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0.1

Color ranges:

Bacteria

Cyanobacteria

Diatoms

Fungi

Eudicots

Ferns

Mosses

Liverworts

Clubmosses

Monocots

Conifers

Green algae

AceAcBph HWE rhspil (a)

OchAnBph HWE rhiz (a)

PolSpBph HWE flavo

AgrViAvp1 HWE rhiz (a)

AltMaBphV1 HWE alte (g)

OceBaBph HWE rhod (a)

BraJaUSBph HW
E rhiz (a)

BraSBBphV1 HW
E rhiz (a)

BraSOBph HW
E rhiz (a)

CauSeBph HW
E caul (a)

RosCeBph HW
E rhspil (a)

RhiEtCIBph HW
E rhiz (a)

RhiEtCNBph HW
E rhiz (a)

RhiEtG
RBph HW

E rhiz (a)

RhiLe38Bph HW
E rhiz (a)

RhiLeBph HW
E rhiz (a)

RhiLe13Bph HW
E rhiz (a)

RhiLe23Bph HW
E rhiz (a)

M
etRaBphV2 HW

E rhiz (a)

ParBeBph HW
E parv (a)

RhoBaBphV2 HW
E rhod (a)

ErySpBphB5 HW
E sphmo (a)

NovSp1YBph HW
E sphmo (a)

LabAgBph HW
E rhod (a)

SphJaBph HW
E sphmo (a)

SphSp58Bph HW
E sphmo (a)CitSpBph HWE rhod (a)

SagStBph HWE rhod (a)

MaralBph HWE rhod (a)

PhaGa2Bph HWE rhod (a)

PhaGaBBph HWE rhod (a)

RueSpRBph HWE rhod (a)

CitBaBph HWE sphmo (a)

CitSpJLBph HWE sphmo (a)

ErySNABph HWE sphmo (a)

HypDeBph HWE rhiz (a)

FulPeBph HWE rhiz (a)

OceGrBph HWE rhod (a)

AzoSpBphV2 HWE rhspil (a)

AceTrBph HW
E rhspil (a)

AgrSp13Bph HW
E rhiz (a)

AgrSpATBph HW
E rhiz (a)

AgrTuAgp2 HW
E rhiz (a)

AgrTuCCBph HW
E rhiz (a)

AgrTuFAgp2 HW
E rhiz (a)

RhoCG
BphV1 HW

E rhiz (a)

RhoTIBphV1 HW
E rhiz (a)

RhoD1BphV1 HW
E rhiz (a)

AzoCaBph HW
E rhiz (a)

PseF1BphV1 HW
E pseu (g)

PseKTBphV1 HW
E pseu (g)

PsePuV2Bph HW
E pseu (g)

PseG
BBphV1 HW

E pseu (g)

PseW
6BphV1 HW

E pseu (g)

G
luEuBph HW

E rhspil (a)

G
luXyBph HW

E rhspil (a)

G
luSpBph HW

E rhspil (a)

AgrViAvp2 HW
E rhiz (a)

AchPiBph burk (b)

AchXyABph burk (b)

AchXyCBph burk (b)

AciAvBph burk (b)

Ram
TaBph burk (b)

PseAe15Bph pseu (g)

PseAe21Bph pseu (g)
PseAeBph pseu (g)
PseAeLEBph pseu (g)

PseAe18Bph pseu (g)

PseAeC3Bph pseu (g)
PsePABphV2 pseu (g)
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M

etG
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eph (b)

PseBrBph pseu (g)

PseFlPfBph pseu (g)

PseFlSBBph pseu (g)

PseFlW
HBph pseu (g)

PseFlBph pseu (g)

PseM
eBph pseu (g)

Ps
eS

y1
1B

ph
 p

se
u 

(g
)

Ps
eS

y9
1B

ph
 p

se
u 

(g
) PseSyPTBph pseu (g)

PseSyESBph pseu (g)

PseSyC
iBph pseu (g)

PseSyFFBph pseu (g)

PseSyBphP pseu (g)
Ps

eS
aB

ph
 H

W
E 

ps
eu

 (g
)

Ps
eS

y1
5B

ph
 H

W
E 

ps
eu

 (g
)

