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Introduction

Abstract

Callus induction is an important step in plant transformation aimed at improving
grapevines, one of the most cultivated fruit crops. Callus induction can be influenced
by nutrients, plant growth regulators, physical environments, explant type, infection,
and genetic factors. This study investigates the efficiency of callus induction in the
Chardonnay grape variety using different nutrient mediums, plant growth regulators,
and explant types. Internode and leaf disc parts were selected as explant types and
cultured in Murashige and Skoog (MS) and Lloyd and McCown Woody Plant (WP)
nutrient medium with 7% agar, containing varying concentrations of plant growth
regulators such as NAA, 2,4-D, and BA. Different combinations resulted in various types
calli, including friable, compact, shooty, and rooty, with different colors by the end of
the 215t day. WP medium consistently yielded the highest callus induction rates across
all plant growth regulator combinations. The combination of 0.5 mg/L 2,4-D and 0.2
mg/L NAA in MS medium produced the largest callus area in internode explants.
Conversely, leaf discs exhibited lower callus induction rates. Additionally, 1 mg/L BA
and 0.2 mg/L NAA in MS medium promoted shoot formation, while the same
combination in WP medium facilitated both shoot and root formation in internode
explants.

Belonging to the genus Vitis in the Vitaceae family,
Vitis vinifera is a widely recognized grape species. With
a prevalence surpassing that of all other species by 90%,
Vitis vinifera is readily identifiable and commonly
encountered (Parihar and Sharma, 2021). Vitis vinifera,
commonly known as the European grapevine, holds
immense significance in viticulture and winemaking.
Among the diverse grape varieties within the Vitis
vinifera species, Chardonnay stands out as one of the
most influential and widely cultivated cultivars
(Robinson et al., 2013). Chardonnay grapes are prized
for their adaptability to various climates and soil types,
contributing to their global prominence in the
production of high-quality wines. Chardonnay, a widely
favored white wine grape cultivar within Vitis vinifera,
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demonstrates sensitivity to abiotic stresses (Wang et al.,
2018).

Plant tissue culture, a sophisticated
biotechnological technique, has emerged as a crucial
tool in plant biology with diverse applications (Efferth
2019). This method involves the aseptic culture of plant
cells, tissues, or organs in a controlled environment,
enabling researchers to manipulate plant growth and
development (Hussain et al., 2012). Additionally, plant
tissue culture facilitates the production of disease-free
plant material by eliminating pathogens, thereby
establishing healthy and robust plant stocks
(Chadipiralla et al., 2020).

One of the most significant applications of plant
tissue culture is callus production. Callus refers to a mass
of undifferentiated plant cells that proliferate in tissue



https://orcid.org/0009-0003-0363-5554
https://orcid.org/0000-0002-2543-7212
http://doi.org/10.38042/biotechstudies.1666641
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

Biotech Studies 34(Sl), 39-45

40

culture (lkeuchi et al., 2013). This cluster of cells,
typically originating from explants such as leaves or
stems, lacks specialized structures and exhibits rapid,
unorganized growth. Callus formation is crucial in plant
tissue culture techniques, serving as a starting point for
various applications such as somatic embryogenesis,
genetic transformation, and cell suspension culture
(George et al., 2008). Researchers use callus cultures to
study plant regeneration, manipulate genetic traits, and
investigate plant cell behavior under controlled
conditions. The versatility of callus cultures has made
them invaluable for advancing biotechnological
applications and understanding plant development
(Gamborg et al.,, 1968). Callus is cultivated by
transferring it to a nutrient medium containing plant
growth regulators and a carbon source. This method
yields successful results in artificial seed production,
somaclonal variation, somatic embryogenesis and
organogenesis, gene transfer, and mutation breeding
studies (Khan et al., 2015). Research on grapevines has
focused on optimizing callus production for applications
such as somatic embryogenesis, genetic transformation,
and cell suspension culture. Callus culture procedures
also provide valuable avenues for conducting breeding
in grapevines (Campos et al., 2021). Various plant parts,
such as leaf discs, nodes, stem segments, and shoot tips,
are used for callus growth studies (Khan et al., 2015).

