieties and develop new breeds in response to changing conditions, 
including climate change, new or resurgent disease threats, new knowledge of human nutritional 
requirements, and changing market conditions or changing societal needs – all of which are largely 
unpredictable. What is predictable is increased future human demand for food. The effects will be most 
acute in developing countries, where the increase in demand is expected to be greatest, and occur at a rate 
faster than increases in production, and where climate change is projected to have its greatest impact.  
Crop, and particularly livestock, production both contribute to and are affected by climate change. In 
addition to the physiological effects of higher temperatures on individuals, the consequences of climate 
change are likely to include increased risk that geographically restricted rare populations will be badly 
affected by disturbances. Crop wild relatives are by far the most vulnerable group as they can neither 
benefit from agricultural practices which somehow can buffer the effects of climate change, nor are they 
adequately conserved in ex situ facilities. Indirect effects may be felt via ecosystem changes that alter the 
distribution of diseases or affect the supply of feed. Breeding goals may have to be adjusted to account for 
higher temperatures, reduced inputs and greater disease challenge. Species or breeds and varieties that are 
well adapted to such conditions may become more widely used. Climate change mitigation strategies, in 
combination with ever increasing demand for food, may also have an impact on species and breed/variety 
utilization. This may lead to the neglect of the adaptation potential of local breeds in developing 
countries.  
Adaptation is necessary to respond adequately to climate change, food security and livelihoods needs, and 
natural resources conservation. However, genetic diversity today is rapidly declining globally as 
specialization in plant and animal breeding and the standardizing effects of globalization advance. Many 
breeds/varieties are already well adapted to high temperatures and harsh environments, but the wider 
diffusion of such germplasm or their incorporation into breeding programmes is restricted by the limited 
extent to which they have been characterized and improved in structured breeding programmes and trade 
and sanitary constraints. However, adaptation traits are more difficult to study and to record than 
production traits, have lower heritability, higher levels of non-additive genetic variation and phenotypic 
variance, and are more susceptible to genotype-by-environment interaction. 
Given the potential for significant future changes in production conditions and in the objectives of 
agricultural production, it is essential that the option value provided by crop and animal genetic diversity 
be secured. This requires better characterization of germplasm, production environments and associated 
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knowledge; the compilation of more complete genetic resources inventories; improved mechanisms to 
monitor and respond to threats to genetic diversity; more effective in situ and ex situ conservation 
measures; genetic improvement programmes; increased support for developing countries in their 
management of genetic resources; and wider access to genetic resources and associated knowledge. 
 
 
 

Notes 
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Towards a better understanding of snow mould resistance in perennial ryegrass 

M Abdelhalim*1, M-B Brurberg1,2, IS Hofgaard 2, MR Kovi1, Å Ergon1, OA Rognli1 & AM Tronsmo1 
1 Dept of Plant and Environmental Sciences, Norwegian University of Life Sciences, Ås, Norway 
2Bioforsk Plant Health and Plant Protection, Ås, Norway 
*mohamed.abdelhalim@nmbu.no 

Pink snow mould caused by the fungus Microdochium nivale is a serious disease of perennial grasses and 
winter cereals in the temperate regions. Injury caused by M. nivale is most severe after snow cover but 
may also occur without snow cover. In our study we investigated the genetic diversity of several M. nivale 
and M. majus strains isolated from different host plants and from different locations by sequencing four 
different genetic regions (Elongation factor I, Beta-tubulin, RNA polymerase II and Internal transcribed 
spacer).  Our result show genetic differences between isolates from different host species and crops 
(grasses vs. cereals). The Norwegian isolates also differ from the North-American isolates studied by 
Jewell and Hsiang (2012). 
Breeding for disease resistance is considered as the main control strategy for snow moulds in perennial 
grasses. There is a large variation among and within grass species in resistance to snow mould. In our 
study we evaluated the snow mould resistance in total 22 cultivars from different grass species (Perennial 
ryegrass, Festulolium and Meadow fescue), both in controlled environment and under field conditions. 
Only a few cultivars showed consistent resistance levels. We also developed a molecular quantification 
procedure (quantitative PCR) for monitoring fungal biomass in infected plants. This quantification PCR 
procedure could detect significant difference in the content of M. nivale DNA in perennial ryegrass 
twenty days after inoculation. The content of M. nivale DNA at that timepoint was significantly 
correlated with aggressiveness of the different M. nivale isolates.  
As a part of our project, we also aim to understand the genetic response towards snow mould infection 
using RNA-Seq method. Differences in gene-expression between resistant and susceptible genotypes of 
perennial ryegrass were investigated before and after inoculation with M. nivale. The analysis revealed 
that several genes associated with fungal defense responses were differentially expressed in the two 
genotypes, and therefore may be used as markers for selection of resistant cultivars in the future.  
 
 
 
Is FREE radical phenotyping of barley possible? 

R Bączek-Kwinta*, M Borek, K Żmuda & J Kościelniak 
Plant Physiology Dept, University of Agriculture in Cracow, Cracow, Poland 
*rrbaczek@cyf-kr.edu.pl 

Oxygen radicals (O2-·) are the by-products of various physiological reactions. In plants, their sources are 
both photosynthetic and mitochondrial electron transport chains, as well as cell membrane and 
peroxisomal processes. Generation of O2-· can be enhanced by environmental stresses, such as drought, 
although the intensity of the process depends on plant genotype and developmental stage. O2-· level is 
under control of the enzyme superoxide dismutase (SOD), therefore its increased activity can reflect 
plant resistance to drought-related oxidative stress. Hence, the aim of the study was to compare O2-· 
generation and SOD activity in leaves of plants of 100 SSD lines of two-row barley (Hordeum distichon 
L.) subjected to drought at the seedling and heading stages. 
Plants were grown in a greenhouse, and collected after 8 (seedlings) and 14 days (mature plants) of 
drought (20% of field water capacity; control: 60%). The intensity of O2-· generation was analysed 
histochemically. SOD activity and protein content were measured spectrophotometrically. For the 
measurements and analyses the 4th leaf from each seedling, and from adults plants the leaf taken from a 
node under the flag leaf was collected. 
The pattern of changes of all parameters was different at both developmental stages. In seedlings, the 
increases prevailed over the drops in the values of SOD activity (40 to 18) and protein content, while the 
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opposite trend was distinct when drought was applied to mature plants. Drastic alterations in the protein 
content affected SOD results, hence SOD activity should be analysed in various ways, not only as related 
to protein. 
Among all SSD lines, some genotypes were selected as potentially resistant to water scarcity at their 
seedling stage due to low O2-· generation and high SOD activity. However, as O2-· generation in leaves 
of mature plants can be totally stopped due to the programmed drying whereas the head is formed to 
create a new plant generation, “antioxidant phenotyping” fails in this case and cannot be applied as a 
breeding tool. 

Project Biotechnological tools for breeding cereals with increased resistance to drought (POLAPGEN-BD) is co-financed by EU 
in a framework of the Innovative Economy Operational Programme 2007-2013. 
 
 
 
Comparative genomics within the Lolium-Festuca complex of grasses 

A Czaban*, S Byrne & T Asp 
Dept of Molecular Biology and Genetics, Aarhus University, Research Centre Flakkebjerg, Slagelse, Denmark 
*Adrian.Czaban@agrsci.dk 

The Lolium-Festuca complex incorporates species from the Lolium and Festuca genera that both belong 
to the Poaceae family. Plants belonging to this complex are very cosmopolitan and grown in diverse 
climates. They exhibit wide phenotypic variation in agriculturally important traits, such as 
annuality/perenniality, establishment potential, growth speed, nutritional value, winter hardiness, 
drought tolerance and resistance to grazing.  
The aim of this study was to investigate the genetic background of grasses in the Lolium-Festuca complex. 
To achieve this, we have sequenced both the genomes and transcriptomes of four representative grass 
species: Lolium westerwoldicum, Lolium multiflorum, Festuca pratensis and Lolium temulentum. Libraries 
of various insert sizes from each species were sequenced on the Illumina HiSeq platform, with the goal of 
achieving a 40X genome coverage. We have performed de-novo genome assemblies, de-novo and genome-
guided transcriptome assemblies and utilized the combined data to generate gene models for each species. 
This is enabling us to perform a comprehensive comparison of the gene content in the sequenced 
genomes and shed a light on the background of their evolution and phenotypical differences.  
 
 
 
Management of genetic variation through optimum contribution selection  

BS Dagnachew* & THE Meuwissen 
Dept of Animal and Aquacultural Sciences, Norwegian University of Life Sciences, Ås, Norway 
*binyam.dagnachew@nmbu.no 

The management of genetic variation in a breeding scheme depends very much on the control of the 
average relationship of the selected parents. Optimum contribution selection is a method that seeks the 
optimum way to select for genetic improvement whilst controlling the rate of inbreeding. Previously, an 
algorithm – referred to as Gencont – to calculate optimal genetic contributions using an inverse of the 
relationship matrix among selection candidates is developed. Presently, its applicability in practical 
breeding programs with large numbers of selection candidates is limited because finding the inverse 
matrix is computationally demanding. Therefore, an iterative algorithm is proposed for large scale 
optimal contribution selections. The two algorithms were compared on three datasets from practical 
breeding programs of three species (cattle, pig and sheep). The number of selection candidates in the 
datasets was 2,929, 3,907 and 6,875 for the pig, cattle and sheep dataset respectively. Both algorithms 
gave very similar results with respect to genetic gain and the number of selected animals for the cattle and 
the pig datasets. The iterative algorithm considerably decreased the computation time by 90% to 95% (13 
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to 22 times faster) compared to Gencont. In the case of the sheep dataset, results are only reported from 
the new algorithm for this dataset since Gencont could not handle a large number of selection candidates. 
This fast iterative algorithm makes the practical implementation of optimal contribution selection 
feasible in a large scale in order to manage genetic diversity and increase the suitability of animal breeding 
programs.  
 
