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Abstract
Hemerocallis is regarded as a model plant for future breeding because of its high ornamental value and
strong resistance. However, there are few reports on regeneration and genetic transformation of this
plant. In this study, mature seeds of Hemerocallis fulva ‘Kanai’ were used as explants for regeneration
and Agrobacterium infection. The results showed that the germination rate of explants with inner and
outer seed coats peeled was 98% and the contamination rate was only 11%. The callus induction
e�ciency of MS medium supplemented with 3.5 mg∙L− 1 6-Benzylaminopurine (6-BA) and 0.1 mg∙L− 1 1-
naphthylcetic acid (NAA) was 95.2%. Based on this, transformation was successfully achieved using the
following protocol: callus were soaked in Agrobacterium tumefaciens EHA105 (OD600 = 0.6) containing
pCambia1300-35S-FT and pCambia1300-35S-GUS plasmid for 15 min. After 3 days co-culture with 100
uM Acetosyringone (AS) in MS medium, it was transferred to MS medium containing 300 mg∙mL− 1

Timentin for 5 days. The Transgenic plants were obtained by hygromycin (9 mg∙mL− 1) screening. The
presence of transgenic plants was con�rmed by histochemical GUS detection and PCR (Polymerase
chain reaction). Overall, the establishment of this e�cient regeneration and genetic transformation will
contribute to the functional gene research and genetic improvement of Hemerocallis fulva ‘Kanai’.

Introduction
Plants in Hemerocallis set �owering, leaf viewing in one, which are resistant to cold, drought, barren,
widely used in landscaping (Kong and Zhang 2021; Liu et al. 2021; Ren et al. 2017; Rodriguez-Enriquez
and Grant-Downton 2013). Moreover, the demand for it is also increasing due to its medicinal and edible
value development (Lin et al. 2011; Matraszek-Gawron et al. 2019; Matsumoto et al. 2016).
Therefore, Hemerocallis breeding has broad application prospects and high economic value and is known
as a model plant for future breeding (Rodriguez-Enriquez and Grant-Downton 2013; Tomkins et al. 2001).
However, there are some defects of Hemerocallis in China such as low reproduction coe�cient, long
cycle, short single �owering period (Roger Joseph Sauve 2003) and lack of fragrance, which seriously
limit the promotion of Hemerocallis. In order to solve and get rid of this situation, breeders strive to
change these traits through regulatory mechanisms including genetic improvement and gene
modi�cation (Gong 2020; Liu et al. 2019; Liu et al. 2021; Ren et al. 2019; Wang 2013). In this context,
tissue culture and genetic transformation constitute important tools for gene functional studies and for
speci�c improvement of individual traits without loss of the existing characteristics (Zhang et al.
2021). In 1959, Gautheret �rst used tuberized roots of Daylily as explants for value-added culture, but the
value-added e�ciency was low and growth was slow. In recent decades, studies of regeneration systems
began to be gradually reported, such as callus induction and in vitro plant using Daylily stem tissues and
leaves bud (Matand et al. 2020), Hemerocallis fulva petal explants (Heuser 2011), and Hemerocallis
middendor�i Trautv scapes, steams and ovaries. However, the above explants are unable to form a widely
used Hemerocallis tissue culture system due to the seasonal restrictions and aseptic culture
di�culties (Liu 2016). In this study, an e�cient and stable regeneration system was established by
removing Hemerocallis fulva‘Kanai’ seeds from internal and external seed coats as explants.
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As a perennial monocotyledon, Hemerocallis is rarely reported on the genetic transformation system due
to the complex genetic background and heterozygote of interspeci�c hybridization (Jin et al. 2012). So
far, the methods of genetic transformation of Hemerocallis included gene gun method, pollen tube
channel method and Agrobacterium-mediated method (Roger Joseph Sauve 2003; Zheng et al. 2015),
among which the gene gun bombardmentis expensive and unstable. The transformation rate of
transgenic Hemerocallis (Zhong et al. 2020) obtained by pollen tube channel method is relatively low,
which is not conducive to wide application. Agrobacterium-mediated method has the advantages of
simple operation, high transformation rate, good repeatability and low experimental cost. Therefore,
Agrobacterium-mediated method is the most widely used plant transgenic method now. In previous
studies on genetic transformation of Hemerocallis, callus induced by stem tips of Hemerocallis were
usually used as explants for genetic transformation. To date, the regulating color gene CHS, salt tolerance
gene LcChi2 and green �uorescent protein (GFP) (Gao 2012) reporter gene have been successfully
integrated in Hemerocallis (Liu 2016; Wang 2013). However, due to the low differentiation e�ciency, low
transformation rate and seasonal restriction, the application of genetic engineering in the directional
breeding of new species of Hemerocallis was limited. Therefore, it is signi�cant to improve the
transformation rate of Hemerocallis mediated by Agrobacterium tumefaciens. 