Plant growth regulators within tissues exhibit
pleiotropic effects, in which slight changes in
concentration can trigger shifts in gene activation,
affecting essential metabolic processes within cells
(Teale et al., 2006). Thus, maintaining optimal
concentrations of plant growth regulators is crucial for
ensuring normal cellular functions (Khan et al., 2015).
Plant growth regulators have been utilized to control
and enhance plant growth and development, allowing
growers to meet the increasing demand for high-quality
food driven by global population growth. In citrus
cultivation, several plant growth regulators have been
evaluated; however, only a select few have been
adopted for commercial use. Cytokinin-like growth
regulators predominantly include substituted purines,
with kinetin and BA (6-Benzylaminopurine) being the
most commonly used cytokinins (Gaspar et al., 1996;
Kieber and Schaller, 2014). Adenine, adenosine, and
adenylic acid are also classified as cytokinins, although
they exhibit cytokinin activity to a lesser extent
compared to primary cytokinins. Adenine, recognized as
vitamin B4, can be applied to induce or enhance
responses typically associated with cytokinin action (Li
et al., 2021). Frequently employed synthetic auxins in
tissue culture include 2,4-dichlorophenoxyacetic acid
(2,4-D), commonly used for callus induction and
suspension cultures, and 1-naphthaleneacetic acid
(NAA) (Gaspar et al., 1996).

This study focuses on optimizing callus induction
from grapevine (Chardonnay), involving the testing of
various parameters such as plant growth regulators,
medium compositions, and plant material parts.

Materials and Methods

Plant materials and growth conditions

The Chardonnay cuttings were purchased from
Kavaklidere A.S. and initially placed in the greenhouses
of the Manisa Viticulture Research Institute for
acclimatization. After observing the leaves, the plants
were transferred to growth chambers in the
Department of Bioengineering at Manisa Celal Bayar
University, where they were maintained under
controlled temperature and environmental conditions.
The Chardonnay cuttings used in the study were grown
in a growth chamber set at day/night temperatures of
25°C/18°C, respectively, with a constant photoperiod of
16 h light and 8 h dark.

Sterilization

The surface-sterilization method was implemented
based on a previous study with some modifications
(Aguero et al., 2006; Bayraktar et al., 2015). Leaves and
shoots were taken from cuttings of Chardonnay grown
in the greenhouse. Explants were washed under running
water and then surface-sterilized by sequential soaking
in 0.64% (v/v) sodium hypochlorite for 30 min and 70%
ethanol for 2 min, followed by four washes in sterile
distilled water, respectively. After drying on sterile
paper, leaf explants were cut into 0.7 cm squares and
internode explants into 0.5-1 cm segments. Internode
segments were wounded by making surface cuts at
three different locations. Leaf disks and internodal
segments were used as explants for callus induction.

Callus induction

Callus induction was performed on two different
culture media (Murashige and Skoog (MS) (Murashige &
Skoog, 1962) and Lloyd and McCown Woody Plant
(WPM) (Llyod and McCown, 1980) supplemented with
sucrose and different compositions of growth regulators
(Table 1). Medium pH was adjusted to 5.8 and solidified
by adding the gelling agent (7% agar). Each experimental
setup (explant/medium combination) was created as
three replicates, and 21 explants (internode segments
and leaf discs) were placed in each petri dish (85 mm in
diameter), containing 20 ml of medium for induction. All
explants were grown aseptically in a growth chamber at
25°C/17°C and a 16h/8h (day/night) photocycle.
Cultures were incubated for 21 days, and callus
development was recorded after 7, 14, and 21 days.

Table 1. Type and concentration of plant growth regulators
included in the culture medium to induce grape callus

Medium BA 24D NAA
(mg/L) (mg/L) (mg/L)
MS medium MS1 ! 0.5 -
. MS2 1 - 0.2
supplemented with 3%
sucrose and 7% agar MS3 ) 0.5 0.2
MS4 1 0.5 0.2
WPM medium wemM1 -1 0.5 .
supplemented with 3% WPM2- 1 - 0.2
sucrose and 7% agar WPM3 - 0.5 0.2
° 8 WPM4 1 0.5 0.2
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The callus induction rate (%) was calculated after
21 days of induction using the formula below.
Number of explants with callus

Callus inducti te = 00
akus nduction rate Total number of explants *

The callus proliferation efficiency (CPE) was also
calculated based on the callus areas measured using
Imagel software. CPE was estimated using the following
formula after 21 days of induction:

Total area of callus generated —

CPE = Total area of explant before culture * %100
Total area of explant before culture

* For leaf disc explants, the subtraction of the total area of the explant
before culture was not applied.

