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Purpose: The efficiency of callus induction as source of bioactive
compound is a critical step in the cell suspension culture for
commercial production of important secondary metabolites. One of
the main factors affecting callus efficiency is the developmental stage
of explants. On the other hands, it has been declared that the
optimization of medium composition has a significant influence on
callogenesis and increment of biomass. Research method: The aim
of this study was the evaluation of different developmental stages of
saffron corms as a source of explant preparation (immature and
mature corms), plant growth regulators (PGRs) combinations (1-
Naphthaleneacetic acid (NAA); 2, 4-dichlorophenoxyacetic acid (2,4-
D); 6-Benzyladenine (BA) and kinetin (Kin)) and type of medium
(Gamborg (Bs) medium and Murashige and Skoog (MS) medium) in
callus induction in saffron corms to increase cell biomass. The media
were supplemented with different combinations of 1-
Naphthaleneacetic acid or 2, 4-dichlorophenoxyacetic acid (2, 4, 8
mgL1) as auxins and 6-Benzyladenine or kinetin (1, 4, 8 mgL?) as
cytokinin. Findings: The results showed that mature corms harvested
in May had the best developmental stage for callogenesis. The
maximum callus formation was recorded in Bs medium
supplemented with 2,4-dichlorophenoxyacetic acid (4 mgL?) and
kinetin (1 mgL) with 2.61 g fresh weight. Limitations: No limitations
to report. Originality/Value: This protocol for sampling explant and
callus formation was found to make suitable sources of plant material
for further study in production of bioactive compounds via cell
suspension cultures.
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INTRODUCTION

Crocus sativus L., is an herbaceous perennial plant species (Botanically saffron is an annual
plants but in agronomy is usually cultivated as perennial) of Iridaceae family that has been
spread out in Mediterranean and west of Asia (Verma et al., 2016; Fallahi & Mahmoodi, 2018).
This autumn flowering plant is an auto-triploid form of a species found in eastern Greece. The
origin of saffron is proposed to be from western or center of Asia (possibly Iran) (Mathew,
1977). Saffron is the world known appreciated exceptional natural food additive with valuable
medicinal properties. Stigmas as the main part of saffron are composed of chemical components
such as colored carotenoids, crocin, crocetin and monoterpene aldehydes, picrocrocin and
safranal (Lozano et al., 2000). Although saffron potentially is very valuable and applicable in
several industries including medicine, food, health, cosmetic and perfume, it has limited use
due to the high price (Mzabri et al., 2019).

Saffron production is extremely laborious which is due to the time-consuming process of
manual picking up of flowers, separating stigmas (Halim et al., 2018) as well as very limited
harvesting time. All these reasons have still caused it to be the most expensive spice in the
world. It is also reported that to make 1 kg saffron dried stigma, around 150,000-200,000
flowers should be harvested, which takes over 400 h of hand-labor (Plessner et al., 1989).

Plant cell, tissue culture techniques offer a great potential for mass propagation of organs
(Devi et al., 2014) or large-scale of plant cells in a cell suspension culture system for production
of valuable compounds (Georgiev et al., 2009). The successful application of plant cell culture
techniques depends on the availability of an efficient system or protocol for callus induction
(Xu et al., 2009). On the other hand, callus and cell culture have also been reported to produce
some active ingredients and specific medicinal compounds (Veraplakorn 2016). To reach that
purpose, several factors such as medium composition, genotype, explants source, and
environmental conditions can influence callus induction (Abbas et al., 2018). Medium
compositions, type and concentrations of plant growth regulators as well as explants are the
most important factors affecting plants tissue culture (Sajjadi & Pazhouhandeh 2015).

