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ABSTRACT

In vitro methods were investigated as a tool for propagating and preserving tissues
of the endangered filmy fern, Trichomanes punctatum subsp. floridanum.

Wild-collected sporophytes were grown ex situ in soil and were used as a source
of material for establishing in vitro cultures. Gametophytes, germinated from
spores, were grown and propagated on agar plates, but were not successfully
surface sterilized for in vitro growth. Sporophyte cultures were successfully
cryopreserved using the encapsulation-dehydration method and showed good
survival through both drying and freezing. Tissues up to 24 months old survived
cryopreservation, although the percentage of tissue pieces surviving was lower
than with younger tissues. Older tissues also had lower levels of total soluble
carbohydrates. Pre-culture of sporophytes for two days on ABA did not affect
survival compared with pre-culture on medium lacking ABA. However, younger
tissues lacking any pre-culture showed reduced survival through cryopreservation
compared with pre-cultured tissues. These results demonstrate that in vitro

propagation methods could be used to provide plants for restoration, while
cryopreservation could play a role in the ex situ conservation of T. punctatum

subsp. floridanum.

INTRODUCTION

Trichomanes punctatum Poir. subsp. floridanum W. Boer (Florida bristle fern) is a rare
filmy fern (Hymenophyllaceae) that is listed as endangered in Florida and is a candidate
for federal listing as threatened or endangered. While other subspecies are found in the
Caribbean and tropical America, T. punctatum subsp. floridanum is endemic to Florida,
with fewer than 1000 plants in five occurrences (U.S. Fish & Wildlife Service, 2012). 

The plant was first discovered in Miami-Dade Co. in south Florida in 1906, growing
in limestone sinkholes or solution holes in rockland hammocks and later, in 1936, in a
similar habitat known as “fern grottoes” in Sumter Co. in central Florida. It is threatened
by habitat loss, invasive species, as well as by drainage for agriculture that has lowered
the water table in the south Florida area. Trichomanes punctatum subsp. floridanum, as
well as other plants growing in the sinkhole/solution hole habitat, relies on underlying
water to maintain an environment of high humidity (Nauman, 1986; U.S. Fish & Wildlife
Service, 2012). 

Because of these threats, ex situ propagation of the species could be useful in
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providing a back-up to wild populations and in providing plants for augmentation and
re-introduction. In vitro propagation has proven successful with a number of
pteridophytes (e.g. Camloh and Ambrožič-Dolinšek, 2011; Pence, 2004), and thus, the
following experiments were undertaken to investigate the potential of in vitro methods
and cryopreservation for assisting in the ex situ conservation and restoration of this
species.

MATERIALS AND METHODS

Sporophyte Propagation

Sporophyte tissues of Trichomanes punctatum subsp. floridanum collected in Miami-
Dade Co., Florida, were received at the Center for Conservation and Research of
Endangered Wildlife (CREW) from Marie Selby Botanical Garden, in June, 2005 and in
October, 2005. Tissues were rinsed with pure water and put into soil boxes - clear plastic
boxes with lids (Sigma Phytatrays), which were filled to about 3 cm in depth with
soil-less potting mix (ProMix) that had been sterilized by autoclaving at 250oC and 18
psi for 45 min. 

Sporophytes were initiated into culture using two methods of surface sterilization. 1)
Tissues were surface sterilized in a 1:20 dilution of commercial bleach for 5 minutes
with stirring and rinsed in sterile, pure water. 2) Other tissues were sterilized using a 1%
solution of sodium dichloroisocyanurate (DCIC, Aldrich) for 5 minutes, followed by a
rinse in sterile, pure water. After surface sterilization, tissues were cultured on Murashige
and Skoog salts with minimal organics (Linsmaier and Skoog, 1965) (MS medium) at
1/2- or 1/4-strength, with 1.5% or no sucrose and gelled with 0.33% Gelzan (Caisson),
with the addition of 100 mg/L benlate (methyl 1-(butylcarbamoyl)-2-benzimidazole
carbamate, Aldrich) (Ben) and one drop (approximately 0.05 ml) of a solution of
antibiotics as previously described (Pence, 2005). Once established, the sporophyte
cultures were maintained on half-strength MS medium with 1.5% sucrose plus 0.33%
Gelzan (½ MS medium). Cultures were grown either in 60 x 15 mm disposable petri
plates or in 25 x 150 mm borosilicate culture tubes with caps (Magenta™ two-way),
with 15 ml of medium per plate or tube. Cultures were incubated at 26oC with a 16:8
light:dark cycle, under CoolWhite fluorescent bulbs, at approximately 20 µE/m2/s. For
acclimatization, plants were removed from culture, rinsed of any excess medium using
reverse osmosis (RO) water, and planted in soil boxes, as used for the initial growth of
sporophytes (above).

