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Physalis peruviana is a plant species which finds its application in agriculture and
food industry due to the synthesis of numerous compounds such as fisagulins,
fisalingulinides, visangulatine, fisalins. In recent years the properties of Physalis
were improved with genetic engineering methods. We studied the possibility of
transient expression of genes in P. peruviana plants using the Agrobacterium rhizo-
genes and A. tumefaciens. The intact plants were cultivated in greenhouse (22—26 °Ñ,
14-hour light photoperiod, 3000—4500 lx) before transformation. A. rhizogenes A4
carrying pICH5290 or pCB131 vector and A. tumefaciens with pICBV19 vector
were used for obtaining plants with transiently expressed reporter uidA and gfp
genes. Also we additionally used A. tumefaciens GV3101 strain with pICH6692
genetic vector with gene coding the P19 protein (the suppressor of gene silencing).
The pICH5290 genetic vector contained bar and gfp genes; the pCB131 genetic
vector contained the bar, gfp and fbpB (ΔTMD) — gene, coding Ag85B of
Mycobacterium tuberculosis. The pCBV19 genetic vector contained uidA and bar
genes. Transient expression of uidA and gfp genes was confirmed in adult plants
after conduction of vacuum infiltration with the bacteria. Maximum of gfp expres-
sion was observed between the 5th and 12th days after the transformation. The
most intensive expression of the gfp and uidA genes was detected in the upper
leaves (2nd—3rd) of young plants. There was no significant difference in gene
expression levels in case of using agrobacteria with or without the genetic vector
which carried out the gene silencing suppressor.

Key words: Physalis peruviana L., Agrobacterium, transformation, transient expres-
sion, uidA, gfp gene.

Physalis peruviana is a species of Solanaceae family. Plant biomass obtained
from steams, leaves and fruits of P. peruviana finds its application in agricul-
ture and food industry. Using the fruits is of great interest because they con-
tain A, C, B vitamins and polyphenols, which have anti-inflammatory and
antioxidant properties [1—4]. Medical studies show that the use of Physalis
can reduce the risk of developing of chronic degenerative diseases [5].

Both leaves and stems are used for medicinal purposes. The following
bioactive steroids: fisagulins A—Q, fisalingulinides A—C, visangulatine A—I,
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fisalins B, D, F, G, H were detected in Physalis plants [6—8]. Physalins
B, F showed significant antitumor activity. Alcohol extracts are most often
prepared drug from this raw material. These extracts possessed antitumor,
antimycobacterial (against Mycobacterium tuberculosis, M. avium, M. kan-
sii, M. malmoense, M. intacellulare) [9], antiparasitic (for malaria treat-
ment), antipyretic, immunomodulatory properties. Tinctures are used to
treat asthma, hepatitis, dermatitis, and also as a diuretic drug [10].
Treatment of cancer cells with leaf extracts induced cell cycle arrest and
apoptosis of human lung cancer cells in vitro culture [11]. 

Betulinic acid was isolated from the vegetative organs of P. peruviana.
The antitumor activity of this acid has been studied against various types
of human cancer, including neuroblastoma, glioblastoma, medulloblas-
toma, and carcinoma (head, neck, colon, breast, liver, lung, prostate, kid-
ney, ovary) [12, 13]. In addition, there is evidence that betulinic acid is
cytotoxic to metastatic cell lines compared to non-metastatic melanoma.
This compound can be used in combination with other methods including
ionizing radiation [14] and chemotherapeutic drugs for tumor disease treat-
ments [15, 16].

The properties of P. peruviana can be improved via genetic enginee-
ring methods. Experiments on the transformation of plants of the Physalis
genus have been already performed. Transgenic plants were obtained for
some species of Physalis, such as P. ixocarpa [17], P. ixocarpa cv. rendido-
ra [18]. A. tumefaciens was used for the stable transformation with selective
and reporter genes such as npt II, uidA, gfp [18, 19]. However, until now,
there are no reports dedicated to transformation of P. peruviana. It must
be noted that study of the possibility of transient expression of reporter
genes in plants of Physalis genus after agrobacterial transformation is of
special interest. The usage of reporter genes makes it possible to optimize
the transformation process and demonstrate the possibility of transferring
foreign genes and the synthesis of the reporter proteins.

The aim of our work was genetic transformation of P. peruviana using
Agrobacterium spp. and obtaining of plants which transiently expressed
reporter genes.

Materials and methods

Plant material. Firstly, we tested the germination, energy of seed germina-
tion in non-sterile conditions to determine the initial seed quality accor-
ding the methods proposed by several groups of researchers [20—22]. For
this purpose, the seeds were sown in the pots with soil and cultivated du-
ring 7 days at 22—26 °Ñ at 14-hour photoperiod, and illumination of
3000—4500 lx.

