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Abstract. Physalis peruviana L. is belongs to Solanaceae family and commonbvkmas
Cape gooseberry. More recently it is very populat aidely used as medicinal plant to
treat malaria, asthma, hepatitis, dermatitis aneumimatism and has diuretic and anti-
inflammatory properties. In this study, it was athte developn vitro propagation proto-
col for P. peruviana L. using apical shoots as an explant sources.ieegted plants were
evaluated based on their multiplication rate amubshength using various concentration
of BAP (1, 2, 3 mg) in combination with IBA (0, 0.1, 0.2, 0.4 mg)land NAA
(0, 0.1, 0.2, 0.4 mgY. In addition, efficiency of various auxin conceaiions of (1 and

2 mg I IBA and NAA) was also applied on root formationRfperuviana L. The high-
est shoot numbers were obtained from 2 tThBAP with 0.4 mg T IBA (6.00) combina-
tions and shoot length obtained in 2 myBAP with 0.2 mg T IBA combinations
(3.30 cm). As for the effects of BAP and NAA comdbioas; the highest shoot length
were obtained from 2 mg'IBAP without NAA combinations (3.33 cm) while thenlest
one was in 3 mgl BAP with 0.4 mg/l NAA combinations. The highesotmumbers
were obtained from NAA application (2 md &nd 1 mgt, respectively)in vitro derived
plants were acclimatized to the soil smoothly. phesent study highlights the importance
of plant tissue culture in order to be used fogéascale production d®. peruviana (L.)
due to the elimination of sexual propagation.
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INTRODUCTION

Horticulture concerned with plants that are usegégple for food, either as edible
products, or for culinary ingredients, for medidinse or ornamental and aesthetic
purposes. They are genetically very diverse grawppay a major role in modern soci-
ety end economy. Fruits and vegetables are an tantacomponent of traditional food,
but are also central to healthy diets of moderramrpopulation [Bajpai et al. 2014,
Feng et al. 2014, Ruttanapraset et al. 2014, Mitek. 2015].

Physalis peruviana (L.) (golden berry) is belongs to the family Soleeae, a small
herbaceous annual plant grown as weed in the oetih[Ramirez et al. 2013]. Accord-
ing to the previous reports, this plant has a tredoes medicinal value for curing out
different diseases. Although some medicinal plédwatge toxicity effects on human but
toxicity of golden berry was demonstrated just ighhconcentrations only in males
[Perk et al. 2013]. The golden berry fruit tasti&e la sweet tomato and includes high
levels of vitamin C, vitamin A and the vitamin Broplex. The fruit was demonstrated
to have both anti-inflammatory and antioxidant mnigs [Wu et al. 2006, Pardo et al.
2008]. FurthermoreR. peruviana extracts were reported to have anti-hepatomaigctiv
due to the induction of apoptosis in a human heggdlidar carcinoma (Hep G2) cell
line [Wu et al. 2004]. Yen et al. [2010] reportddht golden berry-derivedB#HWE is
a potential DNA-damaging and chemotherapeutic aggainst lung cancer. Further-
more, leaf and shoot extracts possess cytotoxarefin HelLa cells when applied as
100 pg/mL concentration and can alter antiapoptotic gg@akir et al. 2014]. Golden
berries usually propagated by seeds. Sometimegrtheers has faced to inadequate
propagation material when used seeds. Furtherrttteeg may be a germination prob-
lem with seeds and this brings about time consumimghis way, miropropagation is
an effective approach to conserve such germplasmhé&rmore, genetic improvement
is another approach to enhance the yielding capatihe plant. Therefore, it is impor-
tant to develop an efficient micropropagation tegha for P. peruviana to rapidly
disseminate superior clones once they are idedtifiéssue culture technique can play
an important role in the clonal propagation ofestitones and germplasm conservation
of this medicinal hurb. In recent years, numerouslies onin vitro propagation of
different plant species have shown that this tepimimay be a solution for rapid
propagation of selected plaspecies [Boulay 1987, Chalupa 198 vitro techniques
are important tools for modern plant improvemertgoams introducing new traits into
selected plants, to multiply elite selections amdévelop suitable cultivars in the short
time also [Taji et al. 2002]. Used in conjunctioithwclassical breeding methods, an
efficient in vitro shoot proliferation and regeneration system coulckkerate cultivar
development programs. The ability to regeneratetpla crucial to the successful ap-
plication ofin vitro methods [Cao and Hammerschlag 2000]. This techriigigebeen
widely used especially in Europe and USA [Zimmermd®81, Boxus et al. 1989].
Morever, the capability for regenerating and pratagplants from cultures cells and
tissues is one of the most useful aspects oftro cell and tissue culture. Till now the
highest regeneration from leaf and nodal explantgdlden berry tissue culture was
observed at the highest concentration of BAP amta [Otroshy et al. 2013].
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To our knowledege, there is very limited previousiiblished paper oim vitro pro-
pogation ofP. peruviana L. The present paper deals with the development ob@gol
for in vitro asexual multiplication ifP. peruviana L. derived from apical shoots using
various plant growth regulators.

