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A BSTRACT
		 Two species of Lepiota in section Stenosporae (J. Lange) Kühner, L. aureofulvella Sysouph., K.D.
Hyde, Chukeat. & Vellinga and L. citrophylla (Berk. & Broome) Sacc., are firstly recorded from Lao
PDR. Full descriptions, colour photographs and line drawings of micromorphology are provided.
Furthermore, phylogenetic position of L. aureofulvella and L. citrophylla based on nrITS sequence data
was confirmed and the two species were compared with related species in the section.
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1. I NTRODUCTION

The genus Lepiota (Pers.) Gray belongs to the
family Agaricaceae comprising 400 white-spored
species and has been divided into six sections:
Echinatae Fay., Lepiota (Pers.) Gray, Lilaceae M.
Bon, Fuscovinacae (J. Lange) Kühner, Ovisporae (J.
Lange) Kühner, and Stenosporae (J. Lange) Kühner
[1-5]. Members in the section Stenosporae are mainly
recognized by having cylindrical spores with a
spurred base, cutis or a trichodermal structures of
pileus covering made up of long erect and slender
elements, and clamp connections. According to
a review of the genus Lepiota and its distribution
in East Asia, there are no reports of Lepiota
from Lao PDR [5, 6]. This study presents two
new records of Lepiota to Lao PDR, based on

evidence from morphological characteristics and
nrITS sequence data.
2. M ATERIALS AND METHODS

2.1 Sample Collection and Morphological Study
Specimens were collected from deciduous
forests in Xay District, Oudomxay Province
during the rainy season (June-October) in 2014.
Important information of the collection sites
including coordinates of locations, forest types,
soil and substrate were recorded. Fresh basidiomata
were photographed in the fields. Morphological
characteristics followed those by Vellinga [5],
and colour annotations of fresh materials were
determined based on the colour charts of Kornerup
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and Wanscher [7]. The specimens were then dried
in an electric food dryer (30–40 °C) for 24 hours
and deposited in the National Herbarium of Laos
(Herbier National du Laos, HNL). Microscopic
characteristics were observed and illustrations were
made from dry specimens using an light Olympus
CX-41 compound microscope. Water (H20) and
2.5–10% of KOH were used to observe original
colour of microscopic elements; while Melzer’s
reagent, Cotton blue and Cresyl blue were used
for testing spore wall reactions; and Congo red
in ammonia for line drawings. Measurements of
microcharacters were given in the descriptions,
while quotient (Q) of length was also calculated
to indicate the basidiospore shape. Technical
terms used for description were based on the
study by Vellinga [5].
2.2 Molecular Study
DNA was extracted from dried specimens
according to the instructions of the Biospin
Fungus Genomic DNA Extraction Kit (Bioer
Technology Co., Ltd., Hangzhou, P.R. China).
Internal transcribed spacer 1 and 2 (ITS1 & ITS2)
sequences were analysed for all collections.. Internal
primers ITS1-F and ITS4 were used for PCR
[8]. The PCR amplified products were cleaned
and sequenced by Shanghai Sangon Biological
Engineering Technology & Services Co., Ltd.
Sequences were edited and contigs assembled
using SeqMan program (DNAStar, Madison,
WI, USA), and new sequences were deposited
in GenBank. All available sequences belonging
to Lepiota section Stenosporae were obtained from
the GenBank, and L. cristata (Bolton) P. Kumm.
was used as an outgroup. A complete data set
was aligned using MAFFT version 7.130-win32
[9-10]. The maximum parsimony (MP) tree was
constructed by the program PAUP* 4.0 b10 [11],
using 1000 heuristic searches, employing TBR
branch swapping and random sequence addition,
gaps were treated as missing data, and all characters
are unordered and equally weighted. Other setting
were as follows: multistate taxa interpreted as
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uncertainty, starting trees were obtained via
stepwise addition, one tree was held at each step
during stepwise addition, the steepest descent
option was not in effect, branches were collapsed
(creating polytomies) if minimum branch length
was zero, and MulTrees option was in effect.
Bootstrap supports were evaluated using 1000
bootstrap replicates with 10 heuristic searches
per replicate, random sequence addition and
TBR branch swapping. A Maximum Likelihood
analysis was executed in the software MEGA
version 6 [12-13]. The settings were: Maximum
Likelihood as statistical method, 1000 bootstrap
replications, using Kimura 2-parameter model,
Gamma distributed (G) as rates among sites, and
Nearest-Neighbor-Interchange (NNI) as Initial
Tree for ML. The final alignments have been
submitted to TreeBASE (TreeBase number 23646).
3. R ESULTS AND DISCUSSION

