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DISTRIBUTION AND CONSERVATION STATUS OF BETA AND 

PATELLIFOLIA SPECIES IN THE MACARONESIAN REGION 
A. SANTOS GUERRA 

 
 

Jardín de Aclimatación de La Orotava (ICIA), C/ Retama n. 2, 38400 Puerto de La Cruz, Tenerife,  
Spain, Tel: (34) 922 389464,  Fax: (34) 922 371596, Email: asantos@icia.es 
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According to the check-lists from Azores (2005), Madeira-Salvagens (2008), Canarias (2010) and 
Cabo Verde (2005) there are 4 species of Beta (B. macrocarpa, B. maritima, B. patula and B. vulgaris) 
and 3 of Patellifolia (P. patellaris, P. procumbens and P. webbiana) present at these territories. B. 
patula and Patellifolia webbiana must be considered as endemic especies for Madeira and Canarias, 
respectively. Still some research is necessary to know the exact representation at different 
archipelagos solving the problems of the complex P. webbiana and the polymorphic P. procumbens or 
expanding the area of some species. For example is rare that P. procumbens have not been reported 
for the island of Fogo at the Cabo Verde archipelago. 
Due to the halophilous or halo-nitrophilous character of most of these species its distribution is 
relegated to littoral or lowlands areas, and related to human activities. In a few cases some plants can 
be present at higher altitude (for example P. patellaris at the National Park of Caldera of Taburiente, 
island La Palma, Canarias). This is important to take in account how to preserve some of these 
populations and study its evolution especially at protected areas (National, Natural and Rural Parks, 
etc.) in relation to the impact of human presence. 
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SURVEY OF IN SITU RESOURCES OF BETA VULGARIS SSP. MARITIMA 

IN IRELAND 
D. GROGAN

 

 
 

Dept. of Agriculture, Food, and the Marine, Backweston Farm, Leixlip, Co. Kildare, Ireland, 
dermot.grogan@agriculture.gov.ie 

 
 
 
Key words: Beta vulgaris subsp. maritima, geographic distribution, Ireland, conservation 
 
The purpose of the survey was to establish the extent of changes since 1987 to native Beta vulgaris 
subsp. maritima populations represented in ex-situ genebank collections, and to establish contacts 
with relevant local authorities making them aware of the presence of populations of this Crop Wild 
Relative in Areas of Scientific Interest and Special Areas of Conservation under their control. 
 
Location names and coordinates were obtained from the International Database for Beta, giving 43 
unique sites from which seed was collected in 1987. The survey was carried out in two periods from 
2003 to 2007. Each site was surveyed for a 500-1000 m length of shoreline as appropriate. Plant 
populations were estimated, a GPS point reference was taken for 10 representative plants at each 
site, and digital photographs were taken to record the extent of, and threats to, these habitats. 
 
On the east, south and southwest coasts, the majority of in situ populations were at least as good as 
found in 1987, and are not under any immediate threat of destruction. However, on the west coast, 
north of Galway Bay, no plants were found at two locations, and there are now no recorded 
populations present from north of Galway Bay to Carlingford Lough on the north-east coast. Evidence 
of the negative impact of coastal erosion and human activity on habitat was evident at all sites. 
 
International evaluation of ex situ genebank accessions has indicated that useful resistance genes are 
present in Irish populations, and molecular investigation of selected accessions has confirmed that 
Irish material is genetically closer to NW European ecotypes than those from the Mediterranean area. 
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STRUCTURAL AND CONTENT DIVERSITY OF MITOCHONDRIAL 

GENOME IN GYNODIOECIOUS BEET: A COMPARATIVE GENOMIC 

ANALYSIS 
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Cytoplasmic male sterility (CMS) is a common feature in Angiosperms. This sexual polymorphism 
where hermaphrodites and females co-exist in populations is called gynodioecy. Gynodioecy is 
believed to be the output of the genomic conflict between the mitochondrion that produces male 
sterility factors and the nucleus that counteracts by restoring male fertility.  Wild beet, Beta vulgaris 
subsp maritima, is a gynodioecious species where different CMS systems have been described. We 
present the (nearly) whole sequences of 5 new mitochondrial (mt) genomes in the Beta genus: 4 from 
Beta vulgaris and 1 from Beta macrocarpa, a sister-species belonging to the same Beta section. We 
pooled our results with two previously sequenced genomes of Beta vulgaris and studied genome 
diversity at the species level, in sequence and structure, totalizing 7 mt genomes, with 3 CMSs and 3 
non-CMSs from Beta vulgaris. The phylogenetic analysis revealed that CMSs and non-CMSs formed 
separate clades. We therefore compared the two groups of mt genomes, CMSs versus non-CMSs, 
and found that the CMS lineage might have evolved rapidly in sequence and structure.  
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MOLECULAR ANALYSES OF BETA VULGARIS L. SSP. MARITIMA 

ACCESSIONS OF THE GREEK GENEBANK 
P. RALLI
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 & G. SKARACIS
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Wild beet is a proven valuable source of desirable traits for sugar beet breeding programs. A 
prerequisite to its efficient exploitation refers to the need for a detailed characterization of such 
available material. The objective of this study was to investigate the genetic diversity in certain wild 
beet accessions preserved at the Greek Genebank, by means of molecular markers. Thirty-four 
accessions of the sea beet (Beta vulgaris L. subsp. maritima Arcang) collected from different regions 
of Greece were included in the study. Random amplified polymorphic DNA (RAPD) markers were 
used and, following a preliminary evaluation of 60 random 10-mer primers, 21 such primers 
manifesting polymorphism (an average of 6.5 bands per primer) were further analyzed. Bulked DNA 
samples from five individual plants per accession were amplified with these primers. A total of 218 
bands were detected out of which 136 (62.3%), were polymorphic. Genetic similarity, based on 
Jaccard’s coefficient, was estimated between the different accessions. The association between the 
accessions was assessed by two multivariate analyses: UPGMA (Unweighted Pair Group Average) 
and PCOORDA (Principal Coordinate Analysis) and very similar grouping (three main 
groups/subgroups) was achieved by both the clustering and ordination approach. Such grouping was 
well correlated to the geographical distribution data of the accessions, thus allowing for a more 
effective planning on the use of these and other sea beet populations collected throughout Greece.  
 



