SABP

BIOCHIMICA
POLONICA

Vol. 67, No 4/2020
449-452
https://doi.org/10.18388/abp.2020_5456

Regular paper

Comparing the effects of different exogenous hormone
combinations on seed-derived callus induction in Nicotiana

tabacum*

Jakub Lang, Jedrzej Pankowski, Piotr Grabarz, Bartosz Plucinski and Pawet Jedynak™

Department of Plant Physiology and Biochemistry, Faculty of Biochemistry, Biophysics and Biotechnology, Jagiellonian University in Krakow,

Krakow, Poland

Callus from Nicotiana tabacum is used as a model in
plant developmental research. We tested several phyto-
hormone (Indoleacetic acid - IAA; 2,4-Dichlorophenoxy-
acetic acid - 2,4-D; kinetin - KIN; 6-Benzylaminopurine
- BAP) combinations to compare different approaches to
callus induction directly from the seeds of Nicotiana ta-
bacum. Callus formation was observed up to 4 weeks af-
ter sowing and the most effective were 0.5 mg/L of 2,4-D
with 0.25 mg/L of BAP and 2 mg/L 2,4-D with 1 mg/L of
BAP. The calli were green, photosynthetically active and
after 6 weeks of growth, no stress symptoms (estimated
on the basis of fluorescence of chlorophyll g in photosys-
tem Il) were noticed.
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Abbreviations: 2,4-D, 2,4-Dichlorophenoxyacetic acid; BAP, 6-Ben-
zylaminopurine; 1AA, Indoleacetic acid; KIN, kinetin; PSIl, photo-
system I, F,, chlorophyll fluorescence in the absence of actinic
(photosynthetic) light, in dark-adapted plants; F,, maximum of
chlorophyll fluorescence in dark adapted plants F/F_=(F -F,)/F,,
maximum quantum yield of photosystem Il Phytohormone combi-
nations: I, 2 mg/L I1AA; IK, 2 mg/L IAA with 1 mg/L KIN; 1B, 2 mg/L
IAA with 1 mg/L BAP; DB1, 0.5 mg/L 2,4-D with 0.25 mg/L BAP;
DB2, 2 mg/L 2,4-D with 1 mg/L BAP; DB3, 1 mg/L 2,4-D with 0.5
mg/L BAP.

INTRODUCTION

Nicotiana tabacum is a model plant used in molecular
biology research (Edwards ez al, 2017). Its callus serves
as a model for studying cell differentiation (Bornman e#
al., 1977) and embryogenesis (Afonso es al., 1994; Srini-
vasan et al., 2007; Pathi ez al., 2013; Li et al., 2019). Phy-
tohormones are chemicals that influence the growth and
specialization of plant cells. Natural or synthetic phyto-
hormones can be applied exogenously to alter plant de-
velopment (Davies, 2010; Perianez-Rodtiguez ef al., 2014,
Jiang & Asami, 2019). Phytohormones (auxins and cyto-
kinins, in particular) are utilized in plant biotechnology,
e.g. for callus induction, preparation of a cell culture sus-
pension or in micropropagation (Barkla ez a/., 2014; Sello

et al., 2017; Efferth, 2019). Callus induction in N. Zabacum
and many other species is possible from various types
of explants, such as the leaves and stems (Feldmann &
Marks, 1986; Barkla e# al., 2014), fragments of seedlings
(hypocotyls, cotyledons) (Nishiyama & Taira., 1966; LLuo
& Jia., 1998; Nieves & Asputia, 2011; Chavan & Abhire.,
2016) or germinating seeds and seedlings (Bennici ef al,
1972; Tabata & Hiraoka, 1976; Al-Khayri e al, 1992;
Gorti et al., 1998; Serrat et al., 2014; Sello ez al., 2017). Us-
ing leaves and shoots as explants for the callus induction
may be somewhat laborious, requiring healthy material
to be selected and leaves to be carefully cut into pieces.
If the 7n vitro material is not used, the sterilization pro-
cess also poses a risk (Singh, 2019), as bleaching agents
easily damage tissues, which increases mortality and de-
creases the success rate of callus induction. Using seeds
may be easier, as in many cases the seed coat serves as
a protection against both, the microorganisms and exces-
sive sterilization agents. Thus, using germinating seeds
for callus induction has many advantages, for example,
it is much easier to sterilize seeds and callus induction
is faster when compared to other types of explants (Al-
Khayti et al., 1992; Sello et al, 2017; Singh, 2019). In our
wotk, we examined several different combinations of
various widely used phytohormones (IAA; 2,4-D; kine-
tin; BAP) to monitor changes in morphology and obtain
an optimal protocol suitable for rapid mass induction of
green calli from seeds and seedlings of N. zabacum cv.
Samsun. According to our knowledge, such combinations
have not been examined in previous studies. Callus for-
mation was predominantly considered to be a result of
the balance between cytokinins and auxins (Skoog and
Miller, 1957; Gaspar ¢z al., 19906), and thus obtaining new
protocols focused rather on finding the proper ratio (Ali
et al., 2007, Rahman e al., 2010). Therefore, we assessed
whether maintaining the ratio but changing the concen-
tration of particular auxins and cytokinins affects the ef-
ficiency of callus induction in N. tabacum. The findings
of this study indicate that the response to hormones is
not only restricted to the ratio but also to the overall
concentration of hormones. Our results may contribute
to further research that focuses on the role of exoge-
nous hormones on callus formation.

