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The scientific mission was initiated with the goal to exchange reciprocally experience gained in the two neighbouring laboratories about biotechnological approaches to Vaccinium  sp. The time period was used to work on four major topics:

1. Establishment of an in vitro genebank of Vaccinium sp.
2. Shoot proliferation and multiplication, Rooting

3. Adventitious regeneration 

4. Transformation
INTRODUCTION
The Short Term Scientific Mission was realized at the Plant Biotechnology Unit, Institute of Applied Microbiology, Department of Biotechnology, Universität für Bodenkultur, Wien, Austria.
Lingonberry (Vaccinium vitis-idaea L.) and blueberry (Vaccinium corymbosum L.) are commercially important fruit crop species with specific taste of berries. They are successfully grown in northern regions. Lingoberry and blueberry are used as medicinal plant and landscape ornamental ground cover. Due to high anthocyanin content they are an excellent source of antioxidants.  Berries and leaves have various healthing effect and are used as a disinfectants, to lower cholesterol levels and as a treat for rheumatic diseases. Lingoberries as ornamental, evergreen plants are also suitable for  horticultural production (Debnath 2003).
Vaccinium sp. can be vegetatively propagated by cuttings or by division of the rhizome. Propagation by rooted stem cuttings is very laborious and nonproductive. Generative reproduction does not give an opportunity to obtain homogenous progeny  and  therefore for cultivation becomes useless. In vitro techniques could be used as an alternative way of breeding and production of large number of plants on commercial scale. Lingonberries have been propagated from nodal or shoots-tip explants or via adventitous organogenesis (Hosier at al. 1985, Serres et al. 1994, Jaakola et al. 2001, Debnath 2003, 2005, Ondrušková et al. 2006).
For large scale production and establishment it is necessary to have considerable number of surviving seedlings. The suitable micropropagation  as an alternative and effective method for production of large number of plants providing homogenous progeny with genetic identity to maternal plant. 

A successful adventitious shoot regeneration via organogenesis or somatic embryogenesis could be used as mass propagation method, but also for regeneration of transgenic plants after transformation of plant cells.  There have been documented reports about adventitious shoot regeneration from leaf explants of different Vaccinium sp. (Ostrolucká et al. 2004, Debnath and McRae 2002, Cao and Hammerschlag 2000, Meiners et al. 2006).

MATERIALS AND METHODS

Establishment of an in vitro genebank of Vaccinium sp.
The young shoots of glass house planted maternal plants were used as primary plant material. The leaf blade were cut and explants were washed with soap foam, next washed under running water approx. 35-40 minutes and sterilized with Danchlor solution (% and minutes in dependency on developing stage and vitality of shoots). After sterilisation explants were several times washed with sterile d H2O and locate on regeneration media supplemented with 20 g.l-1  sucrose, 7,5 g.l-1  phyto agar and growth regulators in various concentrations.

The pH of medium was adjusted to 4,9. The explants were maintained at 23 (C ( 1(C by photoperiod 16-h with the light intensity of 70 μmol.m-2.s-1. After 3- 4 weeks explants were transfer to fresh cultivation media. The number of developed shoots, infected and necrotic explants were evaluated. Developed shoots were used for next experiments.
Shoot proliferation, multiplication and rooting
Nodal explants were used as explants for proliferation and multiplication of shoots. Influence of different media composition, various concentrations of cytokinin and new cultivation condition of Vaccinium sp. cvs. were tested to study their effect on regeneration ability for multiple shoot proliferation and propagation. The differences were evaluated after 8 weeks of cultivation. Plants were cultivated in modify woody plant medium (WPM; Lloyd and McCown 1980) with different composition of growth regulators. The pH of media was adjusted to 4, 9 before autoclaving at 121 for 20 min. The explants were maintained at 23 (C ( 1(C by photoperiod 16-h with the light intensity of 70 μmol.m-2.s-1. Proliferated shoots were subculture onto a fresh medium every eight weeks. 
For isolated shoots we tested in vitro rooting on WPM medium supplemented with combination of auxins and cytokinins, followed media with auxins in two different concentrations and in vitro rooting in liquid media with auxins. Regenerated plants were cultivated in the same conditions as for multiplication, but basal part of rooting explants were shaded by aluminium foil.
Direct and indirect adventitious regeneration
Leaf explants were obtained form proliferated in vitro shoot culture of Vaccinium cylindraceum, Vaccinium corymbosum L. and Vaccinium vitis-idaea L. sp. Leaves were excised with a scalpel at petiole base and several times perpendicularly cut across the midrib. Leaf explants of 8 weeks old shoots were placed horizontally with the abaxial side up on the medium in petriplate, containing 25 ml of appropriate medium, sealed along the rim with Parafilm. After two weeks of cultivation in the dark, explants were exposed to light under the same phoperiod and temperature conditions as for multiplication. Different combinations of plant growth regulators were compared.
Transformation 
Leaf discs of in vitro cultivated Vaccinium cylindraceum lines 1, 9, 26, 27, and Vaccinium corymbosum cvs. Bluecrop, Goldtraube and Berkeley were used for transformation. Plants were cultivated in modified Woody plant medium with different combinations of growth regulators. Leaf explants were excised from 5-7 weeks old shoots, cut perpendicularly several times across the midrib and placed with the abaxial side up on the regeneration medium. Different compositions of regeneration medium were used. 
Agrobacterium tumefaciens strains LBA harboring the binary vector pBinGUS intron containing the neomycin phosphotransferase gene (npt II) conferring kanamycin resistance, and an intron –interupted GUS gene driven by the 35S promoter.   