 
 
Effect of temperature and decreasing photoperiod on cold tolerance of timothy and perennial 
ryegrass in Northern Norway 

S Dalmannsdottir*1,5, M Jørgensen1, M Rapacz2, L Østrem3, A Larsen4 & OA Rognli5 
1Bioforsk - Norwegian Institute for Agricultural and Environmental Research, Holt, Tromsø, Norway 
2Dept of Plant Physiology, University of Agriculture in Krakow, Krakow, Poland 
3Bioforsk - Norwegian Institute for Agricultural and Environmental Research, Fureneset, Hellevik i Fjaler, 
Norway 
4Graminor Ltd, Bodø, Norway 
5Dept of Plant and Environmental Sciences, Norwegian University of Life Sciences, Ås, Norway 
*sigridur.dalmannsdottir@bioforsk.no 

Higher autumn temperature in combination with the short photoperiod in the north may intensify or 
pose new winter stresses for perennial grasses. Timothy (Phleum pratense L.) is the most common forage 
grass species in Northern Norway today, but with extended growth seasons perennial ryegrass (Lolium 
perenne L.) may be introduced. In this study we investigated the effect of variable autumn temperatures 
on photosynthesis, growth cessation and freezing tolerance.   
In a phytotron study we tested candivars or cultivars of timothy and perennial ryegrass intended for 
northern and southern regions of Norway. Plants were established from seeds and grown at 150 µmol m-2 
s-1 light at 20˚C for 4 weeks.  Thereafter, plants were treated with three different acclimation 
temperatures; 12˚, 6˚ and 9/3˚C (day/night) for four weeks, followed by one week of cold acclimation at 
2˚C under natural light conditions. This procedure was repeated at three different periods in autumn 
(5.9-10.10, 26.09-31.10, and 17.10-21.11) giving three distinct periods of light conditions with 
decreasing sums of irradiance. Photosynthetic acclimation, leaf elongation rate and freezing tolerance 
were measured. The results showed that plants acclimated during the shortest photoperiod (17 Oct. - 21 
Nov.) had lowest freezing tolerance. Higher acclimation temperature (12˚C) also resulted in lower 
freezing tolerance at all light conditions. The northern adapted plant materials had a better freezing 
tolerance than the southern adapted except for the treatment with the shortest photoperiod and highest 
temperature, where there were no differences. Generally, there were no significant differences between 
treatments with a constant temperature at 6˚C compared to a changing day and night temperature 
(9/3˚C). Photosynthetic activity was reduced from the period with the longest photoperiod to the 
shortest. The leaf elongation rate was higher at higher temperature, but was not affected by photoperiod. 
Our results indicate that the projected climate change in the north may delay hardening in autumn and 
reduce freezing tolerance in grasses. 
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Country based Domestic Animal Genetic Resource Information System (C-DAGRIS): documenting 
adaptive genetic diversity for coping with changing climate  

T Dessie*, S Gizaw, G Gebreyesus, Y Mamo & O Mway 
International Livestock Research Institute (ILRI) Nairobi (HQ) and Addis Ababa, Ethiopia 
*t.dessie@cgiar.org 

The benefits of collecting, collating and documenting the characteristics of Farm Animal Genetic 
Resources, particularly their adaptive characteristics, has increasingly become evident in view of the 
recently documented threat of climate change and its effect on genetic resources for food and agriculture. 
Accurate information on the genetic and phenotypic characteristics and diversity of the indigenous Farm 
Animal Genetic Resources (FAnGR) is the basis on which their present and future sustainable utilization 
and conservation should be made. Country-Domestic Animal Genetic Resources Information System 
(DAGRIS) is an electronic database developed by ILRI aiming at documenting genetic diversity of 
African livestock and their adaptive characteristics. The documentation by DAGRIS so far shows that 
there is a very high diversity in African livestock. The diversity is reflected in the number of breed groups, 
subgroups and breeds registered, the range of production systems they are kept in, the diverse habitat they 
occupy and the range of products each breed is kept for, in contrast to the specialized improved 
commercial breeds in the developed livestock industries. The major value of these resources lies in their 
adaptation to arid environments and the tolerance to some of the major diseases in their environments. 
These merits are valuable assets to cope with the effects of global climatic changes, though the changes 
may be towards extreme cold climates. The c-DAGRIS electronic database is designed to cater for the 
needs of researchers, policy makers, development practitioners, teachers, students and farmers in 
developing countries for efficient access to available published and grey literature from past and present 
research results on the origin, distribution, diversity, present use and status of selected farm animal 
genetic resources (FAnGR) of the countries. Development of the country-modules of c-DAGRIS in 
English and French for Anglophone and Francophone countries is finalized and ready to be used. 
 
 
 
Evaluation of physiological and agronomic characteristics as breeding tools for drought tolerance of 
maize  

C Dordas*1, E Ninou1, F Gekas1, C Pankou1, I Mylonas1, E Sinapidou2, A Lithourgidis3, F Papathanasiou4, 
J-K Petrevska4, I Papadopoulos4, P Zouliamis5, G Tsaprounis5 & I Tokatlidis2 
1Laboratory of Agronomy, Faculty of Agriculture, Forestry and Natural Environment, Aristotle University of 
Thessaloniki, Greece 
2Dept of Agricultural Development, Democritus University of Thrace, Orestiada, Greece 
3Dept of Agronomy, Farm of Aristotle University of Thessaloniki, Thermi, Greece 
4Dept of Plant Production, Technological and Education Institute of Western Macedonia, Florina, Greece 
5American Genetics, Thessaloniki, Greece 
*chdordas@agro.auth.gr 

Drought is a major abiotic stress affecting many agricultural crops and especially maize and is expected to 
worsen with the anticipated climate change. Tolerance to drought is a complex quantitative trait 
controlled by several small effect genes or QTLs and is often confounded by differences in plants 
phenology. The present study aimed to investigate whether agronomic and physiological characteristic 
can be used in determining the mechanism of drought tolerance and can be used as selection criteria. 
Therefore, we used thirtyone maize inbred lines at ultra-low density conditions and under two different 
water regimes (normal and drought conditions) in two different areas in Greece. The following 
characteristics were measured: gas exchange parameters: (net assimilation rate (A), transpiration rate (E), 
stomatal conductance (gs), intercellular CO2 concentration leaf (ci)), chlorophyll meter readings, 
chlorophyll fluorescence, water potential, relative water content, grain yield, harvest index and yield 
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components. The results showed that net assimilation rate (A) was reduced by the water stress at both 
locations, in a similar way affecting the examined inbred lines. Significant differences were recorded 
among the examined maize inbred lines at both locations. At both locations water regimes didn’t affect 
the ci, and chlorophyll fluorescence, whereas the grain yield and yield components were affected. There 
was a clear sign that some physiological characteristics can be used for the selection of stress-adaptive 
genotypes and may allow the development of new maize lines that can be grown under different 
conditions addressing the climate change scenarios. 

Work co-financed by EU (ERDF) and Greek funds through the program code 09 SYN-22-604 "SYNERGASIA2009 – Action I. 
Cooperative small- and mid-scale projects ". 
 
 
 
Genomic characterization of survivor populations of red clover exposed to contrasting treatments in 
a field experiment 

Å Ergon* & OA Rognli 
Dept of Plant and Environmental Sciences, Norwegian University of Life Sciences, Ås, Norway 
*ashild.ergon@nmbu.no 

Red clover is a perennial outbreeding species and cultivars typically harbour a considerable amount of 
genetic variation. Such variation may make cultivars suitable for cultivation under a range of different 
climates, soil types and management regimes. In a field, only a fraction of the seeded plants will survive 
the first few years due to competition and stress. Surviving plants are presumably genotypes that are best 
adapted to the local conditions. Such natural selection is commonly utilized by breeders when they select 
and cross surviving plants from the field. The aim of this study was to investigate whether it is possible to 
detect differential genomic changes within a red clover cultivar exposed to different management regimes. 
The diploid red clover cultivar Lea (Graminor, Norway) was sown in pure stand in 7.5 m2 plots at Ås, 
Norway in June 2010. The plots were harvested either 3 or 5 times a year and leaf samples were taken 
once or twice a year. In order to study changes in genetic composition due to natural selection or drift, 
the original population and survivor populations were genotyped using genotyping by sequencing (GBS) 
technology. DNA was extracted from leaves of 47 or 48 individual survivor plants sampled in October 
2012 from two replicate plots of each harvesting regime. In addition, DNA was extracted from 88 
individuals of the original population seeded in the greenhouse. GBS library preparation and sequencing, 
as well as SNP calling, was done at the Institute for Genomic Diversity, Cornell University, according to 
Elshire et al. (2011). The enzyme ApeK1 was used for digestion of genomic DNA, and the GBS UNEAK 
analysis pipeline, an extension to the Java program TASSEL (Bradbury et al. 2007), was used to call SNPs 
from the sequenced GBS libraries. Preliminary results on genomic differentiation, i.e. changes in genetic 
diversity, heterozygosity, genotype and allele frequencies, will be presented. 