MATERIALS AND METHODS

Medium preparation and growth conditions. As
plant material, the seeds of Nicotiana tabacum cv. Samsun
were used. The seeds were surface sterilized using a solu-
tion of 30% (v/v) commetcial bleach (ACE, Procter and
Gamble) with an addition of 0.1% (v/v) Triton X-100
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and vigorously shaken for 7 minutes. After surface steri-
lization, the seeds were rinsed 3-5 times using sterile dis-
tilled water. After sterilization, the seeds were inoculated
on a solid (solidified with 1% w/v agar) MS medium
(Murashige & Skoog, 1962; Duchefa Biochemie, Har-
laam, Nethetlands) supplemented with 3% (w/v) suctose
(Sello ez al., 2017). The plates with seeds were kept in a
growth chamber at a temperature of 20°C, with white
light illumination (fluotescent lamps, OSRAM L36W /77,
Germany; photoperiod: 16L:8D; photon flux density —
40 umol m2s). The seeds were sown on a control me-
dium (MS medium supplemented with 3% (v/v) suctose,
without phytohormones) or a medium supplemented
with a particular phytohormones — indoleacetic acid
(TAA), kinetin (KIN), 2,4-Dichlorophenoxyacetic acid
(2,4-D) and 6-Benzylaminopurine (BAP) combinations.
Callus formation can be initiated in explants of N. 7a-
bacum using 2 mg/L TAA and 1 mg/L KIN as indicated
in (Nishiyama & Taira, 19606). For Arabidopsis thaliana, a
combination of 0.5 mg/L 24-D with 0.25 mg/I. BAP
was used as a successful callus inducing formula (Sello
et al., 2017). Therefore, we assumed these combinations
would likewise be tested for N. ‘abacum (henceforth in-
dicated as IK and DB1). On this basis, we tested some
modifications of that protocol, using sole IAA (II) or
changing KIN to BAP (thus, 2 mg/L IAA with 1 mg/L
BAP — IB) or using 2,4-D instead of IAA (2 mg/L 2,4-
D with 1 mg/L BAP — DB2). The latter resembles a
well-known protocol for N. fabacum but utilizes hor-
mones commonly used for A. thaliana. Finally, we exam-
ined the intermediate concentrations between the latter
combination and a protocol from Sello e/ al. (2017), em-
ploying 1 mg/L of 2,4-D with 0.5 mg/L of BAP — DB3.

Fluorescence measurement. Dark-adapted (20 min)
and 41-day old calli were examined for their photosys-
tem II (PSII) efficiency (F /F,) using OpenFluorCam
FC 800-O (Photon Systems Instruments, Czech Repub-
lic) with a default protocol.

Statistical analysis. All experiments were conducted
in three biological replicates and with at least 20 seeds
per dish. The R software system (version 3.6.1) was
used for statistical computing (R Core Team, 2019).
After the Kruskal-Wallis test, multiple comparisons be-

tween combinations of different hormones (DB1, DB2,
DB3, IB) in relation to the age of the plants were con-
ducted using the compare_means function from the ggpubr
package  (version: 0.2.5, https://CRAN.R-project.org/
package=ggpubr, A. Kassambara). To model count the
data (number of seedlings and callus induced) we used
generalized linear models with Poisson distributions (g/#
functions from stats packages). To compare the germina-
tion rates and F /F _ ratio after 41 days of growth, we
set a control group in a callus formation medium DB1
(0.5 mg/L 2,4-D with 0.25 mg/L BAP) as the reference
level. P-values below 0.05 indicated statistically signifi-
cant differences. Full results of the regression modelling
are available in the supplementary materials and at: htt-
ps://osf.io/ktxns/Pview_only=b3c27fe1d07542b5ba33¢1
922e8792¢1

