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Peristylus carnosipetalus (Orchidaceae), a new species from

northern Thailand
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ABsTRACT. Peristylus carnosipetalus Kurzweil from Chiang Mai Province in
Northern Thailand is described and illustrated. The new species is similar to
P. nematocaulon (Hook.f.) Banerji & P. Pradhan from the Himalayas and China
but differs by having much narrower linear-lanceolate foliage leaves and mostly

shorter and generally wider lip spurs.
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INTRODUCTION

Inarecent study of the Thai Peristylus
species (Kurzweil, 2010) two very
similar collections did not match any of
the species known in Thailand, but were
found to share critical characters with P.
nematocaulon (Hook.f.) Banerji & P.
Pradhan from the Himalayas and China,
most importantly the lax to semi-dense
inflorescences and the general shape and
size of the sepals, petals and lip.
Nevertheless, the two Thai specimens
differ from this species particularly in
their leaf shape. The two collections were

therefore provisionally listed as “P. aff.
nematocaulon’. Subsequent herbarium
study revealed that the two Thai
collections are sufficiently distinct from
this taxon, and consequently are here
described as a new species.

Peristylus carnosipetalus Kurzweil,
sp. nov. Figs. 1-2.

Peristylo nematocaulon similis, caule
2- vel 3-foliato, foliis multo angustioribus,
calcare latiore differt.

Type: Northern Thailand, Chiang
Mai Province, Doi Chiang Dao Wildlife
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Sanctuary, trail to the summit, ca. 2,100
m alt., open grassland, July 1996,
Suksathan 1033 (holotype BCU, spirit).

Terrestrial herb, entirely glabrous,
deciduous. Tubers elongate, ca. 0.9 x 0.4
cm. Flowering shoots slender, 7.5-15.7
cm tall. Cataphyll 1, tubular, tube erect
and widened at the top, 0.7-1.2 cm long,
acute, apex somewhat spreading. Foliage
leaves 2 or 3, spreading to suberect,
cauline and scattered along the stem,
linear-lanceolate, acute, apiculate, 2.5~
6.2 x 0.4-0.6 cm, basally sheathing for
0.7-1 cm, margins minutely denticulate,
papillose or entire. Sterile bracts of the
flowering stem absent or up to 3, linear-
lanceolate, acuminate, 0.8-1.3 cm long,
erect and basally sheathing, margins
similarasthe foliage leaves. Inflorescences
semi-dense or lax, slender, 8- to 20-
flowered; rachis 3-4.5 cm long; floral
bracts narrowly lanceolate or lanceolate-
elliptic, acute or acuminate, 2.8-6 (-9) x
1.3-1.9 mm, mostly slightly shorter to
slightly longer than the pedicel plus the
ovary or sometimes clearly longer than
the flowers. Flower not opening very
widely, yellowish green in one specimen
(Tripetch 001), colour not known in the
other (Suksathan 1033). Sepals obtuse or
subacute, with one strong vein in the
middle and the median sepal in addition
with two weaker lateral veins; median
sepal erect, broadly elliptic to elliptic-
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ovate, 1.6-2 x 1-1.6 mm; lateral sepals
elliptic or elliptic-lanceolate, slightly
oblique or not, 2-2.3 x 0.8—-1 mm. Petals
narrowly elliptic to ovate-elliptic, obtuse
or subacute, 1-veined, erect or spreading,
not forming a hood with the median
sepal, 1.6-2.2 x 0.75-1 mm, weakly or
strongly fleshy in the upper half. Lip
1.5-1.7 x 0.9-1 mm, entire or subentire
(basally widened with the sides somewhat
bulging and therefore appearing very
obscurely 3-lobed), ovate-lanceolate or
elliptic, apically more or less fleshy,
obtuse; spur cylindrical, slightly clavate,
0.7-1 mm long, slightly curved forwards,
entire or very weakly bifid, 0.7-1 mm
wide when seen from the front. Column
0.6-1 mm long; anther loculi parallel;
auricles elongate and forwards-pointing,
ca. 0.3 mm long; stigmas subclavate, ca.
0.3 mm long. Ovary sessile, 2.8-4.5 mm
long, erect, with obtuse ridges or entirely
smooth. Capsule (only seen in Tripetch
001) broadly elliptic-fusiform, ca. 4 x 1.6
mm.

Phenology. — Flowering from July to
September.

Ecology. — The type specimen was
collected in open grassland at 2,100 m
altitude. The only other collection of this
species was made in a grassy patch in an
open limestone crevasse at about 1,800
m altitude.



PERISTYTUS CARNOSIPETALUS (ORCHIDACEAE)

Distribution. — The species appears
to be endemic to Northern Thailand.

Thailand. — Currently only known
from two collections, both made in Doi
Chiang Dao Wildlife Sanctuary, Chiang
Mai Province, Northern Thailand.

Specimens examined. — Suksathan
1033 (holotype BCU, spirit); Tripetch
001 (QBG spirit A0L).

Notes. — The structure of the
subclavate stigmas which are adnate to
the lip base and the presence of a lip spur
clearly indicate that this new species
belongs to the genus Peristylus. It is
characterised by the linear-lanceolate
foliage leaves and the minute flowers
with entire or subentire lip which is not
known in any other Thai Peristylus
species (Seidenfaden, 1977; Kurzweil,
2010). While the two collections are very
similar in their flower features, the
general plant size and foliage are
somewhat different (Suksathan 1033:
plants 12.5-15.7 cm tall with three leaves
3-6.2 cm long; Tripetch 001: plants 7.5
cm tall with two leaves to 2.5 cm long)
which is probably the result of different
environmental conditions. In both
specimens the petals are fleshy in their
upper half (strongly so in Suksathan
1033; less pronounced in Tripetch 001)
which is also found in the two similar
species P. nematocaulon (Banerji &

Pradhan, 1984) and P. forceps Finet
(Chen et al., 2009). The species name
“carnosipetalus” alludes to this feature.
In the specimen Suksathan 1033 the lip
is also strongly fleshy in the upper half
(much less in Tripetch 001). One of the
specimens (Tripetch 001) had already
started to set fruit at the time of collection,
with the ovary of the lowermost flower
dehiscing and releasing seeds. While the
perianth was still fairly intact, the column
was already partly dried up. Measurements
of the column details were therefore only
taken in the second specimen (Suksathan
1033).

The new species is most similar to
Peristylus nematocaulon, currently only
known from the Himalayas and China
(Pearce & Cribb, 2002; Chen et al.,
2009), with which it shares the slender
and rather lax inflorescence as well as the
overall shape and size of the sepals, petals
and lip. However, P. nematocaulon
differs clearly by its single subbasal and
oblong to oblong-elliptic foliage leaf
0.7-2 cm wide. Further differences
are the mostly shorter and generally
wider lip spurs of the new species
(1-1.4 x 0.4-0.5 mm in P. nematocaulon;
0.7-1 x 0.7-1 mm in P. carnosipetalus).
One of the syntypes of P. nematocaulon
(Hooker s.n., K1) also differs by having
more pointed tepals.



Similarities to four other Peristylus
species can also be observed. The
Chinese P. forceps shares an entire lip
with P. carnosipetalus but is a taller plant
(15-45 cm), has wider foliage leaves
(elliptic-lanceolate to lanceolate and
0.8-2 cm wide), a denser inflorescence,
longer bracts (ca. 8 mm long) and larger
flowers (sepals and petals 2-3 mm long,
lip 2.5-3.5 mm long) (Seidenfaden,
1977; Chen et al., 2009). An entire lip is
also found in the Chinese P. forrestii
(Schltr.) K.Y. Lang which is a taller plant
(20-25 cm) that has narrower basal
leaves 2-3 mm wide, longer ovaries (5-8
mm long), larger flowers (sepals ca. 2.5
mm long; petals and lip ca. 3 mm long)
and much longer lip spurs (5.5-8 mm)
(Chen et al., 2009). There is also a
similarity to the Himalayan P. duthiei
(Hook.f.) Deva & H.B. Naithani (syn.
Herminium duthiei Hook.f.) in the shape
and size of the flower parts but this
species has mostly wider foliage leaves
(to 1.5 cmwide) and differs by its saccate
spur (Banerji & Pradhan, 1984; Pearce
& Cribb, 2002). The Vietnamese P.
chapaensis (Gagnep.) Seidenf. also has
an entire lip but differs in its flowers
which are about twice as large and in its
shorter and wider foliage leaves
(Seidenfaden, 1977).
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FIGURE 1. Peristylus carnosipetalus Kurzweil. A. plant; B. & G. flower, in G. forced
open with the right petal bent down; C. lip and column from above; D. lateral sepal;
E. median sepal; F. petal; H. column. (1 adaxial, 2 abaxial, 3 side view). Drawn from
spirit material (Suksathan 1033 (BCU)) by Yotsawate Sirichamorn.
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FIGURE 2. Peristylus carnosipetalus Kurzweil. Plant habit. Photographer: Petch
Tripetch.
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ABSTRACT. A taxonomic study of the genus Actinodaphne Nees in Thailand is
presented. Eleven species were enumerated, namely Actinodaphne amabilis
Kosterm., A. angustifolia (Blume) Nees, A. cupularis (Hemsl.) Gamble, A.
glomerata (Blume) Nees, A. henryi Gamble, A. montana Gamble, A. omeiensis
(H. Liu) C.K. Allen, A. perglabra Kosterm., A. sesquipedalis (Wall. ex Kuntze)
Hook.f. & Thoms. ex Meisn. var. cambodiana Lecomte, A. sesquipedalis var. glabra
Kochummen, A. sikkimensis Meisn. and Actinodaphne sp.1.

Keyworbs: Taxonomy, Actinodaphne Nees, Thailand

INTRODUCTION

The genus Actinodaphne Nees
comprises about 100 species (Kostermans,
1957; Rohwer, 1993; van der Werff,
2001), distributed from India and
Sri Lanka to Myanmar, Thailand,
Indo-China, Korea, Japan, Malaysia and
the Solomon Islands. The genus was
established by C.G. Nees von Esenbeck
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in 1831 based on A. pruinosa from
peninsular Malaysia. Since then, a total
of 150 binominals have been published
by various authors (Julia, 2005). The
name of the genus Actinodaphne come
from Greek: aktinos means ray and
daphne means laurel which alluding to
the arrangement of leaves in star-shaped
whorls (Kochummen, 1989). The reports
on Actinodaphne in Thailand are as
follow: Kostermans (1974) found 2 new
species, i.e. A. amabilis and A. perglabra.
The Forest Herbarium, (2001) reported



three species of Actinodaphne, i.e. A.
angustifolia, A. henryi and A. montana.

MATERIALS AND METHODS

Taxonomic revision of the genus
Actinodaphne in Thailand was conducted
between March 2005 and March 2008.
Species diversity, morphological characters,
distribution and ecological data were
examined and recorded. Field collections
and phenological observation were made
throughout the country. The herbarium
specimens available in Thai herbaria
were thoroughly studied and identified
by consulting the taxonomic literature and
by comparison with photographs of type
specimens from Thai and foreign
herbaria.

TaxoNoMIC TREATMENT
ACTINODAPHNE

Nees, Wall., Pl. Asiat. Rar. 2: 61, 68.
1831.— lozoste Nees, Wall., Pl. Asiat.
Rar. 2: 61. 1831. Type species.—
Actinodaphne pruinosa Nees.

Evergreen, dioecious, small to
medium-sized tree; bole straight to
moderately straight, sometimes with
small steep buttresses up to 1 m high.
Bark generally nearly smooth, furrowed
or cracking and occasionally lenticillate,
outer bark greyish brown to darkish
brown or reddish brown, with green or
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white patches; inner bark yellowish
orange to yellow. Terminal bud perulate
with imbricate scales, ellipsoid to ovoid,
oblong or lanceolate; apex acute, glabrous
to tomentose, sometimes covered with
large green leaf-like, narrowly elliptic-
oblong, elliptic-ovate, narrowly lanceolate-
elliptic, glabrous to tomentose sometimes
caducous scale; distinct scar of scale just
above the whorls of leaves. Leaves
simple, verticillate or subverticillate,
apex acute, acuminate, caudate or
cuspidate, base cuneate, attenuate or
oblique, margin usually entire;
chartaceous or thinly coriaceous to
coriaceous, shining green or dull dark
green above, glaucous beneath, midrib
and secondary veins arching and looping
near margin and obscure to slightly
distinct or distinct on both surfaces;
tertiary veins scalariform or reticulate-
scalariform. Petiole slender to stout,
0.3-5.5 cm long, glabrous to tomentose.
Inflorescences axillary or/and borne
along twigs between whorls of leaves,
fasiculate, cymose, umbellate arranged
in raceme or umbellate on short peduncles,
5-8 flowers per umbel; involucral bracts
caducous, leaving distinct scars at
inflorescence base. Flower trimerous,
unisexual, usually 0.3-1 cm in diam.,
greenish white or yellow, fragrant;
perianth lobes 6, equal to subequall,
imbricate, inner lobes glabrous,
outer lobes glabrous to tomentose,
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membranaceous, 3-5 veins inside,
elliptic, ovate or oblong, apex acute.
Staminate flower: fertile stamens 9 (-10),
arranged in 3 whorls, the first and second
whorls eglandular, the third whorl with
two glands on each side at base, glands
usually globose, cordate or sagittate;
filament slender, 0.3-7.2 mm long, longer
or shorter than anther, glabrous to hairy;
anther elliptic to oblong, apex acute,
0.8-2.5 mm long, 4-locular, introrse.
Pistillate flower: staminodes 9 (-10),
elliptic, spathulate, linear or 3-lobed,
0.5-2 mm long, glabrous to hairy at base;
ovary superior, narrowed toward the
style, ellipsoid to globose, glabrous to
hairy, stigma peltate or 4-lobed, style

slender to stout, 0.5-2 mm long, glabrous
to hairy. Infructescences each bearing
1-5 fruits. Fruits drupe, globose,
subglobose or ellipsoid, seated on enlarge
perianth tube partly enclosing the fruits,
the tube disc-shaped or cup-shaped,
0.3-1cmindiam., glabrous to puberulous
inside, outside hairy, margin entire or
undulate; young fruit light to dark green,
slightly shining, with white mottles, dark
purplish red to black when mature; fruit
apex apiculate, persistent or caducous,
perianth persistent or caducous, with
distinct scar on the perianth tube when
fruiting; pedicels slender, thickened,
0.5-1.5 cm long, glabrous to tomentose.

