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The aim of the work was to establish the effective culture medium for the regeneration of Physalis
peruviana for further micropropagation and obtaining of adult plants from regenerants in vitro condi-
tions. After conducting series of experiments, effective culture media for the regeneration of Ph.
peruviana was established. The most effective media for shoot regeneration from leaf explants were MS;,
supplemented with 1mg/1 Kin + 3 mg/1 BAP; MS;, + 2 mg/l Kin + 1 mg/1 BAP (33.33% of regeneration
on both media). Good results were obtained on the media MS;, supplemented with 1 mg/1 Kin and 2 mg/1
BAP (28.57% explants regenerated) and MS;, supplemented with 2 mg/1 Kin and 3 mg/1 BAP (26.31%
of regeneration). Root induction from stem and leaf explants were obtained on medium MS;, with NAA
(0.2 mg/I; 0.5 mg/1), IAA (0.2 mg/1; 0.5 mg/1). Root induction frequency on these media was 100% . The
obtained regenerants were separated from the explants and were transferred on the medium MS;, with
1 mg/1 of BAP for elongation, and then on a medium MS;, or MS;, with 0.2 mg/l NAA for subsequent
rooting. After one month of cultivation on mediums MS;, or MS;, with 0.2 mg/l NAA were successfully

received adult plants.
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Due to the medicinal and horticultural
values Physalis peruviana is widely cultivated
in tropical and subtropical countries.
Physalis finds its application in medicine due
to rich biochemical composition (the main
components are 15-desacetylphysabubenolide
and betuline). Physalis species have antitumor
effect and used to treat inflammations.

Ph. peruviana is highly productive plant.
From one plant it is possible to collect about
300 fruits.

In Ukraine, Ph. peruviana is grown only
in private collections. It is not grown on
an industrial scale, therefore, in the case
of obtaining transgenic Physalis plants, it
is easier to prevent the possible leakage of
unauthorized transgenes.

According to mentioned above
information, Physalis is a promising plant for
the production of recombinant proteins for
pharmaceutical use.

A sensational article about editing of
Ph. pruinosa genome was recently published
[1]. Physalis can be a good model object for
studying the functioning of heterologous genes
in its tissues and organs.
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At present, there are many works
devoted to the callus formation and
regeneration of Physalis. Basically,
researchers who obtained regenerants had
the main goal of using them as a source of
secondary metabolites and other valuable
substances, therefore the largest number of
works devoted to the study of Physalis has a
biochemical direction.

The study of regenerative ability was
undertaken by a group headed by Rao. They
obtained regenerants for Ph. pubescence.
Initially, they received a callus tissue from the
leaves and internodes. Then, regenerants were
received on the medium MS;, + 2 mg/l BAP
+ 0.5 mg/l NAA and on the medium MS;, +
2.5 mg/1 BAP + 0.5 mg/l NAA, from the callus
tissue [2].

Ramar K. and Ayyadurai V. chose
Physalis maxima as an object of research.
They managed to obtain regenerants for this
specie from the leaf segments on the media:
MS;, + 1 mg/l BAP + 0.5 mg/1 NAA; MS;, +
2 mg/l BAP + 1 mg/1 NAA + 1 mg/1 Kin and
regenerants from nodal segments on mediums:
MS;, +2mg/I BAP +1.5mg/I NAA + 0.5 mg/1
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GA;; MS;, + 3 mg/1 BAP + 1.5 mg/l; NAA +
1.5 mg/1 GA4[3].

Sandhya H., and Srinath R. received
regenerants from nodal segments of Physalis
minima on media: MS;;, + 2 mg/1 2.4 — D +
2mg/I1 NAA; MS;, +2mg/12.4 — D+ 1 mg/l
Kin [4].

Ramar K. with colleagues received a
positive regeneration result for Ph. peruviana
on media: MS;, + 1.5mg/l BAP + 0,5 mg/1
GA3 + 0.5 mg/1 2.4 — D; MS;, + 2 mg/l BAP
+ 1mg/1 GA3 + 1 mg/1 2.4 — D (for nodal and
internodal segments); and on media MS;, +
2.5mg/l BAP + 1 mg/1 GA; + 0.5 mg/1 2.4 —
D; MS;, + 3 mg/l BAP + 1 mg/l GA; + 1 mg/1
2.4 — D (for leaf explants) [5].

