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Abstract

In this study, three loquat cultivars (Eriobotrya japonica L.) cultivars viz. ‘Longquanl’, ‘Dawuxing’ and ‘Zaozhong6’ were
selected for in vitro anther culture. To improve the induction rate of microspore-derived callus, different pretreatments and
carbohydrates were evaluated. Results showed that cold pretreatment significantly enhanced callus formation from anther
microspores compared to other pretreatments. The average callus induction rate was 61.11% out of 450 anthers with cold
pretreatment. The inoculation density of anthers had no significant effect on the survival of anthers and callus induction, but
contacted faces of the anther brought different influence on the callus induction. Sucrose was more advantageous for
embryonic callus induction than glucose. The capacity of dedifferentiation and calli derived from anther wall were seriously
inhibited by the increased concentrations of sucrose. Media with more than 5% sucrose ensured most of calli to originate from
microspores and inhibited anther wall to form calli. However, glucose failed to inhibit anther-wall-derived callus. Under the
optimal concentration of sucrose the callus induction rate of ‘Zaozhong6’anthers was the highest (74%), followed by
‘Longquan 1'(50.67%), and was the lowest in ‘Dawuxing' (29.33%). Histological observations manifested great differences
between the embryogenic and non-embryonic calli. The embryonic cells were arranged compactly with a larger karyoplasm
and thick cytoplasm, and showed a vigorous division. The development of loquat anther embryos was similar with zygotic
embryo, through the globular, the heart-shaped, the torpedo and the cotyledonary embryos stages. Between the heart-shaped
and the torpedo-shaped stage, vascular tissue initially formed. At the torpedo stage, the V-shaped vascular bundle appeared.
Then at the cotyledonary stage, the V-shaped vascular bundle was clearly observed. © 2018 Friends Science Publishers
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them efficient in vitro protocols to induce anther
embryogenesis have been reported (Bueno et al., 2005). In

Introduction

Biotechnological methods are well known as efficient
tools for obtaining new variability, which can improve
the efficiency and increase breeding speed. Anther
culture, originally developed by Guha and Maheshwari
(1964) allowed rapid production of haploids, and
subsequently chromosome doubling could lead to
completely homozygous diploid plants (Bajaj, 1990).
Compared with conventional inbreeding, the in vitro
androgenesis technique enables a faster generation of
virtually fully homozygous lines (Aulinger et al., 2003).
Nowadays this technique has been used for more than 250
species, belonging to 100 genera and more than 40 families,
but most of them are herbs, such as cabbage (Cilingir et al.,
2017), wheat and rice (Eshaghi et al., 2015; Naik et al.,
2016). Compared with herbs, many woody plants are
heterozygous and rather recalcitrant, thus only a few of

fruit crops, anther culture has been successfully applied in
Eriobotrya japonica L., Citrus madurensis L., Musa
balbisiana Colla, Poncirus trifoliata L., Annona squamosa
L. and Carica papaya L. However, all of them were not
stone fruit species.

Anther culture is popularly used to produce haploid,
but sometimes plants regenerated from cultured anthers
show changes in chromosome numbers and get
polyploidization. That is because there are a number of
factors that affect androgenesis, including plant age,
genotype and physiological state of the donor plant, anther
age and pollen developmental stage, pre-culture treatment,
physical factor including temperature, light, atmospheric
condition, anther density, orientation, pH and chemical
factor such as culture medium, sugar and plant growth
regulator (Tyankova and Zagorska, 2008).
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Pretreatment is a key point in the system of
microspore embryo formation. Stress pretreatments is
usually applied to the isolated microspores, which must be
obtained from buds, spikes and whole explants with strong
viability (Wirschum et al., 2014). That is because stress
pretreatment  could  switch  isolated  microspores
development from the gametophytic pollen pathway to a
sporophytic pathway (Touraev et al., 1997). So far, a variety
of stress pretreatment, such as cold shock (Moraes et al.,
2004), heat shock (Abdollahi et al., 2005, Eshaghi et al.,
2015), carbon source (Yadollahi et al., 2011), nitrogen
starvation (Cimo et al., 2017), salt (Liu et al., 2016), and
colchicine (Mohammadi et al., 2011), had been proved to
bring effect on microspore embryogenesis induction. For
many plant species with anther culture, cold pretreatment
was very effective to induce embryogenesis callus
(Maheshwari, 1996).