Saffron tissue culture has a history more than 30 years with several research results reported
in this field (Husaini et al., 2010). Callus induction on saffron corm has also been described by
several researchers (Dahr & Sapru 1993; Karaoglu et al., 2006; Sharma et al., 2008; Blazquez
etal., 2009; Georgiev et al., 2009). The first successful case of saffron tissue culture using corm
explant was reported by Ting et al. (1979). There are also many reports in saffron cell, tissue
and organ cultures regarding optimization of medium using different types and medium
compositions as well as PGRs combinations. For instance, Safarnejad et al. (2016) reported the
maximum callus induction was achieved on MS medium supplemented with 1 mgL™ 2,4-D +
2 mgL BAP. In case of in-vitro direct and indirect saffron organogenesis, it was reported that
a combination of 2,4-D (0.25 mg L) and BAP (1 mgL™) was superior for indirect
organogenesis (Yildrim, 2007). Apart from the medium optimization many studies have been
carried out on type of saffron organs as explants source including leaves (Raja et al., 2006),
corms (Milyaeva et al. 1995; Sharifi et al., 2010), full ovary and half ovary (Choob et al., 1994;
Mir et al., 2010) due to its influence on callogenesis or organogenesis. In case of saffron,
because the availability of flower organs is very short and limited in two months (October to
November), they do not look very useful for explant sampling while corms are more available
due to their ability to be stored in controlled conditions.

Many researchers have emphasized on critical impact of genotype, physiological age of
tissue used as explant specimens on plant callus induction and regeneration (Dayal et al., 2003;
Thomas 2003; Sun et al., 2009; Gonzalez et al., 2012). They believe the different responses of
callogenesis may be related to the explants potential which can be attributed to the endogenous
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hormones (Mazumdar et al., 2010). The results of some studies demonstrated that younger
explants are more susceptible to callogenesis, because they are still developing, less
differentiated and consequently have more metabolically active cells (Holme & Petersen 1996;
Ibrahim & Debergh, 2001; Murthy & Pyati, 2001; Mazumdar et al., 2010), in some other cases,
the results showed that the older explants were more suitable than younger ones on callogenesis
efficiency (Antonelli & Druart, 1990). Verma et al. (2016) investigated on callus induction,
somatic embryogenesis and plant regeneration in five species of Turkish Crocus using three
different explants (leaf, stem and corm) cultured on four different media. Their results
confirmed that species type, organ and also media with different levels of plant growth
regulators can influence on several characteristics, including callus induction (Verma et al.,
2016).

Indeed, saffron growing period (June to June) is divided to six principal stages starting from
sprouting, cataphylls and flowers appearance, leaves appearance and development, replacement
corms development, plant senescence and corm dormancy (Lopez-Corcoles et al., 2015). After
flower collecting in October to November, the leaves appear and are followed by corm
replacement induction and development until May to June, in which the leaves get yellow and
the replacement corms enter the dormancy which is their fully mature stage (Fig. 1).

Despite the fact that many researches have been carried out on saffron callogenesis with
different purposes, no attention has been paid to the effect of physiological stage or maturity of
saffron corms on the efficiency of callus induction. Considering the medicinal and economic
importance of saffron due to the presence of valuable compounds such as crocin, saffron cell
suspension cultures have attracted attentions as a very useful method for the production of
saffron secondary metabolites in lower costs. Obviously, callus induction is the first and critical
step for the establishment of a desired cell suspension system. Therefore, the present study,
apart from optimizing the medium compositions by applying different PGRs combinations for
the purpose of increasing efficiency of callus induction, for the first time has focused on the
comparison of the effect of different physiological and developmental stage of saffron corm
callogenesis.
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Fig. 1. Scheme of the principal growth stages of saffron (Crocus sativus L.) on a monthly basis, (%) (Lopez-
Corcoles et al., 2015)
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MATERIALS AND METHODS

The present investigation was conducted to develop a protocol for rapid callus induction in
saffron. The callus induction potential was assessed on corm explants from different
developmental stages in interaction with different media and plant PGRs combinations. Two
kinds of corms from different physiological stages were collected in March when the
replacements corm are still developing (immature) and in May when the corms are fully
developed (mature) used as explant sources. These explants were cultured on two basal media,
Gamborg (Bs) (Gamborg et al. 1968) and Murashige and Skoog's (MS) (Murashige and Skoog,
1962), supplemented with various concentrations and combinations of 24-
dichlorophenoxyacetic acid (2,4-D) or 1-Naphthaleneacetic acid (NAA) with kinetin or benzyl
adenine (BA) to find out the best explant source as well as optimum medium type and
composition for saffron callogenesis.