Elshire et al. 2011. PLoS ONE 6(5): e19379; Bradbury et al. 2007. Bioinformatics 23(19)2633-2635 

This work has received funding from the European Community's Seventh Framework Programme (FP7/ 2007-2013) under the 
grant agreement number FP7-244983 (MULTISWARD). 
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Examining the genetic structure of traditional apple germplasm from Norway and Bosnia and 
Herzegovina 

F Gasi*1, B Kalamujic2, L Lasic2, Å Asdal3 & M Meland4 
1Faculty of Agriculture and Food Sciences, University of Sarajevo, Sarajevo, Bosnia and Herzegovina 
2Laboratory for Molecular Genetics of Natural Resources, Institute for Genetic Engineering and 
Biotechnology, Sarajevo, Bosnia and Herzegovina 
3Norwegian Genetic Resource Centre, Norway 
4Bioforsk - Norwegian Institute for Agricultural and Environmental Research, Lofthus, Norway 
*fudo01@yahoo.com 

Traditional apple germplasm, specific for a certain country or a region, is generally considered to be well 
adapted to the local and regional conditions, among which the climate represents a significant part. 
Considering the changing world climate, traditional apple cultivars, adapted to certain climatic 
conditions, could in foreseeable future be more suited for cultivation in different regions of the world 
than in the ones where they are considered autochthonous. An interesting material for research in this 
field represents the traditional apple germplasm from Norway and Bosnia and Herzegovina. Considering 
the stark differences in climate conditions between Norway and Bosnia and Herzegovina it is reasonable 
to expect genetic differences between locally adapted apple cultivars from these two countries. In an 
ongoing study we are currently genotyping 148 traditional apple accessions collected from four ex situ 
collections in Norway (Lier, Ås, Njøs and Hjeltnes college), using ten SSR loci. The same microsatellite 
markers have previously been analyzed on 104 traditional apple accessions from Bosnia and Herzegovina, 
collected from both on farm and ex situ collections. The obtained data will be used in order to examine 
the genetic structure within and among the two examined apple germplasms. Results of this study will 
hopefully provide some insight into potential genetic differences between genotypes of a same fruit crop 
which are naturally adapted to different climatic conditions. 
 
 
 
Northward range expansion of barley: favourable allele combinations give extreme earliness in 
Icelandic barley 

M Göransson*1, 2, J Hermannsson1, JH Hallsson1, Á Helgadóttir1, Å Bjørnstad2 & M Lillemo2 
1Faculty of Land and Animal Resources, Agricultural University of Iceland, Reykjavik, Iceland 
2Dept of Plant and Environmental Sciences, Norwegian University of Life Sciences, Ås, Norway 
*magnusg@lbhi.is 

Range expansion of cereal crops into marginal areas requires adaptation to certain types of stress. In the 
Arctic and sub-Arctic region these stresses include low accumulated heat sum during the growing season, 
which delays maturity, occasional strong winds causing lodging and straw breaking, and frost in late 
spring and early autumn. Among economically important cereals, barley is the most tolerant to marginal 
conditions. In recent years, cultivation of spring barley in Iceland has expanded greatly following recent 
breeding efforts and changing weather conditions. The small scale breeding programme has addressed the 
ability to flower early and mature in low temperature. The local breeding gene pool is based primarily on 
old and new Nordic cultivars, with additions of landraces from the Faroe Islands and cultivars from 
Scotland. Field trials have shown that the Icelandic breeding lines are earlier than their ancestors, 
underlining the importance to characterize advantageous allele combinations for target environments. 
The early flowering cultivars and breeding lines are currently being assessed with molecular markers 
targeting known flowering and dwarfing genes. In addition, they are being cultivated in controlled 
greenhouse environments to screen for heading day, height and maturity in different day lengths and 
temperature conditions. Results from these screenings will be presented. 
Knowledge on allelic diversity in the breeding material will enable application of marker assisted selection 
for beneficial allele combinations. This will simplify and speed up the process to expand the current 
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cultivation area of barley further north. Such efforts are of increased importance in the light of climate 
change, which is likely to decrease yield in much of today’s global grain baskets, and to facilitate a self-
sufficient and diversified local agriculture in the Arctic region. 
 
 
 
NDVI measurements in autumn can predict winter survival of non-adapted grasses at high latitudes 

Á Helgadóttir* & TA Kristjánsdóttir 
Agricultural University of Iceland, Reykjavík, Iceland 
*aslaug@lbhi.is 

In the light of climate change the cultivation of Lolium perenne L. could be extended into high latitude 
regions. Even though temperatures will probably increase photoperiods do not change, and this may 
complicate adaptation of suitable material for the region. Present cultivars commonly show delayed 
growth cessation in autumn resulting in insufficient cold hardening and severe winter kill. Here we 
investigate whether ground-based NDVI (Normalized Difference Vegetation Index) measurements can 
be used as a surrogate measurement for autumn growth cessation, and hence estimates of winter kill, 
when screening valuable breeding material of L. perenne and Festulolium hybrids. We measured NDVI 18 
times in the period 18 September to 30 November 2012 in experimental plots with L. perenne and 
Festulolium cultivars as well as a northerly adapted cultivar of Festuca pratensis Huds. for comparison. 
Changes in NDVI values with time differed both between species and cultivars and seem to correspond 
with the ability to acclimate before winter sets in. The measurements taken in late October and early 
November were also highly correlated (P<0.01) with dry matter yield on 4 October 2013. NDVI values 
in late October were significantly correlated (P<0.05) with winter kill observed both in spring 2012 and 
2013. We therefore conclude that NDVI is a promising tool for assessing autumn growth cessation and 
seems to be able to predict winter kill with reasonable accuracy. 
 
 
 
Economic weights for breeding goal traits and residual feed intake for Finnish Ayrshire cattle 

P Hietala*1, M Wolfová2, J Wolf2, J Kantanen3 & J Juga1  
1Dept of Agricultural Sciences, University of Helsinki, Helsinki, Finland 
2Institute of Animal Science, Prague Uhříněves, Czech Republic 
3Biotechnology and Food Research, MTT Agrifood Research Finland, Jokioinen, Finland  
*pauliina.hietala@helsinki.fi 

Feed is a major single expense in dairy farming; therefore, improving feed efficiency in milk production 
could have a substantial impact on the profitability of production. In addition, more efficient feed 
utilization in dairy cattle reduces greenhouse gas and nutrient emissions per kg of produced milk. A bio-
economic model was used to derive the economic values of feed efficiency traits and current breeding goal 
traits for Finnish Ayrshire dairy cattle under production conditions in 2011. Two marketing strategies 
were investigated for surplus calves where surplus calves were either sold from dairy farms at the young 
age (strategy A) or fattened on dairy farms (strategy B). The relative economic importance of each trait 
was expressed as a percentage of the sum of the standardized economic weights over all traits. In both 
marketing strategies, the most important trait was 305-d milk yield (34% in strategy A and 29% in 
strategy B) while the protein percentage was the second most important trait (13% in strategy A and 11% 
in strategy B). Calving interval (9%) and mature weight of cows (11%) were the third most important 
traits in marketing strategy A and B, respectively. When considering feed efficiency traits, the sum of the 
relative economic weights of residual feed intake for cows, breeding heifers and animals in fattening were 
6% and 7% in marketing strategy A and B, respectively. Even though the relative economic importance of 
residual feed intake in the breeding goal under production conditions in 2011 was relatively low it is 
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likely to increase in the near future due to increasing public concerns for the harmful environmental 
effects of animal production. 
 
 
 
Breeding forage grasses: simulation modelling as a tool to identify important cultivar characteristics 
for winter survival and yield under future climate conditions in Norway 

M Höglind*1, M van Oijen1,2 & T Persson1 
1Bioforsk, Klepp stasjon, Norway 
2CEH-Edinburgh, Bush Estate, Penicuik, UK 
*mats.hoglind@bioforsk.no 

Grass-based dairy and livestock production constitute the most important agricultural sectors in Norway 
in economic terms. Climate change may have considerable impact on the survival and productivity of 
grasslands. New cultivars will be needed that are better adapted to the changed climate conditions than 
current cultivars. Breeding for a new grass cultivar usually takes 15-20 years. It is difficult to predict which 
trait combinations will be important in the future, especially under climate change conditions. However, 
it is important to define breeding targets and investigate the underlying genetic and physiological 
mechanisms of important traits. Process-based simulation models represent a powerful tool to assist in 
the breeding process.  Here we show an example with preliminary results from a study where the process 
based grassland model BASGRA is used to evaluate the effect of modified plant characteristics on grass 
winter survival and yield under projected climate change conditions. Grass simulations were carried out 
for three locations in Norway: Apelsvoll (60°42’N; 10°42’E), Sola (58°53’N; 5°38’E) and Tromsø 
(69°41’N; 18°55’E), and the three periods 1961-1990 (baseline), 2046-2065, and 2080-2099. Daily 
weather data were generated with the LARS-WG tool incorporating projections from different General 
Circulation Models (GCMs) under the greenhouse gas emission scenario A1B. For each climate 
projection, grass performance was simulated for a current cultivar, and then for cultivars with altered 
traits. The results indicate that a high maximum frost tolerance will be important for winter survival in 
perennial forage grasses also under future climate conditions. Delayed reproductive development in 
spring will have limited effect on the total seasonal yield.  
 
 
 
Different type of photosynthetic apparatus response under low temperature flooding are related with 
carbohydrate metabolism in Lolium perenne 

B Jurczyk*, M Rapacz, E Pociecha & J Kościelniak 
Dept of Plant Physiology, Faculty of Agriculture and Economics, University of Agriculture in Krakow, 
Cracow, Poland 
*barbara.jurczyk@ur.krakow.pl 

Winter conditions are subjected to rapid climate change. Increased precipitation and snow melting 
during warmer winters may result in low temperature flooding. This will probably have implications for 
plants overwintering strategies. 
The photosynthetic apparatus performance after short-term low temperature flooding was investigated 
in Lolium perenne. The study was focused on different aspects of photosynthetic apparatus acclimation to 
cold and included the expression of rubisco activase and SST-1 genes, concentration of soluble sugars and 
chlorophyll fluorescence measurements. It has been shown that different type of photosynthetic 
apparatus response under low temperature flooding are related with carbohydrate metabolism. The 
increasing rate of non-photochemical mechanisms of photosynthetic acclimation to cold observed under 
flooding may be initiated by high carbohydrate concentration caused by de novo synthesis and/or the low 
rate of fructans biosynthesis. On the other hand the increase in photochemical mechanism observed in 
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another genotype may be triggered by low carbohydrate concentration related with accelerated rate of 
photoassimilates transport to sink organs. 
 