Loquat (Eriobotrya japonica L.), originated in China
(Zhang et al., 1990) is a widely grown fruit and ornamental
tree in subtropical and Mediterranean climatic area.
Nowadays more than 300 Loquat varieties are cultivated in
China. However, due to the large loquat seed, the thin flesh
and the low edible rate, it is imperative to cultivate small-
core, low-nuclear or non-nuclear loquat varieties.
Conventional methods were difficult to achieve the seedless
loquat varieties. Haploid plants are good breeding materials,
and triploid plants can produce seedless fruits. But anther
culture in vitro has been limited and insufficient for the
recalcitrance of loquat. Germana et al. (2006) established a
protocol for the formation of multicellular pollen only. In
our former researches, we built a complete technique system
for androgenesis, plant regeneration and haploid production
from anther culture in loquat for the first time (Li et al.,
2008). However, the callus induced rate was from 3.33% to
10.00% with 14% diploids regenerants (Li et al., 2008).
Moreover, later researches were focused on the recognition
of the best pollinizers (Sharafi et al., 2011) and the
exploration of the various levels of growth regulators in the
anther culture medium (Blasco et al., 2015). Thus, the aim
of the present work was to adjust the pretreatment methods
and carbohydrates to improve the calli induction rate and
ensure microspore derived calli from the cultured anthers.

Materials and Methods
Plant Material and Pretreatment

The buds (0.3-0.8 mm diameter) of three six years old
healthy loquat cultivars (Eriobotrya japonica L) . cv.
‘Longquanl’, cv. ‘Dawuxing’, cv. ‘Zaozhong6’ were
obtained from Ya’an City, Sichuan Province, China, which
were used for in vitro anther culture. The buds were washed
under running tap water and pretreated with cold shock (4°C
for 24-240 h), hot shock (35°C for 6 h), osmoticum (0.7%
PEG800 for 24 h), and centrifugation (2000 r/min for 12 h).
Scraped off the thick floss on the sepal, and the buds were
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sterilized by immersion in 70% (v/v) ethanol for 30 sec
followed by immersion in 0.5% (w/v) mercuric chloride
solution for 8 min and rinsed 5-6 times with sterile distilled
water. Finally, the petals were removed and dissected.
Quickly removed the filament, incomplete and abnormal
anthers were discarded. The anthers were randomly picked
out for the microscopic examination.

Anther Density and Inoculation Method

The number of anthers per Erlenmeyer flask was varied by
culturing 5, 10, 15 or 20 anthers, five replicates for each
anther density were carried out. Anthers were contacted
with medium by front face (Fig. 1A), back face (Fig. 1B)
and side faces. The explants were observed and subcultured
at four weeks interval. All experiments were conducted at
25°C in the darkness.

Carbohydrates and Concentrations on Callus Induction
Media

After 48 h of cold shock, MS medium containing different
carbohydrates (sucrose and glucose; 3, 5, 7 and 9%),
supplemented with 6-BA at 2.0 mg/L, 2,4-D at 0.50
mg/L and solidified with 0.6% (w/v) agar were used for
callus induction. After 4 weeks culture, embryogenic
callus was transferred to differentiation MS medium
containing ZT at 0.05 mg/L, NAA at 0.01 mg/L and IBA
0.02 mg/L. The pH was always adjusted to 5.5 before
autoclaving (121°C/20 min).

