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Abstract Buffel grass is a fodder grass that reproduces
mainly via apomixis. Using in vitro tissue culture in apo-
mictic species provides alternatives that can be applied in a
breeding program. The aims of this work were to establish
a protocol for in vitro generation of apomictic buffel grass
genotypes using anthers as explants and to evaluate the
genetic stability of regenerated plants via flow cytometry
(FCM). Three genotypes were able to induce embryogenic
calli in Murashige and Skoog (MS) medium supplemented
with 6 mg/l of 2,4-dichlorophenoxyacetic acid. Seedling
regeneration occurred in a MS medium supplemented with
0.5 mg/l napthaleneacetic acid + 1 mg/l 6-benzylaminop-
urin. Seedlings were derived from somatic embryos and the
morphogenic process was induced using the somatic tissue
of the stamens. Induction and regeneration efficiency
depended on the genotype and was affected by date of tiller
collection, different pretreatments or the interaction of
these variables. FCM analyses in in vitro regenerated plants
showed genetic instability in their nuclear DNA content.
Plants with lower nuclear DNA content may indicate DNA
aneuploids (8.6 %), whereas plants that had twice the value
of nuclear DNA content (4.7 %) suggest in vitro polyplo-
idization. This variation observed in apomictic genotypes
provides an opportunity to obtain new variants, which may
then be included as sources of genetic variability in buffel
grass breeding programs.
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Abbreviations

FCM Flow cytometry

2,4-D  2,4-Dichlorophenoxyacetic acid
NAA Napthaleneacetic acid

BAP  6-Benzylaminopurin

MS Murashige and Skoog (1962) medium

BAC Beginning of anther culture

PEC  Proportion of embryogenic calli
NRS  Number of regenerated seedlings
Introduction

Buffel grass [Pennisetum ciliare (L.) Link syn. Cenchrus
ciliaris L.] is a drought-tolerant, summer-growing peren-
nial fodder grass adapted to arid and semiarid regions
worldwide (Hanselka et al. 2004). The species reproduces
primarily by apomixis via apospory followed by pseu-
dogamy (Fisher et al. 1954; Snyder et al. 1955; Jessup et al.
2003). Apomictic plants produce progeny that are identical
to the female parent, providing the opportunity to select an
individual plant and propagate it as clones through seeds
(Hanna and Bashaw 1987). However, conducting a con-
ventional breeding program involving apomictic species is
difficult. The advent of biotechnological techniques has
contributed with useful tools for plant breeding. One of
those tools is in vitro tissue culture, which might be useful
as a source for transformation (Bhat et al. 2001) or because
it promotes somaclonal variation (Larkin and Scowcroft
1981).

Several works with buffel grass have shown successful
in vitro culture establishment using different types of

@ Springer



Plant Cell Tiss Organ Cult

explants, such as inflorescences (Kackar and Shekhawat
1991; Murty et al. 1992), seeds (Ross et al. 1995; Bhat
et al. 2001), mature embryos (Colomba et al. 2006) and
shoot tips (Yadav et al. 2009; Kumar and Bhat 2012).
Somatic embryogenesis is usually the most commonly
observed morphogenic process (Ross et al. 1995; Bhat
et al. 2001; Colomba et al. 2006; Yadav et al. 2009);
however, plant regeneration via multiple-shoot induction
has been recently mentioned (Kumar and Bhat 2012).
Some cultivars have been found to remain recalcitrant to
somatic embryogenesis (Colomba et al. 2006). In addition,
the induction of embryogenic calli and seedling regenera-
tion largely depend on the genotype or the explant (Co-
lomba et al. 2006; Yadav et al. 2009). Because genotype
effects are unavoidable, using explants other than those
mentioned above might be a strategy to improve regener-
ation efficiency or allow the establishment of those geno-
types that do not respond to the in vitro culture.

A possible alternative is to induce somatic embryogen-
esis and further seedling regeneration by using anther
explants. Although in vitro anther culture is usually used to
obtain doubled-haploid plants (Salas et al. 2011; Parra-
Vega et al. 2012), it has also been efficiently used to obtain
somatic-derived plants in several ornamental crops (Niimi
et al. 2001; Chen et al. 2005; Winarto et al. 2011) and
grapevines (Faure et al. 1996; Perrin et al. 2004; Lopez-
Pérez et al. 2005; Leal et al. 2006). Before culture, anthers
are usually subjected to different pretreatments, such as
cold or manitol stress, or their combination, to increase the
number of produced embryos and regenerated plants (Ci-
stué et al. 1999; Kruczkowska et al. 2002; Labbani et al.
2007). To our knowledge, there are no recorded attempts to
regenerate buffel grass using anthers.

In vitro-regenerated plants are known to express varia-
tions from mother plants (Larkin and Scowcroft 1981).
These changes, which are related to genetic stability of
in vitro regenerated plants, might be produced by variations
in DNA content (polyploidy or aneuploidy) or nuclear
DNA structure (point mutations) (Pfosser et al. 1995; Jain
2001; Roux et al. 2003; Clarindo et al. 2008; Currais et al.
2013). In general, the changes observed can be associated
with influencing factors, such as genotype (Tremblay et al.
1999), growth regulators (Lim and Loh 2003; May and
Sink 1995; Jin et al. 2008; Clarindo et al. 2008) or stress
due to the duration of the in vitro culture (Endemann et al.
2001). Many of these variants are usually detected through
phenotypic evaluation (Tremblay et al. 1999; Winarto et al.
2011) but when the changes are not so evident, it becomes
necessary to use other tools for their identification.

