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ABSTRACT

Fragaria is one of genus iRosaceadamily. The most popular representative is strambéfragaria x
ananassaDuch.) and wild (woodland) strawberrifragaria vescal.), which taste attributes are very at-
tractive for a huge number of consumers aroundvbid. The plants have many beneficial traits, sash
low-caloric, high amount of antoxidants and vitarinlaxative, diuretic, astringent, antidiarrhead anti-
septic properties. Cultivation dfragaria plants is widespread worldwide with particular emphasi
moderate climate zone, also with use of a plant¢issilture method. This thesis showed and contrasted
other studies aboWragaria plants propagation undér vitro conditions. In this method the most often
used explants are leaf explants. Very rarely ard sseds. Mainly, the plants are propagated on lnasal
dium of mineral composition by Murashige and Skao@ hour dark and 16 hour light contidions. The
most efficient cytokinin used to root inductioninslole-3-butyric acid (IBA). The plant acclimatizati had
varying effectiveness — from a few to several daaamwival percent. During micropropagationkragaria
plants, somaclonal variation occurs, which is depahdn age culture, frequency of passage and medium
composition.

Key words: micropropagationk-ragaria, strawberry, shoot multiplication

Abbreviations: 2,4-D — 2,4-dichlorophenoxyacetic acid; ABA — absciacid; BA — 6-benzyladenine;
BAP — 6-benzylaminopurine; BSAA — 3-benzoselenienylacecid; EtOH — ethanol (Ei;0H);
GA3 — gibberellic acid; HgGH mercury (Il) chloride; IAA — indoleacetic acid; AB- indole-3-butyric ac-
id; KIN — kinetine; KNOP — medium of mineral compositiby Knop; MS — medium of mineral composi-
tion by Murashige and Skoog; ¥2 MS — half strengédimm of mineral composition by Murashige and
Skoog; NAA — 1-naphthaleneacetic acid; NaOCI — sodiypobhlorite; PGRs — plant growth regulators;
TDZ — thidiazuron

INTRODUCTION

One of the main plant biotechnology tool is plangans cultures [Gantait et al. 2011] can be used to
tissue culture, which uses plant totipotency — rztu clonal propagation disease-free plant and to protec
ability of plant cells to regeneration [Haberlandtion of the gene pool or genetic engineering. T
1902]. Plant tissue culture were first described hkis very helpful when propagation many species of
Steward et al. [1958]. Both plant cell, tissue amnd plants that cause problems during conventional-cult
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vation. One of these species is Fragaria, which rope at the turn of the sixteenth and seventeesth c
often infested by soil pathogens. tury and [Nyman and Wallin 1992].

Species, which belongs ®osaceadamily take Strawberry Fragaria x ananassaDuch.) is het-
third place in terms of economic among species clerozygous oktoploid (2n = 8x = 56) [Owen i Miller
tivated in moderate climate zone [Oosumi et al996], differently from the woodland strawberry
2006]. World production of strawberries is abou(Fragaria vescal), which genome size is much less
4 500 000 tons per year while leading Europecethan Arabidopsis thalianagenome [Oosumi et al.
producers are Spain (about 290 000 ton/year), Ge2006]. This is because the woodland strawberry is
many (about 156 000 ton/year) and Poland (abodiploid (2n = 2x = 14) [El Mansouri et al. 1996].

150 000 ton/year) [Sowik et al. 2015].

