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ABSTRACT

Determination of the somaclonal variation of in vitro-propagated plants is crucial to determine the appropriate
micropropagation protocol and growth regulators for commercial scale multiplication. In this research, nine mul-
tiplication media (MM) augmented with different concentrations of 6-benzyl adenine (BA), Kinetin (Kin), and
Thidiazuron (TDZ), Three rooting media (RM) supplemented with three levels of α-naphthalene acetic acid
(NAA) and three types of soil mixtures (v/v); Coco peat/Vermiculite/Sand (CVS), Peat moss/Perlite/Sand
(PPS) and Peat moss/Perlite (PP) were used in the micropropagation protocol of daylily plants. MM2 showed
the maximum shoot length and the number of leaves, while MM9 showed the maximum number of shoots.
The RM1 showed the maximum root length and the number of roots. During acclimatization, CVS, PPS, and
PP soil mixture showed similar performance except the CVS mixture showed lower performance regarding plant
height and diameter. The genetic fidelity of micropropagated plants was evaluated using Start Codon Targeted
(SCoT) Markers. Six SCoT primers amplified 51 scorable bands with an approximate range from 146 bp to
1598 bp size. Thirty one out of 51 loci were presented in the mother plants. 40 loci were polymorphic, 11 were
monomorphic and 7 were unique. The amplification patterns of the micropropagated plants demonstrated genet-
ic integrity to the mother plant ranging from 84.32 to 47.06 and somaclonal variations ranging from 52.94 with
5 mg/l BA pathway to 15.68 with 1mg/l TDZ pathway, thus demonstrating that the homogeneity and the varia-
tion of the micropropagated plants affected by the type and the quantity of the plant growth regulator used during
multiplication subcultures. This research can be successfully used for other ornamental and medicinal plants’ bulk
multiplication, germplasm conservation, and future genetic improvement.
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1 Introduction

Daylily (Hemerocallis fulva) is a profitable plant, which is increasingly popular, mainly due to its uses in
the landscape [1], beautiful flowers [2], and medicinal and pharmaceutical uses [3,4]. Like many other
economically valuable crops, the daylily is investigated for reliable in vitro mass production. The
utilization of in vitro micropropagation techniques is critical in the case of daylilies due to the plant’s
most economically valuable feature, wherefore, this requires accurate multiplication of the parental
phenotype, which frequently affects customer choice. In vitro propagation is thus one of the best ways to
consistently meet customers’ expectations on a large scale and promptly. Despite significant advances in
tissue micropropagation procedures [2], Daylilies present a significant challenge for micropropagation,
particularly for plant regeneration. Unfortunately, there is a false perception that daylily is a simple model
for in vitro plant organogenesis. Various types of explants including shoot tips, fragments of flower buds,
and other parts of the inflorescence were used for in vitro propagation of daylily [5]. Several studies
reported that the use of flower petals or scapes as explants has been basically the only method for
successful in vitro regeneration of daylilies [6–8]. The use of TDZ in combination with BAP, 6-
furfurylaminopurine (kinetin), and 2iP in the medium significantly accelerated shoot regeneration and
increased the multiplication efficiency [9]. Occasionally reported techniques that are usually unreliable or
challenging to reproduce are frequently used to support this idea. As a result, attempts to enhance the
crop using recent techniques like genetic modification and/or CRISPR/Cas9 editing [10–13] have been
hampered. The daylily plant naturally makes a few extra divisions during each growing season. At such a
low reproduction rate, it can take up to 20 years for an excellent cultivar to transition to the mass market
[14]. It is encouraging to see efforts made to enhance traditional in vivo methods for better daylily
propagation [15,16], and the use of cytokinin and/or auxin has proven to be the most effective strategy
[15,17]. The current investigation for micropropagation of daylily applied a direct pathway protocol for
daylily micropropagation without passing the callus induction pathway. The improvement of the daylily
plant will be substantially accelerated by the use of in vitro methods for entire plant regeneration,
somaclonal diversity produced from tissue culture, and the insertion of novel traits via gene transfer. The
assessment of genetic fidelity is crucial to investigate the genetic variation of micropropagated plants
compared to the mother plant, Plant growth regulators, explant type, and different subcultures during
micropropagation could all contribute to the somaclonal variation which negatively affects the uniformity
of regenerated plants [18,19]. An effective approach to evaluate the genetic variations is the SCoT
molecular marker that enables screening of the total plant genome [20–22]. SCoT marker is a dominant
and reproducible marker that is based on the short conserved sequence in plant genes flanking the ATG
start codon using a single 18-mer primer in the PCR assay and high annealing temperature [23].
Furthermore, genetic homogeneity research needs to be conducted on micropropagated plants, primarily
in areas with higher industrial applicability. In the current work, daylily micropropagation responses to
various types and concentrations of plant growth regulators were investigated. This study aimed to
generate a simple, cost-effective, and highly effective daylily micropropagation procedure using the
crown-tip explants for the large-scale propagation of daylily and to assess the genetic fidelity of the
micropropagated plants using SCoT-PCR-based markers.

