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Objective: An efﬁcient in vitro protocol was established during the development of
polyembryony in the spore derived gametophyte of Pteris tripartita Sw.
Methods: Sterilized spores were germinated in half strength Murashige and Skoog (MS)
basal media to produce gametophyte at in vitro condition. Three-month-old gametophytes
were sub-cultured in half strength MS medium with 6-benzylaminopurine (BAP). All
inoculated cultures were incubated and noticed every month for polyembryony.
Results: Multiple numbers (Di, Tri, Tetra, Hexa, and Octa) of the juvenile sporophyte
per spore derived gametophyte were observed at 3 mg/L of BAP in half strength MS basal
media, which augmented with 30% sucrose. Hexa polyembryony or juvenile sporophytes
was noticed on both 3 and 4 mg/L of BAP, which developed 1.00 and 0.76 cm lengths,
respectively. At 4 mg/L of BAP in MS culture medium, various numbers (Di, Tri, Tetra
and Hexa) of juvenile sporophytes per gametophyte were formed and showed 1.03, 0.66,
0.53 and 0.76 cm of sporophyte lengths, correspondingly.
Conclusion: An in vitro developed polyembryony or juvenile sporophyte exhibited
normal growth in their morphological structure.
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1. Introduction
In vitro propagation plays an imperative role in the conservation of plant species having pharmacological principles [1].
The successful uses of in vitro techniques producing
pharmacologically important plants depend upon the
establishment of an efﬁcient method of regenerating a large
number of plants [2]. Furthermore, tissue culture offers a
unique advantage over conventional propagation methods of
rapid multiplication of valuable genotypes, expeditious release
of improved cultivars and production of disease-free plants,
season independent production, germplasm conservation and
facilitating their easy exchange. Development of an effective
tissue culture approach for economically and medicinally
important trees have the great potential for its mass production,
germplasm conservation and genetic manipulations [3].
According to previous study [4], growth regulator
concentrations are crucial to the control of plant growth and
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its morphogenesis. In 1719, Leeuwenhoek reported the
polyembryony in orange seeds at ﬁrst time, in which each
contains two embryos. Even though many authors reported the
formation of polyembryony in ﬂowering plants such as
Pterocarya fraxinifolia [5], maize [6], Commiphora wightii [7,8],
Citrus sinensis [9], Mangifera indica [10], nine genera [11],
Telfairia occidentalis [12], Citrus sp [13,14], olive [15], and few
reports only available for pteridophyte lower group of vascular
plants. In general, studying of polyembryony is very limited to
occurrence, which plays an important role in the practical
breeding effort in both origin and perpetuation of new forms
[16]. Polyembryony has been documented in sexual ferns and
usually attributed to multiple fertilizations [17–19]. According to
previous study [20], 2–5 embryos were regularly developed on
each gametophyte of Pteridium aquilinum (L.) Kuhn cultured
in Moore's medium containing dimethyl sulphoxide (DMSO)
solvent. Development of multiple embryos in spite of multiple
spermatozoid-egg fusions could be raised through the charisma
of plant growth hormones and produced by the ﬁrst sporophyte
which either limit fertilization of other archegonia or may prevent the development of multiple embryos [21,22].
As a result of earlier reports on Pteridophyta such as, Matteuccia struthiopteris (L.) Tod, Onoclea sensibilis L., Dryopteris
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mollis Maxon. (D. mollis) and Pteris longifolia L. (P. longifolia)
gametophytes in cell culture media were developed polyembryony and two sporophytes was also observed [23].
Following ferns namely, Gleichenia sp [24–26], Osmunda sp
[27], Angiopteris evecta (Forst.) Hoffm [28], Adiantum
cuneatum Langsd. & Fisch [24], Helminthostachys sp [29],
Botrychium lunaria (L.) Sw. [30], Botrychium virginianum (L.)
Sw. [31], Botrychium obliquum Muhl. [32], Pityrogramma
chrysophylla (Sw.) Link [33], Aspidium thelypteris Sw. [34],
Equisetum debile Roxb. Ex-Vaucher [35], Equisetum
laevigatum A. Braun [36] and Vittaria sp [37] were also
developed polyembryony from a single gametophyte. The bioaccumulating fern species, Pteris tripartita Sw. (P. tripartita)
is present in Sri Lanka, Indian islands, South India, Thailand,
Malaysia, Indonesia, Philippines, Australia, Polynesia, Africa
and Madagascar [38]. According to previous report [39],
P. tripartita Sw. is a critically endangered fern among 414
species of threatened pteridophytes in India and also reported
for the ﬁrst time from Eastern Ghats [40]. The effects of heavy
metals, sucrose, pH and hormones on spore germination
percentage and their gametophyte growth, apogamous
reproduction, antioxidant and its phytochemical studies of the
frond extracts of P. tripartita Sw. has been reported in our
earlier studies [41–44]. Due to its biological interest, the aim at
this present investigation was to determine the most suitable
growth regulator and its concentration to develop an optimized
protocol for polyembryony induction using spore derived
gametophyte of a critically endangered fern, P. tripartita Sw.