 
 
Changes in agroecology and the role of farm animal genetic resources in mitigation and adaptation 
issues in the Nordic livestock production 

J Kantanen*1,2, P Løvendahl3, E Strandberg4, E Eythorsdottir5, M-H Li6,7, A Kettunen-Praebel8 , P Berg8 & 
T Meuwissen9 
1Biotechnology and Food Research, MTT Agrifood Research Finland, Jokioinen, Finland  
2Dept of Biology, University of Eastern Finland, Kuopio, Finland 
3Center for Quantitative Genetics and Genomics, Dept of Molecular Biology and Genetics, Aarhus 
University, Tjele, Denmark 
4Dept of Animal Breeding and Genetics, Swedish University of Agricultural Sciences, Uppsala, Sweden 
5Faculty of Land and Animal Resources, Agricultural University of Iceland, Reykjavik, Iceland 
6Biotechnology and Food Research, MTT Agrifood Research Finland, Jokioinen, Finland  
7Key Laboratory of Animal Ecology and Conservation Biology, Institute of Zoology, Chinese Academy of 
Sciences, P.R. of China 
8NordGen – The Nordic Genetic Resource Center, Ås, Norway 
9Dept of Animal and Aquacultural Sciences, Norwegian University of Life Sciences, Ås, Norway 
* juha.kantanen@mtt.fi; juha.kantanen@uef.fi 

Livestock production is the most important segment of north European agriculture and it both 
contributes to and is affected by climate change. Nevertheless, the role of farm animal genetic resources in 
the adaptation to and mitigation of climate change has not been thoroughly discussed in previous studies 
and reports. The Global Plan of Action for Animal Genetic Resources published by the Commission on 
Genetic Resources for Food and Agriculture lists several associations between animal genetic resources 
and adaptation to and mitigation of climate change, suggesting their important role in climate change 
issues. The sustainability and robustness of animal production systems and future food security require 
access to a wide diversity of animal genetic resources. 
Animal genetic resources can contribute to climate change adaptation and mitigation strategies, e.g. by 
choosing between breeds or farm animal species suitable for changing circumstances and applying 
“mitigation and adaptation breeding” to select breeds and animals with useful phenotypes and genotypes. 
There may be an increased demand for robust animal breeds with the capability to adapt to changing and 
variable environmental conditions and to tolerate to emerging livestock diseases. The key issue in the 
mitigation of harmful greenhouse gas-effects induced by livestock production on global warming is the 
reduction of methane (CH4) emissions from ruminants, especially that from beef and dairy cattle. 
Differences in CH4 emissions between cows and between cattle breeds do exist, suggesting that the trait 
may be possible to improve through genetic selection.  In addition, characterization of breeds with 
modern genomic tools can be applied to identify breeds that have genetically adapted to marginal 
circumstances and to provide critical information for conservation programs of farm animal genetic 
resources.  
These genetic issues are discussed and examined in the Nordic Research Network on Animal Genetic 
Resources in the Adaptation to Climate Change (AnGR-NordicNET; 
https://sites.google.com/a/nordgen.org/angr/home) which aims at providing material, results and 
conclusions for a Nordic strategy for the conservation, utilization and investigation of animal genetic 
resources within adaptation and mitigation issues. 
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Gene expression among natural Arabidopsis populations in a common garden correlates with 
flowering and to the population’s home climates 

H Kinmonth-Schultz1, A Lewandoska-Sabat2, Siri Fjellheim3 & Odd-Arne Rognli*3 
1Dept of Biology, University of Washington, Seattle, USA  
2The Norwegian School of Veterinary Science, Oslo, Norway 
3Dept of Plant and Environmental Sciences, Norwegian University of Life Sciences, Ås, Norway 
* odd-arne.rognli@nmbu.no 

Some plant species require long exposures to winter temperatures (vernalization) before becoming 
competent to flower. Flowering in other species correlates to date of snowmelt. In Arabidopsis, 
CONSTANS (CO) and FLOWERING LOCUS T (FT) are two floral inducer genes involved in the day-
length sensing response. FT requires long spring or summer days to be induced. FLOWERING LOCUS 
C (FLC) represses FT transcription to repress flowering. Its levels decline with vernalization. Orthologs 
of these genes are likely broadly conserved among plant species. We asked whether natural Arabidopsis 
populations collected from different climates would display phenotypic differences in their timing of 
flowering that could be explained by the climates from which they were collected and by gene expression 
levels of CO, FT, and FLC. We chose 10 natural Arabidopsis populations collected from throughout 
Norway that displayed varying sensitivities to vernalization. We subjected them to 14 weeks of 
vernalization before moving them into 16°C, long day conditions (LD, 16 hrs of photosynthetically 
active radiation bounded by 1.5hrs of incandescent radiation to mimic dawn and dusk). We collected 
tissue on days 3, 5, and 8 after movement to LD, isolated RNA, and compared gene expression levels. We 
also recorded days to bolt (DTB) and days to flowering (DTF) after movement to LD. Some populations 
were moved from vernalization to short day, non-inductive, conditions as a control. We found that 
despite 14 weeks of vernalization, some populations had high levels of FLC, which correlated with a delay 
in flowering and with the climates from which the populations were collected. Interestingly, FLC was 
highest and FT lowest in populations from regions with variable winter temperatures. We also found that 
FLC decreased over time in late-flowering populations, while FT increased. These data suggest that these 
populations display adaptive responses to their home climates, which can be explained by their levels of 
known flowering regulators genes. We propose that strains from regions with frequent warm winter 
spells have high vernalization requirements to inhibit premature flowering, and that this is mediated at 
least in part through FLC. We further suggest that strains from regions with constant, cold winters fulfill 
their vernalization requirement quickly through rapid suppression of FLC and are induced to flower, 
likely in part through up-regulation of FT, soon after the snow melts in spring. 
 
 
 
Global transcript profiling for seed setting in red clover by RNA sequencing 

MR Kovi1, H Amdahl2, RC Wilson3, P Marum2, T Asp4, M Alsheikh**1,2 & OA Rognli*1 
1Dept of Plant and Environmental Sciences, Norwegian University of Life Sciences, Ås, Norway 
2Graminor AS, Ridabu, Norway 
3Hedmark University College, Hamar, Norway 
4Dept of Molecular Biology and Genetics, Aarhus University, Slagelse, Denmark 
*odd-arne.rognli@nmbu.no **muath.alsheikh@graminor.no 

Red clover (Trifolium pratense L.) is one of the most important legume forage species in Norway. To 
utilize its quality as forage and as species that can fix high amount of nitrogen in the soil, its seed setting 
potential has to be improved. Two genotypes were chosen based on their difference in the seed setting 
ratio from field experiments; Tripo, a weak seed setting and Lørk0397, a strong seed setting. Global 
transcriptome changes between these two contrasting genotypes were studied to elucidate the genes 
responded to the seed setting through an RNA sequencing approach. 
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Flower buds of two Tripo plants (named 42 and 55) and two LøRk0397 plants (named 77 and 108) were 
collected from three flowering time points (early, middle and late) for RNA extraction. RNA was 
extracted from a total of 12 samples for cDNA library preparation and single-end sequencing was 
performed using Illumina Hiseq 2000. 
Approximately 51 to 57 million reads for two Lørk0397 and two Tripo genotypes were obtained. These 
reads were assembled into a range of 80328 to 84545 transcripts with average contig lengths of 930 to 
1016 bp for all the four red clover genotypes. In total, 23,000, 21,000 28,000 and 34,000 significantly 
differentially expressed genes with FDR<0.05 were detected in two LøRk0397 and two Tripo genotypes, 
respectively. These genes include flower development, pollen pistil interaction, photosynthesis and 
embryo development. Fisher’s exact test results confirmed that significant number of genes related to 
pollination was overrepresented in LøRk0397, which might be reason for its good seed setting. In 
addition, clustering results showed that similar expressed transcripts were found in early flowering and 
middle flowering but not in late flowering in Tripo, whereas similar expressed transcripts were found in 
middle flowering and late flowering but not in early flowering in LøRk0397, showing significant 
expression pattern difference in LøRk0397 and Tripo. Detailed studies on these pollination and pollen-
pistil interaction genes might give a clear picture of their role in seed setting. The ultimate goal is to 
develop SNP markers, which might be used for breeding improved tetraploid red clover varieties with 
enhanced seed yield potential. 
 
