fn vifro Symbiotic Seed Germination of Dendrobium formosum Roxb. ex Lindl.

Ma-manrug Khamchats®®  Somzak Apieiteanich®™  Konglanda Chavamaritt  Sureaya Tan tiwiea

ABSTRACT

Mozt studes on orchid symbotc seed germination invohe with termstna and
temperate orchids. There are fow mports on associadon betwsen epiphytic or tropcal
orchd speces and symbiotic seod gemington. Thies study was to detarmmine the effact of
mycorthzal fungi on Dendrobem Formosem symbiotc seed germinaton in owitro, Foee
mycorthizal fungi isolated from DL formosem rmots, were dentified a3 genera
Ceratobasidiom [DFRMOZ), Cyindrocarpon [DFRMI1 and DFRMO2) and Epacrs [0 FRRHO4
and DFEMIS). All fungal species were cultured into D, forrmosen seeds which ware
collected from prowinces of Ranong and Chumphon in 20112012 whilkst on group of
zoods wearg treated without fungal [contral). After @ months sowing, seeds of all
treatments germinated ower B0%, The geminaton [%) of DFEMO2 treatment was
zignficanthy higher than other groups after 4 months zowing, followed by treatments of
ODFRMO4, DFRMOS and OFRMO1 respactivaly. The msults indicates that Ceraobaandiom sp.
[DFEM02) can be a potential mycorrhizal fungus for DL formosem symbotic seed

getmination and themfor for the consereation of this threatened omchd.

Koy words: Dendrobiem formosem, epiphvtic orchid, mycorrhiza, symbiotic seed

gemination
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INTRODUCTION

The rminute seeds of archids are
capable of deparsing acmss geograp hical
and ecological barrers, but contain wary
little ztored enemgy 10 Support germination
[Aditti and Gham, 20001, Orchid seeds
depend on the energy and nutrients
supplied by a mycorrhizal fungus to
gaerminate under natural conditions
[Razmussen, 1995). Although orchid
zeeds wem cultured to maturity using
asymbiotic techniques, asymbiotically
grown seedlings raraly surviee after being
transfermed 10 nature despite growing wall
i witre, besdes the sutvndl @te of omchd
seedlings from symbiotic sowing was
higher than from asymbotic sowing [Bathy
gf &, 2005). Tha survnal of ochids in
managed or restored habitats may mquire
the presonce of approprate mywcobionts
to support plant devalopment and
subsequent seedling recrutment [Eettler,
1997, Thiz i supported by well
documented cases whem orchds have
devalped with fungi coltured on orgamc
additives 1 Wi, or on ornganic debris
(Eatty et al, 2001).

Senardl casas hawe bean documented
for the tansplam suocess fom symbotcaly

gammnated orchids. An efficent symbotic

il

zood gemninaton protocol 1o germiinate
zmads of the rame subtropical terresthal
archid, Habenarma macroceratitia, was
described, and the szeed germination
parcant was highest whan seeds wam
sown with a fungal mycobiont, Epelorhiza
zp. [Stewant and Kane, 2006). The seed of
zavaral Australian temperate terrastrial
archid taxa, Caladenia arenicola and
FPreroatylia aangoined, germinated best
when soads wara s0wn with mycorthzal
fungi, and the seedling survival of
improwed when actreb gowing symbotic
zoadlings weara transfoarred to natural
hab tats during the growing season [Eatty
gf al, 2006). Athipumeabom o & [2004)
found that Spathogictis piicata seads,
inoculated with Emdorhiza repens and
RhEoctona globolara isolated from 11
terastrial Thai omchd species, showad the
intiation of leawes 60 days after sowing
zoed. Seod germinaton and protoco m
devalbpment of the threatoned termstral
om:hd, Pecteds suaanae (L) Rafin warg
evdlugted up to T davs after sowing, and
the pement of symbiotic seed germination
was highest when mods weare Cuoltured
with Epedorhza sp. [Chutima & &, 2011).
Dondrofiem = the sacond lAmest genus