2. Materials and methods
2.1. Spore collection
Matured fertile sporophytes (fronds) of P. tripartita Sw. were
collected in Alagar hills of Tamil Nadu and conﬁrmed with the
help of reference standards of the Centre for Biodiversity and

Biotechnology (CCB), St. Xavier's College, Palayamkottai
(Tamil Nadu). The voucher specimen was also numbered (XCH
25403) and deposited at St. Xavier's College Herbarium (XCH).
Fertile sporophytes (fronds) of P. tripartita Sw. were dried at
room temperature for two days to collect spores. Normally, fern
spores lose their viability if stored at room temperature. Thus,
the collected spores were preserved at low temperature (4  C) for
further studies.

2.2. Culture media
Merely, 5 mg of spores were scooped from the storage bag
and immersed in distilled water for 2 h for imbibition to enhance
the germination percentage. Then, spores were sterilized with
sodium hypochlorite (0.5% v/v in double distilled water) for
10 min. The sterilized spores were rinsed at least three times in
double distilled water and centrifuged at 3 000 r/min for 3 min to
collect them. Sterilized spores were sown in half strength
Murashige and Skoog (MS) basal media with 30% sucrose, and
the pH was adjusted to 5.6–5.8 with 0.1 mol/L NaOH or
0.1 mol/L HCl prior to the addition of 0.8% (w/v) agar for solidiﬁcation. The cultures were maintained at (25 ± 2)  C for 16 h
photoperiod of 40 mmol/(m2$s) irradiances provided with cool
white ﬂuorescent tubes and supplied with 55%–60% relative
humidity (RH).

2.3. Subculture and induction of polyembryony
After 3 months, approximately 3 g of gametophytes were
sub-cultured on 50 mL of half strength MS medium augmented
with 6-benzylaminopurine (BAP) (1, 2, 3, 4, and 5 mg/L). The
culture medium was regularly changed every month due to its
depletion, and the same culture media was given for subculture.
After 8 months, an efﬁcacy of BAP in half strength MS medium
on juvenile sporophyte proliferation was noticed during the
culture period, and its numbers were counted. Under naked-eye

