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Abstract 

Background: Crocus sativus is a recalcitrant plant for genetic transformation and genetic improvement, largely due 
to difficulties in Agrobacterium mediated transformation and vegetative reproduction. Effective genome editing 
requires proficient callus production and an efficient method to deliver Cas9 and sgRNAs into the plant. Here, we 
demonstrate Agrobacterium-mediated transformation of saffron. Further, we developed a CRISPR-Cas9 based system 
in this plant, for efficient gene knockout or edits in future.

Results: Efficient callus production and regeneration confers important benefits in developing competent transfor-
mation system in plants. More than 70% multiplication rate of callus initiation was achieved from corm slices of saf-
fron subjected to a two-step sterilization procedure and grown on complete MS medium supplemented with 2,4-D 
(0.5 mg/L), BAP (1 mg/L), IAA (1 mg/L), photoperiod of 16/8 h and 45% relative humidity at 20 ± 2 °C. In vitro cormlet 
generation was accomplished in 8 weeks by using mature somatic embryos on MS medium supplemented with TDZ 
(0.5 mg/L) + IAA (1 mg/L) + Activated charcoal (0.1 g/L) at 15 ± 2 °C. The attempt of using Agrobacterium-mediated 
transformation resulted in successful integration of the binary vector into the somatic embryos of saffron with a trans-
formation efficiency of 4%. PCR and Southern blot analysis confirmed the integration of Cas9 into saffron.

Conclusion: The protocol for callus production, somatic embryogenesis and regeneration was standardised. Suc-
cessful demonstration of integrated Cas9 in this study constitutes first step in developing strategies for genetic 
manipulation of saffron, which has so far been considered recalcitrant. Furthering the development of this technology 
holds significant potential for advancing genetic research in saffron by integrating multigene targeting and/or use of 
recyclable cassettes.
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Background
The dried stigmas of Crocus sativus constitute saffron of 
commerce, which is considered to be the costliest spice of 
the world. Over the past few years, considerable interest 
has developed in saffron because of high pharmaceuti-
cal and industrial properties. In addition to non-volatile 
active components such as lycopene, carotenoids and 
zeaxanthin, Crocus contains several aromatic and vola-
tile compounds [1]. The colour, bitter taste, and aroma 
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are its three main and peculiar characteristics, which 
are conferred by apocarotenoids: crocin, picrocrocin, 
and safranal, respectively [2]. The cultivated saffron spe-
cies (C. sativus), belonging to family Iridaceae, is a ster-
ile triploid mutant of C. cartwrightianus (native of east 
Mediterranean area) [3]. Due to irregular meiosis there 
are several abnormalities during gametophyte develop-
ment and sporogenesis thus producing abnormal pollen, 
whereas ovules of saffron remain viable which proves 
that infertility in this plant is mainly due to male gameto-
phyte [4]. Due to the male sterility of saffron there are no 
chances of genetic improvement through sexual means. 
It is propagated vegetatively only, using corms, which is a 
major constraint in breeding better planting material and 
enhancing the quantity of saffron. A large corm above 8 
gm produces three to four small daughter corms, which 
take 2 to 3 seasons for achieving the size and weight for 
flowering. The multiplication rate is very slow and the 
production further declines due to Fusarium corm rot, 
rodent infection, and other diseases which cause com-
mercial loss to a great extent [5]. Due to inefficient clonal 
propagation in corms, large-scale propagation by tissue 
culture methods seems to be key for efficacious saffron 
plantlet development [6].

A parallel yet constructive and powerful technology 
which has been extensively used for crop improvement 
is the production of transgenics. Although, the applica-
tion of these technologies has been hampered by the 
apprehension of potential off-target mutagenesis brought 
about by the expression or presence of transgenes, 
CRISPR/Cas9 mediated genome editing has been pro-
moted as an attractive alternative for its precise editing 
strategy. It is the newly discovered gene editing tool that 
allows changing any DNA sequence in a precise manner 
[7]. Recently, the technique has been used in some plants 
[8, 9]; however, there are no reports so far in saffron. This 
new emerging technology guarantees to alter the pro-
gress of biotechnological research by modulating target 
genes involved in plant metabolism, immunity and stress 
tolerance to generate crops with desired improvements 
[10]. The off-site targeting is minimised to a greater 
extent with the advent of various in silico tools which 
provide a means of selecting the guide RNA of choice 
[11].