In the last decades, measuring nuclear DNA content by
flow cytometry (FCM) has been suggested as an alternative
tool to evaluate genetic stability (Leal et al. 2006; Dolezel
et al. 2007). This technique allows us to detect small and
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large variations in the nuclear DNA content (Pfosser et al.
1995; Roux et al. 2003; Leal et al. 2006; Prado et al. 2010)
and has the advantage of analyzing numerous samples in a
short period (Lysdk and Dolezel 1998; Dolezel et al. 2007).
FCM was used in buffel grass to characterize different
accessions (Burson et al. 2012; Kharrat-Souissi et al.
2012), showing the suitability of this technique to detect
materials with different DNA ploidy levels.

The aims of this work were to provide a protocol for
in vitro regeneration in apomictic genotypes of buffel grass
using anther as explants and to evaluate the genetic sta-
bility of regenerated plants using FCM.

Materials and methods
Plant material

Donor apomictic plants used to obtain anthers were derived
from three genotypes of register numbers (RN): 51, 147
and 158, of the active buffel grass collection from the In-
stituto de Fisiologia y Recursos Genéticos Vegetales of the
Instituto Nacional de Tecnologia Agropecuaria (INTA),
Coérdoba, Argentina.

Anther culture

Plant material was collected early in the morning on Jan-
vary 28, February 15 and March 2, 2010. Anthers con-
taining microspores in the uninucleate stage (Fig. 1a) were
obtained from tillers with spikes at the boot stage, when the
distance between the ligule of the flag leaf and that of the
penultimate leaf was between 1 and 3 cm (Fig. 1b). Leaves
were discarded and spikes were disinfected by immersion
in 70 % ethanol (v/v) for 1 min, then in 10 % commercial
sodium hypochlorite (55 g/l) with three drops of Tween 20,
and 5 drops of 1 N hydrochloric acid for 15 min (100 ml of
solution v/v). Finally, the spikes were rinsed five times
with distilled water under laminar flow chamber. The
anthers were detached from the filament base (Fig. 1c) and
cultivated in an induction medium, which consisted of
basal MS medium (Murashige and Skoog 1962), 3 %
sucrose (p/v) and 6 mg/l 2,4-dichlorophenoxyacetic acid
(2,4-D). The medium was adjusted to a pH of 5.8 and
solidified with agar (7 g/l) before autoclaving for 20 min at
116 °C. For each collection date, 30 anthers (10 flowers)
were cultured in each Petri dish (35 mm), using six repli-
cations. The three anthers from each central flower (fertile
anthecium) were grouped and considered an explant
(Fig. 1c).

The control group consisted of explants cultured on the
same collection date. To promote embryogenic response,
pretreatments were performed: tillers collected on the same
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Fig. 1 Callus development and plant regeneration from anther
in vitro culture in buffel grass. a Transverse section of anther with
uninucleate microspores (scale bar 100 pm). b Tiller with spike at the
boot stage and ¢ anthers at the moment of culture. d Calli during the
induction period 7 days after the beginning of anther culture (BAC).

day as the control group were placed in glass containers,
with their stems immersed in (a) distilled water for 5 and
7 days (H,O5d and H,O7d, respectively), b) in 0.3 M p-
mannitol (Sigma-Aldrich, St. Louis, MO) for 5 and 7 days
(0.3M5d and 0.3M7d, respectively) in the dark at 4 °C.
When pretreatments were finished, the spikes were disin-
fected and the anthers were cultured as previously descri-
bed. The -cultures were maintained in the dark at
25 £ 2 °C, subcultured at 45 days and maintained at the
induction stage for 90 days.

Plant regeneration

Calli were individually transferred to glass tubes with
regeneration medium (MS + 0.5 mg/l napthaleneacetic
acid (NAA) + 1 mg/l 6-benzylaminopurin (BAP) + 3 %
sucrose) 90 days after beginning of anther culture (BAC) in
order to promote germination of the somatic embryos.
They were subcultured every 60 days and maintained in
the same medium for 12 months. Seedlings were trans-
ferred individually to glass tubes with MS medium, 1.5 %

e Non-embryogenic callus and f embryogenic callus at 60 days after
BAC (scale bar 1 mm). g First shoots from embryogenic callus and
h entire seedlings obtained in the regeneration medium. i Plant in
greenhouse after the hardening period

sucrose and 0.5 mg/l NAA (rooting medium) to promote
rooting. Rooting and regeneration media were adjusted to
5.8 pH, solidified with agar (7 g/l) and autoclaved for
20 min at 116 °C. The tubes were placed under controlled
conditions (temperature: 25 &+ 2 °C; photoperiod: 16 h
light and 8 h darkness). Rooted seedlings were transplanted
into 50-ml plastic containers containing soil and vermicu-
lite (1:1) and hardened in a greenhouse (acclimation per-
iod) in a humidity-saturated environment. Then they were
transferred to plastic pots (1 kg capacity) and taken to the
field where they flowered.