RESULTS AND DISCUSSION

Addition of hormones slightly decreased the germina-
tion rate assessed 4 weeks after sowing (Fig. 1A). The
most explicit changes were observed for the DB1 and
DB2 combinations. The differences were statistically sig-
nificant when compared to control. Notably, these com-
binations of hormones seemed to have the most prom-
inent effect on callus induction, as more than 40% of
seedlings transformed into calli (Fig. 1B). Interestingly,
the success rate of callus induction was below 20% in
all IAA-treated samples. However, these differences were
not statistically significant for medium II and IK when
compared to other hormone combinations.

Exogenous phytohormones, regardless of their type
and concentration, affected the growth of the seedlings
and their morphology. We observed severe deforma-
tions, including significantly shortened hypocotyl and
root, abnormally extended cotyledons and growth ar-
rest (Fig. 2A—C and Fig. 2E-G). In particular, the latter
was observed as a retardation of true leaf development
in hormone-treated plants. Medium II had a different
effect, as many of the seedlings developed true leaves.
Medium II was sufficient to induce callus in N. fabacum
which is consistent with other observations, e.g. in Barle-
ria lupina (Moin et al., 2012). In the Capiscum annum pep-
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Figure 1. The effects of different concentrations of phytohormones on seed germination and calli induction.

Percentage of seeds (41st day) that germinated (A), of which some successfully transformed to calli (B), presented as a boxplot. Plants
were grown on MS medium supplemented with 3% sucrose and hormones (DB1 - 0.5 mg/L 2,4-D with 0.25 mg/L BAP; DB2 - 2 mg/L
2,4-D with 1 mg/L BAP; DB3 - 1 mg/L 2,4-D with 0.5 mg/L BAP; IB - 2 mg/L IAA with 1 mg/L BAP; Il - 2 mg/L IAA; IK - 2 mg/L IAA with
1 mg/L KIN); photoperiod: 16L:8D; photon flux density — 40 pmol m-2 s-'. Solid horizontal line represents the median, where the box is
the interquartile range that covers the middle 50% of the data and whiskers — no more than 1.5 x interquartile range (99% of all ob-
servations) from the edge of the box (extreme observations). Experiments were conducted in three biological replicates, with at least
twenty plants. Statistically significant differences in comparison to control (A) or DB2, DB3 and IB (as no sufficient calli inductions were
observed in the other groups and the control) to DB1 selected as the reference (B) are indicated with an asterisk (p<0.05), a double as-

terisk (p<0.01) or a triple asterisk (p<0.001).
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Figure 2. Morphology of seedlings transforming to calli in differ-
ent callus-inducing media

Representative photos of seedlings growing on the DB2 (A-D) and
DB1 (E-H) media with different combinations of hormones and
the control (I-L). Plants were grown on MS medium supplement-
ed with 3% sucrose and hormones; photoperiod: 16L:8D; photon
flux density — 40 pmol m-2 s-1.

per pre-treatment with 2-4D and subsequent treatment
with TAA also induced calli (Gatz & Reinke, 2004). We
conclude that medium II is not efficient enough for wide
usage. Pale (white or yellow) leaf-like structures appeared
in cultures treated with medium IB. However, this was
a result of spontaneous morphogenesis of malformed
hypocotyl and roots. These tissues formed colotless and
friable calli during subsequent 4 weeks of development.
Seedlings cultured on DB1, DB2 and DB3-culture media
formed green calli after 40 days of growth (Fig. 2C, 2G).
The size of the calli increased during further cultivation
(Fig. 2D, 2H) and no spontaneous morphogenesis oc-
curred.

Measurement of the fluorescence of chlorophyll « in
PSII is the easiest and quickest way of assessing the ca-
pacity of photosynthesis and overall health of a plant.
This method is widely used in the laboratory and field
(Poudyal ef al. 2018). We measured the minimal (F)) and
maximal (F ) level of fluorescence for plants incubated
in the dark. A high level of fluorescence is induced by
a saturating pulse of light (~3500 pmol m=2 s-!). The ra-
tio between the variable (F =F —F) and maximal fluo-
rescence allows the maximal photochemical efficiency
of PSII (F /F_) to be estimated (Maxwell and Johnson,
2000). After four to six weeks of cultivation, all calli ob-
tained (regardless of the hormone combination) were
photosynthetically active and the quantum efficiency of
PSII (F /F ) was above 0.75 (Fig. 3). The F /F,_ values
for N. ftabacum in soil cultures were above 0.8 (typical-
ly 0.82+0.03) (Heggie ez al, 2005; Zhang et al., 2011).
The values of the F /F_ parameter are usually lower
(down to 0.7) in #n vitro cultures of N. fabacum and tise
after transferring to ex »itro conditions (Pospisilova ez al,
1999). We observed a slight but statistically significant
dectrease in the F /F_ values for calli cultivated on IK,
IB, DB2 or DB3 (p-vals<0.028; Fig. 3). However, such
a small change should not be considered to be a sign of
significant deterioration in photosynthesis. No obvious
symptoms of stress were observed. For medium II, we
observed a statistically significant increase in the F /F
value when compared to control.

