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Abstract: Sansevieria Thunb. species are traditionally known as succulent ornamental plants world-
wide. They are also cultivated for medicinal, fodder, soil conservation and fiber uses, and for their
capacity to reduce environmental pollution. Sansevieria sexual propagation is limited by the lack of
viable seeds, and reproduction is largely made via vegetative propagation by suckers or cuttings.
For these reasons, genetic improvement by conventional breeding is limited. To overcome this
problem and to address the increasing demand from customers for novel Sansevieria varieties, many
commercial companies regularly use in vitro propagation, as is the case in the breeding process
of several ornamental plants. In this paper, for the first time, we report a procedure for in vitro
somatic embryogenesis and plant regeneration starting from three flower explants for seven different
Sansevieria genotypes. Regeneration was attempted using stigmas/styles, anther/filament, and ovary
which were cultured on a Murashige and Skoog solidified medium under three different plant growth
regulator combinations. A good regeneration rate was obtained with all genotypes used under all
culture conditions tested from every explant type, with percentages ranging from 0 to 73.3%. “Genetic
stability” assessment of regenerated plants in respect to their mother plants was verified through
flow cytometry analysis showing a high degree of uniformity, with only S. parva exhibiting a different
level of DNA fluorescence among in vitro regenerated plants. This is an interesting achievement in
the aim to produce true-to-type plants and new variants with desirable characteristics, both of which
are desired features in ornamentals improvement.

Keywords: floral explants; in vitro culture; regenerated plants; somaclonal variability; flow DNA ploidy

1. Introduction

Sansevieria Thumb. is a genus of succulent plants with approximately 90 distinct
species identified [1], originally found in tropical central Africa and drier parts of eastern
and southern Africa [2]. Sansevieria plants are cultivated for medicinal, fodder, soil conser-
vation and fiber uses [3]. Recently it has been reported that Sansevieria plants have also
a high capacity to reduce environmental pollution produced by gases and heavy metals
thanks to the ability to absorb hazardous pollutants such as VOCs and CO2 emissions [4,5].
Unquestionably, Sansevieria species are much better known as ornamental plants [6,7].
Sansevierias are liked for their shape, patterns and colors of leaves which varies from dark
green, pale green, grayish green or a combination of green and white or yellow with several
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patterns of the lamina [8]. After the “green wave” in the 70’s, Sansevierias sales decreased
but in recent years, the market has expanded and consumer demand has increased leading
to an increase in the culture of Sansevieria. Nevertheless, intensive culture could not fulfil
the demand due to the slow growing manner of plant propagation. Usually, Sansevierias
are propagated by suckers and leaf cuttings but both methods need a great amount of
starting plant material and a long period of time to produce a competitive number of new
specimens [8]. Moreover, sexual propagation is limited by inviable seeds [9]. Due to these
reasons, genetic improvement by conventional breeding is limited. Mass propagation
through in vitro procedures has been investigated as a solution to address the increasing
commercial demand. Recently, direct and indirect organogenesis from leaf explants have
been reported for S. trifasciata and S. masoniana [3,10–12]. Here we report for the first time,
to the best of our knowledge, a technique for plant regeneration starting from flower
explants. These kinds of explants have been used to regenerate several crops, such as
citrus [13], grapevine [14], caper [15] and fennel [16], with clear advantages since flower
explants are easy to sterilize, due to the almost complete absence of contamination of their
inner tissues. Further benefits of using of young floral tissues are inherent in the wide
availability of young explants, which positively influence the regeneration potential [17,18]
and in the preservation of the mother plants’ integrity (non-destructive procedure).

Ornamental plants are economically important for the horticulture industry and the
growth of the sector depends on the creation of new cultivars with commercially attractive
features [19]. Plant breeding studies are the main method to improve ornamental plants,
and plant tissue culture is the tool used in both fundamental research and commercial
applications. As tissue culture technologies sometimes can produce genetic variability,
regenerants could bear new interesting features for the ornamental plants industry. For this
reason, the exploitation of somaclonal variability has become part of the usual breeding
activity of many commercial enterprises. Several ornamental cultivars derived from tissue
culture via somaclonal variation have been described ([20] and further references are here
reported). In this paper, we report for the first time a technique for plant regeneration
starting from flower explants for seven different genotypes of Sansevieria. To detect the
genetic fidelity of regenerated plants, flow cytometric analysis was performed.