in the famiky O rchdaceas. Dendrobiem
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formosem Foxb. ex Lindl. s anendemic
epiphvtic wild omchd species in Southeast
Azid, widehy distributed in Himalayas,
Thailand, Vietnam, and Mvanmar [Manaborn
and Indhamamuosika, 19921, 0. fommosem &
a4 species in the Convention on
Intemational Trade in Endangered Species
of Wild Fauna and Floma [CITES) append o
Il isted plants [Comention on Imtematonal
Trade in Endangered Species of Wild
Fauna and Flora, 2014), bacauza thay are
l[amge beautiful and fragmnt flowear and
fragrant which make tham worthy
subjpcts for coltiwation and hobbyists.
Unfortunately, the species has become
threataned with extinction dve 1o the loss
of its natural habitat as well as owvar-
haresting for sak in illkegal tada.  The
knowledge about propagaton & nesded
for the conservation of this spacias.
Howewvar, little is known about their
aszociation with mycorrhza fungi and
their mle in gamuination of O fxTnos w.
Thus the objpctwe of this study
was 1o inwvestigate the association
betwsan orchid mycorrhzal fungal and D
formosum symbiotic seed germination
[inwiti) using mycobonts solated from D

formaawm in Thailand.

MATERIALS AND METHODS

Plant matarals

Whala plants of D formozem
[Figume 1a) were collected from anatual
habtat near Mgao Matonal Park boated
at Ranong [MW.Khamchatra 11, M.
Khamchatra 12 and N, Khamchatra 13)
and ChumphonProvinces [MN Khanohatra
14 and M. Khamchatra 15), Thailand in
2011-2012. Mine to ten monthold D
formosem omchd capsules in weliow gren
color werme collected and kKept in
desiccated plastcs boxes and stored in
the dark place for about one weoek at
mom tampedture. Aftorward, the orchd
seeds were transferred to seakd glass
bottles before baing stored at cold (4 T)
in dark place until uze within & months.

Standard methods for collection
and presereation were used follbwing Jain
and Fao [1977). The woucher specimens
ware deposited at Plant Genetic
Consaraation Project Herbarium, Faculty
of Science and technologyw, Rambhai
Bami Fajabhat Unmarsity, Chanthaburi
Prowince, Thailand. Flowers wers
prazerved in alcohol. Moreowar, live
specimans dare being maintained at the

first author's gadean.
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Fungal isolakon

The roots of D formosem [Figure
1b) were rinsed in tap water to remove
debrz and cut in 1 cm sagments. The
sagmeants wamn stanleed 0 0.5 ba MNalCl
for & min. and finally rinsed in sterile
distilled water thiee times. The surface-
storiizad segments wam transfoermd t© a
sterile Petri dish and immersed in starile
water. The sagmamts weml cut bngitudinglhy,
and pelotons [Figum 1c) wem remowved
from corical cells using a dissecting
needle under a stereomcwscope [Mikon
SME-2B). The indwidual pelbtons warg
that opaque, cicular-oval and submersible
ware washed in five changes of sterile
distilled water. Each peloton [Fgum 1d)
wdas then placed on a Petri plate
contaiming 1% Mutrient Dextmss Yeast
Extract agar [1EMDY) supplementad with
100 mgfml of steptomyzin and 100 mgs
ml tetr@acycline. Plates weom incubated at
282 in the dark and obsorved penodically
for fungal colones dewakbpment. Fungal
myeela of each cobny weme sub-cultured
2-3 times onto another fresh Potato
Dextose Agar [POA) plates to be purifisd
and aszigned the accession number,
starting with OFRRO1, DFRMOZ, DFRMOZ,
OFRMI4 and OFRMOS.Pure cultures wars

pe =]

bept on 15 PDA slants and ako placed
in stetil distiled water at 15 C for further
usm and 20% gheoeral & 20 C for kong-

e pressneaon.

Morphological charactarization of
iz0labas

The 5 fungal salates ware first
dentfied using mompholbgical characte rstics,
according to the methods outlined by
Fobeart (19997 and Athipunwvakom etal.
[2004). For determination of culture
characterstics, all solates weml cultumed
on PDA and Oat Meal Agar [OMA) at 25 £
2°C in the dark Radial growth of the molates
was meazuied 2 and 6 days afer inoculaton.
Cultural mormphobgy was recomded at first
and fourth wealk. The chamcteristics of
fungal molates were woorded a5 colbor and
growth of the colony, concentrnic KNgs
farmation and asernal hyphas, shape and
s@e of the sckemta. Hyphal and monibod
length and width were measured.
Lactophenol cotton blue was uvsed a5 a
staining agent for observing hyphal
characterstics and Safranin O-KOH was
uzad for staimng the fungal nuclei The
hvphal characterstics and the fungal nucki
wara examined and photographed under a

