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Abstract. Amanita javanica is an edible mushroom from the subgenus Amanita, section Caesareae, that is 
widespread across Asia but remains poorly documented in several regions. In Kendari, Southeast 
Sulawesi, Indonesia, a yellow mushroom locally known as “Tanggarebonata” is widely consumed and 
sold, exhibiting morphological similarity to A. javanica. This study aims to confirm its identity using a 
combination of morphological, microscopic, molecular, and GC-MS analysis. Macroscopically, the 
specimen was examined directly from fresh samples preserved in 70% ethanol, showing typical Amanita 
features, including a yellowish pileus, free and crowded lamellae, a bulbous stipe base with a saccate 
volva, and the absence of an annulus. Microscopically, thin sections were prepared and examined at 
1000× oil immersion, revealing broad ellipsoid basidiospores, clavate basidia, and clamp connections. 
Molecular identification targeting the rDNA-ITS1/ITS2 regions revealed that the Kendari specimen 
(ITSPV719613) clustered with A. javanica from Indonesia and formed a sister clade to A. javanica from 
Malaysia, consistent with the BLAST result showing 100% and 94,59% similarity, respectively. 
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Introduction 

Amanita Pers. (Agaricales, Basidiomycota) is a 
widely recognized genus and the largest group 
of agaric mushrooms within the Amanitaceae 
family (Gilbert 1941, Persoon 1797). Amanita 
Pers., established by Persoon in 1797, 
encompasses around 700 accepted species 
(Codjia et al. 2023), with Amanita muscaria 
designated as the type species. Most species of 
Amanita are ectomycorrhizal and play an 
important ecological role by forming symbiotic 
associations with more than 10 plant families 
(Davison et al. 2017, Cui et al. 2018). However, a 
few species such as A. pruittii A. H. Sm. ex 
Tulloss are saprotrophic (Cui et al. 2018). Most 
Amanita species are poisonous, causing fatal 

poisoning cases. A. muscaria, A. phalloides, and A. 
subjunquillea are well-known poisonous 
mushrooms (Cai et al. 2016). In contrast, a few 
species, such as A. caesarea, A. caesareoides, and A. 
fammeola, are edible and highly regarded (Endo 
et al. 2016). Amanita is iconic among fungi for its 
characteristic fruiting bodies (agaricoid 
basidiomas), which are mostly stipitate and 
annulated (Cui et al. 2018). Morphological traits 
of the basidiomata provide clear criteria for 
distinguishing them to the genus level. 
Nevertheless, the high degree of morphological 
similarity among Amanita species poses 
challenges for precise species-level delimitation. 
The taxonomy of Amanita has undergone 
substantial revision, shaped by both 
morphological and molecular evidence. 

mailto:ivanpermanaputra@apps.ipb.ac.id


K.D. Shiyam et al. 
 

2 

Corner & Bas (1962) and Bas (1969) 
emphasized the importance of observing natural 
populations and using microscopic features in 
taxonomy. They divided Amanita into two 
subgenera and six sections, a system widely 
accepted by later mycologists (Pegler & Shah-
Smith 1997). However, the delimitation of 
subgenera remained controversial, primarily 
because of inconsistent morphological traits and 
overlapping diagnostic characters, such as 
basidiospore amyloidity, stipe bulb shape, and 
universal veil remnants (Singer 1986). From the 
1960s to the 1990s, classification based on the 
reaction of basidiospores to Melzer’s reagent and 
the morphology of the stipe base split Amanita 
into two subgenera and seven sections: Amanita 
(sect. Amanita, Caesareae, Vaginatae) and Lepidella 
(sect. Amidella, Lepidella, Phalloideae, Validae) (Bas 
1969, Yang 1997). Early molecular studies used 
Internal Transcribed Spacers (ITS) and the 
nuclear ribosomal large subunit (nrLSU). More 
recent research incorporates multi-locus 
phylogenetics, using ribosomal and protein-
coding gene sequences (Tang et al. 2015). This 
integrative approach, which combines 
molecular, morphological, and ecological data, 
redefined the genus into three subgenera and 
eleven sections: Amanita (sect. Amanita, 
Amarrendiae, Caesareae, Vaginatae), Amanitina 
(sect. Amidella, Arenariae, Phalloideae, Roanokenses, 
Strobiliformes, Validae), and Lepidella (sect. 
Lepidella) (Cui et al. 2018). This updated 
classification has been adopted in recent studies 
(Suwannarach et al. 2022, Huang et al. 2023). 