Plant material

Saffron corms were collected from an experimental farm at the Research Institute of Food
Science and Technology, Khoarsan Razavi Province, Mashhad, Iran, in March and May 2016.
After removing the outer covering shells, they were rinsed under running tap water for 45 min.
The surface disinfection was done applying 70% ethanol for 2 min then followed by commercial
bleach containing 1% sodium hypochlorite for 15 minutes. To remove the disinfectant residues,
corms were rinsed three times with double sterile distilled water. Disinfected corms were then
cut in several pieces with dimensions of 0.5 — 1.0 cm? with a thickness of 1 mm. Corm pieces
were included parenchyma, node and internode.

Callus induction

The disinfected explants derived from corm in two developmental stages were then cultured on
solid Bs and MS media containing 3% sucrose with different combinations of Auxins,
NAA/2,4-D (2, 4, 8 mgL™t) and Cytokinins, BA/Kin (1, 4, 8 mgL™t). All media were solidified
by 0.7% agar then adjusted on pH = 5.7 before autoclaving at 121°C for 20 minutes. Five
explants were cultured in each plate (6 cm diameter) at three replicates. Cultures were then
incubated at 22+2 °C in the dark conditions.

The interaction of different PGRs combinations and types of explants from two different
developmental corms were investigated in MS and Bs medium. The application of different
levels of auxins and cytokinins made 36 PGRs combinations (Table 1). All cultures were sub-
cultured in a month intervals. After 2 months, all treatments were compared with each other
based on callus fresh weight.

All media component and plant growth regulators (PGRs) were purchased from Sigma,
Merck and Fluka companies.

Table 1. Different PGRs treatments in Bs and MS media

First group Second group Third group Forth group

2,4-D (2mgLY)+Kin (ImgL™) 2,4-D (2mgL™H)+BA (ImgL™) NAA (2mgL+Kin (ImgL?) NAA (2mgLH)+BA (ImgL™?)
2,4-D (2mgLY)+Kin (4mgL?) 2,4-D (2mgLh)+BA (4mgL™) NAA (2mgL™1)+Kin (4mgL™) NAA (2mgL™1)+BA (4mgL™)
2,4-D (2mgLY)+Kin (8mgL?) 2,4-D (2mgL™h)+BA (8mgL™) NAA (2mgL™1)+Kin (8mgL™) NAA (2mgL™1)+BA (8mgL™)
2,4-D (4mgLY)+Kin (ImgL™) 2,4-D (4mgL™H)+BA (ImgL™) NAA (4mgLH+Kin (ImgL™?) NAA (4mgLH+BA (ImgL?)
2,4-D (4mgLY)+Kin (4mgL™) 2,4-D (4mgL™H)+BA (4mgL™) NAA (4mgLH+Kin (4mgL?) NAA (4mgLH+BA (4mgL?)
2,4-D (4mgLY)+Kin (8mgL?) 2,4-D (4mgLh)+BA (8mgL™) NAA (4mgL™1)+Kin (8mgL™) NAA (4mgL™1)+BA (8mgL™)
2,4-D (8mgLY)+Kin (ImgL™?) 2,4-D (8mgL™)+BA (ImgL™) NAA (8mgL™1)+Kin (ImgL™) NAA (8mgLH)+BA (1ImgL™?)
2,4-D (8mgLY)+Kin (4mgL?) 2,4-D (8mgL™)+BA (4mgL™) NAA (8mgL™1)+Kin (4mgL™) NAA (8mgL)+BA (4mgL™?)
2,4-D (8mgLY)+Kin (8mgL™?) 2,4-D (8mgL™1)+BA (8mgL™) NAA(8mgL)+Kin (8mgL™) NAA (8mgL™1)+BA (8mgL™)
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Table 2. Analysis of variance (ANOVA) of explant age, medium type, PGRs group and PGRs concentration effect
on callus fresh weight by factorial design

