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Supplementary Figure 2
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Supplementary Figure 3
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=lllarchaea | 6 leaves
—————————————2PAS domain S-box protein [Candidatus Lokiarchacota archacon]
Jarchaca and bacteria | 5 leaves

archaca |2 leaves
“3PAS domain-containing sensor histidine kinase [Candidatus Lokiarchaeota archacon]

==l archaea | 5 leaves

zmhaez 4 leaves
archnen |2 leaves
archaea | 12 leaves
Jarchaca and bacteria | 3 leaves
\——=aillarchaea and unknown | 8 leaves
~smllarchaca | 4 leaves

archaea | 7 leaves
archaea and bacteria | 7 leaves
°r<bnc\em and archaea | 4 leaves.

archaeon] “emmlll archaea and bacteria | 3 leaves

02 |

OTPA: PAS d

#PAS domain S-box protein [Candidatus Lokiarchaeota archaeon]

sensor histidine kinase [bacterium]

%L_zrchnea |7 leaves
archaca | 2 leaves

PAS domain S-box protein [Candidatus Lokiarchacota archacon]
% archaea | 2 leaves

archnea |4 leaves

—millarchaea | 4 leaves
archaea and bacteria | § leaves
4 archaea | 5 leaves
l archaea |2 leaves
Ezm‘mea |3 leaves
5‘ archaea | 11 leaves
~=sillarchaea | 4 leaves

archacon]

putative Signal

histidine kinase [Candidatus L
——————————9PAS domain S-box protein [Candidatus Lokiarchaeota archaeon]

‘—opumwe Histidine kinase [Candidatus Lokiarchaeota archaeon]

KKK46292.1

=smllarchaca | 4 leaves

archaea | 2 leaves
archaea and bacteria |9 leaves

archaea | 2 leaves

L and archaea | 2 leaves

Q@ ==larchaca | 3 leaves
)
‘=sifllarchaea | 7 leaves

f——=ssllarchaca | 4 leaves

archaea | 2 leaves

Jarchaca and bacteria | 21 leaves
FL archaea | 3 leaves
el

archaca | 3 leaves

archaea |3 leaves

~=sSlarchaca | 2 leaves
PAS domain-containing sensor histidine kinase [Candidatus Lokiarchacota archacon]

Eﬂ:hzez and bacteria | 13 leaves
archaea | § leaves

L amlarchaca |3 leaves
~esillarchaea | 6 leaves

PAS domain S-box protein [Candidatus Lokiarchaeota archaeon]

1
SPAS domain S-box protein [Bacteroidales bacterium]

ignal histidine kinase [Candidatus Lokiarchacota archacon]
sensor histidine kinase [Candidatus Lokiarchacota archacon]

KKK43125.1

archaca and unknown | 4 leaves

<«esfll bacteria and archaea | 7 leaves
Query

® Archaea

m Bacteria

® Unknown

<8l archaca and bacteria | 27 leaves
Lesmlarchaca | 6 leaves

archaea | 5 leaves
archaca | 2 leaves.
~esllarchaca | 3 leaves

g =eMlarchaca and bacteria | 4 leaves
\d st archaca | 4 leaves
[ p— | 4 leaves
archaea | 2 leaves
archaca | 3 leaves.
archaca | 5 leaves

SPAS d t:

bacteria and archaea | 2 leaves

sensor histidine kinase [Candidatus Lokiarchacota archacon]
archaca | 4 leaves

:‘zmhaez | 6 leaves.
archaea | 4 leaves

putative Histidine kinase [Candidatus Lokiarchacota archacon]

archaea | 2 leaves

|4 leaves
sensor histidine kinase [Candidatus Lokiarchacota archacon]

| 1
PAS d.

KKK45741.1

PAS d:

KKK40441.1

KKK43837.1

larchaea | 15 leaves
==l archaca | 4 leaves
archaca | 2 leaves
==l archaea | 3 leaves
“esslarchaca | 2 leaves

7 reslarchaca 16 leaves

bacteria and archaea | 2 leaves

archaea | 3 leaves

o
©

Query archiea | § leaves
archaca | 2 leaves
m Archaea %zmhaez 2 leaves
sl archaca | 2 leaves

Query
m Bacteria

9 & —==slarchaca | 2 leaves
H5-p roteobacteria f % 9PAS domain S-box protein [Candidatus Lokiarchacota archacon] M Bacteria
<ol archaca | 2 leaves ) Jarchaca | 15 leaves
GNS group | L eetlrchaca | 5 Leaves B Unknown ;zmhaea 2 leaves
® Archaea [7—==marchaca | 3 leaves archaea | 7 leaves
° <l archaca | 3 leaves ’—:mhm |2 leaves

