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Filamentous Connections between Ediacaran Fronds

Alexander G. Liu'-5* and Frances S. Dunn?:34

Current Biology 30, 1322-1328, April 6, 2020 © 2020 Elsevier Ltd.
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LETTER

Nature 542, 228-231 (2017)

do0i:10.1038/nature21072

Meiofaunal deuterostomes from the basal Cambrian

of Shaanxi (China)

Jian Han!, Simon Conway Morris?, Qiang Ou#, Degan Shu! & Hai Huang®

Deuterostomes' include the group we belong to (vertebrates) as
well as an array of disparate forms that include echinoderms?,
hemichordates® and more problematic groups such as vetulicolians*
and vetulocystids®. The Cambrian fossil record is well-populated
with representative examples, but possible intermediates®” are
controversial and the nature of the original deuterostome remains
idealized. Here we report millimetric fossils, Saccorhytus coronarius
nov. gen., nov. sp., from an Orsten-like Lagerstitte from the earliest
Cambrian period of South China, which stratigraphically are
amongst the earliest of deuterostomes. The bag-like body bears a
prominent mouth and associated folds, and behind them up to four
conical openings on either side of the body as well as possible sensory
structures. An anus may have been absent, and correspondingly
the lateral openings probably served to expel water and waste
material. This new form has similarities to both the vetulicolians*
and vetulocystids® and collectively these findings suggest that a
key step in deuterostome evolution was the development of lateral
openings that subsequently were co-opted as pharyngeal gills>*5.

Diagnosis. Hemi-ellipsoidal, bilaterally symmetrical body. Integument
bears chevron pattern. Ventral mouth defined by two circlets of radial
folds, inner circlet with associated protuberances. Aborally and dorsally
up to four nodulate rugae. Eight body openings, conical, defined by
radial folds. In mid-region anteriorly directed spines. Smaller pores
parallel to body cones and in posterior region, possibly housed setae.
Holotype. XX45-20.

Other material. XX25-62 and another 43 specimens (Supplementary
Table 1).

Locality. Zhangjiagou section, Hexi, Xixiang County, Shaanxi,
China.

Stratigraphy. Kuanchuanpu Formation, Fortunian Stage of
Terreneuvian Series.

Forty-five phosphatized specimens are available (Figs 1, 2, Extended
Data Figs 2-6 and Supplementary Table 1). As with similar material
from this horizon!*-'¢ and co-eval deposits'?, the phosphatic compo-
sition of the specimens is evidently the result of very early diagenesis.
Extensive folding suggests that in life the integument was thin, flexible
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The octopus genome and the evolution of cephalopod
neural and morphological novelties

Caroline B. Albertin'*, Oleg Simakov*>*, Therese Mitros*, Z. Yan Wang®, Judit R. Pungor®, Eric Edsinger-Gonzales**,

Sydney Brenner?, Clifton W. Ragsdale'> & Daniel S. Rokhsar®*®

Coleoid cephalopods (octopus, squid and cuttlefish) are active,
resourceful predators with a rich behavioural repertoire’. They
have the largest nervous systems among the invertebrates® and
present other striking morphological innovations including cam-
era-like eyes, prehensile arms, a highly derived early embryogenesis
and a remarkably sophisticated adaptive colouration system'?. To
investigate the molecular bases of cephalopod brain and body
innovations, we sequenced the genome and multiple transcrip-
tomes of the California two-spot octopus, Octopus bimaculoides.
We found no evidence for hypothesized whole-genome duplica-
tions in the octopus lineage*®. The core developmental and neur-
onal gene repertoire of the octopus is broadly similar to that found
across invertebrate bilaterians, except for massive expansions in
two gene families previously thought to be uniquely enlarged in
vertebrates: the protocadherins, which regulate neuronal develop-
ment, and the C2H2 superfamily of zinc-finger transcription fac-
tors. Extensive messenger RNA editing generates transcript and
protein diversity in genes involved in neural excitability, as prev-
iously described’, as well as in genes participating in a broad range
of other cellular functions. We identified hundreds of cephalopod-
specific genes, many of which showed elevated expression levels in
such specialized structures as the skin, the suckers and the nervous
system. Finally, we found evidence for large-scale genomic rear-
rangements that are closely associated with transposable element
expansions. Our analysis suggests that substantial expansion of a

1 LR r 1o <

97% of expressed protein-coding genes and 83% of the estimated
2.7 gigabase (Gb) genome size (Methods and Supplementary Notes
1-3). The unassembled fraction is dominated by high-copy repetitive
sequences (Supplementary Note 1). Nearly 45% of the assembled gen-
ome is composed of repetitive elements, with two bursts of transposon
activity occurring ~25-million and ~56-million years ago (Mya)
(Supplementary Note 4).

We predicted 33,638 protein-coding genes (Methods and Supple-
mentary Note 4) and found alternate splicing at 2,819 loci, but no locus
showed an unusually high number of splice variants (Supplementary
Note 4). A-to-G discrepancies between the assembled genome and
transcriptome sequences provided evidence for extensive mRNA edit-
ing by adenosine deaminases acting on RNA (ADARs). Many candid-
ate edits are enriched in neural tissues’ and are found in a range of gene
families, including ‘housekeeping’ genes such as the tubulins, which
suggests that RNA edits are more widespread than previously appre-
ciated (Extended Data Fig. 1 and Supplementary Note 5).