Source DF Seq SS Adj MS F value P value
Explant age (EA) 1 2.46462 2.46462 761.76 0.000
Medium type (MT) 1 18.42228 18.42228 5693.94 0.000
PGRs group (PG) 3 0.04941 0.01647 5.09 0.002
PGRs concentration (PC) 8 1.60845 0.20106 62.14 0.000
(EA)*(MT) 1 0.99092 0.99092 306.27 0.000
(EA)*(PG) 3 0.90666 0.30222 93.41 0.000
(EA)*(PC) 8 0.54190 0.06774 20.94 0.000
(MT)*(PG) 3 0.02797 0.00932 2.88 0.036
(MT)*(PC) 8 1.58623 0.19828 61.28 0.000
(PG)*(PC) 24 13.00518 0.54188 167.48 0.000
(EA)*(MT)*(PG) 3 0.81028 0.27009 83.48 0.000
(EA)*(MT)*(PC) 8 0.68086 0.08511 26.30 0.000
(EA)*(PG)*(PC) 24 2.91285 0.12137 37.51 0.000
(MT)*(PG)*(PC) 24 11.12747 0.46364 143.30 0.000
(EA)*(MT)*(PG)*(PC) 24 3.10120 0.12922 39.94 0.000
Error 288 0.93180 0.00324

Total 431 59.16808

Statistical analysis

The layout of the experiment was statistically analyzed in a factorial experiment containing four
factors including factor A; developmental stage of corms (immature and mature corm,
harvested in March and May, respectively), factor B; two type of basal media (Bs and MS),
factor C; four PGRs groups [(2,4-D+Kin, 2,4-D+BA, NAA+Kin, NAA+BA) and factor D; nine
concentration groups for PGRs [Auxin (2mgL™)+Cytokinin (1 mgL™), Auxin(2 mgL
Hy+Cytokinin (4 mgL™), Auxin (2 mgL1)+Cytokinin (8 mgL™), Auxin (4 mgL™)+Cytokinin (1
mgL™), Auxin (4 mgL™1)+Cytokinin (4 mgL™), Auxin (4 mgL™)+Cytokinin (8 mgL™), Auxin
(8 mgL)+Cytokinin (1 mgL™), Auxin (8 mgL1)+Cytokinin (4 mgL™), Auxin (8 mgL
H+Cytokinin (8 mgL™)] under complete randomized design, with 3 replicates. The recorded
data were subjected to statistical analysis by MINITAB software and computing of LSD values
to separate means in different statistical groups at the significant level of p<0.05.

RESULTS

In this study, the analysis of variance (ANOVA) revealed that the fresh weight of callus was
significantly (p<0.05) affected by PGRs treatments in different concentrations, the basal
medium and developmental stage of the corm (Table 2).

The percentage of callogenesis in March explants demonstrated that induction of callus
was started after around 7 days regardless of the PGRs treatments and basal media. The highest
percentage of callogenesis (100%) was observed in all treatments after 12 days (data not
shown). Although there was no significant difference among the color of induced callus, yellow
was the prominent color in all treatments (Fig. 2).

The callogenesis in explants derived from mature corms (harvested in May) started after 4
days with the percentage of 100% in both Bs and MS medium similar to March explants. It was
also found that the corms at different developmental stages can influence on the color of callus,
as the color of callus observed in explants derived from mature corms (May) was more reddish
than those induced on ones derived from immature corms (Fig. 2).
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Fig. 2. Comparison of callus color induced on immature explants from corms harvested in March (a, b) and mature
explants from corm harvested in May (c, d). There is no difference in the color of calluses formed on immature
explant (a and b). While calluses formed on mature explants were different in terms of color (c and d). Red callus
was formed only on mature corm (d).

The results also showed that there is a significant interaction effect between corm
developmental stages and two basal media when the fresh weight of callus from May derived
explants was statistically higher than those prepared from March and in Bs was also higher than
MS medium (Fig. 3). The most striking difference in this response was observed for fresh
weight of callus in Bs in comparison with the MS medium in May which was 0.8 g and 0.29 g
respectively. While callogenesis response in March for Bs medium was reported to be 0.56 g
compared to the MS medium with 0.24 g accordingly, it can be said that May is the suitable
time for harvesting saffron corms as a source of explants in the point of callus induction view
(Fig. 3).

The interaction between corm developmental stages and type of PGRs revealed that the
combination of 2,4-D and Kin not only caused the higher callogenesis on May derived explants
compared to all of the combinations in March, but also it showed better performance of other
PGRs treatments in the same type of explants (May) (Fig. 4). As shown in Figure 4, the best
response in callogenesis happened in explants from May with combination of 2,4-D and Kin
with 0.61 g fresh weight callus while, the lowest weight was observed in the same PGRs, but
in explants derived from March corms (0.33 g). The most appropriate PGRs for corm
callogenesis in March explants were reported with 2,4-D and BA whereas no significant
difference was observed in this hormonal treatment in May and March (Fig. 4).

