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Abstract

This paper presents a re-evaluation of the taxonomic identity of Gastrodia foetida based on molecular and morphological 
data. The taxon was described from Iriomote Island, Ryukyu Islands, Japan, and has often been treated as a synonym of 
G. nipponica from Wakayama Prefecture, Honshu, Japan. In contrast, we showed that the genetic divergence between G. 
foetida and G. nipponica is much more significant than that between G. foetida and G. takeshimensis. Additionally, G. 
foetida can be distinguished from G. nipponica by a few morphological traits, particularly a more dilated column toward a 
little below the middle. Therefore, we propose that G. foetida is recognized as a distinct species based primarily on molecular 
phylogenetic evidence followed by morphological evidence. Our investigation strongly suggested that these species exhibit 
distinct geographic separation: G. nipponica is restricted in mainland Japan (north of the Ryukyu Islands), whereas G. 
foetida is mainly distributed on the more southern areas (the Ryukyu Islands and possibly Taiwan).
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Introduction

Gastrodia Brown (1810: 330; Gastrodieae, Epidendroideae) is a mycoheterotrophic orchid genus across a large 
geographical area that includes Asia, Oceania, Madagascar, and Africa (Cribb et al. 2010; Suetsugu 2022). The key 
characteristic of Gastrodia species includes fleshy tubers, absence of normal leaves, united sepals and petals, and 
two mealy pollinia without caudicles (Cribb et al. 2010; Hsu & Kuo 2010; Hsu et al. 2012; Suetsugu 2021, 2022). 
However, the genus Gastrodia has been a source of systematic confusion due to its wide distribution, phenotypic 
plasticity, convergent morphological features, and short flowering duration (Suetsugu et al. 2018). Furthermore, some 
species still lack detailed descriptions, particularly those first described decades ago (Suetsugu et al. 2018). Given 
these difficulties in identification, adequate taxonomic studies of this genus have not yet been conducted. Despite these 
limitations, several recent studies have reported many new Gastrodia species (Ong & O’Byrne 2012; Tan et al. 2012; 
Hsu et al. 2016; Pelser et al. 2016; Tsukaya & Hidayat 2016; Metusala & Supriatna 2017; Aung & Jin 2018; Ma et al. 
2019; Suetsugu 2019, 2021; Bandara et al. 2020). Consequently, the genus comprises more than 100 species, making 
it the most species-rich mycoheterotrophic genus (Suetsugu 2022). However, more extensive taxonomic studies will be 
required to precisely characterize the diversity of this group, for which the precise identification of individual species 
remains problematic. 
	 Gastrodia foetida Koidzumi (1940: 71) was first described from Iriomote Island, Ryukyu Islands, Japan (Fig. 
1A). This taxon is often a synonym of G. nipponica (Honda 1932: 168) Tuyama (1939: 4) described from Wakayama 
Prefecture, Honshu, Japan (Fig. 1B). Intriguingly, several new taxa within the G. nipponica species complex have been 
described in recent years (Hsu & Kuo 2010; Suetsugu 2013, 2014, 2016, 2017, 2021), and the G. nipponica species 
complex is now recognized as an ideal model for understanding speciation and diversification of mycoheterotrophic 
plants (Kishikawa et al. 2019; Ogaki et al. 2019; Suetsugu 2022; Suetsugu et al. 2023). Therefore, although a relatively 
long, narrow perianth tube (ca. 20 mm long) and a well-developed rostellum of G. foetida arguably show a close 
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affinity to G. nipponica (Fig. 1–2), G. foetida can be a different entity from G. nipponica. To clarify the correct 
taxonomic status of G. foetida, we conducted a detailed, comparative study between G. foetida and G. nipponica based 
on molecular and morphological data. Subsequently, we revealed that the genetic divergence between G. foetida and 
G. nipponica is greater than between G. foetida and G. takeshimensis Suetsugu (2013: 375). We also showed that the 
taxon is distinguished from G. nipponica by a few morphological characters, such as a more dilated column toward 
a little below the middle. Therefore, we propose that G. foetida is recognized as a distinct species based primarily on 
molecular phylogenetic evidence followed by morphological evidence.