DB3 was derived from DB1 and DB2 as an interme-
diate concentration, thus maintaining the hormone ratio.

Nevertheless, a change in the absolute concentration af-
fected callus formation and it did not occur in a concen-
tration-dependent manner. Our results indicate that the
response to hormones is not only restricted to the ratio
but also to the overall concentration of the hormones.
Such observations may be explained as interaction with
other factors and endogenous hormones. In gatlic, the
efficiency of callus formation depended on the inter-
action between exogenous and endogenous hormones,
especially the jasmonic acid (Mostafa ¢z al, 2020). The
number of calli of Baringtonia racemosa cultivated on MS
medium increased in a straightforward manner solely
with the 2,4-D concentration. A combination of both,
KIN and 2,4-D had a different effect — the highest num-
bet of calli was obsetved for the lowest (1.0 mg/L) con-
centration of 2,4-D. Notably, maintaining the ratio (1:1)
but using different KIN and 2,4-D concentrations (1; 1.5
or 2 mg/L) had, inversely, a concentration-dependent ef-
fect on the number of calli obtained (decrease from 38.3
to 8.3%). Different concentrations of KIN and 2,4-D
administrated at a constant ratio (1:1) induced formation
of calli on the WPM medium, but the efficiency changed
regardless of the concentration of hormones, with the
lowest efficiency at 1.5 mg/L, which was an intermediate
concentration (Osman ef al, 2016). We emphasize that
changing the concentrations of auxins and cytokinins,
while maintaining their constant ratio, plays an important
role in the callus induction and should be considered in
planning new experiments or optimizing new protocols.
Our observations raise the question as to exactly how
the exogenous hormones initiate a transformation of tis-
sue to the callus and how the cross-talk with numerous
signaling pathways works.

The results of our study show that it is possible
to induce callus from the seedlings of N. fabacum var.
Samsun by sowing the surface-sterilized seeds on a hor-
mone-amended medium. This method proved to be
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Figure 3. The maximum quantum efficiency of PSIl of the calli
induced

Values of F/F, (41st day) presented as a boxplot. Plants were
grown on MS medium supplemented with 3% sucrose and hor-
mones (DBT - 0.5 mg/L 2,4-D with 0.25 mg/L BAP; DB2 - 2 mg/L
2,4-D with 1 mg/L BAP; DB3 - 1 mg/L 2,4-D with 0.5 mg/L BAP;
IB - 2 mg/L IAA with 1 mg/L BAP; Il = 2 mg/L IAA; IK - 2 mg/L IAA
with 1 mg/L KIN); photoperiod: 16L:8D; photon flux density — 40
umol m-2 s-1. Solid horizontal line represents the median, where
the box is the interquartile range that covers the middle 50% of
the data and whiskers — no more than 1.5 X interquartile range
(99% of all observations) from the edge of the box (extreme ob-
servations). Experiments were conducted in three biological rep-
licates, with at least twenty plants. Statistically significant differ-
ences in comparison to the control are indicated with a double
asterisk (p<0.01) or triple asterisk (p<0.001).
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quick and efficient, as the calli were ready for further
use as intended only 4.5 weeks after sowing. The main
advantage of this approach is its relative simplicity and
the low mortality of explants. Additionally, it is easy
to tell if transformation starts, as the seedling growth
is stopped, and hypocotyl and the root are characteris-
tically shortened. Our method is suitable for mass pro-
duction of calli and may increase the popularity of the
use of germinating seeds as a source of calli. We believe
that a combination of 0.5 mg/L 24-D with 0.25 mg/L
BAP or 2 mg/L 24-D with 1 mg/L BAP (DB1 and
DB2, respectively) was optimal and we recommend its
use. Importantly, we provide information on how many
seeds are sufficient to induce the desired number of cal-
li. When planning an experiment, we recommend sowing
twice as many seeds as the desired number of calli.
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