In view of the fact that Saffron is an economically and 
medicinally important plant, several efforts for genetic 
improvement through biotechnological approaches have 
been made in the past, however, limited success has 
been achieved. In order to extend CRISPR-cas mediated 
genome editing to Saffron, development of an efficient 
transformation system is a pre-requisite. Thus, with the 
aim of developing a platform for stable transformation in 
saffron, first a promising in vitro protocol was developed. 

The experiments were laid for efficient production of cal-
lus and somatic embryos. Further differentiation of these 
tissues led to high frequency of cormlet production. Once 
the protocols were established, strategies for achieving 
stable transformation system was developed using Cas9 
gene. These leads will prove highly useful for CRISPR-
cas9 mediated gene editing in Saffron for enhancing the 
apocarotenoid content.

Results and discussion
Callus production from corm slices in vitro 
and regeneration
Direct and indirect organogenesis has been significantly 
achieved for efficient regeneration of saffron using a 
variety of explants. Indirect organogenesis refers to 
the differentiation of various organs like shoots and/
or roots from the callus. Direct organogenesis does not 
involve callus intermediate and therefore, the various 
organs are developed directly from the tissue [12]. Indi-
rect organogenesis is efficient in producing transgenic 
plants, whereas for micropropagation purpose, direct 
organogenesis is a more coherent technique. Direct and 
indirect organogenesis was reported by Zeybek et  al. in 
2012 using MS medium supplemented with various plant 
growth regulators [13]. Subsequently, another group 
reported cormlet production via somatic embryogenesis, 
using MS medium containing TDZ and picloram [14].

Many researchers have favoured the use of leaf and 
shoot explants due to ease of availability. Efforts for initi-
ating in vitro regeneration by involving the reproductive 
parts of the plant such as ovary, stigma, style and whole 
bud have also been made by several researchers [15]. Our 
studies involved the use of corm slices as explants since 
corms are available almost throughout the year, have 
large reserve of dividing meristematic cells and cells asso-
ciated with vascular tissues, that have the potential for 
giving rise to organ primordia [16].

Saffron corm as the source of explant, presents a major 
challenge of contamination, since corms are grown under 
the soil, and have bacterial and fungal contaminations. 
Therefore, corms have to be properly sterilized. For 
mitigating infections, three-step sterilization has been 
proposed [17] that achieved aseptic cultures with ~ 81% 
explant survival. The process involved the blended use 
of 0.1% carbendizime, 0.2% mancozeb, 50% sodium 
hypochlorite and 1.6% mercuric chloride. Although, use 
of each of these sterilants singly led to effective asepsis, 
yet the survival got badly affected, while combinatorial 
treatment increased explant asepsis with higher survival 
percentage [17]. In our study, two-step surface steriliza-
tion process was optimized involving the individual use 
of 0.1% mercuric chloride and 4% sodium hypochlo-
rite and resulted in efficient asepsis with 86% of explant 
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survival. We achieved efficient disinfection of the corms 
by not involving strong chemicals such as carbendizime, 
mancozeb and/or mercuric chloride that have a property 
of corrosive sublimates in addition to their effective sur-
face sterilization property.

During the last two decades or so, number of media 
have been used by various researchers for in vitro stud-
ies in Saffron. Comparative studies have been under-
taken between Murashige and Skoog (MS) and Linsmaier 
and Skoog (LS) media [18], LS for callogenesis and 
organogenesis [19], B5 for indirect and direct regenera-
tion [20] and 1/2MS for direct regeneration of shoot in 
saffron [21]. In the present studies we used complete 
MS medium as it has been shown to be the best suited 
medium for complete propagation of saffron.

The imperative function rendered by PGRs (Plant 
Growth Regulators) in various stages of plant microprop-
agation is reflected by the scores of supplemented media 
formulations used for saffron, largely dependent on the 
explant used [22]. Overall, in direct organogenesis exper-
iments, various combinations of PGRs such as zeatin, 
thidiazuron (TDZ), alpha-naphthalene acetic acid (NAA), 
6-Benzylaminopurine (BAP),  N6-furfurylaminopurine 
(Kn), indole-3-acetic acid (IAA), 2,4-dichlorophenoxy 
acetic acid (2,4-D) have been used. Furthermore, in 
general, PGRs used by earlier researchers were a com-
bination of auxins and cytokinins, similar to the com-
binations in the present investigation (BAP+NAA, 
TDZ+NAA, BAP+IAA, 2,4-D+BAP+IAA, 2,4-D+IAA 
and 2,4-D+BAP).

