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Figure S1. Distribution of thiamine biosynthesis pathways, transporters and regulators in Archaea.

The phylogenetic species tree was constructed using the concatenated alignment of 78 universal bacterial
proteins. The tree includes the analyzed representatives of three archaeal lineages possessing thiR orthologs.



Sulfolobales

MetMK1_29690
100 Msed_2166
98 -
Mcup_0124

10i
Thermoproteales - 4 46
Thermoproteaceae

100 $S00468
YN1551_1174
Ahos_0963
ST0179
Saci_0437

56

100 53

Class:Thermoprotei

97

PAE2210

TTX_0743
TUZN_0486

Fervidicoccales

100

sl

Hbut_0125

Pis|_0839
—os
Tneu_1384
_EMSUCOM_OOQSS
Pcal_0941
P186_0445

Pgrs_1 934
wogu_m 89

FFONT_0578 @

lgag_0434

[ Smar_1383

_|49

Desulfurococcales

Thermoproteales - Thermofilaceae

100

L—="shell 1065
TCELL_1104

100

100

Cmaq_1034
Vdis_2360

100 —

VMUT_0712

Class:Thermococci

Tagg_0649
Desmu_0750
Desfe_0411
DKAM_0343

— MA03_01130 ®
Tpen_0069 @

100 | N186_01270®
TCARB_1341@

—— TON_1436@
CL1_1295@

97

100
Class:Halobacteria

8 48 TGAM_2087
TAM4_328

29 78

GQS_08390 ®

TERMP_01433 @
81 % TSIB_0198 ®
0CC_09391@

57
PYCH_07480
83 [ PF0601

Huta_2411
mAC1764 @
|91AH_2294 °
0 Himuk_1352
Halxa_0732
NJ7G_1102
Natpe_1684
Nmag_0434
Htur_2542
Hbor_25480
38 HQ1277A
28 HVO_0662
HFX_0632

65

ThiR1

o1

Figure S2. Phylogenetic tree of the ThiR proteins and their predicted lineage-specific DNA motifs.

98 Hlac_0446
—l 56
VNG0247C
14 Huta_2715
NP5168A
Hmuk_0022
mAC1777
HAH_2305
Halru_1158
98 Htur_1469
Halxa_2856
Nmag_2413
J7G_3692
Natpe_2824

TK2197 @

91 Py04_0745
86 PNA2_1361
PHO716

PAB0877

Sulfolobales (Motif-I)

i Tt e S T R

Thermococci

®

Red dots show ThiRs that are predicted to be autoregulated, as the thiR genes belong to ThiR regulons.




Figure S3. Phylogenetic footprinting of upstream regions of thiamine biosynthesis/transport genes and identification of candidate ThiR-binding sites
in diverse archaeal lineages.

A. Sulfolobales (Motif I)

Upstream promoter regions of thid

WTATAANNnnnnTTATAwW Site scores
MetMK1_23630CCATGGTTGGAT————— TATATAATCTAGTTTATAAGCCACTAATATTACGATGTAACTATG 5.89
Mcup_0086 TTGTTGTCGTTTTTTAATATATAATCTAGCTTATAAGTCGGTTAAATGTTGATGATATTATG 5.82
Msed_2221 TTCTCATCGT-CACCTATTTATAACTTAGTTTATAAGTGAGTTAAATGAAGATTTTGTCATG 5.98
Saci_0854 TGATATAAAAATA--——-CATATAAGTGAGTTTATAACCTATTTAATTGATAAGAC-———-ATG 5.60
YN1551_1140 TTGTCCACGTTCATGATTATAAAAGTTAATTTATAAGTGAGTTATATCAGTITTAGATT-ATG 5.66
53500436 TTGTCTATGTATAACATTATAAAAGTTAATTTATAAGCAAGTTATATCATTITAGATT-ATG 5.66
Ahos_0692 TCTTAAATGAACTC---TATATAACTTAGTTTATAAGTAAGTTATTATGAAGTAAACACATG 5.91
*k kK * * k ok ok ok k *  *
Upstream promoter regions of thiT
WTATAANNnnnnTTATAwW Site scores
MetMK1_19590 TCGCAATATGTTAT GTCTAAATAAGTAAGTTTATAACCGACTTATCATAAATCTGAT-CATG 5.27
Saci_2110 TTGAAA-—-GTTAT-———--————————— AGGATTTGAATATAACTAACTTTATAACTTGCTTATATGAAACTTAATTTATG 5.21
YN1551_2514 CTCAGGGCTGATTTGGTGATGGTCTATTAAAAATTCAAAATAAGTGACTTTATAAGTTACTAATTATCATTITTTACATATG 5.25
SS01593 CTCAGGGCTGATTTGGTGATGGTCTATTAAAAATTCAAAATAAGTGACTTTATAAGTTACTAATTATCATTTTTACATATG 5.25
ST1132 TTTAAATCTTTTTT——————————— CAGTGGAATTTCATATAAGTAGGTTTATAAGTTAGTAATATACAATATCAAATATG 5.52
Ahos_0145 —-—GAAATCTGATAT————————————————— GCTTTCTTATAAGTAAGTTTATAATTATCTTATAACAAGATTTACACATG 5.80
* K * R * Kk Kk Kk Kk kK * kK * * ok * K K
Upstream promoter regions of tenA
WTATAANnNnnnnTTATAwW Site scores
MetMK1_24350 —-—--AGCTGACGTCCTATAACTAGATTATAAAATGATTTATATCCCGCCACTCTAG-TGGGATGTATG 5.09
5502089 CATAGATAG-——-ATATAAGTAAGTTATAAAATAATTTATAATCTAGCTTTGTAATTTATAAATGTG 5.51
YN1551_2613 TATGGCTAG----ATATAAGCAACTTATAAAATGATTTATAATCTAGCTTTGTAATTTATAGTTATG 5.40
* K * Kk Kk kK * Khhkkhkk Ak hkhkhKh Khkhkkkkkk * * * kK * * * kK

Candidate ThiR-binding sites are highlighted in yellow. 18-nt consensus site is given on top of each alignment. Translation start sites are in red.

Individual site scores are given at right side. Experimentally determined transcription start sites (TSSs) in Sulfolobus solfataricus (S500436, SS01593, S502089) (Wurtzel
et al., 2010) are underlined/in bold (all three transcripts are leaderless). A TATA-like conserved core promoter motifs, centered ~26 nt upstream of TSSs are highlighted
in green. 35-bp DNA fragments from Metallosphaera yellowstonensis MK1 that were tested in DNA binding assays are underlined and in bold.



Figure S3. Phylogenetic footprinting of upstream regions of thiamine biosynthesis/transport genes and identification of candidate ThiR-binding sites
in diverse archaeal lineages.

B. Thermococcales

Upstream promoter regions of thid

AWAACNNNGTTWT AWAACNNNGTTWT Site scores
Py04_1231 AATACCTTGTTATAACAAAGTTTTTAATTGATAAAACTTAGTTTITGGAAT————————————————————— GGTGAAGAGCATG 5.13/ 5.46
PH1357 AAAATAATCCTATAACAAAGTTTTTAATATTAAAAATGAAGTTTTAGGC—————————————————————— GGTGGGGAAGATG 5.13/ 4.51
PAB0536 AAAAGTTCCTTATAACAAAGTTTTTTAATGCTAAAACTAAGTTTTTGC——————————————————————— GGGGGTAAAGATG 5.10/ 5.40
PNA2_1941 CAGGGTTCCTTATAACAAAGTTTTTTAATGCTAAAACTGAGTTTTCGAT-—————————————————————— GGTGATGGTGATG 5.13/ 5.30
PF1530 CCATGATGAAAAAAACAAAGTTTTTATATTATAAAACTCAGTTTTGAGT —————————————————————— GGTGéTAAAGATG 5.29/ 5.30
OCC_06556 ATAACTTGGTTATAATAAAGTTTTTAAATTCCAAAACTCAGTTTTTACTGGAGTTTTAAAAGATTTACGGGTGAGGGGAAAATG 4.73/ 5.30
PYCH_06240 ————————- GTATAACAAAGTTTTTAAGTCTCAAAACTTAGTTTTGCCTGGTCCTTATAAATTTTG——--GGGGTGCGAAAATG 5.46/ 5.13
CL1_0036 AAAACCCCTTTATAACAAAGTTTTITAAATTTCAAAACTCAGTTTTTACCGCGGCTTAAAAGGTTTT-——-GGGTGGTGGCTATG 5.13/ 5.30
TGAM_1270 AAAACCCGTTTATAACAAAGTTTTTAAATTTCAAAACTTAGTTTTGAGCGGAACTTAAAAGGTTTT----GGGTGGTCGGGATG 5.55/ 5.17
GQS_02015 AAAACCCGTTTATAACAAAGTTTITTAAATTCCAAAACTTAGTTTTGAGCGGGACTTAAAAGGTTTT----GGGTGGTGGAGATG 5.13/ 5.46
TK0434 TAACCCATTTCATAACAAAGTTTTTAAATCTCAAAACTTAGTTTTGAGCGCGGTTTAAAAGGTTTT-———-AGGTGGTGGGCATG 5.13/ 5.46