In this study, we �rst optimized several factors affecting in vitro regeneration of Hemerocallis
fulva ‘Kanai’ including explant type, explant treatment and hormone concentration. The induction rate
was 95.2%, which provides a su�cient source of receptors for Agrobacterium-mediated gene
transformation. In addition, we used GUS as the reporter gene and FT as the target gene to establish an
e�cient Agrobacterium-mediated genetic transformation system for callus. The establishment of this
transformation system will promote genetic improvement and functional gene studies of Hemerocallis
fulva ‘Kanai’.

Materials And Methods
Overexpression vector construction and Agrobacterium strain

Refer to previous transcriptome data of the research group, full-length cDNA of the FT gene with the open
reading frame (ORF) of FT was cloned from total RNA of Hemerocallis fulva ‘Kanai’ leaves using RT-PCR.
We utilized the binary pCambia1300-35S plasmid vector containing a hygromycin B phosphate
transferase gene as a selection marker. The FT gene sequence was connected overnight to the plasmid
carrier 35S by T4 ligase at the KpnI and PstI enzyme cutting sites. In addition, the GUS gene sequence
enzymes digested on the pBI121 vetor were attached to the pCambia1300-35S vetor. The reconstructed
pCambia1300-35S-FT and pCambia1300-35S-GUS overexpression vector was introduced into
Agrobacterium tumefaciens strain EHA105 (Tsingke Biotechnology, Beijing).

Media preparation and surface seed sterilization

Cleaned Hemerocallis fulva ‘Kanai’ seeds were soaked in distilled water for 36-48h at room temperature
and were set in three modes: reataining the seed coats, removing the outer seed coats and removing the
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inner and outer seed coats. First seeds was sterilized by 75% ethanol for 30 S, and cleaned with sterile
water 2-3 times for 2 min each time. Subsequently, they were disinfected with 3% sodium hypochlorite
shock for 20 min. Eventually seeds were rinsed with sterile water 5-6 times for 2 min each time to
completely remove sodium hypochlorite. Sterilized seeds germinated and grew in MS medium (Toshio
Murashige 1962) including 1.0 mg∙L-1 6-BA + 1.0 mg∙L-1 KT + 0.5 mg∙L-1 IBA + 30 g∙L-1 sucrose + 7.6
mg∙L-1 agar at 22 ± 2 ℃ in the dark. Each experiment was repeated at least three times, with each
medium containing 6 inoculated seed explants. All the culture media used in this study were adjusted to
PH 5.9 before autoclaving at 1.0 kg∙cm-2 at 121 ℃ for 20 min.

Calluses induction and subculture

To investigate the e�ciency of callus induction, the above explants was transferred to MS medium
containing 6-BA (1.5, 2.0, 2.5, 3.0, 3.5 and 4.0 mg∙L-1) and NAA (0.1, 0.2 and 0.3 mg∙L-1). After the
appearance of callus around the explants, small pieces of callus with good growth status were isolated
and transferred to MS proliferation medium, including plant growth regulators required for optimal
induction medium and 0.1 mg∙L-1 2,4-D. Induction and proliferation of the callus were performed at 22 ±
2 ℃ and in the dark for 15 days each subculture. Each experiment was repeated at least three times, and
each culture �ask contained 2-3 inoculated explants.