Gametophyte Propagation

One collected plant had sori and the spores were cultured separately on 0.8% agar (Sigma
A1296) plus 100 mg/L Ben (agar + Ben) in 60 x 15 mm disposable petri dishes, and
germinated into gametophytes. Several attempts were made to initiate sterile cultures of
gametophytes using 0.01, 0.1, and 1% DCIC. Gametophytes, along with some associated
agar were surface sterilized for 5-10 min, followed by culture on ¼ MS medium with no
sugar plus either 100 mg/L benlate, 0.22% Plant Preservative Mixture (PPM™; Plant
Cell Technology Inc.), or no antimicrobial agent. 

Sporophyte Cryopreservation

For cryopreservation, sporophytes were cut into small pieces, approximately 2-3 mm
long, and transferred to ½ MS medium with and without 10 µM abscisic acid (ABA) for
a 2-3 day pre-culture. In some cases, tissues were used without a pre-culture. Tissues
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were then cryopreserved using two methods. For open drying, tissues were dried
aseptically in glass petri plates (15 x 90 mm) on two layers of Whatman No. 1 filter paper
for 4 hrs under the air flow of the laminar flow hood (average flow rate 94 fpm). For the
encapsulation dehydration method (Fabre and Dereuddre, 1995), tissues were
encapsulated in a 3% solution of alginic acid (PhytoTechnology Laboratories, No. A108),
with a 30 minute incubation in the CaCl2 solution. They were then transferred to liquid
MS medium with 0.75 M sucrose and incubated overnight on a rotary shaker at 100 rpm.
After 18-20 hours, the beads were dried for 4 hrs under the air flow of a laminar flow
hood as for the open dried tissues, bringing moisture levels in the beads to 19-29%,
depending on the experiment. After drying, some beads or open dried tissues were moved
to recovery medium, as dried controls. Some beads were also used at this stage for
moisture determination. Remaining beads or tissues were transferred to 2 ml
polypropylene cryovials (Corning) and plunged into liquid nitrogen. Samples for testing
were removed after 30-60 minutes and thawed at ambient temperature (21-23oC) for
15-20 minutes, before transfer to recovery medium. Additional beads were left in LN
for long-term storage in CREW’s CryoBioBank. For recovery, ½ MS medium was used,
in 60 x 15 mm disposable petri plates, and the tissues were incubated under the same
conditions as propagating cultures. Several replicate experiments were done at different
times, using tissues of different ages (time since last subculture). In one experiment,
cultures of several ages were simultaneously put through the encapsulation-dehydration
procedure, with and without pre-culture on ½ MS + ABA, with recovery of dried controls
and LN exposed tissues. Recovery was measured as tissue pieces with green growth after
one month on recovery medium. Data were analyzed using StatView 5.0.1.

Moisture Determination 

Samples were weighed (wet weight, WW), placed into an oven at 90oC overnight and
reweighed (dry weight, DW). The percent moisture was calculated on a wet weight basis:
(WW – DW)/WW x 100.