Khkhkkhkk KhkkKhkkkkk * Kk kK * Kk Kk Kk kK * * K K

Upstream promoter regions of thiB

AWAACNNNnGTTWT AWAACNNNGTTWT Site scores

TSIB_0369 —-TTGCGAT--GGGGAAGCTTTTTAAATCACATTCAGAACAGAGTTATGTATATATAAAAATTAGTTTTAGGTGAAGGAGATGAAGAAGCT 4.49 / 4.86

PF1751  —————— ATCAGGGAAGG-TTTTTAAACCCTCCCTAGAACACAGTTTTGAAAGAATAGAAATGGGTTTTAGGTGATGAGCATGAAGAGGTT 4.65 / 3.94

OCC_11612 GCCCCGATGAGGGAAGATTTTTTAAACCCTCCCTAGAACACAGTTTTGGAAGAATAGAAATGGGTTTTAGGTGATGAGCATGAAGAGGTT 4.65 / 3.94
* % * Kk k  x *hkk kK khkkk K K*khkhkkhkkk K*khkkk K*k X K’k k Kk k) R i i 2 S K*khkk kK kk K* K

Candidate ThiR-binding sites are highlighted in yellow. 15-nt consensus site is given on top of each alignment. Most of the identified ThiR sites in Thermococcales are
organized in tandems and have a fixed 21-nt distance between the site centers. Translation start sites are in red. Experimentally determined transcription start sites
(TSSs) in Pyrococcus furiosus (PF1751, PF1530) (Yoon et al., 2011) are underlined/in bold. ). A TATA-like conserved core promoter motifs, centered ~26 nt upstream of
TSSs are highlighted in green. Individual site scores are given at right side.



Figure S3. Phylogenetic footprinting of upstream regions of thiamine biosynthesis/transport genes and identification of candidate ThiR-binding sites
in diverse archaeal lineages.
C. Halobacteria

Upstream promoter regions of thid

TAYnACnnnGTnRTAYnACnnnGTnRTA Site scores
HFX_0634 TCCCGTCAGAAGTCGCCC————— ATCAGTAGA-——-TTTTACTACTTGGTGGEMTCACTAAGTAGTATGTC 4.69/ 4.65
HVO_0665 CTAGGTCGCCGCGCGCGCG-——-—-ACCACCAGAT---TTTTACTACTAGGTAGEET CACTAAGTAGTATGTC 4.57/ 4.65
Hlac_2980 TTACCACTCCGAGAAACCGACCGACCACAAACCACT-TGTACCACCGGGAG TCACTAAGTGGTATGAC 3.90/ 4.77
Nmag_2419 TGCGAATC——————————————— ATCGCGACAGACTTTTCACTACTGGATG CCACCTAGTTGTATGAG 3.90/ 4.68
Htur_1462 TATCCGTIGGCT-———————-— C-—ATCACGATAGACTTTTCACCACGCGGTGCEMBMCCACCAAGTTGTATGAG 3.53/ 4.68
Halxa_2863 TATCAGCAGCGCAAC-——————-— ATCACGATAGGTTTTTCACCACTGAGTCCEMCCACCTAGTTGTATGAG 3.37/ 4.68
NJ7G_3680 TTCCGATCGCG-————————=——— GCTGCGATAGGCTTTTCACTACCAAGTC CCACCTAGTTGTATGAG 3.90/ 4.68
Natpe_2830 TTCGGGCATCG-———————=——— GCTGCGATAGACTTTTTACTACTAGGTC CCACCTAGTTGTATGAG 4.08/ 4.68
Hmuk_0002 GTCGAATCGCGTCAGCGAGTCCAGACCGGAACCACTAT-TGCAACGTGGTGGEMBMCCACTAGGTTGTATGAG 3.48/ 4.68
rrnAC1782 TGCGAGCAGCGACTGGTICTCTGCATCAGAACG-ACTATGTACCACCAAGAG TTACTAGGTGGTATGAG 3.90/ 4.63
HAH_2313 ATTCAGCAAACAGACGAGGCC-—-ATCAGAACG-ACTATGTACCACCAAAGAATATCACTAGGTGGTATGAG -/ 4.75
* * * k% * % * % * Kk kkkkk
Upstream promoter regions of thiC
TAYNACNnnGTnRTAYnNnACnnnGTnRTA Site scores
Hbor_14920 GGTCGGCAACGC————— TTATTATTCGGTAGEMT CACTAGGTAGTCGATGACG-——-ACGCAGTTCCAACACGC 3.96/ 4.41
Halru_0933 TCACCGCTCCACAGGTATTATGACTTAGTAGEMCTACCTAGTGATC-ATGCCGCGTACCCAACGCCAGGCAGC 4.10/ 4.41
HVO_2154 CCCGCCCGTCACAACTGTTATTAACTAGTTGEBTCACTAGCTAATCAATGGCGTCGACACAGCTCCAACACGC 3.66/ 3.84
VNG_0715G CGTCGACCACGTGATT-TTATTATCTAGTGGMTCACTAAGTAATTGATGTCA-——-ACACAGCTCCAACACGC 4.06/ 4.40
NP2210A ACCCGGCAGTAG-——-TTTTATTAGCTGGTTGEMBT TACTAGATTGTTGATGACG——-—ACGCAACTACAGCACGC 3.97/ 3.74
HFX_2195 GCCGCTTGTCATAAAGATTATCAGCTAGTGGMTAACTAGGTGGTTAATGGCGTCAACTCAAATGCAGCGTGC 4.24/ 4.43
Hmuk_2297 GACGAGACTGGGAACTTTTATAATCTAGTG TAACTAGCTTATCTATGACG-—-ACCCAGCTCCAGCGTGC 3.99/ 3.70
rrnAC1182 GTTCGACCATAGTGTT-TTATAACTTGGTAGEMETAACCTAGTGATT-ATG—————~— ACGCAGATGGCAGCAGC 4.50/ 4.37
HAH_1784 ACCGATCACCGCAGCT-TTATAACCAAGTAGEETAACCTAGTGATT-ATG—————— ACGCAGCTAGCAGCGGC 4.50/ 4.37
Nmag_2593 GATCGGTGCCACGAAT-TTATAATCTAGTA. CAACCTAGTTATCCATGGGTCGAACCCAGCTAGCTGCTGC 3.87/ 4.27
Halxa_3896 GTGACGGGACAACTAT-TTATAACTAGATC CAACCTAGTTATCGATGGCGAACACCCAAATTGCCGCCGC 3.44/ 4.27
Htur_1332 TCCCAGCGCAAGCGCT-ATATAACTCGATG CAACCTAGTTATCGATGGCGCGAACCCAGATCCAAGCCGC 4.01/ 4.27
NJ7G_3772 CGGAGCCGATAGTGAT-TTATAATTCAGTA CAACCTAGTTATCGATGCCGCAGACTCAGATCCAGGCCGC 3.91/ 4.27
Natpe_3081 CGGGAGCGGGAGAGTT-TTATAACCTAGTAGEMCAACCTAGTTATCGATGTCGAAAACGCAGATTCAGGCCGC 4.50/ 4.27
*k Kk Kk * * % * % * * * k% *k kK * %

Upstream promoter regions of thiBPQ
TAYNACNnnGTnRTAYnNnACnnnGTnRTA Site scores
Huta_0388 AACGCGAGAGGTTTAATACCACTGAGTC CCACCAAGTGGTGAAACGACG 3.84/ 4.44
Htur_2516 ATCAGA-GGGATTAA-GACCACCCAGTGGEMCCACCGTGTAATGAGACGACG 4.21/ 3.87
rrnAC0147 AACAGC-GGGATTAAGTACCACTGGGTGTEMCCACGGTGTAATGGATAGACG 3.86/ 3.49
HAH_0897 AACACC-GGCGTTAAGTACCACTGGGTGTEMCCACGGAGTAATGGATAGACG 3.86/ 3.90

