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ABSTRACT

A promising direction for the conservation and propagation of ferns is the iz
vifro cultivation of ferns via green globular bodies (GGBs). Asplenium incisum
Thunb. is a rare species of fern liste§ in the Red Data Book of several Far Fas-
tern regions. The objective of the study was to estimate the efficiency of dif-
ferent media on GGB propagation and sporophyte regeneration of A. incisum.
The Murashige and Skoog's medium with a half concentration of macro- and
microelements (1/2MS), with 0.5 mg/L 6-benzylaminoputine (BAP) (variant 1)
supplemented with MS full complement of vitamins, 2 % sucrose and 0.8 %
agar, and adjusted to pH 5.8 was effective for the GGB propagation without
formation of sporophyte. The medium 1/2MS without plant growth regulators
(variant 2) supplemented with MS full complement of vitamins, 2 % sucrose and
0.8 % agar, and adjusted to pH 5.8 was effective for the GGB propagation with
high sporophyte regeneration. The same media without ammonium nitrate and
without vitamins had a negative effect on GGB production and sporophyte rege-
neration. The total number of initiated GGBs was 369 and 451 as a mean per
explant after two months of z vitro culture for variant 1 and 2, respectively. The
number of GGBs with developed sporophytes was 1 and 289, the sporophyte
regeneration rate was 0.3 % and 64.1 %. BAP inhibited sporophyte regeneration
but provoked the formation of new GGBs, so it is recommended to alternate
variants 1 and 2 to obtain better results. Under ex vitro conditions, the sporophyte
survival rate was 89 % in climatic room and 85 % in outdoors conditions in
the first year. Sporophytes produced spores both in climatic room and outdoors
conditions.
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PE3IOME

IIeanxan A.A. Pasmuosxenue in vitro peaxoro namoporuuka Asplenium
incisum Thunb. ToCpeACTBOM 3€A€HBIX TAOOYAAPHBIX TeA. [lepcriekTiHBHbIM
HAIIPABACHHCM B COXPAHCHHH U PA3MHOMKCHHH ITAITOPOTHUKOB ABAACTCHA KYAb-
THUBUPOBAHME IIAITOPOTHHKOB /77 Vif70 IIOCPEACTBOM 3CACHBIX I'AOOYAAPHBIX TCA
(ot amra. green globular bodies, GGBs). Asplenium incisum Thunb. — peAkmit Bua
MIATIOPOTHHKA, 3aHECCHHBIN B KpacHbBIC KHIUTH HECKOABKHX PErHOHOB AaAbHETO
Bocroka. [leapro paboTsr OBIAA OIIEHKA BAHAHUA PA3ANYHBIX CPEA HA PA3MHO-
xerme GGB u perenepartimo criopoduros A. zncisum. Ilnrateapnas cpeaa 1mo
Mypacure n Ckyry ¢ IMOAOBHHHOH KOHIIEHTPAIIMEN MaKpPO- M MHKPOIAEMEH-
ToB (1/2 MC) ¢’ A\OGaBAEHIEM TUTOKUHITHA (}8,5 Mr/A 6-OCH3MAAMUHOIYpHHA,
BATI) (Bapmant 1), ¢ moansiM cocraBom ButamuuoB MC, ¢ 2 % caxapossr, 8.8 %
arapa, mpu pH 5.8 6p1aa spdexrupra ana pasmuoxenns GGB 6e3 CgOpMI/IpOBa—
Hus criopoduto. [lurateapnan cpeaa 1/2MC Ges A0DaBACHUA PETryAATOPOB
pocra (BapHaHT 28), ¢ moAHbIM coctaBomM BuTamuuoB MC, 2 % caxapossr, 0.8 %
arapa, ipu pH 5.8 6b1aa appexruBHa arst pasmuokenns GGB ¢ BeicoknM ypoB-
HeM perenepannn cropoduTos. Te e cpeAsl 0e3 HUTPaTa AMMOHIS I BHTAMI-
HOB OTPHUIATEABHO BAmAAM Ha npoaynuposanne GGB n perenepanmro crro-
poduros. Obmree koangecrso uaununposanHex GGB cocraBuao 369 u 451
HA 3KCIAQHT ITOCAC ABYX MECAIEB KYABTHBHPOBAHUSA /77 Vifro AASL BapuaHTa 1 I
2 coorsercrBenno. Koamuectso GGB ¢ passusarorumvucs cnopo§nTaMH co-
crasuno 1 u 289; perenepanus cunopoduros cocrasuaa 0.3 % u 64.1 %. BAIT
MHTEONPOBAA PETCHEPAIHIO CIIOPOMHUTOB, HO IPOBOIPOBAA (DOPMHUPOBAHIE
HoBBeIX GGB, MoaTOMY AAS TTOAYYEHIA HAMAYYIINX PE3YABTATOB PEKOMEHAYETCA
¥EPEAOBATD BAPHAHTHI 1 n 2. B ycAoBuAX ex /70 BBKMBAEMOCTD CLIOPO(HUTOB
cocraBadAa 89 % B kamMaTHIECKOH KoMHATE U 85 %0 B OTKPBITOM IPYHTE B ITEpP-
BBl rOA. CITIOPOOUTEL IIPOAYIIIPOBAAH CITOPEI KAK B YCAOBHAX KAMMATIIECKOI
KOMHATBI, TaK U B YCAOBHAX OTKPBITOTO IPYHTA.