B Unknown —=ssllarchaea | 7 leaves |-} el archaea | 4 leaves

 ;—==larchaca | 2 leaves
L [ Cestlarchaca | 6 leaves
st archaca | 5 leaves
<essBlarchaca |3 leaves
~estlarchaea| 2 leaves
& L‘Mnlnple organisms |4 leaves
L& ————2PAS domain S-box protein [Candidatus Lokiarchacota archacon]
<larchaca | 5 leaves

02
— <=8 d-proteobacteria and GNS bacteria | 2 leaves 03 N

.
©TPA: PAS domain S-box protein [Ignavibacteria bacterium] I

KKK46428.1

AC

L‘:m:haez 2 leaves
archaea | 19 leaves
EMulhple organisms | 14 leaves
archaea | 3 leaves
<=t archaea | 2 leaves
archaca | 5 leaves

esmllarchaca and bacteria | 3 leaves
SPAS d

® B-proteobacteria

B verrumicrobia

B Proteobacteria
5-proteobacteria

B o-proteobacteria
y-proteobacteria

B Planctomycetes

m Cyanobacteria

B euryarchaeotes

B Unknown

W Archaea

Query
® Archaea
® Bacteria
B Unknown

sensor histidine kinase [Candidatus Lokiarchacota archacon]

1
—————————2PAS domain S-box protein [Candidatus Lokiarchaeota archaeon]

KKK44457 .1

@l archaca | 28 leaves
e

elarchaca | 2 leaves
———————PAS domain S-box protein [Candidat

Proteobacteria
B o-proteobacteria

Planctomycetes
B 5-proteobacteria
B 3-proteobacteria
B Verrucomicrobia
B Proteobacteria

regulator [Candidatus

WP_147664519.1

[Multiple organisms | 52 leaves

Multiple organisms | 5 leaves

TPA: PAS domain S-box protein [archacon]

archaca | 2 leaves

© hypothetical protein CEE43_05525 [Candidatus Lokiarchacota archacon Loki_b32]
PAS domain S-box protein [Candidatus Lokiarchacota archacon]

L PAS domain S-box protein [Candidatus Lokiarchacota archacon]
HAMP d histidine kinase [Candidatus L

archaea |2 leaves

archacon]

archaea | 3 leaves
archaea | 3 leaves

archaca | 4 leaves

archaea | 3 leaves

| “==mmlarchaea | 2 leaves

cteria

Signal histidine Kinase (modular protein) [Candidatus Lokiarchacota archacon

archaea | 3 leaves

L<

archaea | 3 leaves

Enr&:hzen |4 leaves
archaea | 3 leaves

) 9PAS domain-containing sensor histidine kinase [Candidatus Lokiarchacota archacon]
— archaea | 2 leaves

PAS domain S-box protein [Candidatus Lokiarchaeota archaeon]

KKK45609.1

=il archaea | 28 leaves
-
Lestlarchaca | 2 leaves

———————PAS domain S-box protein [Candidat

sl archaea and unknown | 4 leaves

euryarchacotes | 20 leaves

[l curyarchacotes and archaea | 6 leaves
curyarchacotes and archaca | 2 leaves

J

euryarchacotes and archaca | 2 leaves

<=sil] Multiple organisms | 6 leaves
cyanobacteria| 7 leaves
<ea8l cyancbacteria | 3 leaves
<=ull Multiple organisms | 4 leaves
<=8l b-proteobacteria | 2 leaves

=88l d-protecbacteria | 2 leaves
[ Oresponse regulator [Nitrospiraceae bacterium]
—~lbacteria | 3 leaves
75~ =bacteria | 2 leaves
—ellbacteria | 2 leaves
response regulator [Nitrospira bacterium]
—————PAS domain S-box protein [bacterium]

WP_147663673.1

#PAS domain-containing sensor histidine kinase [Candidatus Methanoperedens s.

hypothetical protein DME32_17280 [Verrucomicrobia bacterium]

<=l archaca and unknown | 4 leaves
Query

B Bacteria

B 5-proteobacteria

B Verrucomicrobia

m Cyanobacteria
B-proteobacteria

B g-proteobacteria
Euryarchaeotes

 Archaea

B Unknown

euryarchacotes | 20 leaves

==l curyarchacotes and archaea | 6 leaves
J curyarchacotes and archaea | 2 leaves
euryarchacotes and archaa | 2 leaves
“PAS domain-containing sensor histidine kinase [Candidatus Methanoperedens ...
<=sil] Multiple organisms | 6 leaves
cyanobacteria| 7 leaves
<eatl cyancbacteria | 3 leaves
<=ull Multiple organisms | 4 leaves
~ea8lb-proteobacteria | 2 leaves
hypothetical protein DME32_17280 [Verrucomicrobia bacterium]
a8l d-protecbacteria | 2 leaves
[ Oresponse regulator [Nitrospiraceae bacterium]
—~lbacteria | 3 leaves
5~ bacteria | 2 leaves
“—eflbacteria | 2 leaves
response regulator [Nitrospirac bacterium]
————9PAS domain S-box protein [bacterium]