In the present case, the corm slices started swelling in 
2 weeks and began to turn pale yellow in colour due to 
the release of certain phenolic compounds. After 3 to 
4 weeks, pale yellow coloured unorganized mass of cells 
started appearing that later resulted into well organ-
ized, white friable callus, in the medium containing 
2,4-D (0.5 mg/L), BAP (1 mg/L) and IAA (1 mg/L), with 

more than 70% multiplication rate (Table 1). In another 
set of experiments MS medium + 2,4-D (1  mg/L) + IAA 
(1 mg/L) also showed induction of callus, however, with 
a very less rate of multiplication ~ 30% (Table  1). Only 
those media have been listed on which more than two 
calli were induced after 4 weeks.

Temperature and illumination have been observed to 
considerably influence callus induction and regenera-
tion, besides regulating the accumulation of secondary 
metabolites [23]. Generally, for in vitro organogenesis, a 
temperature range of 17–25  °C has been demonstrated 
to influence the induction and proliferation of the callus. 
It has been established that both temperature and light 
influence growth of explants in a varied but inclusive 
manner. Callus has been obtained under dark conditions 
at 20–25 °C [24], 16 h light at 25 °C [25], 16 h light 3000 lx 
intensity, incubated at 15 ± 1 °C [26], 1500 lx at 25 ± 3 °C, 
shoot generation at 20 °C and rooting at 15 °C with 14 h 
photoperiod [27]. The present study was undertaken at 
standard conditions of photoperiod 16/8 h, 45% relative 
humidity at 20 ± 2  °C (Fig.  1) and resulted in successful 
generation of callus followed by organogenesis.

Cytokinins, auxins and carbohydrate source for cormlet 
production
During somatic embryogenesis the pace of cell divi-
sion and protein synthesis is rapid, thus higher sup-
ply of purine and purine metabolites is required. TDZ 
enhances the supply of purines and is therefore, con-
sidered important for the somatic embryogenesis in 
plants. Chemical structural studies confirm TDZ to 
be highly effective due to its diphenylurea derivative 
yielding 50–100 times more influential cytokinin activ-
ity [24]. Among the cytokinins used in earlier stud-
ies, TDZ was independently capable to induce shoot 
regeneration whereas BAP, zeatin and Kn required 
auxins to stimulate multiple shoots [20]. Parray et  al. 

Table 1 Effect of plant growth regulators in combination with MS medium, on callus induction from corms of saffron

Number of explants inoculated per petriplate was ten; five replicates of each combination were laid (total number of explants 50/combination). Data was collected 
after 8 weeks. Sucrose concentration in all the media was 3 g/L

Combination of Plant growth regulators used Response

BAP (mg/L) NAA (mg/L) 2,4-D (mg/L) TDZ (mg/L) IAA (mg/L) Number of explants forming 
calli/petriplate (n = 5) 
Mean ± SE

1.0 0.5 – – – 3.6 ± 0.00049

– 4.0 – 4.0 – 5.0 ± 0.0081

1.0 – – – – 4.0 ± 0.0081

1.0 – 0.5 – 1.0 7.6 ± 0.0049

– 1.0 – 1.0 3.8 ± 0.011

6.0 – 1.9 – – 4.6 ± 0.049
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demonstrated very high efficiency of TDZ in regenerat-
ing over 70 cormlets per slice of corm when they used 
1/2MS supplemented with TDZ and IAA [21]. In our 
study, significant increase in biomass and mean number 

of somatic embryos was observed after using TDZ with 
IAA in the medium (Table 2).

