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Figure S6
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Figure S8 adapted from Bernad et al, Cell, 59(219-28), 1989 (ref 48). Sequences:

100

YSL

Ec.Pol I: E. coli DNA polymerase I. Ec. Pol III: E. coli DNA polymerase III & subunit. Bs.Pol III: Bacillus
subtilis DNA polymerase III. SPO2: phage SPO2 DNA polymerase. T7 and T4: phages T7 and T4 DNA polymerases.

®29: phage 29 DNA polymerase. PRD1l: phage PRD1 DNA polymerase. PolI-yeast: DNA polymerase I from
Saccharomyces cerevisiae. a-human: Human DNA polymerase o.
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Supplementary figure legends

Fig. S1. Skew analyses

Cumulative GC skews graphics for pTN2, pP12-1 and pT26-2 genomes. (A) GC skew
graphics starting as the plasmid was sequenced. The three plasmids show a GC frequency
inversion exactly were a large intergenic region is found (purple arrows). (B) GC skew
graphics starting at the large intergenic sequence (purple arrows). All three curves have
rounded shapes.

Fig. S2. Origins of replication of the three plasmids.

A. The complete sequences of the three plasmids were divided in windows of 60 bases pairs
and the %GC of each window was calculated and visualized in a graphic representation. In
green are shown the mean %GC of the genomes. For the three plasmids, the large intergenic
region (the purple rectangle) that is found at the GC skew inversion (the purple arrow in the
mini GC skew graphics) is localized in an AT rich zone.

B. Furthermore, the three AT rich large intergenic regions (in black and upper cased fonts)
contain many sequences that are inverted and highly repeated (colored bases in the sequences
and colored arrows). As expected, pTN2 and pP12-1 (close related plasmids) show similar
organization with two large clusters of these inverted repeats, whereas pT26-2 has smaller
clusters of interspersed inverted repeats. The coding regions next to these sequences (gray and
lower cased font) do not contain inverted repeated sequences. These data clearly show that
these intergenic regions are very likely the origin of replication in the three plasmids.

Fig. S3. Multiple alignment of Superfamily I helicases including tn2-1p and p12-1p
sequences, performed with Muscle software after recovering homologous sequences by
BLAST at the NCBI. Motives are indicated according to ref 34. Selected sequences are the
following: Thermococcus gammatolerans YP_002959996.1, Thermococcus onnurineus
YP_002307767.1, Haloguadratum walsbyi YP_657138.1, Halobacterium sp. NRC-1
NP_281177.1, Thermoplasma volcanium NP_111258.1, Ferroplasma acidarmanus
ZP_01709967.1, Methanococcus maripaludis YP_001329282.1, Methanoculleus marisnigri
YP_001047393.1, Methanosarcina mazei NP_632214.1, Cenarchaeum symbiosum
ABK77099.1, Saccharomyces cerevisiae NP_012443.1, Schizosaccharomyces pombe
NP_594341.1, Ostreococcus lucimarinus CCE9901 XP_001418014.1, Trichomonas vaginalis
EAX99250.1, Desulfovibrio vulgaris YP_968250.1, Borrelia garinii YP_072790.1,
Aspergillus fumigatus Af293 XP_749523.1, Helicobacter pylori NP_208269.1, Aquifex
aeolicus NP_213544.1, Treponema pallidum NP_219465.1, Planctomyces maris
ZP_01856360.1, Neisseria meningitidis NP_282882.1, Escherichia coli BAA00048.1,
Pseudomonas putida YP_001270562.1, Anaeromyxobacter dehalogenans YP_463311.1,
Thermus thermophilus BAA23380.1, Deinococcus radiodurans NP_295498.1, Chlorobium
phaeobacteroides ZP_00531167.1, Fusobacterium nucleatum NP_603489.1, Clostridium
perfringens NP_563176.1, Bacillus subtilis NP_388543.1, Staphylococcus aureus
YP_041370.1

Fig. S4. Unrooted maximum likelihood tree of helicases related to UvrD/PcrA/Rep
family (SFI).

All complete archaeal sequences are present. One sequence for each eukaryal species
encoding a homologue of theses helicases was selected, and at least one sequence per
bacterial phylum. 93 sequences were aligned and 152 homologous positions were selected for



tree calculation by PHYML (Guindon & Gascuel, 2003). The robustness of the tree was
estimated by non-parametric bootstrap analysis (100 replicates). Scale bar represents the
number of substitutions per site. Phyla are indicated on the right.

Fig. S5 to S10. Multiple alignments were performed with Muscle software after recovering
sequences by BLAST or PSI-BLAST at the NCBI.

Fig. S11. CAGs (Clusters of Atypical Genes) analysis of integrated elements in
Thermococcales and Methanococcales genomes.

A. Genomic regions surrounding CAGs. Blue columns represent atypical genes (assigned
value = 1) whereas blanks between the columns represent non-atypical genes (assigned value
= 0). The green horizontal lines above the graphics represent the core genes shared by these
elements. Black arrows show the position of integrases and pink columns represent the tRNA
genes.

B. CAGs families. pT26-2 (yellow), TKV2 (blue), TKV3 (blue), PHV1 (light blue),
MMPV1, (orange) MMC7V1 (pink), MMC7V2 (pink) and MMC6V1 (mauve) share a core
gene and their edges are colored in dark gray. These elements may show one or several links
with integrated elements detected in other archaea (Cortez et al. Genome Biology 2009).
Different thresholds were fixed to draw an edge between two elements, from 2 up to 5 shared
genes. mmp is M. marpaludis, mmgq is M. maripaludis C5, mmx is M. maripaludis C6, mmz
is M. maripaludis C7, mja is M. jannaschii and mvn is M. vannielii. Methanosarcinales: mac
is M. acetivorans and mma is M. mazei. Halobacteriales: nph is N. pharaonis, hwa is H.
walsbyi.

Fig. S12. Unrooted maximum likelihood tree of core genes of the pT26-2 family of
integrated elements.

The proteins t26-5p, t26-6p, t26-11p, t26-13p and t26-14p were concatenated and aligned
with the concatenation of their homologues among the integrated elements in Thermococcales
and Methanococcales using Muscle software. 10 sequences were aligned and 1065
homologous positions were selected for tree calculation by PHYML (Guindon & Gascuel,
2003). The robustness of the tree was estimated by non-parametric bootstrap analysis (1000
replicates). Scale bar represents the number of substitutions per site.

Fig. S13. Modules shuffling of Rep proteins from archaeal plasmids. Homologous
modules are in the same color.