Histological observations

Development of somatic embryos into calli was confirmed
by histological sections. Calli of 15 to 20 days of BAC
were fixed in a mixture of ethanol: water: formalin: glacial
acetic acid (FAA, 5: 3.5: 1: 0.5) for 48 h. They were then
placed in 70 % ethanol (v/v). Samples were dehydrated in a
series of ethanol dilutions (70 %, 96 %, 100 % v/v) and
calli were embedded in paraffin using the conventional
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technique of D’Ambrogio de Argiieso (1986). Sections
(10 um) obtained with a rotary microtome (Accu-Cut®
SRM 200 CW) were stained with Safranin and Fast Green
and observed under a light microscope.

Flow cytometry

Nuclear DNA content of the three anther-donor genotypes
and regenerated plants was determined using FCM. The
samples were processed following the protocol in Dolezel
et al. (2007), with modifications. Leaf segments (4—6 cm2)
of buffel grass and of the reference standard [Zea mays CE-
777 (2C = 5.43 pg DNA)] (Lysak and Dolezel 1998) were
chopped all together in 1 ml Otto I buffer (0.1 M citric acid
monohydrate, 0.5 % Tween 20) (Otto 1990). After filtering
the samples through a 30 um mesh sieve, they were cen-
trifuged at 1,500 rpm for 5 min and the supernatant was
removed. Pellets were resuspended in 100 pl Otto 1 buffer
with mild agitation and incubated in cold chamber (4 °C)
for 24 h. Then 1 ml of Otto II buffer (0.4 M Na,HPO,_
12H,0), 50 pg/ml of propidium iodide (Sigma-Aldrich, St.
Louis, MO), 50 pg/ml of RNase (Sigma-Aldrich, St. Louis,
MO) were added and incubated for 10 min at room tem-
perature. Finally, the samples were analyzed in a (CFM)
BD FACSCanto™ 11 (BD Biosciences, San Jose, CA,
USA) flow cytometer.

Genetic stability was determined by comparing nuclear
DNA content of regenerants and anther-donor plants. For
that purpose, 10 regenerated plants were selected from the
control group and from each pretreatment. Fourteen repli-
cates were performed per anther-donor plant and between 4
and 6 replicates per regenerated plants. Plants were selected
on different days by analyzing at least 5,000 nuclei per
sample. Relative nuclear DNA content of plants was
expressed via a DNA index (DI) which considered the ref-
erence standard (DI = 2Cyy¢rei grass/2C2 mays)- Nuclear DNA
content of buffel grass was calculated using the formula:

2C content of buffel grass (pg)
_ Mean position of Gy/G peak of buffel grass

~ Mean position of Gy/G, peak of Z.mays L.
x 5.43

Statistical analysis

The number of embryogenic calli per Petri dish was
determined 90 days after BAC and the proportion relative
to number of cultivated explants (10 explants) was calcu-
lated. The number of seedlings was recorded throughout
the regeneration period (12 months) and was expressed as
the number of regenerated plants per Petri dish.

Two generalized linear models (GLMs) were fitted to
evaluate the efficiency of induction and regeneration as a
function of the proportion of embryogenic calli and
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regenerated plants, using the genotypes as fixed effects.
The variable proportion of embryogenic calli (PEC) was
calculated via a binomial distribution with logit link
function, whereas a Poisson distribution with log link
function was used to calculate the variable number of
regenerated seedlings (NRS). In both cases, means between
genotypes were compared with a Fisher’s a posteriori test
(LSD).

The best tiller collection date and treatment (control or
pretreatments) for each genotype were determined by fit-
ting the same GLMs both for PEC and NRS, with treat-
ment, date of tiller collection and their interaction being
incorporated as fixed effects. In both analyses, differences
for the principal factors and their interactions were evalu-
ated following Di Rienzo, Guzman and Casanoves (DGC)
means comparison test (Di Rienzo et al. 2002).

Genetic stability was analyzed by comparing nuclear
DNA content of each regenerated plant with that of the
anther-donor plant by means of a ¢ test for independent
samples. The P value was adjusted by the Bonferroni
correction because of the high number of contrasts.

Possible effects of genotype, treatment or days under
in vitro conditions (induction—regeneration—rooting) on
the amount of nuclear DNA were determined by fitting a
mixed model to estimate the difference between the
amount of nuclear DNA of each regenerated plant and that
of the anther-donor plant (considering the mean of the 14
measurements of anther-donor plants). The genotypes,
treatments, days in vitro and their interactions (geno-
type * treatment, genotype * days in vitro, treat-
ment * days in vitro, and genotype * treatment * days
in vitro) were considered fixed effects, whereas each plant
was considered random effect. All the analyses were con-
ducted using InfoStat statistical software (Di Rienzo et al.
2012).