MATERIALS AND METHODS

Plant material. The apical shoots d. peruviana were used as an explant sources.
Explants were washed in running tap water approtdip® min. and then washed again
thoroughly by adding a few drops of Tween-20. Seefaterilization were applied using
6% sodium hypochlorite for 8 min. and then rinsedesal times in sterile double dis-
tilled water inside the Laminar Air Flow Chamberub8ultures were done every
3-4 weeks intervals.

The explants ofP. peruviana L. were maintainedin vitro on basal medium
(McCown’s woody plant basal salts) and includingriins 20 gt sucrose and 7.5 ¢ |
agar [Lloyd and McCown 1981]. All medias were atigasto pH 5.8 before autoclav-
ing. All cultures were propagated at’@5under 16 h light, 8 h dark cycle photoperiod
by cool fluorescent lamp at 1500 lux.

At the beginning, the apical shoot explants wetenathe medium consisting of
basal medium without adding plant growth regulatorihibit phenolic release to the
medium until the whole plant formation (approximgt weeks). These plants were
transferred including various BAP (0, 1, 2 and 3 Mpwith IBA (0, 0.1, 0.2 and
4mg ™ and NAA (0, 0.1, 0.2 and 0.4 md)lcombinations to detect multiplication
efficiency. The number of shoots per explant anefraye shoot length was determined.
Rooting performance of intact plants was also itigated using various auxin types
and levels. NAA and IBA were used as an auxin sesioonsisting, 1 and 2 mg |

Statistical Analysis Obtained data were recorded after 40 days for beunof
shoots per explant. Fourth explants were usedrpatment and each treatment repeated
three times on the same medium composition. Allegxpents were conducted in
a completely randomized design. All recorded dataevanalyzed using JMP soft pack
programme at 5% significant level £0.05) and mean separation by LSD.

RESULTS AND DISCUSSION

A multiple shoot culture and standardization of raeand plant growth regulators
may provide a mass propagationRofperuviana L. which is a very important source of
pharmacologically active plant constituents. Thsulis of multiple shoot cultures of
P. peruviana L. derivedfrom single apical shoots were given in Table 1 dable 2.
As seen in Table 1, the differences of shoot numere not found statistically signifi-
cant when used 1 mg BAP and 3 mgt BAP with various IBA combinations. Among
the 1 mg T BAP and various combinations of IBA, the highesbats detected in
1 mg I'BAP + 0.2 mg T IBA combinations while the lowest in 1 mgBAP + 0 mg/L IBA
combinations. The combination of 2 mgBAP and various IBA combinations were
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found to be higher than the 1 myand 3 mg BAP combinations. The highest shoot
numbers were obtained from 2 mgBAP with 0.4 mg T IBA (6.00) combinations
(fig. 1). As for the 3 mgt BAP and various IBA combinations, the shoot numbers
were ranged between 2.00 (3 mgBAP + 0.4 mg T IBA) to 3.33 (3 mg T BAP +

0.1 mg I*IBA).

Table 1. Effect of various levels of BAP and IBA doimations on shoot numbers and shoot
length responce d?®hysalis peruviana

BAP + IBA Shoot numbers Shoot length (cm)
BAP 1 mgt+0 mg'IBA 1.66 1.80b
BAP 1 mgt+0.1 mgtIBA 2.00 180 b
BAP 1 mgt+0.2 mgtIBA 2.66 2.83a
BAP 1 mgt+ 0.4 mgtIBA 2.33 3.16a
Average 1.630 0.577
BAP 2mgT+0mgt* IBA 3.33b 150c
BAP 2 mgt+0.1 mgtIBA 3.66b 2.83 ab
BAP 2 mgt+0.2 mgtIBA 4.0 ab 3.30a
BAP 2 mg 1+ 0.4 mgtIBA 6a 2.66b
Average 2.033 0.504
BAP3mgft+0mgl* IBA 2.66 176 a
BAP 3 mg '+ 0.1 mg IBA 3.33 180a
BAP 3 mg '+ 0.2 mg FIBA 2.33 2.23a
BAP 3 mg I*+ 0.4 mg IBA 2.00 2.83a
MSDs) 1.331 1.129

Table 2. Effect of various levels of BAP and NAAngbinations on shoot numbers and shoot
length ofPhysalis peruviana