2 Materials and Methods

2.1 Explant Preparation and Sterilization
The daylily (Hemerocallis fulva) mother plant was obtained from the Egyptian German Company for

agricultural production. The crown-tip explants (1–2 cm length) were used for daylily in vitro
micropropagation as it takes the direct organogenesis pathway. The prepared crown-tip explants were
washed for one hour under running water, surface sterilized for 30 min with 60% commercial Clorox
solution (5.25% NaOC1), and then washed three times with sterile distilled water. Under sterile
circumstances, the explants (one explants/treatment) were cultured individually in a screwed jar
containing 50 ml of Murashig and Skoog (MS) multiplication media [24].
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2.2 Media Preparation and Culture Conditions
Daylily plants were in vitro propagated using MS media with vitamins containing 30 g/l sucrose, 7 g/l

agar, and various combinations of plant growth regulators (PGRs). The current study evaluated two types of
nutrient media (multiplication media and rooting media). The multiplication media included nine different
media compositions, i.e., three levels of BA (1, 3, and 5 mg/l), three levels of TDZ (1, 3, and 5 mg/l),
and three levels of Kin (1, 3, and 5 mg/l) (Table 1). The individual shoots were transferred from
multiplication media to rooting media augmented with different levels of NAA for root formation. The
rooting media included three levels of NAA (0.5, 1, and 1.5 mg/l) (Table 1) supplemented with activated
charcoal (AC). The pH of the medium was adjusted to 5.7 ± 0.1 and then the medium was autoclaved at
121°C for 20 min. Cultures were shifted to fresh media every three weeks for four subcultures during the
multiplication stage and one subculture during the rooting stage after one month. All treatments were
incubated at photoperiod (8 h darkness/16 h light) using a light intensity of 3000 lux at 27°C. The crown
tip explants of the daylily mother plant were first prepared and cultured on MS medium without growth
regulators as control and MS media augmented with BA, Kin, and TDZ. Three levels (1, 3, and 5 mg/l)
of each hormone were used to compare the various concentrations on the multiplication performance,
somaclonal variation, and genetic fidelity of regenerated daylily plants. The well-developed shoots were
transferred to three different MS rooting media supplemented with NAA (0.5, 1, and 1.5 mg/l). The
plantlets were moved to small plastic pots in the hardening stage.

2.3 Hardening of Plantlets
All individual plantlets were moved from the rooting medium, washed using tap water to remove the

adherent media, and then cultured in pots containing one of three distinct soil mixtures; Coco peat/
Vermiculite/Sand (1:1:1), Peat moss/Perlite/Sand (1:1:1) and Peat moss/Perlite (1:1). The pots were
covered with plastic bags to maintain the relative humidity. Half-strength MS solution was used to water
the plants every alternate day for three weeks, followed by adapting the plants in the greenhouse.

Table 1: Nutrient media composition used in micropropagation of daylily

Media type Code Composition

MS
(g/l)

Growth regulators
(mg/l)

Sucrose
(g/l)

Agar
(g/l)

Activated charcoal
(g/l)

1

4.4

1 BA

30 7 -

2 3 BA

3 5 BA

4 1 KinMultiplication medium
(MM) 5 3 Kin

6 5 Kin

7 1 TDZ

8 3 TDZ

9 5 TDZ

1

4.4

0.5 NAA

30 7 1Rooting medium (RM) 2 1 NAA

3 1.5 NAA
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2.4 Data Observations and Collections
During the multiplication stage, the shoot length, the number of leaves, and the number of shoots were

measured at the end of each subculture. At the end of the fourth week of the rooting stage, the survival rate
(%), root number, and root length were recorded. In the same context, after two months of hardening, the
plant height, the number of leaves, and plant diameter were recorded.