 
 
Global transcriptome changes in perennial ryegrass during early infection by pink snow mould 

MR Kovi*1, Å Ergon1, A Kunapareddy1, M Abdelhalim1, T Asp2, AM Tronsmo1 & OA Rognli1 
1Dept of Plant and Environmental Sciences, Norwegian University of Life Sciences, Ås, Norway 
2Dept of Molecular Biology and Genetics, Aarhus University, Slagelse, Denmark 
*mallikarjuna.rao.kovi@nmbu.no 

Lack of resistance to pink snow mould (Microdochium nivale) is a major problem for adaptation of 
perennial ryegrass (Lolium perenne L.) at higher latitudes. Plants generally become more resistant to 
snow moulds after cold acclimation, and almost all investigations of genetic variation in resistance have 
been performed using cold acclimated plants. There may, however, be variation in resistance mechanisms 
that are functioning independently from cold acclimation and that are masked by the effect of cold 
acclimation. In this study we are aiming at identifying candidates for such resistance mechanisms. We 
first characterized variation in resistance among non-acclimated plants of 8 genotypes from the 
Norwegian cultivar ‘Fagerlin’. After inoculation with a selected, aggressive strain of M. nivale, the plants 
were incubated under artificial snow cover for 5-12 weeks at 2°C in darkness. Relative regrowth was 
calculated as the ratio of the regrowth of inoculated and non-inoculated plants after 5, 8 and 12 weeks of 
incubation. Based on relative regrowth one ‘resistant’ genotype and one ‘susceptible’ genotype were 
selected for transcriptome studies. Total RNA was extracted from leaf blade tissue of plants exposed to 
three different treatments: non-inoculated and non-incubated plants (non-incubated control), non-
inoculated plants after 4 days of incubation (incubated control), and inoculated plants after 4 days of 
incubation (inoculated). There were two biological replicates of each genotype and treatment (totally 12 
samples). cDNA libraries were prepared and paired-end sequencing was performed using Illumina Hiseq 
2000. De-novo assembly was conducted for each genotype using Trinity software program. A total 
number of 188,355 and 261,978 transcripts with average contig lengths of 1,672 and 1,784 bp were 
assembled in the resistant and susceptible genotype, respectively. In the ‘resistant’ genotype, 3089 
differentially expressed genes (DEG) were detected between non-incubated control and inoculated 
plants, 3124 between non-incubated control and incubated control plants, and 262 between incubated 
control and inoculated plants. The comparable figures for the ‘susceptible’ genotype were 2357, 1672, 
and 83 DEG. We will present comparative analyses of the genotype-specific de novo assemblies to the L. 
perenne reference transcriptome database, as well as a detailed characterization of the transcriptome 
response to infection by M. nivale in the two genotypes. 
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Global transcriptome changes affected by vernalization and cold hardening in Lolium perenne 

MR Kovi*1, M Høglind2, HM Hanslin2, Å Ergon1, S Byrne3, T Asp3 & OA Rognli1 
1Dept of Plant and Environmental Sciences, Norwegian University of Life Sciences, Ås, Norway 
2Bioforsk Norwegian Institute for Agricultural and Environmental Research, Grassland and Landscape 
Division, Klepp St., Norway 
3Dept of Molecular Biology and Genetics, Aarhus University, Slagelse, Denmark 
*mallikarjuna.rao.kovi@nmbu.no 

Perennial ryegrass (Lolium perenne L.) is the main forage grass species utilized in temperate agricultural 
regions due to its high yield potential and feed quality. However, during late winter and early spring, 
plants are particularly vulnerable to winter injury. Climate changes are predicted to give more variable 
winter climates with increased incidents of thawing. De-hardening resistance and re-hardening capacity 
thus play a significant role in determining winter survival. Understanding these mechanisms is important 
for developing cultivars with improved winter survival. We have studied global transcriptome changes 
during a cycle of hardening, de-hardening and re-hardening, the relationship with freezing tolerance and 
interactions with vernalization in two perennial ryegrass genotypes; one which flower without 
vernalization (V-) and one which need vernalization to flower (V+).  
Clones of these genotypes were vernalized for 10 weeks at +6 ºC or grown at +15 ºC (non-vernalized) 
and subsequently cold hardened for 4 weeks at +2 ºC, then de-hardened for 8 days at +9 ºC followed by 
re-hardening for 2 weeks at +2 ºC. Freezing tests were conducted after each treatment with test 
temperatures ranging from -4 ºC to -20 ºC. The LT50 results showed that vernalization at +6 ºC led to 
higher frost tolerance than pre-treatment at +15 ºC. The V+ genotype vernalized at +6 ºC showed the 
largest capacity to re-harden (3-6 ºC) thus showing a significant difference between the two genotypes 
possibly linked to different vernalization requirements. RNA was extracted from a total of 54 samples for 
cDNA library preparation and paired-end sequencing was performed using Illumina Hiseq 2000.  
We obtained approximately 283 and 247 million reads for the V- and V+ genotypes. These reads were 
assembled into 272960 and 247352 transcripts with average contig lengths of 1643 and 1556 bp for the 
V- and V+ genotypes, respectively. In total, 11723 and 5520 significantly differentially expressed genes 
with FDR<0.01 were detected in V- and V+ genotypes, respectively. These genes include the 
vernalization genes, VIN3 and VRN2, stress responsive genes involved in cold-response, cold sensing, 
signal transduction and osmo-sensing. Pathway analysis indicates that the starch and sucrose metabolic 
pathways might play a vital role in response to cold stresses. Detailed global transcriptome changes 
affected by vernalization, hardening and de-hardening, will be presented. 
 
 
 
Managing risks associated with agricultural activities in rural Ghana 

S Kwaku Darkwah* & R Asante 
Fridels Enterprise, Accra, Ghana 
*panaphe@yahoo.com 

Agriculture is said to be the backbone of Ghana and the rest of developing countries but this sector faces 
numerous challenges right from the onset to the end of production. This paper tends to expose sources of 
agricultural risks in rural Ghana and how to develop appropriate response plans. It also tends to 
emphasize the role of government in managing these risks associated with agricultural production. The 
main objective of this paper is to reveal major sources of agricultural risks in these respective areas and 
suggest appropriate mechanisms for controlling them. Majority of the data analysis will be derived from 
secondary sources such as internet, newspapers as well as using a set of structured questionnaires. A 
period of three months will be used consistently for the entire research. The paper calls for appropriate 
action on how to deal with these issues.  
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Indigenous chicken genetic resources: Their unique attributes and conservation options for 
improved use 

K Ngeno 
Animal Breeding and Genomics Group, Dept of Animal Sciences, Egerton University, Kenya 
Animal Breeding and Genomics Centre, Wageningen University, Wageningen, The Netherlands 
aarapngeno@gmail.com 

The indigenous chicken (Gallus gallus domesticus) genetic resources (IC) comprise more than 80% of the 
overall poultry population in rural villages despite their low productivity. However, a holistic approach 
that increases productivity without increasing production costs or leading to loss of biodiversity is 
presently limited. Conversely, in most developing countries, there is almost no organizational structure 
for breeding programmes for improving and conserving IC. These locally adapted IC can only be 
conserved in the most rational and sustainable way by ensuring that they are functional part of different 
production systems. Their conservation should be through utilization if they are to be of any benefit to 
the poor rural households. This discussion focuses on five very relevant questions that need to be 
answered if the conservation of IC is to be effective and sustainable: What, why and how should we 
conserve? And who are the stakeholders and what are their roles in conservation efforts?  
 
 
 
Genetic consequences of ex situ and in situ conservation of plant genetic resources: 
An on-going study in red clover (Trifolium pratense) 

A Palmé*1, P Marum2, L Öhlund3, M Leino4, J Hagenblad5, SØ Solberg1 & Å Asdal6 
1Nordic Genetic Resource Centre (NordGen), Alnarp, Sweden 
2Graminor AS, Ridabu, Norway 
3Lantmännen Lantbruk, Lännäs, Undrom, Sweden 
4Nordiska museet, Julita gård, Julita, Sweden 
5IFM Biology, Linköpings Universitet, Linköping, Sweden 
6Norwegian Genetic Resource Centre, Ås, Norway 
*anna.palme@nordgen.org 

The main goal of this study is to investigate the genetic consequences of gene bank conservation (ex situ) 
and in situ conservation, and to compare these two types of conservation strategies. Specifically we want 
to answer the following questions:  
What has happened genetically in accessions that have been conserved in a gene bank since 1980 and 
undergone several regenerations?  
What has happened on site with the original populations from where these gene bank accessions were 
collected (do they still exist, have they changed genetically, or have they been replaced by cultivars grown 
in the region)?  
What general conclusions can we draw concerning in situ and ex situ conservation? 
Other studies have been conducted both on how natural populations change over time and on how 
accessions in gene banks change during regeneration. However, as far as we know this is the first study on 
red clover in the Nordic area. Furthermore, we are investigating how the same population is developing in 
the two different types of environment, which has rarely been done before and strongly facilitates 
comparisons. We will use genetic markers (microsatellites) to investigate the genetic changes over time 
and also to evaluate the influence of cultivars on the genetic diversity of the populations. In addition, we 
will look for phenotypic changes. 
The basic idea is to study natural or semi-natural populations, from which seed samples were collected in 
the 1980s. Included in the study are both these original collected seeds, seeds from one or two generations 
of regeneration at the gene bank, as well as samples from the same locations re-collected in 2013. When 
re-visiting these locations in 2013, it was obvious that in several places the original populations were no 
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longer present. For example, some areas have been ploughed and sown, others had not been grazed or 
mown for a long time and the clover was outcompeted, or roads and houses were built in the area. This 
demonstrates the importance of formal ex situ and/or in situ conservation strategies to ensure the 
conservation of local populations. 
 
 
 
The Nordic Public-Privat Partnership (PPP) for pre-breeding in perennial ryegrass (Lolium perenne 
L.)  