Studies undertaken for over last four decades have con-
firmed effective regeneration of callus and intact plantlets 

Fig. 1 In vitro development of microcorms as a means of cormlet regeneration. The inserts include a corms as explant on first day of inoculation 
b callus induction on complete MS media supplemented with 2,4-D (0.5 mg/L), BAP (1 mg/L), IAA (1 mg/L) after 2 weeks of culture (c) raised 
embryogenic calli using complete MS medium supplemented with TDZ (0.5 mg/L) + IAA (1 mg/L) + Activated charcoal (0.1 g/L) after 4 weeks of 
culture (d) multiplied somatic embryos maintained on using complete MS medium supplemented with TDZ (0.5 mg/L) + IAA (1 mg/L) + Activated 
charcoal (0.1 g/L) after 2 weeks of culture (e) In vitro shoot initiation after 4 weeks of culture (f) developed cormlets formed from proliferated calli 
after 8 weeks of culture

Table 2 Effect of plant growth regulators in combination with MS medium on somatic embryogenesis

Number of explants inoculated per flask was ten; five replicates of each combination were laid (total number of explants 50/combination). Data was collected after 
8 weeks. Sucrose concentration in all the media was 3 g/L

Combinations of Plant growth regulators used Response

BAP (mg/L) NAA (mg/L) TDZ (mg/L) IAA (mg/L) KIN (mg/L) Picloram 
(mg/L)

Activated 
Charcoal 
(mg/L)

Number of somatic embryos 
formed/flask (n = 5) Mean ± SE

– – 8.8 3.0 1.0 – – 2.6 ± 0.0048

2.0 0.5 – – – – – 5.6 ± 0.0048

– – 1.0 2.6 – – – 4.0 ± 0.008

– – 0.5 – – 0.5 – 4.4 ± 0.004

– – 1.0 0.5 – – – 5.8 ± 0.012

– – 0.5 1.0 – – 0.1 8.4 ± 0.004
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from corm explants in media fortified with IAA and/or 
2,4-D with the addition of cytokinins [27]. Some of the 
interesting observations include; induction of embry-
onic callus using 2,4-D+Kn [28], non-embryonic callus 
with NAA+BAP [29], multiple shoot generation using 
NAA+BAP [30] and development of salt tolerant saf-
fron using 2,4-D+BAP [31]. Out of the different com-
binations of plant growth hormones used in this study, 
MS medium supplemented with TDZ 0.5  mg/L+IAA 
1 mg/L+ activated charcoal 0.1 g/L at 15 ± 2  °C resulted 
into white, shining, filled somatic embryos in 8  weeks 
(Table 2), whereas the other concentrations of TDZ and 
IAA resulted into pale yellow, hard non-embryogenic 
structure. The added feature of activated charcoal at 
0.1  g/L had a positive effect on growth rate of somatic 
embryos by reducing tissue and medium browning, phe-
nolic exudations (which hinder certain growth stages in 
plants) and peroxidase activity. Many other researchers 
have used activated charcoal in addition to the PGRs to 
improve the frequency of regeneration in saffron [21, 
32–34].

A large energy reserve required by the shoots for con-
version into a cormlet is provided by a good amount of 
carbon source. A pioneering study undertaken by Ding 
et al. established micropropagation of saffron by supple-
mentation of MS medium with 3% sucrose [35]. Recent 
studies, however, have established direct organogenesis 
by the addition of sucrose up to the levels of 8% [36] and 
9% [37]. Devi et al. established that sucrose levels at 6% 
aided the formation of nodular and hard structures with 
inhibited proliferation [25]. In our study, high concentra-
tion of sucrose was integrated with the combination of 
PGRs for gaining the efficiency over a period of 90 days. 
The combination of MS medium with TDZ, IAA, acti-
vated charcoal and 4% sucrose showed the best results 
with 68% efficiency (Table  3). Lower concentration of 

sucrose resulted in slow growth whereas concentration 
higher than 4% resulted in cellular death indicated by the 
blackening of the callus.

Agrobacterium tumefaciens mediated genetic 
transformation in Saffron
The use of Agrobacterium-mediated genetic transforma-
tion has been favoured mainly due to stable integration 
of a single copy of the gene of interest, with minimum or 
no rearrangements of the foreign DNA structure, result-
ing in few complications such as gene co-suppression, 
instability or silencing [38]. A. tumefaciens has natural 
ability to alter plant genetic makeup and has been used 
for genetic transformation in several plants. Stable trans-
formation using this technique has not been achieved in 
saffron.