2. Materials and Methods
2.1. Plant Material

Flowers used in this work were collected from seven different genotypes of
Sansevieria: S. concinna N.E.Br. (S-CNR-014; Figure 1(A1,A2)), S. fasciata Cornu ex Gérôme &
Labroy, × forskaoliana (Schult.f.) Hepper & J.R.I. Wood (S-CNR-074; Figure 1(B1,B2)),
S. forskaoliana (Schult.f.) Hepper & J.R.I.Wood (S-CNR-036; Figure 1(C1,C2)), S. ellip-
tica (Chiovenda) Cudofontis (S-CNR-103; Figure 1(D1,D2)), S. parva N.E.Br. (S-CNR-054;
Figure 1(E1,E2)), S. pearsonii N.E.Br. (S-CNR-058; Figure 1(F1,F2)) and S. caulescens N.E.Br.
(S-CNR-088; Figure 1(G1,G2)). All specimens utilized in the present study come from
the former UK National Collection of Sansevierias recognized by the Royal Horticultural
Society and held by Alan Butler, Brookside Nursery. Other information about area of origin
and accession names are reported in Table S1. The plant material was collected from the
germplasm repository for perennial plants at the Institute of Biosciences and BioResources
of the National Research Council of Italy (CNR-IBBR) located in Collesano Palermo, Italy
(38◦ N, 14◦ E). Three different floral explants (stigmas/styles (Sti/Sty), anther/filament
(Ant/Fil), and ovary (Ov)) used for culture initiation were dissected from flowers harvested
15 days before anthesis. Whole flowers were rinsed with tap water, surface sterilized by
immersion for 1 min in 70% ethanol, 7 min in 2% (w/v) sodium hypochlorite, followed by
three 5 min rinses in sterile distilled water. With the aid of a stereo-microscope, the flowers
were cut under sterile conditions, and Ov, Ant/Fil and Sti/Sty explants (Figure 2A) were
excised from the flowers and plated as single explants under 3 different culture conditions
in contact with the medium.
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Figure 2. Plant regeneration in Sansevieria through somatic embryogenesis. (A) Sansevieria flower 
collected before opening and cut open under sterile conditions. From left to right: whole flower; 
flower with two petals removed; flower with all petals removed and stigma/style (Sti/Sty) and ovary 
(Ov) emphasized; anther and filament (Ant/Fil) explants dissected from Sansevieria flowers collected 
before opening (bar = 4 mm); (B) Creamy-white callus from the Sti/Sty explants (S-CNR-054) 90 days 
after culture initiation (bar = 1.5 cm); (C) Somatic embryos (S-CNR-054) generated after 120 days of 
culture initiation at the surface of anther explant-derived callus (bar = 2.5 mm); (D) Somatic embryos 
(S-CNR-103) generated after 150 days of culture at the surface of Ov explant-derived callus (bar = 2 
mm); (E) Somatic embryos (S-CNR-103) generated after 200 days of culture initiation at the surface 
of Sti/Sty explant-derived callus (bar = 1.5 mm); (F) Plant (S-CNR-036) derived from germinated 
somatic embryos growing in Magenta jars for 150 days on MS medium (bar = 2.5 cm); (G,H) Somatic 
embryo-derived plant of S-CNR-074 transferred to sterilized soil and incubated in a growth cham-
ber, respectively 14 and 60 days after acclimatization (bar = 3 cm); (I) Regenerated plants after two 
months of growth under greenhouse conditions (bar = 10 cm). 
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flower with two petals removed; flower with all petals removed and stigma/style (Sti/Sty) and ovary
(Ov) emphasized; anther and filament (Ant/Fil) explants dissected from Sansevieria flowers collected
before opening (bar = 4 mm); (B) Creamy-white callus from the Sti/Sty explants (S-CNR-054) 90 days
after culture initiation (bar = 1.5 cm); (C) Somatic embryos (S-CNR-054) generated after 120 days
of culture initiation at the surface of anther explant-derived callus (bar = 2.5 mm); (D) Somatic
embryos (S-CNR-103) generated after 150 days of culture at the surface of Ov explant-derived callus
(bar = 2 mm); (E) Somatic embryos (S-CNR-103) generated after 200 days of culture initiation at
the surface of Sti/Sty explant-derived callus (bar = 1.5 mm); (F) Plant (S-CNR-036) derived from
germinated somatic embryos growing in Magenta jars for 150 days on MS medium (bar = 2.5 cm);
(G,H) Somatic embryo-derived plant of S-CNR-074 transferred to sterilized soil and incubated in
a growth chamber, respectively 14 and 60 days after acclimatization (bar = 3 cm); (I) Regenerated
plants after two months of growth under greenhouse conditions (bar = 10 cm).