ECPGR Working Group on Beta and WBN joint meeting 
Capelle‐en‐Pévèle, France, 20‐22 June, 2012 

Abstracts brochure 
 

 

EVALUATION OF GENETIC DIVERSITY AND ROOT TRAITS OF SEA 

BEET ACCESSIONS OF THE ADRIATIC SEA COAST 
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Key words: abiotic stresses, genetic resources, microsatellites, root apparatus 
 
Thirty nine sea beet [Beta vulgaris L. subsp. maritima (L.) Arcang.] accessions of the Adriatic coast 
were screened genetically and for their adaptive morpho-functional root traits in order to identify new 
sources of abiotic resistances for sugar beet breeding programs. Genetic diversity was evaluated with 
21 microsatellites markers that identified 44 polymorphic alleles. Sea beets grouped into two main 
clusters: the West and the East Adriatic coast groups, with the latter showing higher genetic diversity. 
Among sea beet accessions with desirable root traits, four accessions have proved to be interesting 
for sugar beet [Beta vulgaris (L.) subsp. vulgaris] breeding aimed to improve the tolerance to 
nutritional stresses. Lastovo (ID 29) and Zut (ID 34) accessions were characterized by the highest 
values of RER, TRL, FRL and RSA still maintaining a high value of RTD, while Grado (ID 21) an Portic 
(ID 23) accessions were characterized by the highest RTD, but with low values of RER, TRL, FRL and 
RSA parameters. 
 
 
Abbreviations 
RER Root elongation rate 
TRL Total root length 
FRL Fine root length 
RSA Root surface area 
RTD Root tips density 
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GENETIC STRUCTURE ANALYSIS FOR MOROCCAN WILD 

BEET GERMPLASM 
Y. EL BAHLOUL, F. GABOUN 

 
 

Institut National de la Recherche Agronomique, Centre Régional de la Recherche Agronomique de 
Rabat, Rabat, Maroc 

 
 
 

Key words: Beta macrocarpa, B. vulgaris subsp. maritima, Patellifolia, microsatellite markers, gene 
flow 
 
Beet wild genetic resources are widely spread along the Atlantic Ocean, Mediterranean region and a 
part of Asia. Very little is known about existing species and their genetic structure in Morocco. 
The objectives of this study are to identify main existing species and their genetic evaluation. 
Collection trips for Beta have been conducted since 2005, covering different climatic regions from 
Atlantic coast and inland areas. 19 populations from the collection were evaluated for genetic diversity. 
8 Beta maritima, 6 Beta macrocarpa and 5 Patellifolia populations were analyzed using 12 
polymorphic microsatellites markers. 
High genetic diversity was observed between and within populations of each studied group. Allelic 
richness was about (5.13) for B. macrocarpa, (5.07) for B. maritima and (1.6) for Patellifolia. Analysis 
of Functional Correspondence showed a low B. macrocarpa and B. vulgaris subsp. maritima 
populations genetic structure. At the opposite Patellifolia showed very highly structured populations. 
Gene flow was significant within B. macrocarpa despite the fact that it is a self pollinated plant. It 
occurs probably by seed transfer and transportation. Gene flow within and between B. vulgaris subsp. 
maritima is the result of both seed and pollen migration. Gene flow was very low within Patellifolia 
group as it is a highly autogamous species. 
The evaluated germplasm involves a high genetic diversity which gives. The Moroccan collection is of 
great interest for interspecific breeding programmes, diversity enhancement and for introgression of 
genes of interest into cultivated beet. 
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Biogeographical determinants of population structure in 
Beta nana 

C.M. RICHARDS
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2, B.C. HELLIER
3, L. PANELLA

4, L. FRESE
5 
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Beta nana is a rare alpine species endemic to Greece. It is a crop wild relative of cultivated beet (Beta 
vulgaris subsp. vulgaris) and is an important genetic resource for breeding cold tolerance and other 
traits. A plant exploration, conducted in 2005, found 26 occurrences of this wild beet on six mountain 
locations that span 3 phytogeographical zones in Greece; from Mount Olympos in the north to Mount 
Taygetos in the south. In addition to seed collections, leaf materials from ~30 individual plants were 
collected at each mountain location. These samples were used to estimate the patterns of genetic 
diversity and differentiation using codominant SSR loci. Specifically these genotypic data were used to 
estimate the hierarchical genetic structure across these discrete alpine habitats in Greece and to 
estimate ongoing and historic demographic and gene flow patterns linking these sites. Importantly 
these patterns of genetic differentiation were compared to environmental niche models for the species.  
Integration of spatial and genetic data was used to assess the impact of various climate models on 
this specialized species’ range and assist in identifying regions of critical conservation priority. 
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FINE MAPPING OF RHIZOMANIA RESISTANCE USING AN IN SITU 

POPULATION OF BETA VULGARIS SUBSP. MARITIMA 
F. J. KOPISCH-OBUCH, S.L.M. FRERICHMANN AND G. CAPISTRANO-GOßMANN

 

 
 

Plant Breeding Institute, Christian-Albrechts-Universität Kiel, Kiel, Germany, 
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Key words: B. vulgaris subsp. maritima, BNYVV, resistance genes, fine mapping 

 
Rhizomania is one of the most severe sugar beet (Beta vulgaris) diseases in Germany as well as 
worldwide leading to a loss in sugar yield of up to 80%. The causal agent of this disease is the beet 
necrotic yellow vein virus (BNYVV), which is transferred by the soil borne plasmodiophoromycete 
Polymyxa betae. Rhizomania is controlled by the use of resistant sugar beet varieties and resistance 
is conferred mainly by the two resistance genes Rz1 and Rz2. While the origin of Rz1 is still unknown, 
Rz2 has been derived from the B. vulgaris subsp. maritima accession WB42. This accession was 
collected from a wild beet population that still exists in situ nearby Kalundborg, DK. As this population 
is segregating for Rz2 and has undergone many generations of cross pollination and recombination, 
we assume low linkage disequilibrium (LD). Having resampled the wild population along the coastal 
line of Kalundborg, we have now a genetic resource that is highly suitable for high resolution mapping 
of Rz2. This project is aimed at  (i) fine mapping of Rz2 in B. vulgaris subsp. maritima,  (ii) map based 
cloning of Rz2, and (iii) sequence based search for new resistance sources to rhizomania. 
More than 200 test cross families were produced from 200 distinct wild beets and a rhizomania 
susceptible cms sugar beet line. These test cross families are being phenotyped for rhizomania 
resistance and various marker systems are employed for fine mapping of Rz2. First results will be 
presented. 
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EVALUATION OF RESISTANCE TO CERCOSPORA LEAF SPOT, 
RHIZOCTONIA ROOT ROT AND APHANOMYCES ROOT ROT IN 

