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Abstract: Common hop (Humulus lupulus L.) is a rich source of phytochemicals for treating various
diseases. This necessitates an increase in the number of studies aimed at finding out the effect of differ-
ent growing conditions on the growth and development of hop plants, adapted to the conditions of vari-
ous geographical regions for its effective utilization in different spheres of life. Growing plants using in
vitro cultivation techniques promotes their rapid growth for various purposes. The results of in vitro cul-
turing of common hop from seeds collected in the Republic of Tatarstan, regeneration of plantlets from
nodal explants, and callus induction from explants obtained from in vitro cultures are presented in this
study. Despite the incision of the seed coats, a very low germination effect was observed with mechani-
cal scarification of hop seeds. A relevant effect of the BAP to IAA ratio on the morphogenetic potential
of nodal culture growth and of roots was revealed. Successful induction of callus from leaf explants of
in vitro generated plantlets under a 16-hours lighting regime was also achieved using BAP, with [AA,
NAA or 2,4-D. Thus, the culture growth dynamics of common hop, adapted to the territory of the
Republic of Tatarstan, under in vitro conditions have been shown.

Keywords: common hop; seeds; nodal explants; callus; phytohormones; tissue culture.

1. Introduction

Common hop (Humulus lupulus L.), which belongs to the Cannabaceae family, is known in history
as a crop used in brewing, being responsible for the characteristic beer aroma and bitterness (Bocquet et
al., 2018). In addition to its traditional use in beer production, it has long been used for medicinal pur-
poses (Dostélek et al., 2017; Zanoli and Zavatti, 2008). Hop is known for its rich content of amino
acids, polyphenols, and volatile acids (Carbone and Gervasi, 2022; Kobus-Cisowska et al., 2019), mak-
ing it a promising source for industrial use in the quest to obtain bioactive compounds of plant origin
(Fadaka et al., 2021). Owing to its phytochemical profile, hop has antimicrobial, anti-carcinogenic,
antioxidant, and anti-inflammatory properties making it useful for the treatment of some diseases
(Abiko et al., 2022; Bocquet et al., 2018; Cermak et al., 2017; Di Sotto et al., 2018; Kontek et al., 2021).

Particular attention is drawn to the flavonoid xanthohumol, found mainly in hop, which is known
for its potential importance in the treatment of tumor, microbial and viral diseases. Various studies
focusing on the antitumor, anti-aging, and other therapeutic properties of xanthohumol have shown pos-
itive effects under both in vitro and in vivo conditions (Elrod, 2018; Neumann et al., 2022; Tejero et al.,
2024; Zugravu et al., 2022).

It has been reported that hop seeds have a low germination rate (Liberatore et al., 2018; Suciu et al.,
1977) due to the presence of resins in its seed coat, preventing it from imbibing water, which makes
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sowing it with traditional methods challenging. To overcome the challenge of poor seed germination,
the biotechnological approach of growing seeds on nutrient medium under in vitro conditions, coupled
sometimes with seed pretreatment procedures, have been used to enhance germination and produce
aseptic seedlings in some plant species (Liberatore et al., 2018; Souza et al., 2016; Thokozani et al.,
2011).

Plant tissue culture methods make it possible to obtain large amounts of plant tissues and biomass
in culture for further in vitro studies and also aseptic planting materials within a short time frame for
medicinal, agricultural, and industrial purposes (Engelmann, 2011; Negash, 2014; Norouzi et al., 2022;
Wawrosch and Zotchev, 2021). Also, callus cultures, consisting of a mass of unorganized plant tissue
and cells, have gained popularity as an alternative source of plant material for starting suspension cul-
tures, the production of biologically active molecules, genetic transformation, and plant breeding (Baldi
et al., 2006; Efferth, 2019; Norouzi et al., 2022; Rout et al., 2011).

Over the past three decades, common hop cultivation and other research related activities, such as
disease and pest management, breeding, the application of biotechnology methods to enhance cultiva-
tion, and the use of hop resources and capacity building for hop related research, have declined in the
Russian Federation (Bychkova et al., 2024; Khlynovskiy et al., 2023). In 2021 domestic production in
the entire Russian Federation amounted to about 2% of the industrial demand for beer production alone,
making the brewing industry entirely dependent on hop imports (Khlynovskiy et al., 2023). However,
the interest in hop cultivation in the Russian Federation has increased over the last few years, posing
particular attention on how tissue culturing methods can be used to enhance the production of healthy
planting materials, conserve their genetic resources, and also maximize the production of biologically
active substances of hop under in vitro conditions (Bychkova et al., 2024; Chandran et al., 2020,
Khlynovskiy et al., 2023).

The status of hop production in the Republic of Tatarstan does not deviate from the federal picture.
Apart from a few plantations in the Republic, hop grows mainly as wild plants, serving as decorative
plants and for the use of its decoction in folk medicine as a pain reliever and sedative (Encyclopedia
Tatarica, accessed online on 28 May, 2025).

Research studies on in vitro hop culturing have focused on micropropagation, conservation of their
genetic resources, improvement of the crop, its genetic stability, and eradication of viruses (Bychkova et
al., 2024; Clapa and Harta, 2021; Farago et al., 2009; Gashenko et al., 2019; Kastritskaya et al., 2014;
Khlebova et al., 2021; Machado et al., 2018; Mafakheri and Hamidoghli, 2019; Reed et al., 2003). The
studies on hop in vitro cultivation highlighted differences in plant growth induced by the culture media
composition and genotypes.

In this regard, it has become necessary to obtain specific information on the in vitro culturing and
callus development pattern of wild hop, adapted to the conditions of the Republic of Tatarstan. Such
information will be useful for the establishment of hop cultures in vitro, aimed at uncovering their bio-
chemical potential, and for creation of an in vitro system targeted at the biosynthesis and extraction of
its biologically active substances to meet emerging demands. The aim of this study was to determine the
effect of scarification on seed germination processes and to determine the optimal nutrient medium for
in vitro culturing and callus induction of common hop (Humulus lupulus L.), collected in the Republic
of Tatarstan.