Differentiation and rooting

Callus from proliferative cultures were separated into 0.5 cm3 pieces and transferred into MS
differentiation medium containing different concentration of 6-BA (0, 0.5, 1.0, 1.5 and 2.0 mg∙L-1) and 0.2
mg∙L-1 NAA. After subculture for 2 times, the cluster buds grew to 3-5 cm, and the single plant was
separated and transferred into rooting medium. When the roots of the seedlings were 5-10 cm in length,
opened the tissue culture bottle to exercise the seedlings for 3 days, washed the root agar with warm
water and moved into vermiculite: carat soil: garden soil: 1:1:1 substrate, and watered once after
transplanting.

Infection and co-culture

The callus after proliferation culture was removed from yellowing and senescent parts, separated into 0.5
cm2 small pieces and evenly tiled in MS induction medium for pre-culture. 3 days later, the pre-culture
callus were immersed in different density of Agrobacterium infection solution. In this experiment, the
bacterial pellet was collected after centrifuging the overnight culture solution and then resuspended with
different volumes of resuspension to �ve density of OD600 (0.3, 0.4, 0.5, 0.6 and 0.7), with an infection
time of 15 min. After the callus was infected, the Agrobacterium suspension was discarded, and the
callus was evenly spread on a culture dish with three pieces of �lter paper at the bottom. Then, a piece of
�lter paper was placed on the top, and the callus was transferred to MS co-medium half an hour later. The
MS medium contained various concentrations of AS, with AS concentrations set to 0, 50, 100, 150 and
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200 µM. 22 ± 2℃ dark for 2 days. Each experiment was repeated at least three times with 30 samples in
each dish.

Selection culture and plant regeneration

After co-culture, they were transferred to MS differentiation medium supplemented with different
concentrations of Timentine (0, 100, 200, 300 and 400 mg∙L-1) for bactericidal culture. After 5 days of
growth, they were transferred to MS differentiation medium supplemented with hygromycin of different
concentrations (0, 3, 6, 9, 12 mg∙L-1) to determine the threshold concentration for elimination of non-
transformed plants. Clump buds grown to 3-4 cm were cut into single buds and inoculated into rooting
media: 1/2MS + 0.2 mg∙L-1 NAA + 30 g∙L-1 sucrose + 6 g∙L-1 agar. Next culutred in 22 ± 2 ℃, 16/8
(light/dark) environment for 14 days. Each experiment was repeated at least three times with 10 samples
per dish and 1-2 samples per culture bottle.

Histochemical GUS assay

Histochemical GUS assay was used to initially identi�ed putative transgenic plants using GUS staining
Kit (GT0391, Cygnus, Beijing). Wild-type plants were used as control. All callus were immersed in 5 ml
GUS staining solution (0.1 ml X-gluc staining solution + 5 ml GUS staining buffer) at 25-37 °C for 24h.
After staining, decolorization was washed with 70% alcohol 2-3 times, until the control group was
colorless. Transient GUS expression was recorded by recording the number of explants with at least one
blue focus.

Polymerase chain reaction (PCR) analysis

The presence of these transgenic plants was further identi�ed by using a sequence on the pCambia1300-
35S vector as an upstream primer and a primer downstream of the FT gene (F: 5’-
CAACAGCTCGGAAAGCACAC-3’, FT-R: 5’-TCATGTGCACATTCFCCTTC-3’) and two primers for the GUS
gene (GUS-F: 5’-TACGGCGTGGATACGTTAGC-3’, GUS-R: 5’-TCATTGTTTGCCTCCCTGCT-3’). Total genomic
DNA was isolated from young leaves sterile seedlings by CTAB, with non-transgenic wild-type plants as
negative controls, pCambia1300-35S-FT and pCambia1300-35S-GUS plasmid vector as positive controls.
PCR was performed using the E × Taq enzyme (Takara, Beijing) and 0.2 ng of DNA as a template. The
PCR was set as 98 ℃ 10 s, 57 ℃ 30 s, and 72 ℃ 1 min for 35 cycles, followed by 72 ℃ for 2 min. PCR
products were separated by 1% agarose gel electrophoresis and visualized in a gel graph.