JAPANESE ELITE BREEDING LINES 
K. TAGUCHI, K. OKAZAKI, H. TAKAHASHI
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Key words: Sugar beet, resistance breeding, Cercospora, Rhizoctonia, Aphanomyces 
 

The Japanese elite breeding lines were mainly derived from ancestral cultivars which could be 
originated from only about 10 kinds of Open Pollinated Varieties (OPVs) (Taguchi et al. 2006), our 
hybrid breeding scheme launched to make useful parental lines at least 50 years ago. It is very 
important tasks to conserve the genetic diversity of the germplasm in the future, we assessed for 
resistance to three major diseases: Cercospora leaf spot (CLS), Rhizoctonia root rot (RHR) and 
Aphanomyces root rot (APR) between 63 elite breeding inbred lines (ILs). 
Analysis of resistance data (assessed on an HARCH 0-5 scale of resistance scores) indicated that 
significant differences were observed between ILs. The variations of disease indices were admitted 
clearly, CLS were 3.3±0.4, RHR were 4.5±0.5 and APR were 1.7±1.0.  The broad sense of heritability 
was estimated highly above 90% in each evaluation. There were some strong resistant lines in ILs, the 
ratio of those were 9% for CLS, 3% RHR and 27% for APR. APR resistant lines were observed 
relatively high portion, but, CLS and RHR resistant lines were a few in ILs. In addition, some part of 
variations of resistances was explainable by the pedigree relationships between ILs and its ancestral 
OPVs. 
Some lines were observed higher resistance than the standard strong varieties, these highly resistant 
lines were expected be useful for the disease resistance breeding program. On the other hand, 8 lines 
showed medium resistance for three diseases, these lines can be supportive for it. 
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THE GENETIC CONTROL OF BOLTING IN BETA VULGARIS 
A. E. MÜLLER, S. VOGT, W. ZHANG, N. DALLY, G. SCHULZE-BUXLOH, M. LOMMEL, G. 

WEYENS, M. LEFÈBVRE, B. WAHL, A. SCHECHERT, C. JUNG
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Natural accessions of Beta vulgaris such as sea beets (Beta vulgaris L. subsp. maritima) comprise 
annual forms which bolt and flower within a single growing season without a requirement for 
vernalization as well as iteroparous perennials which require vernalization. The annual habit is 
controlled by the bolting locus B (Munerati (1931), Ztschr. Züchtung 17:84-89). The vernalization 
response of cultivated biennial forms such as the sugar beet (Beta vulgaris L. ssp. vulgaris) is 
mediated by BvFT1 (FLOWERING LOCUS T1), which acts as a floral repressor and is downregulated 
by vernalization. Flowering in annuals and vernalized biennials also depends on expression of the 
floral promoter gene BvFT2, which is induced under long-day conditions (Pin et al. (2010), Science 
330:1397-1400). We aim to understand the genetic network that governs life cycle and bolting control 
in beet, with applications for plant breeding including suppression of vernalization-responsiveness to 
enable winter cultivation. Using a large F2 population derived from a cross between an annual and a 
biennial beet and a map-based cloning approach we developed a set of molecular markers which co-
segregate with B and anchor a 0.9 Mb BAC contig to the genetic map of the B locus. Whole BAC 
sequencing identified BvBTC1 (BOLTING TIME CONTROL 1) as a strong candidate gene. A 
functional analysis of BvBTC1 demonstrated its pivotal role in life cycle control in beet as well as an 
unexpected role in biennials. A haplotype analysis in wild and cultivated beets further suggested that 
domestication of beet involved selection of a rare BvBTC1 allele. Besides the B locus, a genetic 
survey of biennial genotypes derived from EMS mutagenesis of an annual accession by linkage 
mapping in newly developed F2 populations identified two additional, previously unknown loci B2 and 
B4 which co-regulate annual bolting in wild beets (Büttner et al. (2010), Theor. Appl. Genet. 121:1117-
1131; Abou-Elwafa et al. (2011), Mol. Breeding DOI:10.1007/s11032-011-9671-x). In a complementary 
approach, additional components of the floral transition gene network in beet are being identified by 
genome-wide transcript profiling. An integrated model for the genetic control of bolting in beet will be 
presented. 
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DROUGHT PHYSIOLOGY OF SUGAR BEET COMPARED 

WITH ITS WILD RELATIVE BETA VULGARIS SUBSP. 
MARITIMA 

E. S. OBER, D. JOHNSTON
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Insufficient soil moisture limits sugar beet (Beta vulgaris subsp. vulgaris) yields in the UK and other 
water-limited areas. It was hypothesised that the wild maritime relative B. v. subsp. maritima, which 
often thrives in saline and dry habitats, may have desirable drought tolerance traits that could be 
introgressed into elite sugar beet germplasm. To test this hypothesis, the performance of commercial 
sugar beet hybrids were compared with maritima accessions under well-watered and water-limited 
conditions. Various physiological and morphological features relating to drought tolerance were 
studied in sugar beet and maritima types from England, Greece and Corsica in both field and 
glasshouse experiments. In the field experiments, maritima types maintained  greater turgor, net 
photosynthesis, stomatal conductance and transpiration rate than sugar beet, especially under water-
limited conditions.  However, maritima types had a lower total dry weight (TDW), water-use efficiency 
(WUE) and radiation use efficiency than sugar beet.  This suggests that the whole plant net 
photosynthesis and/or the conversion of fixed CO2 into dry matter was smaller in maritima types than 
in sugar beet.  The percentage decrease in TDW and relative growth rate (RGR) due to water-limited 
conditions was similar in both Beta types, suggesting that sugar beet had similar tolerance to stress as 
maritima. In the glasshouse experiment, similar leaf water potentials, net photosynthesis, stomatal 
conductance and transpiration rate were obtained in both Beta types.  As in the field experiment, 
maritima had a smaller TDW and WUE than sugar beet.  However, the percentage decrease in TDW 
and RGR due to water-limited conditions was smaller in maritima than in sugar beet. This may have 
been due to the faster onset of water deficit in the glasshouse compared to the field experiments. It 
was concluded that the maritima accessions studied were not more drought tolerant than sugar beet. 
Further work has shown that sufficient diversity for drought tolerance exists within elite sugar beet 
germplasm to enable breeding progress.  However, the maritima accessions did show greater osmotic 
adjustment than the hybrids, which deserves further investigation. 
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HOME GARDEN BEETS IN TURKEY 
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Key words: Beta vulgaris subsp. vulgaris, domestication, agro-ecosystems, home gardens, 
ethnobotany 
 