2.5 DNA Extraction and PCR (SCoT) Amplification
The young daylily leaves were used to extract the genomic DNA from nine regenerated plants of daylily

in addition to the mother plant using the CTAB method with some modifications [25]. The quantity and
quality of the purified DNA were evaluated by NanoDrop 2000 (Thermo Scientific™, Waltham, MA,
USA). A reaction mixture of 25 μl containing 25 ng template DNA, 0.2 μM dNTPs, 1.5 µM of each
primer, 1.5 mM MgCl2, 2 μL 5 × buffer, and 1 unit of Taq polymerase (Promega) was used to conduct
the SCoT-PCR-based reactions. On a thermal cycler (applied biosystems), PCR reaction was conducted
using the following program: 94°C for 5 min for the initial denaturation followed by 30 cycles at 94°C
for 1 min, 1 min at 50°C for primer annealing (Table 2), and 2 min for elongation at SCoT-PCR-based
banding profiles were visualized by 1% agarose gel including 1 µg/mL ethidium bromide in 0.5 × TBE
buffer (50 V, 90 min). The final step involved using the gel documentation system to take pictures of the
PCR products resulting in the presence of 100 bp and 1 kbp DNA ladders as a molecular size reference
(WVP, USA).

2.6 Statistical Analysis
In all experiments, the data were presented as mean ± standard error. IBM SPSS software was used to

evaluate the results statistically [26], Moreover, the Fisher LSD test was used to evaluate the mean
differences at a probability level of p ≤ 0.05. For SCoT analysis, the generated bands were scored by the
gel documentation program as (1) if present and (0) if absent in the gel. The identical bands of molecular
weight were regarded as one locus. The number of bands, polymorphic bands, and the average number of
bands per primer was recorded. To detect the genetic fidelity, the banding profiles of regenerated plants
were compared with the mother plant profile, and the variation rate (%) was calculated by dividing the
number of varied loci by the total scored loci.

3 Results

3.1 Multiplication Stage
The various multiplication media showed distinct variations in the multiplication ability of the daylily

explants. The explants that exhibited the highest shoot length were those placed on MS medium augmented
with 3 mg/l (BA) followed by 5 mg/l (Kin) and 3 mg/l (TDZ) (Figs. 1A and 1B). The highest number of

Table 2: List of SCoT primers with respective sequences, annealing temperature, Tm (°C), molecular weight
(g/mol), primer length and GC content (%)

Primers Sequences (5′–3′) Annealing
temperature (°C)

Tm
(°C)

Molecular
weight (g/mol)

Primer
length

GC
content (%)

SCoT1 ACCATGGCTACCAGCGCG 62.5 68.0 5469.6 18 66.67%

SCoT2 AACCATGGCTACCACCAC 62.5 62.5 5397.6 18 55.56%

SCoT3 CACCATGGCTACCACCAG 62.9 62.9 5413.6 18 61.11%

SCoT4 CCATGGCTACCACCGCAG 62.9 65.8 5429.6 18 66.67%

SCoT5 ACCATGGCTACCACGGCA 60.6 66.9 5453.6 18 61.11%

SCoT6 CAATGGCTACCACTAGCG 60.6 60.6 5468.6 18 55.56%
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leaves (5.6) was observed on MS medium augmented with BA (3 mg/l) followed by Kin (3 mg/l) (Figs. 1A
and 1C). The highest shoot number (4.5) was recorded on MS medium augmented with TDZ (5 mg/l) and
TDZ (3 mg/l) (Figs. 1A and 1D).

Figure 1: (A) Preparation and multiplication stages of daylily. (B–D) Effects of various BA concentrations,
Kin and TDZ growth regulators on shoot length, number of leaves and number of shoots, respectively
Note: The presented data are the average mean ± SE of ten plants. Charts with the same letters are not statistically different at p > 0.05.
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3.2 Rooting Stage
The well-developed shoots were transferred to three different MS rooting. After two weeks of culture on

rooting media, the cultured shoots triggered root development. The number of roots and the root length
varied significantly among the three levels of NAA. The number of roots/shoot (5.56) and the root length
(7.3) were recorded on RM1 (0.5 mg/l NAA) followed by RM2 (1.0 mg/l NAA) and (1.5 mg/l NAA)
(Figs. 2A and 2B).

3.3 Hardening Stage
The well-rooted plantlets were moved to small plastic pots and covered with a polyethylene cover with

perforations for acclimation for two months at a greenhouse (Fig. 3A). They were then moved to pots with
three different soil mixtures; Coco peat/Vermiculite/Sand (CVS), Peat moss/Perlite/Sand (PPS), and Peat
moss/Perlite (PP). The survival rate of the hardened plants was 93%, 92%, and 90% in CVS, PPS, and
PP, respectively. The hardening efficiency varied significantly among the three types of soils regarding
the plant height, the number of leaves, and the plant diameter. There were no significant differences
between PPS and PP soils in all recorded parameters. A significant difference was observed among CVS
and each of the PPS and PP soils, while no significant differences were recorded among them regarding
the number of leaves (Fig. 3B).