Histological Observations

The anther culture sometimes showed changes in
chromosome numbers and gets polyploidization.
Histological studies were used to confirm callus origination.
Cultured anthers and callus were collected at one week
interval and fixed in FAA (70% ethanol:formalin:acetic
acid, 18:1:1 v/iviv), rinsed, dehydrated from 50% to 90%
ethanol, Ehrlich's hematoxylin stained (Ehrlich, 1886) for 2
days (until it becomes a deep purple red) and embedded in
paraffin wax (56-58°C) using classical techniques(Li, 1987).
Sections (10 pm thick) were cut using a rotary microtome,
and deparaffinized in 2-3 changes of xylene, hydrated in 2
changes of 100% ethanol for 3 min each, 95% and 80%
ethanol for 1 min each, then rinsed in distilled water. At last,
the sections were observed under a light microscope and
photographed by a digital camera (Motic BA200).

Statistical Analysis and Collection of Picture

Pictures of buds, anthers and callus were from Motic
stereoscopic microscope. Histological character of callus
was observed under Motic BM200. All data were
statistically analyzed using Duncan’s multiple range tests
implemented in SPSS (ver.11.0).
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Results

Effect of Pretreatment on Callus Induction in Loquat
Cultivars

As shown in Table 1, no calli were formed without
pretreatment, while pretreatment was the key factor to
restrict callus formation. Calli showed more significant
responsiveness (61.11%/450) to cold pretreatment than
others for callus formation. The browning rate of callus was
increased with the extended time of cold pretreatment.
When the cold pretreatment time was longer than 7 day
(168 h), all the anthers became brown in the next week and
died in 3 weeks later. In addition, average 15.78% of 189
anthers pretreated with hot shock formed callus. Less calli
formation was observed with osmoticum and centrifugation
pretreatment. Above all, 48 h of cold shock was the best
pretreatment for loquat anther callus induction.

Effect of Anther Density and Inoculation Mode on
Callus Induction

The results showed that the inoculation density of anthers
had no significant effect on the survival of anthers and
callus induction, but contacted faces of the anther
brought different influence on the callus induction. The
callus induction was from high to low as follows: anther
front contact medium > anther back contact medium >
anther lateral contact medium. The time of callus
induction was shortest from anther front contacted
medium. But in the later culture, the callus from anther
front contacted medium grew lower than which was
from anther back contacted medium.

Effect of Carbohydrates and Concentrations on Callus
Induction

The callus induction rate of ‘Zaozhong6’ anthers was the
highest (74.00%), followed by 'Longquan 1' (50.67%), and
'‘Dawuxing' lowest (29.33%), which was obviously higher
than callus induction rates (3.33% -10.00%) as previously
reported. The loquat cultivars showed a consistent effect
of different carbohydrates and their concentrations on
callus formed (Table 2). Anthers inoculated on induction
medium supplemented with sucrose became light brown
in 2-3 days, and then light yellow callus began to form in
5-10 days. Kinds of calli with different textures were
observed as follows: crisp callus from medium
supplemented with 3% sucrose (Fig. 1C), soft callus from
5% sucrose (Fig. 1D), delicate callus from 7% sucrose (Fig.
1E), compact callus from 9% sucrose (Fig. 1F). In addition,
high concentration of sucrose showed a capacity of
inhibiting redifferentiation from anther wall. Such as on the
medium added 3% sucrose, both anther wall and
microspores formed the callus simultaneously. However, on
the medium added with 5% sucrose, most of the calli were
from microspores and grew fast, which partially inhibited
anther wall to develop into callus (arrows in Fig. 1C).

