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Supplementary Figure 1. Comparison of marine low GC thalassoarchaeal contigs containing rRNA genes 

(bold and red) to scaffolds from the Global Ocean Sampling (GOS) dataset and other MGII described in 

literature literature (MG2-GG3 in bold and green) (using BLASTN). The oceanic habitat (C-Coastal, CRA-Coral 

Reef Atoll, O-Open Ocean, E-Estuary), sampling locations (NAEC-North American East Coast, GI-Galapagos 

Islands, ETP-Eastern Tropical Pacific, PA-Polynesia Archipelagos, SS-Sargasso Sea, CS-Caribbean Sea) and 

the GOS dataset identifier are shown next to each GOS scaffold. All ribosomal RNA genes are highlighted in red 

color and sequence identity amongst the contigs is shown in shades of grey (see color scale). (a) Contigs 

containing 16S rRNA. (b) Contigs containing 23S rRNA. 
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Supplementary Figure 1. Comparison of marine low GC thalassoarchaeal contigs containing rRNA genes (bold and 

red) to scaffolds from the Global Ocean Sampling (GOS) dataset and other MGII described in literature (MG2-GG3 in 

bold and green) (using BLASTN). The oceanic habitat (C-Coastal, CRA-Coral Reef Atoll, O-Open Ocean, E-Estuary), 

sampling locations (NAEC-North American East Coast, GI-Galapagos Islands, ETP-Eastern Tropical Pacific, PA-

Polynesia Archipelagos, SS-Sargasso Sea, CS-Caribbean Sea) and the GOS dataset identifier are shown next to 

each GOS scaffold. All ribosomal RNA genes are highlighted in red color and sequence identity amongst the contigs 

is shown in shades of grey (see color scale). (a) Contigs containing 16S rRNA. (b) Contigs containing 23S rRNA. 
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Supplementary Figure 2. Ribosomal proteins concatenate. Maximum-likelihood phylogenomic tree of 22 

concatenated universally conserved ribosomal proteins (13116 unambiguously aligned base pair positions) 

from the thalassoarchaeal contigs (bold and red) compared with other Euryarchaea genomes 

representatives (MG2-GG3 in bold and green). Numbers at nodes represent bootstrap values from 1000 

replications implemented in MEGA 5.10. Scale bar indicates estimated number of substitutions per site. 
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Supplementary Figure 3. 23S ribosomal RNA phylogeny. Maximum-likelihood 23S rRNA gene tree (2520 

unambiguously aligned nucleotides) showing the relationship of the Thalassoarchaea (bold and red) with other MGII 

(MG2-GG3 in bold and green). Along with the rRNA sequences from the fosmids from the Mediterranean DCM, we 

have also included several rRNA sequences from GOS scaffolds where we could identify complete 23S genes. 

Numbers at nodes in major branches indicate bootstrap support (shown as percentages and only those >50%) by 

ML in MEGA 5.10. Scale bar represents the estimated number of substitutions per site. Sampling locations: MED, 

Mediterranean Sea, ETP-Eastern Tropical Pacific, NAEC-North American East Coast, GI-Galapagos Islands. The 

GOS dataset identifiers are shown next to each GOS scaffold.  
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Supplementary Figure 4. Geranylgeranylglyceryl phosphate synthase phylogenetic tree. Thalasoarchaeal 

sequences are mark in bold and red. In bold and black, sequences previously described in Rohit et al. 

(2011) and in green, the MGIIA MG2-GG3 homolog. 
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Supplementary Figure 5. 

Rhodopsin  phylogeny.  

Maximum-likelihood rhodopsin 

gene tree showing the 

relationship of the 

thalassorhodopsin (bold and red) 

with other rhodopsins. In blue 

are marked Pop, Pop-1, Pop-2, 

Pop-3 and Pop-4 euryarchaeal 

rhodopsins previously described. 