Studies that have favoured the use of Agrobacterium in 
monocots have propounded that the success or failure 
of transformation largely depends on the co-cultivation 
period. This period overlaps with the S-phase of the cell-
cycle that is essential for T-DNA transfer from Agrobac-
terium to the geophyte. Therefore, pre-determination of 
this period helps overcome less frequency of transfor-
mation or overgrowth of Agrobacterium. Previous stud-
ies of geophytes have established a co-cultivation period 
of 3 days as best for Agapanthus species [39] whereas a 
3-day period resulted in highest GUS expression levels 
in Typha latifolia [40]. Interestingly, our study demon-
strated 2-day period of co-cultivation as optimum for 
Cas9 expression in saffron.

In the present study a binary vector was constructed to 
improve the delivery of Cas9 gene in a single expression 
vector for Agrobacterium and the plant, under a 35S pro-
moter (Fig.  2). Additionally, no selectable marker genes 
were included to identify transgene in plants as the pre-
sent effort was made to overcome the recalcitrance of 

Table 3 Effect of  plant growth regulators in  combination with  MS medium on  cormlet formation from  in  vitro raised 
shoots

Number of explants inoculated per flask was ten; five replicates of each combination were laid (total number of explants 50/combination). Data was collected after 
8 weeks

Combination of PGRs used with other supplements Response

BAP (mg/L) NAA (mg/L) TDZ (mg/L) IAA (mg/L) IBA (mg/L) Sucrose (g/L) Activated 
charcoal 
(g/L)

Paclabutrazole 
(mg/L)

No. of cormlets formed/
flask (n = 5) Mean ± SE

4.5 8.0 – – – 3.0 – – 1.6 ± 0.0048

– – 1.0 – 0.5 3.5 – 2.0 0.2 ± 0.0032

– – 0.5 1.0 – 4.0 0.1 – 6.8 ± 0.004

– – 3 2 – 3.0 – – 2.0 ± 0.008

– – 1 0.5 – 6.0 – – 2.2 ± 0.004

– – 1 0.5 – 8.0 – – 1.2 ± 0.004
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saffron towards genetic transformation. Positive clones 
of Agrobacterium tumefaciens (EHA105) carrying the 
Cas9 gene were detected on YEPD-Kanamycin resistant 
medium. Further detection was confirmed by polymer-
ase chain reaction using CRISPR-Cas9 specific primers as 
mentioned in the materials and methods section (Fig. 3). 
Subsequently, molecular detection of specific exogenous 
DNA (Cas9 copy number) present in the transformed 
plants was analysed by Southern blot analysis (Fig.  4). 
The genomic DNA isolated from seven transgenic plants 
regenerated from different calli, was digested with EcoRV. 
There is only one EcoRV restriction site in the T-DNA 
Cas9 region. After hybridization with Cas9 gene probe 
(500 bp) followed by autoradiography, hybridization sig-
nals corresponding to fragments of different sizes ranging 
from 6 to 12 kb, were observed (Fig. 4) in different trans-
genic plants. The pattern of hybridization confirms the 

presence of our target exogenous DNA in several copies 
and at random locations in the transformed saffron. The 
detected bands clearly demonstrate the successful inte-
gration of T-DNA into Saffron genome and also robust-
ness of the technique to detect high molecular weight 
bands. No such signal was observed in the untrans-
formed control plant (Fig.  4).  The best transformation 
efficiency of 4% was achieved with 35 days old somatic 
embryos cultured in presence of cefotaxime (Table 4).   

Conclusion
We have developed a method to circumvent the limited 
regeneration potential of saffron to produce transgen-
ics, in addition to standardizing the protocol for callus 
initiation and cormlet production. The standardised pro-
tocol for cormlet generation had a transformation/
regeneration efficiency of 4% that can be used for further 

Cas9

LB RB

SLNSLNSON-T P35s ccdB

BsaI (L-B)

BsaI (R-B)

Forward  and Reverse Cas9  gene primers 
for PCR based Southern Probe (500bp)

R F

EcoRV Restric�on site

pYLCRISPR/Cas9
Fig. 2 Schematic representation of the T-DNA region of the binary vector pYLCRISPR/Cas9 (modified pCAMBIA1300 backbone) developed in-house 
and utilized for Crocus sativus agro-mediated transformation revealing the 35S promoter:Cas9:NOS terminator cassette; MCS for single or multiple 
sgRNA insertion; RB: right border; LB: left border

1 kb

500 bp

WC     PC      S1      S2      S3      S4      S5      S6      S7      S8        S9      S10   M   

Fig. 3 PCR analysis to screen putative transgenic  T0 Crocus sativus lines. Cas9 plasmid was used as positive control (P); WC represents water control; 
Lanes 3–12 represent the putative  T0 transgenic lines of Crocus sativus expressing Cas9 gene; Lane 13 (M) represents Molecular Ladder
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propagation of Crocus sativus. This pilot study generated 
stable transgenic Crocus calli where Cas9 has been inte-
grated in its genome. This work certainly validates the 
viability of this crop for gene editing studies.