Fragaria plants Rosacead¢amily) are a perennial Propagation of fragaria plants
plants, which taste attributes of fruits are coemsd Large problem in strawberries cultivation are fun-
very attractive for a huge number of consumelgal disease, mainly caused by soil pathogens [Sowik
around the world [Debnath 2009]. There are moiet al. 2015]. The most important of them are: gray
than 12 species iRragaria genus. Numerous varie- mold (grey mould), Fusarium wilt and Verticillium
ties of them are cultivated in 37 countries [Bisveas wilt respectively caused bBotrytis cinerea,Fusa-
al. 2009]. The varieties significantly differ inzei rium oxysporumf. sp. fragariae and/erticillium
color, taste and shape of fruits, fertility ratiepe of dahliae Kleb. [Mathews et al. 19957ebrowska
maturity, disease resistance and chemical compo2011]. With genetic engineering and use of appropri-
tion. Fragaria plants fruits are valuable because ocate regenerative methods, resistanceFtesarium
their content of low-caloric carbohydrates. Theg aroxysporumf. sp. fragariae genotypes [Toyoda 1991]
a good source of natural antioxidants such as €arohas been obtained. Research about obtaining healthy
noids, vitamins, phenols, flavonoids, dietary glumother plants and progeny and strawberry resistance
tathione and endogenous metabolites. Content to fungal and viral pathogens [Harris et al. 1997,
phenols (especially ellagic acid) in strawberrieLines et al. 2006] has been also carried out. Téetp
causes their health-promoting qualities [Skapid breeders main objective is to obtain plants resista
Oszmiaski 2004]. They have also antioxidativediseases causing a huge economic losses. The bio-
properties [Debnath 2009]. The strawberry fruittechnological methods that use horizontal genestran
contain vitamin C in an amount exceeding orangeder and clonal propagation are practical means to
and lemons [Bhatt and Dhar 2000]. Woodland stravstable one (or more) dominant gene transfer to
berry (Fragaria vescal.), named also wild straw- achieve desirable plant traits [Mathews et al. 1995
berry, has laxative, diuretic, astringent, antidiaal Fragaria plants are propagated by seeds and run-
and antiseptic properties and is used as an antirhners. Propagation by seeds is not widely usediaue
matic agent in traditional medicine [Lamari et alprogeny, much later than plants propagated from
2008]. Leaf extracts are used to treat gastrointst runners, enter a period of fruiting. Propagation of
and skin diseases and fruit extract to treat cotate Fragaria plants by stolons gives a limited number of
mucositis [Yildirim and Turker 2014]. Although, progeny. However, it should be emphasised thaelarg
woodland strawberry is not comercial cultivated-spevulnerability of Fragaria plants to fungal disease re-
cies in Fragaria genus, its valuable traits as a reduces efficiency of methods listed above [Bhatt and
search model have been repeatedly emphasized [Dhar 2000]. It is necessary to develop effectiast f
sheikh et al. 2002]. and efficient large-scaléragaria plants propagation

Varieties of strawberry Hragaria x ananassa methods. Strawberry micropropagatiofrggaria x
Duch.) are a result of crossing two specieananassaDuch.) was firstly described in 1974 by
F. chiloensis Duch. and F. virginiana Duch. Boxus [1974]. Many clonal propagation methods of
[Gruchata et al. 2004], which were imported to Eustrawberries have already been described, but 8t mo

146 www.hortorumcultus.actapol.net



Rokosa, M., Mikiciuk, M. (2017). In vitro regeneration of Fragraria plants. Acta Sci. Pol. Hortorum Cultus, 16(5), 145-158. DOI:
10.24326/asphc.2017.5.15

cases the shoot regeneration rate was low andothe from stipules is higher than from leaf explanfe{
tained results were inconsistent. Moreover, a |scebrowska and Hortyski 2002]. In case of studies
ful genetic transformation protocol depends on- effabout Fragaria vescathe most common primordial
cientin vitro plant regeneration [Jones et al. 1988]. explant were seeds [El Mansouri et al. 1996, Haymes

To date, manyFragaria species in plant tissue and Davis 1998, Alsheikh et al. 2002, Morozova
cultures and genetic transformation area were etudi2002, Zhao et al. 2004, Oosumi et al. 2006, Ydiri
(tab. 1). The missing element in many studies is ‘and Turker 2014, Zhang et al. 2014].
provide the regeneration rate of the variety. Is ha At first, it has been shown that the strawberry me-
been taken into account only in a few studies. Fristem culture is the most effective technique iBf v
‘Elsanta’, regeneration rate of 4% using a varigty ruses elimination, mass reproduction and seeds pro-
explants and MS (Murashige and Skoog) media sutection [Boxus et al. 1977]. However, an attention
plemented with combinations of BA (6-benzylo-should be drawn to the fact that cutting meristéns
adenine), TDZ (thidiazuron), NAA (1-naphthaleneatime-consuming and requires high technical skills.
cetic acid) and 2,4 D (2,4-dichlorophenoxyacetid)ac It is also difficult to use cultures of meristens t
has been obtained [Passey et al. 2003]. For ‘Caigenetic transformation. As an effective alternative
bridge Favourite’ and ‘Hapil’, shoot regeneratioormi  the use of leaf blades as explants for plant ragene
callus using lamina and petiole explants [Joneal.et tion was recognized [Nehra et al. 1989]. In thighme
1988] were not obtained. Also for ‘Dana’ and ‘Santaod there is no intermediate stage of callus aaddids
na’ there was not regeneration from callus usimg- la the risk of the occurrence of the phenomenon of ge-
ina and petiole explants [Rugini i Orlando 1992]. netic instability [Nehra et al. 1994]. Leaf explarre