2.2. Media and Culture Conditions

Explants were cultured on Murashige and Skoog [21] solidified (6 g L−1 Plantagar)
medium (MS) supplemented with 88 mM sucrose as carbon source under three different
plant growth regulator (PGR) combinations: (1) T4 medium, 5 µM N-(2-chloro-4-pyridyl)-
N-phenylurea (4-CPPU) + 5 µM 2,4-dichlorophenoxy acetic acid (2,4-D); (2) T5 medium,
20 µM β-naphthoxyacetic acid (NOA) + 4 µM 1-phenyl-3-(1,2,3-thiadiazol-5-yl) urea (TDZ);
and (3) T16 medium, 10 µM NOA + 4.4 µM N6-benzylaminopurine (BA). The pH of the
media was adjusted to 5.7–5.8 with 1 N NaOH before autoclaving. All chemicals were
purchased from Duchefa Biochemie, The Netherlands. Explants were incubated in a climatic
chamber at 25 ± 1 ◦C with a 16 h photoperiod (40 µmol m−2s−1 at shelf level, provided by
Osram Cool White18 W fluorescent lamps) and subcultured in the same culture medium
at 60 d intervals until embryogenic callus was produced (Figure 2B). Usually embryogenic
callus was produced after two transfers. Among the explants initially incubated on culture
medium, only those showing embryonic response were transferred to basal MS-medium
deprived of PGRs, supplemented with 88 mM sucrose and cultured for four more weeks
under the same culture conditions described above, to allow embryo proliferation and
development (Figure 2C,D). Embryogenic calli were individually transferred to Petri dishes
containing 20 mL of basal solid MS medium deprived of PGRs and incubated under the same
light and temperature conditions as described above, to allow further growth (Figure 2E).

2.3. Embryo Germination, Plant Development and Acclimatization

Individual somatic embryos were isolated from callus and germination was attempted
in Magenta vessels (Figure 2F) containing hormone free MS solidified medium (7 g/L
plantagar, Duchefa) supplemented with 88 mM sucrose as carbon source. Magenta vessels
were maintained in a climate chamber at 25 ± 1C under the same culture conditions as
described above. Embryos were considered as germinated when there was root extension.
Plantlets, 2–4 cm tall and with well-developed roots were collected and washed with tap
water in order to remove the medium before being transplanted individually into plastic
pots 70 mm × 70 mm containing sterile soil. The potted plants, covered with transparent
polyethylene bags to maintain temperature and high humidity (Figure 2G), were placed in
a climate chamber at 25 ± 1 ◦C under a 16 h day length and a photosynthetic photon flux of
50 µmol m−2s−1 provided by Osram cool-white 18 W fluorescent lamps. After 20–30 days
plantlets were exposed to gradual reduction of humidity obtained by gradually perforating
the polyethylene bags (Figure 2H) and after 40 days plants were transferred outdoors under
natural daylight conditions (Figure 2I). The survival rates were recorded after 2 months.

2.4. Flow Cytometry Analysis

The analyzed plant material consisted of seven different Sansevieria genotypes (mother
plants: MP) and 16 in vitro regenerated plants (regenerants: R) (Table 1) obtained from
different explant types under different culture conditions.
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Table 1. The table summarizes the relationship between Sansevieria’s genotypes used, the number
of the accession, the ratio between the G1 peak of regenerants (R) and corresponding mother plant
(MP), the type of explant and the regeneration medium used.