OA Rognli*1, AS Larsen2, NC Nielsen2, A Helgadottir3, R Aavola4, G Brazauskas5, C Persson6, M Isolathi7, 
T Asp8 & P Marum9 
1Dept of Plant and Environmental Sciences/CIGENE, Norwegian University of Life Sciences, Ås, Norway 
2DLF Trifolium, Store Heddinge, Denmark 
3Landbúnaðarháskóli Íslands, Hvanneyri, Borgarnes, Iceland 
4 Jõgeva Plant Breeding Institute, Jõgeva alevik, Estonia 
5Lithuanian Research Centre for Agriculture and Forestry, Kėdainiai, Lithuania 
6Lantmännen SW Seed AB, Svalöv, Sverige 
7Boreal Plant Breeding LTD, Jokioinen, Finland 
8Aarhus University, Slagelse, Denmark 
9Graminor AS, Ridabu, Norway 
*oddro@nmbu.no  

In Northern Europe the expected climate changes will result in new growth conditions for forage 
production due to an extended (1-3 months) growth season combined with milder and rainier autumns 
and winters. Perennial plants like forage grasses and legumes show local adaptation to temperature and 
photoperiod. Important physiological processes governing plant phenology (vernalization, cold 
acclimation, heading and flowering) are determined by temperature and photoperiod and their 
interactions. This in turn determines winter survival and seasonal yield distribution. The seasonal 
photoperiod does not change with the climate changes that cause the temperature to rise. This raises a 
need for new ideotypes with a different set of physiological traits than the present cultivars. An increased 
risk of mild periods during winter causing plants to deacclimate (deharden) too early, increased risk of 
frost injury in spring in some locations, and increased frost exposure during winter in others given that 
the current cultivars are used are some of the expected consequences. A pertinent question is thus 
whether the available germplasm and active breeding populations are sufficiently broad, or exotic 
materials should be identified, introgressed by crossing and recombined, to serve as new genetic resources 
for development of cultivars for the future climate at higher latitudes.  
Perennial ryegrass (Lolium perenne L.) has superior feed quality and productivity under frequent cutting 
regimes, and is expected to expand further north due to milder winters with shorter periods of snow 
cover. The main weaknesses are susceptibility to low-temperature pathogens, inadequate growth 
cessation in the autumn to allow for sufficient cold hardening and winter survival, with low persistency as 
the result. In order to prepare for the predicted climate changes a PPP for pre-breeding programme aimed 
at selecting plant materials of perennial ryegrass for the development of cultivars with a suitable 
adaptation to future climates in the Nordic countries was initiated in 2012. Breeding of perennial grasses 
is a long-term activity, which require many years from the starting exploitation of germplasm until the 
release of improved cultivars. The on-going and planned work of the perennial ryegrass pre-breeding 
project will be described.  
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Prebreeding for Future Challenges in Nordic Apples – the First Two Years 

D Røen1, L Garkava-Gustavsson2, I Tahir2, S Karhu3 & H Nybom*4 
1Graminor AS, Njøs, Leikanger, Norway 
2Dept of Plant Breeding, Swedish University of Agricultural Sciences, Alnarp, Sweden 
3MTT Horticulture, Piikkiö, Finland 
4Dept of Plant Breeding, Swedish University of Agricultural Sciences, Balsgård, Kristianstad, Sweden 
*hilde.nybom@slu.se  

The Nordic Council of Ministers (NMR) has set up a Public Private Partnership (PPP) for pre-breeding 
of plant crops in 2011. The purpose of the PPP is to support the development of Nordic plant breeding, 
satisfying the long-term needs of the agricultural and horticultural industries. In a PPP pre-breeding 
project on apple (2012-2014) we search for sources of resistance to Neonectria ditissima (causing 
European canker on trees), Penicillium expansum (causing blue mould on fruits) and Pezicula spp. 
(causing bull’s eye rot on fruits). Cut shoots of 50 cultivars are wounded (bud wounds) and inoculated 
with conidia of Neonectria ditissima, and lesion development monitored. Apple fruits of 80 cultivars are 
wounded and inoculated with conidia of Penicillum expansum, and diameter of lesions measured after 6 
or 12 weeks of storage. Fruits from a range of cultivars are inoculated with Pezicula spp. The obtained 
results will be used in further work towards genetic dissection of complex resistance to these diseases. 
DNA samples will be prepared for all of the phenotyped cultivars, and analyses of genetic background will 
be undertaken and QTL markers developed in cooperation with the EU-funded Fruitbreedomics project, 
to which Swedish University of Agricultural Sciences is an ‘invited partner'. Within the PPP project a 
network of Nordic breeders of fruit and berries is developed, in order to define and develop projects that 
meet with the challenges for Nordic fruit and berry production.  
 
 
 
Pti1a overexpression correlates with increased adaptability of maize in drought tolerance 

R Sandaltzopoulos*1, T Maria1, K Athanasios1, S Evaggelia.2, C Dordas3, F Papathanasiou4 & I Tokatlidis2 
1Dept of Molecular Biology and Genetics, Democritus Un. of Thrace, Alexandroupolis, Greece  
2Dept of Agricultural Development, Democritus University of Thrace, Orestiada, Greece  
3Aristotle University of Thessaloniki, Thessaloniki, Greece 
4Technological and Educational Institute of Western Macedonia, Florina, Greece  
*rmsandal@mbg.duth.gr 

The genotype-to-phenotype gap has led to the suggestion of breeding under ultra-low density assuming 
that absence of any plant-to-plant interference for inputs enhances heritability (see also Tokatlidis et al., 
and Tzantarmas et al., this congress). In a field study, 25 inbred lines of commercial interest along with 6 
experimental lines built on the ultra-low density hypothesis were granted at normal and water-stressed 
regimes for grain yield and physiological traits known to be connected with drought tolerance. 
Interestingly, the experimental lines were qualified as top for adaptation to the water deficit conditions. 
Aiming to identify genes whose expression in leaves correlates with increased tolerance to drought, the 5 
best- and the 5 worst-performing lines were selected. Then, focusing on these two groups of maize lines, 
we investigated the expression levels of a spectrum of genes previously reported to be induced in drought 
conditions. Total RNA was collected from leaves of 6 different clones for each of the 10 lines and the 
relative gene expression levels were measured by quantitative PCR according to the ΔΔCt method. The 
actin 1 gene was used as a reference gene and a mixture of all cDNA samples was used as calibrator. As 
expected, most of the genes studied were found to be induced at the mRNA level in maize leaves under 
drought conditions in most of the plants. Interestingly, we discovered that the expression levels of the salt 
inducible putative protein serine/threonine/tyrosine kinase (ZmPti1a) displayed a markedly different 
behavior between the two groups of maize lines. Without any exception, in all lines with high adaptation 
to drought, ZmPti1α mRNA levels were elevated under poor irrigation conditions relative to normal 
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conditions. In contrast, in the non-resistant strains, ZmPti1a was rather underexpressed under low 
irrigation conditions. Thus, our data showed a strong correlation of the ability to overexpress ZmPti1a 
with high adaptability to drought. ZmPti1a is a kinase with multiple roles in responses to biotic and 
abiotic stresses and is possibly involved in tissue development. Our data suggest that this gene may be 
involved in regulatory pathways critical for the adaptation to water-deficit stress. Therefore, we propose 
that its relative expression levels under low/normal irrigation conditions could serve as a molecular 
marker valuable for the selection of maize lines with improved crop production and enhanced drought 
tolerance. 

Work co-financed by EU (ERDF) and Greek funds through the program code 09 SYN-22-604 "SYNERGASIA2009 – Action I. 
Cooperative small- and mid-scale projects. 
 
 
 
Automated estrus traits: higher heritability and better suited to study G×E  

AI Sayed* 1, E Strandberg2 & P Løvendahl1 
1Aarhus University, Dept of Molecular Biology and Genetics, Center for Quantitative Genetics and 
Genomics, Tjele, Denmark 
2Swedish University of Agricultural Sciences, Dept of Animal Breeding and Genetics, Uppsala, Sweden 
*Ahmed.ismael@agrsci.dk 

Previously it was found that dairy cow fertility traits are more sensitive to heat stress than milk 
production. The traditional fertility traits have low heritability (0.01 to 0.10), because the large 
unexplained (residual) variation partly masks genetic effects.  
In order to facilitate studies of G × E effect in dairy cattle fertility traits in Denmark and Sweden, 
alternative indicators for fertility such as automated estrus measures based on physical activity recording 
were studied. These traits are available in many herds and data were acquired with the help of the 
recording organization. 
The objectives of this study were to estimate the genetic parameters for the days from calving to first 
estrus based on cow activity measurements, and compare these to the traditional measures based on AI 
services in Danish Holstein dairy cattle. In addition, genetic parameters for the duration and strength of 
estrus were estimated. 
AI records were used to calculate the interval from calving to first insemination (ICF, traditional 
measure), while physical activity records were used to develop 3 estrus activity traits: 1) days from calving 
to first high activity (DFHA), 2) duration of estrus and, 3) strength of estrus.  
The estimated heritability for the traditional trait was 0.05, but that of DFHA was three times higher.  
The genetic correlation between DFHA and ICF was close to unity, indicating that they are almost 
similar traits.  
Implications: The next step is to extend the study to include the physical activity records from different 
breeds to estimate the G×E effect with response to the climate by using season of the year as a proxy for 
the climate effect. 
Conclusion: Physical activity traits will be effective for studying the G × E effect. Furthermore, the study 
showed that, that inclusion of the physical activity traits in the genetic evaluation of fertility might be 
helpful to improve female fertility. 