KEY TO THE SPECIES

. Shoot apex with terminal buds covered with large green scales which resemble

leaf-like under-sized foliage leaves, glabrous to hairy..........cccccoeveviviiciiieiennns 2
. Shoot apex with terminal buds perulate with imbricate scales or not, glabrous to
PAITY oot e et et e re e naeeeenne s 5
Inflorescences cymose, terminal buds glabrous ..............c.......... 4. A. glomerata
Inflorescences umbellate on short peduncles or fasiculate, terminal buds glabrous
10 TOMEBNTOSE ...ttt be e 3
. Petiole slender, glabrous, 1-2 cm long ........cccoeveienne 11. Actinodaphne sp.1
. Petiole stout, glabrous or yellowish hairy, 2-5cm long ........c.ccocvivviiiiienenen, 4

. Leaf-like scales of terminal buds narrowly elliptic-oblong, 4-5 cm long; leaf
blade narrowly elliptic-oblong to narrowly lanceolate, 22-45 by 3-9 cm; petiole
yellowish hairy, 2-4 cm long ............... 9a. A. sesquipedalis var. cambodiana
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. Leaf-like scales of terminal buds ovate to elliptic, 2-4 cm long; leaf blade

elliptic-oblanceolate, 30-60 by 9-18.5 cm; petiole glabrous, 3.5-5.5 cm long
....................................................................... 9b. A. sesquipedalis var. glabra

Inflorescences umbellate; the umbels themselves arranged in a raceme ........... 6
Inflorescences umbellate; the umbels on short peduncles or fasiculate ............. 7
. Petiole slender, glabrous to puberulous, 1-2 cm long; mature perianth tube

deeply cup-shaped, margin entire, 3-4 mm in diam., glabrous inside; puberulous
outside; bark Smooth ..o, 6. A. montana
Petiole stout, puberulous to tomentose, 2-4 cm long; mature perianth tube
shallowly cup-shaped, margin entire or undulate, 7-8 mm in diam., puberulous
on both sides; bark fUrrOWEd ............coovviiiiiiiie e 5. A. henryi

. Tertiary veins finely reticulate; leaves subverticillate above, alternate below

..................................................................................................... 8. A. perglabra

Tertiary veins scalariform or reticulate-scalariform; leaves verticillate or
SUDVEITICHIALE ..o.veviceceee e 8
Fruit ellipsoid ........ccoooeiieiice e 10. A. sikkimensis
Fruit globose or SUDGIODOSE ........ccocviiiiiice e 9
Inflorescences umbellate on short peduncles ...........ccccveeviiiiiciic i, 10
INflorescences fasSiCUIALE ...........coveiiiiiiiei s 11
. Mature perianth tube deeply cup-shaped, 0.5-1 c¢cm in diam.; inflorescence

6—7-flowered; petiole 0.5-1 M 1ONG ....cccvvviiiiiiiiiiiiee 3. A. cupularis
Mature perianth tube shallowly disc-shaped or undulate cup-shaped, 0.5-0.6
cm in diam.; inflorescence 7-8-flowered; petiole 1.6-1.8 cm long...........ccce...e.
.................................................................................................... 7. A. omeiensis
Juvenile shoots whitish wooly; inflorescences borne along twigs between whorls
of leaves; mature perianth tube shallowly cup-shaped, 7-8 mm in diam. ..........

...................................................................................................... 1. A. amabilis
Juvenile shoots rusty-tomentose; inflorescences axillary or on twigs between
whorls of leaves; mature perianth tube small disc-shaped, 4-5 mm in diam.
................................................................................................ 2. A. angustifolia

Actinodaphne amabilis Kosterm.  Phota Luang Kaeo, alt. 1,000 m, February,

Nat. Hist. Bull. Siam Soc. 25(3-4): 29.  fr., Kerr 16931 (holo K!; iso BM).
1974. Type: Thailand, Ranong, Khao
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Small tree, ca. 10 m high. Twigs
slender, juvenile shoots densely white
woolly. Terminal buds perulate with
imbricate scales, elliptic to ovate, 5-6
mm long, tomentose. Leaves verticillate
of 4-5 leaves; blade elliptic-oblong to
narrowly lanceolate, 9.5-19 by 2-3 cm;
apex acute to acuminate; base cuneate to
attenuate; margin entire; chartaceous,
shining green above, densely white
woolly when young, glabrous on both
surfaces when mature, glaucous beneath;
midrib raised on both surfaces, glabrous
on both surfaces; secondary veins 6-10
pairs, at an angle of 45°-60° from the
midrib, sunken above, raised beneath,
arching and looping near margin; tertiary
veins scalariform, obscure or slightly
distinct on both surfaces. Petiole slender,
1-1.5cm long, puberulous. Inflorescences
fasiculate, minutely tomentose, 5-7 mm
in diam., tomentose, borne along twigs
between whorls of leaves, Staminate
flower not seen. Pistillate flower:
pedicels 2 mm long, whitish pilose;
perianth lobes oblong-elliptic, 2-2.5 by
0.5-1 mm, glabrous inside, velutinous
outside; ovary ellipsoid-ovoid, ca. 1 by 0.5
mm, glabrous, style stout, ca. 1 mm long,
pilose at base, stigma peltate; staminodes
9, spathulate, 1 mm long, pilose at base.
Infructescences each bearing 3—4 fruits.
Fruit globose, 7-8 mm in diam.; apex
apiculate; drying black; mature perianth
tube shallowly cup-shaped, 7-8 mm in

diam., puberulous on both sides; pedicels
slender, ca. 5 mm long, whitish pilose.

Thailand.— NORTH-EASTERN:
Loei (Phu Kra Dueng National Park);
PENINSULAR: Phangnga (Khao Phota
Luang Kaeo).

Distribution.— Thailand.

Ecology.— Lower montane rainforest,
alt. 1,000-1,300 m; flowering: November;
fruiting: February.

\ernancular— Tong Lat Khon Khao
(IR VUV).

Note.— Description of this species
was referred to Kostermans (1974).

Specimens examined.— R. Geesink
et al. 7697 (BKF).

2. Actinodaphne angustifolia (Blume)
Nees in Wallich, PIl. As. Rar. 3: 31.
1832.— Litsea angustifolia Blume, Bijdr.
FI. Ned. Ind. 11: 566. 1826. Type: not
located. Fig. 1 A.

Small to medium-sized tree, 10-12
m high, dbh 10-15 cm. Twigs rough,
juvenile shoot rusty-tomentose. Bark
reddish brown with green patches,
lenticels grey, inner bark brownish
yellow. Terminal buds perulate with
imbricate scales, elliptic-ovate, 4-7 mm,
glabrous. Leaves verticillate of 3-6
leaves; blade elliptic-oblanceolate, 9-25
by 2.3-5 cm; apex acute to acuminate;
base cuneate; margin entire; chartaceous,
shining green above, yellowish tomentose
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when young, glabrous on both surfaces
when mature, glaucous beneath; midrib
flat or raised above, raised beneath,
glabrous on both surfaces, secondary
veins 7-10 pairs, at an angle of 50°-60°
from the midrib, sunken above, raised
beneath, arching and looping near
margin, tertiary veins scalariform,
obscure or slightly distinct above,
distinct beneath. Petiole slender, 0.5-1.3
cm long, glabrous to puberulous
Inflorescences fasiculate, 1-1.7 cm in
diam., axillary or borne along twigs
between whorls of leaves. Staminate
flower: pedicels 2-3 mm long, glabrous
to puberulous; perianth lobes ovate-
elliptic, 2-2.5 by 1.5-2 mm, glabrous
inside, puberulous outside; stamens 9,
anther ovate-elliptic, 0.8-1.2 mm long,
filament 1-1.2 mm long, sparsely hairy.
Pistillate fflower: not seen. Infructescences
each bearing 2-3 fruits. Fruit subglobose,
7-8 mm in diam.; drying dark red; mature
perianth tube small disc-shaped, 4-5 mm
in diam., puberulous both inside and
outside; pedicels slender, 3-4 mm long,
glabrous.

Thailand.— EASTERN: Nakhon
Ratchasima (Khao Yai National Park);
SOUTH-EASTERN: Rayong (Ban Phe),
Chanthaburi (Trok Nong Waterfall
Substation, Nam Tok Phlio National Park),
Trat (Chang Kluea); PENINSULAR:
Ranong (Khao Phota Laung Kaeo), Krabi

MonTR1 TANAROS ET AL.

(Dan Chumpon), Trang (Khao Chong),
Yala (Banang-Sata), Narathiwat
(Hala-Bala Wildlife Santuary).

Distribution.— India, Malay
Peninsula, Java.

Ecology.— Mixed deciduous and dry
evergreen forests, alt. 450-700 m;
flowering: November; fruiting: February.

Vernancular.— Ka that (n1va)
(Rayong), Ka thit nu (m#lany) (Trat),
Rom Khao (su111) (Ranong).

Specimens examined.— A.F.G. Kerr
16372 (BK), 17676 (BK), 18334 (BK);
Put 2747 (BK, K); M. Tanaros 5 (BKF),
8 (BKF), 9 (BKF).

3. Actinodaphne cupularis (Hemsl.)
Gamble in Sargent, Pl. Wilson. 2: 75.
1914.—L.itsea cupularis Hemsl., J. Linn.
Soc. 26: 380. 1891. Type: not located.

Small to medium-sized tree, 3-12 m
high. Twigs slender, juvenile shoot
puberulent. Terminal buds perulate with
imbricate scales, elliptic to lanceolate,
1.5-2 cm long, peberulous. Leaves
subverticillate of 5-6 leaves, blade
elliptic, 8.5-19 by 2-5 cm; apex acute;
base cuneate; margin entire; chartaceous
or thinly coriaceous, shining green above,
glabrous or puberulent beneath when
young, glabrous on both surfaces when
mature, glaucous beneath; midrib sunken
above, raised beneath, glabrous on both
surfaces, secondary veins 6-12 pairs, at
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an angle of 45°-60° from the midrib, flat
above, raised beneath, arching and
looping near margin, tertiary veins
scalariform to reticulate, obscure or
slightly distinct above, distinct beneath.
Petiole slender, 0.5-1 cm long, glabrous
to puberulous. Inflorescences umbellate
on short peduncles, 1-1.5 cm in diam.,
densely tomentose, with 6—7 flowers per
umbel, axillary and borne along twigs
between whorls of leaves. Staminate
flower: pedicels 3-4 mm long, yellowish
tomentose; perianth lobes elliptic, 2.8
3.5 by 0.5-1.5 mm, glabrous inside,
velutinous outside; stamens 9, anther
oblong, 1-1.5 mm long, filament 4-5.5
mm long, villous at base. Pistillate
flower: pedicels 3—-4 mm long, yellowish
tomentose; perianth lobes elliptic, 2.8—
3.5 by 0.5-1.5 mm, glabrous inside,
velutinous outside; ovary ovoid, ca. 1 by
0.5 mm, glabrous, style slender 1 mm long,
glabrous, stigma peltate; staminodes 9,
linear, 1-1.5 mm long, glabrous.
Infructescences each bearing 1-3 fruits.
Fruit globose, 1.2-1.4 cm in diam.; apex
apiculate; red when mature, drying dark
red; mature perianth tube deeply
cup-shaped, 0.5-1 cm in diam., glabrous
inside, velutinous outside; pedicels
slender, 0.7-1.5 cm long, velutinous.

Thailand.— NORTHERN: Chiang
Mai (Doi Chiang Dao Wildlife Santuary),
NORTH-EASTERN: Loei (Phu Kra

Dueng National Park), EASTERN:
Nakhon Ratchasima (Khao Laem).

Distribution.— China (Yunnan).

Ecology.— Lower montane rainforest,
alt. 1,300-1,500 m; flowering: October-
November; fruiting: August-September.

Vernancular.— Tong Lat Doi Chiang
Dao (navanaaasiTniann).

Uses.— Seeds contain oils which are
used for making lubricant. The roots and
leaves are used as folk medicine for
curing “Hong Kong foot’, burns and piles.

Specimens examined.— C.F. Beusekom
et al. 9621 (BKF); A.F.G. Kerr 5566 (K),
9947 (K); T. Smitinand & C. Phengklai
11567 (BKF); J.E. Vidal 5202 (BKF).

4. Actinodaphne glomerata (Blume)
Nees, Syst. Laur. 597. 1836.— Laurus
glomerata Blume, Cat. Gew. Buitenzorg
(Blume): 66. 1823 (in adnot). Type: not
located.