3.1 Phylogenetic Analysis
The Maximum Parsimony tree is identical to
that of Maximum Likelihood. Maximum Parsimony
tree is shown in Figure 1, with tree scores for the
consistency index (CI) = 0.570, retention index
(RI) = 0.753, rescaled consistency index (RC) =
0.429, and homoplasy index (HI) = 0.430, length
= 749. Two clades are distinguished. Clade 1 (90%
bootstrap support, BS) comprises species with
spurred basidiospores and trichodermal pileus
covering made up of long cylindrical elements
on the top of with short clavate basal elements,
and two specimens of L. citrophylla from Laos
are identical to a specimen from Thailand with
100% BS. Clade 2 (98% BS) comprises species
with spurred basidiospores and a cutis pileus
covering made up of long cylindrical elements,
and a Lao specimen of L. aureofulvella is identical
to the specimen from Thailand (100% BS).
3.2 Taxonomy
Two species belonging to Lepiota sect.
Stenosporae were described in this study. Each species
is provided with a detailed description, colour
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Figure 1. Maximum Parsimony tree of Lepiota section Stenosporae based on an analysis of nrITS
sequences. Bootstrap values over 60% are indicated above the branches. The samples from Laos are
marked in bold. GenBank accession numbers and respective countries are given after the name of
each collection.
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photographs and line drawings of micromorphology.
It was found that L. aureofulvella has spurred
basidiospores and a cutis pileus covering made
up of cylindrical elements while L. citrophylla has
spurred basidiospores and trichodermal pileus
covering made up of long cylindrical elements
on the top of short clavate elements.

brown to dark brown (6E7–8, 6F7–8) fibrillose
at base zone, on white background and slowly
turned light brown (6D4) when touched. Annulus
in form of an annular zone, made up of white
fibrils. Context in pileus white, 3–6 mm wide; in
stipe hollow, white. Spore print white.
Basidiospores 5–8.5 × 3.5–5.2 μm, Q =
1.4–2.3, cylindrical to oblong in side view, with
3.3 Lepiota aureofulvella Sysouph., K. D. Hyde,
truncate to spurred base, triangular or with
Chukeat. & Vellinga, Mycotaxon 117: 53. 2011.
curved abaxial side, slightly thick-walled, hyaline,
Figures 2, 3					 dextrinoid, congophilous, cyanophilous, not
Pileus 18–45 mm, convex to umbonate,
metachromatic. Basidia 14–20 × 4.5–7.5 μm, clavate,
expanding to planoconcave, with straight margin;
hyaline, 4-spored. Cheilocystidia 15–29 × 4–12
brown to dark brown (6E7–8, 6F7–8) fibrillose
μm, clavate to narrowly clavate, utriform, rarely
around center or umbo, with golden brown to
cylindrical, hyaline, thick-walled. Pleurocystidia
yellowish brown (5D5–8) fibrills to fibrillose
absent. Pileus covering a cutis made up of long
squamules towards the margin, background white;
cylindrical elements to narrowly clavate terminal
margin with yellowish brown (5D5) fibrillose
elements, elements with rounded to slightly
partial veil, exceeding lamellae when mature.
tapered tips, 60–145 × 4–15 μm, thick-walled,
Lamellae free, white, ventricose, 4–6 mm wide,
with brown parietal pigment. Stipe covered with
somewhat crowded, fragile. Stipe 23–65 × 3–7
fibrillose squamules similar to pileus covering.
mm, cylindrical; covered with white fibrills, with
Clamp-connections present in all tissues.

Figure 2. Basidiomata of Lepiota aureofulvella in the field (HNL502948).
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Figure 3. Micromorphological characteristics of Lepiota aureofulvella (HNL502948), a. basidospores,
b. cheilocystidia, c. a cutis structure of pileus covering.
3.3.1 Habitat and distribution in Laos
Growing in a small groups, saprotrophic, on
soil mixed with decayed leaves and wood, found
in deciduous forests of Oudomxay Province,
northern Laos.
3.3.2 Specimens examined
Laos, Oudomxay Province, Xay District, Houay
Houm Village, 7 August 2014, P. Sysouphanthong,
HNL502948.
3.3.3 Notes
The species is characterized by golden
brown to dark brown pileus covering, white and
free lamellae, cylindrical and white stipe, spurred
basidiospores, clavate to utriform cheilocystidia,
and with pileus/stipe covering in form of a cutis.
Lepiota aureofulvella was originally described from
northern Thailand, and it is the fourth species
having spurred basidiospores and a cutis pileus

covering of section Stenosporae [14]. Specimens
described from Laos and Thailand are identical in
terms of both morphology and nrITS sequences
(Figure. 1).
Three species with spurred basidiospores
and a cutis pileus covering are distinguished from
L. aureofulvella. Firstly, Lepiota boudieri Bres. is the
most similar in morphology but differs in shorter
basidiospores, darker colour of pileus, and its
nrITS sequence [5, 14]; the second species, L.
rhodophylla Vellinga differs in pinkish brown colour
of pileus covering and lamellae margin [5]; and
the last species, L. andegavensis Mornand has dark
grey to black colour of pileus covering [15]. The
Maximum Parsimony analysis of nrITS sequence
showed that the Lao specimen of L. aureofulvella
is identical to the Thai specimen (Figure. 1).
3.4 Lepiota citrophylla (Berk. & Broome) Sacc.,
Syll. Fung. 5: 57. 1887. Figures 4, 5

differs by its angled basidiospores [25-27] (Sysouphanthong, 2013, Horak, 1968, Pegler 1977);
Leucoagaricus houaynhangensis Sysouph. has yellowish-green basidiomata,
basidiospores
with
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a germ pore, clavate to utriform cheilocystidia with short to long appendages, a hymenidermal
pileus covering, and lacks clamp-connections in all tissues (Sysouphanthong et al., 2018).