Along with the sequences from 

the fosmids from the 

Mediterranean DCM, we have 

also included several rhodopsins 

sequences from GOS scaffolds 

where we could identify the 

complete gene. Numbers at 

nodes in major branches indicate 

bootstrap support (shown as 

percentages and only those 

>50%) by ML in MEGA 5.10. 

Scale bar represents the 

estimated number of 

substitutions per site. The GOS 

dataset identifiers are shown 

next to each GOS scaffold. 
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MedDCM-OCT2007-C1678 ------MNGT VSSNISLKKN VIVLTIVGLA LMIVQAVNAA TVNPEVEYA- ---------- --DDNLGRAT FFLFFIGYIS MGAAFVFFMS ERNNVAPEFR TTMTISALIV

MedDCM-JUL2012-C3793 -------MNS KLSKFSPRTN AIIAGATMLA LMVTQNVSAA TIDPETYYA- ---------- --GDALGRAT FFMFFIGYIS MGAAFVFFMS ERNNVAPEYR TTMTISALIV

MedDCM-JUL2012-C1076 -------MNS KLSKFSPRTN AIIAGATLLA VMFTQNVSAG TVNPEILYE- ---------- --NHPLERAT FFMFFIGYIS MGAAFIFFMS ERNNVAPEYR TTMTISALIV

Pop MGII_GG3 ---------- -MITDKFSKT TSLLLIATIS LAMAGTVSAA DVVDPSVKYD ---------- --GEPLQLVT FFLFFVGYIS MGAAFVFFMS ERSNVAPQYR TTMTISALIV

Pop-1 MedDCM-OCT-S08-C16 ---------- -MITEKFSKT TSLLLIATFA LAMASTVSAA GVGE--MDTE TGLPSFLSDD LGNDSLELLT FFLFFVGYIA MGAAFVFFMS ERSNVAPQYR TTMTISALIV

D.donghaensis MED134(G) ---------- ---------M NLLLLSTALD KIAS------ ---------- ---------- --DDYVAFT- ---FFVGAMA MMAAAAFFFL SMNSFDRKWR TSILVSGLIT

E. sibiricum 255-15 ---------- ---------- ---------- ---------- ------MEE- ---------- --VNLLVLAT QYMFWVGFVG MAAGTLYFLV ERNSLAPEYR STATVAALVT

Exiguobacterium sp.AT1b ---------- ---------- ---------- MFVVGQFSLK GMGM--MNEE ---------- --VNLLVLAT QYMFWVGFVG MAAATLYFLV ERSSLDPEYR SVATVAALVT

Pop-2 HF10_3D09 ---------M RTMKNLISKQ RSLLLTALLT LLTFGTVSAA NST---LAT- ---------- --NDMVGVS- ---FWLASAM MLASTVFFIM ERNNVADKWK TSMTVAALVT

Pop-3 HF70_19B12 --------ME LKQRIDKRKT AIFGTSMALA LIALPSVAAE T-AE--LAT- ---------- --NDWVGIS- ---FWLATAM MLASTVFFLV ERGNVPDKWK TSMTVAALVT

Pop-4 HF70_59C08 ---MRFSESM DINPFLKKRT AVVGGALALA AITIPSAAAQ TTETVGLGA- ---------- --TDYVGIS- ---FWIATAM MLATTVFFLV ERQNVAAKWK TSMTVAALVT

Pelagibacter sp.HTCC7211(B) ---------- -------MKK LKLFALTAVA LLGVTGVANA DAM---LAQ- ---------- --DDFVGIS- ---FWVISMG MLAATAFFFM ETGNVAAGWR TSVIVAGLVT

gamma EBAC20E09(B) ---------- ---------- -MKLLLTMVG ALALPVFAAD ------LDT- ---------- --ADMTGVS- ---FWLVTAA MLAATVFFLV ERDRVHGKWK TSLSVAALVT

gamma Hot 75m4(B) ---------- ---------- MGKLLLILGS AIALPSFAAA G-GD--LDI- ---------- --SDTVGVS- ---FWLVTAG MLAATVFFFV ERDQVSAKWK TSLTVSGLIT