2. Materials and Methods

The experiments were carried out at the Department of Botany and Plant Physiology of the Kazan
Federal University, Russia.

2.1. In vitro culture initiation from seed explants

Seeds of wild growing hop, collected in the Republic of Tatarstan, were used as primary explants
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for in vitro culture initiation. The seeds were separated from the inflorescences and soaked in a soapy
solution with simultaneous shaking on an orbital shaker for 60 minutes. After washing, all the seeds
were sterilized with 70% ethyl alcohol for 30 seconds. Further surface sterilization of the seeds was car-
ried out with a 20% solution of commercial bleach “Belizna” containing 5.25% sodium hypochlorite
(NaOCl) with 2 drops of Tween 80 for 15 minutes. The seeds were then washed with sterilized distilled
water until traces of the bleach disappeared. Half of the sterilized seeds were mechanically scarified
under aseptic conditions by incision of the seed coats prior to culturing all the seeds in hormone-free
MS (Murashige and Skoog, 1962) culture medium. The cultures, after four weeks, were evaluated visu-
ally by the frequency of seed germination and culture contamination.

2.2. Determination of the effect of phytohormones on morphogenetic growth in vitro

Nodal explants excised from the in vitro developed shoots were used to study the morphogenetic
potential. About 1 cm long nodal explants were cultured in 20 mm x 200 mm test tubes filled with 15
mL aliquots of MS medium with 30 g/L of sucrose and containing 17 combinations of N°®-benzy-
laminopurine (BAP) and indole acetic acid (IAA) concentrations to obtain the following 17 treatments:
a control treatment (the base media contained 0.0 mg/L of BAP and IAA); 16 treatments obtained com-
bining four BAP concentrations (0.25, 0.5, 0.75, or 1.0 mg/L) and four IAA concentrations (0.0, 0.1,
0.25, or 0.5 mg/L). After six weeks of cultivation, the following data were recorded: number of new
developed microshoots per explant, number of nodes formed on microshoots per explant, length of
developed shoots, number of roots per explant, and length of the roots. All the cultures were grown in a
phytotron “Lia-3” brand at a temperature of +26+2 °C, relative humidity higher than 70%, and a 16-
hour photoperiod with illumination of 3000 lux.

2.3. Determination of the effect of phytohormones and light regime on the induction of callus cultures

Furthermore, the effect of phytohormones and lighting regime on the establishment of callus cul-
tures of common hop was studied. Leaf fragments of about 1 cm?and 1 cm long root sections obtained
from in vitro hop cultures were cultured on MS medium containing 13 combinations of BAP, 2.4-
dichlorophenoxyacetic acid (2,4-D), IAA, and naphthalene acetic acid (NAA) concentrations to obtain
the following 13 treatments: a control treatment (the base media contained 0.0 mg/L. of BAP, 2,4-D,
IAA, and NAA); four treatments obtained combining two BAP concentrations (0.5 or 1.0 mg/L) and
two 2,4-D concentrations (0.5 or 1.0 mg/L); four treatments obtained combining two BAP concentra-
tions (0.5 or 1.0 mg/L) and two IAA concentrations (0.5 or 1.0 mg/L); four treatments obtained combin-
ing two BAP concentrations (0.5 or 1.0 mg/L) and two NAA concentrations (0.5 or 1.0 mg/L). Half of
the petri dishes with both explants were kept in an incubator at +26+2 °C in the dark. The other half of
the cultures were kept in a phytotron “Lia-3” brand at +26+2 °C, relative humidity of at least 70% and
16-hour photoperiod with illumination of 3000 lux. After six weeks of culturing, percent callus induc-
tion in the explants per culture medium was accessed. The developed callus was transferred onto the
same medium as the induction medium and maintained at 16-hour photoperiod with illumination of
3000 lux

2.4. Experimental design and Statistical analysis

The hop seed surface sterilization and germination experiments were conducted in four replications,
with an average of 25 seeds in each replication. The morphogenetic growth experiments were conducted
in four replications with 5 explants in each replication. The callus induction experiments were carried
out in three replications with 10 explants per replicate. The data were statistically analyzed using
ANOVA at a significance level of p<0.05 using the GraphPad Prism 8.4.3 software package. When sta-
tistically significant differences were observed, mean values were compared using the Tukey HSD test.
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3. Results
3.1. In vitro culture initiation from seed explants

After four weeks of culturing the hop seeds, following double sterilization with 70% ethyl alcohol
for 30 seconds and 20% commercial bleach solution for 15 minutes, 7.8+1.5% microbial contaminations
were observed in the cultures. Generally, a low germination rate in the hops seeds was observed under
in vitro conditions. After mechanical scarification of the sterilized seeds, about 9.9+3.6% of the seeds
germinated. In the control group without mechanical scarification, 9.6+2.4% seed germinated.

3.2. Effect of phytohormones on morphogenetic growth in vitro

After six weeks of cultivation of hops nodal explants, the number of microshoots developed per
explant in all variants of the BAP and IAA concentrations used ranged from 1.75 to 2.9 (Figure 1). Even
though the highest number of microshoots developed per unit of nodal explant was on MS medium con-
taining only 0.5 mg/L BAP, no statistically significant differences in the mean number of microshoots
were observed among all the concentrations of phytohormones used.