Genotype Accession ID G1R/G1MP Explant Type Regeneration
Medium

S. concinna S-CNR-014/MP - -
S-CNR-014/1 1 Ov T5

S. fasciata × forskaoliana S-CNR-074/MP - -
S-CNR-074/1 1 Ov T4
S-CNR-074/2 1 Ov T4
S-CNR-074/3 1 Ov T4

S. forskaoliana S-CNR-036/MP - -
S-CNR-036/1 1 Ant/Fil T5
S-CNR-036/2 1 Ant/Fil T5
S-CNR-036/3 1 Ov T5

S. elliptica S-CNR-103/MP - -
S-CNR-103/1 1 Ov T16
S-CNR-103/2 1 Sti/Sty T5
S-CNR-103/3 1 Sti/Sty T5

S. parva S-CNR-054/MP
S-CNR-054/1 0,6 Sti/Sty T16
S-CNR-054/2 0,6 Ov T16

S. pearsonii S-CNR-058/MP
S-CNR-058/1 1 Ant/Fil T16
S-CNR-058/2 1 Ant/Fil T16
S-CNR-058/3 1 Sti/Sty T16

S. caulescens S-CNR-088/MP - -
S-CNR-088/1 1 Sti/Sty T16

Flow Cytometry was carried on Sansevieria nuclei in suspension obtained from 2–4 mg
leaf tissue, which was homogenized into 200 µL of LB01 extraction buffer [22] and stained
with DAPI (4,6-diamidino-2-phenylindole) at the final concentration of 2 µg/mL.

To obtain the nuclei suspensions, mechanical disruption was performed for 12 s at
9500 rpm with a Mini-Turrax T8 with a S10N-5G generator (IKA, Staufen, Germany).
Samples were filtered through a 36 µm nylon mesh and their integrity and concentration
were preliminarily determined on a Nikon Eclipse TE2000-S epifluorescence microscope
(Nikon Corp., Tokyo, Japan).

All analyses were run on a CytoFLEX S flow analyzer (Beckman Coulter Flow Cytome-
try, Milan, Italy), using as internal reference standard (IRS) 2.5 µm polystyrene microspheres
(Alignflow Beads for UV lasers cod. A16502, ThermoFisher, Milan, Italy) to monitor instru-
ment stability and ensuring a true experimental comparison. Genetic stability analysis was
estimated as fluorescence DNA emission on 5000 DAPI stained nuclei/sample, excited by a
violet laser (ext 405 nm) with a main DAPI fluorescence emission collected at 450/45 nm. In
order to prevent staining instability and ensure reliable measurements, all samples were
diluted to get a similar concentration of nuclei and a constant number of standard beads (an
amount of 10% of beads was added after a preliminary FCM check done sample by sample).

DNA fluorescence histograms were acquired and processed using CytExpert
software v. 2.3 (Beckman Coulter Flow Cytometry, Milan, Italy) and the Internal syn-
thetic Reference Standard fluorescence peak (IRS) was carefully set at the same channel
value for all acquisitions (Figure 3). The IRS CV was of 3.04 ± 0.05% through all the
experiments and its mean fluorescence peak was set at channel 210,436.4 ± 0.25% (on a
basis of 16.8 × 106 instrumental channels resolution).
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that contains reference beads to allow histogram comparison among several nuclei isolations from 
Sansevieria individuals. The G1 region shows basic DNA content for each sample; the use of color 
coding refers to MP and their Rs per line/species. In the abscissa for DAPI fluorescent emission 
(arbitrary units) captured by a 450–45 band pass filter after violet laser excitation is shown. The 
panels show: (A) S. concinna S-CNR-014, (B) S. forskaoliana S-CNR-036, (C) S. parva S-CNR-054, (D) 
S. pearsonii S-CNR-058, (E) S. fasciata × forskaoliana S-CNR-074, (F). S. caulescens S-CNR-088, (G) S. 
elliptica S-CNR-103. 

The relative stability in DAPI-DNA fluorescence level, which is correlated to the nu-
clear DNA amount for each mother plant and its regenerants, was calculated on cell cycle 

Figure 3. FCM analysis of genetic stability of Sansevieria spp. mother plant (MP) and their regenerants.
DAPI DNA fluorescence histogram overlapping among MP and respective regenerants are presented.
Fluorescence histograms of DAPI stained nuclei in suspension show an IRS (STD) region that contains
reference beads to allow histogram comparison among several nuclei isolations from Sansevieria
individuals. The G1 region shows basic DNA content for each sample; the use of color coding
refers to MP and their Rs per line/species. In the abscissa for DAPI fluorescent emission (arbitrary
units) captured by a 450–45 band pass filter after violet laser excitation is shown. The panels show:
(A) S. concinna S-CNR-014, (B) S. forskaoliana S-CNR-036, (C) S. parva S-CNR-054, (D) S. pearsonii S-CNR-
058, (E) S. fasciata × forskaoliana S-CNR-074, (F). S. caulescens S-CNR-088, (G) S. elliptica S-CNR-103.
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The relative stability in DAPI-DNA fluorescence level, which is correlated to the
nuclear DNA amount for each mother plant and its regenerants, was calculated on cell
cycle histograms and defined in relation to the ratio: G1 mean peak position of its Rs /G1
mean peak position of MP (Table 1).