Data analysis

All experiments were conducted with three
replications, and outliers were identified and excluded
from the dataset before analysis. A one-way ANOVA was
performed to evaluate differences among treatments
using SPSS version 18.0 (SPSS Inc., Chicago, IL, USA).
Subsequent post-hoc analysis using Duncan's multiple
range test, with significance set at p < 0.01, was
conducted to determine significant differences between
treatments. Data are reported as the mean of the three
replicates + standard error and were visualized using the
R package ggplot2 (Wickham, 2011).

Results and Discussion

This study investigated the impact of different
combinations of plant growth regulators, media, and
explant types on callus induction. Variations were noted
in several important parameters, including the duration
required for callus initiation, callus induction rate (%),
callus proliferation rate (%), and the texture and color of
the callus.

Calli first appeared on the 7" and 14% days of
culture in internode segments and leaf discs,
respectively. Internode segments consistently exhibited
a higher callus induction rate than leaf discs across all
combinations of growth regulators and media (Table 2).
Specifically, MS3, WPM3, and WPM4 resulted in the
highest callus induction rates (100%) in internode
segments, whereas MS2 showed the lowest but still high
rate of 89%. In leaf disc explants, WPM4 yielded the
highest callus induction rate (100%), while MS2 had the

lowest rate (38%). Overall, WPM medium consistently
showed better callus induction rates compared to MS
medium across all combinations of growth regulators in
leaf discs (Table 2).

Plant growth regulators, auxins and cytokinins, are
vital regulators of plant growth and development,
encompassing processes such as callus induction and
proliferation (Gray, 2004; Su et al, 2011). Both
endogenous and exogenous auxins and cytokinins are
integral to these processes, and a precise balance
between these growth regulators is crucial for
successful callus formation (Skoog et al., 1957).
Typically, moderate levels of auxins, such as 2,4-D, I1AA
(Indole-3-acetic acid), and NAA, combined with
cytokinins, such as BA, facilitate callus induction (Kotb et
al., 2020). In contrast, high ratios of auxin to cytokinin or
cytokinin to auxin tend to promote the regeneration of
roots and shoots, respectively (lkeuchi et al., 2013;
Skoog et al., 1957;). Incorporating these plant growth
regulators into the basal medium can produce diverse
effects on callus induction and proliferation, highlighting
their significance in plant tissue culture (Kotb et al.
2020; Phillips and Garda, 2019;). This nuanced balance
continues to be a central research focus due to its
profound influence on callus development and organ
regeneration (lkeuchi et al., 2013).

Previous studies have investigated callus formation
using various media supplemented with varying
combinations of cytokinins and auxins in different
grapevine cultivars (Khan et al., 2015; Ozden, 2024;
Pehlivan et al., 2017; Wu et al., 2024). Wu et al. (2024)
reported a 100% callus induction rate in Chardonnay leaf
discs after 21 days of culture in the B5 medium
supplemented with 0.05 mg/L NAA, 0.5 mg/L 2,4-D, 2
mg/L kinetin, and 60 g/L sucrose. In the present study, a
similarly high callus induction rate of 100% was achieved
using WPM4 medium with 30 g/L sucrose. Notably, our
findings indicate that WPM4 medium, incorporating
kinetin and lower concentrations of plant growth
regulators, produced comparable results to the B5
medium, despite the higher sucrose concentration (60
g/L). This suggests that optimized plant growth regulator
concentrations and reduced sucrose levels in WPM4
medium can achieve highly efficient callus induction
outcomes. Wu et al. (2024) also reported a 70.48% callus
induction rate in PIV (Nitsch and Nitsch 1969) medium
with 1 mg/L 2,4-D and 2 mg/L BA, supplemented with 60

Table 2. Effect of different growth media on callus induction rate and proliferation efficiency in internode and leaf disc explants

Callus induction rate (%)

Callus proliferation efficiency (%)

Medium

Internode Leaf discs Internode* Leaf discs*
MS1 98.32+2.89 81°+26.9 1882+ 10.5 53% + 16
MS2 89°+19.1 382+ 0 200% + 15.5 5320+ 2
MS3 1002+ 0 90°+0 414+ 535 50°+0
MS4 98.32+2.89 952+ 7.07 1972+ 4 52% + 14
WPM1 98.32+2.89 882+ 17 2422+ 87 745 £ 2
WPM2 98.32+2.89 54.52+30.4 240°+ 26 61.5% +18.5
WPM3 100° + 2.89 572+ 33.9 2862 + 32 47® + 1
WPM4 1002+ 0 1002+ 0 287% + 13 118+ 6
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Figure 1. Callus induction rate a) and callus proliferation efficiency b) for different growth medium. Bars represent mean values
standard error (SE). In panel a), no significance letters are shown because no significant differences were detected among
treatments (p > 0.05, Tukey’s test). In panel b), different letters above the bars denote statistically significant differences among

treatments according to Tukey’s HSD test (p < 0.05).

g/L of sucrose, from leaf discs. Based on our findings,
reducing the sucrose concentration by half, while using
the same plant growth regulator combination, resulted
in higher callus induction rates of 81% and 88% with
MS1 and WPM1 media, respectively.