Gardens have been made in Turkey since ancient times. Traditional Turkish houses always had a 
garden, no matter what the size of the house was itself. These gardens are not only important sources 
of food, fodder, fuel, medicines, spices, ornamentals, construction materials and income. Those home 
gardens provide microenvironments for the conservation of a wide range of different vegetable and 
even fodder beets, since Turkey is being one of the centers of origin and domestication for beet, have 
important diversity of wild and cultivated beets which have been cultivated for centuries. For this 
reasons the beets in home gardens have been investigated.  
Since the home garden considered as a niche within an agroecosystem selection of the study sites 
has been selected in the agroecological zone that contain significant biological diversity. Common 
sampling procedures applied to assess how much species diversity maintain at home gardens in the 
study sides, then study side were surveyed for in-depth study. Local knowledge associated with this 
diversity, the ethnobotanical diversity based on local taxonomy of growers, socioeconomic status and 
local seed management systems have also recorded. The recorded beet species and forms of local 
beets cultivars have also been characterized by using agromorphological traits.  
Very diverse form of leaf beets, root beets and even fodder beets were grown in the home gardens 
and some times associated with wild maritime beets and wild Corollinae species.  Growers, especially 
women play a key role in managing this diversity in agroecosystems. Such maintenance of diversity is 
very valuable complement to ex-situ and in situ conservation. It is not uncommon to find more than 50 
plant species in a single garden. The obtained data on beets as well as species diversity associated 
with beets in home gardens and the ethnobotanical diversity will be discussed in this presentation. 
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CONSERVATION OF INTRASPECIFIC DIVERSITY IN 
GENETIC RESERVES FOR WILD BEETS 
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The status of wild species belonging to the genepool of cultivated beets has been assessed by Bilz et 
al. (2011) using the IUCN Red List Criteria (IUCN, 2001; cited in Bilz et al., 2011). The results indicate 
that 50% of these wild species, i.e. B. patula (critically endangered=CR), B. macrocarpa (endangered), 
B. adanensis (=B. vulgaris subsp. adanensis, valid name) (vulnerable=VU), B. nana (VU), and 
Patellifolia webbiana (CR) are threatened by extinction to varying degrees. There is therefore an 
urgent need to conserve the intraspecific diversity of these species in their natural habit (in situ) with 
the objective of increasing their conservation status to the level of least concerned (LC). The genetic 
reserve conservation technique was suggested by Maxted et al. (1997) as a way of preserving 
intraspecific diversity. With the aim of identifying priority genetic reserve sites the crop genepool 
strategy and was developed and tested by Kell et al. (2012) in the context of the AEGRO project 
(http://aegro.jki.bund.de/aegro/). A case study for the genepool of cultivated beets was implemented to 
provide a basis for decisions to be taken (Frese et al., AEGRO working document). On this basis 26 
locations in the EU-27 were proposed suited for the establishment of genetic reserves for Beta and 
Patellifolia species. The Genetic Reserve Information System (GenResIS) developed by the University 
of Madrid provides detailed information on the locations of the recommended sites and their 
ecogeographic variables. In close cooperation with the national and local nature conservation 
agencies action plans aiming at the integration of genetic reserves management plans into the 
management plans of Natura 2000 protected sites, such as prepared for B. patula (Pinheiro de 
Carvalho and Frese, AEGRO working document), now need to be developed. 
The 26 sites have been selected on the grounds of geographic, climatic and genetic data and 
proposed to the best knowledge. They form the first components of species specific networks of plant 
occurrences presumed to represent a significant part of the intraspecific diversity of threatened wild 
beet species. The network can be expanded to ensure the existence of a wide genetic basis which is 
essential for the adaptive evolution and persistence of the species which are important genetic 
resources for plant breeding. More investigations into the ecogeographic patterns of intraspecific 
diversity are required to better inform the decisions taken in favour of or against specific sites and 
plant occurrences. 
 