Analysis of Total Soluble Carbohydrates

Three samples, of sporophyte tissues (stems and leaves combined) ranging from
0.03-0.17 g, were taken from cultures 2.5 months and 13.5 months in age, 3 samples of
each age from 3 separate culture tubes, for analysis of total soluble carborhydrates.
Tissues were individually extracted with 4 ml of boiling 80% ethanol by grinding with
a Fisher PowerGen 125 at maximum speed, followed by centrifuging at 6030 x g for 10
min. The pellets were re-extracted with 4 ml of boiling 80% ethanol by vortexing with
a Fisher Vortex Genie 2 at maximum setting for 15 sec and re-centrifuging. The
supernatants were combined and 16 ml of chloroform and 4 ml of 0.58% NaCl were
added, followed by centrifugation at 1500 x g for 10 min, to remove chlorophyll and
other pigments. The aqueous phase was removed and any remaining ethanol evaporated
by heating the samples on a Equatherm Temp-Blok at 90oC for approximately 20
minutes. The volume of the aqueous extract was recorded, samples were diluted 1:20
and were analyzed using the anthrone method (Loewus, 1952). Absorbance at 620 nm
was measured and samples were compared with a glucose standard curve.

RESULTS

Sporophyte Propagation

Sporophytes grew and propagated in the soil boxes, although growth was slow and the
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Figure 1. A. Sporophytes of T. puncatatum subsp. floridanum propagated in vitro; B. In vitro propagated sporophytes acclimatized to soil.
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leaves were more elongated than in the wild. Some samples had an accompanying fungus
that eventually formed a mat over the surface of the soil. This appeared to be the same
fungus whenever it occurred, but it did not appear to hinder the growth of the
sporophytes. The sporophytes could be separated from the fungus, rinsed, and put onto
fresh soil, where they continued to grow.

Several attempts were made to surface sterilize sporophyte tissue taken from soil
boxes using solutions of bleach and also of DCIC (Table 1). Although one trial with
bleach was unsuccessful, both methods produced clean-appearing tissues, and a high
percentage of those tissues also showed the initiation of growth. In some cases, a low
level of bacteria appeared in cultures after several months, but one line that remained
clean-appearing was used to establish a stock that was maintained on ½ MS medium
with no benlate or antibiotics (Figure 1A), which was used to propagate plants for
acclimatization. Survival of acclimatized plants was greater than 90% in the covered soil
boxes (Figure 1B), although the plants did not tolerate exposure to ambient humidity
levels in the laboratory.

Gametophyte Propagation

Of 12 sori cultured on agar-Ben medium, germination occurred from eight and produced
green, filamentous gametophytes. These were maintained by subculture every 4-5 months
onto fresh agar-Ben plates. All appeared to have some associated fungal hyphae which
did not overgrow the gametophytes. After 4 months, three gametophytes had produced
one sporophyte leaf each, and such leaf production continued to be observed occasionally.
However, these all eventually died back and did not form propagating sporophyte
cultures. In one case, one sporophyte was formed with 4 leaves. This was removed and
placed into a covered soil box, but it did not survive. 

Attempts to initiate sterile cultures of the gametophytes were made using surface
sterilization with DCIC and recovery on medium with either no antimicrobial agents or
with Ben or PPM. All tissues sterilized with 1% DCIC were totally bleached by 5
minutes, but tissues remained green through the sterilization at 0.1% and 0.01% DCIC.
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Table 1. Results of sterilization of T. punctatum sporophyte tissues for 5 minutes
followed by a water rinse and culture on medium.

Sterilant Medium
Number of

Pieces
Number

Clean-Appearing

No.
showing
growth

Bleach 1:20 dil ½ MS + Ben A 4 0 0

Bleach 1:20 dil ½ MS + Ben A 5 5 4

Bleach 1:20 dil ½ MS + Ben A 3 3 3

1% DCIC ¼ MS, 0%, Ben A 1 1 1



After one month in culture, tissues from both 0.1% and 1% DCIC were bleached,
although the tissues remained uncontaminated on control, Ben, or PPM media. Tissues
sterilized with 0.01% DCIC were not bleached, but at 1 month had browned, and fungus
was evident on all three recovery media.

