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Effect of the plant growth stimulant zeatin on regeneration capacity of some

Physalis species in vitro culture
O.M. Yaroshko, D.B. Rakhmetov, M.V. Kuchuk

The aim of the study was to find an efficient culture medium for regeneration of Physalis species in vitro to provide
their further propagation ex vitro and obtain fructiferous plants from the regenerants. Physalis peruviana L.,
P. ixocarpa Broth. (cv. Likhtaryk), and P. pubescens L. (cv. Zarynka) were taken as plant material for the research.
Plant introduction into culture and regenerant production were carried out in vitro; the rooting of mature plants and
obtaining plants with ripe fruits took place in a greenhouse and in open ground (ex vitro). To obtain regenerants, we
used Murashige and Skoog (MCs0) medium supplemented with the growth stimulant zeatin (Zea) at a concentration
of 0.5-3 mg/l. The growth stimulant 6-benzylaminopurine (BAP) was used to elongate the regenerant stalks, and the
growth stimulator a-naphthylacetic acid (NAA) was used to initiate root formation. Plant regeneration frequency and
the number of regenerants per explant served as indicators of the efficiency of various zeatin concentrations on the
physalis regenerative capacity. The most effective media for the shoot regeneration from cotyledonous leaf explants
were MCso + 1 mg/l Zea and MCazo0 + 2 mg/l Zea. Regeneration frequency on these media was 46.15 % and 53.84 %
for P. ixocarpa (cv. Likhtaryk), 38.46 % and 45 % for P. peruviana, and 27 % and 34 % for P. pubescens
(cv. Zarynka) respectively. The emerged regenerants were separated from explants and transferred to MC3o medium
supplemented with 1 mg/l of BAP + 0.1 mg/l of NAA for stalk growth and rooting. After a month of cultivation, juvenile
plants were obtained. They were transferred to a greenhouse for adaptation, and later to open ground at the
experimental plot. Three months after the regenerant emergence, we obtained fertile plants, which bloomed and bore
fruit. The regenerants for domestic varieties of P. ixocarpa (cv. Likhtaryk) and P. pubescens (cv. Zarynka) were
obtained for the first time. We established a direct relationship between the concentration of zeatin and both the
frequency of plant regeneration and the number of regenerants per explant.

Key words: Physalis peruviana, Physalis ixocarpa, Physalis pubescens, in vitro, regeneration, zeatin.

About the authors:

O.M. Yaroshko — Institute of Cell Biology and Genetic Engineering, NAS of Ukraine, Akademika Zabolotnoho St.,
148, Kyiv, Ukraine, 03143, 90tigeryaroshko90@gmail.com, https://orcid.org/0000-0003-2517-4472

D.B. Rakhmetov — M.M. Gryshko National Botanical Garden, NAS of Ukraine, Tymiriazevska St., 1, Kyiv, Ukraine,
01014, rjb2000.16@gmail.com, https://orcid.org/0000-0001-7260-3263

M.V. Kuchuk — Institute of Cell Biology and Genetic Engineering, NAS of Ukraine, Akademika Zabolotnoho St., 148,
Kyiv, Ukraine, 03143, nkuchuk@icbge.org.ua, https://orcid.org/0000-0001-7365-7474

Introduction

Physalis peruviana L., P. ixocarpa Broth., and P. pubescens L. are cultivated mainly in tropical and
subtropical countries. One of the main useful component of various Physalis species is betulin, which has
antitumor properties.