Small to medium-sized tree, 10-18
m high. Twigs slender, juvenile shoot
reddish minutely pubescent. Bark
smooth, lenticillate, dark grey. Terminal
buds covered with large green leaf-like
scales which resemble under-sized
foliage leaves, elliptic-ovate, 1-2.5 cm
long, glabrous. Leaves verticillate of 4-7
leaves; blade ovate-obovate, 13-28 by
5.5-14 cm; apex cuspidate; base oblique;
margin entire; coriaceous, dark green
above, reddish minutely pubescent when
young, glabrous on both surfaces when
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mature, glaucous beneath; midrib raised
on both surfaces, glabrous above,
minutely pubescent beneath, secondary
veins 11-13 pairs, at an angle of 30°-4Q°
from the midrib, raised on both surfaces,
arching and looping near margin, tertiary
veins scalariform, distinct on both
surfaces. Petiole slender, 1-2 (-3) cm
long, glabrous to pubescent. Inflorescences
cymose, 1-2 cm in diam., borne along
twigs between whorls of leaves, peduncle
5-7 mm long, minutely pubescent.
Staminate flower: pedicels 3-5 mm long,
pubescent; perianth lobes elliptic-ovate,
2.5-3 by 2 mm, glabrous inside,
velutinous outside; stamens 9, anther
ovate-elliptic, 1-1.3 mm long, filament
0.3-0.5 mm long, yellow reddish villous
at base. Pistillate flower not seen.
Infructescences not seen.

Thailand.— PENINSULAR: Ranong.

Distribution.— India, Malay Peninsula,
Java, Sumatra.

Ecology.— Tropical to lower
montane rainforests, alt. 600-1,000 m;
flowering: September.

Vernancular.— Tong Lat Bai Kai
Klab (asmalylunau).

Specimens examined.— A. Cuadra
A1309 (BKF); N. Fukuoka et al. T-35912
(BKF).

5. Actinodaphne henryi Gamble, Bull.
Misc. Inform., Kew 1913: 265. 1913.
Type: not located. Fig. 1 B-E.
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Small to medium-sized tree, 10-20
m high, dbh 15-19 cm. Twigs thick,
glabrous to pubescent or tomentose,
juvenile shoot densely yellowish tomentose.
Bark furrowed, greyish to brownish,
inner bark yellowish. Terminal buds
perulate with imbricate scales, oblong,
2-3.5 cm long, tomentose. Leaves
subverticillate of 4-6 leaves; blade
elliptic-lanceolate, 22—-29 (-40) by 5.5-
7.5 (-10) cm; apex acute to acuminate;
base cuneate or oblique; margin entire;
coriaceous, dull dark green above,
densely yellowish tomentose when
young, glabrous on both surfaces when
mature, greyish silvery glaucous beneath;
midrib raised on both surfaces, glabrous
to puberulous on both surfaces, secondary
veins 9-12 pairs, at an angle of 40°-60°
from the midrib, raised on both surfaces,
arching and looping near margin, tertiary
veins scalariform, slightly distinct above,
finely distinct beneath. Petiole stout, 2—4
cm long, puberulous to tomentose.
Inflorescences umbellate arranged in
raceme, borne along twigs between
whorls of leaves, with 5 flowers per umbel,
peduncle of each umbel 0.7-1 cm long,
pubescent. Staminate flower: pedicels
2-2.5 mm long, yellowish tomentose;
perianth lobes elliptic, 2-2.5 by 0.8-1
cm, glabrous inside, velutinous outside;
stamens 9, anther oblong, 1.3-1.5 mm
long, filament 3.5-4 mm long, villous.
Pistillate flower: pedicels 2-2.5 mm long,
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yellowish tomentose; perianth lobes 6,
elliptic, 2-2.5 by 0.8-1 cm, glabrous
inside, velutinous outside; ovary ellipsoid
to ovoid, ca. 1 by 0.5 mm, glabrous, style
stout, 0.3-0.5 mm long, glabrous, stigma
peltate; staminodes 9, spathulate, 1 mm
long. Infructescences each bearing 1-3
fruits. Fruit globose, 0.8-1 cm in diam.,
young fruit greenish with white dots, red
when mature, drying dark red, mature
perianth tube shallowly cup-shaped,
margin entire or undulate, 7-8 mm in
diam., puberulous on both sides; pedicels
slender, 5-7 mm long, pubescent.

Thailand.— NORTHERN: Chiang
Mai (Doi Suthep-Pui National Park, Doi
Inthanon National Park), Chiang Rai
(Doi Aung Kha), Nan (Doi Phuka
National Park), Lampang (Chae Son
National Park, Doi Khun Tan National
Park), Sukhothai (Khao Luang),
Phitsanulok (Phu Hin Rong Kla National
Park, Thung Salaeng Luang National
Park); EASTERN: Nakhon Ratchasima
(Khao Laem, Khao Yai National Park);
SOUTH-WESTERN: Uthai Thani (Huai
Kha Khaeng Wildlife Santuary),
Kanchanaburi (Tinuang Forest Protection
Units, Thung Yai Naresuan Wildlife
Santuary); SOUTH-EASTERN: Chon
Buri (Khao Khiao).

Distribution.— China (Yunnan).

Ecology.— Lower montane forest,
alt. 600-1,300 m; flowering: December-
Febuary; fruiting: July-August.

Vernacular.— Tong Lat (aaya1a)
(Chiang Mai), Ta thip thong (anfiunav)
(Nakhon Ratchasima), Saen ta kla yai
(wauaznazlnay) (Sukhothai).

Uses.— The wood is used for
construction, furniture and industrial
timber.

Specimens examined.— K. lwatsuki
& N. Fukuoksa T-3967 (BKF); A.F.G.
Kerr 1643 (K), 5374 (BK), 5931 (BK, BKF);
J.F. Maxwell 75-1117 (BK), 88-112
(BKF), 93-1557 (BKF), 96-657 (BKF);
Put 3517 (BK, BKF); T. Smitinand 2128
(BKF); S. Sutheesorn 1529 (BK); Th.
Segrensen et al. 3066 (BKF), 3531 (BKF),
6619 (BKF); M. Tanaros 3 (BKF), 26
(BKF), 27 (BKF); P. Thongson 77 (QBG).

6. Actinodaphne montana Gamble,
Bull. Misc. Inform., Kew 1910: 312.
1910. Type: not located. Fig. 1 F-G.

Medium-sized tree, 15-20 m high,
dbh 20-30 cm. Twigs slender. Bark
smooth, lenticillate, greyish brown, inner
bark yellowish orange. Terminal buds
perulate with imbricate scales, elliptic, ca.
8 mm, tomentose. Leaves verticillate of
4-5 leaves; blade oblanceolate-elliptic,
11-19 by 4.5-6.5 cm; apex acuminate to
caudate; base cuneate; margin entire;
thinly coriaceous, bluish green above,
glabrous on both surfaces, glaucous
beneath; midrib raised or flat above,
raised beneath, glabrous on both surfaces,
secondary veins 7-10 pairs, at an angle
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of 40°-50° from the midrib, flat or sunken
above, raised beneath, arching and
looping near margin, tertiary veins
scalariform, obscure or slightly distinct
above, finely distinct beneath. Petiole
slender 1-2 cm long, glabrous to
puberulous. Inflorescences umbellate
arranged in raceme. Infructescences each
bearing 1-3 fruits, axillary or borne along
twigs between whorls of leaves. Fruit
subglobose, 4-5 mm in diam.; young fruit
green with white dots, drying dark red
black; mature perianth tube deeply cup-
shaped, 3-4 mm in diam., glabrous
inside, puberulous outside; pedicels
thicken, 0.7-1.5 cm long, puberulous.

Thailand.— PENINSULAR: Nakhon
Si Thammarat (Khao Nan), Phatthalung,
Yala (Betong), Narathiwat (Bachaow).

Distribution.— Malay Peninsula.

Ecology.— Lower montane rainforest,
rarely on lowlands, alt. 600-1,500 m;
fruiting: July.

Vernacular— Mae-dae-si-ka (uiue
anz) (Malay-Pattani).

Note.— Description of this species
was based on Kochummen (1989).

Specimens examined.— A.F.G. Kerr
7206 (BK, K); M. Tanaros 10 (BKF), 29
(BKF), 32 (BKF).

7. Actinodaphne omeiensis (H. Liu)
C.K. Allen, Ann. Missouri Bot. Gard. 25:
411. 1938.— A. reticulata Meisn. var.
omeiensis H. Liu, Laur. Chine et Indoch.:
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158. 1932. Type: not located.

Small tree, 3-5 m high. Twigs villous
when young and becoming glabrous.
Terminal buds perulate with imbricate
scales, elliptic, 1.1-2.2 cm long, glabrous
to tomentose. Leaves subverticillate of
4-6 leaves, blade oblong to lanceolate,
12-16 (-27) by 2-4 (-6) cm; apex acute
to acuminate; base cuneate to oblique;
margin entire; thinly coriaceous, shinning
green above, glabrous on both surfaces,
silvery glaucous beneath; midrib raised
on both surfaces, secondary veins 9-12
(=15) pairs, at an angel of 55°-60° from
the midrib, sunken above, raised beneath,
arching and looping near margin, tertiary
veins scalariform to indistinct reticulate,
obscure on both surfaces. Petiole slender,
1.6-1.8 cm long, glabrous. Inflorescences
umbellate on short peduncles, with 7-8
flowers per umbel. Staminate flower:
pedicels ca. 5 mm long; perianth lobes
pubescent outside; stamens 9, filament ca.
4 mm long, villous. Pistillate flower not
seen. Infructescences each bearing 1-3
fruits. Fruit subglobose, 1.2 cm in diam.;
mature perianth tube shallowly disc-
shaped or cup-shaped, margin entire or
undulate, 5-6 mm in diam., puberulous
inside, glabrous to puberulous outside;
pedicels thick, 6-7 mm long, glabrous to
puberulous.

Thailand.— SOUTH-WESTERN:
Prachuap Kiri Khan (Khao Luang).
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Distribution.— China.

Ecology.— Lower montane rainforest,
alt. 500-1,700 m; flowering: Febuary-
March; fruiting: July-September.

Note.— Description of this species
was based on Li et al. (2008).

\ernancular.— Tong Lat Bai Kahnan
(A9 luUW).

Specimens examined.— A.F.G. Kerr
10994 (BK), 11011 (BK).

8. Actinodaphne perglabra Kosterm.,
Nat. Hist. Bull. Siam Soc. 25(3-4): 30.
1974. Type: Thailand, Nakhon
Ratchasima, Lat Bua Khao, November,
buds, Put 4323 (holo KI).

Tree, glabrous. Twigs rough, slender.
Terminal buds not seen. Leaves
subverticillate of 4 leaves or alternate,
blade oblong-elliptic, 7-13 by 2.3-3.5
cm; apex acute to acuminate; base
cuneate; margin entire; chartaceous,
green polished above, glabrous on both
surfaces, glaucous beneath; midrib raised
or flat above, raised beneath, puberulous
on both surfaces, secondary veins 6—7
pairs, thread-like, at an angle of 30°-40°
from the midrib, raised on both surfaces,
slightly distinct, arching and looping near
margin, tertiary veins finely reticulate,
distinct on both surfaces. Petiole slender,
3-5 mm long, glabrous. Inflorescences
fasiculate or umbellate, peduncle near to
internode solitary or short branchlet.

Staminate flower not seen. Pistillate
flower: pedicels 0.3-0.5 mm long;
perianth lobes ovate-elliptic, 1-1.5 by
0.5-0.7 mm, glabrous inside, glabrous to
pilose outside; ovary ellipsoid, 0.5-1 by
0.3-0.5 mm, glabrous, style thick, 1 mm
long, glabrous, stigma peltate; staminode
not seen. Infructescences not seen.

Thailand.— EASTERN: Nakhon
Ratchasima (Lat Bua Khao).

Distribution.— Thailand.

Ecology.— Dry evergreen forest,
elevation not known; flowering:
November.

Vernancular— Tong Lat Bai Kliang
(@09 aluLnaL).

Note.— Description of this species
was based on Kostermans (1974).

Specimens examined.— Put 4308 (K).

9. Actinodaphne sesquipedalis (Wall.
ex Kuntze) Hook.f. & Thoms. ex Meisn.
in DC., Prodr. 15(1): 216. 1864.—
Luarus sesquipedalis Wall. ex Kuntze,
Rev. Gen. Pl. 2: 570. 1891. Type: not
located.

a. var. cambodiana Lecomte, Nouv.
Arch. Mus. Hist. Nat. Paris, sér. V. 5: 93.
1913. Type: Cambodia, L. Pierre 627
(holo P). Figs. 1 H-I, 2 A-B.