Figure 2: (A) Rooting stage of daylily. (B) Effects of different concentrations of NAA growth regulator on
the number of roots and root length
Note: The presented data are the average mean ± SE of ten plant charts with the same letters that are not statistically different at p >
0.05.
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3.4 Genetic Fidelity Assessment
SCoT-PCR-based molecular marker was used to assess the genetic fidelity of the micropropagated plants

compared with the mother plant. The six SCoT primers amplified a total of 51 scorable bands with the
approximate range from 146 to 1598 bp size (Table 3; Fig. 4) with an average of 8.5 amplified loci per
each SCoT primer. Thirty-one out of the 51 loci were present in the mother plants. There were
40 polymorphic loci, 11 monomorphic loci, and seven unique loci (Table 3). SCoT2 and SCoT3 primers
showed the highest polymorphism (100%), while SCoT5 showed the lowest polymorphism (62.5%), with
an average of 77.63% per primer. Somaclonal variations resulting in regenerated plants were calculated
based on the banding profiles compared to the mother plant. Maximum somaclonal variation (52.94%)
occurred in plant one resulting from the 5 mg/l BA pathway, while the minimum somaclonal variation
(15.68%) occurred in plant 9 resulting from the 3 mg/l BA pathway (Fig. 5). Conversely, Maximum
genetic fidelity (84.32%) occurred in plant 9, resulting from the 3 mg/l BA pathway, while the minimum
genetic fidelity (47.06%) occurred in plant 1, resulting from the 5 mg/l BA pathway (Fig. 5).

Figure 3: (A) Hardening stage of daylily. (B) Effects of three different soil compositions on plant height,
number of leaves and plant diameter of acclimatized daylily plants
Note: The presented data are the average mean ± SE of ten plants; charts with the same letters are not statistically different at p > 0.05.

Table 3: Size range of PCR loci, number of polymorphic, monomorphic, and unique bands generated by six
SCoT primers and the related polymorphism (%)

Primers Size range of
PCR loci

No. of scorable
loci

Monomorphic
loci

Polymorphic
loci

Unique
loci

Polymorphism
(%)

SCoT1 146–822 10 3 7 0 70

SCoT2 154–1460 10 0 10 3 100
(Continued)
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Table 3 (continued)

Primers Size range of
PCR loci

No. of scorable
loci

Monomorphic
loci

Polymorphic
loci

Unique
loci

Polymorphism
(%)

SCoT3 156–792 8 0 8 0 100

SCoT4 152–875 9 3 6 3 66.66

SCoT5 224–1598 8 3 5 1 62.5

SCoT6 254–1132 6 2 4 0 66.66

Average 8.5 1.83 6.66 1.16 77.63

Total 51 11 40 7

Figure 4: (Continued)
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4 Discussion

The current investigation has successfully discussed the somaclonal variation and genetic fidelity of
regenerated plants compared to the mother plant, in addition to the potential use of crown-tip as a
successful explant on different MS media compositions for commercial micropropagation of daylily
plants. The determination of the ideal concentration of the growth regulator is the main reason for the
success of the multiplication and rooting stages. During the multiplication stage, BA (3 mg/l) was the
best cytokinin concentration producing the highest shoot length and the number of leaves, while the TDZ
(3 mg/l) promoted the number of shoots. These results indicated that moderate concentrations of
cytokinins were the best choice to micropropagate daylily. Hence, the TDZ (3 mg/l) was the most
favorable cytokinin type and concentration for daylily multiplication. Previous tissue culture studies using

Figure 4: SCoT markers-based genetic fidelity analysis of Hemerocallis fulva in vitro-propagated plants
amplified with six primers. Lane M: 100 bp marker with all primers except SCoT 6. The marker was
100 bp plus, Lanes 2–10: PCR amplification of in vitro-regenerated plants (plant 1–plant 9) using
different growth regulators during the multiplication stage (5 mg/l BA, 5 mg/l TDZ, 3 mg/l Kin, 3 mg/l
TDZ, 1 mg/l TDZ, 1 mg/l BA, 5 mg/l Kin, 1 mg/l Kin, and 3 mg/l BA, respectively). Lane 11: DNA
PCR amplification of mother plant