Mikon Eclipse B400 micmscope.
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Molecular analysis

Molecular idemntfication was based
an internal transcripbed spacer [ITS)
saquences. Al molates were gown in 20
mL Potato Dextmose Eroth [PODE) medium
in the dark at room temperature for 7 0
10 dayws. A S0-100 mg mycela aliquot
was harvested from each culture and
OMA was extracted with cetyltrimethy
Emmonivm bromide [CTAB) method as
descnbad by £hou et at (1999

The primers M31 [E-TCCETAGS
TEAACCTGCGEE-2) and ITS4  [5-
TCCTCCGOTTATIG ATATEE -2 [White et
., 1990) were usad for M5 amplificaton.
Polymeraze chain reaction [FPCR)
technique was wsed to amplify the TS
sequences according to the Thermo
Scientfic PCR master me: kit [Fermentas,
Calformia, UsA) The amplificaton was
carried out in a thermocyclar [Takara,
Japan) with a2 PCR condition of 94 C
for & min, followed by 22 cycles of
denaturation at 94 C for 1 min, annealing
at 51 C for 1 min and extension at
720 for 1 min, followsad by 5 min. of final
extension a 72 . PCR products ware
sopaEted by 1.5% agamss gel ekectophoess,
stainad with SYER Safe [Molacular

Probes, Eugene, OR) DMA gel stain, ie.

1:10,00 dilutian of TEE buffar and
vigudlized by ultrawviolat light
transillumination. PCR products ware
putifioed wusing the MucleoSpin®
[Macharoy-Nagel Inc., Easton, USA].
Sequencing was performed on 22 ABI
2720 XLz by using Big Dwe Teminator
Va1 Cwcle Sequancing Kit [Macrogan,
Inc., Korea). Each PCGR template was
saquenced in both dimcton using ather
forward [[THE1) or revarsa [ITS4) primers.
The saquenced wam manuall edited for
ambigucus base wih sequencar v. 4.0
[Gena Codes Cotporatons). In ordar o
determine the identity of these ITS
sequences, the "megablazt ssarches
wara patformed on the WS, Kational
Center for Biotechnalogy Information
[MCEI: blast.ncbhinim.nih.zow). Pairwise
F@quance COompansEons ware exprassod
as the pementage of the total number of
nucleotide differences diaded by total
number of positon sequence similarty of
05ka or gregtar was consdarad.
Symbiotic soad garmination

The effects of wolates on promoting
D. formozem i witro symbiotic seed
germination were evdludated uwsing a
method of Stowan and Kane [2006) with

modification. Soad wane suface starlEed
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as described by Batty ef &l [2001).
Soeads n a4 filtared paper pocketwars
immarsad in distilled water with twean-20
for 2 min twics, follwed by 050 MNalC
for 10 rmin and finalky rinsad 2 times in
sterie distilled water, Appmoximatah: 150-
200 surface sterlized seeds ware Sown
onto the surface of 4 ane-ighth of a
sterile 'Whatman Mo.4 fitered paper and
placed in Petri deh containing 20 mL of
storie Oat Meal Agar [OMA) at pH 60, A
G- mm diameter plug of each fungal
inoculum, was taken from the actiealy
growing hyphal edge 7 days after
culturing on PDA, weare placed at the
mddle of zown seeds plates. Uninoculated
plates were usad as control. Four
replications were used for 6 tregtments.
All 24 culture plates weore soaled with
parafiim and then kept at 25 C in the
dark for 4 months, Seed gemination and
protocorm develpment ware monitoed
monthhy under stereomicroscope and
raturned to the dark conditions.
Denvalop mental zta3ges weme mocorded and
scomwd on 4 scak of 0-5 [adapted from
Arditii and Ghani, 2000; Table 1).
Pmotocoms were @ndomly sampled and
microscopicdally examined to confim the

myzobiont structumes under & compound

210

Iight microscope. Perceantages of seed
gaermmnation weara based on wable soeds
uzing dissecting micioscopy and  protocom
devabpment were cakculated by drading
the number of soad 0 each germination
and development stage by the total
number of wiable seeds in the sample
[Arditii and Ghani, 2000). The data wara
andalyzed using Microsoft Office Excal
progam for one-way anakss of wanance
[AMNOVAYL and means wam compamd by

Ouncan's Multiple Range test

RESULTS AND DISCUSSION
Fungal isolafon and dentiication

Intenze colomzaton of peletons
was found in root of D farmosem [Fgure
1). Intact or degraded pelotons weare
obzarwed in approximately 20408 of root
cortical calls with brownish colr.