Cryopreservation of Sporophyte Tissue

Sporophyte tissue of T. punctatum showed good survival through both drying and LN
exposure using the encapsulation dehydration procedure and poor survival using the open
drying method (Table 2; Figure 2). For each method, there was an exception, suggesting
that factors other than pre-culture are also involved in survival. These exceptions did not
appear to be correlated with the ages of the tissues used in this group of experiments.

In another experiment, recovery through drying and freezing was compared between
tissues that were pre-cultured (with and without ABA) and those that experienced no
pre-culture, among tissues of four ages, ranging from 4 to 24 months in culture. As tissues
aged, survival was variable, but significantly lower at 24 months than at 4 months (Figure
3). However, even tissues that had been in culture 24 months showed a survival of about
30%. There was no significant difference at any age between survival of the dried and
LN groups. There also was no difference at any age in survival of tissues pre-cultured
with or without ABA in the pre-culture medium (data not shown). However, when
survival was compared between tissues that received pre-culture, either with or without
ABA, and those that did not have pre-culture for the four age groups, there was a
significant difference between survival of pre-cultured and non-pre-cultured tissues at 4
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Figure 2. Sporophyte tissues on recovery medium after exposure to LN, with some
pieces growing (white arrow) and others with no growth (black arrow).



and 9 months of age (Figure 4). This difference was significant only with the LN treated
cultures (data not shown). There were no significant differences in survival between
pre-cultured and non-pre-cultured tissues with the two older age groups.

Moisture Determination and Total Soluble Carbohydrates 

Moisture levels in tissues decreased with age (Table 3). It was also observed that the
medium in the older cultures had contracted, suggesting drying. Total soluble
carbohydrates were also significantly lower in cultures of 13.5 months in age, compared
with cultures 2.5 months in age (Table 3).

DISCUSSION

To our knowledge, this is the first report of in vitro culture of T. punctatum subsp.
floridanum and of cryopreservation of sporophytes within the Hymenophyllaceae. While
there have been a number of reports on cryostorage of pteridophyte gametophytes
(Barnicoat et al., 2011; Mikula, et al., 2011; Pence, 2000), including the filmy fern,
hymenophyllum tunbrigense (Wilkinson, 2002), there are fewer reports on the
cryopreservation of sporophytes of pteridophytes (Pence, 2001; Pence, 2014 submitted). 

In the case of T. punctatum sporophytes, the presence of ABA in the pre-culture
medium did not appear to affect subsequent survival through drying or LN exposure.
This is in contrast to results with sporophytes of selaginella uncinata (Desv. ex Poir)
Spring and asplenium scolopendrium var. americanum (Fernald) Kartesz & Gandhi, both
of which showed improved survival with pre-culture on ABA medium (Pence, 2001;
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Table 2. Survival of sporophyte tissues of T. punctatum subsp. floridanum through
drying and LN exposure, using open drying and the encapsulation dehydration
procedure. Age = months since last subculture.

Procedure
Age

(mos)
Preculture
with ABA

No.
Dried

%
Surviving

Drying

No. with
LN

Exposure

%
Surviving

LN

Open Drying 3.75 - 59 8 26 0

3.75 + 21 0 27 0

3.0 - 4 25 6 0

3.0 + 3 33 4 100

Encap Deh 8.5 + 11 73 10 50

2.25 + 19 84 20 0

3.75 - 13 84 34 68

3.75 + 18 67 63 54

3.0 + 10 80 11 36
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Figure 3. Percent survival of T. punctatum subsp. floridanum sporophytes of different
ages through drying and LN exposure. Different letters indicate significant differences
(p < .05).

Figure 4. Percent survival through drying and LN (combined) of T. puncatatum subsp.
floridanum sporophyte tissues of different ages with and without preculture. For each
age, different letters indicate significant differences (p < .05). 



Pence, 2014 submitted). This may relate to differences in the tissues being cryopreserved.
Trichomanes punctatum tissues consisted primarily of sections of stem tissues with intact
apical and lateral buds, from which regrowth occurred. The excised shoot tips of s.

uncinata and bud clusters of a. scolopendrium require more dissection and may undergo
more stress in preparation for freezing. Alternatively, there may be differences between
these species in whether the tolerance mechanisms that provide for survival through the
stresses of the encapsulation dehydration procedure are constitutive or inducible with
ABA or other factors, as observed in relation to desiccation tolerance among species of
bryophytes (Proctor & Pence, 2002). 