Figure
in the
(a= HNL502981,
b= HNL502963).
Figure 4.
4. Basidiomata
Basidiomataof
of Lepiota
Lepiotacitrophylla
citrophylla
in field
the field
(a= HNL502981,
b= HNL502963).

Figure 5. Micromorphological characteristics of Lepiota citrophylla (HNL502981), a. basidospores, b.
cheilocystidia, c. a trichodermal structure of pileus covering.
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Agaricus citrophyllus Berk. & Broome in J. Linn.
Soc., Bot. 11: 509. 1871; Lectotypus Thwaites 821 (K).
Pileus 18–40 mm, first campanulate, expanding
to umbonate, plano concave, with straight to
inflexed margin; when young glabrous, golden
yellow (5B7) to brown (6D7–8), soon breaking,
with glabrous umbo, radially squamulose around
umbo toward margin; margin covered with white
partial veil. Lamellae free, moderately crowded,
ventricose, 3–5 mm wide, pale yellow to light
yellow (3A3–4, 4A4–5). Stipe 35–70 × 4–6
mm, cylindrical to subcylindrical; squamulose
from annular zone towards the base, squamules
concolourous with those on pileus, on light yellow
(4D4) background, turned grayish orange (5B4–5)
when touched. Annulus in form of an annular
zone, made up of concolourous squamules on
stipe. Context in pileus pale yellow to light yellow
(4D4-5); in stipe hollow, concolourous to surface.
Spore print white.
Basidiospores 5.5–8.5 × 3.5–4.5 μm, Q = 1.4–2.2,
ellipsoidal to cylindrical, in side view with straight
or slightly outgrown spur at base, apex rounded
or more acute, hyaline, dextrinoid, congophilous,
cyanophilous, not metachromatic. Basidia 15–45
× 5.5–9 μm, mostly clavate, sometimes narrowly
clavate, 4-spored, hyaline,thin-walled. Cheilocystidia
25–65 × 4.5–12 μm, narrowly clavate to clavate,
rarely oblong with short pedicel. Pleurocystidia
absent. Pileus covering a trichoderm, made up
of narrowly clavate elements, often wider at apex
and narrowed into pedicel, 60–195 × 6.5–20 μm,
wall pale brown, with parietal and intracellular
brown pigment, with cylindrically hyaline to pale
brown hyphae at under layer, 3–7 μm wide, with
intracellular pigment. Stipe covering trichodermal,
with squamules similar to those in pileus covering.
Clamp-connections present in all tissues.
3.4.1 Habitat and distribution in Laos
Occurring in groups, saprotrophic, on soil
mixed with decayed leaves and wood; found
in deciduous forests of Oudomxay Province,
northern Laos.
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3.4.2 Material examined
Laos, Oudomxay Prov., Distr., Houay
Houm Village, 20 July 2014, P. Sysouphanthong,
HNL502981; Kone Kaen Village, 12 Aug 2014,
P. Sysouphanthong, HNL502963.
3.4.3 Note
Lao specimen of Lepiota citrophylla has mainly
pale yellow to light yellow basidiomata, and both
pileus and stipe are covered with golden yellow
to brown squamules (see Figures 4-5). The
morphology of Lao specimens is mostly identical
to collections from Thailand and Sri Lanka [16],
Trinidad, British West Indies [17], Kenya and
Africa [18], India [19], and Thailand [14].
Lepiota citrophylla might be confused in macromorphology with L. xanthophylla P.D. Orton
because both species have pale yellow to light
yellow basidiomata, but L. xanthophylla has ovoid
basidiospores and belongs to the section Ovisporae
[20]. The name Lepiota citrophylla was used instead of
L. xanthophylla in Europe [21-22], America [23], and
China [24]. The Maximum Parsimony analysis of
nrITS sequences showed that the two Lao specimens
are identical to the specimen from Thailand. Other
yellow species; Verrucospora verrucispora (Beeli) E.
Horak differs by its angled basidiospores [25-27]
(Sysouphanthong, 2013, Horak, 1968, Pegler
1977); Leucoagaricus houaynhangensis Sysouph. has
yellowish-green basidiomata, basidiospores with
a germ pore, clavate to utriform cheilocystidia
with short to long appendages, a hymenidermal
pileus covering, and lacks clamp-connections in
all tissues (Sysouphanthong et al., 2018).
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