Amanita javanica is an edible mushroom 
species belonging to the subgenera Amanita, 
section Caesareae, yet it remains poorly 
documented despite its widespread distribution, 
particularly in Asia (Boedijn 1951, Yang 2015). In 
Indonesia, a wild Amanita known locally as 
Tanggarebonata (local name), is commonly found 
and widely consumed by communities in 
Kendari, Southeast Sulawesi, and is frequently 
sold in traditional markets and used as a food 
source. Although its morphology closely 
resembles that of A. javanica, identification based 
solely on macroscopic features can be 

problematic. A. javanica exhibits strong 
morphological similarities with A. 
rubromarginata, A. hemibapha, and A. similis, 
making precise species determination 
challenging (Tang et al. 2017). While there have 
been no confirmed reports of poisoning from 
these local mushrooms, morphological 
resemblance alone is insufficient for definitive 
species identification, particularly because the 
genus Amanita includes both edible and highly 
toxic species. Therefore, this study was 
conducted using an integrative approach that 
combines macroscopic and microscopic 
characterization with molecular identification of 
our specimen. 
 
 
Material and methods 
 
Specimen collection 
Specimens of “tanggarebonata” were collected 
from Ambololi Forest, Kendari, Southeast 
Sulawesi, Indonesia (4°07'19.1"S 122°27'41.9"E), 
near Shorea, in 2024. Some specimens were 
preserved in 70% ethanol for further analysis 
and herbarium purposes. Photographs of the 
mushrooms were taken in situ, along with 
descriptions of the vegetation. In this study, the 
specimens were examined and analyzed at the 
Mycology Laboratory of the Department of 
Biology, IPB University, Bogor, Indonesia. 
 
Morphological identification 
The macroscopic characteristics of the 
mushroom basidiocarp were observed 
immediately. These included growth pattern, 
habitat, and fruiting body texture. Pileus 
characters observed were color, surface, shape, 
wetness, and margin. Lamellae characters 
included color, margin, density, attachment to 
the stipe, and presence of lamellulae. 
Meanwhile, the stipe characters observed were 
color, surface, shape, texture, diameter, 
attachment to the pileus and to the substrate, and 
the interior. Microscopic studies were also 
performed, including the structure of pileipellis, 
morphology of basidia, basidiospores, cystidia, 
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and hyphae. Observations were conducted using 
a Leica light microscope (up to 1000× 
magnification with immersion oil) at the 
Integrated Laboratory, IPB University, Bogor, 
Indonesia. Identification of the specimens was 
based on several references, including Persoon 
(1797), Gilbert (1941), Boedijn (1951), Yang 
(2015), and Tang et al. (2017). 
 
Molecular analysis 
DNA extraction and PCR amplification were 
conducted at the Integrated Laboratory of 
Bioproducts (iLaB) of the National Research and 
Innovation Agency (BRIN), Bogor, Indonesia. 
DNA was extracted from fresh material using 
the CTAB (hexadecyltrimethylammonium 
bromide) method, as described by Putra et al. 
(2023). The Internal Transcribed Spacer (ITS) 
region was amplified using the primers ITS5 (5’-
GGA AGT AAA AGT CGT AAC AAG G-3’) and 
ITS4 (5’-TCC TCC GCT TAT TGA TAT GC-3’) 
(White et al. 1990). Each PCR reaction was 
performed in a total volume of 40 µL, consisting 
of 12 µL of ddH₂O, 2 µL of each primer (10 
pmol), 20 µL of 2× KAPA Fast 2G PCR mix, and 
4 µL of template DNA (100 ng). The PCR 
conditions following Putra et al. (2023) were as 
follows: an initial denaturation at 94°C for 2 
minutes, followed by 30 cycles of denaturation at 
94°C for 30 seconds, annealing at 56°C for 45 
seconds, and extension at 72°C for 1 minute.  