Agrobacterium tumefaciens strains EHA 105 and LBA 4404 carrying a plasmid with  pMal d 3/3  were used to attempt a downregulation of  a potential allergen in Vaccinium. This vector carries an antisense construct of Mal d 1 under the control of the 35S promoter of Cauliflower mosaic virus and the npt II marker gene, conferring kanamycin resistance. 
Leaf explants were inoculated with bacterial suspensions with OD600=0,6. Co-cultivation was carried out in the dark at 23±1 ºC. Three Petri dishes with 10-15 explants were used as replication for each treatment. After 3- 4 days of co-cultivation the explants were transferred to regeneration media with Cefotaxim for the elimination of agrobacteria. The explants were subculture on fresh media each 2 weeks according demanding of plant material.  
RESULTS
Establishment of an in vitro genebank of Vaccinium sp.
The first stage in the establishment of an in vitro genebank is the initiation of aseptic cultures. Many aspects could influence the success of this stage, i.e. explants, their regeneration ability and also season of establishment.  Using of nodal segments as well as seeds was reported to be suitable for initiation of culture in Vaccinium sp. (Jaakola et al. 2001, Debnath and McRae 2005). Two to three nodal explants with dormant buds were used. 

We established 333 explants of different cv. Vaccinium sp. (220 explants of Vaccinium cylindraceum L., 73 explants of Vaccinium myrtillus and 40 explants of Vaccinium corymbosum).

We recorded a high level of developed shoots in all tested cultivar and lines. This confirmed the appropriate sterilisation method and also suitable developmental stage of maternal plants for establishment.
In Vaccinium cylindraceum lines some explants were infected and one necrosis was observed. Percentage of infected explants varied from 0-31%. The number of developed shoots ranged between 68 % to 100 % (tab. 1). 
Tab. 1 Number and percentage of infected explants, necrosis and developed shoots in Vaccinium cylindraceum (VC) lines after establishment in vitro.

	
Line 
	Number  of explants
	Infected
	Necrosis
	Developed shoots

	
	
	no.
	%
	no.
	%
	no.
	%

	VC 3
	15
	3
	20
	-
	-
	12
	80

	VC 5
	16
	5
	31,25
	-
	-
	11
	68,75

	VC 7
	17
	1
	5,89
	-
	-
	16
	94,11

	VC 10
	14
	4
	28,5
	-
	-
	10
	71,5

	VC 12
	15
	3
	25
	-
	-
	12
	75

	VC 13
	15
	-
	-
	-
	-
	15
	100

	VC 15
	16
	4
	25
	-
	-
	12
	75

	VC 16
	12
	2
	20
	-
	-
	10
	80

	VC 17
	16
	3
	18,75
	-
	-
	13
	81,25

	VC 19
	20
	5
	25
	-
	-
	15
	75

	VC 21
	15
	-
	-
	-
	-
	15
	100

	VC 23
	17
	2
	11,76
	-
	-
	15
	88,24

	VC 24
	17
	4
	23,5
	1
	5,88
	12
	70,62

	VC 25
	15
	-
	-
	-
	-
	15
	100

	Total 
	220
	36
	16,36
	1
	0,45
	183
	83,18


In Vaccinium myrtillus lines we found just two infected explantd in two of four tested lines and necrosis were not observed. Percentage of infected explants was from 0-12,5 % and the level of developed shoots reach 87 % to 100% (tab.2). 