Materials and methods
Explant and sterilization
For the present investigation the corms were collected 
from the fields at Pampore, Jammu and Kashmir, India 
located at  34.02° N/74.93° E at an elevation of 1573  m 
(5161  ft). Corms were thoroughly washed under tap 
water followed by tunic removal, dipped in Tween-20 
for 5  min and then transferred to sterile environment 
for aseptic sterilization. Surface sterilization was per-
formed by soaking the corms in 0.1% mercuric chloride 
for 2 min followed by 4% sodium hypochlorite for 5 min. 
Finally the corms were washed with autoclaved distilled 
water 5 times to remove residual chemicals. Aseptic 
corms were sliced into 0.5–1  cm3 corm parts including 
apical or lateral meristematic nodes for callus induction 

and inoculated on solidified Murashige and Skoog (MS) 
medium plates (pH 5.8 ± 0.2). For optimizing best suited 
medium for callus induction MS medium supplemented 
with sucrose (3%), 0.8% agar and different plant growth 
regulators at various concentrations were used. The 
autoclavable plant growth regulators like BAP, IBA, and 
NAA were added before autoclaving while heat sensi-
tive plant growth regulators like zeatin, TDZ were filter 
sterilized and added after autoclaving. Cultures were kept 
under standard culture conditions of 16/8 h, 45% relative 
humidity at 20 ± 2 °C.

Selection of various plant growth regulators (PGRs)
One of the critical factors involved in the successful 
genetic transformation is the development of a high effi-
ciency in vitro regeneration protocol. Since good number 
of publications were available on in  vitro studies in saf-
fron, therefore, selection of various media with specific 
composition was made on the basis of critical examina-
tion of these reports. A systematic approach was used for 

Fig. 4 Southern blot showing the differential DNA copy number of Cas9 gene in various transgenic  T0 Crocus sativus lines. The figure represents: PC 
as positive control; WT as wild type and lanes 1–7 demonstrate different transgenic saffron lines. These observations were obtained by the digestion 
of genomic DNA from seven transgenic plants using restriction enzyme EcoRV and Cutsmart 2 buffer obtained from NEB

Table 4 Transformation efficiency relative to the experiment in which resistant callus or transgenic plants were produced

Type of explant Age of the explant 
(in days)

Inoculated 
embryo (A)

No. of calli produced in media 
with cefotaxime

Transgenic plants 
(B)

Transformation 
efficiency (B/A  %)

Immature embryo 30 52 2 0 0

Immature embryo 40 50 3 1 2

Immature embryo 35 50 4 0 0

Somatic embryo 30 120 8 3 3

Somatic embryo 35 56 5 2 4

Somatic embryo 40 98 6 3 3
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selection of PGRs. Further, concentrations and combina-
tions were modified so as to improve the frequency of 
cormlet regeneration. In order to arrive at suitable media 
resulting in highly efficient response, all the combina-
tions with varying concentrations were used. However, 
only the ones showing positive response were pursued 
further (Tables  1 and 2). The rationale for inclusion of 
BAP, NAA, TDZ, IBA, IAA, KIN, Picloram, Activated 
charcoal, is based on the results obtained by various 
workers who have published the protocols from time to 
time [15, 41–43].