Ps
eS

y7
6B

ph
 H

W
E 

ps
eu

 (g
)

Ps
eS

yG
lB

ph
 H

W
E 

ps
eu

 (g
)

Ps
eS

yA
TB

ph
 H

W
E 

ps
eu

 (g
)

Ps
eS

yA
eB

ph
 H

W
E 

ps
eu

 (g
)

Ps
eS

y4
BB

ph
 H

W
E 

ps
eu

 (g
)

Ps
eS

yA
pB

ph
 H

W
E 

ps
eu

 (g
)

Ps
eS

yM
3B

ph
 H

W
E 

ps
eu

 (g
)

Ps
eS

y6
4B

ph
 H

W
E 

ps
eu

 (g
)

Ps
eS

yA
cB

ph
 p

se
u 

(g
)

Ps
eS

y8
aB

ph
 H

W
E 

ps
eu

 (g
)

Ps
eS

yD
C

Bp
h 

HW
E 

ps
eu

 (g
)

Ps
eS

yT
1B

ph
 H

W
E 

ps
eu

 (g
)

Ps
eS

yT
KB

ph
 H

W
E 

ps
eu

 (g
)

AltM
aA2Bph alte (g)

M
icVaCph A osci

AllViBph chro (g)

CyaS2Cph B chroo
AltM

aBphV2 alte (g)

AciCa51Bph acido

AzoSpBphV1 rhspil (a)
BurJV3Bph burk (b)
SteMaBph xant (g)

MetPoBphV1 rhiz (a)

MetRaBphV1 rhiz (a)
MetSpBphV1 rhiz (a)

CanBuBph burk (b)

PseEnBph pseu (g)

PseW6BphV2 pseu (g)

PseF1BphV2 pseu (g)

PseGBBphV2 pseu (g)

PseKTBphV2 pseu (g)

PsePuBph pseu (g)PsePuV1Bph pseu (g)
PseSp51Bph pseu (g)

PsePu16Bph pseu (g)

PseFuBph pseu (g)

PseSyBph pseu (g)

PseStATBph pseu (g)

PseStBph pseu (g)

GemObBph plan

BurGl3Bph burk (b)
BurGlBph burk (b)
BurPhBph burk (b)

BurSpCBph burk (b)

VarPaBph burk (b)

RalPiDBph burk (b)RalSp47Bph burk (b)RalSp56Bph burk (b)

RalPiJBph burk (b)

AgrTuAgp1 rhiz (a)AgrTuFAgp1 rhiz (a)

AzoAmBph rhspil (a)

PheZuBph caul (a)

CyaS1CphA chroo
FisSpCph A stig

LynMaCph A osci
NodSpCph A nostoTolSpCphA nostoMicAeFaCph A chroo

MicAeNiCph A chroo
MicAePcCph A chrooMicAeUvCph A chroo

NosSpCphA nosto

NosPuCphA nosto

CyaS4Cph A chroo

SynSp68Cph A chroo

DeiDeBphV1 dein

DyaFeBph cyto

PseAtBph alte (g)

RhoBiBphV2 rhiz (a
)

RhoPaHaBph rhiz (a
)

RhopaB8Bph rhiz (a
)

RhoPaBph2 rhiz (a
)

RhoPaA5Bph rhiz (a
)

RhoCGBphV3 rhiz (a
)

RhoTIBphV2 rhiz (a
)

DokDoBph fl
avo

KroSpBph fla
vo

ZunP
rBph fl

avo

GraFoBph fl
avo

LeeBlBph fl
avo

ChrG
lBph 

flav
o

FlaBaBph f
lavo

Sph00BphV
1 sp

hb

Sph61BphV
2 sp

hb

Sph00BphV2 sp
hb

Sph61BphV1 sp
hb

Ped
SpB

ph
 sp

hb

SpiL
i74

Bph 
cyt

o

Ac
tM

iBp
h a

cti
no

St
rA

lBp
h a

cti
no

St
rV

eB
ph

 ac
tin

o

StrG
rN

Bph
 ac

tin
o

StrG
rX

yB
ph

 ac
tin

o
St

re
SiB

ph
 ac

tin
o

Ana
VaC

ph
 A no

sto

Nos
SpC

ph
B no

sto

TolS
pC

ph
B no

sto

Osc
TrB

ph
 ch

lor
o

VerS
pB

ph
 ve

rr 
(g)