Bilz, M., Kell, S., Maxted, N. and R. V. Lansdown, 2011: European Red List of Vascular Plants. Luxembourg, Publications Office 
of the European Union. 
Frese, L., Pinheiro de Carvalho, M. Â. A. and C. Duarte, 2011: Crop case study Beta L. (including Patellifolia A. J. Scott et al.). 
Annex 07 of the final report of the AEGRO project (http://aegro.jki.bund.de/aegro/index.php?id=174 (accessed on 4 May, 2012). 
GenResIS, 2012: Genetic Reserve Information System, http://www.agrobiodiversidad.org/aegro/ (accessed on 4 May, 2012). 
Kell, S. P., Maxted, N., Frese, L. and J. M. Iriondo, 2012: In situ conservation of crop wild relatives in Europe: a strategy for 
identifying priority genetic reserve sites. In: Agrobiodiversity Conservation: Securing the diversity of Crop Wild Relatives and 
Landraces. Eds.: Maxted, N., Dulloo, M. E., Ford-Lloyd, B. V., Frese, L., Iriondo, J. M. and M. Â. A. Pinheiro de Carvalho, 
Wallingford, UK, CABI Publishing, S. 7–19. 
Maxted, N., Hawkes, J. G., Ford-Lloyd, B. V. and J. T Williams (Hrsg.), 1997: A practical model for in situ genetic conservation. 
In: Plant Genetic Conservation: The In Situ Approach. Eds.: Maxted, N., Ford-Lloyd, B. V. and J. G. Hawkes, Chapman and 
Hall, London, S. 339–367. 
Pinheiro de Carvalho M. Â. A. and L. Frese, 2011: Beta patula Aiton genetic reserve action plan. Annex 10 of the final report of 
the AEGRO project, http://aegro.jki.bund.de/aegro/index.php?id=174 (accessed on 4 May, 2012).
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Within two EU funded projects, which involved Beta (AEGRO) and Avena (AVEQ), web components 
have been developed, which could finally enable online interactive management of PGR-information, 
like collecting and evaluation sites, evaluation and characterization descriptors and the management 
of geographically distributed characterization and evaluation projects. 
AEGRO had focused on the distribution of populations of crop wild relatives and landraces. Relevant 
data for Beta, Avena, Brassica and Prunus have been collected from GBIF, GRIN, EURISCO and the 
CCDBs into crop specific repositories, called Population Level Information Systems (PLIS), 
harmonized and remodeled. The modeling integrates with the CCDBs and thus also integrates in situ 
and ex situ data on plant genetic resources. Web applications have been developed to search the 
occurrence data by taxonomy and geography (NUTS administrative units and protected areas). Result 
sets can be downloaded and geographically mapped within Google maps. Links are available to 
NATURA 2000 site descriptions. A maps enabled facility for correcting geo-references according to 
the original locality descriptions will be shown. 
In AVEQ genetic resources have been evaluated mainly for quality traits, Fusarium infection and 
mycotoxins contamination. Field experiments have been set up geographically distributed over 
Europe. A web application has been developed to manage these field experiments. It covers following 
use cases: Edit descriptors and observation methodologies – a way to online manage descriptor lists; 
plan and randomize field experiments; download observation templates for taking notes in the field 
and Excel files for data input or use in mobile devices; upload of Excel files, in one workflow with edit 
of experiment details (including evaluation site) and observation methodology; manage pathogen 
strains. The developed components could be used also for other crops including Beta genetic 
resources. 
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In semi-arid regions, particularly during the last decade, selection on salt stress tolerance emerged as 
one of the most important objectives of sugar beet breeding programs. Although sugar beet is a 
moderate salt-tolerant glycophyte, the development of varieties with high yield and quality that can be 
grown on saline land is deemed appropriate. Genetic variation for salt tolerance is an essential 
prerequisite for the development of more stress tolerant varieties. In this study we are looking for 
genetic molecular markers that may be suited for marker assisted selection for salt tolerance. Our first 
objective was to assess the capability of SSR and EST-SSR molecular marker to (1) identify genetic 
variation among and within genotypes and (2) to find correlations between molecular genetic marker 
variation and variation for salt tolerance. In total 12 entries were analysed using 20 SSR marker. The 
microsatelite markers produced highly polymorphic bands and were able to unequivocally fingerprint 
each of the entry. The Principal Component Analysis divided the entries into three separate groups.  
Entry 2 and 8 (characterized as salt tolerant) and entry 1, 5 and 7 (characterized as salt stress 
susceptible) were grouped into different clusters.  
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Beta vulgaris subsp. maritima (BVM) was first observed on the west coast of Sweden in 1905  and has 
since been  spreading around  the Baltic Sea   (Simmons, 1930). A better understanding of the 
processes shaping genetic diversity is required in order to give clear reasons for the establishment of 
a genetic reserve (GR) for BVM. Frese et al. (2011) recommended a GR site close to Kalundborg for 
the conservation of BNYVV resistance genes (see review of Biancardi et al., 2012) in situ. 
Usually the genetic differentiation within a species is calculated by comparing the frequencies of 
alleles in the whole gene pool (“the population”) versus allele frequencies within its subpopulations. 
Therefore, other levels of differentiation are ignored in such studies, namely single- (SLD) or multi-
locus diplophase (MLD) gene associations. Subpopulations which seem not to be different at the gene 
pool level may be so at the next higher level of integration, as was shown for oak. This phenomenon 
may be overlooked if studies of population differentiation are based on the frequencies of alleles in 
gene pools only. The genetic distance measure Δ was used to investigate differentiation at higher 
levels of genetic integration (Gillet and Gregorius, 2008) in BVM. 
In our study, 353 single plant leaf probes sampled at seven sites were analysed with 25 microsatellite 
markers. Enders (2010) used this SSR data set to determine Nei’s genetic distance between pairs of 
subpopulations (Nei, 1978). The software DifferInt (Gillet, 2012) was used to re-analyse the same data 
set and to calculate Δ. It was shown that the observed mean single-locus phenotypic differences 
between subpopulations are highly significantly large. The distribution of individual single-locus 
phenotypes between subpopulations is non-random. Subpopulations found at Sjaelland/Kalundborg 
(SK) and Lolland/Vesternaes (LV) are more distinguished from the totality than the remaining five. This 
finding agrees with the previous results (Enders, 2010) and disagrees with the findings of Andersen et 
al. (2005), who concluded from an AMOVA and STRUCTURE analysis that BVM populations from 
Denmark can be considered as one group with no obvious inside structure. Further investigations are 
required to gain more insight into the processes shaping genetic diversity of BVM in this area and to 
learn whether Kalundborg is indeed the bestsuited site to conserve the BNYVV resistance genes in 
situ.  
 
Andersen, N. S., Siegismund, H. R., Meyer, V. and R. B. Jørgensen, 2005: Low level of gene flow from cultivated beets (Beta 
vulgaris L. ssp. vulgaris) into Danish populations of sea beet (Beta vulgaris L. ssp. maritima (L.) Arcangeli). Molecular Ecology 
14, 1391–1405. 
Biancardi, E., Panella, L. W. und R. T. Lewellen, 2012: Beta maritima. The origin of beets. Springer. 
Enders, M., 2010: Entwicklung und Anwendung molekularer und informatorischer Werkzeuge zum genetischen Monitoring bei 
Wildrüben. Diplomarbeit im Fach Bioinformatik.  
Frese, L., Pinheiro de Carvalho, M. Â. A. und C. Duarte, 2011: Crop case study Beta L. (including Patellifolia A. J. Scott et al.). 
(http://aegro.jki.bund.de/aegro/index.php?id=174 (accessed on  4 May, 2012). 