Table 1: Effects of different pretreatments on callus
induction from anthers after 4 weeks culture

Pretreatment Callus from anther
cv. ‘Longquanl’ cv. ‘Dawuxing’ cv. ‘Zaozhong6’
No. % No. % No. %
CK (no pretreatment) 0 od 0 od 0 od
Hot shock 72 1400b 45 1500b 72 1833b
Cold shock 169 56.33a 159 53.00a 222 74.00a
Osmoticum 15 5.00c 40 1333bc 20 6.67c
Centrifugation 14  467c 22 7.33c 23 767c
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Results are means + standard deviations (SD). Values followed by letter
are significantly different at P<0.05 according to Duncan’s tests

Fig. 1: A. The front of the loquat anther; B. The back of the
loquat anther; C. Callus derived from anther wall and
microspores (MS containing 0.5 mg-L™* 2,4-D and 3%
sucrose) after 3 week of culture (the arrowhead indicated
the anther wall) ; D. Callus derived mainly from
microspores (MS containing 0.5mg-L™* 2,4-D and 5%
sucrose); E. Callus induction from cultured anther (MS
containing 0.5mg-L™ 2,4-D and 7% sucrose) after 3 week
of culture (the arrowhead indicated the anther wall); F:
Callus induction from cultured anther (MS containing
0.5mg-L™* 2,4-D and 9% sucrose) after 3 week of culture
(the arrowhead indicated the anther wall)

On the medium added with 7% sucrose, callus derived
from anther wall was restricted completely (arrows in
Fig. 1D), then the inhibited anther wall became brown.
When the sucrose concentration was higher than 7%,
both the anther wall and microspores callus formation
was inhibited, which became brown later on. A white
callus was observed on the medium with glucose in 14-
17 days (taking a longer time than sucrose).
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Table 2: The effects of different carbohydrates and concentrations on callus induction of anthers after 4 weeks culture

Carbohydrate (%) No. of anthers Days of callus

Anthe

rs forming calli Origin of callus  Callus characteristics

cultured formation cv. ‘Longquanl’  cv. ‘Dawuxing’  cv. ‘Zaozhong6’
No. % No % No. %

Not added 300 0 oc 0 0 0 0D
Sucrose (3) 300 5—7 116  38.67AB 60 20.00ab 201 69.00A += granular
Sucrose (5) 300 5—7 152  50.67 A 74 24.67ab 236 73.67TA + soft
Sucrose (7) 300 5—7 151  50.33A 54  1800ab 224 7400A + delicate
Sucrose (9) 300 7—10 104  3467AB 44 1467b 212 70.67A + compact
Glucose (3) 300 14—17 80 26.67B 72 24.00ab 69 23.00C += granular
Glucose (5) 300 14—17 108 36.00AB 83 29.33a 139 4633B += soft
Glucose (7) 300 14—17 121 40.33AB 72  27.33ab 216 7200A += soft
Glucose (9) 300 14—17 95 3167AB 69  2300ab 43 1433C += soft

Results are means + standard deviations (SD). Values followed by letter are significantly different at P<0.05 or P<0.01 according to Duncan’s tests. ** +:

microspore; + =: anther wall and microspore

The callus induction rate decreased with an increased
glucose concentration, while the callus structure became
denser. However, different concentrations of glucose failed
to inhibit anther-wall-derived callus (Table 2).