HVO_0022 ATCACG-CCCGTTAAGTACCACAGAGTACHMBCAACCGAGTAATGAGACGACG 3.23/ 4.15
HFX_ 0021 ATCACG-GGCGTTAAATACCACACAGTACHBCAACCCGGTAATGAGACGACG 3.23/ 4.13
Nmag_0460 ATCA---—- ACTTAC-AACCACAGAGTGTHEBCCACTGGGTGATGAGACGACG 3.53/ 4.40
NJ7G_0450 ATCACG-GGICTTAA-GACTACCTAGTGCHEBMCCACCCGGTAATGAGACGACG 3.32/ 4.26
Natpe_3863 ATCAC--GCCGTTTAAGACCACTGAGTGTEMCCACCGAGTAATGGATCGACG 3.91/ 4.28
Halxa_0707 ATCACA-GCGGTTAA-GACCACTCAGTAGHEBCAACCGCGTAATGAGACGACG 4.11/ 3.78

Hbor_02000 ATGACG-CAGGTTAAGTATGACCAAGTGGEECTACTCAGTAATGAGACGACG 3.55/ 4.15
Hlac_2697 CGCGGATCCTTITTTGTAACCACCGGGTGTHEBCAACCCGGTAATGACTAACGA 3.90/ 4.13
Halru_0146 AAATGCTGGTTCTTAAGACCACCCAGTGGEECCATCCAGTAATGAGACGACG 3.96/ 3.68

Candidate ThiR-binding sites are highlighted in yellow. 15-nt consensus site is given on top of each alignment. Most of the identified ThiR sites in Halobacteria are
organized in tandems that overlap by 2 nt (the overlapping nucleotides are highlighted in red). Translation start sites are in red. Experimentally determined transcription
start sites in Haloferax volcanii (thi4, thiC) (). Maupin-Furlow, personal communication) are underlined. A TATA-like conserved core promoter motifs, centered ~26 nt
upstream of TSSs are highlighted in green. Individual site scores are given at right side. Weaker sites with scores that are 15% less than the threshold (3.85 for
Halobacteria) are underlined. Consensus AC/GT positions are in bold.



Figure S3. Phylogenetic footprinting of upstream regions of thiamine biosynthesis/transport genes and identification of candidate ThiR-binding sites
in diverse archaeal lineages.

D. Thermoproteales — Pyrobaculum spp. (Motif 11)

Upstream promoter regions of thid AWAAWNNNWTTWT Site scores
Pisl 1998 CCCGTCTCTTAGGGGCTG-TTCAGCGGTGAAAAGATATTTATCTATACCACATTTATTACTTATGGAGTTAAARAATCG 4.44
Tneu_1052 GCGGCTGTGGTGGGGTAGCTTCTGCGTCCAAAATCTATTTATTTGGATTATATTTGTTGCTTATGGAGCTGAAGATCG 4.46
MSUCoA1_02190 GCCGTC-=—————- GTCGCCTTCGAG---ATAATATATTTATAGTCATATCATTTAGTACTTATGGAGCTGAAGATCG 4.96

* K * * * * K * Kk k Kok ok ok ok ok ok * * ok Kk k Kk kkkkkAkkkhkk Kk kk kkkk

Common upstream promoter regions of divergently transcribed genes thiT and thid

AWAAWNNNWTTWT AWAAWNNNWTTWT Site scores
PAE0176 thiT <- CATAAGCCAATATTCAAATCTAAATAAAAATATTATCTCGGCGATTTACGCCG-GAGAAAAATTTATTATTGAATTCGGATAATTACTTTATG —->thid4d 5.16 / 4.79
P186_0937 CATAAGCAACTACTTGATTCCAAATAAAAACATTATCCCCCACGGATACGCTGAGAGAAAAATTTATTATAGAAATCGGATAATGTGGTTATG 4.88 / 4.79
Rk S S O S R Sk 2k ik k3 ik S b b bk kS KAXKKAKX K KAAXXAXXAXAXAXAKAXAXAXAKAXAAKX *AAK*x *AAXAXAXAXAKKK KKK KK
Common upstream promoter regions of divergently transcribed genes tenA and thiT AWAAWNNNWTTWT Site scores
MSUCoAl_02193 tenA <— TCTCCGATGCCATAAACAGCTAATGAAGGTGGTATAAAAGATTTTTTGGAAAATATATTTATATGGATTAGATTAAGGCTTTATGG —>thiT 4.30 / 4.79
Tneu_1075 TCTCGGTGGCCATATCCCCCCTCTGTCTTGCACAT —————————————— AAAAATTTTTTATATGGAAGTCATCAGCCTTTTATGG 5.12
Pisl 1973 TTTCCGTTGCCATATACGTCAGATCTCCCGCCTAT—————————————~— AAAAATTTTTTATATGGAAAAGATCAATTAGTTATGG 5.12
* kK x * Kk ok ok ok ok * * * * x * Kk ok k * khkkkkkkkkk * k  x * Kk ok ok ok ok
Upstream promoter regions of tenA AWAAWNNNWTTWT Site scores
P186_0930 TAAA-—————————————— TCAGTGTA-———————————————— ATAACGTTTTTATATTCAGGGGATAAATGTCTTATGTCGTCGGCTGAGTTGAG 4.62
Pogu_2702 TAAAGCCGCCTCTGCGCCTCTGTATGTCGGCAAAGGATTTTTCATAAAGTTTTTATAGGTCCTAGATAATTGTCTTATGGCTACGGAGGAGTTGAG 5.01
Pars_2186 TAAAGCCGCCTCTGCGCCTCTIGTTTGTCGGCAAAGGATTTTTCATAAAGTTTTTATAGGTCCTAGATAATTGTCTTATGGCTACGGAGGAGTTGAG 5.01
PAE0170 TA-———————— CTCCCCCTCTTTAT ATAAAATTTTTATCCCAGTTAGATAATTCACTTATGGTAACTGGGGAGTTGAG 5.29
*x * x *  x * KKK KKK KKK K KKK KK Kk KKK KKK *  x KKK KK KKK
Upstream promoter regions of thiT AWAAWNNNWTTWT Site scores
Pcal_0348 GGAAAGCCCGCCGTCTGTTTTCCAAAGGCGGAAAACCCGGCGATAATGTATTTATCTTAC-TCAAATAATTAACATATG———GACAAGTGGACTAGG 4.68
Pars_2195 GAACACACCGATATTTA CGCAGATAAAATATTAATAGTAA-TTGGATTAGTTTGTTATGCCTGAGAGTTGGAAGAGG 4.36
Pogu_2693 GGCCACGCCATTATCTA-——————————————————— CGCAGATAAATTATTAATAGTAATTTGGATTAGTTTATTATGCCTGAGAGTTGGAAAAGG 4.16
* * * x * % * x * Kk ok ok k *kk Kk kK * x * * Kk ok K * Kk Kk k *k*  x * Kk K * k%

Candidate ThiR-binding sites are highlighted in yellow. 13-nt consensus site is given on top of each alignment.
Translation start sites are in red. Individual site scores are given at right side.

E. Thermoproteales — Thermofilum spp. (Motif Ill)

Upstream promoter regions of ykoEDC

TATAACNnnnGTTATA TATAACnnnGTTATA Site scores
Tpen_0068 ATATCCTTTGAATGCATTAACCGCTAGAGG----ATATAACTTGGTTAAATTGAAAGATTCTTCCTCATAACCGAGTTATA-————— TAAAATAA 5.02 / 5.43
TCARB_1340 --ATCTTACGACGAGA--AACTTTTAAAGGTAATCTATAACTCTGTTATGTTCTCA-—-TTTACCTCAAAACTCGGTTATAAAGAAATGAAATAA 5.18 / 5.16
N186_01265 ——ATCTTACGACGAGA--AACTTTTAAAGGTAATCTATAACTCTGTTATGTTCTCA-—-TTTACCTCAAAACTCGGTTATAAAGAAATGAAATAA 5.18 / 5.16

kkx K k% * Kok ko Kok ok Kk kkkokKk  kxkkKk k% * Kk k kokkkk Kok Kk kK Kk K Kk kK ko ok
TATAACNnnGTTATA
Tpen_0068 TTGTGCTTAACCTTAAG-——————————— GCTACGGGAAAATTTATAACCAGGTITTTGTAGTTTTCAACGCGATGAGGGAAGAAAAACTCAGAGTAGAA 5.06
TCARB_1340 ————— CTTCTTCTTAAATGGTGGAAAGTGCAAACGTTAAGCATATAAATCAGTTTTAGAAAATAAAA-—-AATGATGAACGAAAAACTAAGAATTGAA 5.22
N186_01265 ————— CTTCTTCTTAAATGGTGGAAAGTGCAAACGTTAAGCATATAAATCAGTTTTAGAAAATAAAA-——-AATGATGAACGAAAAACTAAGAATTGAA 5.22
* ok ok Kok kK k *k ok K xx Kok KKk Kk kKK K * k% Kkkk ok ok kkkkkkkk kokk Kk Kkokok

Candidate ThiR-binding sites are highlighted in yellow. 15-nt consensus site is given on top of each alignment.
All identified ThiR sites in Thermofilum spp. are organized in tandems of three sites with variable distance between sites.
Translation start sites are in red. Individual site scores are given at right side.



