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化⽯無顎類の形態要素の三次元的可視化による
脊椎動物の祖先形態の推定
吉本賢⼀郎（筑波⼤学⽣物学類）

◯脊椎動物は、背⾻を持つ動物のグループ

◯脊椎動物が獲得した形質
…発達した脳、⼤型の感覚器（眼や嗅覚器など）、
明瞭な頭部、椎⾻など

脊椎動物とは？

C

脊椎動物の共通祖先の姿とは？
◯軟⾻性の⾻格を持つ最初期の脊椎動物は化⽯記録が乏しい
◯初期脊椎動物は腐敗の際に進化的に派⽣的な構造が
から崩壊すると推定されている (Sansom et al. 2010)

→脊椎動物の祖先形態を化⽯のみで考えるのは不可能 Chen et al. 2009

C

円⼝類 〜脊椎動物の初期の姿を理解する鍵〜
円⼝類の系統的重要性
◯脊椎動物の進化において最も初期に分岐した
◯顎がない、対鰭を持たないなどの祖先的特徴を多く残す
◯現代にも⽣き残っており、軟組織や遺伝⼦を⽤いた研究が可能

→脊椎動物の初期の姿を調べる上で最重要系統

ホヤ・ナメクジウオ

ヌタウナギ

ヤツメウナギ

軟⾻⿂類

条鰭類

四⾜類

顎
⼝
類

脊
椎
動
物

円
⼝
類

スズキ、コイ、ウナギなど

サメ、エイ

カエル、トカゲ、ヒトなど

ヤツメウナギ ヌタウナギ

円⼝類のみが持つ特徴
◯⾆器官
陰圧を発⽣させて吸い付くための器官
◯縁膜
⽔流を発⽣させ⼝の中に餌を送り込む
幼⽣と成体で⼤きく形態が変わる
◯内柱
外分泌腺。濾過摂餌する際に⽤いる
ヤツメウナギの幼⽣に存在し、成⻑
すると甲状腺となる
→これらの形態は最初の脊椎動物に存在しただろうか？
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Embryonic traits can also serve as clues to the phylog-
eny of animals, but robust phylogenetic information in turn
is necessary for the understanding of evolutionary scenarios
for changes in developmental programs (see Janvier, 2001).
Therefore, the arguments tend to become circular, as shown
above. However, embryological data may at least eliminate
some of the apparent plesiomorphy in hagfishes, by show-
ing a secondary loss was involved (see below). In the same
context, based on a comparison between lamprey and gna-
thostome embryos, the following conserved developmental
patterns have been observed: the distribution pattern of
cephalic crest cells, oropharyngeal membrane, architecture
of the mesoderm, extrinsic eye muscles, pharyngeal arches,
rhombomeres and cranial nerve patterns, and gene expres-

sion patterns including 

 

Otx

 

 and the Hox code (see Shigetani

 

et al

 

., 2002, for conserved gene cascades in oral patterning;
see Kuratani, 2005, and references therein; also see
Murakami 

 

et al

 

.,

 

 

 

2005, for gene expression and vertebrate
brain patterning). If the cyclostome theory is correct, all of
these developmental processes are expected to be shared
by hagfish embryos, unless some of them have been sec-
ondarily modified in the hagfish lineage, or 

 

vice versa

 

 (see
discussion of the neural crest above). In another example,
the absence of a lateral line in hagfishes can be explained
by secondary loss, as a lateral-line placode-like structure
has been identified in their embryos (Braun and Northcutt,
1995). Thus, some of the traits that have been recognized
as shared only by gnathostomes and lampreys (along the
line of craniate theory) may actually represent vertebrate
plesiomorphies that were likely lost in hagfishes.

The above line of argument leads to the assumption that
many gnathostome-specific embryonic traits can be reg-
arded as gnathostome synapomorphies, or novel changes
in the developmental programs leading to gnathostomes.
For such traits, seven major characteristics related to the
body plan have been assumed, especially in the context of
jaw evolution, including the expression patterns of some
regulator genes such as the Dlx code (Kuratani, 2005; see
Depew 

 

et al.

 

, 2002, for the Dlx code).
Other features in common in developmental processes

and patterns between hagfishes and lampreys support the
cyclostome clade. Here, it is crucial to determine whether
such traits are symplesiomorphic or synapomorphic. For
example, monorhiny (the state of having a single nostril; see
Janvier, 1996, for further description and definition), which is

 

Fig. 4.

 

Homology in the feeding apparatus. Diagrammatic repre-
sentations of the mandibular arch-derived feeding organs in hag-
fishes (upper) and lampreys (lower). Shown from left lateral views.
Homologous muscles and skeletal elements are indicated with the
same colors. Modified from Yalden (1985).
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Embryos of hagfishes and lampreys. 

 

a)

 

 Early embryonic head of the hagfish 

 

Bdellostoma

 

. 

 

b)

 

 Head of early pharyngula of

 

 Petromyzon

 

.

 

c)

 

 Late embryonic head of a hagfish. From von Kupffer (1899). Nasohypophysial placodes are colored red in (a) and (b). Overall morphological
patterns are very similar between early hagfish and lamprey embryos, although the oropharyngeal membrane remains in the lamprey (arrow-
head in (b)). A hagfish-specific nasopharyngeal duct has not formed. In (c), the basic anatomy of the adult hagfish has been established, as
seen in the development of the nasopharyngeal duct (asterisks). This canal corresponds to the hypophysial pit in the lamprey (arrow in (b)),
which, however, does not open into the pharynx in the lamprey. The hypophysis of the hagfish differentiates from the dorsal wall of this canal.
For details, see von Kupffer (1899).
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化⽯無顎類
◯コノドント、⽋甲類 ⾆器官の存在が⽰唆
◯⾻甲類 縁膜の存在が⽰唆
これらが本当にこれらの⿂類にあるか不明

本研究アイデア
Spring-8を⽤いたシンクロトロン放射光X線マイクロCT
で化⽯⿂類のこれらの器官の有無を再検討
→系統関係から脊椎動物の祖先状態を推定