Bergier K. and colleagues received Ph.
ixocorpa regenerants from the hairy root’s
culture on MS;y + 5 pM Kin + 1 ptM BAP [6].

Kumar O.A. and colleagues received
regenerants of Ph. angulata from meristems
on medium MS;, + 1 mg/l BAP + 0.5 mg/1TAA
+0.25 mg/l1 GA5[7].

Swartwood K. and Van Eck obtained
Ph. pruinosa regenerants from hypocotyls on
medium MS;, + 2 mg/1 ZEA [8].

Assad-Garcia N. received regenerants
from the cotyledons of 12-day’s seedlings of
Ph. ixocorpa cv. Rendidora on medium MS;, +
1 uM NAA +12.5 uM BAP [9].

Singh P. and colleagues received
regenerants from the nodal segments of Ph.
peruviana on medium MS;, + 2.5 mg/l BAP +
0.05 mg/1 IBA[10].

Several scientific groups worked with
Ph. minima. Regenerants of this species
were obtained from apical meristems of
15-day — old seedlings and nodal segments
[11]; from the callus on the medium MS;, +
1mg/1 BAP +1mg/l Kin + 3.5 mg/1 GA;[12];
from nodal segments on medium MS;, + 2 mg/1
BAP + 0.25 mg/1 TAA [13]; from callus on
medium MS;, + 3.5 mg/1 BAP + 0.4 mg/]1 Kin
[14]; from the apical meristems of seedlings
and nodal segments on medium MS;, + 1 mg/1
BAP[15].

Although a sufficient quantity of works
dedicated to the regeneration of Ph. peruviana,
an effective protocol has not yet been developed
for obtaining a large number of regenerants
from Physalis leaf explants.

Our objective was to establish effective
culture medium for the regeneration of Ph.
peruviana for further obtaining of adult plants
from regenerants in vitro conditions.

Materials and Methods

The objects of the research were Ph.
peruviana plants.

Seeds of Physalis germinated on the sterile
nutrient agar medium Murashige and Skoog
(MS;,) [16] with 30 g/l sucrose (22—-26 °C,
14-hour light period, illumination —
3000-4500 1x).

For regeneration we used the internodes’
segments, segments of leaflets, petioles of
leaflets and leaflets with petioles (without
separation) 1 cm long, derived from 1-month-
old plants of Ph. peruviana. The explants were
cultivated horizontally for 1 month on MS;,
medium, containing 30 g/l sucrose (pH 5.7—
5.9) with the addition of 6-benzylaminopurine
(BA), 1-naphthylacetic acid (NAA), kinetine
(Kin) in different concentrations.

Obtained shortened shoots were separated
and transferred for 2 weeks on MS;3, medium
with 1 mg/]1 of BAP for elongation, and then
on a medium MS;, or MS;,with 1 mg/l NAA for
subsequent rooting.

Data collection and Statistical analysis

For each experiment, 15 explants were
used. Data was analyzed using the general
procedure of Statistica software package,
Version 12. When the P indicated significant
treatment effects (5, 1 or 0,1% ) based on the
Spearman’s rank order correlation (R), the
Least Significant Difference test (P < 0,05;
P <0,01; P <0,001) was used as a method to
determine which treatments were significantly
different from others treatments. The
significance levels (P) of averages differences
or relations of the mean values were
determined by tables for small samples.

We carried out Spearman analysis. In
order to confirm the validity of the results,
the comparison of the group values was carried
out. The comparison with control wasn't
carried out, as for the control group we have
value “0”.

The control group were plants, parts of
which were placed on the medium without
the addition of stimulants. experimental
groups — plants placed on medium with
growth stimulants. No changes were observed
in the control group (therefore, in the control
group 0).

The Spearman’s rank correlation
coefficient is used to identify and assess the
closeness of the connection between two ranks
of compared quantitative indicators.

The correlation coefficient can take
values from —1 to 1, and with R = 1 there is
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a strictly direct connection, and with R = -1
there is a inverse connection. If the correlation
coeffici e nt is zero, then the relationship
between t he values is practically absent.
The closer the correlation coefficient to one,
the stronger is the connection between the
measured values.

