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Non-LTR retrotransposons are common in vertebrate genomes and although present in invertebrates they 
appear at a much lower frequency. The cephalochordate amphioxus is the closest living relative to vertebrates 
and has been considered a good model for comparative analyses of genome expansions during vertebrate 
evolution. With the aim to assess the involvement of  transposable elements in these events, we have analysed 
the non-LTR retrotransposons of Branchiostoma floridae. In silico searches have allowed to reconstruct non-LTR 
elements of six different clades (CR1, I, L1, L2, NeSL and RTE) and assess their structural features. According to 
the estimated copy number of these elements they account for less than 1% of the haploid genome, which 
reminds of the low abundance also encountered in the urochordate Ciona intestinalis. Amphioxus (B. floridae) and 
Ciona share a pre-vertebrate-like organization for the non-LTR retrotransposons (<150 copies, < 1% of the 
genome) versus the complexity associated to higher vertebrates (Homo sapiens >1.3·106 copies, > 20% of the 
genome). 
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1. Introduction 
Transposable elements (TEs) are almost 

invariably found in all species that have been studied. 
TEs are classified according to their degree of self-
sufficiency and to their mechanism of transposition 
[1]. Regarding the first, TEs are divided in 
autonomous and nonautonomous elements. Based on 
the mode of transposition, two classes of TEs are 
defined: class I elements or retroelements (which 
utilize reverse transcription to amplify) and class II or 
DNA transposons (which transpose by the cut-and-
paste or the rolling circle mode). This work has 
focussed on the autonomous class I elements non-LTR 
retrotransposons (also called LINE-like elements, 
polyA retrotransposons or retroposons) of the 
cephalochordate Branchiostoma floridae. 

Non-LTR retrotransposons are one of the most 
abundant classes of transposable elements that make 
up a substantial fraction of the vertebrate genome. 
They comprise a variety of dispersed sequences that 
cluster in at least 14 clades and are divided in two 
groups, old-LINEs or site-specific endonuclease 
retrotransposons encoded in a single open reading 
frame (ORF), and young-LINEs or non-site-specific 
endonuclease retrotransposons that encode two ORFs 
(ORF1 and ORF2) [1, 2]. Both groups codify a 
preserved reverse transcriptase (RT), the only 
common domain, strictly required to achieve 
transposition and frequently used to analyse 
phylogenetic relationships. Additional structural 
motives are, a restriction enzyme-like endonuclease 

(REL-endo) or an apurinic/apyrimidinic 
endonuclease (APE), of those, at least one is strictly 
required and, optionally, several nucleic acid binding 
domains (NABD) and an RNAse H signature. 
Irrespective of the type of non-LTR retrotransposons, 
overall copy number is high enough not to leave them 
aside when dealing with genome evolution. 
Regarding TEs in general, their contribution to 
genome rearrangements has been deeply reported 
(reviewed in [1]). 

Amphioxus (B. floridae) is a key organism to 
understand the invertebrate to vertebrate transition 
because it possesses a prototypical chordate body 
plan and is considered the closest living relative to 
vertebrates. The genome of this animal is small and 
relatively unduplicated, as shown by the single cluster 
of 14 Hox genes vs the four, or even more, clusters 
described in vertebrates [reviewed in 3]. Moreover, 
the recent availability of the genome draft of the  
amphioxus B. floridae has facilitated the analysis and 
comparison of non-LTR retrotransposons with those 
of the urochordate Ciona intestinalis and other 
vertebrate species.  
2. Materials and methods 
In silico search of non-LTR retrotransposons 