Results
Effects of the different treatments of the explants on primary culture

After 3-5 days, the seeds started their germination. The results showed that by soaking only with 75%
ethanol and 3% sodium hypochlorite, the contamination rate was as high as 90% and the germination
rate was only 22%. The removal of the black leathery exotesta reduced the contamination rate to 18%,
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and the germination rate was signi�cantly increased to 70%. While removing the black leathery exotesta
and brown villous endotesta, the contamination rate was signi�cantly reduced to 11%, and the
germination rate was signi�cantly higher than that of other groups 98% (Fig. 1a-b). Therefore, removing
the inner and outer seed coats during aseptic germination can signi�cantly reduce the pollution rate and
signi�cantly increase the germination rate.

Induction and subculture

After one month of culture, the callus started formation (Fig. 1c), which was signi�cantly associated with
6-BA concentration, and apparently low concentrations of 6-BA slowed callus formation while NAA had
less signi�cant effect on callus formation Table 1. For the callus proliferation, 2,4-D was added to the
subculture medium, which showed that the addition of 2,4-D simultaneously optimized and promoted the
proliferation of the callus. The initially induced callus was mostly yellow and calloused, but became soft,
pale yellow as the callus proliferation grew (Fig. 1d). The optimum MS medium for callus induction was
determined to be 3.5 mg∙L-1 6-BA and 0.1 mg∙L-1 NAA according to the induction of yellowish pure, loose
granular and large callus and the proliferation medium was determined to be 4.0 mg∙L-1 6-BA, 0.1 mg∙L-1

NAA and 0.1 mg∙L-1 2,4-D.

Table1 Number of callus tissues induced by seed explants.

6-BA mg∙L-1 NAA mg∙L-1

0.1 0.2 0.3

1.5 11.33 ± 1.53 ef 13.67 ± 2.52 de 8.67 ± 2.08 f

2.0 15.67 ± 3.06 de 15.33 ± 1.53 de 12.67 ± 1.53 ef

2.5 15.67 ± 3.21 de 18.33 ± 1.53 cd 14.67 ± 3.21 de

3.0 26.33 ± 1.53 ab 23.67 ± 2.31 ab 21.00 ± 3.00 bc

3.5 27.00 ± 1.00 a 25.67 ± 1.53 ab 22.67 ± 2.08 abc

4.0 25.33 ± 1.53 ab 24.00 ± 2.00 ab 21.00 ± 2.65 bc

Means with only the same letters are not signifcantly diferent at the 5% level based on Duncan’s multiple
range test (p≤0.05).

Differentiation and rooting

Callus isolated into small pieces, who was cultured on MS medium with different concentrations of 6-BA
(Fig. 1e), developed budlets after 14 days. When the concentration of NAA was 0.2 mg∙L-1, the shoots
would grow faster as 6-BA concentration decreased from 3.0 to 1.0 mg∙L-1, but the speed of plant growth
would slow down when 6-BA concentration belove 0.5 mg∙L-1 (Fig. 1j). The MS medium with 0.2 mg∙L-1
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NAA and 1.0 mg∙L-1 6-BA could not only stimulate shoot growth, but also promote formation and
proliferation of small shoots. Therefore, the MS medium with 0.2 mg∙L-1 NAA and 1.0 mg∙L-1 6-BA were
demonstrated to be the best medium formulation for shoot growth (Fig. 1f-g). Roots began to generate on
the 15th day. After 30 days, roots developed to 3-5 cm in length and 4 or 5 in number (Fig. 1h). The
seedings were transferred to the folwerpot after proper training (Fig. 1i), and the survival rate of
transplanting reached 100%.