G.pallidula(B) MTTNNAYTKA KGFSLSRTSV SLKMIVTALF LFALPSFAHA A-AN--LAA- ---------- --DDFVGIS- ---FWIISMA LMASTVFFLW ETQGVSAKWK TSLVVSALVT

P.ubique HTCC1062(G) ---------- -------MKK LKLFALTAVA LMGVSGVANA ETTL--LAS- ---------- --DDFVGIS- ---FWLVSMA LLASTAFFFI ERASVPAGWR VSITVAGLVT

gamma HTCC2207(G) ---------- ---------- ---------- ---------- ---------- ---------- ---------- --------MA LVAATAFFFV ERDRVAGKWK TSLTVSGLVT

SAR86E(G) ---------- ---------- -MKLLMLLAG VMAVPTFAA- --GD--LDP- ---------- --NDYVGVS- ---FWLVTAA LLAATVFFFL ERDNVSAKWR TSLTVSGLVT

gamma EBAC31A08(G) ---------- ---------- -MKLLLILGS VIALPTFAAG G-GD--LDA- ---------- --SDYTGVS- ---FWLVTAA LLASTVFFFV ERDRVSAKWK TSLTVSGLVT

REDr6a5a6(G) ---------- ---------- MGKLLLILGS VIALPTFAAG G-GD--LDA- ---------- --SDYTGVS- ---FWLVTAA LLASTVFFFV ERDRVSAKWK TSLTVSGLVT
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MedDCM-OCT2007-C1678 GIAAFLLLYY MRGVYID--- ------TGAV STDYRYMDWI ITVPLMALKF PSLVGKDAIT DNKVLGLGFT GVCFVGALIM ISFGYLGETG V--------M NEALGLILGG

MedDCM-JUL2012-C3793 GIAAF-HYYY MRGVYID--- ------TGAV STDYRYMDWI ITVPLMALKF PSLVGKDAIT DNKVLGLGFT GVCFVGAIIM IAFGYLGEIG E--------I NALAGLVLGG

MedDCM-JUL2012-C1076 GIAAF-HYYY MRGVYVD--S CMDGIEACVV STDYRYMDWI ITVPLMALKF PSLVGKDAIT DNKVLGLGFT GVCFVGAIIM IAFGYLGEIG E--------I NAMLGLVLGG

Pop MGII_GG3 GIAAF-HYYY MRAVYTD--- ------LGTV SVEYRYMDWI ITVPLMALKF PSLVGKEAIT DSKFLGMGFT GICFTGALIM IGFGYLGESG VLGEVMGAAA GGWAGLILGG

Pop-1 MedDCM-OCT-S08-C16 GIAAF-HYYY MRGVYAD--- ------FGVV SIEYRYMDWI ITVPLMALKF PSLVGKEAIT DKKVAGLGFT GICFTGALIM IGFGYLGEAG L--------M SAIPALLLGG

D.donghaensis MED134(G) FIAAV-HYWY MRDYWQA--- ------NAES PTFFRYVDWV LTVPLMCVEF FLILKVAG-- ----AKKSLM WRLIFLSVVM LVTGYIGEAV D-------RD NAWLWGLISG

E. sibiricum 255-15 FVAAI-HYYF MKDAVGT--- SGLLSEIDGF PTEIRYIDWL VTTPLLLVKF PLLLGLKG-- ---RLGRPLL TKLVIADVIM IVGGYIGESS INIAGGFTQL GLW-SYLIGC

Exiguobacterium sp.AT1b FVAAI-HYYF MKDAVGD--- SGLLSEITGF PTEIRYIDWL VTTPLLLIKF PLLLSLQG-- ---KMKTGLL TKLIIADIIM IVAGYLGESS INLNGGFTQL GLW-GYLVGC