Histological and Investigations of Induced Calli

In our research, the differences between non-embryonic
callus and embryogenic callus were observed. The
embryonic cells (Fig. 2A) were arranged compactly with a
larger karyoplasm and thick cytoplasm, showed a vigorous
division than non-embryonic cells (Fig. 2B). Moreover,
embryonic cells volume was smaller than the non-
embryonic cells, and its shape was more regular. Some of
embryonic cells could be observed with 1-2 nucleoli. If the
filaments were not completely removed, calli were
originated from both micropores and filaments, which could
result in diploid regenerants (Fig. 2C). It was also confirmed
that callus from anther walls formation was not inhibited on
the medium containing glucose. Most of calli were
originated from microspores on the medium with 5%
sucrose (Fig. 2D). After transferring for 12-14 days on
differentiation culture, a series of smooth-surface
multicellular proembryos were formed (Fig. 3A, B, C and
D). After 18-21 days of culture, the multicellular
proembryos further developed the globular embryo (Fig.
4A). A cluster of globular embryos (Fig. 4B and C) were
observed after 25-28 days; and eventually formed a cluster
of cotyledonary embryos (Fig. 4D). Histological studies
revealed the development of embryogenic callus: globular
embryos (Fig. 3E(1)), heart-shaped embryos (Fig. 3E(2)),
torpedo-shaped embryos (Fig. 3G), and cotyledonary
embryos (Fig. 3H). Between the heart-shaped and the
torpedo-shaped stage, vascular tissue was initially formed
(arrow in Fig. 3F). Then at the torpedo stage, the V-shaped
vascular bundle appeared (arrow in Fig. 3G). At the
cotyledonary stage, the V-shaped vascular bundle was
clearly observed (arrow in Fig. 3H).

Discussion

In our study, it was observed that no callus formed without
any pretreatment, which was proved that stress pretreatment
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Fig. 2: A. Embryogenic cell (1000x); B. Non-embryogenic
callus (1000x); C. calli derived from microspores and
filament ((D:anther wall; (2):calli derived from
microspores; (3): callused derived form filament, 100x); D.
Origination of anther derived callus ((1): anther wall; (2):
vascular bundle; (3): The opening of anther; (4): calli of
microspores origination, 100x)

was an indispensable protocol for loquat anther
embryogenesis induction. In this research, cold shock for 2
days was achieved with a highest frequency of callus
induction from anther microspores. Sato et al. (2002), Gu et
al. (2004) figured out that cold pretreatment for 2-4 days
initiated the most microspore embryogenesis than any other
treatment used. However, the mechanism of beneficial
effect on anther microspore embryogenesis by cold
pretreatment is not clear. It is speculated that cold
pretreatment delays anther senescence to ensure prolonged
viability of microspore induction (Keller and Armstrong,
1979; 1983; Xu and Sunderland, 1983). Nitsch and Norreel
(1973) suggested cold shock repositioned the spindles,
which may change the microspore developmental pathway,
or increase the number of inducible microspores (Duncan
and Heberle, 1976). Vasil and Nitsch (1975) revealed that
cold pretreatment could reduce the total level of metabolism
in the anthers, which helped to accumulate large amounts of
pollen grains suitable for the developmental period.
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Fig. 3: Histological observation of the embryogenesis
origin from embryogenic callus. A. One-cell proembryo
(arrowheads, 1000x%); B. Two-cell proembryo (arrowhead,
1000x); C. Four-cell proembryo (arrowheads, 1000x); D.
Multi-cell proembryo (arrowheads, 1000x); E. Globular
(D) and heart-shape embryos ((2)); F. Embryo developed
between heart-stage and torpedo-stage with vascular
bundle (arrowheads, 100x); G. A torpedo embryo with
vascular bundle (arrowheads, 100x); H. A cotyledonary
embryo with vascular bundle (arrowheads, 40x)

Martensson and Widell (1993) found an increase in specific
peroxidase activity after cold pretreatment for tobacco. It
was also reported the induction effect of osmotic stress
under cold pretreatment conditions would be a possible
reason for increasing microspore embryogenesis potential
(Kiviharju and Pehu, 1998).

Cultured anthers release endogenous hormones and
other metabolites that may affect embryogenesis, while the
density of anthers in the culture vessel could play an
important role in embryogenesis (George et al., 2008). An
optimal callusing density was 6 anthers for B. Campestris,
while a relatively high culture density (60 per mL) was
crucial for B. Napus (Xu and Sunderland, 1983) and barley
(Dunwell and Thurling, 1985). The number of calli
developed was significantly greater at a density of 10
anthers per mL for coconut (Perera et al., 2008). In our
research, loquat anther density did not significantly affect
androgenesis. In this regard, Arnison et al. (1990), Zhao et
al. (2006) reported the number of embryos formed per
responsive anther was independent of anther density.
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Fig. 4: Embryogenesis from cultured anther-derived callus
of loquat (E. japonica L. cv. ‘Dawuxing’)