The number of nodes developed per cultured explant ranged from 8.4 on MS medium with 1.0
mg/L BAP in combination with 0.1 mg/L IAA to 17.8 with 0.5 mg/L BAP in combination with 0.25
mg/L TAA. This last combination of growth regulators gave a number of nodes significantly higher than
1.0 mg/L BAP + 0.1 mg/L IAA and the control (Figures 1, 2B, 2C, and 2A). In fact, the number of
nodes developed on hormone-free MS medium (Figure 2A) was similar to that which was observed on
media with 1.0 mg/LL BAP + 0.1 mg/ IAA (Figure 2C). A significantly lower number of developed
nodes, compared to the combination 0.5 mg/L. BAP + 0.25 mg/L IAA was also observed in the culture
medium containing 0.25 mg/L BAP + 0.5 mg/L TAA. The other combinations gave a number of nodes
not significantly different from 0.5 mg/L BAP in combination with 0.25 mg/ IAA (Figures 1 and 2D).
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Figure 1. Effect of BAP and IAA on the number of microshoots and nodes of H. lupulus L., under in
vitro growth conditions. Means values with different letters differ statistically at p < 0.05. Error bars
indicate the standard deviations of the means.
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Figure 2. Morphogenetic growth of H. lupulus L. on different MS media: (A) hormone-free medium;
(B) with 0.5 mg/L BAP in combination with 0.25 mg/L IAA; (C) with 1.0 mg/L BAP in combination
with 0.1 mg/L IAA; (D) with 0.75 mg/L BAP in combination with 0.25 mg/L [AA.

The length of microshoots developed from the nodal explants ranged from 50.5 mm to 132.0 mm
(Figure 3). Statistically significant differences were observed between the means of microshoot length.
The lowest microshoot length was found on medium with 1.0 mg/L BAP + 0.1 mg/L IAA and in the

control.
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Figure 3. Effect of BAP and IAA on shoot length of H. lupulus L. under in vitro growth conditions.
Mean values with different letters differ statistically at p < 0.05. Error bars indicate the standard devia-
tions of the means.
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Simultaneous development of roots and shoots were observed in all cultures on all the media used.
The mean number of roots developed per explant ranged from 7.4 to 14.3 (Figure 4). The highest num-
ber of roots was formed on the culture media with 0.5 mg/L BAP + 0.25 mg/L IAA, 0.75 mg/L BAP +
0.1 mg/L TAA, and 1.0 mg/L BAP + 0.5 mg/L IAA which were the combinations also giving signifi-
cantly higher number of roots than that observed with a BAP concentration of 1.0 mg/L in combination
with 0.1 mg/L IAA and on the medium supplied with 0.5 mg/L BAP + 0.1 mg/L [IAA.
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Figure 4. Effect of BAP and IAA on number of roots in H. lupulus L. in vitro cultures. Mean values with
different letters differ statistically at p <0.1. Error bars indicate the standard deviations of the means.

Some differences in mean length of roots per explant were statistically significant and the values
found ranged from 27.1 to 65.8 mm (Figure 5). The length of roots developed on the medium with 0.5
mg/L BAP + 0.25 mg/L TAA was significantly higher than the root length on hormone-free medium,
0.25 mg/L BAP + 0.5 mg/L T1AA, 0.5 mg/L BAP + 0.1 mg/L TAA, 0.75 mg/L BAP + 0.0 mg/L TAA,
0.75 mg/L BAP + 0.1 mg/L TAA, 0.75 mg/L BAP + 0.5 mg/L IAA and 1.0 mg/L BAP + 0.1 mg/L TAA.

3.3. Effect of phytohormones and light regime on the induction of callus cultures

Callus induction was not observed in all the root explants cultured and also on hormone-free MS
medium. Overall, callus was induced at a much higher frequency under light conditions (up to 100%)
compared to darkness (up to 73%) (Figure 6).

In the 16-hours light conditions, callus developed from leaves on all the media with phytohor-
mones. Although 100% callus induction rate was achieved in light on MS media containing 1 mg/L
BAP + 0.5 mg/L 2,4-D or + 0.5 mg/L IAA, there was no statistically significant differences between
them and the treatment with 0.5 mg/L BAP + 1.0 mg/L 2,4-D, 0.5 mg/L BAP + 1.0 mg/L TAA, 0.5
mg/L BAP + 0.5 mg/L NAA, 0.5 mg/L BAP + 1.0 mg/L NAA, 1.0 mg/L BAP + 0.5 mg/L NAA and 1.0
mg/L BAP + 1.0 mg/L NAA . Under light conditions, the effect of BAP in combination with 2,4-D or
IAA at the ratios of 0.5 mg/L to 1.0 mg/L was similar. When BAP + 2,4-D or IAA were applied at the
same concentration, a similar callus induction effect was also observed.

Under dark conditions, callus was induced only on the edges of leaf explants after the six weeks of
observation (Figure 7B). Callus formation was not observed on three of the media apart from the hor-
mone-free medium.
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Figure 5. Effect of BAP and IAA on H. lupulus L. root length under in vitro conditions. Mean values

with different letters differ statistically at p < 0.05. Error bars indicate the standard deviations of the
means.

After subculturing under light conditions, callus of creamish yellow colour with slightly greenish
zones and friable consistency was obtained (Figure 7C).
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Figure 6. Effect of phytohormones and light regime on frequency of callus induction in H. lupulus L.
leaf explants. For the treatment “Control”, the medium included 0.0 mg/L of BAP, 2,4 D, IAA, and
NAA. Mean values with different letters differ statistically at p < 0.05. Letters in italics indicate the
means for cultures grown in darkness. Error bars indicate the standard deviations of the means.
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Figure 7. Induction and maintenance of H. lupulus L callus of leaf origin on MS medium with 1.0 mg/1
BAP in combination with 0.5 mg/l IAA: (A) under 16-hours light regime; (B) in darkness; (C) callus
maintenance under 16-hours light regime.

4. Discussion

Surface sterilization of explants before in vitro culturing is a key step for ensuring the production of
aseptic cultures. The low level of contamination observed in the cultures in this work is clear evidence
that the surface sterilization procedure was effective. Successful sterilization of explants has also been
achieved in other in vitro plant studies using 70% ethyl alcohol and bleach in the range of 10 to 20%
(Davoudpour et al., 2020; Felek et al., 2015; Firoz et al., 2016; Mihaljevic et al., 2013).