QEE16740.1

03

==l a-proteobacteria and g-proteobacteria | 10 leaves

<l planctomycetes and verrucomicrobia | 7 leaves

Multiple organisms | 16 leaves

bacteria | 3 leaves

Mulnplc organisms | 3 leaves

04‘

bacteria | 6 leaves
—<pmneahacnem |3 leaves
<«iil]b-proteobacteria | 12 leaves
—
=s8lb-proteobacteria | 3 leaves
| essmllverrucomicrobia | 4 leaves

'

@
o el dproteobacteria | 3 leaves

+—<zuryamhumnes | 8 leaves
<l curyarchaeotes | 4 leaves

*) PAS d

I
Y pasa

z proteobacteria and bacteria | 4 leaves

~=a8llbacteria and d-proteobacteria | 4 leaves

|2 leaves

PAS domain S-box protein [Candidatus Coatesbacteria bacterium]
©PAS domain-containing protein [bacterium]

PAS domain S-box protein [Deltaproteobacteria bacterium]
“lunknown and archaca | 2 leaves
protein [Candidatus Manganitrophus morganii]

morganii]

protein [Candidat

WP 147661239.

archaea and bacteria | 24 leaves

archaea | 2 leaves
archaca | 4 leaves
archaca | 8 leaves
—=®llarchaea | 11 leaves
@

[
=8l archaca and bacteria | 3 leaves
L

‘ eaill archaca and bacteria | 9 leaves

archaea | 3 leaves
L‘zmhaea |4 leaves
[archaea and unknown | 10 leaves
==l archaea and bacteria | 3 leaves
’—o‘zrchnea and bacteria | 6 leaves
L —amarchaca | 2 leaves

[—~==llbacteria and archaea |3 leaves

‘o

! Signal histidine kinase [Candidatus L sp. GC14_75]
o TPA: PAS domain-containing sensor histidine kinase [bacterium]
ignal histidine kinase [Candidatus L . GC14_75]
©Signal histidine kinase [Candidatus L sp. GC14_75]

9PAS domain S-box protein [Candidatus Lokiarchaeota archaeon]

KKK44257.1

putative Histidine kinase [Candidatus Lokiarchacota archacon]

Query
B Euryarchaeotes
® Archaea
B Bacteria
B Unknown

PAS domain S-box protein [Candidatus Lokiarchaeota archaeon]

PAS domain S-box protein [Candidatus Lokiarchaeota archacon]

archaca |2 leaves
©PAS domain S-box protein [Candidatus Lokiarchacota archacon]

1

<l Multiple organisms | 9 leaves

<« archaca and bacteria | 47 leaves

Query
® CFB bacteria
B GNS group
® Bacteria
Cyanobacteria
® Archaea
B Unknown

f Ll archaca and bacteria | 7 leaves
' <smbacteria and archaca | 3 leaves
\—‘VSlgnu] transduction histidine kinase [Candidatus Lokiarchacum sp. GC14_75]
® archaca | 2 leaves
°H—~<mnm |2 leaves
| gesmarchaca | 2 eaves
I Signal transduction histidine kinase [Candidatus Lokiarchacum sp. GC14_75]
[~ 95TPA: HAMP domain-containing histidine kinase [bacteriurm]
9 bosigm histidine kinase [Candidatus Loki sp. GC14_75]
 Signal transduction histidine kinase [Candidatus Lokiarchacum sp. GC14_75]

| 9KKK41094.1 MAG: Signal histidine kinase [Candidatus L GC14_75]
Signal transduction histidine kinase [Candidatus Lokiarchaeum sp. GC14_75]
9PAS domain S-box protein [Calothrix sp. NIES-2098]
r <l cyanobacteria | 2 leaves
‘ hﬂ’ @PAS domain-containing protein [Planktothrix sp. FACHB-1365]
PAS domain-containing protein [Planktothrix sp. FACHB-1365]
‘ PAS d ing protein [ sp. LEGE 05292]
a8l cyancbacteria | 2 leaves
d sensor histidine kinase [Candidatus Marinimicrobia bacterium]

5 P
PAS/PAC sensor hybrid histidine kinase [Bacteroidetes bacterium]

| I
2PAS domain S-box protein [Chloroflexi bacterium]