2.5. Data Analyses

All experiments were carried out in a randomized complete block design. Each
treatment comprised ten replicates. Five explants each for stigma/style and ovary, and
thirty explants for anther/filament were used per Petri plate representing a replicate,
making a total of 8400 explants in the experiment. The number of embryogenic explants
was recorded after 6 months from culture initiation.

Embryo germination data were collected 2 months from the incubation of somatic
embryos on PGR-free medium. Effects of genotype, PGR combination and type of explant
on percentages of embryogenic explants, and percentages of embryo germination were
tested by ANOVA (p ≤ 0.05) and the differences among means were tested by Tukey’s test.
Prior to analysis, percentage data were arcsin-square root transformed. Statistical analysis
was performed using SigmaStat 3.5 for Windows.

3. Results
3.1. Plant Regeneration

Callus formation was observed after 60 days from the beginning of the culture under
all the PGR combinations tested. Regeneration was obtained from all genotypes with
differences according to explant type and medium used. Embryos arose from callus after
4–5 months from culture initiation (Figure 2C,D; Figure 4). Table 2 reports the embryogenic
response after 6 months from the culture initiation. The percentages of success varied
greatly (0–73.3%) depending on genotypes, explants and PGR combinations. Differences
were observed among genotypes in the efficiency of embryogenesis. Percentage of em-
bryogenic explants of the different cultivars calculated across the media and explant types,
ranged between 9.7 and 31.1% (Table 3). The capacity of producing new individuals was
greater in S. parva (31.1%) and in S. forskaoliana (28.9%) even if all genotypes produced
somatic embryos at remarkable percentages (Table 3). Somatic embryogenesis occurred
under all the PGR combinations tested but with significant differences in the response of
explants and cultivars according to the PGR combination used. The percentage of embryo-
genic explants, calculated across the genotypes and explant types ranged between 8.8 and
19.1% (T4 and T16 media, respectively) (Table 4). The best response was obtained with the
T16 (19.1%). T5 medium was slightly less effective than T16 while T4 was significantly
less effective with the lowest embryogenic potential of 8.8% (Table 4). In our experimental
conditions the explant type plays an important role in embryogenic response. When calcu-
lated across the cultivars and PGR combinations, the response of different explants tested
ranged between 4.08% for style/stigma and 13.75% for anthers/filament, respectively
(Table 3). When embryos produced roots, germination was considered to have occurred.
About 90% of explants germinated and developed into plantlets when transferred onto MS
basal medium. Plantlets reached about 10 cm in height in about 60 days (Figure 2F); these
well-developed plantlets were transferred into plastic pots 70 × 70 × 100 mm containing
sterile soil and covered with a polythene bag to maintain humidity (Figure 2G). After about
30 days, plantlets were transferred to the greenhouse and exposed to natural daylight
conditions at 22/27 ◦C, night/day. In order to reduce humidity levels holes of increasing
size were made in the polyethylene bags. When plantlets were transferred into greenhouse
conditions, the percentage of acclimatized plants was about 80%.
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Table 2. Embryogenic response of seven Sansevieria genotypes using three explant types and three PGR combinations. Data were collected 6 months after culture
initiation and each treatment comprised 300 explants for Ant/Fil and 50 explants for Ov and Sti/Sty. Means + SE, values followed by the same letter are not
significantly different at p ≤ 0.05 level (Tukey’s test).

PGR Combinations

5 µM CPPU + 5 µM 2,4-D
(T4)

20 µM NOA + 4 µM TDZ
(T5)

10 µM NOA + 4.4 µM BA
(T16)

Ov Sti/Sty Ant/Fil Ov Sti/Sty Ant/Fil Ov Sti/Sty Ant/Fil

Genotype Accessions ID Embryogenic Explants (%)