The final extension was set at 72°C for 10 
minutes. Amplification products were verified 
on 1% agarose gel and visualized using a Gel 
Doc™ XR system. The PCR amplicons were then 
sent to 1st Base, Malaysia, for sequencing 
(Sanger sequencing, ABI PRISM 3730xl Genetic 
Analyzer). The sequence was assembled using 
ChromasPro Software (Technelysium Pty Ltd., 
2.2.0, 2017), deposited in GenBank 
(https://www.ncbi.nlm.nih.gov/), and used for 
nucleotide Basic Local Alignment Search Tool 
(BLAST). The phylogenetic tree was constructed 
using the sequence obtained in this study (bold) 
along with additional Amanita sequences 
retrieved from GenBank, including those 
reported by Kumla et al. (2023), and Endo et al. 

(2016) (Table 1). Sequence alignments were 
performed using Clustal X (Larkin et al. 2007). 
The phylogenetic analysis using maximum 
likelihood (ML) was performed in MEGA X 
(Kumar et al. 2018). Bootstrap analysis was 
performed with 1000 replicates, and only 
bootstrap values (BS) ≥ 60 are shown on the 
branches. 
 
 
Results 
 
Taxonomy 
Amanita javanica (Corner & Bas) T. Oda, C. 
Tanaka & Tsuda, Mycoscience 40(1): 64 (1999).  
 
Basionym: Amanita hemibapha subsp. javanica 
Corner & Bas 1962.  
 
Basidiome (Figure 1A) annual, solitary, central 
stipitate, arising directly from litter-rich soil. 
Fruiting body fleshy, with a pileus and stipe. 
Pileus circular, 6-8 cm in diameter, convex to 
applanate, surface smooth and dry to moist, 
yellowish-brown centrally, fading toward the 
margin. Lamellae (Figure 1B) free, crowded, 
white to yellowish-cream, soft and flexible in 
texture, with an entire margin and smooth 
surface. Underside of the pileus uniformly 
rounded, with no elevation. Stipe centrally 
attached to pileus, cylindrical to clavate with 
bulbous base (10–12 cm long), yellowish-brown, 
covered with scales or remnants of partial veil. 
Texture firm, denser than pileus.  

A saccate volva is present at the stipe base, 
indicating typical characteristics of Amanita. 
Basidiospores (Figure 2A) broadly ellipsoid, 
thin-walled, hyaline, measuring approximately 8 
µm in diameter. Basidia (Figure 2B) clavate, 
measuring up to 18 µm in length, bearing three 
to four sterigmata, each around 4 µm long. 
Hyphae from the stipe (Figure 2C) are septate 
with smooth walls. Hyphae from the outer volva 
(Figure 2D) exhibit inflated, balloon-like 
terminal cells, indicative of specialized structural 
differentiation. Oleiferous hyphae observed in 
the pileus (Figure 2E) contain refractive oil 
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droplets, suggesting lipid accumulation within the hyphal cells. 

 
 
Table 1. Selected species, voucher information, origin, and GenBank accession of sequences used in 