Karouessie caoBa: Asplenium incisum, GGB, kyabtypa in vitro, manopoTHuk, cropodput

Asplenium incisum Thunb. (Aspleniaceae) is a rare fern Zeya State Nature Reserve and the Khingan State Nature
listed in the Red Data Books of several Far Eastern regions Reserve, but the number of populations has not yet been
(Kozhevnikov 2008, Voronov 2008, Chernyagina 2018, determined. Outside of Russia, it grows in China, Japan
Senchik 2020). In Russia it is only found in the Far East. and Korea (Senchik 2020). The fern A. incisum has various
It occurs in Kamchatka, central and southern parts of Sa- medical properties such as detoxification ability (Jeong
khalin Island, southern Kuril Islands, Primorye and Kha- 2011) and the raw juice is used for medicinal purposes
barovsk Territories. In the Amur Region, it grows in the (Jeong 2011). Asplenium incisum has also been reported to
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exhibit antibacterial activity against skin disease-causing
bacteria, bronchodilator action and various pharmacological
properties, including efficacy in the treatment of hepatitis,
tinnitus and chronic manganese poisoning (Jeong 2011).
According to Moon (2021), A. incisum has both anti-in-
flammatory and anti-osteoclastogenic activities, suggesting
that it has great therapeutic potential in the control of
petiodontal disease. It is well known that the decline in the
diversity of ferns in nature is caused by human activities
and the destruction of their habitats (Kholia & Joshi 2010,
Mehltreter 2010). It is therefore imperative to develop effec-
tive methods for their conservation and mass propagation.

In vitro cultivation of ferns is an efficient and rapid method
of propagation (Shelikhan & Nekrasov 2018). Previously, we
used spores as explants to introduce the rare A. incisum into
in vitro culture (Shelikhan 2023b). In this study, we report the
propagation of A. incisum via GGBs (green globular bodies)
derived from juvenile sporophytes. Green globular bodies
are vegetative shoots which are formed 7 vitro and have a
high proliferation rate (Higuchi et al. 1987, Shelikhan 2023a).
For further mass regeneration of sporophytes 7z vitro, such
GGBs are promising meristem structures.

MATERIAL AND METHODS
Plant material

The object of this study was the fern Asplenium incisum
(Aspleniaceae). Juvenile sporophytes obtained 7z vitro were
used as explants for GGB production (Shelikhan 2023b).
Young fronds and roots were removed from juvenile sporo-
phytes with a scalpel. The remaining growth points (shoot
bases) were placed on the following culture medium in
flasks/jars (30 mL per 100 mL flask/jat): Murashige and
Skoog's (1962) medium with a half concentration of macro-
and microelements (1/2MS), with MS full complement of
vitamins, plant growth regulators-free (PGRs-free), supple-
mented with 2 % (w/v) suctose, 0.8 % (w/v) agar, and
adjusted to pH 5.8 (Shelikhan 2024). Cultivation to obtain
initial GGBs was performed at room temperature with a
16 h photoperiod (fluorescent daylight lamps, basic cool
daylight, 36 W, 2500 Lm, Osram, Russia).