DNA'bmdlng domain XRE famlly (C062522) Th:LN/ZPBQ—>MSLEKWRIY————EELTN——AVREFES INPVRL 291

MK1_29690 ------------ MLPNVRGLVAKRLRAS; SRIASLI PAVKOYLDGPEQEYKENLVKLGLSVSEIEFLISSISSLLSMGR ElSAYITVFGLSNLSRLRFCEFHRRFNPSISPD—-—CRICQGFYREN-———EENELELAVSMIRN PEVAKL 140
Msed 2166 MLDEPLSLIEDILLPNVRGLVAKRLRAQ RIAVLV PAIKQYLDEPEDDLRGKLGEAGLSNEEIDSLVSNLVSLVSSG! EASLYFTTFGLMMLSQLKLCNFHRRVNSSISSD---CRICQSLYKED----EESQLOLALSLLRN-ESVSKL 152
Mcup 0124 ~MLPNVRGLVAKRLRAQ KIAVLV PAIKQYLDAREEDFRQKLYEAYLKDEEIEAIISNLVNLVSNGEKEEASLYFTTLGLMFLSELRLCSLHRKINTSIPPD---CRICTGLYKEE----EERELQLALSLLKN-REVSNL 140

YLDIQDRFYLEKLHDLGLTDDEINNILDMLTDVLLSGDIKNVMDFFTSVGLSYLSKLRFCTFHRKLNPKIPQD---CSICENLYRED----EEEEMNVALSMION-EIISPL 152
YLDEPENSYIKRLONLGLTREEIDDFLDKLTQLLINGDPKQVMOYISVFFLSNLSRLKFCKYHKMIDSEIPVD---CDICKSLYKEN----EEEMMELALSMLON-ESVAEL 160
YLDERENSYIKRLONLGLTREEIDDFLDKLTQLLINGDPKQVMOYISVFFLSNLSRLKFCKYHKMIDSEIPVD---CDICKSLYKEN----EEEMMELALSMLON-ESVAEL 160
¥ LDEBENFQYEKLRELGLKDEEIEDITQDLVNILNKNDEKSAMY¥ITDIGLRYLSELKFCKFHKENDKYIPQOD---CDICRYIYRON----EEERMEIALSMLON-EFVEPL 167
YLDEREQEEVNKIRKMGLNEEEIYDVVNNVVELLLR KSAMYYITDFGLRVLNELKLCKYHREINNLIPQD---CDICKLFYHSS----DEEIMDIAISLIQON-PIVAPL 152
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Figure S4. Alignment of the thiamine regulators ThiR in Archaea. MK1_29690 denotes the characterized in this work ThiR protein
from Metallosphaera yellowstonensis. Mk1. C-terminal domain in ThiR is aligned with thiamine phosphate synthase domain ThiN from
Pyrococcus furiosus. (PDB ID 2PB9). Conserved residues in ThiR and ThiN proteins are marked with asterisk. Red asterisks indicate
conserved residues that are presumably involved in thiamine phosphate binding, they were also bound phosphoric acid in 2PB9.
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Table S1. (A) Distribution of thiamin biosynthesis / salvage and ThiR genes in archaeal genomes.

Thiamine biosynthesis and salvage enzymes >

Genomes / Lineage (number of Pheno- | Thiamine Repressor
genomes per lineage type' ThiR? ThiC Thi4 ThiM ThiE ThiD ThiDN TenA
Crenarchaeota / Thermoprotei
Sulfolobales (8) ThiR ThiC Thid ThiDN TenA

Metallosphaera yellowstonensis MK1*
Metallosphaera cuprina Ar-4
Metallosphaera sedula DSM 5348
Sulfolobus acidocaldarius DSM 639
Sulfolobus islandicus Y.N.15.51
Sulfolobus solfataricus P2
Sulfolobus tokodaii str. 7
Acidianus hospitalis W1
Thermoproteales (13)
Caldivirga maquilingensis 1C-167
Pyrobaculum aerophilum str. IM2
Pyrobaculum arsenaticum DSM 13514
Pyrobaculum calidifontis JCM 11548
Pyrobaculum islandicum DSM 4184
Pyrobaculum oguniense TE7
Pyrobaculum sp. 1860
Pyrobaculum yellowstonensis WP30
Thermoproteus neutrophilus V24Sta
Thermoproteus tenax Kra 1
Thermoproteus uzoniensis 768-20
Vulcanisaeta distributa DSM 14429
Vulcanisaeta moutnovskia 768-28
Thermoproteales - Thermofilum (4)
Thermofilum carboxyditrophus 1505
Thermofilum pendens Hrk5
Thermofilum sp. 1807-2
Thermofilum sp. 1910b
Desulfurococcales (13)
Aeropyrum camini SY1
Aeropyrum pernix
Desulfurococcus fermentans DSM 16532
Desulfurococcus kamchatkensis 1221n
Desulfurococcus mucosus DSM 2162
Hyperthermus butylicus DSM 5456
Ignicoccus hospitalis KIN4/I
Ignisphaera aggregans DSM 17230
Pyrolobus fumarii 1
Staphylothermus hellinicus DSM 12710
Staphylothermus marinus F1




Thermogladius cellulolyticus 1633

Thermosphaera aggregans DSM 11486
Acidilobales (2)

Acidilobus saccharovorans 345-15

Caldisphaera lagunensis DSM 15908
Fervidicoccales (1)

Fervidicoccus fontis Kam940

Euryarchaeota
Thermococci (15)

Pyrococcus abyssi GE5

Pyrococcus furiosus DSM 3638

Pyrococcus horikoshii OT3
Pyrococcus sp. NA2
Pyrococcus sp. ST04

Pyrococcus yayanosii CH1
Thermococcus barophilus MP
Thermococcus gammatolerans EJ3
Thermococcus kodakaraensis DSM 3638
Thermococcus litoralis DSM 5473
Thermococcus onnurineus NA1
Thermococcus sibiricus MM 739
Thermococcus sp. 4557
Thermococcus sp. AM4
Thermococcus sp. CL1
Halobacteria (17)
Haloarcula hispanica ATCC 33960
Haloarcula marismortui ATCC 43049
Halobacterium sp. NRC-1
Haloferax mediterranei ATCC 33500
Haloferax volcanii DS2
Halogeometricum borinquense DSM 11551
Halomicrobium mukohataei DSM 12286
Halopiger xanaduensis SH-6
Haloquadratum walsbyi DSM 16790
Halorhabdus utahensis DSM 12940
Halorubrum lacusprofundi ATCC 49239
Haloterrigena turkmenica DSM 5511
Halovivax ruber XH-70
Natrialba magadii ATCC 43099
Natrinema pellirubrum DSM 15624
Natrinema sp. J7-2
Natronomonas pharaonis DSM 2160

"Predicted TBP phenotypes: P, B1 prototroph; A, B1 auxotroph, As, B1 auxotroph with HMP/HEP precursor salvage; Ah, HMP auxotroph; T, B1/precursor transporter is present.
2 Predicted ThiR-regulated genes are marked in red, genes that are preceded by candidate ThiR-sites are marked with '&'



Table S1. (B) Distribution of thiamin-related transporters, ThiL and ThiR genes in archaeal genomes.

Thiamine Uptake transporters for thiamine and its precursors 2
Genomes / Lineage (number of Pheno- | Thiamine Repressor | phosphate
genomes per lineage type' ThiR? kinase ThiL |B1 / HMP transporters HMP transporter HET transporter
Crenarchaeota / Thermoprotei
Sulfolobales (8) ThiR ThiL ThiT

Metallosphaera yellowstonensis MK1*
Metallosphaera cuprina Ar-4
Metallosphaera sedula DSM 5348
Sulfolobus acidocaldarius DSM 639
Sulfolobus islandicus Y.N.15.51
Sulfolobus solfataricus P2
Sulfolobus tokodaii str. 7
Acidianus hospitalis W1
Thermoproteales (13)
Caldivirga maquilingensis 1C-167
Pyrobaculum aerophilum str. IM2
Pyrobaculum arsenaticum DSM 13514
Pyrobaculum calidifontis JCM 11548
Pyrobaculum islandicum DSM 4184
Pyrobaculum oguniense TE7
Pyrobaculum sp. 1860
Pyrobaculum yellowstonensis WP30
Thermoproteus neutrophilus V24Sta
Thermoproteus tenax Kra 1
Thermoproteus uzoniensis 768-20
Vulcanisaeta distributa DSM 14429
Vulcanisaeta moutnovskia 768-28
Thermoproteales - Thermofilum (4)
Thermofilum carboxyditrophus 1505
Thermofilum pendens Hrk5
Thermofilum sp. 1807-2
Thermofilum sp. 1910b
Desulfurococcales (13)
Aeropyrum camini SYA1