Poster abstracts | S 

	   71 

Evolution of vernalization and daylength response in the grass subfamily Pooideae as an adaptation to 
seasonal and cool climates 

M Schubert*, SR Sandve & S Fjellheim 
Dept of Plant Sciences, Norwegian University of Life Sciences, Ås, Norway 
*marian.schubert@nmbu.no 

The subfamily Pooideae is one of the largest subfamilies in plants and contains economically important 
cereals (e.g. wheat and barley) and forage grasses (e.g. ryegrass and fescues). Members of the Pooideae are 
the predominant grasses in temperate regions, and it is assumed that the Pooideae evolved from a tropical 
ancestor. It is known that members of the Pooideae have adapted to the cool conditions and long days of 
the temperate regions by using these as environmental cues for flowering. Synchronising flowering with 
favourable conditions is essential to increase reproductive output and hence fitness. Flowering in 
response to vernalization (i.e. an extended period of cold temperature) and long days and their molecular 
background are well described in the Pooideae's crown group, the core Pooideae. However, it is not 
known whether vernalization response and long day induction of flowering evolved at the base of the 
Pooideae or closer to the base of the core Pooideae. It is also not known whether those mechanisms 
evolved several times in different Pooideae groups recruiting different sets of genes, or if they evolved 
once. Addressing those questions is the main aim of this PhD project.  
In controlled growth chamber experiments we test if members of non-core Pooideae tribes respond to 
vernalization and if their flowering is induced by long days. We employ comparative transcriptomics and 
genomics to test the conservation of molecular pathways underlying those responses. By mapping 
flowering responses to the phylogenetic tree of Pooideae we will pinpoint their evolutionary origin. A 
range-wide sampling of selected species allows us to investigate intraspecific variations in vernalization 
response and to correlate them to climatic conditions.  
This poster gives an overview of the experiments and their current state and will present preliminary 
results.  
 
 
 
The difference in genetic structure of wild population Sea trout (Salmo trutta L.) and smolts used for 
domestication in Gauja river basin, Latvia 

N Škute* & A Karkliņš 
Ecology Institute Daugavpils Universitate, Daugavpils, Latvia  
*natalja.skute@du.lv 

Sea trout (Salmo trutta L.), with other representatives of the Salmonidae fish, is among the most valuable 
biological resources in Latvia. For many years the fish has been artificially reproduced in some Latvian 
fish farms such as “Brasla” (Gauja basin), “Tome” (Daugava basin), and “Pelchi” (Venta basin). There are 
some negative effects caused by artificial reproduction. The growth of salmonid aquaculture has raised 
concerns about the possibility of detrimental effects of artificial reproduction on the genetic integrity and 
diversity of wild populations. Competitive interactions between domestic and wild fish can result in 
reductions in the size of wild populations with negative consequences on their genetic variability. 
Ecogenetic criteria are usually associated with such genetic structure of populations, which is close to the 
genetic structure of populations evolutionarily established in nature. Sustainability of the sea trout 
population is ensured by artificial reproduction.  
The genetic diversity of wild sea trout population from Gauja basin, which was used for domestication in 
aquaculture and smolts in aquaculture of fish farms such as “Brasla” was investigated.  The fish non-
destructive methods of DNA extraction (from scale) were used for genetic analysis. The population 
genetic structure was analyzed by four microsatellite primers: Str15, Str73, Str85, Str543. Genetic 
parameters, such as the percentage of polymorphic loci, level of polymorphism, level of heterozygosity, 
and number of private alleles per locus, genetic differences of wild sea trout population and smolts in 
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aquaculture were calculated, compared and analyzed. Information of the different genetic structure of Sea 
trout (Salmo trutta L.) wild population and artificially reproduced population may be useful for 
sustainable development and preservation of genetic diversity of fish populations, which are artificially 
reproduced, and decrease some negative effects caused by domestication.  
 
 
 
Access to plant genetic resources for food production in the Arctic 

SØ Solberg*1, A Bragason1, A Helgadottir2, S Dalmannsdottir3, R Djurhus4 & A Frederiksen5 
1 Nordic Genetic Resource Center, Sweden  
2 Agricultural University, Iceland  
3 Bioforsk, Norway 
4 Búnaðarstovan, Faroe Islands 
5 Agricultural Consulting, Greenland  
*svein.solberg@nordgen.org 

The bio-economy in general is dependent on adapted genetic resources, but the numbers of new plant 
varieties bred for the Arctic region is limited and also restricted to a few crops. To get an overview of 
today’s picture on available plant genetic resources we invited more than 30 institutions covering 
breeding, research, farmers’ organizations, authorities, NGOs, and others to a survey. We asked questions 
about breeding efforts, cultivar testing and cultivar information. Preliminary results of the survey will be 
presented.  After further analysis of the results, we will suggest key issues for a national policy in the 
Nordic countries and the Nordic Council of Ministers’ Arctic Bio-Economy and Circumpolar work. 
The overall aim of our study is to sustain access and use of plant genetic resources. To accomplish this; 
active, efficient and comprehensive collaborative networks of institutions within the region must be 
maintained, crossing the borders and making joint solutions.  This is a long-term process, but on a short-
term basis the project aims to give a rich picture of the access to plant genetic resources for production of 
cereals, potato, selected vegetables, fodder crops, and berries in the Arctic, highlighting the need for 
adapted varieties for local food production within the region in a rapidly changing climate. 
 
 
 
Multi species genetic structure within Betula across Eurasia 

Y Tsuda*1, GG Vendramin2, V Semerikov3 & M Lascoux1 
1Dept of Ecology and Genetics, Evolutionary Biology Centre, Uppsala University, Sweden 
2 Plant Genetics Institute, Division of Florence, National Research Council, Sesto Fiorentino, Italy 
3Institute of Plant and Animal Ecology, Ural Branch of Russian Academy of Science, Ekaterinburg, Russia 
*ytsuda.gt@gmail.com 

Understanding how species and ecosystems respond to climate change has become a crucial focus in 
ecology, biodiversity conservation and management. This is especially pertinent for forest ecosystems, as 
forests are repositories of the vast majority of the world’s terrestrial biodiversity and make up around 90% 
of the Earth’s biomass. As trees are key parts of the ecosystem and also have a high economic value, it is 
important to evaluate the details of the past demographic history of species and their distributional shifts 
for future ecosystem management. In this study, we focused on birch (Betula) species, which are common 
in cool temperate - boreal forests in the Northern hemisphere, and evaluated the genetic structure of 
multiple species distributed across the Eurasian continent. Individuals were extensively sampled from 
Iceland to Japan and genotyped with nuclear microsatellites. We mainly examined two widely distributed 
white birches, Betula pendula (found from Europe to northern Asia) and B. platyphylla (growing from 
northern Asia to Japan). B. nana, a dwarf species (in northern Europe and Russia), B. pubescens (in 
Europe), and B. maximowicziana (in Japan) were also examined. All of them are diploid species except B. 
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pubescens (tetraploid). Previous studies based on maternal inherited chloroplast (cp) DNA markers found 
extensive haplotype sharing among birch species and was the result of hybridization and introgression, 
making species identification difficult with cpDNA. Surprisingly, bi-parental inherited nuclear DNA 
showed clear genetic differentiation among species, with more limited evidence of hybridization than 
expected. This pattern could, in part, be explained by high levels of gene flow and high mutation rates 
within species, both of which facilitate species delimitation even when gene flow is common among 
species (Petit and Excoffier 2009). Genetic substructure was detected in each species when the dataset 
was evaluated hierarchically. In addition, central-eastern Eurasia around Lake Baikal was found to be a 
hybrid zone of B. pendula and B. platyphylla. These results will be discussed together with demographic 
inferences and future distribution shifts under global climate change. 
 
 
 
The triangular grid pattern of entry arrangement mitigates soil heterogeneity in lentil and other crops 

C Tzantarmas*, A Kargiotidou, K Pechlivanidou, C Foti & IS Tokatlidis 
Dept of Agricultural Development, Democritus University of Thrace, Orestiada, Greece  
*tzantarmask@gmail.com 

Breeding effectiveness for quantitative traits of agronomic interest is subject to errors due to the 
environmental heterogeneity, responsible for low heritability. The genotype-to-phenotype gap challenges 
the necessity of alternative experimental designs that make the best use of the resources to bridge it. In 
order to overcome these problems the honeycomb breeding has been invented based on selection among 
widely spaced individual plants to exclude interplant competition and on innovative experimental designs 
that allocate entries systematically and evenly across the whole experimental area. The objective of this 
study was to investigate whether this kind of field experimentation tackles the soil heterogeneity. The 
material used consisted of two lentil landraces, a bread wheat variety, a cotton variety, and a maize inbred 
line, each tested at a particular NR-0 honeycomb experiment (i.e., about 1000 fairly homogeneous plants 
established according the triangular grid pattern across an area of 900 m2). Worthy of note is that the 
lentil populations were severely suffered from virus infection, implying an additional contributor to the 
environmental heterogeneity. Seedcotton yield for cotton and grain yield for the rest species were 
recorded for individual plants. Data of each experiment were analysed assuming that they originated from 
either an R-7 or R-13 replicated honeycomb arrangement including 7 and 13 simulated entries, 
respectively (i.e., an R-7 of 1000 plants includes 7 entries each represented by about 140 plants positioned 
on the corners of the triangular grid pattern that covers the whole area). Thus, it was hypothesized that 
the entire heterogeneity would have been tackled whether comparison of the simulated entries would not 
reveal significant differences (t-test for independent means and standard deviations). In all case crops, the 
latticed 7 plots (R-7) estimated similar mean performance, whereas the same applied for the R-13 for 
both lentil populations and the wheat cultivar. Only one out of the 13 means significantly differentiated 
in case of the R-13 simulation for cotton and maize. The conclusion was that the triangular plant 
arrangement perfectly samples soil heterogeneity optimizing thus heritability. It seems as a unique 
experimentation procedure to reliably compare different progeny lines and recognize the individual plant 
representing a superior genotype within a well performing progeny line. 