Genetic transformation

Five levels of the Agrobacterium tumefaciens concentrations OD600 (0.3, 0.4, 0.5, 0.6 and 0.7) were
measured. Calluses with good growth status were selected as the Agrobacterium-mediated
transformation receptor (Fig. 3a-c). During the period of continuous slight shock, it is necessary to ensure
that the bacterial solution fully into the transformation receptor but also to avoid damage to it due to
excessive shock. The infected callus is sucked dry of the surface Agrobacterium solution and transferred
to the co-media (Fig. 3d-f). The results show that when the density of the bacteria (OD600) increased from
0.3 to 0.6, the transformation rate increased and the callus was in good condition. However, when the
density of the bacteria (OD600) > 0.6, most of the infection callus receptsor showed browning and death,
which may be caused by the excessive concentration of the infection solution (Fig. 4a).

The effect of AS concentration on the transformation e�ciency

Many studies demonstrated that small phenolic inducer molecules AS can induce the expression of the
vir genes, in the cause of promoting the successful transformation of the Agrobacterium Ti plasmid into
the host cells (Krishnamohan et al. 2001; Veluthambi et al. 1989). Therefore, the effect of AS
concentration on the transformation e�ciency was investigated. Among the tested concentrations of AS,
the transformation rate enhanced with the increasing of AS concentration up to 100 uM, while the higher
concentrations of AS (>100 uM) decreases the transformation rate. The size of the AS concentration did
not signi�cantly affect the transformation rate, but the transformation rate was better when the
concentration was 100 uM (Fig. 4b). Higher concentrations of AS can affect the normal growth of
receptor tissues, such as causing the overgrowth of Agrobacterium and the browning of explants.

Optimization of Timentin concentration

In this study, Timentin was selected as the antibiotic for inhibiting the growth of Agrobacterium. The co-
cultured calluses were desterilized on media supplemented with different concentrations of Timentin. In
this process, all the infected explants in the control group (0 concentration of Timentin) showed a large
area of Agrobacterium growth circle on one side of the culture medium, resulting in the browning and
death of the explants. When the concentration of Timentin increased by 250 mg∙L-1 and 300 mg∙L-1, the
growth of Agrobacterium was signi�cantly inhibited and the contamination rate was signi�cantly reduced
(Fig. 4c). However, When the concentration of Timentin was > 300 mg∙L-1, the explants showed serious
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yellowing and were on the verge of death. That is, the critical concentration of Timentin bacteriostatic is
selected to be 300 mg∙L-1.

Hygromycin tolerance assay

A sensitivity assessment was performed in order to �nd the optimal concentration of hygromycin, since it
varies from species to species. Appropriate hygromycin concentrations can promote the growth of
positively transformed plants and inhibit non-transformed plants. Transformation receptors after �ve
days of sterilizing culture were evenly tiled on differentiation media containing Timentin 300 mg∙L-1 and
different concentrations of hygromycin. In the control group (0 concentration of hygromycin), all explants
grown normally and were light yellow. When the concentration of hygromycin increased to 9 mg∙mL-1,
some explants stopped growing and their tissues turned brown within 30 days, speculated to be receptors
not successfully transferred into genes, but most survived and in good condition may be positive lines.
However, when the hygromycin concentration > 9.0 mg∙L-1, the condition of the explants was poor, and
they gradually turned white and stopped growing after ten days, indicating that excessive concentrations
of hygromycin had a lethal effect on explants (Fig. 4d). Therefore, a concentration of 9 mg∙L-1 is the
effective level of hygromycin to select a recognized transgenic plant.

Con�rmation of transgenic plants

For preliminary identi�cation of transgenic plants, GUS staining of co-cultured transformation receptors
showed that GUS staining (Fig. 5b-f) was detected at the protein expression level of the successful
transformation receptor, while no obvious GUS staining was observed in non-overexpressed gene GUS
receptors. However, some of the non-transformed receptors still show slight blue spots (Fig. 5a),
presumably due to too long staining time and insu�cient decolorization treatment.