Callus initiation and cormlet production
Sterilized corm slices were inoculated on different cul-
ture media such as: (a) MS + BAP (1  mg/L) + NAA 
(0.5  mg/L) (b) MS + TDZ (4  mg/L) + NAA (4  mg/L) 
(c) MS + BAP(1  mg/L) + IAA (0.5  mg/L) (d) MS + 2,4-
D(0.5  mg/L) + BAP (1  mg/L) + IAA (1  mg/L) (e) 
MS + 2,4-D (1  mg/L) + IAA (1  mg/L) (f ) MS + 2,4-D 
(1.9  mg/L) + BAP (6  mg/L). Ten explants were selected 
and inoculated in five replicates of each combination 
for optimizing the best combination. Calli were fur-
ther sub-cultured on media supplemented with differ-
ent concentrations of plant growth regulators (PGRs) 
for multiplication and optimization of somatic embryos: 
(a) MS + KIN (1  mg/L) + TDZ (8.8  mg/L) + IAA 
(3  mg/L) (b) MS + BAP (2  mg/L) + NAA (0.5  mg/L) 
(c) MS + TDZ (1  mg/L) + IAA (2.6  mg/L) (d) 
MS + picloram (0.5  mg/L) + TDZ (0.5  mg/L) (e) 
MS + TDZ (1  mg/L) + IAA (0.5  mg/L) (f ) MS +TDZ 
(0.5 mg/L) + IAA (1 mg/L) + activated charcoal (0.1 g/L). 
Embryos were then sub-cultured on media containing 
different concentrations of BAP (1 mg/L to 10 mg/L) and 
activated charcoal (0.1 to 0.5 mg/L) for shoot induction. 
Further, the shoots were sub-cultured on media having 
sucrose as carbon source, along with different combina-
tion of PGRs to standardize cormlet production such as: 
(a) MS + BAP (4.5 mg/L) + NAA (8 mg/L) (b) MS + TDZ 
(1  mg/L) + IBA (0.5  mg/L) + paclabutrazol (2  mg/L) 
(c) MS + TDZ (0.5  mg/L) + IBA (1  mg/L) + sucrose 
(40 g/L) + Activated charcoal (AC) 0.1 g/L (d) MS + TDZ 
(1  mg/L) + IAA (0.5  mg/L) + sucrose (30  g/L) (e) 
MS + TDZ (1 mg/L) + IBA (0.5 mg/L) + sucrose (60 g/L) 
(f ) MS + TDZ (1  mg/L) + IBA (0.5  mg/L) + sucrose 
(80 g/L).

Design of CRISPR/Cas9 vector
Saffron codon optimized Cas9 (SpCas9) gene sequence 
with attached nuclear localization signals (NLSs) at 
both ends were designed, including rich GC content at 
the 5′ terminal region by following Ma et  al. [44]. Cas9 
sequence was linked to the promoter in intermediate 
plasmids, and the cassette was cloned into binary vector 

pYLCRISPR/Cas9P35S(Addgene). The pYLCRISPR/Cas9 
was derived from pCAMBIA1300 and introduced into a 
BsaI restriction enzyme recognition site in the multiple 
cloning sites. Two sites having BsaI can be used for the 
assembly of single or multiple sgRNAs (Fig. 2).

Agrobacterium-mediated transformation
Agrobacterium tumefaciens strain EHA 105 and the 
binary vector (pYLCRISPR/Cas9) containing the Cas9 
gene linked to the 35S promoter were used. A binary vec-
tor, pYLCRISPR/Cas9 was constructed with the cDNA of 
the Cas9 gene. Plasmid pYLCRISPR/Cas9 was introduced 
into A. tumefaciens (EHA105) strains by freeze–thaw 
method. Agrobacterium cultures were plated on Luria–
Bertani (LB) medium supplemented with 50  mg/L kan-
amycin and grown for 3 days at 28  °C to form colonies. 
Each single colony with a diameter of 1 mm was picked 
up and cultured in 20 mL LB liquid containing the same 
antibiotic. The culture was agitated at 120 rpm for 20 h 
at 28  °C. After adjusting the optical density to 0.6 units 
at 600 nm (OD600 nm), the Agrobacterium cultures were 
used for transformation experiment.