In Ukraine, the above-mentioned species are grown in botanical gardens and private collections.
Physalis is a promising plant for obtaining recombinant proteins for pharmaceutical use. Materials
dedicated to the editing of the P. pruinosa genome by the CRISPR-Cas method have recently been
published (Lemmon et al., 2018). Physalis can be used as a model object to study the functioning of
heterologous genes in its tissues and organs. Currently, sufficient amount of works on obtaining callus
tissue and regeneration of various Physalis species have been conducted. A study of regenerative
capacity was performed by a group headed by Rao (Rao et al.,, 2004), which resulted in obtaining
regenerants for P. pubescens. Initially, callus tissue was grown from leaves and internodes, and then, the
regenerants on a medium MSso + 2 mg/l BAP + 0.5 mg/l NAA and on MSso + 2.5 mg/l BAP + 0.5 mgl/l
NAA were obtained from it. K. Ramar and V. Ayyadurai investigated Physalis maxima regeneration
capacity (Ramar, Ayyadurai, 2014). H. Sandhya and R. Srinath obtained regenerants from nodal
segments of Physalis minima (Sandhya, Srinath, 2015). K. Ramar with a group of scientists investigated
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regeneration capacity of Physalis peruviana. They obtained positive results of nodal segments and
internode regeneration on the medium MSazo + 1.5 mg/l BAP + 0.5 mg/l gibberellic acid (GAs) + 0.5 mg/l
2,4-D; MS3o0 + 2 mg/l BAP + 1 mg/l GAs + 1 mg/l 2,4-D, and that of leaf explants on MS30 + 2.5 mg/| BAP +
1 mg/l GAs + 0.5 mg/l 2.4-D; MS30 + 3 mg/l BAP + 1 mg/l GAs + 1 mg/l 2,4-D (Ramar et al., 2014).
K. Bergier with colleagues obtained Physalis ixocorpa regenerants from the "hairy root’s culture” on the
medium MSsz + 5 pm Kin + 1 ym BAP (Bergier et al., 2012). O. Kumar with a group obtained regenerants
of Physalis angulata from meristems (Kumar et al.,, 2015). K. Swartwood and J.Van Eck received
regenerants of Physalis pruinosa from hypocotyls explants (Swartwood, Van Eck, 2019). N. Assad-Garcia
obtained regenerants from the cotyledons of the 12-day-old seedlings of Physalis ixocorpa cv. Rendidora
on the MS3o medium + 1 yM NAA + 12.5 yM BAP (Assad-Garcia et al., 1992). P. Singh and colleagues
received regenerants from nodal segments of P. peruviana on the MSso medium + 2.5 mg/l BAP + 0.05
mg/l indolylbutyric acid (IBA) (Singh et al., 2016). A group of researchers headed by Otroshy received
regenerants of P. peruviana on the MS3o medium + 4 mg/l BAP; MSs0 + 1 mg/l Kin + 3 mg/I BAP from leaf
explants and on the MS3o medium +2 mg/l Kin + 2 mg/l BAP; MS30 + 4 mg/l BAP + 1 mg/l Kin + 0.5 mg/I
indolylbutyric acid (IBA) from nodular explants (Otroshy et al., 2013). Yaroshko and Kuchuk obtained
regenerants of Physalis peruviana (Yaroshko, Kuchuk, 2019). Several scientific groups worked with
Physalis minima (Afroz et al., 2009; Gupta, 1986; Sheeba et al., 2015; Mungole et al., 2011; Patel et al.,
1987). Despite the achievements on this approach, there is still no works on the regeneration of domestic
varieties of physalis in vitro.

Our objective was to find an efficient culture medium for the P. peruviana, P. ixocarpa, and
P. pubescens regeneration in vitro in order to future obtaining adult plants from the regenerants ex vitro.

Materials and methods

The following species were used as plant material for investigations: Physalis peruviana, Physalis
ixocarpa (cv. Likhtaryk), and P. pubescens (cv. Zarynka). The originator of Likhtaryk and Zarynka
varieties is M.M. Gryshko National Botanical Garden of the National Academy of Sciences of Ukraine.
The source material was taken from the collection fund of the department of cultural flora of the above-
mentioned institution (Rakhmetov et al., 2015).

Seeds of the three investigated species germinated on the sterile nutrient agar medium Murashige
and Skoog (MSs0) (Murashige, Skoog, 1962) with 30 g/l sucrose under conditions of 22—-26°C, 14-hour
light period, and illumination of 3000—4500 Ix.

For regeneration, we used leaf cotyledons from the seven-day seedlings. The explants were
cultivated horizontally one month on the MSso medium, containing 30 g/l sucrose (pH 5.7-5.9) with the
addition of zeatin (Zea) (assay > 98 %, Duchefa Biochemie B.V.: Netherlands) in different concentrations
(0.5, 1.0, 2.0, and 3.0 mg/l).

The obtained shortened shoots were separated and transferred to the MS3o medium with 1 mg/l of
BAP (assay > 99 %, Duchefa Biochemie B.V.: Netherlands) + 0.1 mg/l NAA (assay > 98 %, Duchefa
Biochemie B.V.: Netherlands) for a month for elongating and rooting.