Aeropyrum pernix
Desulfurococcus fermentans DSM 16532




Desulfurococcus kamchatkensis 1221n
Desulfurococcus mucosus DSM 2162
Hyperthermus butylicus DSM 5456
Ignicoccus hospitalis KIN4/I
Ignisphaera aggregans DSM 17230
Pyrolobus fumarii 1
Staphylothermus hellinicus DSM 12710
Staphylothermus marinus F1
Thermogladius cellulolyticus 1633
Thermosphaera aggregans DSM 11486
Acidilobales (2)
Acidilobus saccharovorans 345-15
Caldisphaera lagunensis DSM 15908
Fervidicoccales (1)
Fervidicoccus fontis Kam940
Euryarchaeota
Thermococci (15)
Pyrococcus abyssi GE5
Pyrococcus furiosus DSM 3638

Pyrococcus horikoshii OT3

Pyrococcus sp. NA2
Pyrococcus sp. ST04

Pyrococcus yayanosii CH1
Thermococcus barophilus MP
Thermococcus gammatolerans EJ3
Thermococcus kodakaraensis DSM 3638
Thermococcus litoralis DSM 5473
Thermococcus onnurineus NA1
Thermococcus sibiricus MM 739
Thermococcus sp. 4557
Thermococcus sp. AM4
Thermococcus sp. CL1
Halobacteria (17)
Haloarcula hispanica ATCC 33960
Haloarcula marismortui ATCC 43049
Halobacterium sp. NRC-1
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Haloferax mediterranei ATCC 33500
Haloferax volcanii DS2
Halogeometricum borinquense DSM 11551
Halomicrobium mukohataei DSM 12286
Halopiger xanaduensis SH-6
Haloquadratum walsbyi DSM 16790
Halorhabdus utahensis DSM 12940
Halorubrum lacusprofundi ATCC 49239
Haloterrigena turkmenica DSM 5511
Halovivax ruber XH-70

Natrialba magadii ATCC 43099
Natrinema pellirubrum DSM 15624
Natrinema sp. J7-2

Natronomonas pharaonis DSM 2160

'Predicted TBP phenotypes: P, B1 prototroph; A, B1 auxotroph, As, B1 auxotroph with HMP/HEP precursor salvage; Ah, HMP auxotroph; T, B1/precursor tr
2 Predicted ThiR-regulated genes are marked in red, genes that are preceded by candidate ThiR-sites are marked with '&'



Table S2. Predicted ThiR-binding sites and reconstructed regulons in archaeal genomes.

Genome / Lineage (Motif type)

ThiR gene

locus_tag

Sulfolobales (Motif-1)
y is MK1

P

Metallosphaera sedula DSM 5348
Metallosphaera cuprina Ar-4
Sulfolobus acidocaldarius DSM 639

Sulfolobus solfataricus P2

Sulfolobus tokodaii str. 7

Sulfolobus islandicus Y.N.15.51

Acidianus hospitalis W1

Thermoproteales (Motif-11)
Pyrobaculum aerophilum str. IM2

Pyrobaculum sp. 1860

Pyrobaculum oguniense TE7
Pyrobaculum arsenaticum DSM 13514

Pyrobaculum calidifontis JCM 11548

Pyrobaculum islandicum DSM 4184

WP30

Pyr y

Thermoproteus neutrophilus V24Sta

Thermoproteus tenax Kra 1

Thermoproteus uzoniensis 768-20
Vulcanisaeta distributa DSM 14429

Vulcanisaeta moutnovskia 768-28

Caldivirga maquilingensis 1C-167

MetMK1DRAFT_00029690

Msed_2166

Mcup_0124

Saci_0437

S500468

ST0179

YN1551_1174

Ahos_0963

PAE2210

P186_0445

Pogu_0189

Pars_1934

Pcal_0941

Pisl_0839

MSUCo0A1_00968

Tneu_1384

TTX_0743

TUZN_0486
Vdis_2360

VMUT_0712

Cmaq_1034

First gene ThiR-binding site and consensus Distance | roq
Target operon’ locus tag Position  Score  Sequence tandem |POSi-
Threshold=5.1 nwTATAAnnnnnnTTATAwn ThiR boxes tion®
thi4 MetMK1DRAFT_00023630 -41 5.89 taTATAAtcTAGTTTATAAG validated
thiT MetMK1DRAFT_00019590 -42 527  taaATAAgTaAgTTTATAAC validated
tenAl-tenA2 MetMK1DRAFT_00024350 -39 5.09 aTTATAARaTgATTTATAtC validated
thi4 Msed_2221 -43 5.98 tTTATAACTTAQTTTATAAG
thiC Msed_0906 -17 5.75 CTTATAACTTACTTTATAAL
thi4 Mcup_0086 -41 5.82 taTATAAtcTAgCTTATAAG
thi4 Saci_0854 37 5.6 CaTATAAGTgAgTTTATAAC
thiT Saci_2110 -41 5.21 aaTATAACTaAcCTTTATAAC
thiC Saci_0137 -31 5.18 tTTATAAtcTAGTTTATtga
thi4 5500436 -40 5.66 taTAaAAGTTAATTTATAAG 0bp
thiT SS01593 -41 5.25 aaaATAAgTgACTTTATAAG 0bp
tenA 5502089 -40 5.51 gTTATAAAQTAATTTATAAL 0bp
thi4 5T0361 -32 5.39 taTATtAgcTAGTTTATAAL
thiT ST1132 -41 5.52 CaTATAAGTaggTTTATAAG
thi4 YN1551_1140 -40 5.66 taTAaAAGTTAATTTATAAG
thiT YN1551_2514 -41 5.25 aaaATAAgTgACTTTATAAG
tenA YN1551_2613 -40 5.4 CTTATAAAATGATTTATAAL
thi4 Ahos_0692 -43 5.91 taTATAACTTAQTTTATAAG
thiT Ahos_0145 -41 5.8 CTTATAAGTaAgTTTATAAL
thiC Ahos_1208 -20 5.14 CTTATtAAgTCACTTATAta
Threshold=4.5 AWAAWNNNWTTWT
tenAl-tenA2 PAE0170 -34 5.29 ATAAAATTTTTAT
thi4 PAEQ175 -65 4.79 ATAAtAAATTTET 33nt
-32 5.16 ATAAtATTTTTAT
thiT PAE0176 -67 5.16 ATAAAAATATTAT
-34 4.79 AaRAAAtTTaTTAT
thi(DN) PAE2535 37 5.12 ATAAAAATTTTET
thiC PAE0333 -17 433 AaAACtAaTTTAT
tenAl-tenA2 P186_0930 -34 4.62 ATAACgTTTTTAT
thid P186_0936 66 4.79 ATAAtAAATTTET 34nt
-32 4.88 ATAAtgTTTTTAT
thiT P186_0937 62 4.88 ATAAAAACATTAT
-28 4.79 AaAAAtTTaTTAT
tenAl-tenA2 Pogu_2702 -32 5.01 ATAAAGTTTTTAT
thiT Pogu_2693 -33 4.16 ATAAAtTaTTaAT
tenAl-tenA2 Pars_2186 -34 5.01 ATAAAGTTTTTAT
thiT Pars_2195 -34 4.36 ATAAAATaTTaAT
thiT Pcal_0348 -32 4.68 ATAAtgTaTTTAT
tenA2 Pcal_1316 -34 4.15 tTAAtgTTTTTAT
tenAl Pcal_1890 -32 417 AaAAACCTTTTAT
thi(DN) Pisl_1419 -10 4.73 AaAAAATTGTTAT
thiC Pisl_1450 -32 4.66 AaAAtcTTTTTAT
thiT Pisl_1973 34 5.12 ATARAAATTTTLT
tenAl-tenA2 Pisl_1974 -34 5.12 AaAAAATTTTTAT
thi4 Pisl_1998 2 4.44 AaBRAgATaTTTAT
thiC MSUCoA1_00516 -32 5.16 ATAAtATTTTTAT
thi4 MSUCoA1_02190 32 4.96 ATAAtATAaTTTAT
tenAl-tenA2 MSUCoA1_02192 -48 4.79 ATAAAtATaTTET 16 nt
-32 43 AaRRAAtcTTTTAT
thiT MSUCoA1_02193 -50 43 ATAAAAGaTTTET
-34 4.79 AaRAtATaTTTAT
thiC Tneu_0530 5 4.4 AaRACcTTTTTAT
thi4 Tneu_1052 -32 4.46 AaBAtcTaTTTAT
tenAl-tenA2 Tneu_1074 -32 5.12 AaAAAATTTTTAT
thiT Tneu_1075 -36 5.12 ATARAAATTTTET
thi(DN) Tneu_1881 -50 4.45 AaRAcgTTTTTAT
thiC TTX_0287 -32 4.89 ATAAAtTaTTTAT
thi4 TTX_0666 -15 45 ATAAACTGaTTAT
thi4 TUZN_0079 8 4.23 ATAAAtTTaaTAT
thiT2 Vdis_2247 -32 4.99 ATAAAAATATTET
thiT Vdis_2303 -38 4.08 ATAAAtgTgTTAT
thi4 Vdis_2373 37 4.37 ATAACtTQTTTAT
thi(DN) Vdis_2402 -39 4.39 ATAAAAQCTTTAT
thiT VMUT_0613 -7 4.7 ATAAAtTTGTTAT
thi4 VMUT_0723 37 4.37 ATAACtTQTTTAT
thi(DN) VMUT_0747 -38 4.47 ATAAAAQaTTTAT
thiM-thiE Cmag_0062 -66 476 ATAAttAaTTTAT