this study 
 

No Species Voucher/Strain ITS Accession No.  Ref Country 

1 Amanita aporema FRIM:62674 KU714575 Kumla et al. (2023) Malaysia 

2 A. chepangiana HKAS 56718 KU714569 Kumla et al. (2023) China 

3 A. egregia RET 136-7 JX844707 Kumla et al. (2023) Australia 

4 A. fuscoflava HKAS 59800 MH508372 Kumla et al. (2023) China 

5 A. hemibapha SDBR-CMUNK0776 OQ199032 Kumla et al. (2023) Thailand 

6 A. hunanensis HKAS 100632 MH508396 Kumla et al. (2023) China 

7 A. incarnatifolia HKAS 100601 MH508403 Kumla et al. (2023) China 

8 A. javanica FRIM 61503 KU714572 Kumla et al. (2023) Malaysia 

9 A. javanica BO24645 PQ282528 GenBank Indonesia 

10 A. javanica IPB04 ITSPV719613 This Study Indonesia 

13 A. pseudoprinceps HKAS 97523 MH508527 Kumla et al. (2023) China 

14 A. ristichii RET 124-10 JX844737 Kumla et al. (2023) USA 

15 A. rubromarginata MFLU 15-01420 KU904822 Kumla et al. (2023) Thailand 

16 A. rubromarginata SDBR-CMUNK0780 OQ199041 Kumla et al. (2023) Thailand 

17 A. rubromarginata RET 383-1 JX844739 Kumla et al. (2023) Japan 

18 A. similis FRIM 3740 KU714566 Kumla et al. (2023) Malaysia 

19 A. similis TFM-M-P934 KU714568 Kumla et al. (2023) Indonesia 

20 A. subhemibapha HKAS97518 MH508621 Kumla et al. (2023) China 

21 A. subhemibapha SDBR-CMUNK0735 OQ199045 Kumla et al. (2023) Thailand 

22 A. torrendii HKAS 59739 KU714578 Kumla et al. (2023) Spain 

23 A. yuaniana HKAS 58807 MH508653 Kumla et al. (2023) China 

24 A. retenta HKAS 70020 MH508543 Kumla et al. (2023) China 

25 A. shennongjiana HKAS 75553 MH508590 Kumla et al. (2023) China 

26 Amanita hemibapha  

subsp. javanica 

CUB:Microbiology M8 AB458887 Endo et al. (2016) Thailand 

27 Amanita hemibapha  

subsp. javanica 

- AB451969 Endo et al. (2016) Thailand 

28 Amanita javanica S-114 LC056767 GenBank Japan 

29 Amanita javanica S-113 LC056766 GenBank Japan 

30 Amanita hemibapha RET-342-8 JX844716 Endo et al. (2016) India 

31 Amanita aff. javanica HKAS53281 JX998041 Endo et al. (2016) China 

32 Amanita aff. javanica HKAS56863 JX998040 Endo et al. (2016) China 

33 Amanita kitamagotake S-72 AB755778 Endo et al. (2016) Japan 

34 Amanita kitamagotake EN-4 AB721450.2 Endo et al. (2016) Japan 
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Figure 1. Macroscopic characteristics of Amanita javanica IPB04. A. Basidiome displaying surface 
features of a pileus with smooth texture and a stipe with scales. B. Lamellae surface details 
showing a free and crowded arrangement. 

 
 

 
 

Figure 2. Microscopic characteristics of Amanita javanica IPB04. A. Ellipsoid basidiospores. B. Basidia with 
3-4 sterigmata. C. Hyphae from the stipe. D. Hyphae from the outer volva. E. Oleiferous hyphae observed 
in the pileus. 

 
 

Molecular analysis 
The obtained rDNA-ITS sequence (GenBank 
accession ITSPV719613) was analyzed. The 
BLAST search results showed that Amanita 
javanica IPB04 had high query coverage with A. 
javanica from Indonesia (BO24645) (100%) but 
with different morphological appearances, A. 
javanica from Malaysia (94,59%), and A. 
rubromarginata from Thailand (93%) as the top 
hits. The phylogenetic analysis revealed that A. 

javanica IPB04 grouped with the specimen 
BO24645 (unpublished) from a previous 
Indonesian collection, with 98% bootstrap 
support (BS), and further formed a sister clade 
with A. javanica from Malaysia (Figure 3). This 
pattern indicates that the molecular 
identification using BLAST is congruent with the 
phylogenetic analysis, confirming a close 
relationship between IPBO4, BO24645, and other 
tropical Asian taxa within section Caesareae. 
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Figure 3. The phylogenetic tree of Amanita javanica IPB04 based on ITS1/2 region using MEGA X with 
Maximum Likelihood method and 1000 Bootstrap Analysis. The scale bar refers to an evolutionary 
distance of 0,050. 

 
 
Discussion 
 
Based on morphological and molecular analyses, 
the specimen observed in this study is most 
closely related to Amanita javanica, a species 
originally described from Java (Boedijn 1951) 
and reported across tropical Asia, including 
Malaysia, Thailand, and southern China. The 
basidiome exhibited key macroscopic 
characteristics consistent with A. javanica, such as 

a yellowish-brown to ochre-yellow pileus with a 
smooth, flat to slightly umbonate surface, free 
and crowded lamellae with pale yellow 
coloration, and a central stipe that is yellowish, 
with surface scales and a clavate base. The 
dimensions of the pileus (6-8 cm) and stipe (10-
12 cm) fall within the ranges reported in 
previous studies: 6-9 cm for the pileus and 10-12 
cm for the stipe in the Malaysian specimen (Tang 
et al. 2017). However, the absence of a prominent 
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annulus in our specimen may represent 
intraspecific variation or a developmental stage, 
as A. javanica is known to bear a thin, 
membranous annulus located near the apex of 
the stipe (Boedijn 1951).  