Small to medium-sized tree, 10-20
m high, dbh 8-15 m. Twigs thick,
glabrous to puberulous, juvenile shoot
yellowish hairy. Bark smooth, dark
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brown to black, inner bark orange to
yellowish, buttress root ca. 1 m. Terminal
buds covered with large green leaf-like
scales which resemble under-sized
foliage leaves, narrowly elliptic-oblong,
4-5 cm, glabrous to puberulous. Leaves
subverticillate of 6-10 leaves; blade
narrowly elliptic-oblong to narrowly
lanceolate, 22—-45 by 3-9 cm; apex acute;
base cuneate; margin entire; coriaceous,
shining green above, yellowish velutinous
when young, glabrous on both surfaces
when mature, glaucous beneath; midrib
thick, raised on both surfaces, puberulous
on both surfaces, secondary veins 9-12
pairs, at an angle of 35°-40° from the
midrib, raised on both surfaces, arching
and looping near margin, tertiary veins
scalariform, slightly distinct above,
distinct beneath. Petiole stout, 2—-4 cm
long, yellowish hairy. Inflorescences
umbellate on short peduncles, 2-2.5 cm
in diam., borne along twigs between
whorls of leaves, peduncle 7-8 mm long,
densely tomentose. Staminate flower:
pedicels 3 mm long, tomentose; perianth
lobes elliptic to ovate, 5-6 by 3-3.5 mm,
glabrous inside, tomentose outside;
stamens 9, anther oblong, 2-2.5 mm long,
filament 7-7.2 mm, villous at middle.
Pistillate flower: pedicels 3 mm long,
tomentose; perianth lobes elliptic to
ovate, 5-6 by 3-3.5 mm, glabrous inside,
tomentose outside; ovary ovoid, ca. 1 by
1 mm, densely hairy, style stout, 0.2-0.3
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mm long, densely hairy, stigma peltate;
staminodes 9, elliptic to spathulate, 1-1.5
mm long, yellowish hairy at base.
Infructescences each bearing 2—4 fruits.
Fruit globose, 1.5-2 cm in diam.; apex
apiculate; young fruit green with white
dots, mature fruit dark purple to
black; mature perianth tube shallowly
cup-shaped, 1 cm in diam., velutinous
inside; glabrous outside; pedicels thick,
3-5 mm long, tomentose.

Thailand.— SOUTH-EASTERN:
Chanthaburi (Chang Sae Waterfall
Ranger Station), Trat (Mu Ko Chang
National Park).

Distribution.— Cambodia.

Ecology.— Tropical rainforest to dry
evergreen forest, alt. 100-400 m;
flowering: June-July; fruiting: January-
April.

Vernacular.— Tong Lat Bai Yao
(fa9analusn).

Specimens examined.— A.F.G. Kerr
17766 (BKF); M. Tanaros 1 (BKF), 2
(BKF), 22 (BKF).

b. var. glabra Kochummen, Gard. Bull.
Singapore 43: 23. 1992. Type: not
located. Fig. 2 C-E.

Small to medium-sized tree, 10-12
m high, dbh 10-15 cm. Twigs thick,
glabrous to pubescent, juvenile shoot
yellowish pubescent. Bark smooth, dark
brown or black, inner bark yellowish.
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Terminal buds covered with large
green leaf-like scales which resemble
under-sized foliage leaves, ovate to
elliptic, 2-4 cm, glabrous to pubescent.
Leaves subverticillate of 5-8 leaves;
blade elliptic-oblanceolate, 30-60 by
9-18.5 cm; apex cuspidate; base cuneate
to oblique; margin entire; coraiceous,
shining green above, glabrous to yellowish
pubescent when young, glabrous on both
surfaces when mature, glaucous beneath;
midrib thick, raised on both surfaces,
glabrous on both surfaces, secondary
veins 12-16 pairs, at an angle of 40°-60°
from the midrib, raised on both surfaces,
arching and looping near margin, tertiary
veins scalariform, slightly distinct above,
distinct beneath. Petiole stout, 3.5-5.5
cm long, glabrous. Inflorescences
fasiculate, 0.8-1 cm in diam., borne along
twigs between whorls of leaves. Staminate
flower not seen. Pistillate flower: pedicels
0.5-1 mm long, tomentose; perianth
lobes 6, ovate, 2.6-2.8 by 2-2.5 mm,
glabrous inside, tomentose outside; ovary
ovoid, ca. 0.6 by 0.6 mm, glabrous, style
stout, 0.5 mm long, glabrous, stigma
peltate, 4-lobed; staminodes 9, elliptic to
spathulate, 0.5-0.7 mm long, pilose at
base. Infructescences each bearing 1-3
fruits. Fruit globose, 1-1.2 cm in diam.;
apex apiculate; young fruit green with
white dots, mature fruit dark purple to
black; mature perianth tube shallowly
cup-shaped, 7-8 mm in diam., glabrous

on both sides; pedicels thick 4-5 mm
long, glabrous.

Thailand.— PENINSULAR: Ranong
(Khao Phota Luang Kaeo), Trang (Khao
Chong), Yala (Banang-Sta), Narathiwat
(Hala-Bala Wildlife Santuary).

Distribution.— Malay Peninsula.

Ecology.— Tropical rainforest to
dry evergreen forest, alt. 100-400 m;
flowering: June-July; fruiting: July-
August.

Vernacular.— Kan Rom (m1u3w)
(Narathiwat).

Specimens examined.— A.F.G. Kerr
7327 (BKF); K. Larsen & S.S. Larsen
33591 (BKF); B. Nimanong & S.P. 1625
(BKF); S. Phusomsaeng et al. 1528
(BKF); T. Santisuk 1185 (BKF);
M. Tanaros 16 (BKF).

10. Actinodaphne sikkimensis Meisn.
in DC., Prodr. 15(1): 213. 1864. Type:
not located. Fig. 2 F-H.

Small to medium-sized tree, 6-20 m
high, dbh 20-30 cm. Twigs slender,
juvenile shoot pubescent. Bark grey to
brown, cracking, inner bark yellowish
brown. Terminal buds perulate with
imbricate scales, elliptic-oblanceolate,
0.8-1 cm long, velutinous. Leaves
subverticillate of 4-6 leaves; blade
lanceolate-elliptic, 10-14 by 2-4 cm;
apex acuminate to caudate; base cuneate;
margin entire; chartaceous, greenish and
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almost shining above, velutinous when
young, glabrous on both surfaces
sometimes puberulous beneath when
mature, glaucous beneath; midrib sunken
above, raised beneath, puberulous on
both surfaces, secondary veins 8-12
pairs, at an angle of 30°-50° from the
midrib, raised on both surfaces, arching
and looping near margin, tertiary veins
reticulate-scalariform, slightly distinct
above, distinct beneath. Petiole slender,
0.5-1cm long, puberulous. Inflorescences
fasiculate, 0.6-1.2 cm in diam., axillary
or borne along twigs between whorls of
leaves. Staminate flower: pedicels 3 mm
long, velutinous; perianth lobes elliptic-
oblong, 3-3.2 by 1-1.2 mm, glabrous
inside, velutinous outside, stamens 9
(-10), anther oblong, 2 mm long, filament
4 mm long, villous. Pistillate flower:
pedicels 3 mm long, velutinous; perianth
lobes elliptic-oblong, 3-3.2 by 1-1.2
mm, glabrous inside, velutinous outside;
ovary ovoid, ca. 1 by 1 mm, glabrous, style
slender, 0.5-1 mm long, glabrous, stigma
peltate; staminodes 9 (-10), 3-lobed, 2
mm long, glabrous. Infructescences each
bearing 1-5 fruits. Fruit ellipsoid, 7-8
mm in diam.; apex apiculate; young fruits
green, mature fruits red, drying black;
mature perianth tube shallowly cup-
shaped, 7-8 mm in diam., glabrous on
both sides; pedicels thick, 0.7-1.5 cm
long, puberulous.
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Thailand.— NORTHERN: Nan (Doi
Phuka National Park), Phitsanulok (Phu
Hin Rong Kla National Park); NORTH-
EASTERN: Loei (Phu Luang Wildlife
Santuary, Phu Kra Dueng National Park).

Distribution.— India (Sikkim).

Ecology.— Lower montane forest,
near streamside, alt. 1,000-1,400 m;
flowering: November-January; fruiting:
March-July.

Vernacular— Tong Lat Sikkim (aas
AMARNIN).

Specimens examined.— L.B., E.C.
Abbe & T. Smitinand 9428 (BKF, K); P.
Srisanga et al. 2278 (QBG); M. Tanaros
7 (BKF),18 (BKF), 20 (BKF), 31 (BKF).

11. Actinodaphne sp.1. Fig. 2 1.

Medium-sized tree, ca. 18 m high, dbh
30 cm. Twigs slender, juvenile shoots
densely pale brown tomentose. Terminal
buds covered with large green leaf-like
scales which resemble under-sized
foliage leaves, narrowly lanceolate to
narrowly elliptic, 0.7-1.3 cm, tomentose.
Leaves subverticillate of 5-7 leaves,
blade lanceolate-elliptic to oblanceolate,
10-16.5 by 3.5-5 cm; apex acute; base
cuneate-oblique; margin entire; thinly
coriaceous, shining green above,
puberulous beneath when young, glabrous
on both surfaces when mature, glaucous
beneath, midrib raised above, sunken
beneath, glabrous on both surfaces,
secondary veins 6-10 pairs, at an angle
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of 50°-60° from the midrib, sunken
above, arching and looping near margin,
tertiary veins reticulate-scalariform, obscure
or slightly distinct on both surfaces.
Petiole slender, 1-2 cm long, glabrous.
Inflorescences umbellate on short
peduncles, borne along twigs between
whorls of leaves, peduncle 5-7 mm long,
velutinous. Staminate flower not seen.
Pistillate flower: pedicels 3-4 mm long,
velutinous, perianth lobes elliptic, 2.5-3
by 1.5-2 cm, glabrous inside, velutinous
outside, ovary ovoid, ca. 1 by 1 mm,
villous, style thick, 0.5-1 mm long,
villous, stigma peltate, 4-lobed;
staminodes 9, spathulate, 1-1.3 mm long,
glabrous to pilose at base. Infructescences
each bearing 1-3 fruits. Fruit globose, 2
mm in diam., young fruit green, mature
fruit red; mature perianth tube deeply
cup-shaped, 3 mm in diam., glabrous
inside, pubescent outside; pedicels
slender, 5-7 mm long, velutinous.

Thailand.— PENINSULAR: Krabi
(Khao Phanom Benja National Park).

Distribution.— Thailand.

Ecology.— Lower montane rainforest,
alt. 500-900 m; flowering: April; fruiting:
June.

Vernancular.— Tong Lat Phanom
Benja (pasananuuiugyan).

Note.—Actinodaphne sp. cannot be
placed within any existing species due a
lack of data and incomplete specimens.

It is found at Khao Phanom Bencha
National Park, Krabi Province. It has a
unique characteristic, which do not match
any descriptions of existing species.
Further studies are needed and this
species might be a new species to science.

Specimen examined.— M. Tanaros
21(BKF).
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Ficure 1. A. Actinodaphne angustifolia, B.—E. A. henryi, F.—-G. A. montana, H.—I. A.

sesquipedalis var. cambodiana.
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Ficure 2. A.—B. Actinodaphne sesquipedalis var. cambodiana, C.—E. A. sesquipedalis
var. glabra, F.—H. A. sikkimensis, I. Actinodaphne sp.1.
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spp., the fungi associated with mulberry root rot disease in
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ABsTRACT. This study was conducted to isolate and identify Fusarium spp. the
associated causal agents of mulberry root rot disease. One hundred and fifty-seven
isolates of Fusarium spp. were obtained from 5 mulberry plantations during 2007 to
2008. All species were identified morphologically with particular emphasis on
macroconidia, microconidia, the size and types of conidiophores, and the presence
or absence of chlamydospores. The species associated with mulberry roots and
surrounding rhizosphere were identified to 11 species including 102 isolates of
Fusarium solani, 26 of F. moniliforme, 16 of F. oxysporum, 3 each of F. phaseoli and
F. dlamini, 2 of F. culmorum, 1 each of F. dimerum, F. graminearum, F. beomiforme,
F. scirpi and F. anthophilum. Genetic variation of 30 isolates of Fusarium spp. was
studied using random amplified polymorphic DNA (RAPD) markers. Four primers
A02, A03, A07 and AQ9 produced fingerprint profiles, which clearly distinguished
between the different species of Fusarium spp. The high level of genetic variability
among species of Fusarium allowed fingerprinting of most of the isolates by examining
patterns produced by several primers. The results suggest that RAPD-PCR is a useful
method for analyzing genetic variation within and between Fusarium spp.
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INTRODUCTION

Root rot disease is considered to
be the most destructive disease of
mulberry (Morus alba L.) in the northeast
of Thailand. The disease can be found
wherever the plant is grown and direct
losses on the crop due to the disease can
reach 100% (Sanoamuang & Saksirirat,
1984). The indirect loss on the sericulture
production is very large and therefore the
economic importance of these diseases
should never be underestimated. The
disease was first reported in 1954. Since
then its etiology has been extensively
studied (Sanoamuang & Saksirirat,
1984; Winidsanan, 1987; Chancharean,
1990; Yamakawaetal., 1991; Chuprayoon
et al., 1994; Thaworn-anukulkid, 1996;
Saksung et al., 1997; Kaosiri, 1998).
Symptoms of the disease appear as
sudden leaf withering starting from the
bottom of the branch upwards, followed
by defoliation in isolated patches in the
plantation. The bark of the roots peels
off easily with a particular odour and the
plants suddenly die. Through irrigation
water, soil and garden implements, the
disease spreads quickly to nearby
mulberry trees both in the same row and
the adjacent rows where the root zones
are in overlapping proximity (Sanoamuang
& Saksirirat, 1984; The Hindu, 2004).
Sanoamuang et al. (1986) reported that
Fusarium solani f.sp. mori was always
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found associated with the mulberry roots
in both healthy and diseased trees
collected from all sericulture experiment
stations in the northeastern of Thailand.