A. Embryogenic calli with proembryos; B and C. The development of a
cluster of globular embryos; D. A cluster of cotyledonary embryos

Some reports showed that the inoculation method of anthers
had a significant effect on embryogenesis. In the case of
barley, when only the anther side was in contact with the
solid medium, embryogenic callus was induced (Hunter,
1985; Shannon et al., 1985; Powell, 1988). In our study,
anther front contact medium was faster to produce callus.
The reason could be when the anthers were in contact with
the medium in the front, the microtubule bundles were
exposed to the medium, which helped the anthers to absorb
the nutrients and hormones.

Nitsch (1969) believed that carbohydrate was
necessary for microspore embryogenesis. In most cases,
2%-3% sucrose was optimal for embryogenesis. Sharp et al.
(1971) pointed out that high level of sucrose could enhance
the potential capacity of plant morphogenesis. Keller (1984)
on B. capestris and Sopory (1979) on Solanum tuberosum,
reported that the medium supplied with higher concentration
of sucrose was more effective for embryo and callus
induction. In addition, a relatively higher (8.0-9.5%) level of
sucrose was improved the differentiation of microspores in
the anther culture of maize (Pescitelli et al., 1990) and
barley (Sorvari and Schieder, 1987). Instead of sucrose,
maltose and glucose have been tried with only a few
positive results (Trottier et al., 1993; Navarro-Alvarez et al.,
2010). Some of them were indicated that maltose was the
best carbohydrate to induced embryogenic callus, especially
in cereal crop (Mendoza and Kaeppler, 2002; Saeed et al.,
2017). In our studies, considering the inhibitory effect on
pollen wall differentiation, sucrose was more advantageous
for callus induction than glucose. In fact, the diploid tissue
in the anther culture, including anther wall, filament and
connective tissue, always hindered the growth of haploid
and produced a more complicate ploidy level of regenerated
plantlets. A higher concentration of sucrose seemed to
supply an effective way to control the derivation of diploid
in loquat anther culture.
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The role of the cell wall was to maintain the cell shape
to ensure the normal physiological activity (Roberts, 1994).
Some reports demonstrated the cell wall was a dynamic
structure that changes with the needs of cell growth and
development (Showalter, 1993; Cassab and Varner, 2003).
The separation of embryonic cells from the surrounding
tissue by highly modified cell wall was the first step in
embryogenesis (Chapman et al., 2000). Our histological
investigations observed before the embryonic development,
the embryonic cells in embryonic callus were
physiologically isolated from the surrounding tissue by
thickened cell wall, which supplied an independent
environment for the embryonic cell. The developmental
pathway of the embryonic cell mass, through globular
embryos, heart-shaped embryos, torpedo embryoids, and
cotyledonary embryos, was completely similar to that of
zygotic embryos.

In addition, high level of management and expertise
were required to produce (Perera et al., 2008). To obtain a
haploid as much as possible, controlling the origin of callus
must be a critical step in anther culture. In our study, we
found anther wall and filament belong to unexpected
diploid tissues, which formed callus easily in the loquat
anther culture. Getting rid of filaments before inoculation,
discarding wounded anther and wusing a higher
concentration of sucrose (7%) proved to be three effective
protocols to control origin of callus during the loquat anther
culture.

Conclusion

In this research, the changes of inoculation method,
pretreatment method and carbon source greatly improved the
callus induction rate of loquat anthers. Histological
observation could be helpful for identifying the origin and
the process of anther callus and embryogenesis. Further
study will focus on the effects of growth regulators on the
dedifferentiation of anther callus and build a genetic
transformation system based on the loquat anther
embryogenesis.
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