Surface sterilization of seeds was used for obtaining in vitro plants. The
germination and energy of seed germination under sterile conditions were
checked. We compared these parameters under non-sterile and sterile con-
ditions, as concentrations and residence times in sterilizing agents can also
inhibit seed germination. 

The seeds were treated with 70 % ethanol solution for 2 min. Then
they were transferred to 15 % bleach («Bilizna») for 10 minutes. After sur-
face sterilization the seeds were washed three times with sterile distilled
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After infiltration, the plants were returned to greenhouse conditions
and continued to grown there for 18 days (under conditions 22—26 °C,
14-hour photoperiod, lighting 3000—4500 lx).

Two groups of plants were used as negative controls. One group of the
control plants were infiltrated under the conditions described above but
without the addition of agrobacterial suspension to the medium, and the
second group of the control plants wasn’t infiltrated. The leaves of trans-
formed Nicotiana tabacum with stable expression of the uidA gene (for his-
tochemical reaction) were used as a positive control.

Analysis of transient expression of uidA gene in Physalis plants. For this
study, the leaves of different ages (which were at different tiers on each
plant), from the upper to lower one were cut in 12 days after infiltration.
The histochemical reaction was performed at 37 °C according to the
method of Jefferson [29]. For conduction of histochemical reaction, the
leaves were stained using X-gluc substrate in order to detect the product of
the uidA gene. Then, the leaves were washed 5 times in 70 % ethanol at
intervals of 1 hour. After that, the leaves were placed on slides for micro-
scopic examination (at magnification 64). Specific activity was detected
visually with the appearance of blue color of plant tissues.

Analysis of transient expression of gfp gene in Physalis plants. The leaves
of Physalis, in 1, 2, 3 … 18 days after infiltration with a suspension of A. rhi-
zogenes A4 strain with genetic vectors pICH5290, pCB131 (both constructs
contained the gfp gene) were studied visually under 365—400 nm ultravio-
let light (lamp Blak-ray®, model B 100 AP). The results were considered
positive with the appearance of green tissue fluorescence.

Statistical methods. Fifteen experimental plants were used to obtain
transient expression of genes in plant tissues (15 plants for each variant of
infiltration with Agrobacterium). The experiment was carried out in tripli-
cate. We calculated the standard error (SE) and the arithmetic mean (M)
in the program Excel 2007 in order to determine the accuracy of the
obtained results.

Results and discussion

The germination of Physalis seeds in non sterile and in sterile conditions. The
laboratory germination of Physalis seeds in nonsterile conditions was
94±0.2 % and germination energy (on the 4th day) was 92±0.5 %.
Laboratory germination of seeds in sterile conditions was 90±0.4 %, and
germination energy (6th day) — 87±0.5 %.

The results of seed germination under non-sterile and sterile condi-
tions do not differ greatly. The germination rate was quite high, which
indicates an initially high quality of seed material. A high percentage of
seed germination after treatment with sterilizing agents indicates that the
combinations, concentrations of sterilizing agents and the time of exposure
of the seeds in these agents were selected correctly.

Transient uidA gene expression in Physalis plants. Positive results were
obtained for all infiltrated Physalis plants. Appearance of blue areas on the
tested leaves in histochemical reactions demonstrated the presence of uidA
gene (Fig. 1). 
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their results, the content of the target protein during the transient expres-
sion depended on the age of the plant that was infiltrated, and the age of
each of the leaf. The highest expression levels for different species of tobac-
co were observed between the 3rd and 8th day after infiltration and in
2nd–3rd leaves from the apex of the shoot of young plants. Two other
groups of researchers also claimed that the highest levels of expression were
obtained in the upper leaves of young tobacco plants [34, 35].

Transient expression of the uidA and gfp genes was obtained by Shah
et al. [36]. In their work, they used genetic vectors with and without the
suppressor of gene silencing. It was noted that suppressor of gene silencing
significantly enhanced the expression of target proteins. In our experi-
ments, the most intensive expression of the gfp gene occurred in the upper
leaves of young plants between the 5th and 12th days after infiltration. The
usage of genetic vector pICH6692 with gene of silencing suppressor didn’t
enhance the transient expression of gfp gene.

Conclusions. Transient expression of gfp and uidA genes in P. peruviana
plants was evaluated. The A. rhizogenes (with pCB131 and pICH5290
genetic vectors), A. tumefaciens (with pCBV19 genetic vector) are suitable
for transient expression of gfp and uidA genes. Optimal conditions for tem-
poral expression of transferred genes in P. peruviana plants have been iden-
tified. The intensity of gfp and uidA transient expression was different in the
younger and older leaves. Namely, the most intensive transient expression
was observed in the 2nd—3rd from the apex of the shoot leaves (young
leaves).