Thermoproteales (Thermofilum) (Motif-1ll)
Thermofilum pendens Hrk5 Tpen_0069

Thermofilum sp. 1910b N186_01270
Thermofilum carboxyditrophus 1505 TCARB_1341
Thermofilum sp. 1807-2 TCARB_1341

Desulfurococcales (Motif-1V-a)
D fer DSM 16532 pesfe_0411

D is 1221n DKAM_0343

Desulfurococcus mucosus DSM 2162 Desmu_0750

Staphylothermus marinus F1 Smar_1383

Staphylothermus hellinicus DSM 12710 Shell_1065

Thermosphaera aggregans DSM 11486 Tagg_0649

Ther ladil yticus 1633 TCELL_1104
Desulfurococcales (Motif-1V-b)
Hyperthermus butylicus DSM 5456 Hbut_0125

thi(DN) Cmag_0452 -62 4.18 ATAACCATGTTAT
thiT Cmag_0759 -25 4.37 ATAAAtTggTTAT
thi4 Cmaqg_1420 -64 4.43 ATAAAAATagTAT
Threshold=5.0 TATAACNnnGTTATA
ykoEDC Tpen_0068 -113 5.02 TATAACTtgGTTAaA
-82 5.43 CATAACCGAGTTATA
-28 5.06 TATAACcagGTTtTg
thiR Tpen_0069 -170 5.06 CcAaAACCtgGTTATA
-116 5.43 TATAACTCGGTTATY
-85 5.02 TtTAACCAAGTTATA
ykoEDC N186_01265 -169 5.18 TtTAACTCAGTTATA
-122 5.16 TATAACTCEGTTATg
94 5.22 cAaAACTCGGTTATA
thiR N186_01270 -90 5.22 TATAACCGAGTTtTg
-62 5.16 CATAACAGAGTTATA
-15 5.18 TATAACTGAGTTAGR
ykoEDC TCARB_1340 -171 5.18 TtTAACTCAGTTATA
-124 5.16 TATAACTCEGTTATg
-96 5.22 cAaAACTCGGTTATA
thiR TCARB_1341 112 5.22 TATAACCGAGTTtTg
-84 5.16 CATAACAGAGTTATA
37 5.18 TATAACTGAGTTAGA
ykoEDC MAO03_01135* -161 5.23 TAaAACTagGTTATA
-86 5.31 CATAACTagGTTATA
33 4.75 TATAACcagaTTATA
thiR MAO03_01130 -165 475 TATAAtCtgGTTATA
-112 5.31 TATAACCtAGTTATg
37 5.23 TATAACCtAGTTtTA
Threshold=4.5 WwATAACNNnGTTATwWwW
X-thiC Desfe_0199 -62 4.99 TAATAACaTtaTTATCA
thi(DN) Desfe_0794 53 47 TtATARatTtGTTATTY
thi4 Desfe_0795 51 47 CAATAACaRatTTATaA
ykoE Desfe_0090 -58 4.63 TAATAACCAtGaTATag
ykoDC Desfe_0187 35 4 aAgTAgCtAaaTTATTA
X-thiC DKAM_0123 -92 5.12 TAATAACATtGTTATCA
thi4 DKAM_0713 -49 47 CAATAACaRatTTATaA
thi(DN) DKAM_0714 -40 47 TtATARatTtGTTATTY
ykoE DKAM_1465 -46 4.92 TAATAACCAtGaTATaA
ykoDC DKAM_0109 21 4 aAgTAgCtAaaTTATTA
cytX-X-thi(DN) Desmu_0542 -67 4.82 CgATAACtTaaTTATTA
ykoE Desmu_0176 -65 4.34 TgATAACATGGTGATTE
ykoDC Desmu_0257 -43 431 TAATAAACTCGTTATcCt
thi(DN) Smar_0049 -73 4.49 CgATAAtCAaGTTATat
-50 4.77 TgATAACtAaaTTATat
ykoDC Smar_0050 -58 477 atATAAttTaGTTATCA
35 4.49 atATAACtTGaTTATcg
thi4 Smar_0052 -60 5.19 TtATAACCTGaTTATTA
37 4.29 TAATAACCgaGTaATaA
ykoE-tenA Smar_0053 -64 4.29 TtATtACtcGGTTATTA
-41 5.19 TAATAAtCAGGTTATaA
ykoE-tenA Shell_0763 -63 4.28 TtATtACtcaGTTATTA
-40 5.18 TAATAAttAGGTTATaA
thi4 Shell_0764 -63 5.18 TtATAACCTaaTTATTA
-40 4.28 TAATAACtgaGTaATaA
ykoDC Shell_0766 -56 477 atATAAttTaGTTATCA
33 4.49 atATAACtTGaTTATcg
thi(DN) Shell_0767 -79 4.49 CgATAAtCAaGTTATat
-56 4.77 TgATAACtAaaTTATat
cytX Shell_0907 -66 47 TgATtACCTGGTTATTA
-43 4.95 TtATAACtTGETTATCA
ykoE Tagg_0461 -56 4.97 TtATAACtTaGaTATTA
ykoDC Tagg_0459 -63 43 TQATAAttCGETTATCA
thiD Tagg_0777 -48 413 TAATCACCTaGTaATcA
thiC TCELL_1013 -62 4.57 TtATAACCCGGTTATTg
-39 4.81 TtATAtCCTGaTTATaA
thi4-thi(DN) TCELL_1023 -64 4.14 TgATAAaCgtGTTATag
-41 4.63 TAtTAACCTGaTTATaA
ykoE TCELL_0952 -41 4.85 TAATAACCAGGTTtTaA
ykoDC TCELL_0944 -26 4.06 CgATAACtTGGTTcTag
Threshold=5.0 WWAWWACNNNGTWATwWW
thi4 Hbut_0253 -53 5.01 TTAgaACACTGTAATCT

31nt
54 nt

47 nt
28 nt

47 nt
28 nt

75nt
53 nt

23 nt

23 nt

23 nt

23 nt

23 nt

23 nt

23 nt

23 nt

23 nt

23 nt

23 nt



Ignisphaera aggregans DSM 17230 Igag_0434

Fervidicoccales (Motif-V)

Fervidicoccus fontis Kam940 FFONT_0578
|Euryarchaeota

Thermococci (Thermococcales)

Pyrococcus abyssi GE5 PAB0877
Pyrococcus furiosus DSM 3638 PF0601
Pyrococcus horikoshii OT3 PH0716
Pyrococcus sp. NA2 PNA2_1361
Pyrococcus sp. ST04 Py04_0745
Pyrococcus yayanosii CH1 PYCH_07480
Thermococcus litoralis DSM 5473 0CC_09391