According to Liberatore et al. (2018) and Suciu et al. (1977), hops have a low seed germination
rate as was also observed in the current study. The use of seed pretreatment measures such as mechani-
cal scarification improved germination in both in vitro and in vivo studies in some plants (Cho et al.,
2020; Liberatore et al., 2018; Nejad et al., 2022). However, in our experiments, incision of the seed
coats prior to culturing was not found to be more effective as compared to the control treatment (with-
out incision). Liberatore et al. (2018) reported that soaking hop seeds in gibberellic acid was better for
breaking seed dormancy and increasing germination, but further studies on other genotypes are
required to address this aspect.

The composition of culture medium, particularly the type and concentration of phytohormones,
plays a key role in determining the growth characteristics of plants cultivated under in vitro conditions
(George et al., 2008; Phillips and Garda, 2019). The number of microshoots, as well as the number of
nodes developed in vitro by plants growing vertically is an important indicator for the selection of an
optimal culture medium for clonal micropropagation (Bychkova et al., 2024). In our study, growing the
nodal explants of hops on the MS medium with or without BAP and IAA combinations did not result in
significant differences in the numbers of microshoot developed. However, the presence of phytohor-
mones in the culture medium was important for node development, as evidenced by the weak effect
observed on the hormone-free MS medium.

In addition, the BAP to IAA ratio also played a crucial role in determining the morphogenetic char-
acteristics of the in vitro hop cultures. MS medium with 1.0 mg/L BAP + 0.1 mg/L TAA induced low
node formation similarly to the hormone-free medium and this response might be due to the tenfold
increase in the ratio of BAP to IAA. Indeed, cytokinins play a key role in cell proliferation and apical
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meristem activity (Kieber and Schaller, 2018). In addition, the low number of developed nodes observed
on MS medium containing 0.25 mg/L BAP + 0.5 mg/L IAA might be due to the higher auxin to
cytokinin ratio.

Clapa and Harta (2021) reported for H. lupulus L. cv. ‘Cascade’ that the best multiplication rate was
also noted on a modified MS medium containing BAP (0.5 mg/L) compared to other cytokinins, as in
our experiments. Another study on the ‘Cascade’ variety in a different geographical location showed
higher stem length, and number of shoots and nodes on MS medium supplemented with 1.0 mg/L BAP
+ 0.1 mg/L TAA, which could be due to the specific growing environment (Ha et al., 2024). However, a
genotype dependent response could be also hypothesized since in another study on hops, nodal segment
proliferation (Mafakheri and Hamidoghli, 2019) was best on MS medium containing 1.0 mg/L BAP +
0.1 mg/L TAA, that conversely induced low growth in our study.

A direct relationship was observed between the number of nodes and the length of microshoots
developed. Machado et al. (2018) reported the highest microshoot length on a modified hormone-free
MS medium containing 30 mg/L of sucrose compared to another medium containing 1 mg/L BAP and
20 g/L sucrose. Conversely, microshoot length on hormone-free MS media with 30 g/L sucrose was
lower compared to media with the phytohormones tested in our study. A similar weak effect was
induced by media with 1.0 mg/L BAP + 0.1 mg/L TAA and 0.25 mg/L BAP + 0.5 mg/L IAA both on the
length of the microshoot and the number of nodes. In general, longer microshoots were formed after six
weeks of in vitro culturing as also previously observed in the cv. ‘Cascade’ (Clapa and Harta, 2021) and
after eight weeks in the cv. ‘Columbus’ (Machado et al., 2018).

The number and length of developed roots showed the worst in vitro growth effect on the medium
with 1.0 mg/L BAP + 0.1 mg/L IAA, which followed the pattern of number of shoots developed and
shoot length. Hop genotypes of American origin also showed such effect on root and shoot development
parameters on media containing BAP and IAA (De-Souza-et al., 2022). It can be hypothesized that the
observed similar effects of the different media on the growth patterns of root and shoot are the result of
mutual signaling between the two plant systems (George et al., 2008; Puig et al., 2012; Shabala et al.,
2015). In addition, it can be hypothesized that root development was not fully dependent on the action of
added phytohormones, since root length and number on hormone-free MS medium were not the lowest.

Callus cultures are useful for achieving constant biomass production, organ and tissue regeneration,
maintenance of plant genetic resources, production of biologically active substances, and providing
explants for growing suspension cultures (Rout et al., 2011; Efferth, 2019).

This study revealed that the explant type and the use of phytohormones and light supplementation
were all important factors for allowing the induction of callus cultures of a hop landrace growing in the
Republic of Tatarstan.

The type of explant used played a significant role in the induction of hop callus. This was demon-
strated by the total absence of callus induction from root explants irrespective of the growth regulators
and light conditions used. The absence of callus induction in roots may be due to the effect of the mor-
phogenetic potential of the different explants. Generally, explants of different types excised from the
same source plant have showed varying responses to callus initiation (Farhadi et al., 2017; Trojak-
Goluch et al., 2015). Although callus was initiated from both stem and petiole explants of H. lupulus cv.
‘lunga’, differences in the regeneration potential of their calli were detected (Trojak-Goluch et al.,
2015). Moreover, endogenous hormone levels could have affected the behavior of root explants in the
present study. Phytohormones added to the culturing medium have played a significant role in the mor-
phogenetic growth patterns of cultures and callus in different plants (Chakravarthi et al., 2010; Mostafa
et al., 2020).

Although all plant cells have the potential for cell differentiation (Efferth, 2019; Fehér, 2019), cre-
ation of the optimal chemical and physical growth conditions has a direct effect on callus growth. Callus
initiation was dependent on the presence of phytohormones in the culture medium. The leaf explants
induced varying percentages of callus on media containing phytohormones under light and dark condi-
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tions. Auxins and cytokinins added to culture medium work together to induce callus formation through
the stimulation of cell division (Pasternak et al., 2000; Bano et al., 2022).