Oxa
BaB

ph
 bu

rk 
(b)

PlaB
rB

ph
 pl

an
No

sP
uC

ph
B 

no
sto

M
yx

Fu
Bp

h m
yx

o 
(d

)

St
iA

uB
ph

 m
yx

o 
(d

)

Ha
lO

cB
ph

 m
yx

o 
(d

)

Rh
oB

aB
ph

V1
 rh

od
 (a

)

Ac
iS

pB
ph

 a
cid

o

Te
rS

aB
ph

 a
cid

o

Rh
oR

u1
1B

ph
 rh

sp
il (

a)

Rh
oR

uB
ph

 rh
sp

il (
a)

Br
aS

BB
ph

V2
 rh

iz 
(a

)

Rh
oB

iB
ph

V1
 rh

iz 
(a

)

Rh
oC

G
Bp

hV
4 

rh
iz 

(a
)

Rh
oP

aB
ph

4 
rh

iz 
(a

)
Rh

oD
1B

ph
V2

 rh
iz 

(a
)

Rh
oV

aB
ph

 rh
iz 

(a
)

M
et

Si
Bp

hV
2 

rh
iz 

(a
)

Br
eS

pB
ph

 c
au

l (
a)

G
luO

xB
ph

 rh
sp

il (
a)

Sp
hS

p1
7B

ph
 s

ph
m

o 
(a

)
M

et
Si

Bp
hV

1 
rh

iz 
(a

)

M
et

Ch
Bp

h r
hiz

 (a
)

M
et

Ex
AM

Bp
h r

hiz
 (a

)

M
et

Ex
PA

Bp
h 

rh
iz 

(a
)

M
et

Ra
Bp

hV
3 

rh
iz 

(a
)

M
et

Sp
Bp

hV
2 

rh
iz 

(a
)

Is
oP

aB
ph

V1
 p

lan

ArtM
aCph A osci

CyaS3Cph A chroo

LynSpCph A osci

IsoPaBphV2 plan

Thi97BphV1 chro (g)

ThiDrBph chro (g)
Thi97BphV2 chro (g)

M
agGrBph rhspil (a)

RhoCeBphV2 rhspil (a)