Pop-2 HF10_3D09 GVAWY-HYTY MRDHWANSYA ASGDAQVGDS PLVLRYIDWL ITVPLQVSEF YLILAAIG-- ---VASAALF WRLFGASIVM LVAGFLAEAN E-DISAISDG MVWPLFAVGM

Pop-3 HF70_19B12 GVAWY-HYTY MREVWAQGY- --GVDDAVGS PLVYRYIDWL ITVPLQVVEF YLIMAAIG-- ---VGTFAMF RNLMGASIVM LVAGFFGESG AWELFGDLST EIW--WAIGM

Pop-4 HF70_59C08 GIAWY-HYTY MRQHWVD--- ------NGSS PIVYRYIDWL LTVPLQIAEF YLILAAIG-- ---VASVVMF RNLMLASVVM LVAGFFGETG AWDLFGDAST EIW--WAIGM

Pelagibacter sp.HTCC7211(B) GIAFI-HYMY MREVWVT--- ------TGDS PTVYRYIDWL ITVPLQMVEF YLILSAVG-- ---KANSGMF WRLLLGSVVM LVGGYLGEAG Y--------I NATLGFIIGM

gamma EBAC20E09(B) GIAFW-HYLY MRGVWVESY- --TGPGTGSS PTVYRYIDWL ITVPLQIIEF YLILKVCT-- ---NVGSGLF WRLLGASLVM LVGGFIGETG ---------G NAMVCGVIAT

gamma Hot 75m4(B) GIAFW-HYLY MRGVWID--- ------TGDT PTVFRYIDWL LTVPLQVVEF YLILAACT-- ---SVAASLF KKLLAGSLVM LGAGFAGEAG L--------A PVLPAFIIGM

G.pallidula(B) FIAAV-HYFY MRDVWVA--- ------TQTT PTVYRYIDWL LTVPLLMIEF YLILRAIG-- ---VASPGIF WRLLLGTLVM LIPGYMAEAG Y--------I NITVGFVIGM

P.ubique HTCC1062(G) GIAFI-HYMY MRDVWVM--- ------TGES PTVYRYIDWL ITVPLLMLEF YFVLAAVN-- ---KANSGIF WRLMIGTLVM LIGGYLGEAG Y--------I NTTLGFVIGM

gamma HTCC2207(G) LIAAV-HYFY MRDVWVA--- ------TGTS PTVFRYIDWL LTVPLLMIEF YLILSAVT-- ---KVPAGVF WRLLIGTIAM LGFGYAGEAG W--------M DAKMAFIPSM

SAR86E(G) GIALW-HYLY MRGVWVD--- ------TGTS PTVFRYIDWL LTVPLLIVEF YLILRAVT-- ---DVAASLF YKLFLGSLVM LVFGYMGEAG I--------M AAMPAFIIGC

gamma EBAC31A08(G) GIAFW-HYMY MRGVWIE--- ------TGDS PTVFRYIDWL LTVPLLICEF YLILAAAT-- ---NVAGSLF KKLLVGSLVM LVFGYMGEAG I--------M AAWPAFIIGC

REDr6a5a6(G) GIAFW-HYMY MRGVWIE--- ------TGDS PTVFRYIDWL LTVPLVICEF YLILAAAT-- ---NVAGSLF KKLLVGSLVM LVFGYMGEAG I--------M AAWPAFIIGC
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MedDCM-OCT2007-C1678 VGWAMIMVAT GLPFGLYDGL GVDNS--KIR EELVWSTDAL RTFILVGWVI YPLGYLVGTE MVDAG----- ---------- ---KR----- --W------- ----------

MedDCM-JUL2012-C3793 VGWAMIMVAT GLPFGLYDGK GVDNS--KIK DELLWSANAL RTFILVGWII YPVGYLVGTG LIGEDWTDGQ EIMAILYNIA DMINKIGFGV VAWMGAKKAS AMMS------