Propagation of GGBs

After one month of incubation, the resulting GGBs
were used as explants for subculturing in flasks (100 mL
containing 30 mL of one of the following media variants:
A —1/2MS PGRs-free; B — 1/2MS ammonium nitrate-free
(-NH4NO:3), vitamins-free (-vit.), PGRs-free; C — 1/2MS
supplemented with the cytokinin 6-benzylaminopurine
(BAP), 0.5 mg/L; D — 1/2MS (-NH:NOs; -vit.) containing
BAP, 0.5 mg/L; E) 1/2MS supplemented with auxin indo-
Iylbutyric acid IBA), 0.5 mg/L; F) 1/2MS (-NH4NO3; -vit.)
containing IBA, 0.5 mg/L. All media were supplemented
with 2 % (w/v) suctrose, 0.8 % (w/v) agat, and adjusted to
pH 5.8. All cultures were incubated at room temperature
(16 h photoperiod, cool daylight). The experiment was
repeated three times. Explants were GGB fragments of
1-2 mm. For each variant of medium, 10 explants were
used. After culturing for one and two months, GGBs
and sporophytes (leafy shoots formed from GGBs) were

separated from each other and counted under a Nikon
SMZ645 stereomicroscope (Japan). After culturing GGBs
and sporophytes (leafy shoots produced of GGB) were
separated and counted under a stereomicroscope Nikon
SMZ.645 (Japan).

The following parameter was used for the estimation of
effectiveness of a culture medium: the sporophyte regene-
ration rate (%) = (number of GGBs with developed spo-
rophytes / total number of GGBs initiated) X 100 (Liao &
Wu 2011).

Acclimatization of sporophytes

Two-month-old sporophytes were transferred from
in vitro to ex vitro conditions (climatic room). Sporophytes
were placed in plastic pots (one to two sporophytes per
pot) with a pre-autoclaved mixture of peat and vermiculite
(2:1, v/v). The pots with soil were placed in zip-lock bags
and maintained at high humidity by spraying with water, as
previously described for the experiments with Polystychum
craspedosorum (Shelikhan 2024). Acclimatization was perfor-
med at room temperature with a 16 h photoperiod within six
months. The experiment was carried out using fluorescent
daylight lamps (basic cool daylight, 36 W, 2500 LLm, Osram,
Russia). After another three months, ferns in soil pots were
transferred outdoors for acclimatization to environmental
conditions. Then, sporophytes were planted from the soil
pots into a crevice in an artificial rock filled with soil at the
Amur Branch of the Botanical Garden-Institute FEB RAS.

Morphological observations

Microscopic observations were carried out with the ste-
reomicroscope Nikon SMZ 645 (Japan). Photographs of
GGBs and sporophytes were taken with the cameras Sony
Cyber-shot DSC-W630 (Japan) and Samsung Galaxy A32
(China).

RESULTS AND DISCUSSION

Propagation of GGBs

The initiation and proliferation of A. zncisum GGBs was
observed after 1-2 weeks of explant culturing zz vitro. For
other ferns, slightly later results have been described (Sheli-
khan 2023a). For example, P. craspedosorum started to produce
GGBs after 2 to 3 weeks of culturing 7z vitro (Shelikhan
2024) and Adiantum capillus-veneris 1. started to produce
GGBs after 2 weeks (Li et al. 2015).

In all selected media, we observed that GGBs were in-
creasing in size, becoming larger, looser and easier to sepa-
rate. They formed groups of green globular bodies (Fig. 1:A,
B). Similar results were obtained for P. craspedosorum (Sheli-
khan 2024). The color of the GGBs in A. incisum was light-
green. In the studies by Thakur for Mattenccia struthiopteris (1.)
Todaro and by Yu for Cibotiun barometz, the green globular
bodies varied from brown to dark-green and yellow-green,
respectively (Thakur et al. 1998, Yu et al. 2017).