Data collection and Statistical analysis.

The efficacy of the used concentrations of growth stimulants for obtaining regenerants of species
and varieties of the genus Physalis was determined by the following indicators: the number of
regenerants obtained per one explant and the percentage of regeneration (regeneration frequency).

The number of regenerants was defined as a number of new young plants emerged from one
explant. The regeneration frequency was calculated as a proportion (%) of the number of regenerated
explants out of the total number of explants at the beginning of the experiment. The higher the
percentage of regeneration was and the more regenerants were obtained from one explant, the more
effective the concentration of growth stimulants used is considered.

Ten explants were used in each variant of experiments that was conducted in three replications.
The data were analyzed using the general procedure in the Software Package STATISTICA Version 12.
Spearman's test and standard error were used for statistical processing of the obtained data; the
procedure was described in detail in our previous work (Yaroshko, Kuchuk, 2019). In this work, the effect
of different concentrations of growth regulator zeatin was compared with the appearance of different
numbers of regenerants per one explant.

Results and discussion
After cultivation of the explants on the MS3o medium with different Zea concentrations regenerants
were obtained (Fig. 1, 2). The most effective medium for regeneration from leaf cotyledons was MSao
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supplemented with 2mg/l Zea (Fig. 2, Table 1). Quite promising results of shoot regeneration were
obtained on the medium MS30 + 1mg/l Zea (Fig. 1, 2, Table 1). Three months after receiving regenerants,
we obtained adult fertile plants, which bloomed and fruited (Fig. 3).

The regeneration of Physalis ixocarpa (cv. Likhtaryk) on the medium MS3 + 2mg/l Zea was
successful, 53.84 %, while on the medium MSs0 + 1mg/l Zea it declined to 46.15 % (Fig. 2). The
regeneration of Physalis peruviana was lower, 45 % and 38.46 %, respectively (Fig. 2).

Fig. 1. Shoot induction from cotyledon leaves on the MS3 medium with 1mg/l Zea after one month

of cultivation (A — Physalis ixocarpa (cv. Likhtaryk); B — P. peruviana; C — P. pubescens
(cv. Zarynka))
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Fig. 2. Effect of zeatin on the frequency of shoot regeneration of Physalis ixocarpa (cv. Likhtaryk),
P. peruviana, and P. pubescens (cv. Zarynka) from cotyledon leaves on the MS3, medium after one
month of cultivation. Whiskers indicate the standard error; n=30
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Table 1. Influence of growth regulator on the number of regenerated shoots from the cotyledon
leaves of Physalis peruviana, P. ixocarpa, and P. pubescens on the MS3 medium supplemented
with different Zea concentrations (number of shoots per one explant, pc., MtSE)

Plant species, variety

Concentration of Zea growth stimulant

0 mg/l 0.5 mgl/l 1 mg/l 2 mg/l 3 mg/l
P. peruviana - 5+0.92* 11+0.95** 14+0.96** 6+0.86*
P. ixocarpa cv. Likhtaryk - 7+0.84* 12+1,1* 15+£1.3** 10+0.83*
P. pubescens cv. Zarynka - 34£0.63* 6+0.56* 8+0.62** 31£0.54*

* null hypothesis is rejected with significant (P<0.05) levels of averages differences;

** null hypothesis is rejected with highly significant (P<0.01) levels of averages differences.

o —

Fig. 3. General view of adult plants in the open ground with unripe fruits (A — Physalis ixocarpa
(cv. Likhtaryk), B — P. peruviana, C — P. pubescens (cv. Zarynka)) and general view of ripe fruits in
comparison (D, from left to right: P.ixocarpa (cv. Likhtaryk), P. peruviana, P.pubescens

(cv. Zarynka)
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Our data are consistent with other studies on the Physalis regenerative capacity. The majority of
works were conducted with the use of BAP and Kin growth regulators and an addition of a third
component (Ramar, Ayyadurai, 2014; Ramar et al., 2014; Kumar et al., 2015; Gupta, 1986). We used
only one regulator, zeatin, and received positive results.