It should be also emphasized, that the plants, ciparticularly useful to shoot regeneration and genet
tivated initially in vitro, grow more effectively than transformation ofragaria plants due to the fact that
plants cultivated only conventionally [Cameron anin the most of cases they have the highest regimera
Hancock 1986,Zebrowska et al. 2015]. Moreover,frequency [Landi and Mezzetti 2006]. FBragaria
they are characterized by a greater vigour [Karhvescashoot regeneration rate from petioles was mere-
2001, Karhu and Hakala 2002]. Besides of thaly about 10%, wherein lamina utilizing could aclgev
plants cultivated both on solid and liquid media armore than 80% regeneration rate on MS media with
characterized by a higher content of anthocyamias aaddition of IBA and BA [Alsheikh et al. 2002].
antioxidants than those grown with conventional There are a lot of efficient methods Bfagaria
methods [Debnath 2009]. Different results has beeplant sterilization before cultures initiation. Oné
obtained by Mohamed et al. [2007], who reportethem is washing in tap water for 30 min initiallgda
that, more efficient regeneration from lamina wanext, sterilization in 10% (v/v) Domestos solutiion
obtained from explants taken from two months ol20 min and after that rinsing six times in stedis-
plants growing in a greenhouse than from explantilled water [Passey et al. 2003]. Domestos formula
taken from plants growing earlien vitro. Similar tion may be replaced by 5,25% solution of sodium

results were obtained by Nehra et al. [1990]. hypochlorite (NaOCI) [Kumar et al. 1999] or 12%
solution of a mixed solutions (vol/vol) of 0,63%
Explant selection and sterilization NaOCIl and 0,1% (v/v) Tween 20 formulation — ster-

To date, in studies abolragaria x ananassa ilization for 15 min and next, rinse in 70% ethanol

Duch. plant regeneration, many different explanisolution for 30 second [Debnath 2009]. Tween
were used (tabs 1 and 2). The most common explai20 formulation was also used by other authors fYild
chosen for culture initiation are apical meristemifim and Turker 2014]. Jones et al. [1988] steeitiz
runners and other meristems, lamina, shoot fraPlants for 25-35 min with 10% (v/v) Domestos solu-
ments, stipules and petioles [Gantait et al. 2014tion and four times rinsing in a sterile distillater,

It has been proven, that strawberry regeneratite revithout previously soaking in a tap water. Toyoda e
al. [1990] used also 70% solution of ethanol (EtOH)
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and 2% solution of NaOCI and next four times rinssterilization method. Yildirim and Turker [2014] cin

ing in a sterile distilled water. The most optincah-
centration of NaOCI irFragaria plants sterilization rinsing for 5 min in 70% ethanol §8:OH) solution
seems to be 0,5 to 1,0%. This concentration rabultand next, rinsing in 4,5% (or 1%) NaOCI solution %o
with higher survival percent in such varieties asmin and four times rinsing in a sterile distillechter.
‘Chandler’, ‘Oso Grande’, ‘Toro’ and ‘IslamabadAlso was used a procedure of initial soaking seeds
Local’ [Munir et al. 2015]. In Rattanpal et al. [PT]  water for one hour to stimulate germination [Al&hei
studies for sterilization, plants was dipped in%),1 et al. 2002]. Zhang et al. [2014] sterilized seefls
solution of mercury (Il) chloride (Hgg)lfor 4 min.
There are only a few studies about uséraijaria
seeds as primordial explants with description eifrth times rinsed in a sterile distilled water.