RhoCeBphV1 rhspil (a)
CyaS5Cph A chroo

CyaS6Cph A chroo

CyaS7Cph A chroo

NosAzCph A nosto

OscSpCph A osci
SynSp73Cph B chroo

ThaPsDph

ArtOlATFph asco
CocHeFph1p asco

PhaNoFphV1 asco

PyrTeFph asco

PyrTrFph asco

LepMaFph asco

BotFuFph1 asco

MagOrFph asco

NeuCrOFph asco

NeuTeFph asco

SorMaFph asco

PodAnFph asco

GloGrFph asco

TriReFph asco

VerDaFphB asco

MycGrFph1p asco

FusOxFph asco

GibZeFph asco

GibMoFph asco

NecHaFph asco

MetAcFph asco

MetAnFph asco

CorMiFph asco

AspClFph ascoAspFu11Fph asco

NeoFiFph asco

AspFu29Fph asco
AspFlFph asco

AspOrFph ascoAspNi10Fph asco

AspNiFph asco

AspNi51Fph asco

AspTeFph asco

AspNiA4Fph asco

PenMaFph asco
TalStFph asco

PenChFph asco

BotFBFphV2 asco
BotFuFph2 asco

SclScFphV1 asco

CryGaFph agarCryNeFphV1 agarPirInFph agarSchCoFph agarSerLa3Fph agar

SpoReFph ustiUstMaFph usti

MelLaFph pucc

NeuCrFph2 ascoNeuCrFphV1 asco

BotFBFphV1 ascoBotFuFph3 asco

SclScFphV3 asco
AraLyPhyV2
AraThPhyE
C

arNiPhyE
C

arR
ePhyE

G
lyM

aPhyE
M

edTrPhyE

VitR
iPhyE

VitViPhyV2

VitViPhyE

IpoNiPhyE
SolLyPhyE

Ad
iC

aP
hy

2
Cer

Pu
Ph

y2

Phy
PaP

hy
1

Ph
yP

aP
hy

3

CerP
uP

hy
3

CerP
uP

hy4

PhyP
aP

hy5
b

Phy
PaP

hy
5c

Phy
PaP

hy
5a

Phy
PaP

hy
2

Phy
PaP

hy
4

MarP
aP

hy

Se
lM

aP
hy

1

Se
lM

oP
hy

B

AquFoPhyA

NicTaPhyA1

SolLyPhyA

SolTuPhyA

OroMiPhyA
SteLoPhyA3

SteLoPhyA4

AraLyPhyA

AraThPhyA
ArmRuPhyA

CarNiPhyA
CarRePhyA

GlyMaPhyA
GlyMaPhyA2
GlyMaPhyA1
GlyMaPhyA3

LatSaPhyA
PisSaPhyA

MedSaPhyA

VitRiPhyA
VitViPhyV5

RicCoPhyA

CucPePhyA

AveSaPhyA3

AveSaPhyA4

HorVuPhyV3

HorVuVPhyATriAePhyA

OrySaIPhyA

SorBiPhyA

SorBiPhyV1

SorPrPhyA

ZeaMaPhyA1

ZeaMaPhyA2

CyrSePhyA

HorVuPhyV
2

TriAePhyCTriSpPhyC
HorVuVPhyC

SorBiPhyC

SorBiPhyV2SorPrPhyCZeaMaPhyC1

ZeaMaPhyC2

OryS
aIPhyC

OryS
aJPhyC

SolL
yP

hyF

VitR
iPhyC

VitV
iPhyC

VitV
iPhyV

4

VitV
iPhyV

6

PicA
bP

hy

M
es

Ca
Ph

y
M

ou
Sc

Ph
y

Pi
cS

iP
hy

Pi
nS

yP
hy

Am
pE

dP
hy

B
Gl

yM
aP

hy
B

GlyM
aP

hy
B1

G
lyM

aP
hy

B3

G
lyM

aP
hy

B2

M
ed

Sa
Ph

yB
M

ed
Tr

Ph
yB

1

Pi
sS

aP
hy

B

Lo
tJ

aP
hy

B

Po
pB

aP
hy

B2
Po

pT
eP

hy
B1

Po
pT

rP
hy

B1

Ri
cC

oP
hy

BAq
uF

oP
hy

B
Vi

tR
iP

hy
B

Vi
tV

iP
hy

B
Vi

tV
iP

hy
V3

Ni
cP

lP
hy

B
Ni

cT
aP

hy
B

So
lL

yP
hy

B1
So

lT
uP

hy
B

So
lL

yP
hy

B2Ar
aH

aP
hy

D
Ar

aL
yP

hy
D

Ar
aT

hP
hy

D

Ar
aL

yP
hy

B
Ar

aT
hP

hy
B

C
ar

Ni
Ph

yB
C

ar
R

eP
hy

B

Eu
tH

aP
hy

B

Ho
rV

uP
hy

V1
Tr

iA
eP

hy
B

O
ry

Sa
IP

hy
B

O
ry

Sa
JP

hy
B

So
rB

iP
hy

B
So

rB
iP

hy
V3

So
rP

rP
hy

B

Ze
aM

aP
hy

B2

Ze
aM

aP
hy

B1

SteLoPhyB

AcaMaCph B HWE chroo

H4



0.1

Color ranges:

Bacteria

Cyanobacteria

Diatoms

Fungi

Monocots

Eudicots

Conifers

Green algae

Clubmosses

Liverworts

Mosses

Ferns

AltMaBphV1 HWE alte (g)

OceBaBph HWE rhod (a)

AgrViAvp1 HWE rhiz (a)

MaralBph HWE rhod (a)

RueSpRBph HWE rhod (a)

PhaGaBBph HWE rhod (a)

PhaGa2Bph HWE rhod (a)

SagStBph HWE rhod (a)