The concentration ratio of BAP, IAA, and 2,4-D in the MS medium has an effect on the rate of cal-
lus induction. Under light conditions, a ratio from 0.5 to 1 mg/L obtained combining BAP with either
2,4-D or IAA for in light was necessary for obtaining high callus induction in the hop genotype studied
in our experiments. A clear trend in the effect of phytohormone combinations on callus formation in
darkness was not observed in this study. Conversely, callus induction rate in leaf and internode explants
of three Slovenian hop genotypes was highest under 16-hours light conditions on MS medium contain-
ing 2 mg/L BAP + 2 mg/L 2,4-D, while a 2 mg/L BAP + 2 mg/L NAA combination induced the best
results in the dark (PSendkova et al., 2009). The different effects observed in the present study could be
due to a genotype specific response and the lower phytohormone concentration used compared to the
study of PSendkova et al. (2009). Hop genotypes exhibited a wide variation of responses under different
experimental conditions (Bychkova et al., 2024).

The in vitro established plantlets and obtained callus cultures have provided the initial material for
further in vitro studies aimed at the establishment of suspension cultures and the biosynthesis and deter-
mination of biologically active substances of the hop wild genotype of the Republic of Tatarstan.

5. Conclusions

In this study, the wild hop genotype of the Republic of Tatarstan was successfully cultivated under
in vitro growth conditions. This allowed to obtain (a) fully developed plantlets in culture vessels starting
from seeds as primary explants and (b) callus cultures starting from leaves.

Although the surface sterilization procedure used for hop seeds was largely effective, a low germi-
nation rate of the hop seeds was recorded, regardless of the application of scarification. In the in vitro
cultures, a relevant positive effect of the BAP to IAA concentration ratio was revealed on the develop-
ment of shoots from nodal explants. Roots developed simultaneously with shoots and their formation
was not fully dependent on the presence of phytohormones in the growth medium. It was revealed that
callus induction was only successful from leaf explants derived from in vitro cultures in comparison to
root explants. Moreover for a vigorous callus initiation, it was necessary to grow the cultures under a
16-hours light supply with illumination of 3000 lux.

Funding: This research was funded by the Program of Strategic Academic Leadership of Kazan (Volga
Region) Federal University (ITPUOPUTET -2030).

Acknowledgments: We express our profound gratitude to the entire staff of the Department of Botany
and Plant Physiology of the Kazan Federal University for their immense support during this study.

Conflicts of Interest: The authors declare no conflict of interest.

References

Abiko, Y., Paudel, D. and Uehara, O. (2022) ‘Hops components and oral health’, Journal of Functional
Foods, 92, 105035. doi: 10.1016/).j££.2022.105035

Baldi, A., Bisaria, V.S., Srivastava, A.K. (2006) ‘Biotechnological Approaches for the Production of
some Promising Plant-Based Chemotherapeutics’ in Kayser, O. and Quax, W. (eds.) Medicinal
Plant Biotechnology. Wiley-VCH, pp. 117-156.

Bano, A.S., Khattak, A.M., Basit, A., Alam, M., Shah, S.T., Ahmad, N., Gilani, S.A.Q., Ullah, I.,
Anwar, S. and Mohamed, H.I. (2022) “Callus induction, proliferation, enhanced secondary metabo-
lites production and antioxidants activity of Salvia moorcroftiana L. as influenced by combinations
of auxin, cytokinin and melatonin’, Brazilian archives of biology and technology, 65, p. €22210200.
doi: 10.1590/1678-4324-2022210200

33


https://doi.org/10.1016/j.jff.2022.105035
https://doi.org/10.1590/1678-4324-2022210200

Italus Hortus 2025, 32(2), pp 24-37

Bocquet, L., Sahpaz, S., Hilbert, J.L., Rambaud, C. and Riviére, C. (2018) ‘Humulus lupulus L., a very
popular beer ingredient and medicinal plant: overview of its phytochemistry, its bioactivity, and its
biotechnology’, Phytochemical Reviews, 17, pp. 1047-1090. doi: 10.1007/s11101-018-9584-y

Bychkova, O.V., Mironenko, O.N., Myakisheva, E.P., Ivanova, 1.Y. and Dementiev, D.A. (2024)
Optimizing in vitro introduction of wild common hop (Humulus lupulus L.) specimens using plant
hormones. Acta Biologica Sibirica, 10, pp. 1665-1672. doi: 10.5281/zenodo.14800452

Carbone, K. and Gervasi, F. (2022) ‘An updated review of the genus Humulus: A valuable source of
bioactive compounds for health and disease prevention’, Plants, 11, 243434. doi: 10.3390/
plants11243434

Cermak, P., Olsovska, J., Mikyska, A., Dusek, M., Kadleckova, Z., Vanicek, J., Nyc, O., Sigler, K.,
Bostikova, V. and Bostik, P. (2017) ‘Strong antimicrobial activity of xanthohumol and other deriv-
atives from hops (Humulus lupulus L.) on gut anaerobic bacteria’, APMIS, 125, pp. 1033—-1038.

Chakravarthi, D.V., Indukuri, V., Goparaju, U.A. and Yechuri, V. (2010) ‘Effect of genotype, explant
and hormonal concentration on in vitro response of eggplant’, Notulae Scientia Biologicae, 2(3),
pp. 77-85.

