Phosphatized Polar-lobe-forming Embryos from the Precambrian of
Southwest China

The polar lobe formation is a symmetry-breaking process that occurs at the early stage of embryonic development
and leads to blastomeres of unequal sizes in some extant spiralian animals, such as molluscs and few annelids. It
leads to unique early cleavage morphologies that include trefoil, J-shaped, and five-lobed structures. Fossil embryos
similar to modern lobe-forming embryos are collected from the Precambrian Doushantuo Formation phosphates,
Weng'an, Guizhou Province, China. These embryos form a developmental sequence comparable to different
developing stages in extant lobe-forming embryos. These data imply that lobe formation is an evolutionarily ancient
process of embryonic specification.

e Neoproterozoic Doushantuo Formationin of southwest China
has yielded the earliest known unambiguous fossil evidence of the
metazoans. The fossil-bearing interval of the Doushantuo phosphates
has been dated at around 580 Mya. Previous studies have presented
fossil evidence of sponges, cnidarians and possible bilaterians in this
formation. In addition, a large number of embryos display a variety of
developmental patterns and different morphological types, implying
that metazoans may have been diverse 40 million years before the
Cambrian. In this study, we present fossil evidence of developing
embryos in different developmental stages of lobe-forming embryos.

Lobe formation, which is observed in modern spiralians including
many extant molluscs and some annelids, is a sequential process of
dynamic change, which occurs by the protrusion and then absorp-
tion of a cytoplasmic lobe called a polar lobe (PL). The lobe protrudes
from the vegetal pole of the embryo at each round of cytokinesis,
leading to the formation of dumbbell, three-fold (trefoil), J-shaped,
and five-lobed morphologies (Fig. 1). The PL superficially resembles a
blastomere (CD cell), but is anucleate and forms by protruding and
then absorbing from the blastomere by a deep constricted neck. PLs
in fossil embryos can be recognized by the connecting necks and by
the complementary relation between their size and that of the blas-
tomere from which they arose.

All materials were collected from from the gray facies of the
upper Doushantuo Formation at Wusi, Baisaikang, and Nanbao quar-
ries, Weng'an county, Guizhou. Fossil embryos were isolated from the
matrix by treating with 10% acetic acid, and observed and pho-
tographed with scanning electron microscopy. A few selected
embryos with morphological characters like those of lobe-forming
embryos common in many modern molluscs were examined by
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