Table 1. In vitro regeneration ofFragaria plants by various authors

Oosumi et al. [2006] used a standard protocol eflse

Fragaria vescain 30% mixed solution of 6% NaOCI
solution and two drops of Tween 20 and next four

|

Medium
Species Variety Explant Responhsi Conditions Authors
eBas_aI PGRs (mg-di)
medium
Fragaria x (n/d Leaf mesophyll|Mult Sht |8p 12,4-D +0IBA n/d Nyman and Wallin
ananassa protoplast [1988]
Duch. Shoot tip MS 0,02 NAA + 2 BA 20008000 lux Jeong e{E996]
Redgauntlet Petiole, flower 0,2 BAP + 0,02 IBA +|22°C, 16/8 PP, pH 5,flones et al. [1988]
Bogota bud, hoot tip 0,21 GA
Brighton
Ostara
Rapella
Cambridge Favouritg
Hapil
Senga Sengana Runner tip 1BA+1IBA n/d Petrovic and Jacimg
meristem vic-Plavsic [1990]
Syriusz Shoot fragmen 0,5BA+0,1IBA n/d Matodobt al.
[1997]
Camarosa Apical meristem 0,4 TDZ + 0,9 BAP n/d Haddadi et al. [201
Elsanta Runner tip 0,51BA +0,5BA pH 5,6-5,7,81BP, |Sowik et al. [2015]
23°C/18°C (day/
night), 55 pmol rfs™
light intensity
Tristar Meristem, leaf, 1IAA+1BA+ pH 5,8, 16/8 PP, 15— Mathews et al. [1995
Totem petiole 0,01 GA 20 pmol m? s light
intensity
Chandler Leaf, petiole Sht Reg 2 BAP + 0,25 NAA +n/d Kaushal et al. [2004
0,5 KIN
Vegetative bud| Mult Shit 0,5KIN+1BAP+ |n/d Kaur et al. [2005]
2 GAs
Runner tip Sht Reg 4 BAP n/d Lal et al. [2003]
Knop 41BA+0,4 SAP +
Ofra 0.4 GA
Oso Grande
MS 0,5BA+0,1IBA n/d Rattanpal et al. [201

Nodal fragment

El

4TDZ

0,11BA + 0,05 KIN +

2 GAs

16/8 PP, 26°C +1°C

Husaini [2010]
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3,2 BAP n/d Zebrowska and
Hortynaski [2002]

05-15IBA n/d Husaini and Srivastal

1TDZ+05-1BA | n/d va [2006]

1,5 I1BA + 0,75 NAA +|n/d Karim et al. [2015]

0,5KIN

224-D+0,1-1BAP | n/d Foucault and Letoy
[1987]

2,25 BA+ 1,752 IAA | n/d Nehra et al. [1989]

0,5BAP + 0,5 IBA + |25°C £1°C (day), Sorvari et al. [1993]

0,2 GA

23°C +1°C (night),
16/8 PP, 40-50
pmol-m? st light
intensity

2 1AA+1BA pH 5,8, 16/8 PP, 130|Owen and Miller
umol m?s? [1996]
2 IAA+1BA pH 5,8, 16/8 PP, Owen and Miller

130 pmol n? s light
intensity

[1996]

17Dz +0,22,4-D

1TDZ + 0,2 NAA

2BA+05TDZ +
0,22,4-D

2BA+0,224-D

1BA+0,1IBA+
0,2 GA

25°C, 16/8 PP

Passey et al. [2003

|

2,25 BAP + 0,18 NAA

2,25 BAP + 1 IBA

n/d

Khan and Spoor
[2004]

0,12,4-D+1BA

pH 5,7, 16/8 PP, 25
+2°C, 40 umol s
light intensity

Ricardo et al. [2003]

2,2TDZ + 0,3 IBA

0,56 BA + 0,1 IBA

MS withous PGRs

pH 5,6, 16/8 PP, 25°
40 umol m’s™ light
intensity

[Zhao et al. [2004]