When usi n g the rank correlation
coefficient, conditionally assess the closeness
of the c o nnection between the signs,
considering the values of the coefficient equal
to 0.3 or less — indicators of weak closeness
of the connection; values of more than 0.4,
but less than 0.7 are indicators of moderate
closeness of connection, and values of 0.7
or more are indicators of high closeness of
connection.

In our work we compared the connection
of effect of growth regulators (which was
expressed in the appearance of different
quantity of regenerants per one explant) with
used concentrations & combinations of growth
regulators.

Results and Discussion

After cultivation explants on MS;, medium
with different concentrations of BAP and Kin
were obtained explants (Fig. 1, 2).

Highest levels of regeneration were
obtained, while cultivating the leaf explants on
media MS;, with 2 mg/1 Kin + 3 mg/1 BAP and
MS;, with 2 mg/1 Kin + 1 mg/1 BAP (Fig. 1).
Quite good levels of regeneration were received
on media MS;, with 1 mg/1 Kin + 2 mg/1 BAP
and MS;, 2 mg/1 Kin + 3 mg/1 BAP. Low levels
of regeneration were received on medium MS;,,
with 1 mg/l Kin + 1 mg/1 BAP; 1 mg/1 Kin +
2mg/1 BAP; 2mg/1 BAP; 2mg/1 BAP + 2mg/1
Kin; 3 mg/1 BAP; 4 mg/1 BAP + 1 mg/l Kin;
4 mg/l BAP + 2 mg/l Kin. The explants

cultured on MS;, medium without addition of
growth regulators, didn’t regenerate (Table
1, 2; Fig. 2). Also, there weren’t obtained
regeneration on medium with addition only
cytokinins (MS;, + 1-2 mg/1 Kin). Absence of
regeneration was also on medium with addition
only low or high amounts of auxins (MSz, +
1 mg/1 BAP, MS;5,+ 4 mg/l BAP) (Table 1).

According to our result, the most effective
media for shoot regeneration were MSg, +
1 mg/l Kin + 3 mg/1 BAP and MS;, + 2 mg/1
Kin + 1 mg/l BAP (33,33% of regeneration
on both mediums) (Fig. 2, 3). Also, quite good
results were obtained on the media MS;, +
1 mg/l Kin + 2 mg/l1 BAP (28.57% explants
regenerated) and MS;, + 2 mg/1 Kin + 3 mg/1
BAP (26.31% of regeneration) (Fig. 2, 3).

Also several research groups obtained
positive results for regeneration of species of
Physalis genus. In majority of works were used
growth regulators BAP and Kin with addition
of 3-rd growth regulator [3, 5, 7, 12]. We
decide to simplify the methodic of regeneration
and use only 2 growth regulators: BAP
(concentration 0—4 mg/l) with Kin (0—2 mg/1).
According previous works, highest frequency
of regeneration was obtained on mediums,
which contain BAP (concentration 1-3 mg/1),
Kin 1 mg/1[3, 6, 12]. In our results, highest
frequency of regeneration was obtained while
using the same concentrations of BAP and
Kin. It was claimed, that mean quantity of
regenerated plants was about 11-13 pieces per
one explants which is matches our results (for
several variants of mediums, mean quantity of
regenerants per one explant was 11-12 pc.).

For root induction was used MS;, medium
with NAA (0.2 mg/1; 0.5 mg/1), IAA (0.2 mg/1;
0.5 mg/1). No significant difference was found
between the media used for root induction
(Fig. 4).

Fig. 1. Shoot induction from leaf explants in MS3y medium with plant growth regulators
(A — 2 mg/1 Kin + 3 mg/1 BAP; B— 0 mg/1 Kin + 3 mg/1 BAP) after 1 month of cultivation
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Fig. 2. Effect of growth regulators on frequency of shoot regeneration from leaf segments
of Physalis peruviana in MS 3, medium after 1 month of cultivation
Data are the mean =SE (standard error); n =15

Table 1. Effect of growth regulators on shoot induction of Physalis peruviana

from leaf explants on MS3, medium

0 mg/1 BAP 1 mg/1 BAP 2mg/1 BAP 3 mg/1 BAP 4 mg/1 BAP
0 mg/1 Kin - - * * -
1 mg/1 Kin - % wk Feded %
2 mg/l Kin — dededk i s i
Where — no regeneration;
* — frequency of regeneration from14% to 20%;
** — frequency of regeneration from 20% to 30%;
**% _frequency of regeneration more than 30%.