Gillet, E. M., 2012: DifferInt 2.0 (http://www.uni-goettingen.de/de/124283.html, accessed on 29 May, 2012).  
Gillet, E. M., H. - R. Gregorius, 2008: Measuring differentiation among populations at different levels of genetic integration.  
BMC Genetics 9:60 DOI:10.1186/1471-2156-9-60. 
Nei, M., 1978: Estimation of average heterozygosity and genetic distances from a small number of individuals. Genetics 89, 
583-590. 
Simmons, H., 1930: Till kännedomen om invandringen av Beta maritima L. vid Sveriges västkust. Svensk Bot. Tidskr. 24, 536-
559. 
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There are four types of cultivated beets (Beta vulgaris): sugar, fodder, garden, and leaf beet. Because 
they are sexually compatible with each other, cultivated beets are invaluable genetic resources for 
sugar beet breeding. A full understanding of the genetic diversity of cultivated beets is essential to 
explore useful genes for breeding programs. Both the mitochondrial and plastid genomes are 
maternally inherited in most plants but the genetic diversity of the former is rarely investigated 
because very few target loci are known that lend themselves to polymorphism analysis. We previously 
found that the mitochondrial genome of sugar beet contained four minisatellite loci consisting of 
tandem-arrayed units of 30-66 base pairs (TR1 to TR4; Nishizawa et al., Current Genetics, 2000). The 
number of sequence units we detected in these loci varied, for example, from two to thirteen in TR1. 
There were more than 20 mitotypes based on the combinations of reiterations in TR1 to TR4 in our B. 
vulgaris collections (Nishizawa et al., Genetics, 2007; Cheng et al., Genetic Resources and Crop 
Evolution, 2011). Mitotypes in leaf beet accessions exhibited the highest diversity, whereas those in 
sugar beet accessions were the least diversified. Mitotype diversity in fodder and garden beets was 
intermediate and mitotypes in both were similar but not identical. Interestingly, a mitotype named 
min04 was tightly associated with Owen-type male sterility-inducing cytoplasm, which is widely used 
for hybrid seed production in sugar beets (Cheng et al., Euphytica, 2009). We found min04 in fodder 
beet accessions (Yoshida et al., Biologia Plantarum, 2012). As sugar beet originated from fodder 
beets selected by Achard and colleagues in the 18th century, it seems probable that min04 fodder 
beets were included in the original population with which Achard worked. 
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Over a two-year cycle a selected number of cultivated beet accessions from the gene bank collection 
of the National Centre for Plant Genetic Resources in Radzików in Poland was characterised in regard 
to morphological and economic traits. Investigated genotypes were obtained from internationals 
expeditions (local population) and national breeding station.  
The field experiments were conducted in the years 2004-2011 as a randomized split-block design with 
two or four replication with standard check cultivars. Traits such as weight of leaves, weight, size, 
shape and skin colour of root, crown height, root and dry matter yield and chemical composition of 
roots (sugar content, potassium, sodium and ammonium nitrogen) were analysed in this study. 
The results confirm a great variability of morphological and economic traits both between and within 
population especially in fodder beet accessions. Most of them were the hybrids among fodder, sugar 
and garden beets. 
The characterisation and evaluation of cultivated beet accession enriched the existing database and 
usefulness collected materials for beet breeding and other biological research. 
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Detection of BNYVV (Beet necrotic yellow vein virus) constitutes the base for phenotypic evaluation of 
rhizomania resistance, which is routinely performed during ELISA screening tests. The purpose of this 
experiment was to verify and compare the utility of molecular methods (real-time PCR, RT-PCR) for 
such testing procedures, as well as to develop a relative quantification approach. 
Particular accessions of B. vulgaris ssp. maritima and Beta vulgaris ssp. vulgaris were selected from 
gene banks (Genebank Gatersleben - IPK, Germany; National Plant Germplasm System, USA), based 
on their predetermined phenotype of resistance/susceptibility. After a 8-week infestation period, RNA 
was isolated from roots using a commercially available kit (EURx). In order to produce cDNA template 
for further experiments, a reverse transcription was carried out with an universe oligo dT primer and 
MaximaTM reverse transcriptase (Fermentas). Amplification conditions, concentrations of components 
as well as sequences of primers were previously described in the literature and optimized for the best 
results in each of the procedures. Real-time PCR was performed on LightCycler 480 in the SYBR 
Green format using LightCycler 480 SYBR Green I Master (Roche Diagnostics Poland), according to 
the manufacturer's instructions. RT-PCR was performed on Mastercycler ep (Eppendorf) using 
chemicals form Fermentas. 
In RT-PCR products of 118 and 500 bp were obtained for the plant reference gene (glutamine 
synthetase) and the virus sequence (a fragment of the read-through region of the coat protein gene of 
BNYVV), respectively, that allowed us to visually compare the difference between the quantity of the 
pathogen and the plant mRNA in analyzed materials, after electrophoresis. The exact relative 
measurements resulted from the real-time PCR experiment, in which Tm calling analysis was done to 
unequivocally identify each product. Striking quantitative differences were observed between 
accessions previously classified as tolerant versus susceptible accessions for 7 out of 8 analyzed 
samples. 
Molecular techniques employed in this study were proved to be useful and reliable as tools for the 
evaluation of rhizomania resistance, therefore they may as well be employed to support and improve 
evaluation, screening and selection procedures. The relative approach introduced by us served here a 
purpose of wild beets testing and confirmed their diversity in the context of rhizomania resistance, but 
it is also to be extended to breeding materials of sugar beet. 
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Wild relatives of sugar beet constitute an important source of crop enhancement programmes. Their 
use is dependent on their previous sampling, maintenance and evaluation. Apart from chromosome 
number and ploidy level, also DNA content constitutes a feature indicative of the species. The aim of 
this research was the estimation of the genome size using flow cytometry as well as microscopic 
chromosome counting of selected wild species from the genus Beta. The plant material belongs to the 
collection of the Plant Breeding and Acclimatization Institute - National Research Institute and includes 
the following species: B. maritima, B. corolliflora, B. macrorhiza, B. patellaris and B. procumbens.  
The nuclear DNA content was determined in leaves derived from plants growing on the field. 
Lycopersicon esculentum cv. ‘Stupicke’ (2C=1.96 pg; Doležel et al. 1992) was used as an internal 
standard. Plant material for flow cytometric analysis was prepared according to the protocol described 
by Galbraith et al. (1983) with some modification. Nuclei suspension was analyzed directly after 
isolation using CyFlow SL Green (Partec GmbH, Münster, Germany) flow cytometer equipped with a 
laser with green light emission at 532 nm. For each sample, measurements of fluorescence intensities 
were performed in at least 5000-7000 nuclei. Analyses were performed on five replicates for each 
species. Histograms were analyzed using the FloMax (Partec GmbH) software. Nuclear DNA content 
was calculated using the linear relationship between the ratio of the 2C peak positions of the target 
species to L. esculentum, on the histogram of fluorescence intensities. A standard aceto-orcein 
technique was employed for visualization of chromosomes and confirmation of their ploidy level (Sun 
and Robinson 1966), with slight modifications. Counts were taken from root tips, for at least five well-
spread cells in at least two different roots. Microscopic observations were performed under Jenamed 2 
light microscope (Carl Zeiss), using Lucia software (Nikon). 
The nuclear DNA content of the five studied species ranged from 1.5±0.03 pg/2C (B. procumbens) to 
3.9±0.02 pg/2C (B. corolliflora). For B. maritima the genome size was very close to B. procumbens 
and reached 1.54±0.03 pg/2C. The 2C DNA values for B. patellaris and B. macrorhiza were similar to 
each other and amounted to 2.92±0.02 pg and 2.97±0.03 pg, respectively. The histograms obtained 
for the studied species showed distinct G0/G1 peaks with the CV’s ranging from 3.1% (B. corolliflora) to 
4.2% (B. maritima). These values were also in agreement with the chromosome numbers calculated 
for the studied accessions.  
According to the genome size classification of Soltis et al. (2003), the studied species can be 
classified to the group of plants with very small and small genomes. To our best knowledge, this is the 
first report of the nuclear DNA content for four of the five analyzed species. Only the genome size of 
B. maritima was previously reported by Bennett (1972) and was different from that obtained here (2.55 
pg/2C; established using Feulgen microspectrophotometry) and displayed at the Kew Plant DNA C-
value Database. Thus, the results of this study may broaden and supplement data available in 
databases, including the Kew Plant DNA C-values Database, which at present contains only C-value 
for one out of five species analyzed by us, i.e. B. maritima. 
This work was supported by the funds obtained from the State budget for the Plant Breeding and 
Acclimatization Institute - NRI, project No. 1-4-01-4-02. 