S. concinna S-CNR-014 0 0 16 ± 7.5 d 40 ± 6.3 c 0 0 12 ± 4.9 d,e 0 0

S. fasciata ×
forskaoliana S-CNR-074 16.8 ± 7.5 d,e 4 ± 1.9 e 16 ± 7.5 d,e 100 a 60 ± 17 b 8 ± 4.9 d,e 0 0 0

S. forskaoliana S-CNR-036 40 ± 6.3 c 0 60 ± 14.1b 40 ± 6.3 c 0 44 ± 4 c 0 0 0

S. elliptica S-CNR-103 0 0 0 0 60 ± 14 b 10 ± 1.1 d 20 ± 2.3 d 0 30 ± 10 c,d

S. parva S-CNR-054 20 ± 8.9 d 0 25 ± 5 d 0 24 ± 11.6 d 32 ± 18.5 c 0 6.7 ± 0.4 e 0

S. pearsonii S-CNR-058 0 0 6.7 ± 1.5 e 20 ± 11.5 d 33.3 ± 6.7 c 0 10 ± 1.8 e 70 ± 10 b 40 ± 3 c

S. caulescens S-CNR-088 24 ± 4 d 30 ± 5.7 c 25 ± 5 d 73.3 ± 6.7 b 40 ± 11.6 c 35 ± 5 c 20 ± 6.3 d 5 ± 1.2 e 0
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Means ± SE, in each column values followed by the same letter are not significantly different at p ≤ 
0.05 level (Tukey’s test). 

Media 
Embryogenic  
Response (%) 

Explant type 
Embryogenic  
Response (%) 

T4  8.8 + 0.1 b Ov 11.5 + 0.6 b 
T5  18.8 + 0.2 a Sti/Sty 4.1 + 0.4 c 

T16  19.1 + 0.5 a Ant/Fil 13.8 + 0.3 a 

3.2. Flow Cytometric Analyses 
The Sansevieria species used for cytofluorimetric analysis consist of fresh leaves of 

adult regenerated plants on which homogenization was demonstrated to be effective in 
disrupting tissues to release nuclei in suspension. LB01 extraction buffer proved to be su-
perior for the isolation of Sansevieria nuclei in suspension in respect to other buffers we 
have tested such as Otto and Catalano buffers [23,24]; LB01 gave a larger number of nuclei 
per mg of tissue with a stronger fluorescent emission (Supplemental Figure S1). 

Regenerated plants’ clones were compared to their MP to verify “genetic stability” in 
term of similar levels of DNA fluorescence emission, which is correlated to DNA content. 
In Figure 3, overlapping of histogram of MP and respective Rs are shown. 

Figure 4. Somatic embryos appeared after 4 months of culture. Somatic embryo (S-CNR-103)
generated from Ov explant-derived callus (bar = 1 mm).

Table 3. Genotype specificity of the embryogenic response in different Sansevieria genotypes. Percent-
ages of embryogenic explants of seven Sansevieria varieties. Data were collected 6 months after the
beginning of the experiment; each treatment comprises 1200 explants. Means ± SE, values followed
by the same letter are not significantly different at p ≤ 0.05 level (Tukey’s test).

Genotype Accession ID Embryogenic Explants (%)

S. concinna S-CNR-014 13.3 ± 0.3 c

S. fasciata × forskaoliana S-CNR-074 18.5 ± 1.1 b

S. forskaoliana S-CNR-036 28.9 ± 0.5 a

S. elliptica S-CNR-103 9.7 ± 0.7 d

S. parva S-CNR-054 31.1 ± 0.6 a

S. pearsonii S-CNR-058 20 ± 1.1 b

S. caulescens S-CNR-088 27.2 ± 0.5 a

Table 4. Effect of three PGR combinations (T4, T5, T16) and three explant types (Ov, Sti/Sty, Ant/Fil)
on embryogenic response. Data were collected 6 months after the beginning of the experiment.
Means ± SE, in each column values followed by the same letter are not significantly different at
p ≤ 0.05 level (Tukey’s test).

Media Embryogenic
Response (%) Explant type Embryogenic

Response (%)

T4 8.8 + 0.1 b Ov 11.5 + 0.6 b

T5 18.8 + 0.2 a Sti/Sty 4.1 + 0.4 c

T16 19.1 + 0.5 a Ant/Fil 13.8 + 0.3 a

3.2. Flow Cytometric Analyses

The Sansevieria species used for cytofluorimetric analysis consist of fresh leaves of
adult regenerated plants on which homogenization was demonstrated to be effective in
disrupting tissues to release nuclei in suspension. LB01 extraction buffer proved to be
superior for the isolation of Sansevieria nuclei in suspension in respect to other buffers we
have tested such as Otto and Catalano buffers [23,24]; LB01 gave a larger number of nuclei
per mg of tissue with a stronger fluorescent emission (Supplemental Figure S1).