Figure 5: Somaclonal variation percentage of plant 1–plant 9 with the mother plant propagated using 5 mg/l
BA, 5 mg/l TDZ, 3 mg/l Kin, 3 mg/l TDZ, 1 mg/l TDZ, 1 mg/l BA, 5 mg/l Kin, 1 mg/l Kin, and 3 mg/l BA,
respectively during multiplication stage
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TDZ have frequently produced responses across plant species (Neolamarkia Cadamba, Portulaca pilosa L.)
that are quite successful and exceed those using various other growth regulators [27–30]. One of the most
effective cytokinin-like agents for encouraging cell division in tissue culture is TDZ [31,32], in addition
to being more effective than BA, resulting in a greater number of multiple shoots per plant [33].
Generally, TDZ is used at lower concentrations in plant tissue culture [34], the low concentrations have
reported to be effective in shoot organogenesis [35]. However, in this study, the 5 mg/L has proven to be
the best concentration to produce the highest number of shoots. Therefore, more studies are encouraged
to determine the related threshold concentration. The importance of cytokinin is not limited to daylily
micropropagation as its application has significantly promoted in vitro multiplication [36,37]. In the
rooting stage, the number of roots and root length were better at the low NAA concentration (0.5 mg/l)
than at the higher NAA concentrations indicating that daylily tissues may contain a high quantity of
auxins. Kannan et al. [38] used a low concentration of IBA (0.5 mg/l) and obtained comparable results in
Solanum nigrum. The fine structure, stability, and ease of transfer qualify the IBA for the high frequency
of in vitro rooting [39]. CVS soil was the best mixture regarding plant height, the number of leaves, and
plant diameter, in addition to achieving the best survival rate (93%).

For the established micropropagation methodology to be used on a commercial scale, genetic fidelity
analysis of the micropropagated plantlets must be verified to determine the appropriate conservation
programs. Screening of genetic homogeneity among micropropagated plants is preferable to reconfirm
genetic variations [40]. The SCoT-PCR-based molecular marker is a simple, quick, trustworthy, and
efficient approach for determining the genetic integrity of in vitro regenerated plantlets [41,42]. The
genetic fidelity of the regenerated plantlets was evaluated after two months of hardening. The results of
molecular profiling proved that the plants produced by 5 mg/l BA during the multiplication stage showed
the highest somaclonal variation (52.94%) and the lowest genetic fidelity (47.06%); this is unfavorable in
the case of producing identical plants but maybe favorable in the micropropagation of daylily as an
ornamental plant to expand the variation base. The plants produced by 3 mg/l BA during the
multiplication stage showed the lowest somaclonal variation (15.68%) and the highest genetic fidelity
(84.32%). These results concluded that the 3 mg/l BA was not only the best treatment that produced the
highest shoot length and the highest number of leaves but also showed the lowest somaclonal variation
and the highest genetic fidelity. The SCoT molecular marker was used to conduct similar genetic fidelity
studies on in vitro regenerants Pisum sativum [43], Helicteres isora [44], and Cicer arietinum [45]. Also,
the fidelity among regenerated plants using ISSR-PCR-based was reported in Eleusine coracana [46] and
Morus spp [47]. Consistency, several studies assessed the genetic fidelity in in vitro regenerants was
reported in other plant species as well, such as Prunus dulcis [48], Phoenix dactylifera [49], Jatropha
curcas [50], Brassica oleracea [51], and Rhodiola imbricate [52].

According to the current study’s findings, the mother plant and the micropropagated plants had slightly
different genetic make-ups. The variation introduced during clonal propagation varied depending on the kind
and quantity of growth regulators utilized during the multiplication stage.

The current study may support the genetic improvement of daylily plants as ornamental and medicinal
plants by producing new somaclonal variants through a tissue culture approach. In the same context, genetic
improvement may be conducted through traditional breeding [53], mutation breeding [54], using genetic
engineering [55], genome editing [10,11], molecular markers and phylogeny [56,57], and in silico
analysis [58].

5 Conclusions

In vitro propagation is the most effective approach for daylily regeneration. Among the nine
multiplication media used, the MM2 showed the maximum shoot length and the number of leaves, and
the MM9 showed the maximum number of shoots. The RM1 showed the maximum root length and
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number of roots among the three rooting media used. During acclimatization CVS, PPS, and PP soil mixture
showed similar performance with one exception; the CVS mixture showed lower performance regarding
plant height and diameter. Variations in growth regulator type and concentration are responsible for
variation in regeneration frequencies. The results revealed by SCoT markers showed a range of
somaclonal variations among the micropropagated plants ranging from 15.68% to 52.94% and genetic
fidelity ranging from 47.06% to 84.32%. This may shed light on the importance of determining the type
and the quantity of the growth regulator used, during multiplication subcultures and avoid using high
concentrations of BA to avoid the high rate of somaclonal variation.
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