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Oikopleura dioica is a small pelagic chordate 
belonging to the class of larvaceans (fig. 1A). 
Chordates include vertebrates, cephalochordates, 
and urochordates, and urochordates are divided 
into ascidians, thaliaceans, and larvaceans. Lar- 
vaceans may be derived from the most basal 
branch of urochordates, and for this reason, they 
have been targeted for studies of chordate inno- 
vations, such as the tail, the notochord, or the 
dorsal nervous system (1, 2). Found in all 
oceans, Oikopleura dioica can be permanently 
cultured in the laboratory. Its very short life cycle 
(4 days at 20°C, <2 days at 29OC) and high 
female fecundity (300 oocytes on average) offer 
incompmble perspectives for genetic analysis 
among nonvertebrate chordates. Here, we show 
that Oikopleura dioica is also attractive for ge- 
nome-based studies, because of unusually high 
gene density and gene compaction. 

Flow cytometry comparison of sperm DNA 
content between Oikopleura and the ascidian 
Ciona intestinalis yielded a value of 72 + 13 
Mb for the Oikopleura genome. In a large-scale 
shotgun sequencing, 128,386 short reads were 
assembled in 43,990 nonredundant contigs rep- 
resenting a total of 32.6 Mb. These data, treated 
with an existing model (3), suggest a minimal 
genome size of 51 Mb. The shotgun data set also 
accurately matched, on average, 50% of the 
length of 113 expressed sequence tags (ESTs), 
leading to a third estimation of 65 Mb. All these 
results concur to indicate that Oikopleura has 
the smallest genome ever found in a chordate. 

We then compared the density of genes in 
Oikopleura and in Ciona through a BLASTX 
analysis of 407 1-kb-long genomic fragments 
from Oikopleura and four cosmid sequences 
from Ciona (4) divided into 1-kb fragments. 
The BLASTX alignments at a 10-09 e-value 
cutoff were twice as frequent with Oikopleura 
fragments (25% compared with 12%) and twice 
as long for Oikopleura (average 45 amino acids 
compared with 26 amino acids per kilobase, 
respectively). BLASTX analysis of 113 ESTs 
showed that this program failed to detect half of 
Oikopleura coding sequences. All BLASTX 
results suggest for Oikopleura an average gene 
density of one gene every 5 kb and about 
15,000 genes (4). 

To obtain a view of overall genome organi- 
zation, we randomly cloned, sequenced, and 
annotated a few larger genomic fragments. One 
of them was a 145-kb-long bacterial artificial 
chromosome (BAC) insert for which we pre- 
dicted 33 genes (Fig. 1B). The coding nature of 
28 of them was confirmed by systematic clon- 
indsequencing of partial cDNAs. Another 18 
genes were predicted in four distinct 12- to 
14kb plasmid inserts. In most genes, many 
small introns were found, with 62% of all in- 
trons smaller than 50 base pairs (bp) and 6% 
larger than 500 bp. Predicted intergenic regions 
were also very short, in several case's as small as 
200 bp. Short repetitive sequences were detect- 
ed in the largest intergenic regions as well as in 
some large introns. Four well-conserved genes 
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of the BAC insert (stomatin, retinoblastoma- 
binding protein 7, protein phosphatase 2A PR65 
subunit, and glycine transporter 112) were much 
shorter than their best candidate human or- 
thologs (0.8, 1.6, 2.2, and 2.1 kb for Oiko- 
pleura genes compared with 15, 30, 35, and 
12/50 kb in human, respectively). In these 
four conserved genes, only five intron posi- 
tions out of 24 in Oikopleura and 41 to 43 in 
human were identical. 

It is still premature to estab1ish.a link be- 
tween the small genome and the short genera- 
tion time of Oikopleura, even though a correla- 
tion between longevity and genome size has 
been found in birds (5). It is also unclear wheth- 
er the high gene density uncovered in Oiko- 
pleura is an ancestral feature of chordates or, 
alternatively, if the genome has been markedly 
reduced in this lineage of urochordates. Regard- 
less, important intron movements must have 
differentially affected the vertebrate and the 
Oikoplezira lineages. 
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Fig. 1. (A) Oikopleura dioica in its "house," which allows seawater with exons detectable with BLAST (red), exons predicted by other tools 
filtration. As an adult, the whole animal measures about 5 mm. (B) (blue), regions of coding sequences confirmed by cDNA cloning (yellow), 
Organization of Oikopleura dioica genes in one BAC insert [see (6)], and repetitive sequences (green). 
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