Table 2. Effect of growth regulators on quantity of regenerated shoots
of Physalis peruviana from leaf explants on MS3, medium

0 mg/1 BAP 1 mg/1 BAP 2 mg/1 BAP 3 mg/1 BAP 4 mg/1 BAP
0 mg/1 Kin - - 6+1.15 6+1.15 -
1 mg/1 Kin - 10 +0.84 11.8 =0.882 12.5 +0.72 11.2 +=0.805
2 mg/1 Kin - 12.3+0.76 11.6 =£0.93 12 £0.85 9+0.654

Quantity of shoots (M+SE).
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Fig. 3. Effect of growth regulators on mean number of shoot of Physalis peruviana
in MS3y medium after 1 month of cultivation

Fig. 4. Root induction from leaf explants in MS3, medium supplemented with various plant
growth regulators after one month of cultivation

Obtained shortened shoots were separated
and transferred for 2 weeks on MS;, medium
with 1 mg/l of BAP for elongation, and then
on a medium MS;, or MS;, with 0,2 mg/1 NAA
for subsequent rooting (Fig. 5).

Statistical analysis

After summarizing obtained results,
statistical analysis was conducted for data.
The results of regeneration (number of shoots
per explants) were significantly different
from those which were obtained without
treatment with growth regulators and when
comparing the effect of different growth
regulators.

Null hypothesis is rejected, with signifi-
cant (P < 0,05); highly significant (P < 0,01)
and extremely significant (P < 0,001) levels of
averages differences.
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Fig. 5. Rooted young regenerants on MS3, medium
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According Spearman’s rank correlation,
there we r e direct moderate closeness of
connecti o n between used concentration
of growt h regulators and quantity of
regenerants per 1 explant (in most cases).
Also were found inverse connection between
used concentration of growth regulators and
quantity of regenerants per 1 explant, when
the concentration of BAP growth regulator
was 4 mg /1. Thus, it can be argued that the
concentration of 4 mg/1 BAP regulator had a
depressing effect on regeneration.

Thus, ef f ective culture media for the
regenera t ion of Physalis peruviana were
established. The most effective media for shoot
regeneration from leaf explants were MS;, +
1 mg/1 Kin + 3 mg/1 BAP and MS;, + 2 mg/1
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IIPAAMA PETEHEPAIIIS POCJIMH
Physalis peruviana L. 3 EKCILTAHTIB

O. M. Apowro, M. B. Kyuyx

IacTuTyT KaiTuHHOI 6iosorii
Ta reaetnyHol im:kenepili HAH Vkpainu,
Kuis

E-mail: 90tigeryaroshko90@gmail.com

MeToio poboTu 0yJi0 BUSABJIEHHS e(peKTUBHO-
ro KyJbTYPAJIbLHOTO CePeIOBUIla AJIA pereHeparii
Physalis peruviana 3 MeT00 HOT0 IOAAJBIIOTO
PO3MHOKEHHA i OTPUMAaHHA AOPOCIUX POCJUH 3
pereHepaHTiB 3a yMOB in vitro. Ilicia npoBeneH-
HA cepil excuepumMeHTiB OyJio migiopamno edex-
TUBHI JKMBUJbHI cepemoBHUIa AJs perexHeparii
P. peruviana. Haiibinbmr epeKTUBHUMU CEPEOBU-
maMu JJis pereHepaitii maroHis 3 JUCTOBUX €KcC-
maanTiB 0yniu MCyy momosrene 1 mr/u Kin ta 3
mr/n BA i MCg momosmene 2 mr/a Kin ta 1 mr/a
BA (33,33% perenepariii Ha 000X cepemOBHUINaX).
Xopoliri pe3yabTaT 0yJIO OTPIMAHO Ha CePeIOBU-
max MCszq 3 nogaBanuam 1 mr/a Kin ta 2 mr/ia BA
(28,57% ercnmanrariB perenepyBanu) i MCy, 3
2 mr/x Kiu ta 3 mr/ia BA (epeKTuBHICTEH pereHe-
pamii — 26,31%). Ingykiito kopeHiB Ha cTebJI0-
BUX 1 JUCTOBUX €KCIJIAHTATaX 0yJIO OTPUMAHO Ha
cepenosutii MCsy, 38 nogaBanaam HOK (0,2 mr/u;
0,5 mr/xa), IOK (0,2 mr/xa; 0,5 mr/u). Hacrora Ko-
peHeyTBOPEHHS Ha I[UX CEPEeJOBUINAX CTAHOBUIA
100% . Opmep:xaHi pereHepaHTH BiZOKpeMJIOBAa-
JIV BiJi eKCIIJIaHTIB i TIepeHOCUJIN Ha CepeoBUIIe
MCjzq a6o MCgyq 3 0,2 mr/s HOK gna nmogassIoro
BKOpiHIOBaHHA. Ilicid ogHOr0O MicAIlda KyJIbTUBY-
BaHHA Ha cepenoBuirax MCs, ado MCs, 3 0,2 mr/a1
HOK 06yJ10 oTpuMaHO ZOPOCIi POCIUHMN.