Results

The three apomictic genotypes of buffel grass used in this
work were able to induce calli in MS medium supple-
mented with 2,4-D. Callus development started approxi-
mately 7 days after BAC and was manifested by the
swelling of the explant tissues (Fig. 1d). Proembryos were
observed at 15 of BAC and two types of calli were clearly
differentiated after 30 days: non-embryogenic and
embryogenic. Non-embriogenic calli had a friable appear-
ance and were whitish and translucent (Fig. le), whereas
embryogenic calli (Fig. 1f) were compact, white and with
single or multiple undulations (somatic embryos).
Germination of embryogenic calli was observed when
they were placed in the regeneration medium under light
conditions. The somatic embryos first turned green and the
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Fig. 2 Somatic embryogenesis of calli derived from in vitro anther
culture in buffel grass. a Transverse section of an anther at the
moment of culture, showing the pollen sac (P) with uninucleate
microspores (arrow), connective tissue (CN) and wall cells: epidermis
(ep), endodermis (ed), middle lamella (m/) and tapetum (7). b Cell

first shoots appeared on day 20 (Fig. 1g). After 4 weeks,
well-developed seedlings were observed. Subculture per-
formed at 60 days stimulated the development of new
seedlings. This behavior continued for approximately
12 months, with a peak of seedling emergence at § months,

.\ )
g~ Ly

divisions from connective tissue, ¢ wall and d anther filament after
15 days of the beginning of anther culture (BAC). e Section of an
embryogenic callus showing a typical somatic embryo at 20 days
after BAC. f Absence of embryogenic cells in the section of a non-
embriogenic callus. Scale bar 100 pm

and then gradually declining with duration of in vitro
conditions. The NRS was variable, with 1-55 seedlings
being regenerated from a single embryogenic callus
(Fig. 1h). Each regenerated seedling was transplanted to a
pot and hardened under greenhouse conditions (Fig. 11).
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Fig. 3 a Proportion of a 025 - b 12
embryogenic calli (PEC) and 1A ——A
b number of regenerated
seedlings (NRS) from in vitro
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Seedling regeneration occurred only from embryogenic
calli. The histological analysis confirmed that the seedlings
were derived from somatic embryos and that the morpho-
genetic process was induced by the formation of embryos
derived from somatic tissue of the stamens (Fig. 2a).
Accordingly, histological sections showed areas with cel-
lular growth in the connective tissue (Fig. 2b), wall (Fig. 2¢)
and anther filament (Fig. 2d). These areas are composed of
small, compact, isodiametric cells with a high nucleus/
cytoplasm ratio. After 20 days of BAC, sections of
embryogenic calli clearly showed the somatic embryos,
which were composed of a bipolar organization (root and
caulinar apices), leaf primordia and vascular system
(Fig. 2f). On the other hand, friable calli did not produce
somatic embryos nor did they regenerate seedlings (Fig. 2g).

The results of the GLMs showed highly significant
differences among genotypes (P < 0.0001), both for the
proportion of embryogenic calli (PEC) and the number of
regenerated seedlings (NRS). The genotype RN 51 showed
the best response for both variables, followed by RN 147,
with RN 158 being the least efficient genotype (Fig. 3a, b).

The results of the GLMs obtained for the variables PEC and
NRS performed for each genotype showed a significant
interaction (P < 0.05) between tiller collection date * treat-
ment, both for RN 51 and RN 147. By contrast, that interaction
was not significant for either variable in the genotype RN 158
(P > 0.05).

In RN 51, the pretreatments applied to the tillers did not
improve PEC efficiency; however, those pretreatments were
beneficial for NRS on the first date of tiller collection (Table 1).

In RN 147, the efficiency of PEC was increased with the
application of mannitol pretreatment on the first tiller
collection date (Table 1). In addition, pretreatments pro-
moted a higher number of regenerated seedlings both on
the first and second collection dates (Table 1).

In RN 158, PEC and NRS showed highly significant
differences (P < 0.0001) in collection date, with favorable
responses being observed only on the first date.
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Pretreatments differed from one another (P < 0.05) but not
from the control. Considering all of the tiller collection
dates and treatments performed, this genotype produced 14
embryogenic calli and 14 regenerated plants, reason for
which the results were not included in Table 1.

The FCM analysis yielded histograms with four peaks, two
representing relative DNA content of buffel grass and two
representing the DNA content of Z. mays L. (Fig. 4). The
dominant peaks correspond to nuclei in Gy/G; phases, whereas
the lowest peaks correspond to nuclei in G, phase of the cell
cycle. The absence of peak overlap indicates that the internal
standard was adequate. Likewise, the coefficients of variation
(CVs) inthe Go/G; phase were low. The CV for Z. mays L. was
2.15 £ 0.55 (n = 432), whereas for buffel grass the values
were 2.55 +£0.76 (n=207) for RN 51, 2.60 £ 047
(n = 225) for RN 147 and 2.74 4+ 0.46 (n = 6) for RN 158.
The CVs are important for the FMC analysis because they
reveal quality parameters, with values below 3 % generally
being considered acceptable (Marie and Brown 1993).

The mean DNA index (DI) value estimated was 0.7103 for
RN 51, 0.7083 for RN 147 and 0.8504 for RN 158. These
indices were then used to calculate nuclear DNA content (2C
value) for each genotype. Mean nuclear DNA content was
3.8568 pgfor RN 51,3.8462 pgtfor RN 147 and 4.6527 pg for
RN 158. These values might indicate genotypes with different
ploidy levels (Burson et al. 2012; Kharrat-Souissi et al. 2012).
Therefore, complementary studies, such as chromosome
counting, are being conducted at our laboratory.