0,2BA+0,01 IBA +
0,1 GA

0,5 BA + 0,03 NAA

pH 5,8, 16/8 PP, 25°
+2°C,

CYonghua et al. [2005

I

n/d Leaf Sht Reg
Petiole
Lamina
Gorella Petiole, flower
bud
Redcoat Lamina
Hiku
Jonsok
Chandler Anther
Honeoye
Redchief
Calypso Lamina, petiole
Pegasus stipule, root
Emily fragment
Bolero
Eros
Elsanta
Tango Mult Sht
Tango Lamina Sht Reg
Pajaro
Hecker Shoot fragment
La Sans Mult Sht
Rivale
Seed Germ
Tonoyoka Shoot tip Sht Reg
Mult Sht
Sweet Charlie Petiole Em
Sht Reg
Runner tip
Mult Sht
Fragaria n/d Petiole, flower |Sht Reg
vescal. bud
Fragaria n/d Nodal fragments
indica

0,5 ABA n/d Pallavi et al. [2011]
Half strenght MS
1TDz n/d Rekha et al. [2012]
0,5BAP + 0,5 IBA +
1GA
B5+224-D+ n/d Foucault and Letouz
0,1-1 BAP [1987]
0,9 BA + 0,02 NAA pH 5,8, 16/8 PP, Bhatt and Dhar

40 pmol m%light  |[2000]

intensity

n/d — no data; Sht Reg — Shoot Regeneration; Muit-SMultiple Shoot; Em — Somatic embryo; El — Eation; Germ — Germination;
PP — Photoperiod
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Table 2. Callus induction ofragaria in vitro plants by different authors

; ; Medium .

Species Variety Explant [MS + PGRs (mg- drf)] Conditions Authors
Fragaria x ananassa |Tango Lamina 12,4-D +1BAP n/d Khan and Spopr
Duch. [2004]

Pajaro 0,2-0,32,4D + 2-4 BA pH 5,7, 16/8 PP25%2°C, |Ricardo et al.
40 pmol m?s™ light intensity|[2003]
n/d 2NAA +0,5IBA n/d Karim et al.
[2015]
Redcoat 1BA+124-D n/d Nehra et al.
2,25BA+0,186 NAA | 16/8 PP [1990]
Redgauntlet 0,2 BAP +0,22,4-D 22°C, 16/8 PP, pH 5,6 Joned.et
Bogota [1988]
Brighton
Ostara
Rapella
Cambridge Favouritg
Hapil
Hoko-Wase Young leaf 0,12,4-D +1BAP n/d Toyotlale
[1991]
n/d Leaf, petiole 0,5 BAP + 0,75 NAA n/d Kaushabét
[2004]
Sweet Charlie Petiole 1TDZ+12,4-D n/d Pallavale
[2011]
Honeoye Anther 2 1AA +1 BA pH 5,8, 16/8 PP, 130 pmol/Owen and Miller
Redchief m2s? light intensity [1996]
Chandler
Addie Stipule 2,25 BAP + 0,5 IBA n/d Rugini and
Dana Orlando [1992]
Gea
Santana
Fragaria moschat®uch.|n/d Leaf, petiole 1 NAA + 0,025 BA n/d Infante &t a
[1998]

n/d — no data; PP — Photoperiod

In Owen and Miller [1996] studies, to sterilize1996]. There are promising research results ofilpibss
floral buds of strawberry varieties, dipping it70% ity to use pulp from sugar cane, which is wasté¢hef
ethanol solution for 30 second and next rinsing iextraction process, as an agar substitute in otie-
5,25% NaOCI solution for 20 min and rinsing thredium [Mohan et al. 2005].

times in a sterile distilled water was used. The pH of initiation media is from 5,7 to 5,8 (tahs
2 and 3). Several authors used other medium pH: 5,5
Culture initiation [Oosumi et al. 2006], 5,6 [Jones et al. 1988, Yiihali

Basal medium which is chosen by most authors fiand Turker 2014, Zhao et al. 2004] and 6,0 [Toyeida
culture initiation is a medium of mineral compasiti al. 1990]. The standard sucrose concentrationitialin
by Murashige and Skoog (MS) [1962]. Also Knop anmedium (30 gin?) is effective enough in the regen-
N30K medium are used [Lopez-Aranda et al. 1994]. leration of strawberry plants [Debnath 2005]. There
order to gel the medium, due to low effectivenelss were also carried out studies which indicated $uat
other gel agent such as Gerlite, mainly agar isl uscrose in the medium might be replaced effectively b
[Svensson and Johansson 1992, Owen and Milla table sugar (20dm™) [Kaur et al. 2005].
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Table 3. Rooting ofFragaria in vitro plants by different authors

; . Medium .