A single green globular body had two bipolar structures:
a root meristem at the bottom and a shoot meristem at the
top (Fig. 1:C). These processes are the same as those de-
scribed for the GGBs of P. craspedosorum (Shelikhan 2024).
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Figure 1 Propagation of _Asplenium incisum Thunb. via green globular bodies (GGBs): A, B — groups of GGBs; C — a single GGB; D —
differentiation of GGB. The arrow indicates the protrusion on the GGB; E, F, G, H — leafy shoots produced on GGBs. The arrow indicates
GGB formation in the base of a leaf; I — regenerated sporophytes; ] — sporophytes after 3 weeks of planting in the pots with soil; K — a
sporophyte with sori. The arrow indicates the sori; I. — acclimatization of sporophytes; M, N, O — sporophytes planted at the rocky site in the
Amur Branch of the Botanical Garden-Institute FEB RAS; The arrow indicates the sori. Scale bars: 1 mm

Botanica Pacifica. A journal of plant science and conservation. 2025. 14(2): 55-60 57



Shelikhan

These green globular bodies were easy to separate from each
other. A single green globular body of _A. zncisum developed
into a single sporophyte.

The proliferation and differentiation of _A. zncisum GGBs
occurred simultaneously. During differentiation, protrusions
(elongated tissue on the surface) developed on the GGBs,
from which leafy shoots developed and then formed
plantlets (Fig. 1:D, E, F, G). The single regenerated GGB
and single regenerated leafy shoot were able to produce new
GGBs (Tig: 1:F), these developmental stages are common to
green globular bodies for different fern species (Shelikhan
2023a, 2024).

All of the A. incisum GGBs had a normal glass bead
shape (Shelikhan 2023a). In our study, GGBs morphology
was not changing during cultivation. This is in contrast to
the results for P. craspedosorum, which showed deformation
of the GGBs in a few cases (Shelikhan 2024). It is likely
that deformations of the GGBs are species specific, as there
have been few reports of such deformations (Yu et al. 2017,
Shelikhan 2024). The more the sporophytes regenerated,
the fewer GGBs were formed. A cluster of regenerated
sporophytes developed from a cluster of GGBs (Fig. 1:H,
I). Similarly observation is consistent with the studies of
other ferns: C. barometz (Yu et al. 2017) and P. craspedosorum
(Shelikhan 2024).

Effect of medium composition
on GGB formation

GGB initiation was observed on all media. After
one month of cultivation of explants, it was found that
the highest number of GGBs (as a mean per explant)
was 206 for medium C and 182 for medium A (Table 1).
For P. craspedosorum, the total number of GGBs was
approximately the same level on the same media, but BAP
suppressed the initiation of GGBs in the case of P. cras-

pedosorum (Shelikhan 2024). Also, in contrast to P. craspedo-
sorum, there were no differences in color and size of the
GGBs of A. incisum on the same different media. The
average numbers of GGBs observed on media D, E, and
I were 124, 150, and 122, respectively. The lowest number
of GGBs was noted for medium B (102 GGBs) (Table 1).
It is interesting to note that P. craspedosornm had the highest
number of GGBs on medium B (Shelikhan 2024). In the
case of A. incisum, ammonium nitrate and vitamins should
be part of the medium for the development of GGBs. Thus,
for A. incisum, 1/2 MS PGRs-free medium and the same
medium with 0.5 mg/L BAP were the most productive for
GGBs propagation after the first month of cultivation.
Following the cultivation of GGBs for two months
(without passage), the production was gradually slowing
down; however, the largest number of GGBs (as a mean
per explant) was obtained on medium A (451) (Table 1).
There were also positive dynamics of green globular body
formation accounted for 369 and 337 GGBs on media C
and E, respectively. The lowest number of GGBs was also
detected on media B (185), D (177) and F (185) (Table 1).
Medium C is recommended to maximize the production of
GGBs without the formation of sporophytes. If the aim is
to obtain GGBs and sporophytes separately, the lower total
number of GGBs initiated is not a bad indicator. However,
the media that can be used for mass production of GGBs
are also variant A and variant E. It is believed that the need
for exogenous growth regulators is dependent on the endo-
genous hormone levels of the plant (Shelikhan 2023a). This
explains why media supplemented with BAP (medium C)
and IBA (medium E) initiate less numbers of GGBs in A.
incisum. In addition, the exclusion of ammonium nitrate
and vitamins from the medium is a negative factor for the
formation of GGBs by A. zncisum compared to P. craspedo-