The interaction among four PGRs groups at nine different concentrations on callus
induction on corm derived explant was shown in Figure 5. According to the results of this
figure, among the tested PGRs groups, two combination including 4 mgL™* 2,4-D + 1 mgL™*
Kin and 8 mgL" NAA + 1 mgL™ Kin were significantly effective on saffron corm callogenesis
with 1.07g and 1.01g callus fresh weight, respectively (Fig. 5).
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The interaction of different corm developmental stages, Medium types and PGRs groups on
saffron corm callogenesis was shown in table 3. The results showed that there is a statistically
significant interaction among the factors mentioned and also present the pioneer combination
of all factors for the purpose of saffron callogenesis in which the explants derived from corms
harvested in May cultured in Bs basal medium supplemented with 4 mgL™2,4-D + 1 mgL! Kin
or 8 mgL! NAA+ 1 mgL™? Kin resulted in the higher fresh weight of callus for establishing
saffron cell suspension cultures (Table 3).
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Fig. 3. The interaction effect of saffron corm developmental stage (harvested in March and May) and types of medium
on callus fresh weight of saffron after two months. Different letters indicate significant differences between
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Table 3. The interaction effect of three factor including different corm developmental stage, culture media types
and PGRs groups on callus fresh weight of saffron after two months.
Immature explant corm (harvested  Mature explant corm (harvested in

in March) May)
Bs MS Bs MS
<« u 2,4-D+Kin 0.43¢ 0.23 o 0.932 0.28 9
S © 24D+BA 0.69° 0.28 o 0.68° 032
B Y  NAA+Kin 0.554 0.22"h 0.82°b 0.28f0
NAA+BA 0.554 0.22"h 0.78° 029f
DISCUSSION

Generally, the induction and growth of callus in plant tissue culture depends on the types and
concentration of plant growth regulators used in the medium. In addition to that, the ratio of the
auxin to cytokinin also plays an important role in callogenesis (Amini et al., 2013).
Accordingly, the type and the best levels of these PGRs as well as their interaction to the other
factors such as type and age of explants should be investigated. Till now, several researches
have studied the effect of different types and levels of PGRs on saffron callus induction (Dahr
& Sapru 1993; Karaoglu et al., 2006; Sharma et al., 2008; Blazquez et al., 2009; Georgiev et
al., 2009). These studies show that the impacts of a variety of basal medium supplemented with
different PGRs combination have been investigated on saffron callogenesis in which some
outputs confirm the results of this study and in some cases they show a deviation. In general,
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the results of previous researches showed that the MS culture medium supplemented with PGRs
combination like 1 mgL™ 2,4-D + 2 mgL*BAP (Safarnejad et al., 2016); 2,4-D with BAP both
at 0.5 mgL™* plus 2 % coconut milk (llahi et al., 1987); MS medium supplemented with 4 mgL-
INAA + 4 mgL?TDZ (Verma et al., 2016), combination of TDZ (0.5, 1 mgL™) and NAA (2,
3 mgL™?) (Moradi et al., 2018) and MS medium supplemented by BAP (1 mgL™) plus 2,4-D (1
mgL1) (Halim et al., 2018) were all suitable PGRs combinations for callus induction in saffron
corm segments. Vahedi et al. (2014) also reported that a combination of 2 mgL™? 2,4-D + 1
mgL BA followed by 1 mgL™ 2, 4-D + 0.15 mgL™ Kin showed the best treatment for callus
induction on corm derived explants. Obviously, in most of these reports, the use of 2,4-D as an
auxin was dominant for saffron corm callogenesis. These results confirm the findings of the
present study in which, combination of 2,4-D and Kin were introduced as the appropriate auxin
for corm callogenesis in saffron.