Microscopically, the basidiospores measured 
approximately 8 µm in diameter and were 
broadly ellipsoid, hyaline, and thin-walled, 
consistent with the description of A. javanica 
spores (7.5-9 µm). The basidia were clavate with 
3-4 sterigmata, similar to the typical 4-spored 
basidia in the Malaysian specimens (Tang et al. 
2017), although variability in sterigmata number 
has been observed within Amanita. Hyphae from 
the stipe were filamentous and septate, with 
smooth walls and relatively uniform diameters, 
supporting the structural integrity of the tissue. 
The hyphae forming the outer volva displayed 
terminal swellings with a balloon-like 
morphology, which may represent specialized 
cells involved in the formation or maintenance of 
the saccate volva structure (Tang et al. 2017). In 
the pileus, oleiferous hyphae containing 
refractive oil droplets were observed, suggesting 
the presence of lipid-rich compounds that may 
contribute to tissue resilience or metabolic 
storage (Tang et al. 2017).  

Among species morphologically similar to A. 
javanica, A. rubromarginata is perhaps the most 
closely resembling taxon, particularly due to its 
orange-yellow pileus, long striate margin, 
yellow stipe, and pale-yellow lamellae with 
reddish edges (Takahashi 2004, Sanmee et al. 
2008). However, A. rubromarginata can be 
distinguished by its more reddish-toned pileus, 
orange annulus, and broader basidiospores. A. 
hemibapha, another look-alike species, differs 
from A. javanica in having a scarlet to deep 
crimson pileus, a yellow stipe with reddish 
patches, a yellow annulus, and narrower 
basidiospores (Berkeley & Broome 1870, Yang 
2015). Although it has been reported from 
various Asian countries, A. hemibapha occurs in 
southern India, southwest China, and Thailand, 
typically in tropical and subtropical forests, often 
under broad-leaved trees. Molecularly, the 
phylogenetic analysis using ITS sequences 

provides additional evidence supporting the 
close relationship among these taxa.  

The maximum likelihood tree revealed that 
the A. javanica specimen “Tanggarebonata” 
(IPB04) formed a strongly supported clade with 
A. javanica BO24645 from Indonesia and further 
clustered as a sister clade to A. javanica from 
Malaysia. This topology aligns with the BLAST 
results, which showed 100% ITS sequence 
similarity between IPB04 and BO24645. Despite 
this genetic identity, the two specimens exhibit 
striking morphological differences. BO24645, 
locally known as “Ta’u,” displays a brownish to 
dark pileus with sulcate-striate margins, a stout 
stipe covered in glabrous scales, and a superior 
annulus. In contrast, IPB04 features a bright 
yellow pileus without an annulus, and a smaller, 
more delicate basidiome. The identical ITS 
sequences obtained for BO24645 and IPB04, 
despite their substantial morphological 
differences, suggest a variation within A. 
javanica. The morphological variation may be 
influenced by ecological and developmental 
factors (Lupala et al. 2025). Environmental 
variation, including differences in soil 
composition, microclimate, and host vegetation, 
can strongly affect basidiomata, leading to 
observable differences in fungal morphology 
(Moore et al. 2008). Such environmentally driven 
traits are consistent with the well-documented 
phenotypic plasticity in Amanita, where 
developmental conditions can alter fruiting body 
appearance (Nagy et al. 2023). 

At the same time, the possibility of cryptic 
diversity of Amanita in the current study cannot 
be excluded, as ITS homogeneity may mask 
subtle genomic differences detectable only 
through multilocus or genomic-scale analyses 
(Kodaira et al. 2024). This case underscores the 
need of an integrative approach to species 
delimitation in Amanita of Indonesia, especially 
in contexts involving edibility, public safety, and 
local use. This raises important taxonomic 
implications, since reliance on morphology alone 
may lead to misidentification or underestimation 
of species diversity within the Caesareae section. 
To date, we have received no information 
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regarding a poisoning case involving the 
consumption of “Tanggarebonata” at the 
sampling site. However, these substantial 
morphological disparities, despite an identical 
genotype, raise important considerations for 
future taxonomic and ecological studies.  
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