MedDCM-JUL2012-C1076 VGWAMIMVAT GLPFGLYDGK GVDNS--KIK DELVWSANAL RTFILVGWII YPIGYLVGTD IVDAG-SDGK EIMAILYNIA DMVNKIGFGV VAWMGAKKAS AMMS------

Pop MGII_GG3 VGWAMIIVAT GTPWS--SGK GVDNS--KIA PELMWSANAL RWFIVVGWII YPIGYLFSPG AELGLGDGNQ ELLAVFYNVA DIINKIGFGI VAWMGAKKAT EALAAAE---

Pop-1 MedDCM-OCT-S08-C16 MGWAMIVVAT GTPWT--DGL GVDNS--KIA PELMWSANAL RWFIVVGWII YPLGYLFSPE VALVEIDNGA EIMAVAYNIA DIINKIGFGV VAWMGAKKAT EALAAE----

D.donghaensis MED134(G) AAYFVIV--- ---YDIWLGS AKKLAV-RAG GAVLSAHKTL CWFVLVGWAI YPIGYMAGTP GWYEG-IFGG LSLDVVYNLG DAINKIGFGL VVYNLATIAS NTKSLEETA-

E. sibiricum 255-15 FAWIYII--- ---YLLFTNV TKAAE--NKP APIRDALLKM RLFILIGWAI YPIGYAVTLF A--PG-VEIQ LVRELIYNFA DLTNKVGFGL IAFFAVKTMS SLSSSKGKTL

Exiguobacterium sp.AT1b IAWIYII--- ---YLLFTNV TKAAE--TSP PPIRKALLNM RLFILIGWAI YPIGYAVTLF A--TG-IEVQ LVRELIYNVA DLINKVGFGL IAFFAVKTIS TQKQVKA---

Pop-2 HF10_3D09 LAWIYII--- ---YEIWAGE AKESVS-GAS EGTQFAFKAM ALILTVGWAI YPLGFILGQG ---DG---GT DNLNILYNIA DVVNKTAFGM MVWYAATMDT KAAASEE---

Pop-3 HF70_19B12 AGWGYIL--- ---YELWQGD VKEASA-SGS DGVQFAFKAM RAIVTFGWAI YPLGYAMGND M-ISG--FDV DDMNIIYNIA DLVNKTAFGM MIWYAATMDA E---------

Pop-4 HF70_59C08 AGWIYII--- ---YEIFRGS INDAAQ-KAS ESVQFAFNSM RWIVLVGWAI YPLGYMMGND M-LPG--FGE NDMNIIYNLA DLVNKTAFGM MVWYAATMDT KAAAETE---

Pelagibacter sp.HTCC7211(B) AGWVYIL--- ---YEVFSGE AGKAAAKSGN KALVTAFGAM RMIVTVGWAI YPLGYVFGYL T--GG--VDA ESLNVVYNLA DFVNKIAFGL VIWAAATSSS GKRAK-----

gamma EBAC20E09(B) LAWLYII--- ---YEVFSGE AGKLNASSGN AAAQSAFGTI RLIVTVGWAI YPIGYWLATG ---PG--ADM ANANLIYNLA DFINKIAFGL AIYVAAVSDS E---------

gamma Hot 75m4(B) AGWLYMI--- ---YELYMGE GKAAVS-TAS PAVNSAYNAM MMIIVVGWAI YPAGYAAGYL MGGEG--VYA SNLNLIYNLA DFVNKILFGL IIWNVAVKES SNA-------

G.pallidula(B) LGWFYIL--- ---YEIFYGA AGKAAETVTS EAVKFAYNAM RWVVTVGWAI YPIGYVLGYM T--GT--ADQ ESLNIIYNLA DFVNKIAFGL LIWYAATSES QPMSVKQS--

P.ubique HTCC1062(G) AGWFYIL--- ---YEVFSGE AGKNAAKSGN KALVTAFGAM RMIVTVGWAI YPLGYVFGYM T--GG--MDA SSLNVIYNAA DFLNKIAFGL IIWAAAMSQP GRAK------

gamma HTCC2207(G) AAWFYII--- ---WEIFRGE ASQINAGLAN ANVQKAYKTM TLLVTVGWSI YPLGYFFGYF M--GS--QDP VMLNVIYNVA DFWNKIAFGV VIWAAAVADS E---------