Figure 1. Inﬂuence of cytokinin hormone (BAP) in spore derived gametophyte of Pteris tripartita Sw. for polyembryony development.
a) Three-month-old gametophytes in 1/2 strength MS basal medium; b) Formation of Di juvenile sporophytes in 4 mg/L BAP; c) Development of Octa
juvenile sporophytes in 3 mg/L of BAP; d) Microscopic observation of Di juvenile sporophytes from a single gametophyte.
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In our present study, Di, Tri, Tetra, Hexa, and Octa numbers
of polyembryony or juvenile sporophytes were developed from a
single gametophyte of bioaccumulation fern, P. tripartita Sw.
Spore derived gametophytes of P. tripartita Sw. were grown in
half strength MS basal media maintained for 3 months
(Figure 1a). In our present study, Di to Octa numbers of polyembryony or juvenile sporophytes was induced in the midrib of
gametophytes after 5 months culture period. The numbers of
juvenile sporophytes per gametophyte, its lengths, and the total
number of polyembryony or juvenile sporophytes per culture
treatment were counted, and their lengths were measured after 8
months of culture period (Table 1). Among ﬁve concentrations
of BAP (1–5 mg/L), Di, Tri, Tetra, Hexa, and Octa numbers of
polyembryony or juvenile sporophytes were observed from a
single gametophyte at 3 mg/L of BAP. Of them, signiﬁcant
lengths (1.00, 0.70, 1.16, 1.00, 1.13 cm) were observed in Di,
Tri, Tetra, Hexa, Octa polyembryony or juvenile sporophytes
per gametophyte, respectively. Furthermore, Hexa and Octa
polyembryony were observed from fewer cultures. Hexa polyembryony was obtained at 3 and 4 mg/L of BAP in MS culture
media and showed 1.00 and 0.76 cm lengths of the juvenile
sporophyte, correspondingly. Especially, Octa numbers of juvenile sporophytes were induced per gametophyte with 1.13 cm
of length and were observed only at 3 mg/L of BAP (Figure 1c;
Table 1). In addition, the formation of Penta and Hepta polyembryony or juvenile sporophytes per gametophyte has not been
produced from any concentration of BAP hormone in half
strength MS medium.
On the other hand, polyembryony was not induced in the
lower concentration of BAP (1 mg/L). At 2 mg/L of BAP, Di,
Tri and Tetra polyembryony per gametophyte were developed
with 0.76, 1.03 and 0.90 cm lengths of juvenile sporophytes,
correspondingly. Various total mean number of juvenile sporophytes (2.33, 2.66 and 1.33) or polyembryony was formed.
At 4 mg/L of BAP, Di (Figure 1b), Tri, Tetra and Hexa
polyembryony per gametophyte were produced with 1.03,
0.66, 0.53 and 0.76 cm of sporophyte mean lengths, respectively. Likewise, Di, Tri and Tetra numbers of polyembryony
were noticed at 5 mg/L of BAP with 0.66, 0.53 and 0.43 cm
mean lengths of shoots were observed, respectively. The formation of Di juvenile sporophytes (polyembryony) in a single
gametophyte of P. tripartita Sw. was microscopically captured

Table 1
Effects of BAP with half strength MS medium for polyembryony development on spore derived gametophyte of Pteris tripartita Sw.

3.1. Polyembryony development

–
1.03
0.70
0.66
0.53

Length of juvenile sporophytes (cm) after 8 months

3. Results

Total number of polyembryony induced per culture treatment

All values are the means of three treatments, and each
treatment consisted of 10 replicates. All data represented as
mean ± SE of triplicate and analyzed using one way ANOVA
test (SPSS 17.0 software, USA), with Duncan's multiple range
test [45] accompanied by P < 0.05 as the limit of signiﬁcance.

BAP (mg/L)

2.4. Statistical analysis

–
0.90
1.16
0.53
0.43

appraisal, number of polyembryony was calculated by the
number of juvenile sporophytes raised from a single gametophyte. Each culture was observed for juvenile sporophyte
lengths and its number per gametophyte, and the total number of
juvenile sporophytes (polyembryony) formed at all the gametophytes in each replicate.

–
–
1.13 ± 0.08a
–
–
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(Figure 1d). However, the half strength MS medium
augmented with BAP hormone induced Di, Tri, Tetra, Hexa
and Octa polyembryony in spore derived gametophytes of P.
tripartita Sw. at prolonged culture. Various numbers of juvenile sporophytes or polyembryony were formed in a heart and
cordate shaped gametophyte, and its sporophyte lengths have
also been measured to develop an optimized protocol to induce
polyembryony of a bio accumulating fern, P. tripartita Sw.