BAP Shoot numbers Shoot length

BAP 1 mg I* +0 mg I' NAA 1.00b 15¢

BAP 1 mgi* +0.1 mg I NAA 3.00a 1.33¢
BAP 1 mg ' +0.2 mg I NAA 1.33ab 3.16a
BAP 1 mg ' +0.4 mg T NAA 1.33ab 2.33b
MSDus) 0.768 0.787
BAP 2 mg i* +0 mg I' NAA 1.66 b 3.33a
BAP 2 mg I* +0.1 mg I NAA 3.33a 2.33b
BAP 2 mg I* +0.2 mg I NAA 3.33a 2.16b
BAP 2 mg I* +0.4 mg I NAA 2.33 ab 1.83b
MSDius) 1.087 0.760
BAP 3 mg I* +0 mg I* NAA 2.73a 2.40a
BAP 3 mg I* +0.1 mg I NAA 2.66 a 2.66 a
BAP 3 mg I* +0.2 mg I NAA 290a 2.90a
BAP 3 mg I* +0.4 mg I NAA 1.30 b 1.30b
MSDxs) 0.714 0.551
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BAP x IBA Combinations
Shoot charaers

7 -
6
5 0O Shoot numbers
4 B Shoot length
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IBA concentrations

Fig. 1. Effects of different combinations of Indd@etyric Acid (IBA) (0, 0.1, 0.2, and 0.4 mg)|
supplemented with BAP (6-Benzylaminopurine) (1, 2d &nmg 1) concentrations ¢
shoot numbers and shoot length (cmPoperuviana L.

BAP x NAA Combinations
Shoot characters

44 BAP1mgt BAP 2 mg I* BAP 3mgI*
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E Shoot numbers
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Fig. 2. Effects of different combinations of NAA #élhthalen Acetic Acid)0, 0.1, 0.2, ar
0.4 mg 1*) supplemented with BAP(6-Benzylaminopurine) (1a2d 3 mgt) concentra-
tions on shoot numbers and shoot length (cn®. peruviana
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The results of various BAP and NAA combinations evgive in Table 2. As seen
in Table 2, the highest shoot numbers were deteicte?l mg I* BAP with 0.1 and
0.2 mg 1* NAA combinations (3.33). The results indicated thdten the NAA level
increased to level 0.4 mg,lthe shoot numbers affected negatively in all Bddfhbina-
tions (fig. 2).

The results of various level of BAP and IBA combioas on shoot length &¢f. pe-
ruviana L. were given in Table 1. As seen in Table 1, highest shoot length were
obtained in 2 mgiBAP with 0.2 mg T IBA combinations (3.30 cm) while the lowest
shoot length was observed in 2 mBAP and without IBA combination (1.50 cm).
As for the effects of BAP and NAA combinations; théghest shoots were ob-
tained from 2 mg BAP without NAA combinations (3.33 c¢m) while thewlest in
3 mg [*'BAP with 0.4 mg T NAA combinations.

Table 3. Effects of NAA and IBA concentrations olting number and length &hysalis peru-

viana
Applications Root numbers Root length
Control 2.33¢c 2.34d
IBA (1 mg ) 3.00 be 3.29¢
IBA (2 mg ) 3.33bc 3.36¢
NAA (1 mg ') 3.66 b 413b
NAA (2 mg I 533a 5.43a
MSDys) 1.242 0.346
IBA and NAA Concentrations
678
3
512
[5}
41%
[~
31 O Root Numbers
2 4 _:0 - - 3 il @ Root Length
i g g 50 o0 on (mm)
= e g = =
O T T T T
Control IBA IBA NAA NAA

IBA and NAA concentrations

Fig. 3. Effects of different concentrations of IBidole Butyric Acid) (1 and 2 mg') and NAA
(Naftalen Acetic Acid) (1 and 2 mg) compared to control (O mg) on root numbers and
root length (cm) oP. peruviana L.
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The results of various IBA and NAA levels on rogtinumbers and length &f pe-
ruviana (L.) were given in Table 3. As seen in Table Jjatéon was observed among
the application of various level of auxins and ttiiferences were found to be statisti-
cally significant. The highest root numbers werd¢aoted from NAA application with
200 mg t*and 100 mg1, respectively (fig. 3).

A multiple shoot culture and standardization ofPoperuviana L. derivedfrom sin-
gle apical shoots showime shoot numbers were lower when theng I* BAP used
alone.However, Afroz et al. [2009] reportedpaotocol for high frequency plant regen-
eration of nodasegments and shoots ifiysalis minima. About 29 and 32 shoots were
found to be induced from nodal segment and shpogxplants, respectively, cultured
on MS medium supplemented with Infly I* BAP. The highest shoot numbers were
detected in 2 mgYiBAP with 0.1 and 0.2 mg‘INAA combinations (3.33). Therefor
when the NAA level increased to level 0.4 rifgHe shoot numbers affected negatively
in all BAP combinations.