The genus Fusarium has a worldwide
distribution. Its different species are
considered to be some of the most
important plant disease pathogens
(Nelson et al., 1983). Summerell et al.
(2003) reported that a utilitarian
approach to Fusarium identification
including morphological, biological and
phylogenetical species concepts. In
general, morphological species concepts
are based on the similarity of observable
morphological characters, e.g. spore size
and shape. Biological species concepts
required that members of the same
species are sexually cross-fertile and that
the progeny of the crosses are both viable
and fertile. Finally, DNA sequences have
been used to generate characters that
usually are treated cladistically to form
phylogenies.

A molecular approach using
random amplified polymorphic DNA
(RAPD) markers as a diagnostic tool for
the identification of Fusarium spp. has
been reported (Achenbach et al., 1996).
RAPD analysis has many advantages
as a mean of characterizing genetic
variability such as speed, low cost,
minimal requirement for DNA, and lack
of radioactivity. Major polymorphisms
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in RAPD pattern indicate genetic
distinctness and can be used to distinguish
unrelated groups. Minor polymorphisms
may indicate genetic distinctness within
groups or may occur because of
experimental variability and therefore,
must be verified by repetition (Nelson
et al., 1997). The purpose of this study
was to isolate and identify Fusarium spp.,
the causal agent associated with mulberry
root rot disease in northeastern Thailand
using morphological characteristics
and RAPD pattern analysis.

MATERIALS AND METHODS
Isolation of fungi

Root and soil around the
rhizosphere of mulberry trees exhibiting
or not exhibiting symptoms of root rot
were used to isolate associated pathogens.
Mulberry roots and soil were collected at
fields in five different areas of northeastern
Thailand in June 2007 to February 2008:
Silk innovation center (Mahasarakham
University, 7 June 2007), Ban Kwao- Yai
(Kantarawichai District, Mahasarakham
Province, 24 June 2007), Ban Kee
(Cheangyuen District, Mahasarakham
Province, 14 July 2007), Ban Wan-fai
(Art-Sahmaht District, Roi-et Province,
6 October 2007) and Khon-Kaen
University (1 February 2008).

The roots were cut from 5 infected
and 5 non-infected plants and the root
tissues were washed in running tap water,
cut into pieces approximately 3 to 5 mm
long. They were surface disinfected in
0.6% sodium hypochlorite for 5 min,
rinsed twice in sterile distilled water,
blotted dry on sterile filter paper, and then
plated on potato dextrose agar (PDA,
Merck Laboratories, Germany) added
100 mg/L rifampicin in 9 cm diameter
Petri dishes. The dishes with tiny pieces
of mulberry root were incubated at 28 °C
and they were examined periodically
after 3-5 days. Emerging fungal mycelia
were transferred onto new PDA plates.

Soil samples were collected from
the stem base to a depth of 15 cm 3 points
around the plant (100 g per plant) and 5
plants per infected and non-infected field.
In order to assay the organisms in the soil,
each sample from infected field or non-
infected fields were thoroughly mixed
and 10 g of each mixed sample was
transferred to 90 ml of de-ionized distilled
water in a 250 ml Erlenmeyer flask. The
flasks were agitated on a rotary shaker
for 30 min and 10-fold dilutions were
made serially from the original suspension.
From each of the dilution, 100 pl aliquot
was spread over the surface of rose
bengal agar in a9 cm diameter Petri dish.
There were 3 plates per dilution, and all
plates were incubated at 28 °C for 3 days.
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Emerging colonies were cut and
transferred individually onto new PDA
plates.

Identification of isolates

All single spore cultures of
Fusarium isolates were identified after
Booth (1977), Nelson et al. (1994),
Seifert (1996) and Aoki et al. (2003).
After the isolates were grown on PDA
for 10 days, colony growth and spore
morphology and size were characterized.
Slide culture technique was used to
observe detailed morphological structures
of taxonomic value based on the form
of macroconidia and microconidia
produced on monophialides or
polyphialides (Rodrigues & Menezes,
2005). AIll single spore isolation
cultures were freeze-dried and kept in a
refrigerator.

Genomic DNA extraction

Isolates were grown in potato
dextrose broth (PDB) for 7 days at 28 °C
on a shaker at 120 rpm. Mycelia were
harvested by filtration through filter paper
(Whatman No.1) and freeze-dried for 24
hr. Total DNA extraction was prepared
by a modified method of Zang et al.
(2005). Approximately 50 mg of freeze-
dried mycelium was grounded in liquid
nitrogen. The resulting powder was
suspended in 0.7 ml of lysis buffer (400
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mM Tris-HCI (pH 8.0), 60mM EDTA
(pH 8.0), 150 mM NaCl, 1% SDS) and
3 ul of 2-mercaptoethanol. Samples were
incubated at 65 °C for 30 min and 150 pl
of potassium acetate (pH 4.8) was added
and mixed gently. This mixture was
centrifuged for 5 minat 12,000 rpm. The
aqueous phase was collected, extracted
with an equal volume of chloroform :
isoamyl alcohol (24:1) mixed gently and
centrifuged for 5 minat 12,000 rpm. The
aqueous phase was collected and DNA
was then precipitated by adding with an
equal volume of cold isopropanol,
incubated at -20 °C for 30 min and
pelletted by centrifugation for 5 min at
12,000 rpm. The DNA pellet was washed
with 70% cold ethanol, air dried and
resuspended in 50 ul of TE buffer (10
mM Tris-HCI, 0.1 mM EDTA, pH 8.0).
RNA was degraded by treatment with
RNase (50 pg/ml) for 30 min at 37 °C
(Lee et al., 2000). DNA concentration
and purity were measured using a
spectrophotometer at 260 nm and 280
nm.

RAPD primer and amplification
condition

For the development of the RAPD
method for Fusarium isolates, the 4
different 10-mer primers (Kit A, Roth
Germany) (Table 1) were screened for
the amplification of template DNA
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from 30 isolates of Fusarium spp.
Amplification reactions were performed
in 25 ul volumes containing 10 mM Tris-
HCI (pH 9.0), 50 mM KCI, 0.1%
TritonX-100, 1.5 mM MgCl,, 0.1 mM
of each dATP, dCTP, dGTP and dTTP, 2
puM of primer, 0.2 units of Taq polymerase,
and approximately 100 ug of genomic
DNA. Amplifications were performed in
a Gradient DNA Thermal Cycler
programmed for the following parameter
: 94 °C for 1 min, followed by 40 cycles
of 94 °C for 1 min, 36 °C for 1 min, 72
°C for 2 min, and a final incubation at 72
°C for 2 min (Achenbach et al., 1997).
Amplification products (6 ul of a 25 pl
reaction) were electrophoresed in 2%

agarose gels with TBE running buffer,
stained with ethidium bromide and either
scanned into a computer imaging file or
photographed (Sambrook et al., 1989).

The computer program NTSYS-PC
(version 2.1) was used to analyze the
relationship among the Fusarium spp.
studied. Similarity matrix was generated
using the program Qualitative. This
matrix was subjected to the unweighted
pair group method with arithmetical
averages (UPGMA). Cluster analysis
was performed on the similarity matrix
with the SAHN program using UPGMA
and dendrogram was produced with the
TREE program.

TasLE 1. Code and nucleotide sequence of primers used in the random amplified
polymorphic DNA (RAPD) reaction and G + C content.

Primer 5’-sequence-3’ G+ C (%)
A02 TGCCGAGCTG 70
A03 AGTCAGCCAC 60
A07 GAAACGGGTG 60
A09 GGGTAACGCC 70
REsuLTs root rot symptoms (Table 2). Fusarium

Isolation and Identification of fungi

One hundred and fifty seven isolates
of Fusarium, 121 from roots and 36 from
soil, were obtained from mulberry
plantations with and without showing

spp. were grouped and identified into
11 species. They included 102 isolates
of F. solani, 26 of F. moniliforme, 16 of
F. oxysporum, 3 each of F. phaseoli
and F. dlamini, 2 of F. culmorum, one
each of F. dimerum, F. graminearum,
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F. beomiforme, F. scirpi and F.
anthophilum. F. solani was significantly
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appeared to associate with all specimens
investigated in this trial.

TaBLE 2. Frequency of isolation of fungi from roots and soils of mulberry plants
exhibiting symptom of root rot and symptomless.

Number of isolates

Fungus Roots Soils
Infected Non-infected Infected  Non-infected

F. solani 52 36 6 8
F. oxysporum 11 2 2 1
F. moniliforme 8 1 7 10
F. phaseoli 3 - - -
F. culmorum 2 - - -
F. dlamini 1 2 - -
F. dimerum 1 - - -
F. graminearum 1 - - -
F. beomiforme 1 - - -
F. scirpi - - - 1
F. anthophilum - - 1 -

Total 80 41 16 20

Detailed morphology of Fusarium species
F. solani (Mart.) Appel & Wollenw.

Macroconidia were type C, straight
with blunt basal and apical cells.
Microconidia were ellipsoidal on long
simple phialides produced from
the aerial mycelium. Chlamydospores
appeared singly or in pairs (Figs. 1-5).

F. oxysporum Schlecht.

Macroconidia were type C,
straight. Microconidia were comma

shaped or ellipsoidal produced from
short phialides in the aerial mycelium.
Chlamydospores produced singly or in
pairs (Figs. 1-5).

F. moniliforme Sheldon

Macroconidia were usually type
B, narrow and straight, and sparsely
produced. Microconidia produced in
chains from simple phialides in the aerial
mycelium (Figs. 1-5).
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F. phaseoli (Burkh.) T. Aoki & O’Donnell

Macroconidia were falcate and
formed on slender conidiophores arising
from hyphae. Microconidiawith ellipsoidal,
obovate or naviculate produced from
slender aerial conidiophores on aerial
mycelium. Chlamydospores formed
frequently in mycelium and in conidia,
mostly intercalary, single but sometimes
in chains (Figs. 1-4).

F. culmorum (W.G. Smith) Sacc.

Macroconidia were very uniform
in shape and produced from simple
phialides with loosely branched
conidiophores. Microconidia were
absent. Chlamydospores appeared oval
and formed singly or in chains (Figs. 1-2,
4-5).

F. dlamini Marasas, Nelson & Toussoun

Macroconidia were falcate and
microconidia were ellipsoidal (Figs.
2-5).

F. dimerum Penzig

Only microconidia and chlamy-
dospores were produced. O-shaped
microconidia were produced on complex
phialides. Chlamydospores produced
intercalary and formed singly or in chains
(Figs. 1, 3 and 5).

F. graminearum Schwabe

Macroconidia were falcate produced
from simple lateral phialides. Chlamy-
dospores were absent (Figs. 1-2 and 5).

F. beomiforme Nelson & Toussoun

Microconidia, round or ellipsoid
shaped were produced from simple
phialides in the aerial mycelium (Figs. 1,
3and 5).

F. scirpi Lambotte & Fautr.

Macroconidia had various sizes
with elongated apical cells and produced
from single or grouped phialides.
Chlamydospores were globose and
appeared in chains or clumps (Figs. 1-2
and 5).

F. anthophilum (A. Braun) Wollenw.

Microconidia were fusoid to allantoids
and formed from simple phialides or
complex phialides. Chlamydospore was
absent (Figs. 1, 3 and 5).
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Ficure 1. Colony morphology of Fusarium species on potato dextrose agar. A. F.
solani; B. F. oxysporum; C. F. moniliforme; D. F. phaseoli; E. F. culmorum; F. F.
dimerum; G. F. graminearum; H. F. beomiforme; I. F. scirpi; J. F. anthophilum.

Ficure 2. Macroconidia of Fusarium species. A. F. solani; B. F. oxysporum; C. F.
moniliforme; D. F. phaseoli; E. F. culmorum; F. F. dlamini; G, F. graminearum; H.
F. scirpi. Scale bar = 20 um.
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Ficure 3. Macroconidia of Fusarium species. A. F. solani; B. F. oxysporum; C. F.
moniliforme; D. F. phaseoli; E. F. dlamini; F. F. dimerum; G. F. beomiforme; H. F.
anthophilum. Scale bar = 20 um.

Ficure 4. Chlamydospore of Fusarium species. A. F. solani; B. F. oxysporum;
C. F. moniliforme; D. F. phaseoli; E. F. culmorumi; F. F. dlamini. Scale bar =20 um.

Ficure 5. Conidiogenous cells of Fusarium species. A. F. solani; B. F. oxysporum;
C. E moniliforme; D. F. culmorum; E. F. dlamini; F. . dimerum; G. F. graminearum;
H. F. beomiforme; I. F. scirpi; J. F. anthophilum. Scale bar = 20 um.
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RAPD analysis

To investigate the degree of
genetic diversity among and within
collections of Fusarium spp., a total of
30 isolates comprising 12 of F. solani, 3
each of F. oxysporum, F. moniliforme and
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F. dlamini, 2 each of F. phaseoli and F.
culmorum, 1 each of F. graminearum, F.
beomiforme, F. scirpi, F. dimerum and F.
anthophilum were analyzed, and RAPD
pattern amplified with primer A02, A03,
AQ07 and AQ09 (Fig. 6), to clearly
differentiate between species.

