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Fig. 1　Light microscopy of Volvox amboensis “Blunder Road strain” from Australia
a, b:	�Two different views of asexual spheroids with developing embryos (d). 
	 c:	�Face view of somatic cells of asexual spheroid showing thick cytoplasmic bridges (b). 
	 d:	�Side view of somatic cells located in the anterior region of asexual spheroid.  Note an eyespot (e) and a pyrenoid (p) 

in the chloroplast. 
	 e:	�Individual sheaths (asterisks) enclosing somatic cells in asexual spheroid stained with methylene blue. 
	f, g:	�Newly formed daughter spheroids (d) just after inversion.  Note that differentiation of gonidia (reproductive cells) in 

daughter spheroids is not evident.

and the clade composed of the Blunder Road strain 
and V. biwakoensis were sister to each other with 
0.97 PPBI and 70% BVML.
  Based on the secondary structure comparison of 
ITS-2, at least one compensatory base change (CBC) 
was found in helix I between the Blunder Road 
strain and its sister species V. biwakoensis (Fig. 3).  
In addition, the helix II showed a CBC between the 
Blunder Road strain and Volvox sp. Sagami.

DISCUSSION
  The presence of thick cytoplasmic bridges 
between the somatic cells in the asexual spheroids 
(Fig. 1) (Palmer, 1978) clearly places the Blunder 

Road strain in Volvox sect. Volvox.  The present 
phylogenetic analyses of the Blunder Road strain 
showed that it represents a new lineage that is sepa-
rated in phylogenetic position from other species 
(Fig. 2), and showed the presence of at least one 
CBC when compared to its closely related species 
within Volvox sect. Volvox (Fig. 3).  Thus, the 
Blunder Road strain may represent a new species 
within Volvox sect. Volvox.  However, species with-
out molecular information are valid according to the 
International Code of Nomenclature for algae, fungi, 
and plants (Turland et al., 2018).  Within the species 
of Volvox sect. Volvox, three species, V. prolificus 
M.O.P. Iyengar, V. merrillii W.R. Shaw and V. 
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amboensis lack molecular information (Kimbara et 
al., 2019; Nozaki et al., 2024).  Therefore, species-lev-
el diagnostic characters in Volvox sect. Volvox 
should be compared between the Blunder Road 
strain and previously described species including 

these three species.
  In species taxonomy within Volvox sect. Volvox, 
morphological characters in sexual reproduction are 
diagnostic for species identification (Kimbara et al., 
2019; Nozaki et al., 2024; Smith 1944).  Although sex-

Fig. 2　 Bayesian inference (BI) of Volvox amboensis “Blunder Road strain” from Australia within Volvox sect. 
Volvox based on combined data set from the internal transcribed spacer (ITS) regions of nuclear ribosomal 
DNA (rDNA) (ITS-1, 5.8S rDNA, and ITS-2), actin gene and two chloroplast genes (rbcL and psbC) (Table 1).  
The tree was constructed using partitioned models (rbcL: HKY+I; psbC: F81+I; ITS: K80+G, actin: K80+I).  
Branch lengths are proportional to the evolutionary distances indicated by the scale bar.  Numbers in left and 
right sides at branches indicate posterior probabilities (0.90 or more) by BI and bootstrap values (50% or more) 
based on 1000 replicates of maximum likelihood method (with T92+G), respectively.

Fig. 3　 Comparison of two helices of the secondary structure of nuclear ribosomal DNA internal transcribed 
spacer 2 transcripts between Volvox amboensis “Blunder Road strain” from Australia and its closely 
related species (Fig 2).  Compensatory base changes (CBC) between V. amboensis and other species are shown.
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ual reproduction of the Blunder Road strain could 
not be induced in the present study, Palmer (1978) 
observed bisexual or monoicous spheroids of this 
strain.  In addition, Palmer (1978) described more 
than 250-400 or more zygotes distributed in the pos-
terior 4/5 of the sexual spheroids and the zygotes 
have spines with a pointed end.  These characteris-
tics are similar to those of V. amboensis (Nozaki et 
al., 2024; Rich & Pocock, 1933; Smith 1944) (Table 2).  
Rich & Pocock (1933) described 20-700, usually more 
than 200 zygotes with acute spines.  Such a large 
number of zygotes (250 or more) has only been 
reported for V. amboensis within Volvox sect. Volvox 
(Kimbara et al., 2019; Nozaki et al., 2024; Smith 1944) 
(Table 2).  Furthermore, the pear-shaped somatic 
cel ls in an asexual spheroid in V. amboensis 
described by Rich & Pocock (1933) are consistent 
with the present observation of the Blunder Road 
strain (Fig. 1d).  Thus, the Blunder Road strain is 
identified here as V. amboensis on the basis of its 
bisexual spheroids with more than 250 zygotes with 
acutely spiny cell walls.  Although Palmer (1978) did 
not describe them, an estimation suggests that the 
Blunder Road strain zygotes are smaller in diameter 
and spine length than V. amboensis from Africa 
(Table 2).  Additionally, the shape of the zygote 
spines differs between the Australian and African 
algae (Table 2).  Therefore, new culture strains of V. 
amboensis from Australia and Africa are necessary 
for further taxonomic research.
  The Blunder Road strain of V. amboensis is avail-
able from Microbial Culture Collection at National 
Institute for Environmental Studies (NIES Collection, 
Tsukuba, Japan) (Kawachi et al., 2013) (https://mcc.
nbrp.jp/index_en.html) as NIES-4534 (Table 1).
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オーストラリア産の Volvox amboensis（緑藻綱）の培養株の分類学的同定

野崎久義 1-4），松﨑　令 1，5），石田孝英 1），植木紀子 4），河地正伸 1），田辺雄彦 1）

1）国立環境研究所生物多様性領域，2）東京大学大学院理学系研究科生物科学専攻，3）日本女子大学理学部化学生命科学科， 
4）法政大学自然科学センター・法政ボルボックスセンター（市ヶ谷），5）大阪工業大学工学部一般教育科

　緑藻ボルボックス（Volvox）は世界各地から報告され，タイプ種 V. globator L. を含む太い細胞質連絡をもつグループはボ
ルボックス節（Volvox sect. Volvox）に所属する．今回，オーストラリア産のボルボックス節の培養株の分類学的調査を実施
した．本株は 1978 年のテキサス大学オースチン校の修士論文で使用され，種が未同定のまま継代培養で保持されていたもの
である．培養株は無性群体（多細胞球体）を形成し，表面の 2 鞭毛性の非生殖細胞は鞭毛より太い細胞質連絡で連結し，球
体前方の非生殖細胞は洋梨型であった．しかし，種レベルの分類に重要な有性生殖の群体（有性群体）は観察されなかった．
分子系統解析の結果，本種は新規系統であり，核 ITS2 の 2 次構造で近縁種とは補償的塩基置換が認められたので新種の可能
性も考えられた．しかし，上記修士論文によると本株の有性群体は卵と精子束を同時にもつ雌雄同体であり，接合子は 250-
400 以上であり接合子壁は尖った刺をもつ．以上のような形態はこれまで遺伝子配列データのなかった南アフリカ産の V. 
amboensis M.F. Rich & Pocock と類似しており，今回のオーストラリア株は V. amboensis と同定し，国立環境研究所微生物
系統保存施設から NIES-4534 として公開した．