KKK41094.1

==l archaea | 13 leaves
archaea |3 leaves
Erchnea | 12 leaves
| —etlarchaca | 2 leaves
~sillarchaea | 5 leaves
archaea | 3 leaves

@l archaea and unknown | 9 leaves

Jarchaca and bacteria | 4 leaves

archaea | 2 leaves
PAS domain-containing sensor histidine kinase [Candidatus Lokiarchacota archacon]

archaea | 4 leaves

<=s8lllarchaea and bacteria | 4 leaves

archaea |3 leaves

archaea | 11 leaves

archaea | 2 leaves
“larchaea | 2 leaves

archaea | 3 leaves

L<archzen 2 leaves

]

| | 10 leaves

\—<archnea |2 leaves
 — PAS domain S-box protein [Methanobacterium veterum]

GPAS domain S-box protein [Methanobacterium arcticum]

KKK46009.1

Supplementary Figure



Supplementary Figure 5

C. Heimdallarchaeota

OLS28176.1 OLS17069.1 0LS29276.1 OLS20551.1

MW= 143408.00
pl=5.45
Aliphatic Index= 95.60

OLS28176.1 ;

MW= 24789.13
pl=4.61

OLS17069.1 Aliphatic Index= 92.07

MW= 71195.58
pl=4.81
Aliphatic Index= 105.52

0LS29276.1

MW= 53006.90
pl=7.07
Aliphatic Index= 111.13

OLS32128.1

OLS20551.1

MW= 54598.91
pl=4.96
Aliphatic Index= 110.12

OLS32128.1

MW= 83863.09
pl=5.00
Aliphatic Index= 106.62

OLS20714.1

MW= 67917.14
pl=5.33
Aliphatic Index= 113.97

OLS17067.1

MW= 75716.97
pl=5.21 . : :
Aliphatic Index= 101.83 e G1 \ 4 G2

OLS17051.1




Supplementary Figure 6
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KKK48428.1

L KKK44457.1
KKK46009.1
KKK45741.1
KKK43125.1
KKK40441.1 ~ Group D
KKK44257.1
1o KKK41094.1
KKK43837.1

- KKK46295.1

= KKK46292 1

KEK40193.1

— PYKS6666.1 MAG: hypothetical protein DME32 17280 partial Verrucormicrobia bacterium

QEE18821.1

= QEE16613.1
% QEE16628.1 Group C
W WP 1476636731

i QEE16740.1

= Arabidopsis thaliana AT2G40940.1

~a

ArcB
KKK40347 .1
KKK46537.1
w Group B
o KKK48579.1

WL KKK45608.1

it GinL

ZraS

1
7

UhpB

“ DcuS

PhoR

— WP 1478612381
= HprS
ol : BaesS
= Ades
=
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RstB
B CpxA
5

CusS

* CraC
BarA
NarX
= NarQ
BisS
= PyrS YpdA
Tors
ResD
CheA
?{ Arabidopsis thaliana AT2G47430.1
ResC

4,7 KKK468010.1
= SLN1 YIL147C SGDID:S000001409

QEE16758.1
= WP 147663689.1

—— WP 147664078.1

0OL528176.1 MAG: Sporulation kinase E Candidatus Heimdallarchaeota archaeon
WP 147662496.1

TAN3E850.1 MAG: PAS domain S-box protein Vemucomicrobia bacterium
OHBT0779.1 MAG: hypothetical protein A2W23 04625 Planctomycetes bacterium |

MBM1522042.1 MAG: PAS domain S-box protein partial Candidatus Aureabacteria

0LS529276.1 MAG: Blue-light-activatad protein Candidatus Heimdallarchaseota arche
0OLE17051.1 MAG: Blue-light-activated protein Candidatus Heimdallarchasota arcl

QLS20714.1 MAG: Blue-light-activated protein Candidatus Haimdallarchaeo!

17 ! OLS20551.1 MAG: Blue-light-activated protein Candidatus Heimdallarchaeota ar

WP 1476684518.1
n NCC52754.1 MAG: PAS domain S-box protein Spartobacteria bacterium
;|: OL317067.1 MAG: Sensor protein FixL Candidatus Heimdallarchasota archaeo
’7 OL532128.1 MAG: Blue-light-activated protein Candidatus Heimdallarchasota a

- QEE16389.1
o | —— OGWSE0803.1 MAG: hypothetical protein A2X49 05675 Lentisphaerae bacteriu
L]

OL317069.1 MAG; Blue-light-activated protein Candidatus Heimdallarchaeot:

~ Group A

C. Prometheoarchaeum
C. Lokiarchaeum
C. Heimdallarchaeota

Planctomycetes-Verrucomicrobia-Chlamydiae (PVC) group
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