In our previous work, we obtained regenerants for P. peruviana on the media MSzo+ 1 mg/l kinetin
(Kin) + 3 mg/l BAP and MS30 + 2 mg/l Kin + 1 mg/l BAP (33.33 % of regeneration on both) (Yaroshko,
Kuchuk, 2019). In the current work, we got higher percentages of regeneration of the same species on
the media MS30 + 1mg/l Zea and MSa30 + 2mg/l Zea (38.46 % and 45 %). Thus, we can state that the MSao
media with Zea are more effective for obtaining Physalis regeneration than that with Kin or BAP.

According to the works of other researchers, the highest frequency of P. peruviana regeneration
was obtained on the media with addition of BAP (concentration 1-3 mg/l) or Kin (1 mg/l) (Ramar,
Ayyadurai, 2014; Bergier et al., 2012; Gupta, 1986). A number of regenerated plants averaged to 11 or 13
per one explant on the media with BAP or Kin, respectively. In our current work, we have achieved similar
results on the media with 1 mg/l Zea (11 pc.) and 2 mg/l Zea (14 pc.)

In the world literature, there is one published work on the regeneration of Physalis pubescens (Rao
et al., 2004) and two works on the agrobacterial transformation and regeneration of Physalis ixocarpa
(Bergier et al., 2012; Assad-Garcia et al., 1992). Unfortunately, the regeneration percentage obtained in
both species is not indicated in these papers. Therefore, we cannot compare the results of our study with
those of other research groups.

In the course of our investigation, we found out that Physalis ixocarpa (cv. Likhtaryk) has the
highest regeneration capacity among the three species studied (53.84 %). Such a regeneration
percentage is sufficient to carry out genetic transformation of experimental plants. Thus, in the further
research on Agrobacterium-mediated genetic transformation of Physalis plants, we will use Physalis
ixocarpa (cv. Likhtaryk) as the most promising candidate.

Conclusions

Our experiments resulted in definition of the most efficient culture media for regeneration of
Physalis peruviana, P. ixocarpa (cv. Likhtaryk), and P. pubescens (cv. Zarynka): a percentage of shoot
regeneration from cotyledon leaves was the highest on MS3p + 2mg/l of Zea and MSso + 1mg/l of Zea.
Then, the obtained regenerants were grown on the medium MSso with 1 mg/l of BAP and 0.1 mg/l of NAA
for elongating and rooting and, in a month, we got adult plants. Three month after the emergence of
regenerants, the mature plants started blooming and bearing fruits.
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BnnuB cTumynsaTopa pocTy 3eaTUHY Ha pereHepauinHy 34aTHICTb POCNUH AeAKUX
BuaiB poay Physalis B KynbTypi in vitro
O.M. Apouwiko, A.5. PaxmeToB, M.B. Kyuyk