Table 1 Effect of medium composition on GGB formation and sporophyte regeneration in Asplenium incisum Thunb. after

one and two months of 7 vitro culture

1/2MS ) 1/2MS ) 1/2MS
. 1/2MS (-NH,NO; 1/2MS (-NH,NO;
Medium 1/2MS CNHNOS 0.5 mg/L ~it) © 0.5 mg/L ~it)
PGRs-free -vit.) PGRs- BA% 0.5 mg/L IBg 0.5 mg/L
free : % : g
BA IB
Medium Code A B C D E F
1 month
Total number of GGBs initiated 182£6.2 102£6.2 206+5.8 124£5.5 150£5.2 122£5.6
Number of GGBs with
developed sporophytes 810.9 1£0.6 1£0.7 0 1£0.8 1£0.6
Sporophyte regeneration rate (%) 4.4 1 0.5 - 0.7 0.8
2 months
Total number of GGBs initiated 451%5.2 185+5.6 369£6.3 177+5.4 337£5.9 185+5.6
Number of GGBs with
developed sporophytes 289+5.1 29154 1£0.5 0 134£5.6 2614.2
Sporophyte regeneration rate (%) 64.1 15.7 0.3 - 39.8 14.1

Notes: Results are expressed as a mean = SD from three experiments, per initial explant

Abbreviations: 1/2MS — Murashige and Skoog’s medium with a half concentration of macro- and microelements, a full
complement of MS vitamins, 2 % (w/v) suctose, 0.8 % (w/v) agat, and adjusted to pH 5.8; PGRs-free — plant growth
regulators-free; -NH,NO, — ammonium nitrate-free; -vit. — vitamins-free; BAP —6-benzylaminopurine; IBA —indolylbutyric

acid; GGBs — green globular bodies.
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sorum (Shelikhan 2024). Supplementation of the medium
with ammonium nitrate is required for the high number of
GGB initiation in A. ncisum.

Sporophyte development

After one month of culturing z vitro, sporophyte deve-
lopment was low on all variants of the media except me-
dium D on which no sporophytes were observed (Table 1).
After two months of culturing i vitre, the number of GGBs
with developed sporophytes (as a mean per explant) was
higher on media A (289) and E (134); accordingly, the sporo-
phyte regeneration rates were 64.1 % and 39.8 % for media
A and E, respectively (Table 1). The number of GGBs with
developed sporophytes and sporophyte regeneration rates
were low on other media: B (29 and 15.7 %, respectively), C (1
and 0.3 %, respectively) and I (26 and 14.1 %, respectively).
The regeneration of the sporophytes was strongly inhibited
by BAP as found for media C and D, whereas GGBs proli-
feration was continuous in the presence of BAP (Table 1).
Therefore, the best medium for the development of
A. incisum sporophytes is medium A.

In the study on C. baromerz (Yu et al. 2017), GGBs ac-
tively regenerated sporophytes on a medium without plant
growth regulators and the sporophyte regeneration rate rea-
ched 68 %. It was reported that BAP inhibited sporophyte
regeneration from GGBs of Asplenium nidus 1.. (Higuchi &
Amaki 1989). The differentiation of GGBs was favored by
the absence of BAP in the medium (Higuchi et al. 1987). In
our study, we hardly observed any sporophyte regeneration
on BAP-containing media. Therefore, a cytokinin should be
added to the medium to inhibit sporophyte formation. For
long-term maintenance or subculturing of pure GGB tissue
without sporophyte regeneration, BAP may be the best
choice (Liao & Wu 2011). The media without ammonium
nitrate and vitamins had a negative effect on sporophyte
development. These results differ from those obtained for
P. craspedosornm which was able to produce GGBs and sporo-
phytes on media without ammonium nitrate and vitamins
(Shelikhan 2024). It appears that P. craspedosorum has an inhe-
rently lower nitrogen requirement than 4. zucisum. In many
studies by other researchers, GGBs developed better into
sporophytes when they were grown on media without plant
growth regulators (Higuchi et al. 1987, Higuchi & Amaki
1989, Amaki & Higuchi 1992, Zhang & Su 2002, Shin & Lee
2009, Liao & Wu 2011, Yu et al. 2021). We recommend the
alternation of media with BAP and PGRs-free medium for
the best result in propagation of GGBs and sporophytes of
A. incisum.