7 18 19 20 21 22 M 23:24 .25 262728 29 30 C

M 23 24 25 26

27 28 29 30 C

18 19 20 21 22

M 23 24 25 26 27 28 29 30 C

M 23 24 25 26 27 28 29 30 C

o

anetbeenr-  33322%°00 Z3RQQRe

Ficure 6. RAPD profiles of 30 isolates of Fusarium species obtained with primer
A02, A03, A07 and A09. Lane M: Hyper ladder Il molecular weight markers, Lane

C: Control,

Lanes 1-12: F. solani, lanes 13-15: F. oxysporum, lanes 16-17: F.

phaseoli, Lanes 18-19: F. culmorum, lanes 20-22: F. moniliforme, lanes 23-25: F.
dlamini, lane 26: F. graminearum, lane 27: F. beomiforme, lane 28: F. scirpi, lane 29:

F.dimerum, lane 30: F. anthophilum.
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The PCR bands were more
polymorphic between the species and less
variable within the species. The high
level of genetic variability among species
of Fusarium allowed fingerprinting of
most of the isolates by examining
patterns produced by several primers.
Twenty-four bands produced by 4
primers that showed polymorphism were
scored. A phylogenetic tree was
constructed (Fig. 7). The resulting
dendrogram showed relations and genetic
distances among different species.

Genetic similarity coefficients ranged
from 0.60 to 1.0 (Fig. 7). Two different
major groups were obtained among the
isolates. The first group consisted of 20
isolates, which included 3 sub-groups (la,
Ib, Ic). Sub-group la consisted of 12
isolates of F. solani, all of these isolates
showed 100% genetic similarity. Sub-
group Ib consisted of 7 isolates including
F. dlamini, KKU03-2-1, KW04-2-2, F.
dimerum, F. beomiforme, F. scirpi and F.
anthophilum. Sub-group Ic consisted of
1 isolate of F. graminearum. A second
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KKUO1-1-1
KKUO3-1-3
KED1-2-3W
KED1-2-3P
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Ficure 7. Dendrogram obtained from 30 isolates of Fusarium spp. with UPGMA.
Isolates of different species are indicated at the termini of branches. The line below
the dendrogram represents the similarity index.
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group consisted of 10 isolates with two
sub-group Ila and Ilb. Sub-group lla
consisted of 3 isolates of F. oxysporum.
Sub-group Ilb consisted of 7 isolates
including 2 isolates each of F. phaseoli,
and F.culmorum and 3 isolates of F.
moniliforme

Discussion

The genus Fusarium contains
many species of fungi that are
commonly found in soil and on organic
substrata and is widely distributed
throughout the world (Burgess, 1981).
Some species are capable of causing
wilts, crown rots, root rots, or fruit rots.
Others are opportunists because they
colonize plant tissue after some type of
stress debilitates the plant. Interestingly,
many species of Fusarium that abound
in the soil are not capable of causing
disease. In conclusion, 11 species were
isolated from root and soil around
rhizosphere from mulberry trees. Base
on morphological characteristics, the
Fusarium spp. were identified as F.
solani, F. oxysporum, F. moniliforme, F.
phaseoli, F. culmorum, F. dlamini,
F. dimerum, F. graminearum, F. beomi-
forme, F. scirpi and F. anthophilum.
Consistly, Rodrigues and Menezes (2005)
isolated and identified Fusarium spp. that
obtained from seeds of cowpea by means
of blotter tests and slide cultures. Species
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were differentiated according to the
morphology of the macroconidia, micro-
conidia and their arrangement in chains
or false heads, the size and type of
conidiophore, and the presence or absence
of chlamydospores. The species were
identified as F. semitectum, F. equiseti, F.
oxysporum, F. solani, F. anthophilum, F.
sporotrichioides, F. moniliforme and
Fusarium sp. Latiffah et al. (2009)
isolated three Fusarium species, F.
oxysporum, F. proliferatum and F. solani,
from roots and stem rots of Dendrobium
orchids. Molecular characterization
using PCR-RFLP of ITS + 5.8S regions
showed that the isolates from the same
species produced similar patterns and
UPGMA analysis of PCR-RFLP of ITS
+ 5.8S clearly grouped F. oxysporum,
F. proliferatum and F. solani into a
separate cluster. RAPD-PCR analysis
offers a convenient tool for characteriza-
tion and analyzing variations of
Fusarium spp.

RAPD analysis has been applied
widely in the detection and genetic
characterization of phytopathogenic
fungi (Lanfranco et al., 1995) including
Khalil et al. (2003) who used RAPD
analysis to study the taxonomic
kinships among 5 Fusarium spp. Of 10
primers tested, four primers produced
polymorphic amplification patterns
with taxon-specific bands, in addition
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to individual-specific bands. Genetic
analysis indicated 2 main clusters, with
the minor cluster including all F.
moniliforme and F. solani at the genetic
similarity of GS = 57.82%. The major
cluster consisted of all F. oxysporum,
F. avenaceum and F. chlamydosporum
clustered at 71% similarity. Different
workers (Grajal-Martin et al., 1993;
Achenbach et al., 1997; Nelson et al.,
1997; Hyun & Clark, 1998; Migheli et
al., 1998; Jana et al., 2003; Gupta et al.,
2009) have grouped Fusarium spp.
populations from different plant hosts
using RAPD analysis and they suggested
that RAPD markers can be a quick and
reliable alternative for differentiating
isolates of Fusarium spp. into their
respective pathogenicity group. The
polymorphisms observed for RAPD
markers revealed a high degree of
genetic diversity in Fusarium spp. at the
inter-specific level. Our study showed
that RAPD technique is an influential tool
for discrimination different Fusarium
species as well as Fusarium isolates
within species.
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Regeneration and transformation of Vanda lilacina Teijsm.
& Binn.
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ABsTRACT. The objectives of this research were to improve the efficiency of
regeneration and establish optimal condition for transformation of Vanda lilacina
Teijsm & Binn. The new Dogashima (ND) medium supplemented with 1% potato
extract was suitable for seed germination. Experiments were performed to determine
the effect of plant growth regulators on the number of shoots. It was found that the
shoot number per protocorm was 6 when cultured on ND medium supplemented with
1 mg/l napthalene acetic acid and 5 mg/l benzylaminopurine. The protocorm
regeneration was completely inhibited by hygromycin at 9 mg/l. Agrobacterium
tumefaciens strain LBA 4404 (pCAMBIA1305.1) was used to establish a
transformation protocol. The plasmid pPCAMBIA containing antisense ACC oxidase,
B- glucuronidase (GUS) and hygromycin resistant (hpt) genes, was used.
Co-cultivation of the protocorms with Agrobacterium LBA 4404 led to numerous
positive GUS staining. Successful transformation of antisense ACC oxidase into
V. lilacina was verified by GUS assay. The GUS assay revealed the GUS activity
while PCR method indicated the integration of DNA.

Keworbps: Vanda lilacina Teijsm. & Binn., antisense ACC oxidase gene,
hygromycin, cefotaxime, regeneration
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INTRODUCTION

Vanda is one of the most important
types of commercial orchids used for cut
flowers and potted plants. It belongs to
the family Orchidaceae, which is the
largest family of the flowering plants and
consists of 779 genera and 22,500 species
(Mabberley, 2008). About 177 genera and
1,135 species of orchids are found in
Thailand (Atichartet al., 2007). However,
orchid flowers are extremely sensitive to
ethylene, even at low levels. It induces
rapid wilting of flowers, senescence or
death of flowers and petals, abscission of
plant parts including floral structure and
discoloration of flowers (Woodson, 1994;
Young et al., 2004).

Ethylene is synthesized in plant
tissue via conversion of S-adenosyl
methionine to 1-aminocyclopropane-1-
carboxylic acid (ACC). This reaction is
catalyzed by ACC synthase. ACC is then
converted to ethylene by ACC oxidase.
Inhibition of ethylene biosynthesis can
be achieved by the use of antisense RNA
to hinder the activities of ACC synthase
or ACC oxidase. Thus, ethylene
biosynthesis does not occur (Henzi et al.,
2000). Plant genetic engineering
provides an opportunity to incorporate
novel traits into this orchid. In recent
years, the successful Agrobacterium-
mediated transformation of orchids has
been reported. Availability of effective
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transformation procedures can lead to
genetic improvement of orchids. Transfer
of antisense ACC oxidase gene into V.
lilacina Teijsm. & Binn. may prolong
the longevity and vase life of orchid
flowers. This research was carried out to
improve the efficiency of regeneration
and transformation of V. lilacina with
antisense ACC oxidase gene using A.
tumefaciens.

MaATERIALS AND METHODS
Protocorm Induction

Protocorms of V. lilacina were
induced from seeds using in vitro
germination. Pods of V. lilacina were
washed with a mild detergent solution
and soaked in 15% (v/v) sodium
hypochlorite containing Tween-20 for 15
minutes. After being rinsed 4 times with
sterile distilled water, seeds were cultured
on VW (Vacin and Went, 1949) medium
or ND (Tokuhara and Mii, 1993) medium
containing 1% (w/v) sucrose and 1%
(w/v) potato extract, pH 5.7. The explants
were cultured under a 16 hour photoperiod
(a light intensity of 40 umole m2s?) at
25 +2°C for 4 weeks.

Plant Regeneration

Protocorms were placed on ND
medium containing NAA at 0, 0.1 or 1
mg/l in combination with 0, 0.1, 1 and 5
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mg/l BAP. The average number of shoots
per protocorm was determined in five
repeated experiments. The cultures were
then maintained under light conditions.

Effect of Hygromycin on Plant
Regeneration

Hygromycin was added to the
regeneration mediumat 0, 5,7, 9, 15 or
20 mg/I. The regeneration percentage and
number of shoots per callus were
evaluated after 4 weeks of culture. The
experiment was repeated 5 times, each
treatment with 5 explants

Agrobacterium-Mediated
Transformation

Agrobacterium tumefaciens strain
LBA 4404 pCAMBIA 1305.1 was used
to establish a transformation protocol.
The plasmid pCAMBIA contained
antisense ACC oxidase, 3- glucuronidase
(GUS) and hygromycin resistant (hpt)
gene, each of which was expressed under
the CaMV35S promoter. Protocorms
were immersed in Agrobacterium
suspension for 30, 45, 60 and 75 minutes
subsequently transferred to sterile filter
paper for absorption of excess bacteria.
They were then cultured on ND medium
for 3 days. After co-cultivation, the
protocorms were washed in sterile
distilled water containing cefotaxime and

transferred to selection ND medium
supplemented with hygromycin.

Assay for g- Glucuronidase (GUS)
Activity

The histochemical GUS assay for
GUS gene expression was performed
according to the method of Jefferson
(1987). Plant tissues were immersed in
x-gluc (5-bromo-4-chloro-3-indolyl
glucuronidase) solution and incubated
overnight at 37 °C.

PCR Analysis

Total genomic DNA was extracted
from the non-transformed and potentially
transformed protocorms by the CTAB
method.

RESULTS
Protocorm Induction

Seeds of V. lilacina were developed
into protocorms at 4 weeks after
germination on VW and ND medium
containing 1% potato extract (Fig. 1). It
was found that ND medium was more
effective than another one in promoting
seed germination, giving rise to the
germination percentage of 80. The
protocorm developed more rapidly when
cultured on solid ND medium.
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Ficure 1. Seed germination on media: A. ND medium, B. VW medium.

Plant Regeneration

Anhigh proliferation of the protocorms
was observed after culture on ND
medium supplemented with 0, 0.1 or 1
mg/l NAA in combination with 0, 0.1, 1

or 5 mg/l BAP. It was found that the
protocorms successfully proliferated on
the ND medium supplemented with
1 mg/ NAAand 5 mg/l BAP. The highest
number of shoots per protocorm was 6

(Fig. 2).

Ficure 2. Plantlets of V. lilacina
cultured on ND medium supplemented
with 0, 0.1 or 1 mg/l NAA in
combination with 0, 0.1, 1 or 5 mg/l
BAP.
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Effect of Hygromycin on Plant
Regeneration

Hygromycin strongly reduced
protocorm proliferation. The lowest dose

of hygromycin that completely inhibited
protocorm regeneration was 9 mg/l. All
of the protocorms turned brown and
eventually died in 3 weeks (Fig. 3).

100 \
80

oL\

o\
. \

Percentage of survival

Hygromycin concentration (mg/l)

Ficure 3. Effect of hygromycin on protocorm induction of V. lilacina.

Agrobacterium-Mediated
Transformation

Blue coloration was observed after
5 days of co-cultivation. Co-cultivation
of the protocorms with A. tumefaciens
for 30 minutes gave rise to the highest
number of blue spots (Figs. 4, 5). DNA

integration of the transformed protocorms
was shown in Figure 6. The sizes of
amplified fragments were 195 bp and 180
bp for the 35S and NOS, respectively.
However, the non-transformed orchids
did not show any expected band sizes.
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0.4 mm 0.7 mm

Ficure 4. GUS activity of transgenic V. lilacina: A. protocorm, B. plantlet.

Ficure 5. Transverse sections of leaves of V. lilacina: A. nontransgenic plant,
B. transgenic plant.



REGENERATION AND TRANSFORMATION OF VANDA LILACINA TELISM. & BINN. 47

35S

NOS

M P1 V1

500 bp
200 bp

VTl C1 P2

V2 VT2 C2

200 bp

Ficure 6. PCR analysis of transformed V. lilacina using primers to detect the 35S
(lane P1-C1) and NOS (lane P2-C2); lane M: 100 bp DNA ladder, lane P: pPCAMBIA
1305.1, V: nontransformed protocorms, VT: transformed protocorms, C: control.

DiscussioN

The specific combination of
auxin and cytokinin in culture media is
one of the most important factors for in
vitro regeneration of orchids. In this
study, we found that the most suitable
plant growth regulators for proliferation
and regeneration of V. lilacina were NAA
and BAP. Treatment with selective agents
Is needed to avoid development of
undesirable numbers of escaped plants.
In this experiment, the selection agent
was hygromycin, an aminoglycoside
antibiotic that causes death to plant cells
by inhibiting transcription and translation
(Datta et al., 1999). We found that the
effective concentration of hygromycin

for selection of the transformants was
9 mg/l.

