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General information

Small fish less than 5cm 
in length



General information

Live in sandy bottom 



General information

members of the invertebrate

found widely in the coastal waters 
of the warmer parts



General information

Lancelets or amphioxus, translates to 
“both ends pointed,



Genome paper

ARTICLES

The amphioxus genome and the evolution
of the chordate karyotype
Nicholas H. Putnam1,2, Thomas Butts3, David E. K. Ferrier4, Rebecca F. Furlong3, Uffe Hellsten1,
Takeshi Kawashima2{, Marc Robinson-Rechavi5,6, Eiichi Shoguchi7{, Astrid Terry1, Jr-Kai Yu8,
Èlia Benito-Gutiérrez9, Inna Dubchak1, Jordi Garcia-Fernàndez10, Jeremy J. Gibson-Brown11{, Igor V. Grigoriev1,
Amy C. Horton11{, Pieter J. de Jong12, Jerzy Jurka13, Vladimir V. Kapitonov13, Yuji Kohara14, Yoko Kuroki15,
Erika Lindquist1, Susan Lucas1, Kazutoyo Osoegawa12, Len A. Pennacchio1, Asaf A. Salamov1, Yutaka Satou7,
Tatjana Sauka-Spengler8, Jeremy Schmutz16, Tadasu Shin-I14, Atsushi Toyoda15, Marianne Bronner-Fraser8,
Asao Fujiyama15,17, Linda Z. Holland18, Peter W. H. Holland3, Nori Satoh7{ & Daniel S. Rokhsar1,2

Lancelets (‘amphioxus’) are the modern survivors of an ancient chordate lineage, with a fossil record dating back to the
Cambrian period. Here we describe the structure and gene content of the highly polymorphic ,520-megabase genome of the
Florida lancelet Branchiostoma floridae, and analyse it in the context of chordate evolution. Whole-genome comparisons
illuminate the murky relationships among the three chordate groups (tunicates, lancelets and vertebrates), and allow not
only reconstruction of the gene complement of the last common chordate ancestor but also partial reconstruction of its
genomic organization, as well as a description of two genome-wide duplications and subsequent reorganizations in the
vertebrate lineage. These genome-scale events shaped the vertebrate genome and provided additional genetic variation for
exploitation during vertebrate evolution.

Lancelets, or amphioxus, are small worm-like marine animals that
spend most of their lives buried in the sea floor, filter-feeding through
jawless, ciliated mouths. The vertebrate affinities of these modest
creatures were first noted in the early part of the nineteenth cen-
tury1,2, and were further clarified by the embryologist Alexander
Kowalevsky3. In particular, Kowalevsky observed that, unlike other
invertebrates, amphioxus shares key anatomical and developmental
features with vertebrates and tunicates (also known as urochordates).
These include a hollow dorsal neural tube, a notochord, a perforated
pharyngeal region, a segmented body musculature (embryologically
derived from somites) and a post-anal tail. Together, the vertebrates,
urochordates and lancelets (also known as cephalochordates) con-
stitute the phylum Chordata, descended from a last common
ancestor that lived perhaps 550 million years ago.

Although Kowalevsky, Darwin and others recognized the evolu-
tionary relationship between chordate groups, the greater morpho-
logical, physiological and neural complexity of vertebrates posed a
puzzle: how did the chordate ancestor—presumably a simple crea-
ture that resembled a modern amphioxus or ascidian larva—make
such a transition?

Perhaps the most prevalent hypothesis for the origins of vertebrate
complexity is founded on the ideas of Susumu Ohno (1970)4, who
proposed that vertebrate genomes were shaped by a series of ancient

genome-wide duplications. In Ohno’s original proposal, lancelet and
vertebrates genomes were enlarged relative to the basic invertebrate
complement by one or two rounds of genome doubling, although
subsequent work suggested that these events occurred on the verte-
brate stem after divergence of the lancelet lineage5,6.

Although the sequencing of the human and other vertebrate gen-
omes has shown that the gene number in vertebrates is comparable to,
or only modestly greater than, that of invertebrates7,8, evidence for
large-scale segmental or whole-genome duplications on the vertebrate
stem has mounted, with the parallel realization that most gene dupli-
cates from such events are rapidly lost (reviewed in ref. 9). The rela-
tively few surviving gene duplicates from the vertebrate stem provide
evidence for ancient paralogous relationships between groups of
human chromosomes10–14 that plausibly arose from multiple rounds
of whole-genome duplication before the emergence of modern verte-
brates. However, the number, the timing and even the genomic scale
of the duplication events, and their consequences for subsequent gen-
ome evolution, are poorly understood (for a review, see ref. 15), in part
because the tunicate genomes are highly rearranged relative to the
unduplicated early chordate karyotype (see below).

The Florida lancelet B. floridae (the generic name Branchiostoma
refers to the characteristic perforated branchial arches) provides a
critical point of reference for these studies16. This species and its
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General genome info 

Scitefic name : Cephalochordata

Genome source : from gonads of a 
single gravid male

Phylum : Chordata



Sequencing strategy

whole-genome shotgun strategy 



Sequencing methods

sequence Sanger “chain 
termination method”



Genome assembly 

N50 contigs 9,177 bp

Number of scaffolds : 3,032

Longest N5O contigs 25,666 bp

Genome coverage : 11.5

Genome size : 520MB



Genome outcome

The amphioxus sequence reveals key features of the 
genome of the last common ancestor of all chordates 