The Branchiostoma floridae non-LTR elements 
were identified through a local TBLASTN [4] search of 
the first 4,772,554 B. floridae whole genome shotgun 
sequences (8xcoverage) generated at the JGI 
(www.jgi.doe.gov) and deposited in the Ensemble 
traces database (ftp.ensembl.org/pub/traces/ 
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branchiostoma_floridae). The following sequences 
were used as queries: CRE1 and CRE2 from Crithidia 
fasciculata (accession numbers M33009 and U19151), 
CZAR from Trypanosoma cruzi (M62862), Slacs from 
Trypanosoma brucei (X17078), Dong from Bombyx mori 
(L08889), R4Pe from Parascaris equorum (U31672), L1 
from Rattus norvegicus (U83119), Zepp from Chlorella 
vulgaris (AB008896), Tx1L from Xenopus laevis 
(M26915), RTE1 from Caenorhabditis elegans 
(AF025462), Bov-B from Vipera ammodytes (AF332697), 
Rex3 from Tetraodon nigroviridis (AJ312226), Tad1 
from Neurospora (L25662), Mgr583 from Magnaporthe 
grisea (AF018033), R1 from Drosophila melanogaster 
(X51968), RT1 from Anopheles gambiae (M93690), 
Jockey from D. melanogaster (M22874), Helena from D. 
mercatorum (AF015277), JuanC from Culex pipiens 
(M91082), L1Tc from T. cruzi (X83098), Idt from D. 
teisseri (M28878), R2 from Porcellio scaber (AF015818), 
R2 from  Forficula auricularia (AF015819), LOA from D. 
silvestris (X60177), Trim from D. miranda (X59239), 
Bilbo-1 from D. subobscura (U73800), NeSL-1 from C. 
elegans (Z82058 and NM_075007), Rex1 from 
Batrachocottus baicalensis (AAA83744), CR1 from Gallus 
gallus (AAC60281), BfCR1 from B. floridae (AF369890), 
T1 from A. gambiae (M93689), Sam6 from C. elegans 
(U46668) and Maui from Takifugu rubripes (AF086712). 
Overlapping clones, identified through local BLASTN 
searches, were used to walk in silico upstream and 
downstream of each sequence. For every element 
identified, consensus nucleotide sequence were 
assembled from all the overlapping clones with an 
expected value of <10-200 with the Seqman II software 
[5], wich usually generates only one composite with 
some ambiguities and TGI Clustering Tools software 
(www.tigr.org) with an strict algorithm which 
generates more than one composite with no 
ambiguities. Only the assemblies composed from 
more than 10 sequences were considered. The non-
LTR nature of each composite sequence was further 
verified by reciprocal best BLAST search against the 
GenBank database. The consensus sequence was 
named after the defined non-LTR clade to which it 
belonged. 
Copy number 

The copy number for each non-LTR 
retrotransposon per haploid genome was determined 
as described [6], by multiplying the number of 
matching shotgun clones with an expected value of 
<10-200 by 5.8·108bp the size of the B. floridae haploid 
genome and divided by the length of the composite 
and the number of shotgun sequences in the local 
database (4,772,554).  
Phylogenetic analysis 

The RT deduced sequences of B. floridae were 
added to a previous alignment [7] and a new one was 

generated with Clustal X [8], maintaining the same 
pairwise gap penalties and multiple alignment 
parameters (Fig 1).  Phylogenetic analyses were 
performed using the neighbor-joining method, rooted 
with the Neurospora organellar group II intron 
(accession number S07649) and drawn with the 
TreeViewPPC program [9]. Confidence in each node 
was assessed by 1,000 bootstrap replicates.  
3. Results 

We have screened the non-LTR retrotransposons 
in the shotgun genome project of B. floridae in order to 
characterise the type and number of elements and 
draw a comparison with other known genomes.  

Searches identified members of six out of 
fourteen previously reported clades. According to the 
phylogeny established and the Genbank comparisons, 
they will be termed BfCR1, BfI, BfL1, BfL2, BfNeSL 
and BfRTE. Comparisons of  the composites of each 
element allowed to define two conserved domains: RT 
and APE.  The RT domain, described in all amphioxus 
clades, contained all the distinctive structural 
hallmarks defined as block 0, 1, 2, 2a, 3, 4, 5, 6, 7, 8 and 
9 [10]. Moreover, the apurinic/apyrimidinic 
endonuclease (APE) region was identified with 
reasonable confidence in BfCR1, BfL1, BfL2 and BfRTE 
(Fig. 1) on the basis of the reported domains I to IX 
[11] and only the last domain in BfI, which supports 
the bona fide structure of the defined composite and 
argues against a non-TE-based assembly. 
Notwithstanding our exhaustive search, the N-
terminal APE domain and the RNaseH (RNH) 
sequence were not detected in BfI elements; neither 
REL-endo signatures could be clearly characterised in 
BfNeSL. For none of the elements identified, either 
NABD or ORF1 sequences could be detected. Copy 
number of each element per haploid genome was 
determined from the whole-length available sequence. 
In silico estimates showed low copy numbers: 25 for 
BfCR1, 3 for BfI, 32 for BfL1, 35 for BfL2, 6 for  BfNeSL 
and 42 for BfRTE (Table 1). A rough estimation of the 
genome fraction harbouring non-LTR 
retrotransposons could be obtained considering that 
all the estimated copies (143) correspond to 5 kb full- 
length elements, and the value obtained  would 
represent less  than 1% of the haploid genome. 