4. Discussion
Necrosis during in vitro culture could be abridged by
continuous sub-culture in the similar medium beneﬁcial for
minimizing phenolic exudation and could also be improved
explants survival [46,47]. In addition, a vascular lowered group
of plants, ferns possess a number of secondary metabolites like
total phenolic compounds. In general, the spore derived
gametophyte (prothalli) of a fern ordinarily raises only one
juvenile sporophyte. Occasionally, multiple numbers of
juvenile sporophytes are produced per gametophyte and also
have been recorded in earlier studies on D. mollis Maxon
and P. longifolia L., in which the fern prothallus was
divided carefully into two parts, and each portion can
perform independently afterward to produce young plants
[48]. According to previous studies [19,49], long delay of
sporophyte formation, continuous gametophyte growth and
polyembryony have been characterized a system of “leaky
lethality” in which the genetic load prevents the sporophyte
formation until some fortuitous combination of factors such
as egg cytoplasm, archegonia position, and gametophyte size
allowed sporophytes formation. Occurrence of polyembryos
might not be caused by multiple gametophyte growths of
density culture experiments. However, polyembryony may
also occur even in lowest density of culture conditions [50].
Therefore, polyembryos may arise from intergametophytic or
intragametophytic mating in sexual ferns. Polyembryony
could increase the probability of intergametophytic mating in
sexual ferns through neighboring sporophytes and adjacent
gametophytes, consequently [18,19,51]. According to earlier
report, prothalli of Asplenium nidus L. could be multiplied
successfully by a subsequent sub-culture in half strength MS
medium with BAP at 1–4 mg/L [52].
Typically, prothalli of P. tripartita Sw. have developed a
heart-shaped gametophyte and also have midrib in the middle of
two wings [43]. Generally, each gametophyte formed only single
embryo on their midrib that nearby to apical meristem, but in
some special cases, two embryos were grown close together in
two apogamous ferns, Pteris cadieri Christ and Pteris
grevilleana Wall after 3 months culture period [53]. From the
midrib regions, more than one juvenile sporophyte has been
raised directly from the ventral side of an apogamous
gametophyte. Each gametophyte developed root system
individually to absorb nutrients from the culture medium. The
embryos were developed with scales and midribs on the ﬁrst
frond of juvenile sporophytes are the indicator of apogamy
[53–57]. According to previous report, isolated gametophytes of
Blechnum spicant underwent polyembryony in artiﬁcial culture
media due to time delay, and their size of the gametophyte
was also proliferated [50]. Gametophytes of Matteuccia
nodulosa Fernald, D. mollis Maxon, Osmunda claytoniana L.,

and P. longifolia L. were developed several sporophytes (11
sporophytes per gametophyte) in soil culture after 4 months
[17]. In early study, signiﬁcant spore germination percentages,
gametophyte length and its width of P. tripartita Sw., were
noticed in the MS culture medium augmented with 3 mg/L of
BAP [43]. In our previous study, signiﬁcant numbers of
sporophytes, its length and root length of P. tripartita Sw.
were raised from spore derived gametophytes at 4 mg/L of
BAP [44]. Usually, cytokinins are very effective to promote
direct shoot induction to plants, in which BAP is a widely
used hormone for the organogenesis in plants owing to
effectiveness and affordability. The main role of BAP is a bud
breaking system which already reported on many angiosperms
medicinal plants such as, Pelargonium capitatum (L.) Aiton
[58], Populus ciliata Schur [59], Embelia ribes Burm.f [60], and
Carthamus tinctorius L [61]. According to early reports, single
gametophytes form numerous archegonia, and later produce
only single sporophyte [62,63]. Occasionally, one gametophyte
will form numerous sporophytes due to over maturation of
gametophytes under prolonged cultivation that tend to be
polyembryony [17,64]. Organic matter of the knop culture
medium was found to induce Di and Tri polyembryony from a
gametophyte of Thelypteris palustris Schott. The competition
occurs to polyembryonic sporophytes to absorb the nutrients
from the culture medium as well the light energy for
photosynthesis [65].
Our results concluded that BAP, a cytokinin hormone is
having signiﬁcant capability to induce in vitro polyembryony in
spore derived gametophytes of P. tripartita Sw.
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