Regenerated plants’ clones were compared to their MP to verify “genetic stability” in
term of similar levels of DNA fluorescence emission, which is correlated to DNA content.
In Figure 3, overlapping of histogram of MP and respective Rs are shown.
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Sansevieria explants were characterized by a variable effectiveness of the isolation
procedure in terms of nuclei release and debris amount. To generate effective DNA flu-
orescence histograms, debris and other contaminating particles were removed using the
analytical tools from CytExpert software (Supplemental Figure S2).

It was observed that on six of the seven groups of different genotypes analyzed,
(1) S-CNR-014: Mother Plant, Regenerant 1; 2) S-CNR-074: Mother Plant, Regenerants
1, 2, 3; 3) S-CNR-036: Mother Plant, Regenerants 1, 2, 3; 4) S-CNR-103: Mother Plant,
Regenerants 1, 2, 3; 5) S-CNR-058: Mother Plant, Regenerants-1, 2, 3; 6) S-CNR-088:
Mother Plant, Regenerant 1), the alignment of the position of the respective IRS makes the
histograms superimposable, demonstrating homogeneity in DNA fluorescence emission
from regenerants in respect to their mother plant, independently from explant type used
and culture conditions (Figure 3 and Table 1).

S-CNR-054/1 and CNR-054/2 instead, exhibited a fluorescence content of the G1 peak
lower than that of the mother plant (Figure 3C).

Comparison within MPs histograms (inferable from Figure 3) showed differences in
DNA fluorescence intensity, which is not surprising considering that MPs are from different
species of Sansevieria (Table 1)

4. Discussion

Ornamental plants play a significant role in the human environment. They are in-
tentionally grown for decoration in a variety of places, including gardens, floriculture
plantations, specialised garden collections, open land and indoors. Since ancient times,
humans have been lured by ornamental plants and this trend is increasing year by year.
Ornamental plants possess important attributes that influence the buying decision and for
this reason the ornamental plant industry is under constant pressure from customers for
novel varieties with new intriguing traits [25].

In order to fulfil market needs, it is necessary to develop a genetic improvement
program oriented to consumers’ demands and aimed at the discovery of commercially
attractive plants competitive with the ones currently available [19]. Nowadays, many
commercial companies regularly use in vitro-biotechnology in the breeding process of
ornamental plants.

In vitro regeneration starting from flower explants is a well-documented procedure
with high regenerative potential used for several species [13,26–30] but so far, never de-
scribed, to the best of our knowledge, for Sansevieria. The inflorescence of Sansevieria is
a many-flowered raceme and the flowers are stalkless, white, cream-colored or greenish
white to pale mauve. A single inflorescence gives dozens of flowers and one single in-
florescence gives hundreds of explants with limited or no effects for the plant. A good
regeneration rate was obtained with all genotypes used under all culture conditions tested
from every explant type. Nevertheless, regeneration potential is influenced from several
factors as reported also for other species [14,31,32]. The best combination of genotype,
medium and explant in terms of regeneration rate was ovary of S. fasciata × S. forskaoliana
(S-CNR-074) cultured in T5 medium. All rooted plants obtained after transfer under ex
vitro conditions are of good quality and fully functional.

In vitro tissue culture is a rapid method for production and commercialization of
valuable species, and it is of most relevance to ensure a true-to-type regeneration to as-
suring a final product uniformity. However, it is well known that in vitro tissue culture
can generate somaclonal variations [33] when cells are forced to a certain differentiation
pathway. Among the most influential factors in inducing somaclonal variation are the
PGRs. It is well known that, among others, 2,4-D and TDZ have disrupting action causing
abnormalities in somatic embryos [34] even if, in our experimental procedure, modifica-
tions have been obtained with NOA and BA, as reported also for grapevine [24]. The
most important modification consists of changes in chromosome number, generating poly-
ploids or aneuploids [35]. Somaclonal variation is somehow uncontrollable, but in some
situations, it could be a valuable source of variability in order to generate and select new
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genotypes while it is a disadvantage if the goal is the preservation of elite genotypes and
their micropropagation [36]. Among the several methods to study the genetic stability
of regenerants during plant tissue culture [37], flow cytometry, more than the long and
laborious cytogenetic methodologies, represents a precise and fast method to identify
changes in ploidy and DNA content of a species, thus measuring the genetic variability and
somaclonal variation in various species [38–40]. Flow cytometry measures fluorescence
intensity of nuclei DNA stained with DNA specific fluorochromes, and for DNA ploidy and
nuclei content identification the use of a known internal standard is recommended [41]. In
the present study the ploidy level of the Sansevieria mother plants is not defined; therefore,
the analyses tend to evaluate the relative genetic stability in terms of DNA fluorescence
variations of the nuclei extracted from plant materials in our particular growth conditions.
In particular, our experiments entailed the comparison among MP and their Rs to assess the
fluorescence emission, which is related to nuclei DNA amount. The present analysis aims
to highlight any variations witnessed in the potential genetic instability of Sansevieria’s spp.
clones, regenerated from several types of explants, grown in different culture media.