Calli that were mildly injured using a scalpel were pre-
cultured for 3 days prior to Agrobacterium infection and 
were immersed in Agrobacterium suspension for 30 min 
with an optimized acetosyringone concentration of 
100 µM. The explants were then blotted dry on sterile fil-
ter paper and co-cultivated for 3 days in the dark at 22 °C 
on hormone-free MS medium. After the 3 day co-cultiva-
tion period, the buds were transferred to fresh medium 
of the same composition but without acetosyringone, 
together with 200 mg/L cefotaxime for 5 days and trans-
ferred back to MS liquid medium with the antibiotic 
of the same concentration, for another 5  days and then 
transferred to MS solid medium. It may be worthwhile to 
mention here that cefotaxime is not a selectable marker 
and is an antibiotic commonly used for the treatment of 
plant tissue infections, caused by the gram-negative bac-
teria. As a result, the tissue steers clear of contamination 
during Agrobacterium tumefaciens mediated plant trans-
formation. Cefotaxime has very low toxicity in plants 
(concentrations up to 500 mg/L). In the present case, we 
used cefotaxime in callus induction medium to get resist-
ant calli i.e. the calli without bacterial contamination after 
Agrobacterium mediated transformation. After 2  weeks 
they were transferred again to fresh liquid medium in 
conical flasks and kept for 5  days. During this period, 
dead buds were removed before being sub-cultured back 
to MS medium. Single buds were separated from multi-
ple bud clumps and sub-cultured onto solid MS medium 
with TDZ 0.5  mg/L + IAA 1  mg/L + Activated char-
coal 0.1 g/L until the single plants were regenerated. All 
plants regenerated from each putatively independent 
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transformed bud line were maintained under in  vitro 
conditions.

PCR analysis of  T0 Cas9 Crocus sativus transgenic lines
Genomic DNA from the different  T0 putative Cas9 lines 
of Crocus sativus was extracted using the Cetyl Trime-
thyl Ammonium Bromide (CTAB) method and further 
used for polymerase chain reaction amplification. The 
PCR mix contained 1.5 mM  MgCl2, 150 ng of each Cas9 
gene  primers (F-5′-CGA CTT ACC CTT CTC CAC CTT-
3′; R-5′-ACG CTC ACG ATG CTT ACC TT-3′), 10  mM 
dNTPs, 2.5U Taq DNA polymerase and 200 ng genomic 
DNA. The reaction mixture was set to 50 μL and placed 
in a thermal cycler (Bio-Rad Laboratories, USA) using 
an initial denaturing time of 3 min at 94 °C, followed by 
30 cycles of denaturation for 1  min at 94  °C, annealing 
at 55 °C for 1 min, extension for 1 min at 72 °C and final 
extension for 6  min at 72  °C. A 3  μL product from the 
first reaction was used as template in the second reaction 
that involved nested pair primers with PCR conditions 
similar to the external primer run. The amplified prod-
ucts were separated and visualized in 0.8% agarose gels 
stained with 1 μg/mL ethidium bromide.

Southern blot analysis
Genomic DNAs (25  μg) from the WT, putative  T0 
transgenic lines and positive control plasmid (1  ng) 
were digested with EcoRV enzyme in a 40  µL reaction, 
overnight. The digestion products were separated by 
electrophoresis in a 0.8% (w/v) agarose Tris borate eth-
ylenediaminetetraacetic acid (TBE) gel at 25  V, 15  mA 
overnight. The gel was depurinated using 0.25  M HCl 
for 10  min followed by washing in deionized water on 
a slow rotating shaker for 5 min, twice (15 min each) in 
denaturation buffer solution (0.5 M NaOH, 1.5 M NaCl) 
and then neutralized two times in a neutralization buffer 
(1 M Tris, 1.5 M NaCl, pH 7) for 30 min each. The gel was 
soaked in 20× standard sodium citrate (SSC) for 5 min. 
The DNA was transferred onto a positively charged nylon 
membrane (Millipore, India; cat. no. 7104633) by capil-
lary blotting under 20× SSC conditions (pH 7) [45]. The 
blot was washed in 2× SSC for 5 min and DNA was fixed 
onto the blot by UV cross-link for 45 s with a UV transil-
luminator. The blot was wet on both sides using 5× SSC 
and pre-hybridized for one hr using DIG EasyHyb buffer 
solution (Roche, Germany). The blot was then hybrid-
ized at a temperature of 68 °C overnight using DIG Easy-
Hyb buffer solution (Roche, Germany) in which 1 µL of 
the denatured DIG labelled Cas9 probe generated using 
PCR DIG probe synthesis kit was included. The blot was 
washed twice in stringent low washing buffer solution 
(2× SSC, 0.1% (w/v) SDS at room temperature for 5 min, 

followed by washing using 0.5× SSC plus 0.1% (w/v) SDS 
and then 0.1 × SSC plus 0.1% (w/v) SDS buffer solution 
at a temperature of 68 °C each lasting 10 min. Chemilu-
minescent detection was performed as described in the 
users’ instruction manual (Roche Diagnostics, Germany). 
The signals were visualized using X-ray detection film.
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