Sporophytes formed small roots after two months of
cultivation in variants A and E. On media B, C and F, the
sporophytes were very small and had no roots. However,
sporophytes that had not yet rooted retained GGB root-like
structures. On medium A and medium E, the sporophytes
were equally dense. They had many roots and rhizoids.
Depending on the species, it is known that sporophytes
can spontancously form roots 7 vitro (Liao & Wu 2011,
Yu et al. 2017). The two-month-old sporophytes varied in
size from 0.5 cm to 3.5 cm. Interestingly, in the study of
P. craspedosorum (Shelikhan 2024), the size of two-month-old

sporophytes did not exceed 1.5 cm. This is probably due to
the biological characteristics of the species.

Acclimatization of sporophytes

For acclimatization, regenerated and rooted sporophytes
of A. incisum were transferred to plastic pots with soil
(Fig. 1:]). After 4 weeks of cultivation, sporophytes survival
was high (89 %, n = 45). Similar results were observed for
P. bifurcatum (88-95 %) and P. craspedosorum (85 %) (Yu et al.
2017, Shelikhan 2024). The plants that survived showed a
normal phenotype. After 6 months in the plastic pots with
soil, almost half of the sporophytes produced spores under
room climate conditions (Fig. 1:K). Until now, there was no
information about A. zncisum being able to reproduce sexually
in such a short period of time under room climate conditions.
A total of 8-9 months elapsed between the production of
the first sporophytes from GGBs and the first sporophytes
producing spores. To the best of our knowledge, this is the
first such report for this fern species. After 3 months, the
ferns in plastic pots with soil were transferred outdoors
for acclimatization to environmental conditions (Fig. 1:L).
Following one week of the acclimatization, the plants of
A. incisum were transferred from the pots with soil to the
open ground consisted of a crevice in a rock filled with soil
imitating natural conditions of the fern habitat (Fig, 1:M).
Sporophytes survival in the rock with soil was 85 % (n = 40)
in the first year outdoors. Same year (5 months later), with
the beginning of the climatic autumn, we observed eight
plants of A. insisum producing spores at the rocky site
(Fig. 1:N, O). Thus, the obtained A. incisum sporophytes
produced spores twice in the first year under different
external conditions, demonstrating the efficiency of the
above propagation procedure.

CONCLUSION

The in vitro production of A. incisum plants via GGBs
presented in this study includes the initiation of GGBs
from parts of juvenile sporophytes used as explants and the
propagation of GGBs on different media. After 1-2 weeks
of explant culture 7 vitro, the initiation and proliferation
of A. incisum GGBs was observed. These processes occur
slightly earlier than in P. craspedosorum (Shelikhan 2024) and
Adiantum capillus-veneris 1. (Li et al. 2015. Some morpho-
logical differences of A. zncisumr GGBs as compared to
other fern species were also noted (GGB color and overall
appearance, absence of deformations). We have found that
the use of a medium with a half concentration of micro-and
macrosalts, without added plant growth regulators and the
same medium with added cytokinin 6-benzylaminopurine
allows initiation of the high total number of GGBs.
However, the cytokinin inhibits sporophyte formation. On
the contrary, the absence of growth regulators in the me-
dium causes the sporophytes to regenerate. Thus, we re-
commend the alternation of the media (BAP-containing
and BAP-free) for the best results in propagation of GGBs
and sporophytes of A. zncisum. The procedure showed high
sporophytes survival rates under ex vitro conditions (89 %
in a climatic room and 85 % outdoors) in the first year of
cultivation.
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