The greater variation in DNA amount has been observed in plants regenerated from S-
CNR-054; both regenerants in fact showed a different level of DNA fluorescence compared
to MP, probably due to the in vitro culture conditions, while a high degree of uniformity
has been observed among other Sansevieria lines. In contrast, comparison within mother
plants showed differences in relative DNA fluorescence, and this is not surprising since they
belong to several species. Few indications are given in the literature regarding the DNA
content in Sansevieria spp. [42,43]. Additional studies are needed to better characterize
the group of regenerants belonging to S. parva species (group MP S-CNR-054) by flow
cytometric analysis of the absolute DNA content, using the appropriate internal biological
reference standard with a known DNA amount. A more precise response regarding
inner variability could be achieved also by classic cytogenetic studies on metaphases
spreads of regenerants compared to S. parva, known to have a chromosome complement of
2n = 40 [44].

The presence of genetic variability in regenerated plants of S. parva is an interesting
aspect from the perspective of producing new variants for commercial purposes. Neverthe-
less, the high degree of uniformity in DNA relative content, verified in the other samples,
validates the regeneration system starting from floral explants. These results are in agree-
ment with those reported for other species [14,15,35,45] about stability of regenerated
plants.

We can conclude that the fast assessment of the flow DNA content stability of in vitro
regenerated plants is essential both for valuation of true-to-type clones to be used for
production of homogeneous plants and for selection of individuals bearing genetically
stable variations, useful in the improvement of ornamental plants.

Supplementary Materials: The following supporting information can be downloaded at:
https://www.mdpi.com/article/10.3390/horticulturae9020138/s1, Figure S1: Flow cytometry eval-
uation of three extraction buffers for Sansevieria nuclei isolation in suspension from 2 mg leaf tis-
sue. Figure S2: An example of “clearing up” FCM analysis from debris and unnecessary particles.
Table S1: List of seven Sansevieria genotypes used for the regeneration of somatic embryos in vitro.
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Supplementary Table S1. List of seven Sansevieria accessions used for the regeneration of somatic embryos in vitro. 

 

Figure S1: Flow cytometry evaluation of three extraction buffers for Sansevieria nuclei isolation in suspension from 2 mg 

leaf tissue. A synthetic standard (STD) was added to samples to secure instrumental efficiency. In panel A), B) and C) are 

presented histograms after leaf nuclei isolation with Otto buffer, Catalano buffer and LB01 buffer, respectively. LB01 

outperformed other buffers in terms of nuclei yield and staining strenght, as visible in C).  

 

 

Figure S2: An example of “clearing up” FCM analysis from debris and unnecessary particles. In panel A) a cell cycle 

analysis has shown were STD refers to polystyrene beads supplemented to a suspension of leaf nuclei (see M&M). A large 

background of low intensity signals show up in the left side down of the histogram, interfering with data analysis. In B) a 

dot plot of DNA fluorescence vrs particle “shape” has shown. This data representation clearly indicates several sub-

populations in the sample, allowing to phase out debris and other remnants not useful for DNA fluorescence evaluation. 

In panel C) a more defined DNA histogram is presented after selecting a proper Region of Interest (e.g.P3). The a sharp 

STD fluorescence peak ensure for a perfect performance of the flow cytometer.  

 

 

Species Accessions ID Accession name Area of origin 

Sansevieria concinna S-CNR-014 Sansevieria concinna Mozambique 

Sansevieria fasciata x forskaoliana S-CNR-074 Sansevieria hybrid USA 

Sansevieria forskaoliana S-CNR-036 Sansevieria forskaoliana South Yemen 

Sansevieria elliptica S-CNR-103 Sansevieria elliptica Kenya 

Sansevieria parva S-CNR-054 Sansevieria parva Kenya 

Sansevieria pearsonii S-CNR-058 Sansevieria pearsonii Southern Africa 

Sansevieria caulescens S-CNR-088 Sansevieria  caulescens Kenya 
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