Tab. 2 Number and percentage of infected explants, necrosis and developed shoots in Vaccinium myrtillus (VM) lines after establishment in vitro. Lines belong to different geographic origins R- Belarus, P – Poland. Young- y and old-o shoots were used as explants.
	Lines 
	Number of explants
	Infected
	Necrosis
	Developed shoots

	
	
	no.
	%
	no.
	%
	no.
	%

	VM R1
	16
	-
	-
	-
	-
	16
	100

	VM R2y
	15
	-
	-
	-
	-
	15
	100

	VM R2o
	8
	1
	12,5
	-
	-
	7
	87,5

	VM P1
	15
	-
	-
	-
	-
	15
	100

	VM P2
	19
	1
	5,3
	-
	-
	18
	94,7

	Total
	73
	2
	2,73
	
	
	71
	97,26


In Vaccinium corymbosum cv. Elliot were present infected and also necrotic explants, but the percentage of surviving, developed shoots was still high 91 - 93,7 % (tab.3). 
Developed shoots developed vigorously and were used for the following experiments.
Tab. 3 Number and percentage of infected explants, necrosis and developed shoots in Vaccinium corymbosum cv. Elliot (EL 1 and EL 2 lines) after establishment in vitro. 
	Line 
	Number of explants
	Infected
	Necrosis
	Developed shoots

	
	
	no.
	%
	no.
	%
	no.
	%

	EL 1
	23
	1
	4,34
	1
	4,34
	21
	91,3

	EL 2
	17
	-
	-
	1
	6,25
	16
	93,75

	Total
	40
	1
	2,5
	2
	5,00
	37
	92,5


Shoot proliferation, multiplication and rooting of Vaccinium sp.
To compare the propagation rates of different cultivars of Vaccinium sp. some cultivars were brought from my home laboratory in Nitra, i.e. cultivars Berkeley, Bluecrop, Blueray of Vaccinium corymbosum L. and Ida, Sanna, Linnea of Vaccinium vitis-idaea L. A comparison of the morphological appearance of the different cultivars was registered with the purpose to identify a potential influence of different media compositions and new cultivation conditions in these cultivars. The differences were again evaluated after 6-8 weeks of cultivation.

Cultivars Bluecrop and Blueray showed different symptoms of stress (pink, light green colour) during regeneration. After transfer to new cultivation conditions we noticed the development of new, dark green, vital shoots. This could be caused by different levels of irradiance, but this should be confirmed with repeated tests on more material.

The influence of two cytokinins on the regeneration ability was tested on some cultivars of Vaccinium corymbosum.  On media supplemented with zeatin, cultivars produced higher, vital shoots with stronger stems and bigger leaves compared to media supplemented by 2iP riboside. On the other side, 2iP ribosid positively influenced the multiplication of shoots and propagation rate reach the same level as on zeatin media in all tested cultivars. Multiplication rate was from 3 to 5 in dependence on cultivar (tab. 4). To confirm the influence on the multiplication rate further subcultures are necessary in the near future.
Tab. 4 Influence of media composition on propagation rate of Vaccinium corymbosum L. cultivars after eight weeks in culture. Comparision of lines from Vienna- V and Nitra- N.
	Vaccinium corymbosum cultivars
	Cytokinin
	Propagation rate

	Bluecrop (V)
	2iP ribosid
	5

	Goldtraube (V)
	2iP ribosid
	5

	Bluecrop (N)
	Zea
	4

	
	2iP ribosid
	4

	Blueray (N)
	Zea
	3

	
	2iP ribosid
	3

	Berkeley (N)
	Zea
	4

	
	2iP ribosid
	4


Vaccinium cylindraceum showed easy manipulation and excellent regeneration ability. The propagation rate was from 4- 8 (tab.5). Line 9, 26, 27 creates mostly one straight shoot with strong stem and big, oval leaves without shoot multiplication in comparison with line 4, which showed abundant multiplication level. Shoots of this line produce smaller leaves. All Vaccinium cylindraceum lines were vital, dark green and healthy, suitable to use for other experiments.

Tab.5  Propagation rates of clones of Vaccinium cylindraceum after eight weeks in culture.