Frae fungal endophytic fungi solates
walte axtr@acted from 0. fomnosem roots.
Baszed on morphology and molacular
charactarnstics [Table 2), the fungal
izolates were divided into 2 groups.
Group | was the izolate DFRMNO2 which
showed resemblnce to Rhizoctonia-like
orchid endophyte. The colony colbr of
izolate DFRMNOZ2 on PDA was craany

white. The ellipsodal maoniiod calls weare
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Fgura 1 Dendrobiwmformosum and peloton colonzaton: [a) Flower; [b) Root; [c)

Palotons in corical calls; [(d) Singke peloton.

FAgure 2 Fungal colones on PDA and morphobgical chamacterstcs: (8] kolate DFRMNO2
colbmy on PDA at 14 days; [b) Isolate DFEMO2 colony on PDA at 7 days; [c) Right-angle

branching hvphas; [d) Cluster of monibod cels.
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Fgum 3 Symbitic seed germination and protocorm development of D formosem
inoculated with Ceratobasdiom solated fungr [DFRRMOZ) cultured on OMA: [4) contmol

[umnoculated saads); [b) Fungal colbmzaton of Ceratobasidiom sp. N protocorm; (o)

Stage 2: continued embryo enlargement, testa ruptured; [d) Stage 2. appearance of

protomenstem.

observed after T days [Figure 2).
According to the BLAST ssamh, solate
DFFEMOZ2 was dentified &z genus
Ceratobasidium Gene Bank coda:
acceszon number GUIEFTAS [lang ef af,
2010). These fungal genera are wall
known as mwycorrhizal fungr and
aszzociated with a diverse range of
temestral and epiphvtic orchds, including
Acianthues R.Br., Erpennwla Comm. Ex
Juss., Caladenia R.Er., Cymbidiem Sw,
Doendrobiom Sw., Diors S, Goodyerd

FEr., and Platanthera Rich. Tha athar

212

iz lates ware Group |l consisting of 4
izolates, dentified as Cylindrocarpon
Sene Bank code: accession number
FIED5259 [Vaz ef al., 2002), isolates
OFREMO1 and DFRMO2 and Epacrs Gene
Bank code: accesson number AY2E21941
MWilliams e &, 2003), =olates DFRMNO4
and DFRMOS [Table 2). In thiz study,
endophytic fungal were found as
Cylindrocarpon [DFREMNO2) and Epacris
microphylla [izolates DFREMO4 and
DFRMOS), similar to Bayman and Otam

[F006) which listed a large amounts of
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fungal endophvtes speces isolated from
epiphytic, tarrastrigal and Lithophwtic

archds roots.

Symbiotic soad Qarmin aion

In wiio symbotc seed gemination
= 4 powstful tool for both the pmoduction
of myoo bont-infacted soadlings for use in
plant reintroduction and the study of
fungal specficity within the Orchidaceas.
Howewvat, thara are a few reports that
aldmess in witrd symbiotic seed gemination
and develbpment of Thai native omhid
spacies [Athipunvakom ef al, 2004,
Monthachanapoom e &, 2011). This &
the first studyw that describes in wvitro
symbiotic seed germinatwon of D,
formogum. Owar B0% of saed in this
study germinated and developed to
protocorm after sowing for 3 months
[Table 2. After 4 months sowing, seed
germination of DFRMO2, DFEMO4 and
OFRMOS treatment increased o 100%,
2013k and 22230 respactraby which
were signficanthy higher than control.
Moreover, percentage of seed germination
in treatments inoculated with fungal
igolates OFRMO2 [100%), DFRMO4
(82,138 and OFRMOS [223.20%) wara