Table 2 shows nuclear DNA content of 93 in vitro
regenerated plants derived from genotypes RN 51 and RN
147. Only three plants subjected to the 7-day water pre-
treatment applied to RN 51 survived in the field and were
analyzed. None of the plants regenerated from genotype
RN 158 survived in the field.

The results of the ¢ test for independent samples per-
formed to determine genetic stability showed significant
differences (P < 0.001) among nuclear DNA values
(Table 2). Seven different plants were identified by the
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Table 1 Proportion of embryogenic calli (PEC) and number of regenerated seedlings (NRS) obtained from in vitro anther culture in two
apomictic genotypes of buffel grass as a function of tiller collection date (TCD) and treatment (Treat.)

TCD Treat. Days RN 51 RN 147
PEC NRS PEC NRS
Mean SE Mean SE Mean SE Mean SE
1 Control 0.11 0.04 B 4.63 0.76 C 0.07 0.03 B 1.29 043 C
Water 5 0.22 0.05B 18.33 1.75 A 0.13 0.04 B 9.17 1.24 B
Mannitol (0.3 M) 5 0.23 0.05 B 4.5 0.87 C 0.18 0.05 A 10.33 1.31B
Water 7 0.2 0.06 B 8.8 133 B 0.1 0.04 B 1.67 0.53 C
Mannitol (0.3 M) 7 0.13 0.04 B 14.83 1.57 A 0.2 0.06 A 8.6 1.31B
2 Control 0.44 0.06 A 20.71 1.72 A 0.21 0.05 A 6.38 0.89 B
Water 5 0.25 0.06 B 17.33 1.7 A 0.28 0.06 A 14.33 1.55 A
Mannitol (0.3 M) 5 0.3 0.06 A 19 1.78 A 0.37 0.06 A 17 1.68 A
Water 7 0.12 0.04 B 4.83 09 C 0.22 0.05 A 15.5 1.61 A
Mannitol 7 0.35 0.06 A 10.5 1.32 B 0.18 0.05 A 12.17 142 A
3 Control 0.36 0.05 A 17.75 149 A 0.17 0.05 A 8.43 1.1 B
Water 5 0.18 0.05 B 5.83 0.99 C 0.08 0.04 B 0.33 0.24 C
Mannitol (0.3 M) 5 0.2 0.05 B 3.17 0.73 C 0.07 0.03 B 0.00 0.00 C
Water 7 0.13 0.04 B 0.83 0.37D 0.12 0.04 B 1.67 0.53 C
Mannitol (0.3 M) 7 0.15 0.05 B 4.83 09 C 0.03 0.02 B 0.00 0.00 C

Means with different letters within each column are significantly different (P < 0.05)

comparisons made in genotype RN 51 (43), with five having
alower DNA content and two having a higher one (Table 2).
In the five plants with lower nuclear DNA content, the range
of variation in 2C content was between 3.7291 pg and
3.7959 pg, representing 3.31-1.6 % of variation of the
anther-donor plant, respectively. In the two plants with
higher nuclear DNA content (Table 2), 2C values repre-
sented approximately double of the cytotype from which
they were derived. The comparisons made in the plants
regenerated from genotype RN 147 (50) did not show an
increase in nuclear DNA content; however, three plants with
lower content were detected (Table 2). The percentage of
variation of nuclear DNA content of these plants with respect
to the genotype of origin was between 3.16 and 2.62 %.
The model analyzing the influence of the genotype, treat-
ments or days in vitro on the amount of nuclear DNA show no
significant effect for any of the principal factors [genotype
(P = 0.4993), treatment (P = 0.5082), days in vitro
(P =0.4051)] or for any of their interactions [treat-
ments * days in vitro (P = 0.1926), treatment * genotype
(P = 0.2203), genotype * days in vitro (P = 0.3884) and
genotype * treatments * days in vitro (P = 0.2203)].

Discussion
A protocol for whole plant regeneration via somatic

embryogenesis was fine-tuned using anthers with uninu-
cleate microspores as explants in three apomictic

genotypes of buffel grass. The somatic embryos were
induced in MS medium (Murashige and Skoog 1962)
supplemented with 2,4-D, as previously performed in
mature embryos and inflorescences (Kackar and Shekhawat
1991; Colomba et al. 2006; Yadav et al. 2009). The
somatic embryos showed size and shape characteristics
similar to those observed for the species (Yadav et al.
2009). Likewise, these embryos germinated when exposed
to light in a medium with low auxin and cytokinin con-
centrations (Colomba et al. 2006). Therefore, anthers can
be used as an alternative explant to mature embryos,
inflorescences, seeds (Ross et al. 1995; Bhat et al. 2001)
and apical shoots (Yadav et al. 2009; Kumar and Bhat
2012), for regenerating plants in buffel grass tissue culture.