Although, in several studies, MS has been selected as the main basal medium for in vitro
culture of saffron (llahi et al., 1987; Safarnejad et al., 2016; Verma et al., 2016; Halim et al.,
2018; Moradi et al., 2018), there are few reports on comparison of different media on corm
callogenesis of C. sativus (Chen et al., 2003) or even in other Crocus species (Verma et al.,
2016). Chen et al. (2003) in addition to examining the various types of PGRs, they checked out
the basal medium types in saffron cell cultures. Their results showed that among the
investigated five media, Bs medium produced the maximum cell biomass. In the present study,
the comparison of Bs and MS, not only statistically showed the priority of Bs on biomass, but
also its influence on production of more colorants was apparent (data not shown). Most of the
researchers have emphasized on the role of PGRs level and basal medium on saffron corm
callogenesis while in addition to medium and PGRs conditions, the type and kind of explant is
also very influential on saffron callogenesis (Sajjadi & Pazhouhandeh 2015). An experiment
was carried out to investigate the callus induction in mother and daughter saffron corms in
liquid and semi-solid medium. Their results showed that the average time of callus induction in
daughter corms explants was lower in comparison with the mother corms and this relation was
vice versa in case of frequency of induction (Suarez-Ambriz et al., 2009). Although in that
research it was not mentioned that the collected daughter corm was at which developmental
stage, as they were not fully developed or mature, it can be stated that their results confirmed
the present study in case of callus induction starting and percentage.

As already mentioned, researchers believed that callus induction and proliferation depend
on the type and developmental stage of the explant (Holme & Petersen, 1996). Although the
results of the present study confirmed that the physiological age has a complementary role in
selecting the best medium and for a successful callogenesis, but in the role of explant
developmental stage on callogenesis, the reported results are varied. Some scientific findings
revealed that the explant developmental stage can effect on callus induction through the small
RNA-mediated regulation. Accordingly, it was concluded that immature explant has more
potential ability to callogenesis compare to mature explant (Gonzalez et al. 2019). In
confirmation to them, some other researchers stated that the younger explants were more
efficient in callus induction (Hoque & Mansfield 2004). But in contrast to the previous two
studies, the results of another study showed that intermediate explant age can create better
conditions for callus proliferation than young explant (Aisagbonhi et al., 2015). Apparently,
some of these results do not support our findings, but it is clear that the used explants in this
study are completely different from those cultured in their experiments. In botanically point of
view, corm is a storage organ. It means that a corm at the mature stage or fully grown (fully
developed) should contain more active cells due to having higher levels of indigenous
hormones. In this study, the mature saffron corms have been harvested in May which is at fully
development and growing stage then followed by dormancy and initiation of bud flowers
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afterward. It means corms should be at high contents of nutrition and indigenous hormones to
support the coming organs. Accordingly it is expectable to observe better results in callus
induction of mature corm explants than immature ones.

CONCLUSION

According to the obtained results in this study it can be concluded that an efficient callus
induction protocol is a prerequisite for C. sativus tissue and cell culture. This study for the first
attempt, tried to evaluate the effect of different saffron corm developmental stages on callus
induction. In the present study, it was found that May is the promising time for preparing saffron
corms as source of explant material for callogenesis. It appeared that efficient saffron cell
biomass production is related to the mature stage of corms. In this research, significant
differences in callogenesis capacity of different media were also observed. In general, Bs
medium in comparison with MS medium illustrated more suitability for callus induction in
saffron corms. In addition to the maturity of corms and medium type, it was found that among
the several plant growth regulators that were tested for callus induction, 2,4-D (4 mgL™) and
Kin (1 mgL*) combination was the optimum formulation.

As shown in figures in this study, it is obviously observed that the induced cells are colored,
which demonstrates the presence of pigments. However, further investigations are needed to
identify secondary metabolites in produced callus. Also, the production of saffron secondary
metabolites through cell suspension culture can be considered in subsequent experiments. The
results also revealed that there are still two problematic issues due to the presence of compact
callus in some treatments as well as achievement of organogenesis or embryogenesis in some
other treatments which need to be concerned. These phenomena are mostly observed in
treatments containing NAA as auxin PGRs. Therefore, suggested that the association of plant
growth regulators and their levels in culture medium with nature of produced callus (friable or
compact cells, organogenesis and embryogenesis calli and etc.) should be investigated in the
future studies.
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