This research has been co-financed by the European Union (European Social Fund – ESF) and Greek national funds through 
the Operational Program "Education and Lifelong Learning" of the National Strategic Reference Framework (NSRF) - Research 
Funding Program: THALES. Investing in knowledge society through the European Social Fund. 
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Molecular and genetic analysis of plant root exudates response to phosphorus starvation  

Y Wang1, 2, S Haugslien1, M Almvik1, N Clarke3, AF Øgaard1 & JL Clarke1 
1Bioforsk-Norwegian Institute for Agricultural and Environmental Research, Ås, Norway 

2IPM, Norwegian University of Life Sciences, Ås, Norway 
3Norwegian Forest and Landscape Institute, Ås, Norway 
*Yanliang.Wang@bioforsk.no 

Phosphorus (P) is an essential macronutrient for plant growth and development. The world population is 
expected to reach an estimated 9.2 billion by 2050, which means food production globally has to increase 
by 70% in order to feed the world. P starvation could be one of the major limitations to crop productivity 
globally. Higher plants developed various responses to P starvation, including gene expression, 
morphological responses such as the root architectures, physiological modification like root exudates and 
pH changes, as well as metabolic responses. Root exudates play an important role on releasing soil P since 
organic acids, a group of low molecular weight compounds, can mobilize P from mineral surfaces and 
from Al-, Fe- and Ca-phosphates by chelating the metals and increase P availability to plants. Hence, the 
root secretion of organic acids is considered as an important mechanism in alleviating P starvation. 
Meanwhile, the secretion of organic acids induced by P deficiency from roots of many plant species were 
reported previously, for example, citrate from cowpea roots, citrate and malate from white lupin roots etc. 
However, plant species, even cultivars of the same species secret different organic acids to P starvation, 
indicating possible genetic diversity and adaptation. In addition, the molecular and genetic regulation 
mechanisms of root exudates are largely unknown to date. Here, we report our study on the effects of P 
supply on plant growth and organic acids secretion from the roots of Brassica(HARIE), Wheat(AINO) 
and Barley(HEDER), which are important crops in Norway, by using hydroponic culture. Our 
preliminary results showed that P starvation could cause phenotypical alterations like biomass reduction 
and anthocyanin accumulation. Induction of malic acid and citric acid secretion at various degrees among 
crops and within cultivars were also found. Moreover, P starvation seems to have affected Boron 
acquisition. Those results are of importance for understanding genetic diversity and adaptation of crops 
to P deficiency, and effective utilization of P in the future agriculture. We have carried out studies on 
physiology and molecular analyses. The results are in progress. 
 
 
 
Distribution of neutral nuclear genetic diversity of European beech in two managed stands and a 
secondary virgin forest reserve: a case study  

M Westergren*, G Božič & H Kraigher 
Slovenian Forestry Institute, Dept of Forest Physiology and Genetics, Ljubljana, Slovenia 
*marjana.westergren@gozdis.si 

The territory of present-day Slovenia was one of the main source areas for the post-glacial distribution of 
beech (Fagus sylvatica L.) and supposedly the most important glacial refugia for its re-colonisation in 
Europe. In the present study three autochthonous beech populations: Kamenski vrh, Osankarica and 
Rajhenavski Rog were examined for patterns of neutral nuclear genetic diversity. The first two 
populations are managed according to irregular group progressive shelter wood management with a 
restricted small-scale regeneration centres, and in the third one human management was banned about 
two centuries ago. In populations Osankarica and Rajhenavski Rog, 35 adult trees and 35 saplings, whose 
height was between one and three meters, were sampled, while in population Kamenski vrh only 35 adult 
trees were sampled, together 175 trees clustered into five samples. 
Trees were analysed on 16 SSR loci. Preliminary results using SpaGeDi and Genepop showed that 
departures from Hardy-Weinberg equilibrium as well as association between genotypes at pairs of loci 
could not be confirmed (with exception for one locus in one population and two loci pairs also in one 
population). While allelic patterns did not differ substantially among samples, Fst and genotypic 
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differentiation estimates were significant (Fst=0.012; P=0.000 and P=0.000 respectively). Pairwise Fst 
values and genotypic differentiation were significant for all sample pairs except for sample pair saplings 
and adult trees in the virgin forest reserve. Differentiation measured as Fst between saplings and adult 
trees in population Osankarica was by tenfold lower (Fst=0.006; P=0.029) than differentiation between 
samples from different locations (0.011<Fst>0.022). 
Further analysis focusing on spatial and temporal distribution of diversity is ongoing. Changes in genetic 
structure may give the evidence for disturbances in the transition from one generation to the next one in 
close to nature forest management regimes in beech forests. 
 
 
 
Comparative QTL analysis of early short-time drought tolerance in Polish fodder and malting spring 
barleys 

M Wójcik-Jagła*1, M Rapacz1, M Tyrka2, J Kościelniak1, K Crissy1 & K Żmuda1 
1Dept of Plant Physiology, University of Agriculture in Kraków, Kraków, Poland 
2Rzeszów University of Technology, Dept of Biochemistry and Biotechnology, Poland 
*magdalena.p.wojcik@gmail.com 

Mapping populations of Polish fodder and malting spring barleys were used for QTL analysis of the traits 
describing short-time drought response at the seedlings stage. High throughput genotyping (DArT 
markers) and phenotyping techniques, including measurements of drought-induced changes in gas 
exchange, chlorophyll a fluorescence, water relations and membrane integrity were performed. The 
results showed a high genetic diversity of studied populations enabling the creation of high density 
linkage maps, as well as a high diversity in the physiological response of studied breeding materials. The 
analysis revealed 18 QTLs for 9 physiological traits on all of the chromosomes except for 1H in malt-type 
barley. In the fodder-barley population 15 QTLs for 5 physiological traits were found on chromosomes: 
2H, 4H, 5H and 6H. Chromosomes 4H and 5H contained the regions explaining most of the observed 
phenotypic variation in the parameters analyzed in both populations. There was one major QTL for net 
photosynthetic rate in the malting barley mapping population located on chromosome 5H. Also two 
major QTL, which seem to correspond to two main genes were found for PI. One major QTL for qp was 
located on chromosome 4H in the fodder barley population. Three QTL regions were common for both 
mapping populations but explained drought-induced changes in different traits which are in accordance 
with the previous studies in which different traits were shown as being responsible for the drought 
tolerance variation within fodder and malting barleys. It seems that the best approach for QTL analysis, 
effective for further evolution of marker systems, is to create mapping populations for local-adapted gene 
pools, even separate for different breeding directions (e.g. malting and fodder barleys) and to phenotype 
the well-recognized physiological characteristics responsible for the variation in tolerance among the 
studied group of genotypes and under local conditions.  
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Using genome interactions in Festulolium to mitigate climatic change on forage production across 
Europe 

L Østrem*1, J Baert2, S Barth3, V Cernoch4, M Ghesquière5, D Grogan6, MW Humphreys7, D Sokolović8, E 
Paszkowski9  & Z Zwierzykowski10 
1Bioforsk, Fureneset, Hellevik i Fjaler, Norway 
2ILVO, Melle, Belgium 
3Teagasc, Oak Park Crops Research Centre, Carlow, Ireland 
4DLF – TRIFOLIUM, Hladke Zivotice, Czech Republic 
5INRA/URP3F, Le Chêne, Lusignan, France 
6Crop Evaluation and Certification, Dept of Agriculture, Food and the Marine, Backweston Farm, Leixlip, 
Co. Kildare, Ireland 
7IBERS, Aberystwyth University, Gogerddan Campus, Aberystwyth, Ceredigion, Wales, UK 
8Institute for forage crops Kruševac, Kruševac, Serbia 
9DANKO Plant Breeding Ltd, Branch in Szelejewo, Szelejewo Drugie, Piaski, Poland 
10Institute of Plant Genetics, Polish Academy of Sciences, Poznan, Poland 
*liv.ostrem@bioforsk.no 

As perennials, forage crops are more closely exposed to climate change than many other crops. Whilst a 
global elevation of temperature may appear favourable to higher productivity, higher temperatures are 
generally associated with more frequent and/or intense water deficits in summer. In addition, the 
expectations of IPCC (Intergovernmental Panel on Climate Change) stress that climate change will 
include more incidents of extreme and fluctuating weather events including episodes of heavy rainfall 
especially in Autumn and lower temperatures in Winter. 
In this context, forage grass breeders and geneticists have long been developing an inter(-generic)–specific 
hybridization approach to attribute genomic plasticity to varieties capable of providing adaptations to 
contrasting climate conditions sufficient to ensure consistent and sustainable forage production at 
different locations. 
Festulolium include all natural and artificial hybrids between the two genera of perennial grasses, Festuca 
(fescue) and Lolium (ryegrass). As synthetics, current Festulolium varieties involve one of the two ryegrass 
species (L. perenne, L; multiflorum) with any one of the three interrelated fescue species (F. arundinacea, 
F. pratensis and F. glaucescens); they may also exist under a range of quite diverse genome constitution 
including allotetraploid combinations and introgression-lines. 
A 21-entries trial of Festulolium and controls of pure species has been underway since 2012 in eight 
European countries, from oceanic and continental climate longitudinally as well as from cold 
Mediterranean to Nordic climate latitudinally. Forage productivity is currently assessed by a 3-5 cuts a 
year management depending on local seasonal growth. Feeding value at reproductive growth in spring is 
estimated through NIRS predictions of Nitrogen, lignin and water soluble carbohydrate content in dry 
matter. Disease susceptibility, persistency and recovery of the plots are also scored at the crucial times of 
the year following strong climatic stresses. 
It is expected that the stress tolerance traits, which are widely distributed among parental species, and 
included at various degree in Festulolium, will be clarified in their respective roles on long term 
persistency and pasture productivity. Given the IPCC expectations for the near future and the constant 
advance in molecular tools and cytogenetics, outcomes of the field trials will help better define realistic 
ideotypes of grass varieties and will provide a guide to future plant breeding strategies. 
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