Histological sections showed that somatic cells of
anthers produced somatic embryos. Indeed, the great toti-
potency of these cells to induce somatic embryogenesis is
well known (Perrin et al. 2004; Chen et al. 2005; Rodrigues
et al. 2005; Salas et al. 2011). For example, histological
sections showed proembryos derived from a cell mass that
proliferated from the connective tissue and filament, as
described in V. vinifera (Faure et al. 1996; Perrin et al.
2004). The cells of the anther wall have also been men-
tioned as responsible for initiating the morphogenetic
process (Niimi et al. 2001; Chen et al. 2005; Rodrigues
et al. 2005; Parra-Vega et al. 2012). The sections analyzed
also exhibited strong cellular divisions near the endothe-
cium, suggesting the involvement of this cell layer in the
process. On the other hand, no induced microspores were
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Fig. 4 Histograms of relative fluorescence intensity obtained with
the simultaneous analysis of isolated nuclei of leaves of buffel grass
and Zea mays CE-777 (2C = 5.43 pg DNA) as a reference standard.
Genotypes a RN 51, b RN 147 and ¢ RN 158. Peaks I and 2
correspond to nuclei in the Go/G; phase of buffel grass (/) and of Zea
mays (2), whereas peaks 3 and 4 correspond to nuclei in the G2 phase
of buffel grass (3) and of Zea mays (4)

observed, which is in agreement with studies conducted in
V. vinifera (Faure et al. 1996) in that that microspores are
reabsorbed or degenerated and do not participate in embryo
formation. Therefore, these observations clearly show that
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embryogenic calli, and consequently regenerated plants,
are of somatic origin.

The results obtained indicate that, under the same
experimental conditions, the three apomictic genotypes of
buffel grass responded to in vitro anther culture, but dif-
fered in their efficiency both for embryogenic callus
induction and plant regeneration. These observations
would confirm the genotype effect on in vitro culture in this
species, because the same responses were observed when
mature embryos or inflorescences were used as explant
(Colomba et al. 2006; Yadav et al. 2009).

The greatest responses of embryogenic callus induction
were observed in the genotype RN 51 (44 %) and were
similar to those reported in buffel grass by Ross et al. (1995)
for seeds (30 %) and by Yadav et al. (2009) for inflores-
cences (33.6 %). These results are different from those
reported by Colomba et al. (2006), who obtained 83 %
induction using mature embryo, but a lower number of
regenerated plants than the values we found using anther
explant. Considering that those authors used the same
genotype and induction conditions (Colomba et al. 2006) as
in this work, the differences observed may be due to the
explant used. Accordingly, taking into account the greater
totipotency of the young tissues of inflorescences (Benkirane
etal. 2000; Vikrant and Rashid 2002; Jha et al. 2009) and that
buffel grass has a positive correlation between the number of
somatic embryos formed and the number of regenerated
plants (Colomba et al. 2006), anthers are likely to induce a
higher number of somatic embryos per embryogenic callus
than the other explants. Another explanation might be a
greater germination of somatic embryos formed due to auxin
concentration included at the regeneration stage (Lambé
et al. 1999), because Colomba et al. (2006) used 0.1 mg/l
NAA versus the 0.5 mg/l used in this work.

The information obtained in this work suggests that the
pretreatments applied to tillers promote embryogenic
competition of somatic cells on some tiller collection dates.
The stimulus was similar to that observed in the in vitro
anther culture for obtaining doubled-haploids (Cistué et al.
1999; Kruczkowska et al. 2002). The use of 0.3 M man-
nitol at 4 °C during 5 or 7 days improved the embryogenic
response in PI 147 (first collection date), as mentioned for
microspore culture in wheat (Labbani et al. 2007). In
addition, in RN 147 (first and second collection date) and
RN 51 (first collection date), pretreatment induced a higher
number of regenerated seedlings. Thus, pretreatment effect
would be related to the induction period, when the different
stresses applied to anthers are likely to generate a higher
number of somatic embryos per induced embryogenic
callus (Kruczkowska et al. 2002).

Another similarity observed with the use of in vitro
anther culture for obtaining doubled-haploids is that tiller
collection date affected the response to induction and
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Table 2 2C nuclear DNA determined by flow cytometry of plants regenerated by in vitro anther culture from two apomictic genotypes of buffel
grass