Thermococcus barophilus MP TERMP_01433

Thermococcus sibiricus MM 739 TSIB_0198

thiC Hbut_0289 -70 5.19 TTATTACAGTGTtATGT
thi(DN) Igag_1669 -30 5.05 TTAaTACtTTGTtATAT
thiC lgag_1298 -64 4.6 ATAgTACtACtTAATAA
Threshold=4.8 TnATAANnNnnnTTATnA
thi4 FFONT_0392 -51 4.9 TTATAACARAATTtTtA 23 nt
-28 4.41 TgATtATATaGTTATAL
thiR FFONT_0578 -120 4.91 TaATAATAAQETTtTAA 87 nt
-33 4.22 TaATAACcTgGTaATgt
ykoE FFONT_0579 74 4.89 TTQTAAAATTtTTATAA 34nt
-40 4.84 TTATAtCcTTATTATtA
ykoDC FFONT_0581 -48 5 TaATAATATatTTATCA
Threshold=4.4 AWAACNNnGTTWT
thi4 PABO536 -48 5.1 AtAACaAAGTTTT 21nt
-27 5.4 AAAACTAAGTTTT
thiC PAB1930 -37 4.31 AttACTTgGTTTT 21nt
-16 3.84 AtAACaAgGTgaT
thiB PAB1835 -36 4.07 AARAtcTtaTTTT
tenAA-cytX-thiME(DN) PAB1641 -69 4.89 AtAACCAAGTTTT
thi4 PF1530 -113 4.29 AtAAtaggGTTTT 21nt
-92 5.18 AAAACTTQGTTTT
-47 5.29 AAAACaAAGTTTT 21nt
-26 53 AAAACTCAGTTTT
thiC PF1531 -115 5.3 AAAACTQAGTTTT 21nt
-94 5.29 AAAACTTEGTTTT
-49 5.18 AAAACCAAGTTTT 21nt
-28 4.29 AAAACcctaTTaT
tenAA-cytX-thiME(DN) PF1338 -67 5.02 AtAACTTGGTTTT 21nt
-46 4.05 AcARaaBAAGTTaT
thiB PF1751 -44 4.65 AQAACacAGTTTT 21nt
-23 3.94 AgARaTggGTTTT
thi4 PH1357 -38 5.13 AtAARCaAAGTTTT 21nt
-17 4.51 AAAAtgAAGTTTT
thiB PH1349 -64 4.85 AAtACTTAGTTTT 21nt
-43 4.23 AtAgCTTgGTTTT
tenAA-cytX-thiME(DN) PH1161 -60 4.69 AtAACaAgGTTaT 21nt
-39 4.05 AcARaaBAAGTTaT
thiC PNA2_0094 -39 4.41 AttACTTgGTTTT
thi4-2 PNA2_1583 -38 4.62 AAAAtcAAGTTaT 21nt
-17 4.08 AtAACTTgGTgaT
tenAA-cytX-thiME(DN) PNA2_1769 -67 4.98 AtAACTCAGTTaT 21nt
-46 3.77 AcARaaAgGTTaT
thi4-1 PNA2_1941 -47 5.13 AtAACaAAGTTTT 21nt
-26 53 AAAACTQAGTTTT
thi4 Py04_1231 -39 5.13 AtAACaAAGTTTT 21nt
-18 5.46 AAAACTTAGTTTT
tenAA-cytX-thiME(DN)  Pyoa_0940 -68 4.69 AtAACCAtGTTaT 21nt
-47 3.89 AcARaagAGTTaT
thi4-1 PYCH_06240 -65 5.13 AtAACaAAGTTTT 21nt
-44 5.46 AAAACTTAGTTTT
thiC PYCH_06250 -49 5.46 AAAACTAAGTTTT 21nt
-28 5.13 AAAACTTEGTTaT
thi4-2 PYCH_08650 -36 4.62 AAAAtcAAGTTaT 21nt
-15 4.08 AtAACTTgGTgaT
thiC 0CC_06561 -56 5.3 AAAACTQAGTTTT 21nt
-35 4.73 AAAACTTtaTTaT
-24 4.86 AtAACcAAGTTaT
thi4 0CC_06556 -80 4.86 AtAACTTGGTTaT
-69 4.73 AtAAtaAAGTTTT 21nt
-48 53 AAAACTCAGTTTT
cytX-thiMEW(DN) 0CC_04984 -68 43 ACAACTTgaTTTT 21nt
-47 3.77 AcARaaAgGTTaT
thiB 0cC_11612 -46 4.65 AQAACacAGTTTT 21nt
-25 3.94 AgARaTggGTTTT
thiR-X-yjbQ 0CC_09391 -38 4.74 AtAACCTQGTTTT
cytX-thiM-thiE-thi(DN) TERMP_00505 -70 5.14 AtAACTTAGTTaT 21nt
-49 3.89 AcARaagAGTTaT
thiPQ TERMP_01606 -18 5.46 AAAACTAAGTTTT
thiB TERMP_01742 -70 4.41 ACAAtaAAGTTTT
thiR-X-yjbQ TERMP_01433 -23 4.18 AtAAtccgGTTTT
cytX-tenA-thiMEW(DN) TsIB_0467 -69 5.02 AtAACTTGGTTTT 21nt

-6 bp

-33 bp

-21bp

-20 bp



Thermococcus onnurineus NA1

Ther kodakaraensi.

Ther

Thermococcus sp. 4557

Thermococcus sp. AM4
Thermococcus sp. CL1

TON_1436

DSM 3638 TK2197

EJ3

TGAM_2087

GQS_08390

TAM4_328
CL1_1295

Halobacteria (Halobacteriales / Haloferacales / Natrialbales)

Natronomonas pharaonis DSM 2160

Halorhabdus utahensis DSM 12940

Haloarcula marismortui ATCC 43049

Haloarcula hispanica ATCC 33960

Halomicrobium mukohataei DSM 12286

Haloterrigena turkmenica DSM 5511

Natrialba magadii ATCC 43099

NP5168A

Huta_2411; Huta_2715

rrnAC1777; rrnAC1764

HAH_2305; HAH_2294

Hmuk_1352, Hmuk_0022

Htur_2542, Htur_1469

Nmag_0434, Nmag_2413

-48 4.05 AcARaaBAAGTTaT
thiB TSIB_0369 35 4.49 AgAACagAGTTaT
-14 4.86 AARRATTAGTTTT
thiR-X-yjbQ TSIB_0198 -38 5.14 AtAACTQAGTTTT
thiPQ TON_1959 -16 4.54 AARACCQAGTTGT
thiB TON_0963 -25 3.93 ACAACCQAGTaTT
thiR-X-yjbQ TON_1436 -23 4.58 AtAACcggGTTTT
thiC TK0433 -62 5.46 AAAACTAAGTTTT
-41 5.13 AAAACTTEGTTAT
thi4-thi(DN) TK0434 -67 5.13 AtAACaAAGTTTT
-46 5.46 AAAACTTAGTTTT
thiPQ TK0159 56 4.38 AgAACCQAGTTaT
thiR-yjbQ TK2197 -26 4.26 AtAACCTGGTTGT
thiC TGAM_1269 -61 5.55 AAAACTAAGTTTT
-40 5.17 AAAACTTTGTTAT
thi4-thi(DN) TGAM_1270 -45 5.55 AAAACTTAGTTTT
-66 5.17 ATAACAAAGTTTT
thiB TGAM_1706 -16 4.47 AAAACCGCGTTTT
thiC GQS_02010 -61 5.46 AAAACTAAGTTTT
-40 5.13 AARACTTEGTTAT
thi4-thi(DN) GQS_02015 -67 5.13 AtAACaAAGTTTT
-46 5.46 AARACTTAGTTTT
thiPQ GQS_05315 -18 4.54 AAAACCgAGTTQT
thiB GQS_10685 -26 4.13 AARACcggGTaTT
thiR-X-yjbQ GQS_08390 -25 4.74 AtAACCTgGTTTT
thiB TAM4_1850 24 5.01 AAAACCAtGTTTT
thi4-thi(DN) CL1_0036 -65 5.13 AtAACaAAGTTTT
-44 5.3 AARACTCAGTTTT
thiC CL1_0038 -63 5.46 AAAACTAAGTTTT
-42 5.13 AARACTTEGTTAT
thiPQ CL1_0708 -18 5.02 AARACCQAGTTTT
thiR-yjbQ CL1_1295 -25 4.58 AtAACCCcgGTTTT
Threshold=3.8 TAYnACnnnGTnRTA
thi4 NP5174A -13 4.53 TAtaACTGAGTtGTA
thiC NP2210A -28 3.97 TAttAgctgGTEGTA
-15 3.74 TAttACTagaTtGTt
thiE-thiM NP4054A -13 417 TACCAGCGQGTEGTA
thi4 Huta_2718 -13 4.83 TACCACTaAGTGGTA
thiC Huta_2472 -41 4.56 TAtCACTagGTtaTA
-28 3.93 TAtaAtctAGTaGTA
tenAl-tenA2-thiV Huta_0684 -55 3.93 TAtaAtTtgGTaGTA
-42 3.97 TAttAgTGAGTtaTA
thiBPQ Huta_0388 -24 3.84 TACCACTGAGTcaah
-11 4.44 aACCACCcaAGTGGTg
thi4 rrnAC1782 (-26) 3.9 TACCACcaAGaGaTA
(-13) 4.63 TAttACTagGTGGTA
thiC rrnAC1182 27 45 TAtaACTtgGTaGTA
-14 437 TAtaACCtAGTGaTt
tenAl-tenA2-thiv rrAC1765 -59 4.55 TACaACCcaAGTtGTA
thiBPQ rrnAC0147 -24 3.86 TACCACTGQGTGtgA
-11 3.49 gACCACgGtGTaaTg
thi4 HAH_2313 (-13) 4.75 TAtCACTagGTGGTA
thiC HAH_1784 27 45 TAtaACcaAGTaGTA
-14 437 TAtaACCtAGTGaTt
tenAl-tenA2-thiV HAH_2295 -59 4.55 TACaACTtgGTtGTA
thiBPQ HAH_0897 -24 3.86 TACCACTGGGTGtgA
-11 3.9 gACCACgGAGTaaTg
thi4 Hmuk_0002 -26 3.48 TgCaACgtgGTGGTA
-13 4.68 TACCACTagGTtGTA
thiC Hmuk_2297 -28 3.99 TAtaAtctAGTGaTA
-15 37 TAtaACTagcTtaTc
thi4 Htur_1462 -26 3.53 CACCACGCQGTGCTA
-13 4.68 TACCACCaAGTtGTA
thiC Htur_1332 -28 4.01 TAtaACTCgaTGaTA
-15 4.27 TACaACCtAGTtaTc
thiBPQ Htur_2516 -24 4.21 gACCACCCAGTGGak
-11 3.87 aACCACcGtGTaaTg
thi4 Nmag_2419 -26 3.9 CACtACTGgaTGaTA
-13 4.68 TACCACCtAGTtGTA
thiC Nmag_2593 -28 3.87 TAtaAtctAGTaaTA
-15 4.27 TACaACCtAGTtaTc