Chandran, H., Meena, M., Barupal, T. and Sharma, K. (2020) ‘Plant tissue culture as a perpetual source
for production of industrially important bioactive compounds’, Biotechnology Reports
(Amsterdam), 26, 00450. doi: 10.1016/j.btre.2020.e00450

Cho, J. S., Jang, B. K. and Lee, C. H. (2020) ‘Breaking combinational dormancy of Rhus javanica L.
seeds in South Korea: Effect of mechanical scarification and cold-moist stratification’, South
African Journal of Botany, 133, pp. 174-177. doi: 10.1016/j.5ajb.2020.07.022

Clapa, D. and Harta, M. (2021) ‘Establishment of an efficient micropropagation system for Humulus
lupulus L. cv. Cascade and confirmation of genetic uniformity of the regenerated plants through
DNA markers’, Agronomy, 11, 2268. doi: 10.3390/ agronomy11112268

Davoudpour, Y., Schmidt, M., Calabrese, F., Richnow, H. H., and Musat, N. (2020) ‘High resolution
microscopy to evaluate the efficiency of surface sterilization of Zea Mays seeds’, PLoS One,
15(11), 0242247. doi: 10.1371/journal.pone.0242247

De-Souza, R., Adamsa C. R., De-Meloa R. C., Guidolina A. F., Michelb A and Coimbra J. L. M. (2022)
‘Growth regulators and their reflection on different hop genotypes cultivated under in vitro condi-
tions’, Brazilian Journal of Biology, 82, 242596. doi: 10.1590/1519-6984.242596

Di Sotto, A., Checconi, P., Celestino, 1., Locatelli, M., Carissimi, S., De Angelis, M., Rossi, V.,
Limongi, D., Toniolo, C., Martinoli, L., Di Giacomo, S., Palamara, A.T. and Nencioni L. (2018)
‘Antiviral and antioxidant activity of a hydroalcoholic extract from Humulus lupulus L’, Oxidative
Medicinal Cellullar Longevity, 2018, 5919237. doi: 10.1155/2018/5919237

Dostalek, P., Karabin, M. and Jelinek, L. (2017) ‘Hop phytochemicals and their potential role in meta-
bolic syndrome prevention and therapy’, Molecules, 22, 1761.

Efferth, T. (2019) ‘Biotechnology applications of plant callus cultures’, Engineering, 5(1), pp. 50-59.

Elrod S. M. (2018) ‘Xanthohumol and the Medicinal Benefits of Beer. Polyphenols: Mechanisms of
Action in Human Health and Disease (second edition)’, in Watson, R.R., Preedy, V.R. and Zibadi,
S. (eds.) Academic Press, pp. 19-32. doi: 10.1016/B978-0-12-813006-3.00003-9

Encyclopedia Tatarica (2025). Available at: https://tatarica.org/ru/razdely/priroda/rastitelnost/hmel
(Accessed: 28 May 2025).

Engelmann, F. (2011) ‘Use of biotechnologies for the conservation of plant biodiversity’, In Vitro
Cellular & Developmental Biology-Plant, 47, pp. 5-16. doi: 10.1007/s11627-010-9327-2

Fadaka, A.O., Sibuyi, N.R.S., Martin, D.R., Klein, A., Madiehe, A. and Meyer, M. (2021)
‘Development of effective therapeutic molecule from natural sources against coronavirus protease’,
International Journal of Molecular Science, 22(17), 9431. doi: 10.3390/ijms22179431

Farago, J., PSendkova, 1. and Faragova, N. (2009) ‘The use of biotechnology in hop (Humulus lupulus
L.) improvement’, Nova Biotechnologia, 9, pp. 279-293.

34


https://doi.org/10.1007/s11101-018-9584-y
https://doi.org/10.5281/zenodo.14800452
https://doi.org/10.3390/ plants11243434
https://doi.org/10.3390/ plants11243434
https://doi.org/10.3390/ plants11243434
https://doi.org/10.1016/j.btre.2020.e00450
https://doi.org/10.1016/j.sajb.2020.07.022
https://doi.org/doi.org/10.3390/ agronomy11112268
https://doi.org/10.1371/journal.pone.0242247
https://doi.org/doi.org/10.1590/1519-6984.242596
https://doi.org/10.1155/2018/5919237
https://doi.org/10.1016/B978-0-12-813006-3.00003-9
https://tatarica.org/ru/razdely/priroda/rastitelnost/hmel 
https://tatarica.org/ru/razdely/priroda/rastitelnost/hmel 
https://doi.org/10.1007/s11627-010-9327-2
https://doi.org/10.3390/ijms22179431

Italus Hortus 2025, 32(2), pp 24-37

Farhadi, N., Panahandeh, J., Azar, A.M. and Salte, S.A. (2017) ‘Effects of explant type, growth regula-
tors and light intensity on callus induction and plant regeneration in four ecotypes of Persian shallot
(Allium hirtifolium)’, Scientia Horticulturae, 218, pp. 80-86.

Fehér, A. (2019) ‘Callus, dedifferentiation, totipotency, somatic embryogenesis: what these terms mean
in the era of molecular plant biology?’, Frontiers in Plant Science, 10, p. 536.

Felek, W., Mekibib, F. and Admassu, B. (2015) ‘Optimization of explants surface sterilization condition
for field grown peach (Prunus persica L. Batsch. Cv. Garnem) intended for in vitro culture’, African
Journal of Biotechnology 14(8), pp. 657-660. doi: 10.5897/AJB2014.14266

Firoz, M.A., Uddin, M.E., Amin, R., Razzak, M. A., Manik, M.A. and Khatun, M.M. (2016) ‘Studies on
the effect of various sterilization procedures for in vitro seed germination and successful micro-
propagation of Cucumis sativus’, International Journal of Pure and Applied Bioscience, 4(1), pp.
75-81. doi: 10.18782/2320-7051.2226

Gashenko, O.A., Kastriczkaya, M.S. and Kuxarchik, N.V. (2019) ‘Mikrorazmnozhenie sortov xmelya v
kul'ture in vitro’, Subtropicheskoe i dekorativnoe sadovodstvo, 68, pp. 111-118.