RN 51 RN 147
Plant T 2C (pg) n CV = SD Plant T 2C (pg) n CV = SD
PL1 Control 3.8192 6 247 £ 0.34 PL1 Control 3.7882 4 3.15 £ 0.44
P1.2 Control 3.8239 4 232 £ 048 P1.2 Control 3.8222 4 2.89 £ 0.31
P1.3 Control 3.8307 4 1.84 + 0.85 P13 Control 3.8068 4 221 £ 0.31
PlL4 Control 3.8526 4 292 £ 0.17 PL4 Control 3.8357 4 3.01 £0.27
PL5 Control 3.8020 4 2.73 £ 0.15 PL5 Control 3.8325 4 2.89 £+ 0.06
P1.6 Control 3.7322% 6 2.03 +£0.21 PL6 Control 3.8337 4 2.10 £+ 0.10
PL7 Control 3.7625* 6 2.39 £ 0.19 PL7 Control 3.8509 4 2.44 £+ 041
PL8 Control 3.8226 4 1.84 + 1.00 PL8 Control 3.8229 4 2.18 +£0.23
PL9 Control 3.7948 4 2773 £0.24 PL9 Control 3.8159 4 3.00 £ 0.20
PL10 Control 3.8208 4 3.00 £0.23 PL10 Control 3.8282 4 290 £ 0.12
P11 H,05d 3.8096 4 290 £ 0.15 PlL.1 H,05d 3.8557 4 2.99 £+ 0.31
P12 H,05d 3.8159 4 1.75 + 0.79 P1.2 H,05d 3.8094 4 2.11 £ 0.45
P1.3 H,05d 3.8425 4 1.93 + 0.99 P13 H,05d 3.8004 4 229 +£0.25
P14 H,05d 3.7291* 6 1.94 + 0.19 PL4 H,05d 3.8289 4 2.57 £ 0.09
PL5 H,05d 3.8092 6 2.62 £ 0.09 PL5 H,05d 3.8273 4 224 £0.32
PL.6 H,05d 3.7322% 6 224 £0.23 PL6 H,05d 3.8619 4 3.14 £ 0.56
P17 H,05d 3.8615 4 2.46 £+ 0.33 PL7 H,05d 3.8250 4 2.84 £ 0.42
P1.8 H,05d 3.8107 4 290 £+ 0.11 P18 H,05d 3.8494 4 2.57 £ 0.05
P19 H,05d 3.8074 4 3.00 £ 0.18 PL9 H,05d 3.8124 4 2.63 £ 0.16
PL10 H,05d 3.7984 4 2.90 £+ 0.09 PL10 H,05d 3.8563 4 271 £ 0.18
Pl.1 0.3M5d 7.3995% 6 1.69 + 0.25 PL1 0.3M5d 3.8232 4 2.62 +0.22
P12 0.3M5d 7.3770% 7 1.87 £ 0.23 P1.2 0.3M5d 3.8304 4 2.64 £+ 0.08
PL3 0.3M5d 3.8223 4 3.38 £ 0.64 PL3 0.3M5d 3.8344 4 2.79 £ 0.08
PL4 0.3M5d 3.7225 4 3.60 £ 0.75 PL4 0.3M5d 3.8306 4 228 £0.21
PL5 0.3M5d 3.8029 4 3.50 £ 0.53 PL5 0.3M5d 3.7984 4 2.94 £+ 0.64
P16 0.3M5d 3.8062 4 3.34 £ 0.47 PL6 0.3M5d 3.8225 4 2.77 £ 0.10
P1.7 0.3M5d 3.8274 4 3.43 £ 0.61 P17 0.3M5d 3.8251 4 2.25 £ 0.05
P1.8 0.3M5d 3.8139 4 1.80 &+ 0.31 P18 0.3M5d 3.8164 4 222 +£0.10
P19 0.3M5d 3.7536* 6 1.78 + 0.19 P19 0.3M5d 3.8205 4 2.74 £ 0.28
PL10 0.3M5d 3.8277 4 237 £0.32 PL.10 0.3M5d 3.8199 4 2.18 £0.13
PL1 H,07d 3.8417 4 3.17 £ 0.20 PL1 H,07d 3.8294 4 2.85 £0.17
P1.2 H,07d 3.8130 4 294 £ 0.16 P1.2 H,07d 3.8049 4 1.89 £ 0.24
P1.3 H,07d 3.8166 4 3.09 £ 0.30 P13 H,07d 3.8001 4 2.39 £+ 0.48
PL1 0.3M7d 3.8139 4 1.69 + 1.09 PL4 H,07d 3.8155 4 2.05 + 0.04
P1.2 0.3M7d 3.8242 4 3.09 + 0.34 PL5 H,07d 3.8636 3 2.57 £ 0.42
P1.3 0.3M7d 3.7888 4 2.56 + 0.08 PL6 H,07d 3.8394 4 3.22 +£0.20
PL4 0.3M7d 3.8329 4 2.09 £+ 0.46 PL7 H,07d 3.7420% 6 3.20 £ 0.14
P15 0.3M7d 3.8595 4 2.28 +£0.38 PL8 H,07d 3.7457%* 6 3.00 £ 0.14
PL.6 0.3M7d 3.8528 4 2.93 £ 0.09 PL9 H,07d 3.8184 4 291 £0.10
P17 0.3M7d 3.8256 4 2.59 £ 0.24 PL10 H,07d 3.8139 4 290 £ 0.13
P1.8 0.3M7d 3.8103 4 2.60 £+ 0.26 PlL.1 0.3M7d 3.7884 4 3.05 £ 0.74
P1.9 0.3M7d 3.8304 4 2.53 +£0.17 P1.2 0.3M7d 3.8363 4 2.37 £ 0.56
PL.10 0.3M7d 3.8437 4 3.04 £ 0.27 P13 0.3M7d 3.8071 4 292 +0.38
PL4 0.3M7d 3.8812 4 1.96 + 0.10
PL5 0.3M7d 3.8390 4 2,12 £0.25
PL6 0.3M7d 3.7246%* 6 2.84 £0.14
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Table 2 continued