CitSpBph HWE rhod (a)

ErySNABph HWE sphmo (a)

OceGrBph HW
E rhod (a)

ErySpBphB5 HW
E sphmo (a)

CitSpJLBph HW
E sphmo (a)

CitBaBph HW
E sphmo (a)

MetRaBphV2 HW
E rhiz (a)

RhoBaBphV2 HW
E rhod (a)

NovSp1YBph HW
E sphmo (a)

SphSp58Bph HW
E sphmo (a)

SphJaBph HW
E sphmo (a)

RosCeBph HW
E rhspil (a)

LabAgBph HW
E rhod (a)

ParBeBph HW
E parv (a)

CauSeBph HW
E caul (a)

HypDeBph HW
E rhiz (a)

AzoSpBphV2 HW
E rhspil (a)

RhiEtGRBph HWE rhiz (a)

RhiLe23Bph HWE rhiz (a)

RhiLe38Bph HWE rhiz (a)

RhiLe13Bph HWE rhiz (a)

RhiLeBph HW
E rhiz (a)

RhiEtCIBph HWE rhiz (a)

RhiEtCNBph HWE rhiz (a)
FulPeBph HWE rhiz (a)

BraSBBphV1 HWE rhiz (a)

BraJaUSBph HWE rhiz (a)

BraSOBph HWE rhiz (a)

RhoD1BphV1 HW
E rhiz (a)

RhoTIBphV1 HW
E rhiz (a)

RhoCG
BphV1 HW

E rhiz (a)
PseW

6BphV1 HW
E pseu (g)

PseF1BphV1 HW
E pseu (g)

PseKTBphV1 HW
E pseu (g)

PsePuV2Bph HW
E pseu (g)

PseG
BBphV1 HW

E pseu (g)

AgrViAvp2 HW
E rhiz (a)

AgrSp13Bph HW
E rhiz (a)

AgrTuFAgp2 H
W

E rhiz (a)

AgrTuCCBph HW
E rhiz (a)

AgrTuAgp2 HW
E rhiz (a)

AgrSpATBph HW
E rhiz (a)

GluXyBph HW
E rhspil (a)

G
luSpBph HW

E rhspil (a)

GluEuBph HW
E rhspil (a)

AceAcBph HW
E rhspil (a)

AceTrBph HW
E rhspil (a)

AzoC
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Additional file 3. Phylogenetic HK trees H1 to H13. The tree numbers refer to Table 2 which gives details for tree construction and a summary. The color code is:
blue for bacteria, light blue for cyanobacteria, orange for mosses, green for dicotyledonous plants, light green for monocotyledonous plants, brown for
gymnosperms, red for liverworts, grey for ferns, purple for fungi and dark violet for diatom. Typically, phytochromes are denominated by a 5 letters species code
together with an abbreviation for the particular group of phytochrome. Accession numbers and species / strain names are listed in supplemental Table 1. After
each phytochrome abbreviation, additional taxonomic information is given for bacterial and fungal sequences: (a), α- proteobacterium; (b), ß-proteobacterium;
(g), γ-proteobacterium; (d), δ-proteobacterium; acido, Adicobacteriales; actino, Actinomycetales; agar, Agaricomycetes (basidiomycetes); asco, Ascomycota;
burk, Burkholderiales; caul, Caulobacterales; chitino, Chitinophagaceae; chroo, Chroococcales; cyto, Cytophagales; dein, Deinococcales; flavo, Flavobacteria;
HWE, HWE histidine kinase; meph, Methylophilales; myxo, Myxococcales; nosto, Nostocales; osci, Oscillatoriales; parv, Parvulaculales; plan, Planctomycetales;
pseu, Pseudomonadales; pucci, Pucciniomycotes (basidiomycetes); rhizo, Rhizobiales; rhod, Rhodobacterales; rhspil, Rhodospirillales; sphmo,
Sphingomonadales; stig, Stigonematales; usti, Ustilagomycotina (basidiomycetes); verr, Verrucomicrobiales; xant, Xanthomonadales. The color of the branches
indicate bootstrap values of 10-30% (red), 80-100% (green). Intermediate values are colored blue or with mixed colors.