According to Ozden (2024), varying concentrations
of BA (0.0, 0.5, 1.0, and 2.0 mg/L) combined with 0.1
mg/L NAA in MS medium containing 3% sucrose yielded
different callus induction rates from petiole explants of
Chardonnay and Syrah grape cultivars. Callus formation
was observed across all BA treatments. Among these,
the combination of 0.5 mg/L BA and 0.1 mg/L NAA was
the most effective, achieving a 96% callus induction rate
(Ozden, 2024). In comparison, doubling the plant
growth regulator concentration in MS2 medium with
the same sucrose level resulted in a significantly lower
callus induction rate of 38%. These findings suggest that
excessive plant growth regulator concentrations,
particularly higher levels of BA and NAA, may adversely
affect callus induction, as evidenced by the reduced
rates observed in Chardonnay leaf discs.

The callus induction rate of MS1 on leaf discs
obtained in our study is lower than the results of
Pehlivan et al. (2017). While we obtained an 81% , they
obtained a 93% callus induction rate from Sultana
grapevine leaf discs using an MS medium with 0.5 mg/L
BAP and 1 mg/L 2,4-D. Additionally, in our study, the
combination of 1 mg/l BA + 0.5 mg/L 2,4-D + 0.2 mg/L
NAA resulted in a 95% callus induction rate from leaf
disc explants. In contrast, Pehlivan et al. (2017) reported
a 70% callus induction rate from node explants using a
combination of 2 mg/L 2,4-D + 0.3 mg/L BAP + 0.2 mg/L
NAA. The lower callus induction rate observed in their
study compared to our results may be due to their use
of the same plant growth regulator combinations at
higher concentrations or different explants.

Khan et al. (2015) found that 2 mg/L 2,4-D
combined with 0.3 mg/L BA in MS medium resulted in
the highest callus induction rate (73%) from King's Ruby
grapevine leaf discs. Additionally, they reported a 51%
callus induction rate with 1.5 mg/L 2,4-D and 0.5 mg/L
BAP. In comparison, our study achieved a higher callus
induction rate in the Chardonnay cultivar using a lower
concentration of 2,4-D and a higher concentration of BA
in MS medium. Khan et al. (2015) concluded that
reducing the concentration of 2,4-D and increasing the
concentration of BAP decreased the callus formation
rate in King’s Ruby. However, in Chardonnay, a high
callus induction rate was observed despite using high
concentrations of BA and low concentrations of 2,4-D.

The callus proliferation efficiency (CPE) (%) was
calculated as the ratio of the total area of callus
generated to the total area of the explant before
culture, after 21 days of culture in our study (Figure 1).
As shown in Figures 2a and 2b, callus growth primarily
began at the incision and wound sites of the internode
segments, while leaf discs explant growth mostly started
on the surface area. In our study, internode segments
were wounded by making surface cuts at three different
locations before culturing. A previous report also
demonstrated that wounding increased callus formation
in Arabidopsis (lwase et al., 2011).

Previous studies on grapevine (Khan et al., 2015;
Ozden et al., 2024; Pehlivan et al., 2017; Wu et al., 2024)
did not report CPE values. In contrast, Gao et al. (2023)
calculated CPE values for peach trees in a manner similar
to our approach. Our results show that among internode
explants, MS3 exhibited the highest CPE value (414%),
while MS1 had the lowest (<200%) (Table 2). For leaf disc
explants, WPM4 had the highest CPE value (>100%), and
WPM3 had the lowest (<100%). The graph illustrates
that internode explants generally have higher CPE




Biotech Studies 34(Sl), 39-45

43

values compared to leaf discs, which aligns with the
observed callus induction rates (Figure 2).

b)

Day 0 Day 21

Figure 2. Callus development from different explants: a)
Internode segments of Chardonnay cultured in MS medium
supplemented with 1 mg/L 2,4-D and 0.2 mg/L NAA from day
0to day 21. Callus proliferation efficiency was calculated as the
ratio of callus area (x) to original explant area (y) using Image)
for internode segments. b) Leaf discs of Chardonnay cultured
in WPM medium containing 1 mg/L BA and 0.2 mg/L NAA from
day O to day 21. Callus proliferation efficiency was similarly
calculated using Image) for leaf discs.