Co-cultivation period is another
factor which affects the efficiency of
Agrobacterium-mediated transformation.
The optimal co-cultivation time for
V. lilacina was shown to be 30 minutes.
These transformed protocorms gave a
high intensity of blue staining that
indicated high GUS expression. In this
study, the transformation percentage of
V. lilacina was 54. DNA integration was
confirmed by PCR amplification of 195
bp and 180 bp for the 35S promoter and
NOS terminator, respectively. The
present research has shown the same
results as those reported for Dendrobium
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draconis and Dendrobium Miss Singapore
(Homkrajhae, 2005).
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The early expression of OsNUCL1 in Rice (Oryza sativa L.)
after abiotic stresses and its role in heavy metal stress
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%38 50, 75 way 100 uM CdCl, WJuwaan 2 §Uan¥ wWuin Arabidopsis Nl63Un15
thaduluwingauazininuisnnnhwuiundlunnganimasss sniiuluaims
gas MS Alinsi@in 100 M CdCl wintnutsaansnon lasunsieuussionug

Undlddanuuandagnefinoaaynieaia

ABsTrRACT. Nucleolin is a multifunctional protein involving in metabolism of cells
especially ribosome biogenesis. It mainly presents in the nucleolus. Rice nucleolin
gene (OsNUCT1) is up-regulated after salt, drought and heavy metal stress. In this
study, we investigated the influence of RNA recognition motif (RRM) and
glycine-arginine rich (GAR) domain of rice nucleolin on heavy metal tolerance
ability using transgenic Arabidopsis, containing partial OsNUC1 cDNA encoding
RRM and GAR domain under CaMV35S promoter. It was found that transgenic
Arabidopsis had a significant higher fresh weight and dry weight when grew in MS
medium or MS medium containing 25, 50, 75 yM CuSO4 or 50, 75 uM CdCI2 for two
weeks. However, growing in MS medium supplemented with 100 uM CdCIz, the
transgenic lines showed the higher fresh weight than wild type, but the dry weights

of both transgenic lines and wild type plant were not statistically different.

ardgan: Hindledn, 117, ANUATEAMNAMULAN, lanenin

Keyword: nucleolin, rice, salt stress, heavy metal
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Lﬁaﬂsuﬁmu@ﬂ”ﬂﬂﬁuﬂﬁwaaﬂgﬂluma@LLﬁa
ﬁﬁmsa:mﬂm@;mmi WP No.2 lag
wiaiu 2 ganimanad Aa a1IazaNe
51981%13 WP No.2 (nzUnf) uaz
81ITANUTI98IMIT WP No.2 + 0.5%
NaCl (w/v) (N122LAT8ANNAITNLAN)
Fiudreadsludagd o, 05, 1, 2, 6, 12
wae 24 HluslasiSuAuaiagnaaiue
LIA7 6.00 %. &N@ total RNA 31nludn
#2835 Hot phenol aauwuad (Thikart et
al., 2005) N39a DNA 8ana1n RNA @7g
tawlmsl DNase | (Takara) a1nsiasaing
cDNA ®RI8UIN @IYNITIN reverse
transcription (RT) laglgiaulod M-MLV
reverse transcriptase (Promega) q@ﬁ’m
w1 cDNA AldunlFiduusiunulunisvi

real-time PCR @18La384 iCycler™



miugasaanluszozusnaasdu OsNUCT luina (Oryza sativa L.) 53

Thermal Cycler (Bio-Rad) Tag/ 1o Lo
iQ™ SYBR® Green Supermix (Bio-Rad)

NIANBINIIUEAIDDNTIIRINVDIT W
osNUC1 Tuthanasanlasuniiziasan

NNIYATNAS )

STREISE R RS (LRI EA 7l
123-TC171 (LPT123-TC171) 1Tu3an
3 dUaluaIaza1u31901%13 WP
No.2 (Vajrabhaya & Vajrabhaya, 1991)
Melulsssauwnasasfilasunasay
FIINTG Lﬁamuﬁmmﬁmﬁuﬂé’maﬂgn
Iumml,l,ﬁ'sﬁﬁmsazmﬂﬁwammi WP
No.2 lasuiaiu 5 gan1inaaas fe
NIREALTINMT WP No.2 (n11z1nf)
§1TRZANUT190IW1T WP No.2 + 20%
PEG6000 (N172tATEAIINAUUET)
FNIAZA1UTIG81%1T WP No.2 + 100 uM
CuSO, M38zaN81qa1Ws WP No.2 +
100 uM CdCl, (NMzLATuaNLansniin)
LAzFAYNIRITALATIABIWIT WP No.2
I@aﬂgﬂﬁ 4 pIALTALTEE (NNIZLATLA
ﬁnﬂqmﬁnﬁ@iﬁ) N AUGa1sRe
0,05 1,2, 6, 12 uaz 24 Tluslassy
Fudatngsaudiian 6.00 w. &ia total
RNA 3nlutn1 Anda DNA 8anann RNA
dutawleoy DNase | wazudadlwidu
cDNA gatinul cDNA Algndaunld
Juwswuulunisrn RT-PCR vinnnsia

AMNLTULOU DNA (band intensity) 628

11sun38 Quality One (Bio-Rad, California,
USA) %161 intensity 28481 OsNUCT
VUTULNBUGI8AN intensity V098
OsActin 11 intensity AiUSULiBu4
AR AN ALG8819 1IMIIAIY
A1 intensity 20951097 0 anTEwNEN
q@ﬁwﬁ"lé”lﬂa%aﬂﬁw N AUEAITERL
ATLRAJEENFNNUTVaIEUIAR lafn

(OsNUCT)

N138319 Arabidopsis AAKLIRHIN I

M3§39 Arabidopsis aaUUIWUINTI
Aflasoas198u partial OSNUCT @9
sznauaeLIiamss RNA recognition motif
(RRM) ez glycine-arginine rich (GAR)
domain MeldmInILgNEIL 355CaMV
promoter Gyinunlddniinsusasoan
asoaran Twawasfldlunislaanils
US1Iok09 partial OSNUCT Dnaanuuy
INAAULLFVDI cDNA RUNBLAT AK
063918 Ga1fluFus1s cDNA va9duil
nonubilugdayasduiuauad National
Center for Biotechnology Information
(NCBI) uazlumslaanduitlaldseuius
289 cDNA A8y AK063918 Liuanay
waasdulunisrin PCR

aAULURVaY forward primer (F) 5'-
AATCTAGACAGTAGCAGCAGTGATGA
TAGC-3’ ez reverse primer (R) 5-
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AAGAGCTCACCAACACGGTCCCAACT
-3 NIBANAULL RN WA LR UIAADIVDS
LW kT AAINUNIT Xbal ez Sacl "l@TQﬂ
Wl inUanswesans forward primer LA
reverse primer @ Na1aU U381 PCR
= 6
gﬂLmiywluawswawmadLauvlsnu pfu
(Invitrogen, La Jolla, CA, USA) lu3unas
25 LLazﬁﬂﬂﬁﬁ%mluLﬂ%aaLﬂuﬂ%mm
818 DNA (MJ research, USA) Ujn3en
a &/ { =3
WRUWN 94 asantardas tWwa 5 Wi,
(94 avAnaatTaatduiian 45 w1,
59 AIANTALTUR LWIA1 1W1N Las 72
= & - o %
pdatTalTuatduiIan 3 w1f) o0
40 J0U LLa:q@ﬁwﬁ 72 a9ANLTRLT &
= a & o X A A
WIUaY 10 W N UITUEIWE WA
WNL3anmlay PCR uﬂﬂauvﬁﬂg T-vector
(Promega, USA) 9MNHuaAIIIROUAIAL
lWaA835 DNA sequencing Laeuan
AaULIEYBIEYU partial OSNUCT figneas
o Ay 1 a dl (% dll 1 6
mmumuﬂuﬂgﬂ@]aammaulzﬂ,unﬂmai
i =
pJim19 T35 35SCaMV promoter AILUAX
msﬁnmmaaﬁuagmﬂu PRI
VALABSNITURIUVBIEY partial OSNUCT
angminWidng Agrobacterium tumefaciens
FUWRUE GV3101 ia bt lun1sane
v = 1 dﬂ/ Y o 1 =
Lm’lgwmavl,ﬂ MINARDIH EVINITENE
v 1A v ada . . o
LINFWTAILID floral dipping lasande
Agrobacterium W uwnne (Clough &
Bent, 1998)

UUNR TIRRYNRYDTIN UaTAME

Arabidopsis thaliana, ecotype
Columbia aﬁﬂﬁuﬁﬁmawlﬁﬂumuﬁuf
mqulumsﬁﬂmsluﬁv’ummm6] i
VWIBUNeUNy Arabidopsis aauys
WHINITU NMIAALABNGH Arabidopsis A0
wisWugnITy vlasmswansingawia
luansazans 1.125% NaClO 1JuLaan
15 W1l wazdn9an 4-6 ﬂ%ﬁﬁmﬁm%qﬂ%{
INEUINILNAANHIUN T NT DRI
8IWI§AT MS (Murashige & Skoog, 1962)
wsstnl3luide 4 asenmados (Hwaan
2 w1l WasINUNUY Arabidopsis 137
gownni 22 peL Tl TR Thuaatduan
16 T lusuasiaduing 8 d2lug lag
Ardaudiiusnssugnaaiianlua1nis
§A3 MS G913znaudis kanamycin

AMNLTNTY 50 mgll

ﬂ"ﬁﬁﬂ'i'.’l"]ﬂ')']&lﬁ'l&l']ifﬂ%ﬂ']?ﬂ%@iaﬂ"nz
= 9 ; AV v
Lﬂiﬂﬂ%ﬁﬂtﬂﬁgﬁ%ﬂﬂad A. thaliana ﬂiﬂ

Sun1sanadn partial OsNUCT

\W1INRA Arabidopsis auWuELING
a & Al o ' = .

wazaaWuinldTunisdiedu partial
OsNUCT 3 snuwug leur 358-2 358-5
WAz 35S8-7 lasyinmswenainizadiy 30%
clorox tJwi1a1 10 w1 WAIRIIAIBUN
nawk 3 7909 82 5 WIN INWUUILUAN
MIURIMNIFAT MS (Murashige & Skoog,

10962) NinTeNIandnnaznInazile
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3% (W/V) WANANTIEY Uaz 0.8% (Wiv)
TR inliaeft 4 sseniados e
2 T LLaziTwﬂgﬂﬁ 22 a9eLoalTs 1w
81 4 3% MIURHNNINARBILNaANEN
N3L335Y283 Arabidopsis fi‘] 4 aﬁﬂﬁuf
dloldulavewin Tasynminaaes 4 o1
T8 5 G AERAIIINMTINIZET WA
Jwm 4 5% inmashadundndwe
aﬂwmuaﬁ'ummwummigm MS 713
M3LdN 25, 50 uaz 75 M CuSO, %3o
{fial 50, 75 sz 100 uM CdCl Ugnfi
22 pdnLTaldus e 14 % aasy
AAUAYRTUN TIRA RN FALAZ U RN
W9 SleTsRanuuysUuesnmin
FALAUNMINUAIR DN LAZNARDUAINY
wand1svesatadslasld Duncan’s

Multiple Range Test (DMRT)

NAN13798

AMzLaNTnu1wdw osNUCT 1w

A d? & o ¢ [
uaasoaniiunlanslwsnanusnuwas
(LPT123-TC171) wazWus lanuiaa
(LPT123)

AINNITANBINITURAID DNV IE 1
osNUC1 Tuinavasanlesuniztauiin
1281 24 TLUIWUIN S2AUNITUEAIaan
Padiw OsNUCT sl,uma:l,ﬁwgaﬂ'jﬂu
nzuUnd lagdszauniusadaantnudn

ANUTZHZIANNNINIINARDS ABNTENG

gaq@ﬁ 12 Falusuazanasi 24 521u9
Lﬁaﬁmsmi:mwaﬁufwmw NMILRAIDAN
vosduludmoiuinuiAn LPT123-TC
171 A32AUNITURAID8NVBITUNINNTN
Tudawug lainwda LPT123 walwng

Un@uaznziay (nwh 1)

NNIAaUEHaIVaIEn OsNUCT Tudn
RRIGDNIITLAIYANIINIYATNA )

NAMNLANANINW

LAANEINIULRAIDaNVIEU OSNUCT
laoldinafia reverse transcription-
polymerase chain reaction (RT-PCR) L8
NIN13IaA NN TUBaILAL DNA (band
intensity) za4BuludiansRuinuman
LPT123-TC171 7ba3UN1ZaT8aNN
Mg 9 ldun AMzesuaanany
WEY N1LATHAINLARZALN (CusO,
uaz CdCl ) LRZANITLATLAINANNLE U
(MWN 2 N LA V) WUINNILEAIDaND
A A A ' v o X
HUINNTOaUAWDINLANAIINUAIT

ANIZLATUAIINAMNLRT ATAIE

=1 % g o vl
LATUAIN LARZHILN cdcl, TNUN LA E
2 X e L
OsNUCT Laa38ant N UBIUTI9LINAILG
0.5 09 2 T2 LUINRINN LATUNIIZLATEA
Tuvmen CusO, TN REW OsSNUCT §
2 XL . .
NILRAIDANLANNTUDENITALIURFIINN
s a <
1esun1zIasuaaaanIzazIa 24 Tl