The intensity of transient expression of reporter genes changed du-
ring the time passed after infiltration. The maximum of gfp and uidA
expression was detected between the 5th and 12th days after infiltration. 

Thus, the proposed no only A. tumefaciens but also A. rhizogenes can
be used to obtain transient expression of reporter genes in P. peruviana
plants. So, we can suggest that the same bacteria can be used to transfer
also target genes into the P. peruviana plants.
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Physalis peruviana — öå âèä ðîñëèí, ÿêèé çíàõîäèòü ñâîº çàñòîñóâàííÿ â ñ³ëüñüêîìó
ãîñïîäàðñòâ³ òà õàð÷îâ³é ïðîìèñëîâîñò³ çàâäÿêè ñèíòåçó ÷èñëåííèõ ñïîëóê, òàêèõ ÿê
ô³ñàãóë³íè, ô³ñàë³íãóë³í³äè, â³ñàíãóëàòèí, ô³ñàë³íè. Â îñòàíí³ ðîêè âëàñòèâîñò³
ô³çàë³ñó áóëè ïîêðàùåí³ ìåòîäàìè ãåííî¿ ³íæåíåð³¿. Ìè âèâ÷èëè ìîæëèâ³ñòü òèì÷à-
ñîâî¿ åêñïðåñ³¿ ãåí³â ó ðîñëèíàõ P. peruviana ïðè âèêîðèñòàíí³ Agrobacterium rhizogenes
³ Agrobacterium tumefaciens. ²íòàêòí³ ðîñëèíè ïåðåä òðàíñôîðìàö³ºþ êóëüòèâóâàëè â
òåïëèö³ (22—26 °Ñ, 14-ãîäèííèé ôîòîïåð³îä, 3000—4500 ëê). A. rhizogenes A4 ç âåêòî-
ðîì pICH5290 àáî pCB131 òà A. tumefaciens ç âåêòîðîì pICBV19 âèêîðèñòîâóâàëè äëÿ
îòðèìàííÿ ðîñëèí ç ðåïîðòåðíèìè ãåíàìè uidA ³ gfp, ÿê³ òèì÷àñîâî åêñïðåñóâàëèñÿ.
Òàêîæ äîäàòêîâî âèêîðèñòîâóâàëè øòàì A. tumefaciens GV3101 ç âåêòîðîì pICH6692
³ç ãåíîì, ùî êîäóº á³ëîê P19 (ñóïðåñîð ìîâ÷àííÿ ãåí³â). Ãåíåòè÷íèé âåêòîð pICH5290
ì³ñòèâ ãåíè bar ³ gfp. Ãåíåòè÷íèé âåêòîð pCB131 ì³ñòèâ ãåíè bar, gfp ³ fbpB (ΔTMD),
ùî êîäóº Ag85B Mycobacterium tuberculosis. Ãåíåòè÷íèé âåêòîð pCBV19 ì³ñòèâ ãåíè
uidA ³ bar. Òèì÷àñîâà åêñïðåñ³ÿ ãåí³â uidA ³ gfp áóëà ï³äòâåðäæåíà â ðîñëèíàõ ï³ñëÿ
ïðîâåäåííÿ âàêóóìíî¿ ³íô³ëüòðàö³¿ ç âèêîðèñòàííÿì áàêòåð³é. Ìàêñèìóì åêñïðåñ³¿ gfp
ãåíà ñïîñòåð³ãàâñÿ ì³æ ï’ÿòèì ³ äâàíàäöÿòèì äíÿìè ï³ñëÿ ³íô³ëüòðàö³¿. Íàé³íòåíñèâ-
í³øà åêñïðåñ³ÿ ãåí³â gfp ³ uidA âèÿâëåíà ó âåðõí³õ ëèñòêàõ (2—3-é) ìîëîäèõ ðîñëèí.
Íå áóëî çíà÷íî¿ ð³çíèö³ â ð³âíÿõ åêñïðåñ³¿ ãåí³â ó ðàç³ âèêîðèñòàííÿ àãðîáàêòåð³é ç
ãåíåòè÷íèì âåêòîðîì, ÿêèé ì³ñòèâ ãåí-ñóïðåñîð ìîâ÷àííÿ ãåí³â, àáî áåç âèêîðèñòàí-
íÿ öüîãî âåêòîðà.

Êëþ÷îâ³ ñëîâà: Physalis peruviana L., Agrobacterium, òðàíñôîðìàö³ÿ, òðàíç³ºíòíà åêñïðåñ³ÿ,
uidA, gfp ãåíè.
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