Species Variety [MS + PGRs (mg- drf)] Conditions Authors
Fragaria x n/d Half strenght MS 2000-8000 lux Jeong et al. [1996]
ananassauch. Half strenght MS + 1 IBA n/d Husaini and Srivastavia

[2006]
MS without PGRs n/d Karim et al. [2015]
Senga 0,5 IBA n/d Petrovic and Jacimovic-
Sengana -Plavsic [1990]
Hoko-Wase MS without PGRs n/d Toyoda et al. [1991]
Chandler 1IBA n/d Lal et al. [2003]
Ofra
Oso Grande
Half strenght + 1 IBA n/d Rattanpal et al. [2011]
Calypso 3 1BA 25°C, 16/8 PP Passey et al. [2003]
Pegasus MS without PGRs
Emily
Bolero
Eros
Elsanta
Tango
Camarosa 0,2 NAA + 0,2 IBA n/d Haddadi et al. [2010]
MS without PGRs
Sweet Charlie 0,5KIN n/d Rekha et al. [2012]
0,5KIN + 0,5 IBA
Fragaria indica n/d Half strenght MS + 0,186 NAA pH 5,8, 16/8 BB,umol m’™* |Bhatt and Dhar [2000]
light intensity
n/d — no data; PP — Photoperiod
Plant multiplication and regeneration elongation [Debnath 2009] which is associated with