George, E.F., Hall, M.A. and Deklerk, G.J. (eds.) (2008) Plant propagation by Tissue culture. 3™ edn.
doi: 10.1007/978-1-4020-5005-3-

Ha, T.H., Lee, J.H., Y1, S.Y. and Kang, S.Y., (2024), ‘The effect of plant growth regulators on regenera-
tion rate during tissue culture of hop (Humulus lupulus L.)’ Korean Journal of Plant Resources,
37(4), pp. 431-438. doi: 10.7732/kjpr.2024.37.4.431

Kastriczkaya, M.S., Kuxarchik, N.V. and Gashenko, O.A. (2014) ‘Mikrorazmnozhenie sortov xmelya in
vitro’, Vestnik. Naczionalnaya akademiya navuk Belarusi, 2. pp. 75-80.
vestiagr.belnauka.by/jour/article/view/75/76

Khlebova, L.P., Mironenko, O.N., Brovko, E.S. and By 'chkova O.V. (2021) ‘Kollekciya in vitro
xmelya oby knovennogo (Humulus lupulus L.)’, Pravoobladatel’ Altajskij Gosudarstvennyj
Universitet, 1(1), 21.

Khlynovskiy, M.D., Mironenko, O.N., Khlebova, L.P., Bychkova, O.V., Brovko, E.S. and Nebylitsa,
A.V.(2023) June. ‘Actual issues of hop growing in Russia’, Scientific-Technical Commission of the
International Hop Growers’ Convention. Ljubljana Slovenia, June. pp. 25-29.

Kieber, J.J. and Schaller, G.E. (2018) ‘Cytokinin signaling in plant development’ Development, 145 (4),
149344. doi: 10.1242/dev.149344

Kobus-Cisowska, J., Szymanowska-Powatowska, D., Szczepaniak, O., Kmiecik, D., Przeor, M.,
Gramza-Michatowska, A., Cielecka-Piontek, J., Smuga-Kogut, M. and Szulc, P. (2019)
‘Composition and in vitro effects of cultivars of Humulus lupulus L. (hops) on cholinesterase acti-
vity and microbial growth’, Nutrients, 11, 1377.

Kontek, B., Jedrejek, D., Oleszek, W. and Olas, B. (2021) ‘Antiradical and antioxidant activity in vitro
of hops-derived extracts rich in bitter acids and xanthohumol’, Industrial Crops Production, 161,
113208.

Liberatore, C.M., Mattion, G., Rodolfi, M., Ganino, T., Fabbri, A. and Chiancone B. (2018) ‘Chemical
and physical pre-treatments to improve in vitro seed germination of Humulus lupulus L., cv.
Columbus’, Scientia Horticulturae, 235, pp. 86-94. doi: 10.1016/j.scienta.2018.02.077

Machado, M.P., Nunes Gomes, E., Francisco, F., Bernert, A.F., Bespalhok, J.C. and Deschamps, C.
(2018) ‘Micropropagation and establishment of Humulus lupulus L. plantlets under field conditions
at Southern Brazil’, Journal of Agricultural Science, 10, 275. doi: 10.5539/jas.v10n7p275

Mafakheri, M. and Hamidoghli, Y. (2019) ‘Micropropagation of hop (Humulus lupulus L.) via shoot tip
and node culture’, Acta Horticulturae, 1236, pp. 31-36. doi: 10.17660/ActaHortic.2a019.1236.5

Mihaljevi¢, 1., Dugali¢, K., Tomas, V., Viljeva, M., Pranji¢, A., Cmelik, Z., Puskar, B., and Jurkovi¢, Z.
(2013) ‘In vitro sterilization procedures for micropropagation of ‘obla¢inska’ sour cherry’, The
Journal of Agricultural Science, 58(2), pp. 117-126. doi: 10.2298/JAS1302117M

Mostafa, H.H., Wang, H., Song, J. and Li, X. (2020) ‘Effects of genotypes and explants on garlic callus

35


https://doi.org/10.5897/AJB2014.14266
https://doi.org/10.18782/2320-7051.2226
https://doi.org/10.1007/978-1-4020-5005-3-
https://doi.org/10.7732/kjpr.2024.37.4.431
https://vestiagr.belnauka.by/jour/article/view/75/76
https://doi.org/10.1242/dev.149344
https://doi.org/10.1016/j.scienta.2018.02.077
https://doi.org/10.5539/jas.v10n7p275
https://doi.org/10.17660/ActaHortic.2a019.1236.5
https://doi.org/10.2298/JAS1302117M

Italus Hortus 2025, 32(2), pp 24-37

production and endogenous hormones’, Scientific reports, 10(1), p. 4867. doi: 10.1038/s41598-020-
61564-4

Murashige, T. and Skoog, F. (1962) ‘A revised medium for rapid growth and bio assays with tobacco
tissue cultures’, Physiologia Plantarum, 15, pp. 473-497. doi: 10.1111/].1399-3054.1962.tb08052.x

Negash, K., (2014) ‘Rapid multiplication techniques (RMTs): A tool for the production of quality seed
potato (Solanum tuberosum L.) in Ethiopia’, Asian Journal of Crop Science, 6(3), pp. 176-185.
doi.org/10.3923/ajes.2014.