SAR86E(G) LAWFYMI--- ---HTLWAGE GAQAKNASGN AAVQTAYNTM MWIIIVGWAV YPVGYFMGYL A--GG--VDE GALNLIYNLA DFINKILFGI VIWSAAVSDS NK--------

gamma EBAC31A08(G) LAWVYMI--- ---YELWAGE GKSACN-TAS PAVQSAYNTM MYIIIFGWAI YPVGYFTGYL MGDGG---SA LNLNLIYNLA DFVNKILFGL IIWNVAVKES SNA-------

REDr6a5a6(G) LAWVYMI--- ---YELWAGE GKSACN-TAS PAVQSAYNTM MYIIIFGWAI YPVGYFTGYL MGDGG---SA LNLNLIYNLA DFVNKILFGL IIWNVAVKES SNA-------

..
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Supplementary Figure 6. Alignment of the thalassorhodopsins with the rhodopsin of D. donghaensis MED134 

and other cloned rhodopsins sequences. Predicted transmembrane helices are marked by boxes. Identical 

residues are indicated in red. Residues in blue are conserved in more than 70% of the sequences. Key amino 

acids for rhodopsins functionality (listed herein with EBAC31A08 numbering) are marked by colors: Lys131 (K) 

binds retinal, and Asp97 (D) and Glu108 (E) function as Schiff base proton acceptor and donor, respectively. 

Metionin (M) in position 105 (*) in the thalassorhodopsins sequences indicate an absorption maxima at the green 

spectrum range. Letters (G) and (B) in the name of the sequences indicate the range of the spectrum. (The 

GenBank accession numbers of the sequences used for the alignment are as follows: Dokdonia donghaensis 

MED134, ZP_01049273; Pop-2 HF10_3D09, 82548293; Pop-3 HF70_19B12, 82548286; Pop-4 HF70_59C08, 

77024964; G. pallidula, WP_006008821; C. Pelagibacter ubique HTCC1062 (SAR11), YP_266049; Pelagibacter 

sp. HTCC7211, WP_008544914; eBAC20E09, AAS73014; gammaproteobacteria  HTCC2207 (SAR92), 

EAS48197; eBAC31A08 (SAR86), WP008490645; HOT75m4, AAK30179; REDr6a5a6, AAO21455). 
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Supplementary Figure 7. Relative abundance of Thalassoarchaea and other marine 

microbes transcripts in the serial metatranscriptomes recovered in a coastal upwelling in 

the Coast from North California (Ottesen et al. 2013).  
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Supplementary Figure 8. Depth distribution of Thalassoarchaeales and MG2-GG3 determined by metagenomic fragment 

recruitment (BLASTN-based, see Methods). Abundance is expressed as number of reads per kilobase per gigabase of the 

collection (rpkg).  HOT- Hawaii Ocean Time Series station ALOHA, NESAP-North Eastern Subarctic Pacific, ETSP-Eastern 

Tropical South Pacific and BATS-Bermuda Atlantic Time Series 
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Supplementary Figure 9. Depth distribution of 

Thalassoarchaeales and MG2-GG3 determined by 

metagenomic fragment recruitment (BLASTN-based, 

see Methods) in the Station 2 of the Amazon River 

plume (Satinsky et al. 2014). Abundance is expressed 

as number of reads per kilobase per gigabase of the 

collection (rpkg).  
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Supplementary Figure 10. Depth distribution of Thalassoarchaeales and MG2-GG3 

determined by metagenomic fragment recruitment (BLASTN-based, see Methods) in 

the Columbia River stations (Smith et al. 2013). Abundance is expressed as number of 

reads per kilobase per gigabase of the collection (rpkg).  