Many variants of medium used to multiplicationtheir cytokinin activity [Huetteman and Preece 1993
of Fragaria plants were studied (tab. 1). At first, thewhich occured also in strawberries [Jones et al.
medium used to multiplication and regeneration we2003]. Consequently, a combination of TDZ and IBA
supplemented with macronutrients in an amount ir(indole-3-butyric acid) activity induced the higher
cluded in a Knop’s medium and microelements in thregeneration frequency on the same genotypes, which
amount from the MS medium [Jemmali et al. 1994confirms positive effects of this auxin in strawtyer
1995, 2002]. Currently, the basal medium used to lleaf tissue callogenesis [Yonghua et al. 2004, Hhiisa
the MS medium. The most commonly used and moand Srivastava 2006, Landi and Mezzetti 2006, Yild-
efficient growth regulators used in multiplicatiand irim and Turker 2014]. For ‘Camarosa’, optimal con-
regeneration are TDZ and 2,4-D. TDZ was used icentration of TDZ and IBA was respectively
shoot regeneration dfragaria plants by many au- 1,5 mgdm™ and 1,0 mgim™ [Adak et al. 2010].
thors [Passey et al. 2003, Zhao et al. 2004, HusaRelatively effective concentration of TDZ was also
and Srivastava 2006, Husaini 2010], similarly a0,4-0,8 megdm> [Debnath 2005, 2006], but there are
BAP [Foucault and Letouze 1987, Sorvari et al. 199reports describing the use of significantly higher
Zebrowska and Horfiski 2002, Lal et al. 2003, concentrations — 13,2—17,6 rdgi effect of which
Kaushal et al. 2004]. One of disadvantages of T®Z was a hundred percent regeneration from leaf ex-
possibility of inhibitory effect occurring on shootplants [Sutter et al. 1997]. Using TDZ at concentra
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tion of 1,0 mgdm‘3 in combination with NAA or added in concentration of 3,0 rdgf3 to medium
2,4-D at concentration of 0,2 rafgr > allowed also to caused vitrification on 100% of grown plants [Bar-
obtain satisfactory results of shoot regeneratitasf bosa et al. 2013].
sey et al. 2003]. Impact of other auxins, such as According to Nehra et al. [1989], low light inten-
2,4-D and BSAA on shoot regeneration was morsity (12,5 pmol-if-s?) has a stimulating effect on
dependent on plant genotypes [Landi and Mezzeplant regeneration [Nehra et al. 1989]. Fridborg an
2006]. By Yonghua et al. [2004], 2,4-D is increasEriksson [1975] reports, that a light intensity yda
ingly used to strawberry shoot induction. By othea key role in plant regeneration through its effect
authors, the regeneration media, on which planauxin activity. In studies about the influence ight
developed the largest number of shoots is MS mintensity on strawberry shoot regeneration, thetmos
dium with a 6-benzyloaminopurine (BA) and indole-efficiency was achieved with using light intensiity
-3-butyric acid (IBA) [El Mansouri at al. 1996, Bar range from 20 to 40 pmol-fas® [Barcelo et al.
celo et al. 1998, Balokhina et al. 2000, Passesl.et 1998, Tian et al. 2003, Yildirim and Turker 2014].
2003]. According to Gruchata et al [2004], the optiAlso the influence of different light colour on pla
mal concentration of IBA in shoot regeneratiorregeneration was examined and it showed that red
from leaf explants for ‘Elsanta’ and ‘Induka’ wasand green lights are more beneficial fleragaria
0,4 mgdni>. In earlier studies it has been shown theplant growth than blue and yellow, which is associ-
the most efficient concentrations of BA in shoot reated with low UV intensity. According to Yonghua et
generation for different strawberry genotypes weaal. [2004], the usage of fluorescent light rays rbay
0,9-1,8 medni® [Simpson and Bell 1989]. In case ofbeneficial for the regeneration of strawberry.
using BAP exclusively, it has been shown, that- effi
cient was only concentration 3,2 and 6,4-ang°  Callus induction
[Zebrowska and Horfigki 2002]. It is worth to men- For callus initiation, lamina explants [Jones et al
tion that, low salt content in medium and lack 01988, Infante et al. 1998] and petioles [Jonesl.et a
plant growth regulators (PGRs) may contribute t1988, Infante et al. 1998, Tian et al. 2003] wesedu
inhibition of growth and development of strawberry(tab. 2). Plants were cultivated on medium with low
plants [Monticelli et al. 2002]. PGRs concentrations in dark conditions [Svensson
For Fragaria indica the most appropriate shootand Johansson 1992, Tian et al. 2003]. Callus of
induction medium was MS with addition ofFragaria moschataDuch. has been formed most
1,0 mgdm™ BA and 0,02 mgim™> NAA (pH 5,8, effectively on MS with 0,1 mdm® NAA and
temp. 25 +2°C, white light with intensity of 0,025 mgdm>® BA. After 18 months of passages,
40 pmol-m%s™) [Bhatt and Dhar 2000]. higher concentrations of NAA and BA was more
Usage of liquid cultures, which was described bstimulative [Infante et al. 1998].
Debnath [2009], significantly improves the yield of
strawberry micropropagation. It was noticed thait, oRooting
MS with 0,02 megdm™ TDZ, on 20-30% of plants For rootingFragaria plants many variants of the
vitrification has been occurred, which was causgd tmedium were used (tab. 3). According to Mohamed
high potential of water in leaves. That process weet al. [1991], in case of plants arisen througtssiray
reversed by using medium with 0,2 wmhgi> zeatine Fragaria x ananasaDuch. andFragaria ovalis L.,
[Debnath 2009]. paclobutrazol activity on root development was more
High concentrations of PGRs may lead to plarstimulative, abscisic acid (ABA) activity was weake
vitrification, which is an unfavorable physiologica and GA and BA activities were the weakest. Accord-
condition constituting an unquestionable barrier iing to other authors, the most effecti@agaria
plant micropropagation [Barbosa et al. 2013]. lis th plants rooting is on MS medium without PGRs
research, on ‘Burkley’ and ‘Dover’ varieties, BA[Singh and Pandey 2004, Debnath 2005, Haddadi et
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al. 2010, Karim et al. 2015] or on %2 MS with IBAadventitious shoots with callus stage, through cell
[Jeong et al. 1996, Husaini and Srivastava 2006]. suspension or protoplasts culture is however associ
In Jemmali et al. [1995] studies, for strawbernated with high genetic instability rate of plantdtic
rooting, medium with microelements from Knop’svated in vitro [Larkin and Scowcroft 1981, Meins
medium, microelements from MS, vitamins anc1983]. It needs to be noticed that, genetic instgbi
0,9 mgdn™ IBA and 0,5 medm® activated charcoal occurred in several other cases of shoot tips @isme
was used [Jemmali et al. 1995]. Increase of IBA-coitems cultures [Nehra et al. 1994] and anther cestur
centration in medium caused inhibition of roofNyman and Wallin 1992]. Very large impact on
growth and addiction of activated charcoal hagenetic stability has cultivated vitro plant genotype
a stimulating effect [Lopez-Aranda et al. 1994, Rda[Nehra et al. 1994]. Somaclonal variation of straw-
et al. 2010]. More effective seems to be also amdit berry Fragaria x ananasspmay be induced from
of humic acids solution to medium, due to its highecallus leaf explants through increased interval be-
stimulation effects on root growth than in case ctween subsequent passages [Popescu et al. 1997],
adding only auxins [Rzepka-Plevnes et al. 2011]. gamma irradiation in doses of 5-50 Gy [Kaushal et
From Borkowska [2000] studies resulted, that thal. 2004] or using high concentration of BAP [Biswva
rooting of strawberryn vitro plants should be done et al. 2009].