Knwwuoei cnoea: Physalis, pereHeparis.
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ITPSIMAS PETEHEPAIINA PACTEHU
Physalis peruviana L. U3 9KCIIJIAHTOB

O. H. Apowrko, H. B. Kyuyk

WHCTUTYT KJI€TOUHOI 6MOJIOTUH’
U reHeTuvyeckon na:kenepuu HAH Ykpaunsl,
Kues

E-mail: 90tigeryaroshko90@gmail.com

Ilenbro paboThl OBIIO BhIABIEHUE 9DDEKTUB-
HOU KYJbTYpPaJbHOI Cpenbl MIJis pereHepaiuun
Physalis peruviana ¢ 1meJybl0 ero JajJbHeHIIEero
Pa3MHOKEHUS U MOJIYUeHUA B3POCIbIX PACTEHU
U3 pereHepPaHTOB B yCaA0BUAX in vitro. Ilocse mpo-
Be[leHIs CEPUU SKCIEPUMEHTOB OBLIN MOJ00PAHEBI
sp(peKTUBHBIE TUTATEJbHBIE CPEABI AJIs pereHe-
panuu P. peruviana. Haubosee sHeKTUBHBIMU
cpenamMu sl pereHepamuu mo0eroB 13 JUCTOBBIX
akcmanToB 66111 MCyy, monoraenHoe 1 mr/a Kun
u 3 mr/a BA, u MCy, nononuennoe 2 mr/n Kun
1 mr/n BA (33,33% perenepamnuu Ha 00enx cpe-
Iax). XopoIriue pes3yJJbTaThl ObLIY MOJIyUYeHbl Ha
cpenax MCsq ¢ no6asieruem 1 mr/n Kun u 2 mr/a
BA (28,57% »sKcmiaHTaTOB pereHepupoBain) 1
MCj4 ¢ 2 mr/n1 Kun u 3 mr/an BA (addexTrBHOCTD
peresepanuu cocraBusa 26,31%). Uagyriua
KOpHeH Ha cTebJIeBBIX U JIMCTOBBIX SKCILJIAHTATAX
nonydeHa Ha cpezne MCzy ¢ nobaBirenuem HYEK
(0,2 mr/m; 0,5 mr/a), YK (0,2 mr/a; 0,5 mr/ma).
YacroTa KopHeoOpasoBaHUS HA 3TUX CPegax Co-
craBuia 100% . IToayueHHBIE pereHepaHThl OTIe-
JISJIY OT SKCILJIAHTOB U IlepeHocuyn Ha cpexny MCsg
nim MCszq ¢ 0,2 mr/n HYK pgua mocnenyromiero
yKopeHeHus. Ilocse ogHOr0 Mecsiiia KyJIbTUBAPO-
BaHUA Ha cpegax MCg unu MCyy ¢ 0,2 mr/n HYK
OBLJIY ITOJTy4YeHbI B3POCJIbIE PACTEHUS.

Knrwouesvie cnosa: Physalis, perenepanus.