sgnficanthy different from control at 4

months, The most adwanced pmotocom
devaloprment at stage 2 was promotad by
wolate OFRMI2 [Ceratobaaidim sp.) for 4
months after seed sowing [Figure 2). The
iz0lates OFRRO4 [Cylindrocarpon) and
OFRMOs [Epacria microphylia) also
promoted seed gerrindation at stage 1.
Meverthaless, the difference betwesan
pemcamages of symbotc and asymbotic
zood germinaton was not high [15%3),
and the final protocorm dewslopmantal
stage is not sufficient for propagation and
conservation of this epiphytic orchid
spaces d prcant. Tham © & complhcated
welationship betwsen omchid and endophytic
fungi, and it iz not clear whethar the
rmycotrhzal fungi found in ad ult plants are
the zame fungi necessary for seed
germination [Porm@as-Alfaro and Bayman
20071, Moroowar, some mports souggest
that there am specfic endophytic fungi
for different stages of growth in an
omchd's ife owcle [Dearnaley, 2007). Alko
it iz possibke that symbosis may require
partcular emvironmental conditons that
cannot be achiewed in the laboratory 0
promote the symbotic relationship
between orchd and fungus. Finding an
effactive mycobiont for D fommosem s a

promizing step forward in continuing
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Table 1 Differont zeed gemuination stages of D, formoswm.

Stage Charactonsics
0 Mo gaminaton, seed with intact seed coat
1 Enlamed embry, seed coat ruptured by the
enlamgement of embrwo [=germination)
i Continwed embreo enlamgement, rupture of testa
2 Appearance of protomeristam
4 Ememeaence of rst baf
5 Elbngation of st kaf and futther eaf dewelbpment

Table 2 Morphology and mokcular chamacterstics dentification of fwe endophytc

fungal wolated from the wild Dendrobin formoswn orchid.

lacl ata Morphology Saquanca match Ida ntity [%h] Fungal group
Coknmycokbr an PO was
whits to cream, sarial hyphae  2uindrocarpon =p. Hypo creales;
ODFRMOT . . a7
in tha cantar with whie FRO0E2ED Nectraceas
2ub margaed marngin
Co by cobor on PO was
creamy whita, mon ilioid Caratobazidiinm 2p. Cantharelblas;
DFRMOZ o : &
celi allipzoidal mer@l and GIOTTAE Caratobasid Bceas
2ub mearged hyphas
Cobny cobr on POS was it b H |
OFEM)2  white to cream, garial and il arpe = o= ypoarealE.
F.B E2EQ Mactraceas
2ub marged hyphas
Cobny on PDA was white to Epachz micraphya Hypooreales;
—— Y . | 4 Hoyo g -~ yp
pake ywellow with aeral hyp has ANoeE o CordycipitBceas
Colkny on POA was white
to cream with sar@l hyphas
E ]l fl H laa;
OFEMIE denze, forming granuler Epacts microphyia o7 ypoare
L ) AR N Cordycipitaceas
aggraqation in tha cantar with
2uh merged m@Engin
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Table 3 Percentages of seed germinaton and pmtocorm dewelopment of D fornosem

zaad after 1, 2, 2 and 4 months sowing

Porcontago of sood gormination afor

Fulf us

1 Mo nths 2 Months 3 Months 4 Months
Contiol 0oo ¢ 1121 d B0.22 ¢ E244 d
OFRMOA 256 © 252 d TO44 C T152 od
0O FRMO2 1500 a TaA1a 10000 a 0000 a
O FRROR 150 © 419 d B122 ¢ 7258 od
0O FRMNO4 1206 ab B059 b 212 b 2012 ab
0 FRMOS 694 a 4244 C M c 2328 bo

In 8 column, maan folkewad by a commen keitter are not gignificanthy d iferant at B% keyval by OMRAT

efforts to dewelop reintroduction and
conzarvation pmoadures for this rare and
threatened orchid species, as the
techniques employed here can be
televant to other endangerad and
thieatened wild orchid species. Furtther
studies should focus on improving the
effcency of D famosem i s soedling
devebopment, such a3 mass propagaton,
tranzplant success o nursary and then o

the natutal habitats.

CONCLUSION
Azzociation between symbiotic
zeed germination and mwcorthiza fungi of
0. formosem was found. Only DFRMO2
ok, was 4 suitable myoobont for D

formosem seed germinaton and seedling

growth @1 wiro, Orchid-fungal symbioss
valug in O &rncsem propagation and their
mintioduction into natural habitats. t can
be appled to other endangermd speces.
Momowar, we now need to understand
the efficacy of O formosem symbiotic
zood germination insitu. If the orchid
indeed requires dfferant fungal strains
within itz Ifetima, suzh knowledge about
the fungi partnars will be helpful for
raintroduction and consaredation of this
speces, a5 wel as other commemial or
endangered and threatoned Thai orchd
species. An 1 ake bating technique s
Juite promizing to be further used in

omzhd consersation p mogram.
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