Numerous regenerative buds were formed during the regeneration of the same transformation receptor in
Hemerocallis fulva‘Kanai’and separated into single plants for subculture. The leaf tissue DNA from the
fused T0 transgenic plants was extracted by CTAB, and the transgenic status of the regenerated buds
was further examined by PCR ampli�cation using primers speci�c for the FT and GUS gene. In three
stability tests, PCR product of FT gene (801bp) and GUS gene (300bp) were ampli�ed from strains 1-1, 1-
2, 1-3, 7-1, 7-2, 8-1, 8-2, 11-2, 13-2 and 13-3 in 1, 7, 8, 11, 13, and were named #1-10, respectively (Fig. 5g-
h), had a transformatin rate of up to 12%. The results showed that transformation did not occur
throughout the receptor and that protein expression was detected only in a fraction of it.

Discussion
Plant tissue culture is used for large-scale plant reproduction, virus elimination, secondary metabolite
synthesis, and in vitro cloning (Ebrahimzadegan and Marou� 2022; Haida et al. 2022). Many studies have
shown that the healing rate of Hemerocallis �ower organs in tissue culture is higher than that of other
parts, and the �ower stem, scape, pedicel and petals are commonly used as explants (Wang 2013).
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However, the above explants are restricted by the growing season, during which the plants contain more
phenolic compounds and have high activity, which are easy to be released from the section of the
explants (Das and Rahman 2016; Lux-endrich et al. 2000). This may be a natural defense mechanism for
plants against pathogen invasion through wounds. The release of phenols from the sections into the
medium has phytotoxic effects and the oxidative products may not only lead to explant development
failure, but also to explant death (Uppeandra Dhar 1999). In this study, we used Hemerocallis
fulva ‘Kanai’ seeds from different treatments as explants, which formed the same genetic basis for callus,
serving as a good receptor for Agrobacterium-mediated genetic transformation. In addition, stripping the
seeds inner and outer seed coats are prone to low contamination rate, while excluding the in�uence of
small amounts of phenolic compounds that may be contained in the seed coat, which can be used as the
best explant for tissue culture of Hemerocallis fulva ‘Kanai’.

The results of many studies have proved that exogenous plant hormones play an important role in
stimulating and inducing morphogenesis (Idayat Gbadamosi 2010; Preeti Rajoriya 2018; Siddique et
al. 2013). The combination of cytokinin and auxin promotes plant regeneration in vitro (Geert-Jan De
Klerk 2001; Huang et al. 2022). Here, we added 3.5 mg∙L-1 6-BA and 0.1 mg∙L-1 NAA to the MS medium,
which increased the explants induction rate to 95.2%, indicating that the induction of the explants may
require high concentrations of 6-BA and low concentrations of NAA. Furthermore, when 6-BA
concentration was 1.0 mg∙L-1, increasing of NAA concentration promoted the differentiation of explants,
and when NAA concentration was 0.2 mg∙L-1, increasing 6-BA concentration inhibited exant
differentiation, suggesting that differentiation of explants may require a combination of lower 6-BA and
relatively higher concentrations of NAA (Yan et al. 2019).