Callus characteristics

Callus cultures with varying textures, sizes, and
forms were observed among different growth media in
both internode segments and leaf disc explants (Figure
3). Grapevine callus cultures are notably heterogeneous
in texture and coloration (Ananga et al., 2013). Previous
studies have reported that calli typically display a mix of
colorless, yellow, green, and red clusters with a range of
textures, including both friable and compact forms
(Ananga et al., 2013; Cormier et al. 1996; Qu et al., 2005;
Wu et al., 2024).

b) c) 4 d) )

s arew
OB DS

Figure 3. Callus formation, texture, and color from explants of
Chardonnay in MS and WPM media supplemented with
different plant growth regulators. a) White friable from
internode on WPM4 and leaf disc on MS2, WPM2, b) white
compact from internode on MS1 and leaf disc on WPM4, c)
yellowish green friable from internode on MS3 and leaf disc on
WPM1, d) yellowish green compact from leaf disc on MS3 and
WPM1, e) green friable from internode on WPM2 and leaf disc
on WPM3, f) reddish brown friable from internode on MS2 and
WPM2.

In our study, we also observed a variety of colors and
textures across all media and plant growth regulator
combinations, as shown in Table 3. Predominantly, we
obtained yellowish, green, and white callus colors from
both explant types, with a generally friable texture.
Internode segments exhibited primarily a friable texture
(MS2, MS3, WPM2, WPM3, and WPM4), with partial

compact areas (MS1, MS4, and WPM1), while leaf disc
explants produced either friable (MS2, MS4, WPM1,
WPM2, WPM3) or fully compact textures (MS1, MS3,
and WPM4) callus texture. Similar to our findings, Wu et
al. (2024) also reported yellowish and greenish callus
from Chardonnay leaf discs, with textures varying from
soft to compact. In our study, reddish/brown callus was
exclusively observed in internode explants on MS2 and
WPM2 media after two months in culture. Previous
studies indicate that reddish coloration is associated
with anthocyanin accumulation (Appelhagen et al.,,
2018; Hayta et al., 2016; Martinez et al., 2018). Carbon
source type and concentration significantly influence
callus color and texture during induction (Martinez et
al., 2018). Additionally, illumination plays a critical role
in the expression of anthocyanin production. It was also
reported that light enhances anthocyanin production in
callus cultures from various grapevine varieties, with
pigment levels strongly correlated to the genotype used
for callus initiation (Ananga et al., 2013). In our study,
the combination of 1 mg/L BA and 0.2 mg/L NAA with
MS or WPM medium effectively stimulated shoot
formation. Additionally, the same combination with
WPM medium promoted root formation. Wang et al.
(2018) reported that NAA promoted root formation in
tea cuttings. Similarly, in our study, WPM2 (1 mg/L BA +
0.2 mg/L NAA with WPM medium) promoted root
formation from internode explants in Chardonnay.

Table 3. Summary of callus characteristics

Medium  Explant type Callus texture Callus color
Compact but .
MS1 Internode with soft areas White and green
Leaf Disc Compact Yellowish
Shooty with Yellowish/ reddish
Internode .
friable areas brown
MS2 Yellowish and
Leaf Disc Friable .
white
MS3 Internode Friable Yellowish green
Leaf Disc Compact Yellowish green
Compact with
Msa Internode soft areas Green
Leaf Disc Friable Yellowish
Compact but
WPM1 Internode with soft areas Green
Leaf Disc Friable Yellowish green
Shooty, Green and reddish
Internode )
rooty/friable brown
WPM2 .
. . Yellowish and
Leaf Disc Friable .
white
Internode Friable Yellowish
WPM3 Leaf Disc Friable Green
. Yellowish and
WPMA Internode Friable white
Leaf Disc Compact White
Conclusion

This study investigated in vitro callus induction
using internode and leaf disc explants from Chardonnay.
Callus formation was successful across all plant growth
regulator combinations in both MS and WPM media.
Internode explants yielded more callus than leaf disc
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explants, with the highest callus production observed on
MS3, WPM3, and WPM4 for internode explants and
WPM4 for leaf disc explants. Additionally, different
plant growth regulator combinations resulted in varied
textures and colors of the callus. These findings suggest
that the obtained callus could be valuable for
biotechnological applications, including transformation
and secondary metabolite production.
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