Materials and methods 

Morphological observation
Morphological characteristics of G. foetida and G. nipponica were compared using herbarium specimens from KAG, 
KYO and TI as well as living individuals collected throughout Japan during fieldwork between 2015 and 2021 (Table 
S1). Morphological characters were visually observed under a Leica M165C stereomicroscope and measured using a 
digital caliper. The dissected flowering specimens were photographed using a Leica MC170 HD digital camera attached 
to a Leica M165C stereo microscope. Morphological differences among the G. nipponica species complex were also 
investigated by reviewing the relevant literature and online digitized plant collections, such as JSTOR Global Plants 
(http://plants.jstor.org/). At least one voucher specimen for newly collected samples from each population during our 
field survey was deposited in KYO and TNS. The herbarium acronyms follow Index Herbariorum (Thiers 2022).

Molecular analysis 
16 G. foetida individuals (including eight individuals collected around the type locality [Iriomote Island, Okinawa 
Prefecture, southern Ryukyu, Japan]), 19 G. nipponica individuals (including three individuals collected around the 
type locality [Kamitonda-cho, Wakayama Prefecture, Honshu, Japan]), and 8 G. takeshimensis individuals collected 
around the type locality (Takeshima Island, Kagoshima Prefecture, northern Ryukyu, Japan) were used for molecular 
analysis (Table S1). Genomic DNA was extracted from a fresh or dried sample using the DNeasy Plant Mini Kit 
(QIAGEN). 18 microsatellite markers developed by previous studies (Gtake009, Gtake011, Gtake012, Gtake015, 
Gtake020, Gtake021, Gtake0226, Gtake029, Gtake032, Gtake037, Gtake042, Gtake043, Gfont027, Gfont028, 
Gfont034, Gfont035, Gfont043, Gfont048) were used for genotyping of the 43 ramets (Kishikawa et al. 2019; Ogaki et 
al. 2019). PCR amplification was performed in 5ɛl reactions using the QIAGEN Multiplex PCR Kit (QIAGEN). Each 
reaction contained the following components: 10 ng of genomic DNA, 2.5 ɛl of Multiplex PCR Master Mix, 0.2 ɛM 
fluorescently labeled forward primer, 0.2 ɛM reverse primer. Amplifications used the following setting: 95 ÁC for 15 
min; 33 cycles at 94 ÁC for 30 s, 57 ÁC for 1.5 min and 72 ÁC for 1 min; and an extension at 60 ÁC for 30 min. Product 
sizes were determined using an ABI PRISM 3130 Genetic Analyzer and GeneMapper software (Applied Biosystems). 
The genetic relationships among the multilocus genotypes were evaluated by a neighbor-joining (NJ) tree based on the 
Nei’s genetic distances DA (Nei et al. 1983), using Populations 1.2.31 software (Langella 2007).

Results and discussion

Morphological differences between G. foetida and G. nipponica
A review and analysis of herbarium specimens, protologues, and living plants revealed few morphological characters 
that consistently differed between G. foetida and G. nipponica (Fig. 1–2). Nonetheless, we could find a few 
morphological differences between G. foetida and G. nipponica. Given that the shape of the column is one of the 
diagnostic characteristics for Gastrodia species delimitation, it is noteworthy that Gastrodia foetida possesses a more 
dilated column toward a little below the middle (2.9–3.6 mm at the widest part vs. 2.1–2.9 mm at the widest part; 
Fig. 3). In addition, Gastrodia foetida tends to have a taller stem during the flowering period (5–18 cm vs. 3–9 cm), a 
less open flower with sepals curved inward (vs. a more open flower with straight or spreading sepals), narrower free 
portions of dorsal sepals (4.5–6.1 mm wide vs. 6.2–9.0 mm wide), narrower free portions of lateral sepals (5.9–7.3 
mm vs. 7.2–11.1 mm), narrower free portions of petals (2.5–3.3 × 1.9–2.5 mm vs. 3.0–4.5 × 2.5–3.8 mm) (Fig. 1–3 & 
6–7). 
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FIGURE 1. Holotype of Gastrodia foetida (A) and G. nipponica (B). Scale bars: 50 mm. 

FIGURE 2. Gastrodia foetida and G. nipponica in the vicinity of each type locality. (A, C) Habit of G. foetida and G. nipponica, 
respectively. (B, D) Close-up of flower of G. foetida and G. nipponica, respectively. Arrows indicate conspicuous petals of G. nipponica. 
Scale bars: 10 mm.