MeToto po6oTn Byno BUsBMNEeHHS1 e(PEKTUBHOIO KynbTyparbHOro cepeoBuLla aAnst pereHepaldii Buais pony Physalis B
yMOBax in vitro anga ix noganblioro PO3MHOXEHHSI i OTPMMaHHS MIOAOHOCHUX POCIWNH 3 pereHepaHTiB B yMOBax
ex vitro. POCIMHHMM mMaTtepianomM ang gocnigpkeHHs 6ynu Taki Buav pocnuH: Physalis peruviana L., Physalis ixocarpa
Broth. (cv. Likhtaryk), Physalis pubescens L. (cv. Zarynka). BBegeHHSI pOCNUH Yy KynbTypy Ta OTPMMaHHS
pereHepaHTiB NMPOBOAWMMCA B YMOBAaXx in Vitro; yKOPIHEHHS AOPOCMMX POCMWH Ta OTPMMAaHHS POCAMH 3i 3pinummn
nnogamu MNpoBOAMNM B YMOBax Tennuui Ta BIigKpUTOro rpyHTy (ex vitro). Ons oTpuMaHHA pereHepaHTiB
BMKOpUCTOBYBanu cepeposuile Mypacire i Ckyra (MCso), 4JONOBHEHE CTUMYNATOPOM POCTY 3€aTUHOM Y KOHLeHTpaLii
0,5-3 mr/n. Ona nogoBxeHHs cTeben pereHepaHTIB BMKOPUCTOBYBAanu CTUMYNATOP PpocTy 6-6eH3nnamiHonypuH
(BAI), a anga iHiyiauii KopeHeyTBOPEHHS BMKOPUCTOBYBanu CTUMYNATOp pocTy a-HadTunourosy kucnoty (HOK). Ak
NoKasHWKN edeKkTy Pi3HWX KOHLUEHTPpaLin CTUMynsaTopa pOCTy 3eaTuMHy Ha pereHepauinHy 34aTHiCTb (pidanicis
BMKOPUCTOBYBaNN TaKi KpUTepIi: 4acToTy pereHepadii pOCNUH i KifbKiCTb pereHepaHTiB, siki pereHepysBanu 3 OgHOro
ekcnnaHTy. [licna npoBedeHHs cepii ekcnepuMeHTiB Oynu nigidpanHi edekTUBHI MOXMBHI cepegoBuwa Ans
pereHepadii P. peruviana, P. ixocarpa (cv. Likhtaryk), P.pubescens (cv.Zarynka). Haibinbw edektnBHUMM
cepefoBuLIAMM ANt pereHepaii naroHiB i3 CiM’Sa0MbHUX NUCTKOBUX EKCNNaHTiB BusiBunuce MCso + 1 Mr/n 3eatuHy
(3ea) i MCao0 + 2 mr/n 3ea. PereHepauisi Ha unx cepegoBuLLax cknagana ansa P. ixocarpa (cv. Likhtaryk) — 46,15 % i
53,84 %, pna P. peruviana — 38,46 % i 45 %, pnsa P. pubescens (cv. Zarynka) — 27 % i 34 % BignosigHo. OTpuMaHi
pereHepaHTU BiJOKpeMmnioBanu Bif eKcnnaHTiB i nepeHocunu Ha cepeposuile MCso, gonosHeHe 1 mr/n BAIN +
0,1 mr/n HOK ans pocty cteben Ta BkopiHEHHS. Yepes MicAub KynbTuByBaHHSA Ha cepegosuii MCso + 1 mr/n BAI +
0,1 mr/n HYK 6ynu oTpuvmaHi l0BEHINbHI pOCnUHK, AKki Oynn nepeHeceHi B TENNWYHI yMOBWU ANS MPOXOMXEHHS
apanTtauii, a nisHiwe — y BiAKPUTUIA I'PYHT Ha eKCcrnepuMeHTarnbHin AinaHui. Yepes Tpy micaui (3 MOMEHTY NosiBu
pereHepaHTiB) Oynu oTpumaHi hbepTunbHi POCnUHK, siKi KBiTyBanu i nnogoHocunu. Hamu Bneplie 6ynm oTpumaHi
pereHepaHT! Ans BiTYM3HSHUX copTiB P. ixocarpa (cv. Likhtaryk), P. pubescens (cv. Zarynka). 3HanigeHa npsma
3anexHicTb MK KOHLUEHTpaUielo 3eaTUHy | 4YacTOTOK pereHepalii POCNUH, a TakoX MK KOHLUEHTpaUiel 3eaTuHy i
KiNbKICTIO pereHepaHTIB, OTPMMaHWX 3 OHOrO EKCIaHTa.

KnrouoBi cnoBa: Physalis peruviana, Physalis ixocarpa, Physalis pubescens, in vitro, peeceHepauisi, 3eamuH.
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BnusiHue cTMMynsaTopa pocTa 3eaTUHa Ha pereHepaLMoHHYI CNOCOBHOCTb

pacTeHMn HeKOTOpbIX BUAoB poaa Physalis B kynbType in vitro
O.H. Apowko, [1.6. PaxmeTtoB, H.B. Kyuyk