ECPGR Working Group on Beta and WBN joint meeting 
Capelle‐en‐Pévèle, France, 20‐22 June, 2012 

Abstracts brochure 
 

 

THE FEATURES OF EX SITU AND IN SITU CONSERVATION 

OF BETA IN ARMENIA 
A. MELIKYAN 

 
 

State Agrarinan University of Armenia 
Yerevan, Armenia 

 
 
 

Key words: wild beet, decrease, population, conservation 
 
There are three wild beet species (Beta macrorrhiza Stev., Beta lomatogona F.et M., B. corolliflora Zoss) 
besides the cultivated one (B. vulgaris L. – Common Beet) growing in Armenia. Currently, the in situ 
conservation in their growing areas and ex situ in the appropriate research centers is carried out. The 
population have been recorded and described, mainly located near the urban areas. During the field trips, 
the populations’ size and their changes have been determined and recorded every year. The last 20 
years of research works have shown that these populations are considerably decreasing. This is why 
most of these populations are recorded in Red Book of Armenia. The seeds and herbarium vouchers of 
these wild populations are conserved and also recorded in the EURISCO catalogue with the following 
codes: АРМ035, АРМ005, АРМ059. Until the recent time, seeds have mainly been conserved for the 
short period under room temperature. However, with the establishment of Gene Bank in the country and 
obtained relevant refrigerator equipments in State Agrarian University of Armenia seeds also conserve for 
long period. 
Beta macrorrhiza Stev. – beet bigroot (2n=18) 
Of this species 12 populations have been recorded in Armenia. B. macrorrhiza Stev was found in Selim 
mountain pass and surroundings of Gladzor (Vajots Dzor Marz), in the area between Gyumri and Spitak, 
as well as the surroundings of the Lake Sevan (Gegharkunik Marz). Numerous studies have shown that 
population of this species in high mountainous regions (2000-2200 meters above the sea level) is a 
typical weed plant. Currently, five occurrences have been selected for in situ conservation.  
Beta lomatogona F.et M. (B. longespicata Mog.) - dialycarpus beet (2n=18) 
Of B. lomatogona 11 populations have been recored in Armenia. The populations grow in dry climate 
conditions, 1500 m mountainous areas of Armenia (southern and south-western slopes of Mt. Aragats). 
Until recent times the only place in Armenia where the plants of this species were found, was considered 
to be Kirpichlu (Shirak Region). But in Aragatsotn Region which has dry climate and poor vegetation, in 
particular in Akunk and Zarinja villages (Aragatsotn Region) and Dzithankov village (Shirak Region) the B. 
lomatogona F. et M. grows as weed plant in the corridors between the arable lands. Unfortunately, the 
population size of the species is continousely reducing. Three occurrences have been selected for in situ 
conservation actions. 
B. corolliflora Zoss - wild corolliflorus Beet  
With 69 recorded populations this species is more frequent than B. macrorrhiza and B. lomatogona. B. 
corolliflora Zoss is mostly found in well cultivated fertile lands, and is widely spread over the country. 
Especially, in the surroundings of Teghenis village of Kotayk Region, Dsegh village of Lori Region and 
the Lake Sevan. In the result of further studies areas of Tsaghkadzor, Meghradzor, Aghavnadzor, Fantan, 
Hadis mountain (Kotayk Region), Tsovagyugh (Gegharkunik Region), Byurakan Amberd fortress, forests 
near the Aparan reservoir (Aragatsotn Region) were added to this list. These are perennial plants growing 
mostly across the average mountain, they resist winter conditions, and grow in humid areas at altitudes of 
2000-2700 meters. Currently, 17 occurrences have been selected for in situ conservation actions. 
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The local populations of beet vary in Armenia. The general descriptor for them is the old forms 
commonalities, which is demonstrated with shorten and round edible roots.  
Through cultivations in the specific eco-geographical conditions and human selections for centuries, 
landrace populations with specific morphological and physiological characteristics have developed. 
Conventionally, these populations are categorized into three groups in accordance with cultivation 
zones. 
The first landrace population is cultivated in Ararat valley dried, semi desert areas as well as on 
irrigated soils. It is quite early (the vegetation period is 80-100 days), and foliage is formed after 50-55 
days from germination. The leaves are semi straight (13-17), heart formed, with the average size 
(length is 13-20 cm, width is 7-10 cm), dark green with highly expressed dark red pigmentation. The 
last characteristics are more demonstrated in the harvesting period. The surface of the leaves is 
glabrous. However, it is slight curly. The leave’s stem is relatively short with 8-15cm length and 0.3-0.9 
cm diameter. The edible roots are glabrous, with 0.2-0.8 weight and slight (the index is 0.5-0.6). The 
edible roots are formed partially above the ground where they have smooth surface and a small 
taproot. The skin is dark red; the flesh is delicate, dark red with pink circuits. This landrace population 
is mainly cultivated for having edible roots in the early summer period. It is drought resistance and 
relatively stable against fungi diseases and has high yield capacity (45 t/ha). The preserving ability is 
average. This population belongs to Egyptian Flat type. 
The second population is very similar to the previous one. Comparatively, it has bigger leaves’ foliage, 
round edible roots (index is 0.8-1.0), fleshy is sappier with more pink rounds. This population is mainly 