	Vaccinium cylindraceum lines
	Cytokinin
	Propagation rate

	VCY 4
	Zea 
	4

	VCY 9
	Zea
	8

	VCY 26
	Zea
	7

	VCY27
	Zea
	6


Vaccinium myrtillus - line1 was infected by Phytoplasma. This line were established to in vitro conditions and propagated (Borroto Fernández et al. 2007). We had an opportunity to observe the influence of Phytoplasma on in vitro regeneration and compare regeneration of healthy plant material. Phytoplasma infected explants showed different level of propagation rate. Infected shoots were shorter, tiny stems with small leaves. In comparison healthy shoots were taller, with longer distances between nodes and with bigger leaves (fig.1). Propagation of Vaccinium myrtillus reached multiplication rate 3-4 in comparison with infected lines with propagation rate 2 (tab.6). 
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Fig. 1 Comparison of Phytoplasma infected and healthy shoots of Vaccinium myrtillus after eight weeks in culture.
Tab.6 Difference in propagation rate of healthy and infected  Vaccinium myrtillus clones after eight weeks in culture.                            

	Vaccinium myrtillus lines
	Medium
	Propagation rate

	VM (healthy)
	Zeatin
	3

	VM 1 (infected)
	Zeatin
	2


Propagation of Vaccinium vitis- idaea involved two wild type lines and four different cultivars of this species. 
The explants of cv. Koralle grew vigorously. Explants developed one or two shoots with thin stem and leaves with red colour on the bottom of leaf, which is typical for this cultivar as an indication of presence of high anthocyanin level. 
For the wild type lines the multiplication rate was low, shoots were tiny with small leaves and shoots no prolonged. To identify the best media, a further evaluation after more subcultures would be necessary.   

Three cultivars brought from Nitra showed a lower propagation level as in condition in my home laboratory. Cultivar Ida formed one elongated, vital shoot which could be used for further regeneration. No multiplication was determined. Propagation rate was 2 (tab. 7).

Cultivars Linnea and Sanna showed a low regeneration ability and after 6 weeks in culture we could not record any prolongation or multiplication. This could be caused by stress after transfer or by short time to adapt on new cultivation conditions. 
Tab.7 Different propagation rates of Vaccinium vitis -idaea cultivars after eight weeks in culture. Comparision of cultivars from Vienna- V and Nitra- N.
	Vaccinium vitis- idaea cultivars
	Cytokinin
	Propagation rate

	VI (V)
	Zeatin
	1-2

	wild type (V)
	Zeatin
	1-2

	Koralle (V)
	Zeatin
	2-3

	Ida (N)
	Zeatin
	2

	Linnea (N)
	Zeatin
	1

	Sanna (N)
	Zeatin
	1


Experiences with rooting of some Vaccinium sp. cultivars were reported in the papers of my home laboratory. Rooting media we usually use were tested for other cultivars and for other Vaccinium species. Explants were observed and evaluated after each month. Vaccinium cylindraceum lines showed callus formation, without roots even after 2 months.

Next we modified rooting medium. So far no root were observed, but is necessary to continue observation in the next few weeks. After 2-3 months we could estimate results in these experiments.
Direct or indirect adventitious regeneration 
Differences in regeneration were obtained between Vaccinium cylindraceum lines. All explants of line 1 started to develop necrosis 1 month after initiation. The regeneration ability of other lines was higher, though at different levels. We mostly observed callus formation. No direct development of adventitious shoots was recorded in this Vaccinium sp. The best regeneration ability showed line 9, which was already reported by Steniczka (2006).    
Cultivars of Vaccinium corymbosum Bluecrop, Goldtraube, Berkeley showed higher regeneration ability in comparison to Vaccinium cylindraceum. Development of direct shoot regeneration was observed on leaf disc of the cultivar Bluecrop (fig.2). Shoot cluster developed from leaf discs six - seven weeks. Cultivars Goldtraube and Berkeley started to developed callus 2-3 weeks after initiation, however no direct organogenesis was recorded yet. 
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Fig. 2 Direct adventitious organogenesis obtained on leaf discs of Vaccinium corymbosum cv. Bluecrop

Transformation of selected candidate cultivars
Transformation of selected cultivars was done according to the protocol. All explants were vital, created callus during 6-8 weeks after transformation except Vaccinium cylindraceum line 1, which was excluded from further experiments. Selection of transformed explants on media supplemented with kanamycin should lead to the regeneration of transformed shoots. GUS expression could be examined by histochemical GUS analysis of putatively transformed tissues.  

[image: image5.jpg]


[image: image6.jpg]


[image: image7.jpg]



Fig.3 Selection procedure of transformed tissues- green shoots and shoots with typical white spots after kanamycin influence. 
Transformation effect of constructs could be examined by molecular methods with Polymerase chain reaction and Southern blot analysis, as was reported (Song, Sink 2004).
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