Llenbto paboTbl Gbi0 BbisiBNeHne acheKTMBHOM KynbTypanbHOM Cpeabl Ans pereHepaumm BuaoB poga Physalis B
YCrnoBwusiX in vitro ona nx AanbHENLero pa3mMHOXEHUs] U MONy4YeHNs NIOLOHOCALMX PacTEHUA N3 pereHepaHToB B
ycrnoBusix ex vitro. PacTuTenbHblM MaTepuanoMm Anst uccrenoBaHusi Obinu Takue Buabl pacTeHun: Physalis
peruviana L., Physalis ixocarpa Broth. (cv. Likhtaryk), Physalis pubescens L. (cv. Zarynka). BBegeHue pacteHun B
KynbTypy W MNOMy4YeHUe pereHepaHToB MPOBOAMIMUCL B YCMNOBUSIX in Vitro; yKOpEHeHWe B3pOCHbIX pacTeHui u
nonyyeHne pacTeHui co 3penbiMu NogamMu NPoBOAWMMM B YCMOBMSAX TENNUUbl U OTKPLITOro rpyHTa (ex vitro). Ans
nony4yeHns pereHepaHToB ucnonb3oBanu cpeny Mypacure n Ckyra (MCso), AONOMHEHHYIO CTUMYNATOPOM pocTa
3eaTMHOM B KoHLUeHTpauumn 0,5-3 mr/n. [ns yanuHeHns ctebnen pereHepaHTOB MCNOMNb30Banu CTUMyNSTop pocTta 6-
6eHsunamuHonypuH (BAI), a ans vHMUMaumMm KopHeobpasoBaHNs — CTUMYNATOP pocTa a-HaTUMYKCYCHYHO KUCMOTY
(HYK). B kadectBe nokasaTtenen addekta pasnuuyHbiX KOHLEHTpauui CcTUMynsiTopa pocTa 3eaTuHa Ha
pereHepaLMoHHY0 CMOCOBHOCTb hM3anMcoB UCMONb30BaNM Takne KpUTEpMU: YacToTy pereHepauun pacTeHun u
KONMUYECTBO pereHepaHTOB Ha OAMH 3KcnnaHT. [locne npoBefAeHWst cepyuu 3KCMEpPUMEHTOB Obinyv nogobpaHbl
apdekTMBHbIE NUTaTenbHble cpedbl Ans pereHepauuu P. peruviana, P. ixocarpa (cv. Likhtaryk), P. pubescens
(cv. Zarynka). Hanbonee addekTMBHBIMM cpejamu Ons pereHepaumm noberoB M3 CeMsgonbHbIX JIMCTOBbIX
akcnnaHToB 6binn MCso + 1 mr/n 3eatuHa (3ea) n MCao + 2 mr/n 3ea. PereHepauunsi Ha 3TUX cpefax cocTaBuna ans
P. ixocarpa (cv. Likhtaryk) — 46,15 % wn 53,84 %, pna P. peruviana — 38,46 % wn 45 %, ana P. pubescens
(cv. Zarynka) — 27% v 34% cooTBEeTCTBEHHO. Nony4yeHHbIe pereHepaHTbl OTAENANN OT KCMITaHTOB M NePEeHOCUNN Ha
cpeay MCso, gononHenHyto 1 wmr/m BAIN + 0,1 mr/n HYK gna pocta ctebns u ykopeHeHus. Yepes wmecsy
KynbTuBMpoBaHus Ha cpefe MCso + 1 mr/n BAI + 0,1 mr/n HYK 6binu nonyyeHbl l0OBEHUIbHbIE pacTEHUs, KOTopble
ObiNMM NepeHeceHbl B TEMMUYHbIE YCMOBUS ANS MPOXOXAEHMS ajanTauuu, a Mno3xe — B OTKPbITbIA TPYHT Ha
3KCNepuUMeHTansHOM Yy4dacTke. Yepe3 Tpu Mecsita (C MOMEHTa MONyYeHWs pereHepaHToB) Obinn MONy4YeHbl
depTunbHble pacTeHusi, koTopble UBeNW W nnogoHocunu. Hamu Bnepeble Obinu MonyyYeHbl pereHepaHTbl Ans
oTeyecTBeHHbIX copToB P. ixocarpa (cv. Likhtaryk), P. pubescens (cv. Zarynka). OGHapy>eHa npsiMas 3aBUCUMOCTb
Mexay KOHLEeHTpauuen 3eaTuHa U 4acTOTOM pereHepauuu pacTeHURn, a Takke Mexay KOHLEHTpauuewn 3eatvHa u
KONMYECTBOM pereHepaHToB, NOMyYeHHbIX OT OQHOro 3KCMnaHTa.

KnroueBble cnoBa: Physalis peruviana, Physalis ixocarpa, Physalis pubescens, in vitro, peceHepauyusi, 3eamuH.
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