Agrobacterium are major tools in plant research through overexpression and downregulation of speci�c
genes (Wen et al. 2022). However, Agrobacterium-mediated transformation is also a complex process,
where many factors potentially in�uence its e�ciency, including the optical density of Agrobacterium, AS,
Timentin and hygromycin concentration (Chen et al. 2020; Chhabra et al. 2011; CONFALONIERI et al.
1994; Yuan et al. 2009; Wang et al. 2021). In this study, the explants were infected with Agrobacterium at
OD600 = 0.6 for 15 min and co-cultured for 2 days, with the highest infection frequency.
However, Agrobacterium concentrations higher than 0.6 (OD600) signi�cantly decreased the number of
callus overexpressing FT and GUS activity due to the hypersensitive response of callus and also
di�culties in the elimination of bacteria after co-culture (Chhabra et al. 2011). Secondly, the calluses
used in pre-culture require complete resection of the differentiation site including the growth point, and
the residue of the differentiated tissue leads to the emergence of a large number of false positive plants,
causing di�culties in screening the transgenic plants. The pre-culture callus was immersed in different
concentrations of infestation solution for 15 min, and then dried the Agrobacterium solution on the
surface with �lter paper to slow down the inhibition of Agrobacterium on the growth of recipient plants in
the subsequent culture process.
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Several studies have shown that the use of appropriate concentrations of AS during co-culture improves
transformation e�ciency (Ammara Ahad 2014; Li et al. 2017; Movahedi et al. 2014). In this experiment,
adding different concentrations of AS to the pre-culture and co-culture medium had no signi�cant effect
on the transformation rate, but low concentrations of AS (100uM) induced a higher transformation
rate (Li et al. 2021).

Timentin has been reported to be effective in eliminating Agrobacterium tumefaciens from plant somatic
embryos and has long been used in plant in vitro culture (Bannikova et al. 2016; Zhang et al. 2017).
Timentin with concentrations ranging from 300-500 mg∙L-1 is considered to be an ideal antibiotic. We
added a concentration of 300 mg∙L-1 to the sterilization media and the following screening media, which
could effectively inhibit the growth of Agrobacterium, kill other bacteria, and prevent the contamination of
callus and regenerative buds. The results of this study are consistent with those of these studies.
Furthermore, hygromycin is the expression vector pCambia1300-35S resistance gene, and hygromycin
served as a selection pressure to select the transformed cells. Because the degree of hygromycin
sensitivity is different from the plant and the growth stage, hygromycin (9.0 mg∙L-1) was selected for the
preliminary screening of transgenic plants. The differentiation and regeneration phases gradually reduce
the concentration of hygromycin to 4 mg∙L-1, reducing the inhibition of bud and root growth.

Conclusion
In conclusion, we propose an optimized protocol for Hemerocallis fulva ‘Kanai’ regeneration and
Agrobacterium tumefaciens mediated callus transformation. Using this system, transgenic plants can be
obtained within �ve months, with a transformation rate of up to 12%. To our knowledge, this was the �rst
report of Agrobacterium-mediated transformation of Hemerocallis plants, providing a practical basis for
the genetic transformation and breeding of this valuable garden plant. Furthermore, gene transformation
provides a powerful tool for studying gene function and gene editing, which will contribute to trait
improvement, functional genomics, and metabolite engineering.
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Figure 1

The formation process of regeneration plant from seed-derived calluses. a-b The seeds are removed from
the inner and outer seed coats and germinated; c callues induced from seed; d callus proliferation; e
differention culture; f-g formation and growth of small shoot near the callus; h plantlets rooting; i
transplanting survival plants; j number of regenerated buds in medium with different concentrations of 6-
BA (mg∙L-1). Bars = 1 cm.
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Figure 2

Infection of callus with Agrobacterium tumefaciens.

Figure 3

Genetic transformation process of Hemerocallis fulva ‘Kanai’. a-c Transformer receptors with a good
growth state; d-f co-culture in medium for 2 days; g-i debacteria were cultured for 5 days; j-l screens were
cultured for 60 days. Bars = 1 cm.
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Figure 4

a Effects of different density of infection solution (OD600); b effect of different concentrations of AS on
the transformation rate; c anti Agrobacterium ability of different concentrations of Timentin; d screening
effect of different concentrations of hygromycin.
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Figure 5

aNon-transformed GUS receptors; b-f Agrobacterium tumefaciensconcentrations OD600 (0.3, 0.4, 0.5, 0.6
and 0.7); g-h PCR detection of the FT and GUS genes putatively transformed Hemerocallis fulva ‘Kanai’
plants. Maker: DL2000 DNA marker; #1-10: putatively transformed Hemerocallis fulva ‘Kanai’ plants
genomic DNA. Bars = 1 cm.