RN 51 RN 147

Plant T 2C (pg) n CV £ SD Plant T 2C (pg) n CV £ SD
P17 0.3M7d 3.8432 4 2.03 £ 0.15
P18 0.3M7d 3.8475 6 2.50 £ 0.25
P19 0.3M7d 3.8339 4 2.44 £+ 0.50
PL10 0.3M7d 3.8388 4 2.11 £ 0.28

The 2C value is the mean number of times that the sample was analyzed (n) and is expressed in picograms (pg), which were obtained by
analyzing the whole set of isolated nuclei of buffel grass and Zea mays CE-777 (2C = 5.43 pg DNA) as a reference standard

* Significant differences in 2C content between the in vitro regenerated plant and the anther-donor plant

The CV mean and standard deviation (CV £ SD) of the fluorescence intensity of the nuclei in the Go/G, phase of buffel grass is provided.
(T) Control + pretreatments: distilled water for 5 and 7 days, (H,O5d and H,O7d, respectively), and 0.3 M Mannitol for 5 and 7 days (0.3M5d

and 0.3M7d, respectively)

regeneration. In RN 158, the first tillers exhibited a better
embryogenic response, whereas the best responses for RN
51 and RN 147 (without pretreatment application) were
obtained when the plants reached full flowering (second
and third collection date). This behavior may be related to
physiological conditions of the donor plant, since they are
known to influence embryogenic response (Dunwell 1976,
Takahata et al. 1991). Ercan et al. (2006) suggested that,
for in vitro anther culture, inflorescences from plants that
are under the best development states should be collected.
Hence, because Cenchrus spp. have different growth pat-
terns (Hanselka et al. 2004) and the embryogenic response
depends on the genotype, RN 158 is likely to reach the
maximum embryogenic potential on earlier dates, whereas
this phenomenon may happen on later dates for RN 51 or
RN 147. This behavior would facilitate the harvest of
inflorescences on different dates during the growing sea-
son, which would allow us to obtain the maximum
embryogenic potential for each genotype.

FCM analyses performed in in vitro regenerated plants
revealed variations in nuclear DNA content. These results
suggest genetic instability in some plants regenerated via
somatic embryogenesis. The detection of plants with lower
nuclear DNA content values suggests the existence of DNA
aneuploid plants (Jin et al. 2008). This assumption is based
on the fact that many of the changes that can be detected by
FCM are associated with variations in the number of
chromosomes (Clarindo et al. 2008; Currais et al. 2013).
Here we detected decreases in nuclear DNA content in
regenerated plants with respect to anther donor plants in
RN 51 (3.31-1.6 %) and RN 147 (3.16-2.6 %). These
variations might be enough to indicate the complete or
partial loss of a chromosome (Pfosser et al. 1995; Roux
et al. 2003).

Furthermore, FCM studies allowed us to detect plants
with values of nearly twice the nuclear DNA content,
suggesting a possible in vitro polyploidization (Barow and
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Jovtchev 2007). The increase in DNA ploidy level is a
variation frequently observed during somatic embryogen-
esis; however, it is difficult to attribute this phenomenon to
a single factor (May and Sink 1995; Tremblay et al. 1999;
Endemann et al. 2001; Lim and Loh 2003; Clarindo et al.
2008; Jin et al. 2008). In the present study, the increase in
nuclear DNA content was observed only in two RN 51
plants derived from tillers whose stems had been immersed
in mannitol for 5 days, but this phenomenon was not
detected in plants of the remaining pretreatments. The
percentage of polyploidization was 4.7 % of all plants
analyzed, which is consistent with polyploidization values
found via somatic embryogenesis for other species (Ku-
balakova et al. 1996; Endemann et al. 2001; Leal et al.
2006; Prado et al. 2010). Hence, because there was no
significant effect in the modification of nuclear DNA
content with respect to pretreatment, we consider that the
stresses applied to tillers might not be responsible for
polyploidization.

While genotype or days in vitro are factors that favor the
frequency of appearance of DNA polyploid plants or even
DNA aneuploids (Tremblay et al. 1999; Endemann et al.
2001; Currais et al. 2013), we did not find an association
with any of these factors or with the pretreatments ana-
lyzed. Therefore, the changes observed in nuclear DNA
content might be caused by the effect of growth regulators
used in the culture media. We consider that synthetic auxin
2,4-D might be involved, because it was found to be a
factor favoring changes in the genome of in vitro regen-
erated plants (May and Sink 1995; Jin et al. 2008; Clarindo
et al. 2008). Additional assays would be useful to confirm
the possible role of 2,4-D as a factor promoting the vari-
ations observed, as well as NAA or BAP, which were also
mentioned as possible mutagenic agents (Lim and Loh
2003; Mishiba et al. 2006; Barow and Jovtchev 2007).

This work demonstrates the capacity of anthers of the
three buffel grass apomictic genotypes to regenerate plants
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via somatic embryogenesis, suggesting the potential of this
explant type for use in genotypes of this species. An
important aspect to consider is the percentage of regener-
ated plants that express variations with respect to the
genotype of origin, which were easily detected by FCM. In
buffel grass apomictic genotypes, somaclonal variation
would provide an opportunity to obtain new genotypes that
might be included as sources of genetic variability in
breeding programs. Works are being conducted focusing
on regenerated RN 51 plants that exhibited lowest nuclear
DNA content.
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