Nejad, S.R., Bistgani, Z.E. and Barker, A.V. (2022) ‘Enhancement of seed germination of yarrow with
gibberellic acid, potassium nitrate, scarification, or hydropriming’, Journal of Crop Improvement,
36(3), pp. 335-349. doi: 10.1080/15427528.2021.1968553

Neumann, H.F., Frank, J., Venturelli, S. and Egert, S. (2022) ‘Bioavailability and cardiometabolic
effects of xanthohumol: Evidence from animal and human studies’, Molecular Nutrition and Food
Research, 66, e2100831. doi: 10.1002/mnfr.202100831

Norouzi, O., Hesami, M., Pepe, M., Dutta, A. and Jones, A.M.P. (2022) ‘In vitro plant tissue culture as
the fifth generation of bioenergy’, Scientific Reports, 12(1), p. 5038. doi: 10.1038/s41598-022-
09066-3

Pasternak, T., Miskolczi, P., Ayaydin, F., Mészaros, T., Dudits, D. and Fehér, A. (2000) ‘Exogenous
auxin and cytokinin dependent activation of CDKs and cell division in leaf protoplast-derived cells
of alfalfa’, Plant Growth Regulation, 32, pp. 129-141. doi: 10.1023/A:1010793226030

Phillips, G.C. and Garda, M. (2019) ‘Plant tissue culture media and practices: an overview’, In vitro
Cell Developmental Biology — Plant, 55, pp. 242-257. doi: 10.1007/s11627-019-09983-5

Psendkova, 1., Gasparkova, . And Farago6, J. (2009) ‘Polyphenol and flavonoid contents of hop callus
and cell suspension cultures’, Proceedings of the Scientific Commission of the International Hop
Growers’ Convention, Ledn, Spain, pp. 109

Puig, J., Pauluzzi, G., Guiderdoni, E. and Gantet, P. (2012) ‘Regulation of shoot and root development
through mutual signaling’, Molecular Plant, 5(5), pp. 974-983. doi: 10.1093/mp/sss047

Reed, B.M., Okut, N., D’Achino, J., Narver, L. and Denoma, J. (2003) ‘Cold storage and cryopreserva-
tion of hops (Humulus lupulus L.) shoot cultures through application of standard protocols’, Cryo-
Letters, 24, pp. 389-396.

Rout, J.R., Sahoo, S.L. and Das, R. (2011) ‘An attempt to conserve Withania somnifera (L.) Dunal-A
highly essential medicinal plant, through in vitro callus culture’, Pakistan Journal of Botany, 434,
pp. 1837-1842.

Shabala, S., White, R.G., Djordjevic, M.A., Ruan, Y.L. and Mathesius, U. (2015) ‘Root-to-shoot sig-
nalling: integration of diverse molecules, pathways and functions’, Functional Plant Biology, 43(2),
pp. 87-104. doi: 10.1071/FP15252

Souza, R.R.D., Paiva, P.D.D.O., Silva, R.R.D., Reis, M.V.D., Nery, F.C. and Paiva, R. (2016)
‘Optimization of jenipapo in vitro seed germination process’, Ciéncia e Agrotecnologia, 40(6), pp.
658-664. doi: 10.1590/1413-70542016406014816

Suciu, T., Salontai, A., Muntean, L.S., Felecan, V. and Vaida, L (1977) ‘Studies concerning the germi-
nation of hop seeds (Humulus lupulus L.)’, Notulae Botanicae Horti Agrobotanici Cluj-Napoca,
9(1), pp. 79-83.

Tejero, A., Ledn-Navarro, D.A. and Martin, M. (2024) ‘Effect of xanthohumol, a bioactive natural com-
pound from hops, on adenosine pathway in rat C6 glioma and human SH-SY5Y neuroblastoma cell
lines’, Nutrients, 16(11), 1792. doi: 10.3390/nul6111792

Thokozani, B.L., Zulu, D., Sileshi, C.W., Teklehaimanot, Z., Gondwe, D.S., Sarasan, V. and Stevenson,
P. (2011) ‘Seed germination and in vitro regeneration of the African medicinal and pesticidal plant,
Bobgunnia madagascariensis’, African Journal of Biotechnology, 10(32), pp. 5959-5966.

Trojak-Goluch, A., Kawka, M. and Czarnecka, D., (2015) ‘The effects of explant source and hormone
content on plant regeneration and induction of tetraploids in Humulus lupulus L, In Vitro Cellular

36


https://doi.org/10.1038/s41598-020-61564-4
https://doi.org/10.1038/s41598-020-61564-4
https://doi.org/10.1111/j.1399-3054.1962.tb08052.x
https://doi.org/10.1080/15427528.2021.1968553
https://doi.org/10.1002/mnfr.202100831
https://doi.org/doi.org/10.1038/s41598-022-09066-3
https://doi.org/doi.org/10.1038/s41598-022-09066-3
https://doi.org/doi.org/10.1023/A:1010793226030
https://doi.org/10.1007/s11627-019-09983-5
https://doi.org/doi.org/10.1093/mp/sss047
https://doi.org/doi.org/10.1071/FP15252
https://doi.org/10.1590/1413-70542016406014816 
https://doi.org/10.3390/nu16111792

Italus Hortus 2025, 32(2), pp 24-37

& Developmental Biology-Plant, 51, pp. 152-159. doi.: 10.1007/s11627-014-9661-x

Wawrosch, C. and Zotchev, S.B. (2021) ‘Production of bioactive plant secondary metabolites through in
vitro technologies - status and outlook’, Applied Microbiology and Biotechnology, 105(18), pp.
6649-6668. doi: 10.1007/s00253-021-11539-w

Zanoli, P. and Zavatti, M. (2008) ‘Pharmacognostic and pharmacological profile of Humulus lupulus
L’, Journal of Ethnopharmacology, 116, pp. 383-396.

Zugravu, C.A., Bohiltea, R.E., Salmen, T., Pogurschi, E. and Otelea, M.R. (2022) ‘Antioxidants in
hops: Bioavailability, health effects and perspectives for new products’, Antioxidants (Basel), 11(2),
241. doi: 10.3390/antiox 11020241

article distributed under a Creative Commons Attribution-NonCommercial (CC BY NC) 4.0
International License (http://creativecommons.org/licenses/by-nc/4.0/).

© 2025 by the authors. Licensee Italian Society for Horticultural Science (Societa di
@ @ @ Ortoflorofrutticoltura Italiana; SOI), Sesto Fiorentino (Firenze), Italy. This work is an open access

37


https://doi.org/10.1007/s11627-014-9661-x
https://doi.org/10.1007/s00253-021-11539-w
https://doi.org/10.3390/antiox11020241
http://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/