Tissue culture techniques could allow its massiapagation in a short time. Oscar
et al. [2011] reported the effect of Murashige &k@og (MS) salts concentrations with
(BAP 1.7 mg T, NAA 0.1 mg I*) onin vitro enlargement and rooting of tHs peruvi-
ana L. and also the traditional acclimation substrateplantlets was compared with
a hydroponic acclimation substrate. The best rgotesults were obtained by using
a 50% concentration of MS salts, producing higheyoss (14.4 cm), increase in root
size (6 cm), number of leaves (4.3), and numbedruofs (3.3). Rooting took place si-
multaneously within vitro shoots enlargement, and no significant differencese
observed between acclimation systetise of auxin single or in combination for root-
ing was also reported by different authf@®hoo and Chan 1998, Hassan and Roy
2005, Rahman et al. 2006, Vadawale et al. 2006siBalkt al. 2007, Usha et al. 2007].
Afroz et al. [2009] reportethat shoots can be rooted well when they are ecdissi-
vidually and implanted on half-strength MS mediurthvd.3mg I NAA, and 98% of
shoots rooted within 12—-15 days. This may be dugsiog different basal medium and
plant genotypes.

Multiple shoot cultures oPhysalis minima were established from single apical ex-
plants on MS medium supplemented with combinatibnosmones Kinetin (0.4 mg')
and BAP (3.5 mg) [Mungole et al. 2011]. Full strength MS solid med with
1.0 mg/l IBA without or at lower concentrationsaytokinine exhibited the begt vitro
rooting [Otroshy et al. 2013]. In this study, thesbrooting results were obtained from
200 mg T NAA media in 2 weeks. Yiicesan et al. [2015] invgstied regeneration ca-
pacity of P. peruviana underin vitro conditions with underlying synthetic seed technol-
ogy and an encapsulation process with four differaatrix compositions, including
NaAlg (sodium alginate) with or without PGR (playtbwth regulator) free LS medium
containing 3% (w/v) sucrose alone or in combinatigith 0.5 mg T abscisic acid
(ABA). The highest regrowth (100%) was observe@&tays of storage for all matrix
compositions.
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CONCLUSIONS

In our study, we observed that effects of variawels of BAP with IBA and NAA
combinations were differed iR. peruviana L. based on shoot numbers and length. The
higher shoot numbers and length was obtained frédR Bith IBA combinations than
BAP with NAA. However, satisfactory results weretaibed from NAA compare to the
IBA interms of rooting ofP. peruviana L. This study aims to develop a standard proto-
col to initiate multiple shoot culture and rootingedia that may provide a good source
of pharmacologically active plant constituents.
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ROZMNA ZANIE in vitro Physalis peruviana (L.) ]
PRZY UZYCIU EKSPLANTOW ZE SZCZYTOWYCH P EDOW

Streszczenie GatunekPhysalis peruviana L. nalezy do rodziny Solanaceae i znany jest
powszechnie jako miechunka peruiigka. Ostatnio jest bardzo popularnyzywany ja-

ko raslina lecznicza w terapii malarii, astmy, zapalewigroby, zaplenia skory i reuma-
tyzmu. Posiada wkaiwosci moczogdne i przeciwzapalne. Celem badania bylo opraco-
wanie protokotu rozmraniain vitro dla Physalis peruviana L. przy wyciu szczyto-
wych pdéw jakozrédia eksplantéw. Zregenerowanglimoy oceniono na podstawie ich
wspotczynnika rozmnania oraz dtugéei pedow przy uwyciu réznych stzen BAP (1, 2,

3 mg %) w kombinacji z IBA (0, 0,1, 0,2, 0,4 mi)loraz NAA (0, 0,1, 0,2, 0,4 mg").
Ponadto sprawdzono #eskutecznéé réznych koncentracji auksyn (1 i 2 mg IBA

i NAA) w tworzeniu korzeniP. peruviana L. Najwickszy liczbe peddw otrzymano

z kombinacji 2 mgt BAP z 0.4 mgt IBA (6.00) i dla diugéci pedéw w kombinagii
2mg I* BAP z 0.2 mg 't IBA (3,30 cm). Odnénie do efektéw kombinacji BAP i NAA:
najwicksz diugai¢ pedéw otrzymano z kombinacji 2 mg BAP bez NAA (3,33 cm) na-
tomiast najmniejszz kombinacji 3 mgt BAP z 0,4 mg/l NAA. Najwiksz liczbe ko-
rzeni otrzymano przy zastosowaniu NAA (odpowiediang I* i 1 mg ). Rasliny uzy-
skanein vitro dobrze aklimatyzowaty siw warunkach glebowych. Badanie podkae
znaczenie hodowli tkanek g w celu wykorzystania ich do produkéi peruviana (L.)

na dug skak ze wzgédu na eliminagj rozmnaania ptciowego.

Stowa kluczowe:pedy szczytoweSolanaceae L., regulatory wzrostu &hin, ukorzenianie
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