21nt

21nt

21nt

21nt

21nt

21nt

12nt

12nt

12nt

12nt

12nt

12nt

12nt

12nt

12nt

12nt

12nt

12nt

12nt

12nt

12nt

12nt



Halorubrum lacusprofundi ATCC 49239

Haloquadratum walsbyi DSM 16790

Haloferax volcanii DS2

Halobacterium sp. NRC-1

L icum bor

Natrinema sp. J7-2

Natrinema pellirubrum DSM 15624

Halopiger xanaduensis SH-6

Haloferax mediterranei ATCC 33500

Halovivax ruber XH-70

q

Hlac_0446

HQ1277A

HVO_0662

VNG0247C

DSM 11551 Hbor_25480

NJ7G_1102; NJ7G_3692

Natpe_1684; Natpe_2824

Halxa_0732; Halxa_2856

HFX_0632

Halru_1158

thiBPQ

thi4

thiBPQ

thi4

tenA-thiV
thid4

thiC

thiBPQ

thid-thi(DN)

thiC

thiBPQ
thi4

thiC

thiBP

tenAl-tenA2-thiV
thid4

thiC

tenA
thiE-thiM
thiBPQ
thi4

thic
thiBPQ

thiE-thiM
thi4

thiC

tenA

thiBPQ

thi4

thiC

thiBPQ
tenAl-tenA2-thiv
thi4

thiC

thiBPQ

Nmag_0460

Hlac_2980

Hlac_2697

HQ1276A

HQ2369A
HVO_0665

HVO_2154

HVO_0022

VNG2604G

VNG0715G

VNG2395C
Hbor_25460

Hbor_14920

Hbor_02000

Hbor_30560
NJ7G_3680

NJ7G_3772

NJ7G_3269

NJ7G_0299

NJ7G_0450

Natpe_2830

Natpe_3081

Natpe_3863

Natpe_3729
Halxa_2863

Halxa_3896

Halxa_2795

Halxa_0707

HFX_0634

HFX_2195

HFX_0021

HFX_5296

Halru_1150

Halru_0933

Halru_0146

-24 3.53 aACCACaGAGTGtaA
-11 4.4 aACCACTGgGTGaTg
-26 39 TACCACcGgGaGaTA
-13 4.77 TAtCACTaAGTGGTA
-24 39 aACCACcGgGTGtaA
-11 4.13 aACaACcCgGTaaTg
-26 3.25 TAgtAgTtgGTaaTA
-13 4.31 TAaCACcaAGTaaTA
-61 4.01 TAttAgTtAGTLGTA
-26 4.57 TACtACTagGTaGTA
-13 4.65 TAtCACTaAGTaGTA
-28 3.66 TAttAactAGTtGTA
-15 3.84 TAtCACTagcTaaTc
-24 3.23 TACCACaGAGTacaA
-11 4.15 aACaACcGAGTaaTg
-26 3.74 aAttAtctAGTLGTA
-13 3.89 TACCAtgtAGTGGTA
-30 4.06 TAttAtctAGTGGTA
-17 4.4 TAtCACTaAGTaaTt
-11 4.13 aACaACcCgGTaaTg
-26 3.39 TAgtAgcCAGTGaTA
-13 4.49 TAaCACTagGTGGTA
-28 3.96 TAttAtTCgGTaGTA
-15 4.41 TAtCACTagGTaGTc
-24 3.55 TAtgACcaAGTGGgA
-11 4.15 gACtACTCAGTaaTg
-55 3.73 aACaACcCgaTtaTA
-26 3.9 cACtACcaAGTcaTA
-13 4.68 TACCACCtAGTtGTA
-28 391 TAtaAtTCAGTaaTA
-15 4.27 TACaACctAGTtaTc
-44 394 TAttAgctAGTaaTA
-20 4.2 TACtACCcGACTGGTA
-24 3.32 gACtACCtAGTGcal
-11 4.26 aACCACcCgGTaaTg
-26 4.08 TACtACTagGTcaTA
-13 4.68 TACCACCtAGTtGTA
-28 4.5 TAtaACctAGTaGTA
-15 4.27 TACaACctAGTtaTc
-24 391 gACCACTGAGTGtaA
-11 4.28 aACCACcGAGTaaTg
-20 4.02 CACtACCGACTGGTA
-26 3.37 CACCACTGAGTcCTA
-13 4.68 TACCACCtAGTtGTA
-28 3.44 TAtaACTagaTcaTA
-15 4.27 TACaACctAGTtaTc
-37 3.39 gAtaACTaAtTtaTA
-24 4.53 TAttACTaAGTaGTA
-24 4.11 gACCACTCAGTaGaA
-11 3.78 aACaACcGeGTaaTg
-26 4.69 TACtACTtgGTGGTA
-13 4.65 TAtCACTaAGTaGTA
(-28) 4.24 TAtCAgctAGTGGTA
(-15) 4.43 TAtaACTagGTGGTL
(-24) 3.23 TACCACaCAGTacal
(-11) 4.13 aACaACcCgGTaaTg
-59 4.25 aAtaACcaAGTaaTA
-13 4.38 TAaCACcGAGTtGTA
-27 4.1 TAtgACTtAGTaGTA
-14 4.41 TACtACCtAGTGaTc
-24 3.96 gACCACCCAGTGGgA
-11 3.68 gACCAtcCAGTaaTg

12nt

12nt

12nt

12nt

12nt

12nt

12nt

12nt

12nt

12nt

12nt

12nt

12nt

12nt

12nt

12nt

12nt

12nt

12nt

12nt

12nt

12nt

12nt

12nt

12nt

12nt

0 bp

0 bp

'Divergently located adjacent operons that share ThiR-site(s) in the same promoter region are boxed.
Weaker sites with scores that are 15% less than the threshold are underlined. Tandem sites are boxed. Score thresholds are given for each motif.
3position of the 5' end of a ThiR-site is given relative to the translation start site. Positions relative to the corrected translation start sites are in parenthesis.

“Positions of transcription start sites (TSSs) mapped to the analyzed genomes according to the following references:
Sulfolobus solfataricus (Wurtzel et.al., 2010); Pyrococcus furiosus (Yoon et.al., 2011);
Haloferax volcanii (Brenneis et al., 2007; J. Maupin-Furlow, personal communication)



Table S3. ThiR-binding sites and their experimental validation in Metallosphaera yellowstonensis MK1.

First gene locus tag

ThiR regulated
operon

Predicted ThiR-binding sites and synthetic DNA fragments used in
fluorescence polarization DNA-binding assays1

MetMK1DRAFT_00023630
MetMK1DRAFT_00024350
MetMK1DRAFT_00019590

thi4
thiT
tenA

accccecggttggat TATATAATCTAGTTTATAAGccactaaccecce
acccecegttatgt cTAAATAAGTAAGTTTATAACcgacttacceccece
acccccataactagATTATAAAATGATTTATATCccgccaccccce

MetMK1DRAFT_00012900

trxA(N.C.)*

aggggaatataaactttttaaacggggg

! Predicted ThiR-binding sites are capitalized. DNA fragments from target gene upstream region are underlined.

Additional poly-cytosine oligonucleotides have been added on each side of DNA fragments to improve annealing of oligos.

For each DNA fragment, two complimentary single-stranded oligonucleotides were synthesized by IDT

at that one of these fragments (5'-3' shown here) was labeled by 6-carboxyfluorescein at 5' end (marked by red).

NG, a negative control DNA fragments from promoter region of a gene that lack a ThiR-binding site.