FIBANIZLATLAINANNLIRINAGDNTT
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wessess | PT123 normal

= | PT123 salt stress

56
n
16.00 -
S 1400 -
=
|72}
O 12.00 -
=
$ 1000
&
g
;g 8.00
S
g 6.00 -
<
@
@ 4.00 -
@
&
g 200 -
Z
Z
S 0.00
0.5 1 2 6 12 24
JUZNAAAINNIEUNARD (T2 1Y)
U
- 16.00
S
= 14.00 -
|72}
8

12.00 -

a

10.00 -

3

NMIURAIDONTNNNDVDIE®
o
o
S

8.00 -+

o

------- LPT123-TC171 normal

LPT123-TC171 salt stress

0.5 1 2 6

12 24

TLHLNARRINNTUNARDI (T3 1414)

AN 1 TAUMSLRAIBaNVaIE% OsNUCT lutna LPT123 (n) uas LPT123-TC171

@) BRINN ATV TUIAN 24 TALN9 (FL0A = SE)

LEAIDANVAIEN OsSNUCT NLaNG199IN
N80 8% lagIsaUnNIILRAIaanvag
a AN v a

HUAZANAIATNIAN LATUANILLATLAD
o A a < ' a £
agahn 6 12lN9 uazAay 9 AN
LBNaLN 12 uaz 24 T lunasInIdszau

MIURAIDDNUD Elﬂ’jﬁ"lz@]ﬂ’JUﬂ'&l

Arabidopsis Alasunisonadn partial

osnuct wiadulaluniziidlany

ninlaanan Arabidopsis Nl lasUN1S

1 =

e
ANNTANEINITURAIBBNVBIT

lwn1z1a38aN194ANATNANS g WUIN

In1susadaanaadtin OsNUCT luwd7
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n OsNUC1 OsActin
Oh 0.5h 1h 2h 6h 12h 24h Oh 0.5h 1h 2h 6h 12h 24h
‘.‘q&lﬂ'ﬁﬂq&l
v
ANELAI
CuSO
4
CdcCl
.2
Aranian
U 2.20
- 200
1)
S
< 180
3
& 1.60
@
EE 1.40 ssugess control
1=
3B 1.20 —i— drought
= - = CuSO,
@
g 100 --@-- CdCl,
E 0.80 - =g cold
[t
0.60 |

0.5 1 2

6 12 24

JLHLIARRINNITUNAFDI (T2 LN4)

MW 2 N, MIuaadeanadiiu OsNUCT ludha LPT123-TC171 wasannledsunnis

103ANIIMEMNET9 9 LHwnan 24 Talae 2. TEAUMILEAIEaNTBIEW OsNUCT 1u

v

v

#1833 RT-PCR

gﬁu%é’amnvlﬁ%'uma:Lﬂ%wmniam
WinT9 2 Bia G9tiuI9in Arabidopsis
Alesunsnnpdn partial OsNUCT a1
NARALAINNEINITOIUNITNUADNNIE

LaTANLanzniin (CusO, uaz CdCl )

117 LPT123-TC171 #8910 tasun12zassananmeanined tuna 24 o2lus

faNuduTuENs g Nan1INAaaINLI
Tanzniinng 2 shalnaniliniaia
\@ulauas Arabidopsis 8A4 W6 Arabidopsis
Alasumstnedu leun FUNUT 35S8-2

35S-5 WAz 35S5-7 MININNUABNIZLAILA
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nlanzninlduinniwuidng (wild
type) lagdUNRUNaaLAZUIRIN LA
unniiusnfedsliisadynieada
lunnganimaass sniiuluainisgas
MS ATn3L&N 100 uM CACI_ WIHHNUAS

& a A ve ' A A o &
2oININTN LG TU NIt D unas NTNUE

Un@ laifianuuandsnys (Mwh 3 uaz 4)

39130hHA

A = a =

WatlSouiisun1suaadaanuadtin
osNUC1 Tunzun@nulwnnizidy wuan
JraUNITHRAIEaNVaIEnluANIZIAY
gdﬂdﬂumazﬂﬂa LEAIALAWINE
OsNUCT \uniinnaauaunasdaninziay
A & o o P £
aﬂmmgnmz@;ﬂmmﬂmmaaﬂmﬂmu
wada N laTunzaNnele 24 Tlud
I@mzé’unﬁua@aaaﬂg@q@agﬁ 12 134

[ oo a A a A

PRIINIGTUNIIZLAT AT IS NLTALIAN
6.00 %. NANIINAADIHOIIAA LATN
OsNUCT 8133831 LULMIUFAI08NLLIL
circadian rhythm lagainn1sansvad
Heintzen et al. (1997) MaawirBulunga
284 glycine-rich RNA-binding proteins
%aLﬂuﬂéjuﬁlﬂﬁLﬁmﬁuIﬂiﬁu OsNUC1
(glycine-arginine-rich RNA-binding proteins)
fa AtGRP7 ﬁgmmummamaammu
circadian rhythm lauANBMLNNILEAIBEN

a ' a o A &
veIduazAal 9 ATTAUNFITUILFIFA

o & o =) o
lumaummnum:a@mm PIDIIAN

UUNR TIRRYNRYDTIN UaTAME

szasanutalasft 12 lumHail wasiins
Newildséu GRP v9sialunuin
lumInudaniziaIaa 134 UNUINVad
1156w AtGRP2 1w Arabidopsis ngla
NMIBAN AMzduuazeaslu@n lagwuin
GRP2 LiNN39anvaduaalunnlzify
LIMINYAILNRAUAZNTTVAIALNEN
luazdn ud llssnadan1IianaadLuae
WAZNIILAIYVAIAUNAT I wNTIzLATEa
2RLNGN NMIUFAIaaNVBITUAINEIE
e MuEsalmMINuRanz i wLe:
Azidanudalaens (Kim et al., 2007)
fufinauanssdon1nzLfugions
WUIINNITADLRUBINUANIZLAILANI
MuMWELY Bndan Gutu Bu aldehyde
dehydrogenase (AtALDH) a1n Arabidopsis
(Sunkar et al., 2003) Faluduiinausuas
donnutdy lasfinisuansaenuinin
ol 8 Talusnasanlasuniizidy
284 lsnAn1zAIEaN H,O, (oxidative
stress) copper ez cadmium (heavy metal
stress) ANUNIANITLEUNIUFAIDDNYDY
Hu AtALDH3 leituni §ﬂﬁg\1;ﬁﬁ'ﬂﬁﬁﬁ
natnetiu AtALDH3 1ing Arabidopsis
WWadnE I ninfiaesiu wuiiuwanain
Arabidopsis A3 snsEuazdaia
g1u1salunisnudaniiziAunan 69
RINNTONUEDNIIZLATLAINNAIINUAS

aNTLATH wazlanzninlaanaly o4
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mwild type

m 35S-2

m35S8-5
35S8-7

0 25 50 75

AMNLTUTUDAY CuSo, (UM)

6.0

v

a o

m wild type

m 35S-2

m 35S8-5
35S8-7

UWIRTNWAY (Ha8nTu/6w)

o

¥

0 25 50 75

ANMAULTUTUVEY CuSo, (UM)

NN 3 Wwiinga (n) Wntnuks (1) 189 Arabidopsis 1adanluamriugas MS
Al Ccuso, Aenuidndudnsg s 14 Tu (mna = SE) (wild type Ao
WuTUn@ 355-2, 35S-5, 358-7 fa auWuUTT ld3uMItuBu partial OSNUCT)
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N 600 -
50.0 -
=
% 40.0
«15'; 30.0 mwild type
& m 35S-2
5
9°§ 20.0 m 35S8-5
35S8-7
10.0
0.0
0 50 75 100
ANNLTUTUVDS CdCL, (uM)
U
6.0 -
50 -
g
w40 c
«é = m wild t
< 30, b c wiia type
§ c m 35S-2
bﬁ x
£ 2.0 A m 35S8-5
i ns "Sns 78 3557
10 | x
0.0 +

0 50 75 100

ANNLTUTUDI CdACl, (uM)

NN 4 WIRBNEA (N) WIRWNUAY () Va9 Arabidopsis Lﬁaﬂgﬂiummﬁugm MS
Afinsidn cdCl, ianudududisg unan 14 3u (suna = SE) (wild type Ao
WuiUn@ 35S-2, 355-5, 355-7 fa suWuiflasun1stiuiu partial OsSNUCT)
o o [ v A €= A A Y A \ [y aa A ~

(MBNBINIBINYBIRNALENIRATauAB T aNuLandInwMIrRalalTo LY

Tag3% DMRT Aiszauanuiiions 95 wosidud (P<0.05))



miugasaanluszozusnaasdu OsNUCT luina (Oryza sativa L.) 61

Snwmituifnulunisuaadeonva
0sNUCT saitudfitana s luaudanil
n3# Arabidopsis flesunisanpn
9 3 SNUWUS Ao 35S-2, 358-5 uaz
355-7 Fasnardluan Uﬁufﬁlﬂu independent
transgenic lines GaN%h KIWULANAINY
susnlumaaiudulaluamsiialans
%ﬁﬂiﬁﬁﬁuﬂiﬁﬁufﬂﬂa WRAILALAUIN
MIuaasaandiliiuduuas partial OSNUCT
Jaumlianusauisalunmnunmude
Tanewinifiaudu
ﬁ‘lﬂ‘llﬁ]diﬂ%:ﬂffﬂ@iaﬁ’ﬁﬁﬁﬁm@lﬁ%é’ﬂ
3 Yszns fe 1. Asawianlansnin
ihdunulds@uuSimmy thioyl-, histidyl-,
%38 carboxyl- lagassvinlAinadaianIsy
wazninfivasldsaudre g meluiaas
2. lanzninnaldiia reactive oxygen
species Tuluinsaimas uax 3. Tarewin
vrrfieldidnunuinmvinawsesloaan
v9Tfie 1 Cd® Whunufi ca® lums
19 U289 Photosystem 11 (PSII) reaction
center Vfﬂﬁt,ﬁ@m'ri{fugaﬂWSﬂszéjuﬂﬁi
N191wvad PSIl lauuas (Sharma &
Dietz, 2008) N3 0INUARLBIVDIND
nlane RN Ina1oNTZUIBANITNINAT
NITAUMNINNBYBITZULYINDUNADFIZ
(Schitzendibel & Polle, 2002; Sharma
& Dietz, 2008) NMIFILATIZH phytochelatin

T93l glutathione LIuaN13096% (Cobbet &

Goldsbrough, 2002) 6'fi\‘lglutathione ‘fl:
ﬂ'oﬁunmwi'mlmwumﬂ%'@awaﬁmz
aneaa8 (May et al., 1998) AN1ITEIH
j’mﬂﬂﬁumié'\‘nﬂﬁzﬁ phytochelatin
(Zhu et al., 1999) %38 glutathione
(Moontongchoon et al., 2008) luiNwaauys
Wuﬁqﬂﬁwﬁﬂﬁlﬁwm'}uﬁwuwwu@iaiaﬁz
wiin CdCl 16 ugdatnslaf@nszuaums
]34 phytochelatin wazn 3l glutathione
luszuumsiaeuysdaszdosagluauga
fasiufionavnliiia oxidative stress o
(Schitzendibel & Polle, 2002; Nocito et
al., 2006) uaﬂaﬁﬂﬁluﬂﬁiﬁﬂmﬁ’lq@wuﬁ
NNINN9UUBY OXS3 gene 9NN Brassica
juncea a1adinalnnismiaulAioas
numMuds CdCl, lasmsaaudslasaniiu
mlrauadnilasansy DNA InAEva9
Tanenninwsoanavinlwiianmsaouuyas
U8 transcription %aﬁ’]vl,ﬂ;jmil,mmaaﬂ
yasfwieldlun1sUsuardalansnin
(Blanvillain et al., 2009) ﬁdﬁ?u miﬁ
Arabidopsis é’ml,ﬂsﬁugﬂﬁuﬁﬁmnﬁ'u
MIUEAIa0nvasE% OSNUCT 1N9dImit
aunsaswnndalanenin lda1wane
WUHANIIINNITZUIRNNTNNIBB 9]
eI INANTN G Tevnaziimsanmn

doldluamna
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Gt

L]

MIURAIENVBIEN OSNUCT AaUEIEI
@8N1ZLARUANANNLAN LAZYNNIEFL
leshunzeluannanuLasLazlanerin
\ilawn Arabidopsis NlaSun1snnedn
partial OsNUC1 §MNagaLUAINNFINITE
lumsnudanniziesuannlansnin wuh
NIURAIDANVAY partial OsNUCT RIL&IN
% Arabidopsis R nudumugdelarzniin
1w Cd?* uaz Cu? danniain Tapdliawin

FALRSUIRINLAININNINR ﬂﬁuﬁﬂna

LONE1ID19D9

FuNS uthlzawgy. 2547. asul3euiay
MIUEAIBaNVBIEWIKIN Oryza sativa
L. Wwsiwdasilsziia 123 ananugida
Llaza’lﬂﬁ%ﬁjﬂ%tﬁ&ﬂ%ﬂ’l‘)zlﬁ&l. Anen-
IwuSrygnuvniinedio. snanimwugenaas
MAITINONBEIRAT ameAIneIEas
ﬁ;wwadmﬂiuwﬁﬂmﬁu.
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all with double-space the entire manuscript. All
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