spread at the average altitudes (1100-1400 m above the sea level). It is also the earliest. 
The third population mainly grows in the mountainous areas (1800-1900 m above sea level). It 
belongs to Brood sort-type. Edible roots are round with oval form. The fleshy is dark red almost without 
the light circuits. The leaves are bigger, long form and dark green. However, they turn into the red 
pigmentation in autumn. This population has main crop vegetation period. Comparatively, it 
demonstrates higher yield capacity (60 t/ha) and has good ability of preservation (until June-July). 
Also, it is relatively stable towards root eating insects. 
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Beet cyst nematode (BCN) (Heterodera schachtii Schmidt) is one of the major causes of yield losses 
in sugar beet production areas. Thirty sugar beet breeding populations were developed by crossing of 
sugar beet monogerm and multigerm male sterile lines with nematode resistant wild sources (SB-09 
contaning resistance genes from Beta procumbens and SB-10 contaning resistance genes from Beta 
maritima). The populations were then compared with resistant checks with respect to nematode 
resistance and yield. The experiments were conducted as randomized complete block design with four 
replications in 2005-2006, in BCN-infested fields in Mashhad and Khoy areas, Iran. Reproductive 
factor (RF) of BCN was also estimated. The number of cysts of the nematode in the two areas 
averaged over the two years was 424 and 476 cysts per 100g soil, respectively. The results showed 
that the hybrids 132×(MSC2×SB-09)-P, 132×(MSR×SB-09)×SB-19, 132×(MSR× SB-10) and 
132×(MS162× SB-10) had high yield potential and grouped with the resistant check varieties in the 
same cluster. The hybrids 132×(MSR×SB-10), 132×(20447× SB-09), 162×(MS20314× SB-09) and 
132×(MSC2×SB-09) had the lowest reproduction factor (RF). Among those, the hybrid 132×(MSR× 
SB-10)  was found to be superior to the resistant checks with respect to the both traits and thus it was 
identified as a nematode resistant hybrid with a high yield potential. 
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Cytoplasmic male sterility (CMS) was first discovered and studied in sugar beet by Owen (1945), who 
found a low frequency of male-sterile plans in the US-1. Owen proposed that the sterility depends on 
the interaction between at least two recessive chromosomal genes and a ‘sterile cytoplasm’ (S). 
According to Owen, fully male sterile plants have the genotype (S) xxzz, while the remaining seven 
[(S)XXZZ to (S)Xxzz] genotypes usually show varying degree of pollen fertility. To obtain male sterile 
offspring from male-sterile plants, CMS plants must be pollinated by so-called maitainer plants (O-
type), which carry the same recessive genes as the male sterilities but carry normal cytoplasm [i.e. 
(N)xxzz]. 
Because test cross with CMS tester is necessary to identify maintainer, its selection is laborious step 
in sugar-beet breeding, and marker-assisted selection of rf (non-restoring allele of restorer-of-fertility 
gene) has been desired. To meet this, we have cloned sugar beet Rf1, which appeared to be the 
same as X because it was located on chromosome III.  
We designed two markers being tightly link to Rf1 as to fingerprint the plant's Rf1 type by agarose gel 
electrophoresis (manuscript in preparation). There were four typical band patterns of M-1 marker 
(CAPS) and three typical band patterns of M-2 marker. It was difficult to completely explain fertility 
restoration of Owen-CMS beets by the types of M-1 and M-2. However, it was confirmed that one 
marker type was associated with maintainer genotype. 
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Drought stress is a major limitation to crop productivity in arid and semi-arid regions of the world such 
as Iran. Crop irrigation in these regions could not be a viable solution from the sustainable agriculture 
point of view. Drought tolerant varieties could provide a sustainable solution for crop production in 
these regions. In this study, a high yielding, drought tolerant fodder beet population named 7221-II 
was crossed with three sugar beet lines named SBSI030, SBSI035 and SBSI036 in 2004. Three BC1-
F2 segregating populations named 110, 111 and 7221 were derived from which three sets of half-sib 
families (47, 37 and 47 half-sib families from each population, respectively) were developed. The 
derived families were then field evaluated under well-watered and water-limited conditions in 2009 in 
separate observation trials for root yield and quality. Each experiment was carried as a randomized 
complete block design with four replicates. The results of analysis of variance for each experiment 
showed that there were significant differences among the progenies of each population for yield and 
quality-related traits. In water-limited conditions, the families 110-HSF-52, 110-HSF-64, 111-HSF-52 
and 111-HSF-42 were found to be superior to their original populations and check entries with respect 
to white sugar yield. Comparison of the white sugar yield-based drought tolerance indices for the 
common families in the both water treatments displayed that the families 111-HSF-07 and 111-HSF-42 
had a higher drought tolerance than the original populations, check entries and other families. 
Therefore, utilization of these potential pollinator parents in breeding could lead to evolving drought 
tolerant varieties for improving sugar beet productivity in the drought prone regions of Iran. 