ex vitra According to Sansavini et al. [1990] and Kaushal
et al. [2004], strawberry clonal propagation orgéar
Acclimatization scale, while plant multiplying is maximized by ugin

In Fragaria indica micropropagation protocol, high concentration of PGRs, may induce high rate of
which was created by Bhatt and Dhar [2000], it wasomaclonal variation [Sansavini et al. 1990, Kalsha
proved, that one of the best mediums for plantiaccal. 2004], which is a huge problem in production of
matization in plant tissue culture was a mixture cgenotypic and phenotypic uniform plants. Among
soilrite and sand, on which the survival rate @fnpl these changes — leaf colour, occurring of dwanfitgla
was 70%. ‘Camarosa’ variety survival rate at aboland many others stands out [Cameron and Hancock
90% was obtained on mixture of perlite, vermiculite1986, Sansavini et al. 1990, Irkaeva and Matveena
and coconut fiber (2 : 1 : 2 v/vlv) [Haddadi et al1997]. Modified traits may be epigenetic and themef
2010]. A relatively high plant survival rate was@l they can disappear with time [Koruza and Jelaska
obtained during ‘Oso Grande’ acclimatization 0r1993]. This temporary changes may be caused by
mixture of garden soil and manure in the ratio1ll : DNA methylation. Methylation patterns was discov-

(77.3%) [Rattanpal et al. 2011]. ered in soy cell suspension cultures and maizescall
cultures [Kumar et al. 1999]. Epigenetic variabiiis
Genetic stability often unstable and may disappear after transferring

In vitro plant regeneration is a valuable techniqucultures fromin vitro conditions to the soil as well as

which is used to mass propagation and seeds protafter several passages [Kaeppler et al. 2000].

tion. It is also used in genetic engineering. Titratd Somaclonal variation occurs most often in plants
ing factor of using plant tissue culture technidsie regenerated through callus culture, which went in
occurance of genetic instability among plants. @he dedifferentiation phase. Somaclonal variation issed

the main factor which affects rate of genetic siigbi by changes in chromosomes quantity (polyploidy or
during plant culture is regeneration method [Ne#tra aneuploidy), chromosomal damage (like insertions,
al. 1994]. Plant regeneration through somatic endeletions, translocations, mutations) or chromatin
bryogenesis or direct organogenesis from singlis cemethylation changes. Chromosomal damage may
is considered to be the method which minimizeoccur during crossing-over, late replication indnet
problem of genetic instability [Vasil and Vasil 288 chromatic regions, transpozons. point mutations or
Maheswaran and Wiliams 1987]. Regeneration froichromosomal rearrangements [Biswas et al. 2009].
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Results of some studies suggested that, the impcontinuation is essential in order to standardiz t
tant factors in somaclonal variation inductioniin micropropagation protocol of plants of the genus
vitro systems are concentration of auxins in mediulFragaria.
and number of passages [Popescu et al. 1997, Biswas
et al. 2009]. REFERENCES
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