Based primarily on chromosome number, several researchers pro-
posed that whole-genome duplications were important in the evolu-
tion of the cephalopod body plan**, paralleling the role ascribed to the
independent whole-genome duplication events that occurred early in
vertebrate evolution'. Although this is an attractive framework for
both gene family expansion and increased regulatory complexity
across multiple genes, we found no evidence for it. The gene family
expansions present in octopus are predominantly organized in

1 11 1

Nature (2015)
524, 220-226
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RESEARCH ARTICLE

An automated training paradigm reveals long-term memory in planaria
and its persistence through head regeneration

Tal Shomrat, Michael Levin
Journal of Experimental Biology 2013 : doi: 10.1242/jeb.087809

Article  Info &metrics X PDF

Summary

Planarian flatworms are a popular system for research into the molecular mechanisms that enable these
complex organisms to regenerate their entire body, including the brain. Classical data suggest that they
may also be capable of long-term memory. Thus, the planarian system may offer the unique
opportunity to study brain regeneration and memory in the same animal. To establish a system for the
investigation of the dynamics of memory in a regenerating brain, we developed a computerized training
and testing paradigm that avoided the many issues that confounded previous, manual attempts to train
planaria. We then used this new system to train flatworms in an environmental familiarization protocol.
We show that worms exhibit environmental familiarization, and that this memory persists for at least 14
days - long enough for the brain to regenerate. We further show that trained, decapitated planaria
exhibit evidence of memory retrieval in a savings paradigm after regenerating a new head. Our work
establishes a foundation for objective, high-throughput assays in this molecularly-tractable model
system that will shed light on the fundamental interface between body patterning and stored
memories. We propose planaria as a key emerging model species for mechanistic investigations of the
encoding of specific memories in biological tissues. Moreover, this system is likely to have important
implications for the biomedicine of stem cell-derived treatments of degenerative brain disorders in

human adults.
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Deuterostomic Development

Report

in the Protostome Priapulus caudatus
ISEX L Priapulus caudatusD i O ENYIRIF A
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Summary

The fate of the blastopore during development in the bilater-
ian ancestor is currently not well understood. In deutero-
stomes, the blastopore forms the anus, but its fate in
protostome groups is variable [1]. This variability, combined
with an absence of information from key taxa, hampers the
reconstruction of the ancestral developmental mode of the
Protostomia and the Bilateria. The blastopore fate of
the bilaterian ancestor plays a crucial role in understanding
the transition from radial to bilateral symmetric organisms
[2, 3]. Priapulids have a conservative morphology, an abun-
dant Cambrian fossil record, and a phylogenetic position
that make them a key group in understanding protostome
evolution [4, 5]. Here, we characterize gastrulation and the
embryonic expression of genes involved in bilaterian fore-
gut and hindgut patterning in Priapulus caudatus. We
show that the blastopore gives rise to the anus at the vegetal
pole and that the hindgut markers brachyury and caudal are
expressed in the blastopore and anus, whereas the foregut

blastopore in the last common bilaterian ancestor (Figure 1A).
The relationship between the blastopore, the mouth, and the
anus in the bilaterian ancestor plays a pivotal role in hypoth-
eses about the evolution of bilateral animals from an ancestor
with a single gut opening (as seen in extant cnidarians) [2, 3,
10, 11]. Therefore, reconstructing the ancestral fate of the blas-
topore in the Protostomia is a crucial step in understanding the
early evolution and diversification of the Bilateria.

Priapulid worms are a group of marine animals that belong
to the Ecdysozoa, which forms, together with the Spiralia
(Lophotrochozoa), the Protostomia. Most recent phylogenies
place priapulids in the third main group of ecdysozoans (the
Scalidophora; Figure S1), separate from the other two well-
studied lineages that include nematodes and arthropods,
respectively [6]. The adult priapulid is a sausage-shaped,
mud-dwelling, annulated worm of large size (0.5-20 cm), with
an anterior proboscis (or introvert) and a terminal mouth
(Figures 1B and 1C). Their fossil record indicates that the pria-
pulid body plan was among the most abundant and wide-
spread in the Early Cambrian [4, 12, 13]. Priapulids mostly
reproduce by external fertilization, and the embryos undergo
holoblastic radial cleavage [14], considered to be the ancestral
cleavage mode in ecdysozoans [15]. Correspondingly, nuclear
and mitochondrial genes tend to show high evolutionary
conservation in extant priapulids [5, 16]. In this way, priapulids
appear to be a conservatively evolving lineage and, as such,
a key group to consider forreconstructing the ancestral condi-
tion of the Ecdysozoa.
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Whitefly hijacks a plant detoxification gene that X, o/ 4/ (2021) Cell 184, 1-13.&Y)

neutralizes plant toxins
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In brief

The cosmopolitan agricultural pest
Bemisia tabaci has acquired a plant-
derived gene through a plant-to-insect
horizontal gene transfer event. This
acquired gene allows whiteflies to
detoxify plant defense compounds and
continue to feed on their plant hosts.

https://ecologia.100nen-kankyo.jp/column/single070.html
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