Intra-sequence variability for each of the 6 clades 
was assessed from amino acid sequence comparison 
of the RT domains and expressed by the degree of  
similarity in percentage (Fig 2C).  

The matrices gave a range of 32.5-98.1% for 
BfCR1, 53.4-93.6% for BfI, 23.9-97.6% for BfL1, 22.4-
99.5% for BfL2, 31.7-85.4% for  BfNeSL and 15.4-91.7% 
for BfRTE. 

Figure 1. Alignment of the deduced protein sequence of the consensus contig of each clade. APE domains I, II, III, V, VI, 
VIII and IX, and the RT structural blocks 0-9 are indicated. Amino acid identities and similarities are shown in black and 
gray shading, respectively 
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Table 1. Non-LTR retrotransposons in protostomes and deuterostomes. The copy number for each clade, clade complexity 
(clades), total copy number (Copy num.), genomic burden (% Genome), and genome size (Gen. size) is shown. 

 C. elegans 
[12] 

D. melanogaster 
[13] 

C. intestinalis 
[7] and [14] 

B. floridae T. rubripes 
[15] 

R. norvegicus 
[16] 

H. sapiens 
[17] 

CRE     2,000   
I  67 9 3    

Jockey  392      
L1   22 32 500 597,000 904,000 
L2   24 35 6,500 48,000 408,000 

L3/CR1 1,000   25  11,000 55,000 
LOA  18 69     
NeSL 110  6 6 30   

R1  130      
R2  3-60 13     
R4     1,000   

Rex1     2,000   
RTE 15   42 2,300   
Tad1        

Clades 3 5 6 6 7 3 3 
Copy num. 1,115 667 143 143 14,300 657,000 1,368,000 
% Genome <5 <3 <1 <1 1.3 23.1 21.05 
Gen. size 9.7·107 1.6·108 1.8·108 5.8·108 4·108 2.9·109 3.2·109 

Figure 2. Schematic representation of the amphiouxus non-LTR elements and the phylogenetic relationships. (A) 
Phylogenetic tree based on the reverse transcriptase sequence with only the branch points (and neighbor-joining bootstrap 
support) leading to the major 14 clades of non-LTR elements. (B) Schematic representation of the characterised domains. 
The APE domains and RT blocks are numbered below each element. (C) The main features (length, copy number, 
assembled composites, range of similarity) defining each non-LTR retrotransposon clade are indicated 

 
 
Not only the reported missing domains of the 

elements, but the elusive target repeats at the recipient 
site that would help to identify the borders at 5' and 3' 
of the elements, together with the fact that, in all 
genomes, most non-LTR copies are truncated at 5', 
strongly suggests that only a very reduced proportion 
of the identified retrotransposons are full-length 
copies with preserved autonomy. And those few, if 

any, could have remained undetectable in the raw 
genome database as, indeed, we have not found any 
full-length element. 