When sporophyte cultures ranging from 4 to 24 months were examined, overall
survival through desiccation and freezing was lower in the older tissues compared with
younger. The moisture content of the tissues was also lower, possibly reflecting the age
of the culture medium, which had contracted in volume, compared with younger cultures.
Younger tissues had higher levels of total soluble carbohydrates, compared with older
tissues. This could reflect depletion of nutrients in the medium with time, and could also
be a factor in the greater survival of the younger tissues through drying and freezing.
Total soluble carbohydrates have been correlated in several systems with an increase in
tissue desiccation tolerance in both vascular plants and bryophytes (Muller et al., 1997;
Pence et al., 2005). 

Although ABA pre-culture did not appear to affect survival through cryopreservation
compared with tissues pre-cultured on medium without ABA, pre-culture itself did
improve survival of younger tissues compared with tissues receiving no pre-culture.
Pre-culture is a common practice in cryopreservation protocols for shoot tips of
angiosperms. It is often used to supply a cryoprotectant such as DMSO or a high
osmoticum to the excised shoot tips (Chang & Reed, 1999), but in other cases, shoot tips
are pre-cultured on a medium without cryoprotectants for several hours to a day before
beginning the cryopreservation procedure (Bachiri et al., 2001). Older tissues did not
show this response to pre-culture, and also had a lower survival through freezing overall. 

The results here suggest that producing viable sporophytic plants from gametophytes
of T. punctatum subsp. floridanum may require more time and research than propagating
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Table 3. Percent moisture and total soluble carbohydrates in T. punctatum sporophyte
tissues from 2.5 to 13.5 months in age. Within columns, different letters indicate
significant differences (p < .05, Tukey-Kramer).

Tissue Age (mos) Percent Moisture
Total Soluble Carbohydrates

(mg/g DW glucose equivalents)

2.5 70.8 ± .011 a 223.4 ± 7.1 a

5 63.9 ± .007 b -

8.5 66.4 ± .018 ab -

13.5 63.8 ± .011 b 84.0 ± 38.9 b



from sporophytes. The ability to work with the sporophyte directly provides a more rapid
method for propagating and preserving this species, compared with raising plants from
spores through gametophytes ex situ. While there are a number of fern sporophytes that
have been propagated through tissue culture (Camloh & Ambrožič-Dolinšek, 2011;
Pence, 2004), in vitro-grown gametophytes have been a primary focus for
cryopreservation (Barnicoat et al., 2011; Mikula et al., 2011; Pence, 2000; Rowntree &
Ramsay, 2005; Wilkinson, 2002). Our studies were not successful in establishing sterile
cultures of gametophytes of T. punctatum, but suggest that future work with DCIC as a
sterilant at concentrations between 0.01% and 0.1% might be fruitful. DCIC has been
used successfully in establishing aseptic cultures of a number of bryophytes (Rowntree
& Ramsay, 2005). Methods for efficiently growing healthy gametophytes that effectively
produce robust sporophytes might provide more genetic diversity more readily than direct
sporophyte culture.

The Species Assessment for T. punctatum subsp. floridanum cites the need for
“augmentation of existing occurrences through outplantings” and “reintroduction of
extirpated occurrences through outplantings” (U.S. Fish and Wildlife Service, 2012).
The ability to utilize in vitro methods to propagate this species ex situ and to acclimatize
sporophytes from in vitro culture to soil offers the opportunity to generate plant material
for such outplantings. Work is underway on the next step: to initiate growth of the fern
on a rocky substrate that can be moved to, and serve as a substrate, in the wild. In
addition, as a back-up to in situ growth, the protocols outlined here for cryopreservation
provide methods for long-term germplasm storage of the genetic diversity of this species,
securing it for the future.
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