The RT domain of non-LTR elements was used 
to establish the phylogenetic relationships of the 
amphioxus elements and the 14 reported non-LTR 
clades. In the neighbor-joining tree (Figure 2A). 
Twelve out of 14 clades were supported with 
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significant bootstrap values (≥70%). Clade I, showed  
the lowest bootstrap value (39%), in agreement with 
previous analyses [2, 10] whereas clade NeSL, gave 
bootstrap value close to the cut-off value (67%). 
Consequently, amphioxus composites were clustered 
in six different  clades: CR1, I, L1, L2, NeSL and RTE 
(bootstraps: 99%, 39%, 82%, 94%, 67% and 71%, 
respectively) and were recorded as new members of 
each group. 
4. Discussion 

The approach used in this work has allowed the 
in silico identification and reconstruction of 
amphioxus non-LTR retrotransposons. The fact that 
the deduced features of BfCR1, one of the derived 
elements, are in agreement with previous 
experimental findings [18] validates the in silico 
strategy and supports the data generated for other 
elements. We therefore propose that the B. floridae 
genome accommodates the old LINE NeSL, and 
young LINEs such as CR1, I, L1, L2 and RTE, with an 
overall structure consistent with that reported for 
each clade. Concerning BfCR1, BfL1, BfL2 and BfRTE 
retrotransposons, although no structural hallmarks 
for ORF1 and NABD could be confidently detected, 
the RT and APE domains were clearly ascertained. On 
the other hand, although the phylogenetic affiliation 
of BfI and BfNeSL was poorly supported, their 
ascription to the I and NeSL clades was established 
following the BLAST hits with reported 
retrotransposons (2e-46 for the I element of 
Biomphalaria glabrata,  and 2e-33 for NeSL  of C. 
elegans). The difficulties in BfI and BfNeSL 
characterization are probably due to their low copy 
number, 3 and 6 respectively, significantly lower than 
that of the other elements and because these clades 
are still weakly defined [6]. 

The estimation of the copy number of each 
element suffered from small inaccuracies caused by 
the cut-off e-value assigned to discriminate the 
sequences belonging to the same clade and, the fact 
that a whole genome shotgun sequencing does only 
yield a fraction of the genome. Nevertheless, the in 
silico estimates for BfCR1 (25 copies) were in 
agreement with those obtained following an 
experimental approach (15) [17]. Our data showed 
low copy number per haploid genome for all the 
amphioxus elements, ranging from 3 to 42, a figure 
clearly similar to the number of the different 
composites assembled with the TIG clustering tools, 
thus showing the efficiency of the assembling 
procedure. Despite this overall scarcity, differences 
among clades were observed: BfCR1, BfL1, BfL2 and 
BfRTE were more frequent than BfI and BfNeSL 
elements. The permissiveness of the APE mediated 
insertion could account for the relative abundance of 
the former, whereas self regulatory mechanisms [19] 
or a high target site specificity [20] could explain the 
reduced number of the latter. 

The mechanisms controlling copy number are 
still an open question but the values obtained in this 

work agree with those found in another lower 
chordate, Ciona intestinalis, and other organisms with 
small genomes such as Drosophila melanogaster and 
Anopheles gambiae [13, 21]. The overall copies of non-
LTR retrotransposons in lower chordates represent, 
indeed, a very modest fraction of the genome, if 
compared to vertebrates (i.e. <1% in ascidians and 
amphiouxus versus the >20% in human). Then, low 
copy number in small genomes could easily be under 
self-control without having to invoke to host-
promoted repression through methylation, as it has 
been shown in vertebrates and already discarded for 
BfCR1 and C. intestinalis non-LTR retrotransposons 
[7]. Other mechanisms, such as co-supression for the I 
elements of Drosophila [19] or RNA silencing in fungi, 
plants and animals [22-24] could play a major role in 
the regulation of the expansion of this type of 
elements. 

In summary, the present work shows that the 
amphioxus genome harbors at least 6 different clades 
of non-LTR retrotransposons, all present at low copy 
numbers. Although from our data we cannot assume 
that the overall structure of the amphioxus genome 
resembles that of the chordate Ciona intestinalis, it 
seems clear that both share a comparable burden of 
non-LTR retrotransposons. The analysis of the non-
LTR content of the B. floridae genome here reported 
provides valuable data to understand the evolution of 
chordate genomes, enlarges the view of the 
distribution of the non-LTR clades in eukaryotes and 
highlights the structural differences between pre-
vertebrate and vertebrate genomes. 
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